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PART 1 
CALIBRATION AND SERVICING 
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Servicing and lnternal Adjustments. 



SECTION 1 CALIBRATION 
(User's are recommended to have first completed the Verification procedures in Section 7 of the User's Handbook.) 

1.1 GUIDE TO ROUTINE CALIBRATION 

Circumstances Calling For Subsequent Recalibration 

SCHEDULED RECALIBRATION 

Routine calibration is carried out from the front panel, avoiding 
thermal disturbance and allowing immediate return to use. The 4 705 
is fully calibrated before leaving the factory. The specifications for 
the 4705 are based on standard intervals of up to 24 hours, 90 ciays or 
1 year from calibration. Some users will wish to maintain the 
highest accuracy by recalibrating at short intervals (e.g. every 24 
hours). In these cases, recalibration becomes a routine task. For 
this reason, Routine Autocalibration procedures are also explained in 
Section 8 of the User's Handbook. 

Users may wish to choose alternative schemes, accounting for: 

The accuracy required when in use, 
The instrument specifications (User's Handbook Section 6) 
The scheduled calibration intervals normally adopted by the 
user's organization 

The Routine Calibration procedures are sufficient for all normal 
recalibration purposes, except when Pre-cal is called for (Refer to 
Table 1.1). 

RESTANDARDIZATION 
_:-,,;·. 

Occasions may arise when it is necessary to trim the instrument's 
interna! Master Reference'. For example, when the 4 705 is to be 
made traceable to a different National Standard. after transportation 
from one country to another (Refer to AUTOCAL FACIUIIES page 
1-3). 

CALIBRA TION MEMORY CORRUPTION 

Battery Change 
Calibration corrections are stored in an interna! memory which 
remains energized by a battery. The Lithium battery which powers 
the non-volatil,e calibration memory should be replaced after 5 years 
(Refer to Section 4.3). After replacement, a full Pre-calibration is 
required followed by a complete Routine Autocalibration. 

Memory Check failure 
When cal is pressed the constant is checked to be within prescribed 
limits before being stored. V alues outside prescribed limits flag a 
Fail 6. The same check is performed: 

When the instrument is powered-up 
Each time the output is switched ON 
During each self-test routine 

CRITICAL PART CHANGES 

Recalibration (or Verification) is necessary after replacement of a 
critical PCB assembly or a critical component. These are listed in 
Table 1.1 (see flap of page 1-1), indicating the extent of the 
recalibration necessary. 

Ohms Internal Adjustments 
If the Power Supply/Current Heatsink has been changed it may 
be necessary to ad just the quiescent bias current (IQ) by interna! 
adjustment. Refer to Section 4 .7 for further information. 
If a standard resistor value has been changed by subjecting to 
undue stress, it may be possible to recalibrate by interna! 
adjustment. Refer to Section 4 .4 for further information. 

Recalibration Procedures 
in this Section 

ROUTINE AUTOCALIBRA TION 

The Routine Calibration procedures are sufficient for all normal 
recalibration purposes, except when Pre-cal is called for (refer to 
Table 1.1 onflap ofpage 1-1). 

REMOTE CALIBRATION OVER THE IEEE 488 BUS 

The device-dependent commands necessary for routine calibration of 
the instrument over the IEEE 488 bus are described as a supplement 
to Section 5 of the User's Handbook. A guide line example is given, 
hut this needs to be adapted for the bus controller in use. 

PRE-CALIBRATION PROCEDURES 

In an initial interna! calibration process at manufacture, certain 'Pre
cal' parameters are established in a special calibration memory. 

Under certain conditions ( detailed in Table 1.1) these parameters need 
to be re-established by completing the 'Pre-Cal' procedure before a 
Full Routine Autocalibration. 
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Assembly Components Replaced Calibration Required 

Digital Complete Assembly Pre- & Routine Calibration 
(11.2) Lithium Battery (Sect. 4.3) Pre- & Routine Calibration 

Non-volatile RAM (M1 0/M23) Pre- & Routine Calibration 
Non-volatile RAM Supply Pre- & Routine Calibration 
com m utator components 

Reference Complete Assembly Pre- & Routine Calibration 
Dlvlder 
(11.4) Ref erence Assembly (11. 4-7) Pre- & Routine Calibration 

Any set of main, guard or Pre- & Routine Calibration 
LSD switch FET's 
Ref erence Butter Pre- & Routine Calibration 
Switch Driver Flip Flops or Pre- & Routine Calibration 
their preselected resistors 
R79 Pre- & Routine Calibration 

DC Complete Assembly DC (All Ranges) only. 
Assembly 1 V attenuator R73/R7 4 DC (1V, 100mV, 10mV, 
(11.5) 1 mV, 100µV Ranges) only. 

1 00mVattenuator R69/70/71 DC (100mV, 10mV, 1 mV, 
72175/76 1 00µV Ranges) only. 
1 00V/1 000V attenuator 
R8/9/25/26/46/4 7 /64/65 DC (1 oov, tooov Ranges) 
88/95/98 only. 

Slne Complete Assembly Specification Verification at 
Source User's Discretion 
(11.6) 

AC Complete Assembly Routine Calibration 
(11.7) 

Sense Amplifier Routine Calibration 
Reference lnverter Routine Calibration 
AC/DC Transfer & lntegrators Routine Calibration 

1/Q Complete Assembly r;n 
(11.8) (N.B. Interna! Adjustment 

required, ref er to Section 4.5) 

+ 1 0 attenuator (R43/44) DCI 
(DCI function) 

Current shunts DCI 
RS/9/10/79/80 
(DCI function) 

M8 and associated components ACI 
Current Shunts 
Feedback resistor R45 

Standard Resistors, associated r;n 
pre-selected/variable trim mer interna! adjustment (Section 1.5) 
resistors (Q function) Q calibration (replaced values only) 

All Other Assemblies Not Listad Above Specification Verification 
at User's Discretion 



PREPARING THE 4705 

Before any calibration is carried out, prepare the 4 705 as 
follows: 

1. 

2. 

3. 

Tum on and allow a minimum of 4 hours to warm up 
in the specified environment. 

Cancel any MODE keys, ensure OUTPUT set to 
OFF. 

IEEE 488 Address switch: 
Set to ADD 11111 (Address 31) unless the 4 705 is to 
be calibrated vial the IEEE 488 interface. 

4. CALIBRA TION ENABLE key switch: 
Insert Calibration Key and tum to ENABLE. 

These actions activate the four calibration modes (labelled in 
red), and present the cal legend on the MODE display. 

Caution 
Inadvertent use of the cal key will ovcrwrite the calibration 
memory! 

CAUTION: 
Re-configuration of measurement circuitry should only be attempted 
when all voltage sources are OUTPUT OFF. 

Before setting OUTPUT ON ensure the correct polarities have been 
selected and that any measurement device has been set to low 
sensitivity. 

NITTE 
The message Error 3 appears on the MODE display for any attempt 
to select an inappropriate mode. 

RETURNING THE 4705 TO USE 

When any calibration is completed, retum the 4705 to use as 
follows: 

. 1. Ensure that OUTPUT OFF LED is lit. 

2. CALIBRA TION ENABLE key switch: 

3. 

Tum to RUN and withdraw calibration key. 

IEEE 488 Address switch: 
Restore to correct address if the 4 705 is to be used 
in an IEEE 488 system. 

The cal legend and calibration modes are deactivated. 

IEEE 488 ADDRESS 
(LOCATED ON THE REAR PANEL) 

SETTO: ADD 11111 (ADDRESS 31) 

5 4 3 2 1 'O' '1' 

ADD 

SECURITY KEYSWITCH 

SETTO: 

CALIBRATION 
ENABLE 

~ 

WARNING: 

(LOCATED 0N TI-E REAR PANEL) 

CALENABLE 

CALIBRATION 
ENABLE 

Terminals marked with the ~ symbol carry the 
output of the 4705. These terminals and any 
other connections to the load under test could 
carry lethal voltages. Under no circumstances 
should users touch any of the front (or rear) 
panel terminals unless they are first satisfied that 
no dangerous voltage is present. 

SETTO: RUN 

CALIBRATION CALIBRATION 

:fb 00 ""~ 
SETTO: 

5 4 3 2 1 

ADD 

CORRECT ADDRESS 
(for your system) 

'O' '1' 



EQUIPMENT REQUIREMENTS 

Before removing the 4705 from service check that the necessary 
calibration equipment is available. The equipment summary, listed 
by function, relates to the procedures recommended in this handbook: 

Caution 
When choosing a set of current shunts ensure that their power 
dissipation ratings are sufficient to avoid permanent degradation from 
the self-heating effects of the current being checked. This applies 
particularly to the 1 Amp shunt. 

DC FUNCTION 

Low Voltage (lOOmV to lOV) 
An adjustable Voltage source of suitable accuracy 
Example: Datron 4000A 

A battery-operated· null detector with variable sensitivity, able to 
withstand 1200V across its input terminals: 
Example: Keithley Instruments Model 155 

High voltage (100V and 1000V) 
A Precision Divider 
Example: Datron 4902/s High Voltage Divider. 

A battery-operated null detector with variable sensitivity, able to 
withstand 1200V across its input terminals: 
Example: Keithley Instruments Model 155 

Current (lO0µA to lA) 
A DC Voltmeter, of suitable accuracy standardized at 1 V and 100m V. 
Example: Datron 1081 (or 1071 using 'compute' mode). 

A set of calibrated current shunts of suitable accuracy. 

AC FUNCTION 

V oltage ( 1 V to 1 0OOV) 
An Adjustable DC Voltage Source of suitable accuracy. 
Example: Datron 4000 or 4000A Autocal Standard. 

Art AC/DC Thermal Transfer Standard capable of operating over the 
range 1 V to 1100V RMS. 

2-wire HF compensation (1 V to lOV) 
An AC DVM of suitable accuracy 
Example: Datron 1081 

Millivolts at LF(lm V to 100m V) 
A commercially-available Inductive Voltage Divider of suitable 
accuracy and frequency response; with ratios of 10:1, 100:1 and 
1000:1. 

An AC DVM of suitable accuracy and frequency response. 
Example: Datron 1081 or sirnilar. 

Milllvolts at HF (lmV to lOOmV) 
An AC DVM of suitable accuracy and frequency response. 
Example: Datron 1081 or similar. 
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Current (lmA to lA) 
A DC Current Source of suitable accuracy. 
Example: Datron 4000 or 4000A 

AC/DC Thermal Transfer anda set of Calibrated Thermal-Transfer 
Current Shunts of suitable accuracy. 
Example: Tinsley 5685 or Holt HCS-1 AC/DC Standard resistors. 

An AC/DC transfer switching unit 
Example: Holt HCS-1 

Current (lµA to lA) 
A set of calibrated AC Shunts of suitable value and accuracy. 
Example: Tinsley 5685 or Holt HCS-1 AC/DC Standard resistors. 

An AC DVM of suitable accuracy and frequency response. 
Example: Datron 1081 or alternatively Datron 1071 using 'compute' 
mode. 

A Buffer capable of operating with negligible errors from DC to 
5kHz at a I Volt level 

RESISTANCE 

2-Wire & 4-Wire (10.Q to lO0MQ) 
A set of standard resistors covering 10.Q to 1 OOMQ. The lOQ to 
lOk.Q should be 4-wire type. 

An accurate resistance bridge, or other ratiometric device for 
measuring resistance to the required accuracy. 

A Datron 1071 used as a transfer-measurement device. 



AUTOCAL FACILITIES 

Guard 

-Remot~~ 

~~ 

These keys are activated by two rear panel switches (refer to flap of 
page 1-2 'Preparing the 4705'). When these modes are active, 
the legend 'cal' is presented on the MODE display. 

The following isa general description of the facilities available. For 
specific information see the introduction proceeding each of the 
function's calibration routines. 

CAL 

The 4 705 assumes that the selected range is to be calibrated at the 
exact Full Range value .QI at Zero. The instrument decides on 'Zero 
Offset' or 'Full Range Gain' from the OUTPUf display value 
(defined by the same limits as for 'SET'), and executes the 
calibration. If the value initially set on the OUTPUf display is 
below 2% of Full Range value, the instrument assumes that an 
offset calibration is requested, and if at 2% or above, a gain 
calibation is assumed. 

CAL (with pre-selection) 

lf the CAL key is pressed after first pressing STD SET or ±0. The 
CAL key executes, then cancels, the preselected AUTOCAL mode. 

Caution 
The following keys preselect an AUTOCAL mode, modifying the 
action of the 'CAL' key. 

SET 

The SET key allows gain or offset calibration to a Calibration 
Standard value which cannot be adjusted to a nominal Full Range 
value or to absolute zero. 

Before selecting SET, the fi il keys are operated to place the 
Calibration Standard value on the OUTPUT display and set the 4705 
output level. 

Pressing SET then informs the 4705 that calibration is to be carried 
out at this value. The instrument acknowledges by duplicating the 
value on the MODE display. 

Next, the Uil keys are manipulated to null the 4705 output against 
the Calibration Standard (the OUTPUT display changes <luring this 
adjustment). 

Pressing the CAL key executes the calibration. The 4705 
memorizes the difference between the two display values, and exits 
from SET mode. This is shown by transfer of the Standard value 
from the MODE display to the OUTPUT display. The instrument 
uses the difference to modify stored constants, which in 'R UN' mode 
correct both positive and negative outputs on the calibrated range 
only. 

±0 

The ±0 key is used to align the ON+ and ON- zeros of all DC 
voltage and current ranges, by a two part calibration on the 1 0V 
range. It is only necessary when the ON+ and ON- zeros of the lOV 
range do not coincide at the same null. A valiable in DC function 
only. 

STO 

The STD key allows a user to re-standardize by trimming the value 
of the internal Master Reference voltage effectively changing the gain 
of all DC voltage and current ranges in the same ratio. The facility 
can be used to avoid a full recalibration of the 4705 when Laboratory 
References have been re-standardized (for instance when the 
instrument has been moved from one country to another). 

First check ±0 Alignment. The STD calibration is carried out on 
either the 1 V or 1 0V range, using the DC Low Voltage procedure. 
Select STD after placing the Calibration standard value on the 
OUTPUT display. Continue the routine from step (I.). Procedurally 
STD differs from SET only in the use of the STD key instead of the 
SET key. 

Caution 
Using the 'STD' key changes the gain of all voltage and current 
ranges 
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GENERAL NOTES 

INTERCONNECTIONS 

It is recognised that interconnection instructions may need to be 
adapted to meet an individual user's requirements. It is assumed that 
users will possess some knowledge of the operation and use of 
standards equipment. 

SENSE AVAILABILITY AS FOLLOWS 

. 1 V lOV 100V 1000V Local/Remote Sense 
lm V 1 Om V 1 OOm V Local Sense only 
All current ranges not applicable 
(Local: 2-wire sense, Remote: 4-wire sense) 

Output must be OFF to change sense connection (except that 
Remote changes automatically to Local when switching to Millivolt 
Ranges). 

OUTPUT OFF DEFAUL T WHEN UPRANGING 

The 4705 cannot enter High-Voltage state with OUTPUT ON. 
Consequently, whell ranging-up, the operating system allows the 
upranging to occur, but defaults to OUTPUT OFF for two specific 
cases: 

When upranging to the 1 OOOV Range 

When upranging to the 1 OOV Range; 
To a voltage of 90V or more on DC 
To a voltage of 75V or more on AC 

Otherwise, OUTPUT remains ON when changing OUTPUT 
RANGE (refer to User's Handbook Section 4, pages 4-7 to 4-9). 
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GENERAL PROCEDURE 

Prepare the instrument for calibration ( ref er to 'Preparing the 
4705' procedure onflap of page 1-2). The message Error 3 appears 
on the MODE display for any attempt to select an inappropriate 
mode. Select the equipment and procedures to be used. Set all 
sources to zero and all measurment devices to low sensitivity and 
configure using the interconnection diagram provided. If calibrating 
DC function, start with ±0 Alignment check routine. When all 
calibration has been completed use the 'Return to Use' routine on the 
Throwclear page . 

Calibration Routine 

Set the 4705 to OUTPUT ON and Full Range value. Adjust the 
4705 output to equal the calibration standard and press 'cal'. The 
OUTPUT display changes to nominal. 

Calibration Routine (with preselection) 

The OUTPUT display is set to the Calibration Standard value, the 
4705 output is switched ON, and one of the calibration mode 
preselector keys (STD, SET or ±0) is pressed. The 4705 output is 
adjusted to equal the Calibration Standard value, and the CAL key is 
pressed to execute the calibration. 



1.2 DC CALIBRATION 

1.2.1 Zero Calibrations 

The following procedures are available; 

±o ALIGNMENT CHECK 
±o CALIBRATION 
RANGE ZERO CALIBRATION 

±o ALIGNMENT CHECK 

±0 alignment can be checked without affecting the stored constants. 
If necessary recalibrate before proceeding with DC Range Zero, DC 
Voltage, DC Current or DC Current Range Zero calibration (refer to 
Appendix 2 - Calibration Source Zero Offsets). 

NOTE 
For alignment checks only, set the security keyswitch to RUN. 

±o CALIBRA TION 

The ±0 key is used to align the ON+ and ON- zeros of all DC 
voltage and current ranges, by a two part calibration on the 1 OV 
range. It is only necessary when the ON+ and ON- zeros of the lOV 
range do not coincide at the same null. Available in DC function 
only. 

RANGE ZERO CALIBRATION 

All the procedures for DC Gain calibration take into account the zero 
offsets. However a ·Range Zero calibration will allow the 4705 ON+ 
zero output to be set as close as possible to absolute zero. The 
procedure adjusts each range to a null detected across the sense 'Hi' 
and 'Lo' tenninals. 
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±0 ALIGNMENT CHECK 

~ 
DANGER 

& ~ 
DANGER 

& RANGE HIGH VOLTAGE RANGE HIGH VOLT AGE 

0 ~ 0 ~ 

0 Guard Caee ,,§;;._"..,"b. ~~r:.~ .{".;~,;--.. 0 ~) -,~~~'\ c,,· .. ~ 
lC)) 1()) ,~'-·?) Guard ca. 

fj) ·-~]; ~"!,__). r: I \ ' 

ZERO 
%"' %_.,. .,, __ 

ZERO 

"~----
--:?>~:) 

4705 ON+ & ON- ALIGNMENT MEASUREMENT NULL DETECTOR SELF-ZERO 

The following checks the ON+ and ON- zero turnover. The alignment should be checked and if necessary calibrated before proceeding with DC or 
DCI calibration (refer to Appendix 2 - Calibration Source Z,ero Offsets). It is not necessary to be in 'CAL' mode to perform the alignment check. 

ROUTINE: 

l. Null Detector 
Set to Low sensitivity 

?. 4705 
With OUTPUT OFF, Select DC, OUTPUT Zero. 
Select lOV RANGE and ON+. 

t Null Detector 

l. Successively increase sens1t1v1ty range, using 'self-zero' 
control to give near-zero readings; until a range is reached 
which clearly resolves a single increment of the least
significant digit on the 4705 OUTPUT display. 

,. Disconnect Hi lead from the 4 705 Hi terminal, and connect 
to Lo as illustrated for Null Detector self-zero. 

Adjust Null Detector to zero using self-zero control. 

I. Disconnect Hi lead from the 4705 Lo terminal, and reconnect 
to Hi. 

Note Null detector reading. 

-6 

4. 4705 
Select 'ON-". 

5. Null Detector 
· Note Null detector reading. 

If the turnovet is considered excessive the user can recalibrate as close 
as possible to absolute zero (refer on to ±0 CALIBRATION) 



±0 CALIBRATION 

~ 
0 
ZERO 

RANGE 

0 
Guard ca .. 

DANGER 
HIGH VOLTAGE 

~ 

4705 ON+ & ON- ALIGNMENT 

~ö 
DANGER 

HIGH VOLT AGE 

0 Guard Caae 

ZERO 

NULL DETECTOR SELF-ZERO 

EXPLANATORY NOTE: After '±0' is selected; the calibration finnware stores the OUTPUT display value every time the CAL key is pressed, 
until it has received one reading from each polarity (as defined by the ON state). If it receives only one polarity it will continue to update the 
stored value until it stores the other polarity. It then carries out the necessary calculations to align the two zeros. Thus the ±0 calibration can be 
performed in either direction: ON+ first, then ON-; or ON- first, then ON+; and it is possible to correct the nulling for the first polarity, but not 
for the second (opposite). This procedure will allow, at time of calibration, the tumover e:rror to be reduced to ::s;5µV taking polarity into account. 
Use of the ±0 key should be followed by a complete Range Zero Calibration. 

ROUTINE: 

1. Null Detector 
Set to low sensitivity. 

2. 4705 

a. With OUTPUT OFF, Select DC, OUTPUT Zero. 

b. Select lOV RANGE and ON+. 

3. Null Detector 

a. Successively increase sens1t1v1ty range, using 'self-zero' 
control to give near-zero readings; until a range is reached 
which clearly resolves a single increment of the least
significant digit on the 4705 OUTPUT display. 

b. Disconnect from the 4705 Hi terminal, and connect to Lo as 
illustrated for Null .Detector self-zero. 

c. Adjust to zero using self-zero control. 

d. Disconnect from the 4705 Lo terminal, and reconnect to Hi. 

4. 4705 
Press ±0 Key: ±0 LED lights, 
Ad just the OUTPUT rrn keys to null the detector. 
Press CAL key: CAL LED lights 

5. Null Detector 
Reduce Null Detector sensitivity 

6. 4705 
Select 'ON-' 

7. N ull Detector 
Successively increase sensitivity range, using the 4705 
OUTPUT fin keys to give near-zero readings; until the 
zeroed range is reached. 

8. 4705 
Press CAL key: CAL LED goes off. 
±0 LED goes OFF, OUTPUT display falls to zero. 
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RANGE ZERO CALIBRATION 

g 
0 
ZERO 

RANOE 

0 
DANGER 

HIGH VOLTAGE 

~ 

4705 ON+ RANGE ZERO 

Calibratlon of DC Voltage Range Zeros. 

~ö 
0 
ZERO 

DANGER 
HIGH VOL TAGE 

~ 

NULL DETECTOR SELF-ZERO 

·The routine below includes a sequence for zeroing the Null Detector on the correct sensitivity range. This is necessary, because for most Null 
Detectors the zero is range-dependent. The self-zero input should include the Hi and Lo leads as shown in the connection illustration. 
Commencing with the lowest range calibrate the DC Zeros in the sequence of the table using the Zero Calibration Routine for each range 
selected. 

ROUTINE: 

1. Noll Detector 
Set to Low sensitivity 

2. 4705 
With OUTPUT OFF, Select DC, OUTPUT Zero. 
Select RANGE from table and ON+. 

3. Noll Detector 
Successively increase sensitivity range, using 'self-zero' 
control to give near-zero readings; until a range is reached 
which clearly resolves a single increment of the least
significant digit on the 4705 OUTPUT display. 

a. Disconnect from the 4705 Hi terminal, and connect to Lo as 
illustrated for Null Detector self-zero. 

Nominal Calibration Points for Range Zeros 

4705 Calibration 4705 Output Setting 
Range Operation 

100mV ON+zero (ON+) 0.00000mV 

1V ON+zero (ON+) .ooooooov 
I 

10V ON+zero (ON+) o.oooooov 

100V ON+zero (ON+) o.ooooov 

1000V ON+zero · (ON+) o.oooov 
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b. 

c. 

Adjust to zero using self-zero control. 

Disconnect Hi lead from the 4 705 Lo terminal, and reconnect 
to Hi. 

4. 4705 
Use OUTPUT fiil keys to zero the Null Detector reading. 
Continue until a single increment of the least-significant 
digit on the OUTPUT display gives the closest approach to 
zero. 
Press CAL key. CAL LED flashes once. OUTPUT display 
revens to zero. The Range is now calibrated at zero to the 
Null Detector zero value. 

AUTOCAL Key Used 

OUTPUT flij then 'CAL' 

OUTPUT fiij then 'CAL' 

OUTPUT flij then 'CAL' 

OUTPUT flil then 'CAL' 

OUTPUT flil then 'CAL' 
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1.2.2 Voltage 

INTRODUCTION 

The following routines: 

DC Low voltage (lOOmV to lOV) and 
DC High Voltage (100V to lkV) 

adjust all OC Voltage Range gains against a Calibration Source, after 
correcting for the Source's zero offset. 

The procedures assume that the 4705 'ON+' and 'ON-' output zero 
levels are coincident, and that all DC Voltage Range zeros have been 
adjusted to a null detected across the Sense 'Hi' and 'Lo' terminals 
(Refer to '±0 Alignment Routine'). 

Caution 
First read 'Notes on the use of the Null Detector' (Appendix 1), and 

DC AUTOCAL FACILITIES 

CAL 

If the CAL key is pressed the 4705 assumes that a calibration at 
either Zero or Full Range is required. It uses the v alue on the 
OUTPUT display to distinguish between Zero (Offset calibration) 
and Full Range (Gain calibration). 

Caution 
Below 2% of Range, the 4705 corrects for an assumed offset error; at 
2% of Range and above the correction is for an assumed gain error. 

If SET or STD has been pressed the CAL key executes the 
preselected AUTOCAL mode. 

'Calibration Source Zero Offsets' (Appendix 2). SET 

1. CONNECTIONS 

Ensure that all source outputs are OFF and Null Detector is set 
to Low Sensitivity. Use short leads and connect the Null 
Detector between the 4705 and Calibration Source as shown. 

2. CALIBRATION ROUTINES 

Start with the ~ Nominal Calibration Point from the table. 
Use the accompanying routine and repeat for each 4705 Range 
to be calibrated. Ensure that the interconnecting circuit has 
thermally stabilised before carrying out each 'Autocal' operation. 

Notes: 

The Null Detector should be approximately self-zeroed before 
use to avoid excessive deflections. It is not necessary to do this 
on the sensitivity range used for final gain calibration, as the 
reference zero is set in operation (e.). 

The rout,ine assumes calibration at nominal Full Range values. 
To trim the interna! Master Reference Voltage on the 1 V or 1 0V 
Range, or to calibrate at a non-nominal value, refer to following 
description of SET and STD keys. 

The SET key allows calibration to any value in the selected Range 
(e.g. at a standard cell voltage). Press SET after operation (k.) and 
before operation (I.). The SET LED lights green and the OUTPUT 
display reading also appears on the MODE display. Continue the 
routine hut note that on pressing CAL (step (n.)) the MODE display 
clears as its value is transferred to the OUTPUT display. The SET 
LED goes off. 

Caution 
If the value initially set on the OUTPUT display is below 2% of 
Full Range value, the instrument assumes that an offset calibration 
is requested, and if at 2% or above, a gain calibation is assumed. 

STD 

The STD key allows a user to trim the value of the internal Master 
Reference voltage. SID calibration in DC mode eff ectively changes 
the gain of all voltage and current ranges in the same ratio. It does 
not affect values of AC or Ohms functions. STD calibration can be 
carried out on either 1 V or 1 0V Ranges and diff ers from the SET 
procedure only in the use of the STD key instead of the SEf key. 

±o 

DO NOT USE - refer to earlier ±0 Alignment routine. 
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DC LOW VOLT AGE ( 1 OOmV to 1 OV) 

RANGE 

0 
ZERO 

WARNING: 
Terminals marked with the ~ symbol carry the 
output of the 4705. These terminals and any 
other connections to the load under test could 
carry lethal voltages. Under no circumstances 
should users touch any of the front ( or rear) panel 
terminals unless they are first satisfied that no 
dangerous voltage is present. 

CAUTION: 
Connection or disconnection of measurement circuitry should only 
be attempted when all voltage sources are OUTPUT OFF. 

Before setting OUTPUT ON ensure that the correct polarities have 
been selected and any measurement device has been set to low 
sensitivity. 

r-10 

DANGER /\. 
HIGH VOLTAGE ~ 

~ DC STANDARD 

(Local Guard) 
(Local Sen se) [ 



Routlne: 

a. Null Detector 
Set to Low sensitivity. 

b. 4705 
Ensure OUfPUT OFF. 
Select OUTPUf Zero DC and required RANGE. 

c. Calibration Source 
Set to 'ON +' Zero. 
Select correct Range. 

d. 4705 
Press the ON + key. 

e. Null Detector 

k. 4705 
Use Full Range or OUTPurfiil keys to set the required 
positive value on the OUfPUT display. 
Press the ON + key and select Full Range. 

N.B. At this stage do not readjust the Null-Detector self-zero. 

I. 4705 
Use OUTPUf fiij keys to zero the Null Detector reading. 
Continue until a single increment of the least-significant 
digit on the OUfPUT display gives the closest approach to 
zero. 

m. Null Detector 
Set to UJW sensitivity. 

Successively increase sensitivity range, using self-zero to 
give near-zero readings; until a range is reached which clearly 
resolves a single increment of the least-significant digit on 
the 4705 OUTPUT display. 

n. 4705 
Press CAL key: 
CAL LED flashes once. 

r. 4705 The 4 705 is now gain-calibrated at this voltage. 

Reselect OUf PUT 7.ero. 

g. Null Detector 
Use the 'Self-zero' control to give an accurate zero. 

h. 4705 
Press the OFF key. 

j. Calibration Source 
Set to the required voltage for Range gain calibration. 

Nominal Calibration Points for Low Voltage 

4705 Calibration Calibration Source Control to be Press 'CAL' Key 
Range Operation & 4705 Output Adjusted to to Calibrate 

(ON+ Nominal) [1] Obtain Null 

100mV Zero offset o.ooooomv Null Det. 'Zero' Not used 
100mV Rangegain 100.00000mV 4705 OUTPUT na [2] 'CAL' 

1V Zero offset .ooooooov Null Det. 'Zero' Not used 
[3] 1V Rangegain 1.0000000V 4705 OUTPUT na [2] 'CAL' 

10V Zero offset o.oooooov Null Det. 'Zero' Not used 
[3] 10V Range gain 10.000000V 4705 OUTPUT nn [2] 'CAL' 

[1] It is .expected that tl,).any users will wish to calibrate Range gains at values other than the nominals shown. In these cases set the 
Calibration Source voltage and 4705 OUTPUf display to in-house standard values near nominal. 

[2] For non-nominal gain calibration; use 'SEf' key after entering value on the OUTPUf display before adjusting for null. 

[3] To trim the interna! Master Reference voltage on 1 V or lOV Range: use 'STD' key after entering value on 4705 OUTPUT Display before 
adjusting for null (Refer to Calibration Routine and description of 'STO'). 
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DC HIGH VOL TAGE (1 OOV to 1 OOOV) 

990kn. 

90kn. ~ 
0 
ZERO 

10kn. 

WARNING: 

Terminals marked with the ~ symbol carry the 
output of the 4705. These terminals and any 
other connections to the load under test could 
carry lethal voltages. Under no circumstances 
should users touch any of the front ( or rear) 
panel terminals unless they are first satisfied that 
no dangerous voltage is present. 

CAUTION 
Connection or disconnection of measurement circuitry should only 
be attempted when all voltage sources are OUTPUT OFF. 

Before setting OUTPUT ON ensure that the correct polarities have 
been selected and any measurement device has been set to low 
sensitivity. 
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DANGER 
HIGH VOLTAGE 

~ 

DCSTD 
(Local Guard) 
(Local Sense) 

Note: On the diagram, the terminals of the Precision Divider 
are marked 'PHI', 'PLO', 'SHI' and 'SLO'. These are 
terms which apply to the Datron 4902 and 4902S, 
referring to their Power Hi & Lo inputs and Hi & Lo 
Sense points, for true 4-wire connections (described in 
their User's Handbook). 

For other dividers, it is important that true 4-wire 
connections are made directly to the elements of the 
divider, and that the divider has been calibrated at the 
connection points. 



Routine: 

a. Null Detector 
Set to Low sensitivity. 

b. 4705 
Ensure OUTPUf OFF. 
Select OUfPUT 7.ero OC and required RANGE. 

c. Calibration Source 
Set to 'ON+' 7.ero. 
Select correct Range. 

d. 4705 
Press the ON+ key. 

e. Null Detector 
Successively increase sens1ttv1ty range, using self-zero to 

give near-zero readings; until a range is reached which clearly 
resolves a single increment of the least-significant digit on 
the 4705 OUTPUT display. 

f. 4705 
Reselect OUTPUT Zero. 

g. Null Detector 
Use the 'Self-zero' control to give an accurate zero. 

h. 4705 
Press the OFF key. 

j. Calibration Source 
Set to the required voltage for Range gain calibration. 

Nominal Calibration Points for Low Voltage 

4705 Calibration Precision Calibration Source 
Range Operation Divider (ON+ Nominal) [1] 

Select 

100V Zero offset +10 o.ooooov 
100V Rangegain +10 10.00000V 

1000V Zero offset +100 .ooooooov 
1000V Range gain +100 10.000000V 

k. 4705 
Use Full Range or OUfPUTfiO keys to set the required 
positive value on the OUTPUT display. 
Press the ON+ key and select Full Range. 

N.B. At this stage do not readjust the Null-Detector self-zero. 

I. 4705 
Use OUTPUT fiij keys to zero the Null Detector reading. 
Contin~e until a single increment of the least-significant 
digit on the OUf PUT display gives the closest approach to 
zero. 

m. Null Detector 
Set to LOW sensitivity. 

n. 4705 
Press GAL key: 
CAL LED flashes once. 

The 4705 is now gain-calibrated at this voltage. 

4705Output Control to be Press 'CAL' Key 
(ON+ Nominal) [1] Adjusted to to Calibrate 

Obtain Null 

o.ooooov Null Det. 'Zero' Not used 
100.00000V 4705 OUTPUT no [2] 'GAL' 

o.oooov Null Det. 'Zero' Not used 
1000.0000V 4705 OUTPUT no [2] 'GAL' 

[1] It is expected that many users will wish to calibrate Range gains at values other than the nominals shown. In these cases set the 
Calibration Source voltage and 4705 OUfPUT display to in-house standard values near nominal. 

[2] _For non-nominal gain calibration; use 'SET key after entering value on the OUTPUf display before adjusting for null. 
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1.2.3 Current 

The following routine: 

DC Current Calibration (lOOµA to lA) 

adjusts all DC Current Range Zeros and Range Gains against a 
Standardized DVM, using a set of calibrated current shunts. The 
routine sets an independent output zero level using the standard 
calibration load for the Range. The Range Zero calibration has not 
been separated from the Range Gain calibration, because of the need 
to change shunts between ranges. 

The procedure assumes the following: 

The 4705 'ON+' and 'ON-' output zero levels are coincident, 
having been adjusted to a null detected across the Sense 'Hi' and 
'Lo' terminals on the lOV Range (refer ''Zero Alignment Check') 
and 

that the 4 705 DC 1 V and 1 00m V Full Range values have 
already been calibrated or verified. 

the DVM used has been correctly Standardized (sic) 

GENERAL PROCEDURE 

1. STANDARDIZATION 

First read 'Calibration Source Zero Offsets'. Note that any offset in 
the source's output must be nullified before gain calibration is carried 
out. 

The Zero and Full Range routines assume that the preferred shunt 
values (refer to table) are used and therefore the DVM has been 
standardized against the 1 v ·and lOOmV Ranges of the 4705. 
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Preferred Shunt Values 

4705 Nominal Minimum Nominal 
Range Shuntvalue Wattage DVM Reading 

100µA 10kn 1mW 1V 

1mA 1kn 10mW 1V 

10mA 100.Q 100mW 1V 

100mA 10.Q 1W 1V 

1A o.rn 1W 100mV 

2. CONNECTIONS 

Ensure that the 4705 OUTPUT OFF LED is lit and select DCI 
function. Connect the calibrated current shunt and DVM across the 
4705 Hi and Lo terminals as shown. Use short leads and ensure that 
the DVM is set to the 1 V Range. 

3. CAUBRATION ROUTINE 

Caution 
The combined Zero and Full Range procedure assumes that the DVM 
used has been standardized on the required voltage ranges. 

EXPLANITORY NOTE 
The offset voltage developed across the shunt is measured by the 
DVM. However as the shunt is unlikley to be exactly a nominal 
value, the voltage measured across the shunt fora Nominal Full 
Range current must be calculated from the product of the shunts 
Actual Value and the Nominal Full Range Current The 4705 
OUTPUT Uil keys are adjusted to give this reading and the 'CAL' 
key is pressed. 

Use the routine and accompanying table, start with the lO0µA Range 
and repeat the procedure for each 4705 Range. Ensure that the 
interconnecting circuit has thermally stabilised before carrying out 
each 'Autocal' operation. 



DC CURRENT (100µA to 1A) 

,,-···················· ···························, 

Zero Calibration: 

1. 4705 
Ensure OUTPUT OFF 

DANGER 
HIGH VOL TAGE 

~ 

Select RANGE as detailed in the table below. 

2. DVM 
Press 'Input Zero' key. 

3. 4705 
Ensure Zero' OUTPUT is selected. 
Select OUTPUT 'ON +'. 

I ~ 
I+ I- n Guard 

f~\ rc~-.:~ t/:~~ r;J 4 wire .Q 

\:;,i.v; l -::;~i/ ~ii ml 2 wire n 
HI "I Lo Guard e-~, fal Local Guard 

"il~ lMJ Remote Guard 

' '-························ ........... _.,-· 

DVM (1V Range) 
(100mV Rang• for 1A) 

Range Gain Calibration: 

4. 4705 
Select Full Range. 
Increment the OUTPUT value until the DVM reads the 
product of the Shunt value and the Nominal Full range 
output. 
Press CAL. The Range has now been gain-calibrated at 
this current 
Select Zero and OUTPUT OFF. Select next range and 
shunt value. Repeat the routine from Step 1. 

Increment the OUTPUT value until the DVM reads zero. 
Continue until a single increment of the least-significant 
digit on the OUTPUT display gives the closest approach 
to zero. 
Press CAL. CAL LED flashes once. 
OUTPUT display reverts to zero. 

4705 Calibration 4705 
Range Operation OUTPUT 

DVMZero OFF 
100µA Ra~ge Zero ON+ 

RangeGain FULLRANGE 

DVMZero OFF 
1mA Range Zero ON+ 

RangeGain FULLRANGE 

DVMZero OFF 
10mA Range Zero ON+ 

RangeGain FULLRANGE 

DVMZero OFF 
100mA RangeZero ON+ 

Range Gain FULLRANGE 

DVMZero OFF 
*1A Range Zero ON+ 

RangeG~in FULLRANGE 

*DVM on 100mV Range for 1A. 

To correct 4705 
DVM reading: Autocal 

DVM 'lnput Zero' -Not Used-
4705 OUTPUT fiU keys 'CAL' 
4705 OUTPUT fi! keys 'CAL' 

DVM 'lnput Zero' -Not Used-
4705 OUTPUT fiil keys 'CAL' 
4705 OUTPUT fiil keys 'CAL' 

DVM 'lnput Zero' -Not Used-
4705 OUTPUT fiil keys 'CAL' 
4705 OUTPUT fiil keys 'CAL' 

DVM 'lnput Zero' -Not Used-
4705 OUTPUT fiU keys 'CAL' 
4705 OUTPUT fiU keys 'CAL' 

DVM 'lnput Zero' -Not Used-
4705 OUTPUT fiU keys 'CAL' 
4705 OUTPUT fiU keys 'CAL' 
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1.3 AC CALIBRATION 

The following routines: 

AC Voltage Calibration (lVolt to lOOOVolts) 
Millivolts LF (lmVolt to lOOmVolts) 
Millivolts HF (lm Volt to 100m Volts) 
AC Current Calibration (lmA to lA) 
AC Current Calibration (lOOµA to lA) 

adjust the Gain of all AC Voltage and Current Ranges. 

1.3.1 lntroduction 

'Wideband' Calibration 

When CAL is pressed without preselecting SET, or STD; the 
instrument makes the assumption that each OUTPUT Range is to be 
calibrated at the exact Full Range value, at either LF or HF, or both. 

This allows two correction values to be stored for each output range. 
From their diff erence, the microprocessor calculates a compensation 
factor, which affects the corrections applied at all subsequently
selected frequencies on that output range. In this way, the 
instrument can be calibrated to meet its 'Wideband' specification. 

To ensure that the selected Low and High frequencies have sufficient 
seperation for the compensation to be effective over the full 
frequency range, calibration is automatically prohibited in an 
'excluded' band of frequencies for each output range. Because of the 
extended frequency range of lower Voltage ranges, and the 
Voltage/Frequency constraints on higher Voltage ranges, the 
exclusion band can differ from one output range to another. If an 
excluded frequency is selected, the calibration is cancelled and Error 3 
is displayed. The following diagram illustrated the mid-frequency 
exclusions: 

AC AUTOCAL FACILITIES 

1-16 

10V 
and 
below 

100V 

1kV 

Current 

LF 

3.3kHz 

LF HF 

3.3kHz 30kHz 

LF I:::::_:_::::::::::_::::::::::: __ ::::_.:::::_ :::::::1 - ijMM~ i:i:i:i_ HF 

3.3kHz 10kHz 33kHz 

LF 

1kHz 3kHz 

!{})! Forbidden Calibration zones 

100kHz 

SET 
The SET key allows calibration to any value between 20% and 200% 
of nominal Full Range value (20% to 110% on 1000V range). If, 
for instance, an adjustable DC voltage standard is not available, the 
SET key permits the 4705 to be calibrated against a Thermal 
Transfer standard whose reference is a buffered bank of Standard 
Cells. SITT can also be used as a means of compensating for known 
errors in the Measurement System. 

Press SET after selecting the Full Range OUTPUT value. The SET 
LED lights green and the OUTPUT display reading also appears on 
the MODE display. Continue the routine but note that on pressing 
CAL the MODE display clears as its value is transferred to the 
OUTPUT display. The SET LED goes off. 

STD 
CAUTION 
This calibration affects all Voltage and Current Ranges and is NOT 
recommended - Use DC standardization procedure for highest 
accuracy. 

The STD facility is restricted to the 1 V and lOV Ranges, on the 
lOOHz and lkHz Frequency Ranges only. STD calibration differs 
from SET procedure only in the use of the STD key instead of the 
SITT key. 

±0. 
Not applicable for AC operation. 

AC CALIBRATION SEQUENCE 

INTRODUCTION 

Because most users will calibrate the 4705 AC ranges via thermal 
transfer standards, the calibration procedures assume that this method 
will be employed. However, details of setting up a thermal transfer 
standard are not included, as several different models are in use, each 
with its own methods of connection and procedures. 

Instead it is assumed that users will be able to operate their own 
equipment correctly, according to the manufacturer's instructions. 
The procedures which follow therefore concentrate on the operation 
of the 4705 <luring calibration, accepting that the required thermal 
transfer will be set up to a DC source of suitable accuracy. 

AC PROCEDURES 

AC Voltage Calibration (lVolt to 1000V) 
Select AC and the desired frequency, set the 4705 OUTPUT display 
to the Calibration Standard value, and switch the 4705 OUTPUT 
ON. If calibrating a norr-nominal voltage value, SET needs to be 
selected. Adjust the 4705 output to obtain a null at the Calibration 
Standard value, and press the CAL key to execute the calibration. 

LF Millivolts Calibration 
Because 'Flatness' data is passed on to the millivolt ranges from the 
1 V Range calibration, the 1 V range must be calibrated first. A 
DVM is then standardized at the required millivolt value and 



frequency, using the calibrated IV Range and an lnductive Voltage 
Divider (IVD). The desired frequency is selected, the OUTPUT 
display set to Full Range, and incremented or decremented to give the 
required value on the DVM. If calibrating at a non-nominal value 
SET must be selected. The CAL key is pressed to execute the 
calibration. 

HF Mllllvolt Callbration 
From the lOV Range a 10% Range correction is calculated. This is 
applied at 100m V on the 1 V Range to standardize a DVM, which is 
subsequently used to calibrate the lOOmV Full Range. The process 
is extended to calibrate the lOmV Range from 10% of the lOOmV 
Range, and lmV Range from 10% of the lOmV Range. 

Current calibration 
(Using Thermal Transfer, Current Shunts and DC Current 
Standard) 
The method employs a DC Current Standard, so that the shunt 
remains connected for both AC and DC nulling of the Thermal 
Transfer Standard. 

Alternative Current Calibration 
(Using verified 4705 1 V Range, Calibrated Standard AC Shunts 
and AC DVM) ' 
This method requires Standard Current Shunts which have been 
designed to give a flat frequency response. Each current range 
requires its own specific value of shunt, calibrated to develop 
either lV or lOOmV Full Range at LF and HF. An AC DVM is 
standardized to the appropriate voltage, and the Current range 
is calibrated when the voltage across its shlDlt is correct. 

High Frequency Calibrations 
Several iterations may be required to acheive satisfactory 
calibration; particularly if the initial errors are large, or if the 
Transfer System being used imposes a long calibration time. 

CAUTION: 
Connection or disconnection of measurement circuitry should 
only be attempted when all voltage sources are OUTPUT OFF. 

I 

I 
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1.3.2 Voltage 

AC VOLTAGE CALIBRATION (1Vto 1000V) 

DCStandard 
Remote Sense and Remote Guard 

Thermal Transfer 4705 

WARNING: 
Terminals . marked with the ~ symbol carry the 
output of the 4705. These terminals and any 
other connections to the load under test could 
carry lethal voltages. Under no circumstances 
should users touch any of the front (or rear) 
panel terminals unless they are first satisfied that 
no dangerous voltage is present. 

CAUTION: 
Connection or disconnection of measurement circuit:ry should only 
be attempted when all voltage sources are OUTPUT OFF. Before 
setting OUTPUT ON ensure the correct polarities have been selected 
and that any measurement device has been set to low sensitivity. 

-18 

Remote Sense and Remote Guard 

Note: For the arrangement shown in the diagram. the coaxial T
connector provides true 4-wire connection to the AC coaxial 
input of the Thermal Transfer. 

For Thermal Transfers with other AC terminations, it is 
important that true 4-wire connections are made directly to 

the AC input terminals, and that the device has been 
calibrated at the connection points. 

Ensure case of Thermal Transfer Standard is adequately 
grounded. 

] 



Commencing with the 1 V Range, calibrate the 4705 at the 
calibration points in the table as pah of the following procedure: 

1. 4705 & DC Voltage Standard 
With OUTPUT OFF, connect to the Thennal Transfer AC 
and DC inputs, respectively. 

2. 4705 

a. 0n AC FUNCTION, select the required OUTPUT RANGE. 

b. Select the required FREQUENCY RANGE. 

c. 

d. 

e. 

Use FREQUENCYUU keys to display the required 
Calibration Frequency. 

Press the Full Range key to display the required 
Calibration Voltage. 

Set 4705 OUTPUT ON. 

3. DC Voltage Calibration Standard 
Set to the Calibration Voltage, OUTPUT ON. 

4. Thermal Transfer Standard 

a. Configure for DC measurement at the required Calibration 
Voltage. 

b. Adjust for Null at the Calibration Voltage. 

c. Configure for AC measurement at the Calibration Voltage. 

5. 4705 

a. Use the OUTPUT fill keys to adjust the OUTPUT Display 
reading to obtain a null on the Thermal Transfer. 

b. Execute the calibration by pressing the CAL key. Repeat 
(a.) to (b.) until satisfactory null is achieved. 

Calibration Points for 1 V to 1 000V Ranges. 

DC 4705 4705 Freq. 
Standard OUTPUT Nominal Band 
OUTPUT RANGE/ OUTPUT set by 
Voltage FREQUENCY Voltage 4705 

1.00000V 1V 1kHz 1.00000V LF 

1.00000V 1V 100kHz 1.00000V HF 

10.0000V 10V 1kHz 10.0000V LF 

10.0000V 10V 100kHz 10.0000V HF 

100.000V 100V 1kHz 100.000V LF 

100.000V 100V 100kHz 100.000V HF 

1000.00V 1000V 1kHz 1000.00V LF 

1000.00V 1000V 30kHz 1000.00V HF 
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MILLIVOL TS (LF) FULL RANGE CALIBRATION (1 mV - 1 OOmV) 
(Using calibrated 4705 1 V Range, lnductive Voltage Divider (IVD) and AC DVM) 

4705 
AC DVM 
(mV Ranges) 

(AC 1 V Range, Remote Sense) 

,:--:-å~ 
ti@ o;·~· 
~ i~ ... ; 

IVD DANGER 
HIOH VOLTAQE A 

Guard 

<+> Q 
- ___,I 

Fig. 1 Standardizatlon ot DVM 

CALIBRATION PROCEDURE 

S tandardize and calibrate at the calibration points in the table using 
the following procedures: 

Stage 1 
Connect as Fig. 1, to standardize the DVM. 

1 4705, IVD and AC DVM 
With OUTPUT OFF, connect the circuit for Standardization. 

2 IVD 
Set ratio as required for the Millivolt Range to be calibrated. 

3 AC DVM 
Configure for measurement at the required Calibration Point. 

4 4705 

a. 0n AC FUNCTION, select 1 V RANGE. 

b. Select the required Frequency Range. 

c. Use FREQUENCY fi0 keys to display the required 
Calibration Frequency. 

d. Use OUTPUT fi0 keys to display the required IVD input 
voltage (if at Nominal Full Range, merely press the Full 
Range key). 

e. Set OUTPUT ON and note DVM reading as Vl. 

f. Set OUTPUT OFF, and reconnect the circuit for Calibration. 
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ACDVM 
(mV Ranges) 

:-·············· & ............ ,.._ 
O"-" 

,-j;):,,._ ·-· (·"~ ~ 
~ .I.! 

4705 
(AC mV Ranges) 

_;·-" ··-· ··· ···· ·················-- -------, 
[ DANGER 

! H:::,;~;E :: 
: ,~~J), \,, #:E?)'::<:, rP/~~ 
: -~ · ) . -~ · , . (;.,.__·,,-.·.~ Y}f: I ~:- ~s '. ~,:,;, 

600mm Type Uniradio M70 
(75il-67pF /m) 

Fig. 2 Calibratlon ot 4705 

Stage 2 
Connect as Fig. 2, to calibrate the 4705. 

1 4705 
Selecting SITT as required in the following procedure: 

a. 

b. 

c. 

d. 

e. 

Select the required Millivolt OUTPUT RANGE. 

Use OUTPUT fi0 keys to display the Calibration Voltage 
on the OUTPUT Display (if at Nominal Full Range, merely 
press the Full Range key). 

Set 4705 OUTPUT ON (and if NOT at Nominal Full 
Range, Select SET). 

Use the nn keys to adjust the OUTPUT Display reading to 
obtain Vl on the DVM. 

Execute the calibration by pressing the CAL key. Repeat 
(d.) to (e.) as required. Set OUTPUT OFF. 

Nominal Cal. Poi~ts for Millivolt Ranges. 

IVD Ratio 4705 4705 Freq. 
(1V Range OUTPUT Nominal Band 

to RANGE/ OUTPUT set by 
mV Range) FREQUENCY Voltage 4705 

10: 1 100mV 1kHz 100.000mV LF 

100: 1 10mV 1kHz 10.000mV LF 

1000: 1 1mV 1kHz 1.000mV LF 



MILLIVOLTS (HF) CALIBRATION PROCEDURE (1mV to 100mV) 
(Using verified 4705 IV and lOV Ranges, 10% Range Correction factor and AC DVM) 

SUMMARY 
The verified output values of 1 V on the 1 V Range; and lOV on the 
lOV Range are used to measure the 4705 linearity error at 1 Von the 
1 0V range. From the linearity measurement, a 10% of range 
Linearity and Scaling Factor 'C' is derived. 

Nominal Cal. Points for HF Millivolt Ranges. 

This factor is subsequently used to correct the 4705 output setting at 
10% of range, to standardize a DVM for calibration of the next range 
down. 

N.B. These calibrations are not fully traceable. Calibrate the 4705 
at or close to the calibration points in the table, selecting SET as 
required as part of the following procedure. 

Note: 
It is assumed that the 1 V and lOV ranges have been Wideband 
calibrated at the required HF calibration points. It is also assumed 
that the Millivolts (LF) C_alibration has been completed. 

4705 4705 
OUTPUT Nominal 
RANGE/ OUTPUT 

FREQUENCY Voltage 

100mV 100kHz 100.000mV 

10mV 100kHz 10.000mV 

1mV 100kHz 1.000mV 

All outpute 
lOOkHz, Remote Sense and Local Guard 
r··················································-.. 
; DANGER I HIGH VOLTAGE 8 

~----------;I!--..-~ 

All cable lengths 600mm 
Type Uniradio M70 
(75067pF/m) 

19.5mm 
(shorting 

link) 

Flg. 1 1 OV and 1 V Range lnterconnectlons 

1 OOmV Rarige Local Guard 4·wire 

,.. ·· .. ············&·············-\ 

600mm Type Uniradio M70 (750-67pF/m) 

All outpute 
lOCkHz, Local Guard 

;· ' 
DANGER 

HIGH VOLTAGE 

I+ 

··»Z~ /'.:il'?} t;:,,,,) 
-.. ~ 

I- Guard 

~JW:>..,. lf:-~ 

~ ~ .. (_.) . •·'IJ ·., ~',:" 

19.5nm 
(shorting 

link) 

Flg. 2 1 oom V and 1 m V Range lnterconnectlons 

Freq. 
Band 
set by 
4705 

HF 

HF 

HF 
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Stage 1 

Derive the Linearity and Scallng Factor 'C' as follows 
(C is a nwnber of value close to 0.1): 

a. Ensure that the Millivolts (LF) Calibration has been 
completed. 

b. 

Ensure that the 4705 has been calibrated and verified at lOV 
and 1 V HF (1 OOkHz) Full Range. 
Record the measured values as follows: 

4705 lOV FR setting - 10.0000V 
Actual output voltage - 'Vl' 

4705 1 V FR setting - l.OOOOOV 
Actual output voltage - 'V2' 

Calculate 1 V correction 'V3' = 1 
V2 

c. With OUTPUT OFF connect a DVM to the 4705 terminals 
using the exact 4-wire connections as in Fig. 1. 

d. 

~et the DVM to measure AC on its 1 V range. 

0n 4705, select the 1 V range and Remote Sense. 
Set FREQUENCY to lOOkHz. 
Set OUTPlIT display reading to V3. 
Set OUTPlIT ON, and note the DVM reading as 'Vt'. 
Set OUTPlIT OFF. 

e. 0n 4705, select the lOV range (Remote Sense). 

f. 

g. 

1-22 

Set 4705 OUTPUT display reading to 1 V. 
Set OUTPlIT ON. 
Adjust the OUTPUT display fora DVM reading of Vt. 

Note the 4705 OUTPUT display reading as 'V4'. 
Set OUTPlIT OFF. 

From the values Vl and V4 calculate the lOV range linearity 
correction and scaling factor 'C' as follows: 

C = Vl x V4 
100 

Record in 5112 digits resolution 

Vl= .............................................. V 

V2= .............................................. V 

V3= .............................................. V 

V t is a transfer value 

Vt= .............................................. V 



N.B. The following calibration from the front panel can only be 
ca.rried out if the IEEE Address switch on the rear panel is 
set to Address 31 (11111 ). 

Stage 2 

To Callbrate the 100m V Range Full Range Output 

a. Insert the Calibration security key into the 'CALIBRA TION 
ENABLE' switch on the rear panel, and tum to 'ENABLE'. 

b. Ensure that the DVM is still connected to the 4705 
terminals as shown in Pig. 1. 

c. Set the 4705 to the 1 V range. 
Calculate the value 'V3 x C'. 
Set OUTPUT display to this value. 

d. Set. the DVM to measure lOOmV. 

e. 

f. 

g. 

Set 4705 OUTPUT ON, allow the output to settle. 
Note the DVM reading as 'V(lOOt)'. 

Set 4705 OUTPUT OFF and reconnect the DVM to the 
4705 terminals in 2-wire as shown in Fig. 2. 

Set 4705 to its lOOmV range. 
(Remote Sense is automatically deselected.) 
Set OUTPUT ON and adjust the 4705 Output for a DVM 
reading of V(lOOt). 
Press the 'CAL' pushbutton and observe the DVM reading; 

h. Repeat operation (g.) until the post-CAL DVM reading is 
within lµV of V(lOOt). 

Stage 3 

To Calibrate the 10m V Range Full Range Output 

a. Ensure that the DVM is still connected to the 4705 
terminals as shown in Pig. 2. 

b. 

c. 

Ensure that the 4 705 is set to the 100m V range. 
Calculate the value 'lOOmV x C '. 
Set OUTPUT display to this value . 

• 
Set the DVM to measure 1 Om V. 

d. Allow the output to settle. 

e. 

f. 

Note the DVM reading as 'V(lOt)'. 

Set 4705 to its lOmV range. 

Adjust the 4705 Output for a DVM reading of V(lOt). 
Press the 'Cal' pushbutton and observe the DVM reading. 

g. . Repeat operation (f.) until the post-CAL DVM reading is 
within lµV of V(lOt). 

Calculate in 5112 digits resolution 

V3xC = ........................................ V 

V(lOOt) is a transfer value 

V(lOOt) = ..................................... mV 

V(lO)t is a transfer value 

V(lOt) = ....................................... mV 
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Stage 4 

To calibrate the lm V Range Full Range Output 

a. Ensure that the DVM is still connected to the 4705 
terminals as shown in Fig. 2. 

b. 

c. 

Ensure that the 4705 is set to the lOmV range. 
Calculate the value 'lOmV x C'. 
Set OUTPUf display to this value. 

Set the DVM to measure lmV. 

d. Allow the output to settle. 

e. 

f. 

Note the DVM reading as 'V(lt)'. 

Set 4705 to its lm V range. 

Adjust the 4705 Output to give a settled DVM reading of 
V(lt). 
Press the 'CAL' pushbutton and observe the DVM reading. 

g. Repeat operation (f.) until the post-CAL DVM reading is 
within lµV of V(lt). 

Stage 5 

Calibration Dlsable 

a. Tum the Calibration security key, inserted in the 
'CALIBRA TION ENABLE' switch on the rear panel, to 

'RUN'. Remove the key. 
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Calculate in 4112 digits resolution 

lOmVxC = .................................. mV 

V(lt) is a transfer value 

V(lt) = ......................................... mV 



------ - --

1.3.3 AC Current 

AC CURRENT CALIBRATION (1 mA - 1 A) 
(Using Thermal Transfer, Current Shllllts and DC Current Standard) 

THERMAL TRANSFER 
STANDARD 

INPUT 

TRANSFER UNIT 

TRANSFER SWITCH SCHEMATIC 

r~-o~i 
i.u, 1 o~i 
t.~ ......................................... J 

OUTPUT 

For all connections use low loss co-axial cable and keep leads as short as possible. 
Some types of shllllt can be directly fitted to the Thennal Transfer. 

Note 
. Calibrate lmA Range only if the Thennal Transfer is adequately calibrated at these levels. 

Routine 
Commencing with the lowest Range, calibrate the 4705 at the 
calibration points in the table as part of the following routine: 

1. Thermal Transfer Standard 

6. Transfer Unit 
Switch for AC output. 

7. Thermal Transfer & 4705 

Configure for DC measurement at the required developed 
voltage and connect with the appropriate shllllt to the 
Transfer Unit 

Use the OUTPUT M keys to adjust the OUfPUT Display 
reading to obtain a null on the Thennal Transfer increasing 
the Transfer sensitivity as required. 

2. DC Current Standard 

a. With OUTPUT OFF, connect to the Transfer Unit and set to 
the required calibration current 

b. Set OUTPUT ON. 

3. 4705 

a. With QUTPUT OFF, set to the required calibration Current 
and Frequency and connect to the Transfer Unit. 

b. Set OUTPUT ON. 

4. Transfer Unit 
Switch for DC output. 

5. Thermal Transfer Standard 
Ad just for null at the Calibration Current. 
Configure for AC measurement at reduced sensitivity. 

Execute the calibration by pressing the CAL key. 

Nominal Cal. Points for 1 mA to 1 ARanges. 

DC 4705 4705 
Standard OUTPUT Nominal 
OUTPUT RANGE/ OUTPUT 
Current FREQUENCY Current 

1.00000mA 1mA 300Hz 1.00000mA 

1.00000mA 1mA 5kHz 1.00000mA 

10.0000mA 10mA 300Hz 10.0000mA 

10.0000mA 10mA 5kHz 10.0000mA 

100.000mA 100mA 300Hz 100.000mA 

100.000mA 100mA 5kHz 100.000mA 

1.00000A 1A 300Hz 1.00000A 

1.00000A 1A 5kHz 1.00000A 

Freq. 
Band 
setby 
4705 

LF 

HF 

LF 

HF 

LF 

HF 

LF 

HF 
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CURRENT FULL RANGE CALIBRATION (100µA- 1A) 
(Alternative Method using verified 4705 1 V Range, Calibrated Standard AC Shunts and AC DVM). 

4705 

ACDVM 

(1V Range) 

Standardlzatlon of DVM 1V Range 

4705 

ACDVM 
(1VRange) 

Csllbratlon of 4705 Current Ranges 

lO0µA to lA procedure 
Commencing with the lOOµA Range, calibrate the 4705 at the 
calibration points in the table as part of the following procedure: 

1. 4705 and AC DVM 
With OUTPUT OFF, connect the 4705 and DVM for 
Standardization. Select the 1 V Range on the AC DVM. 

Calibration points for 1 00µA to1 A Ranges. 

4705 4705 Freq. 
OUTPUT Nominal Band 
RANGE/ OUTPUT setby 

FREQUENCY Current 4705 

100µA 300Hz 100.000µA LF 

100µA 5kHz 100.000µA HF 

1mA 300Hz 1:ooooomA LF 

1mA 5kHz 1.00000mA HF 

10mA 300Hz 10.0000mA LF 

10mA 5kHz 10.0000mA HF 

100mA . 300Hz 100.000mA LF 

100mA 5kHz 100.000mA HF 

1A 300Hz 1.00000A LF 

1A 5kHz 1.00000A HF 
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2. 4705 

a. Set to the 1 V Range at the Calibration Frequency and ad just 
for calibrated 1.000000V output 

b. Set OUTPUT ON and note the DVM reading as 'Vl'. 

c. Set OUTPUT OFF, and reconnect the test circuit for 
Calibration, using the correct shunt for the range to be 
calibrated. 

d. 0n I FUNCTION, select the required OUfPUT RANGE. 

e. Select the required FREQUENCY RANGE . 

f. Use FREQUENCY flij keys to display the required 
Calibration Frequency. 

g. Press the Full Range key. 

h. Set 4705 OUTPUf ON. 

j. Use the OUTPUT flij keys to adjust the OUfPUT Display 
reading to obtain a DVM reading of 'Vl'. 

k. Execute the calibration by pressing the CAL key. 
Set OUTPUT OFF. 



1.4 RESISTANCECALIBRATION 
(Measurement and Storage of the values of an interna! resistor.) 

Calibration Memory 

In n function, each RANGE key selects a nominal-value standard 
resistor. Adjustment of the resistor value is not routinely necessary 
unless Error 6 occurs during calibration (refer to Section 4.4). 
During calibration the actual v alue is measured and stored in the 
calibration memory to be displayed whenever that range is selected 
Separate memory stores exist for Remote Sense (4-wire), Local 
Sense (2-wire) and Local Sense zero. Zero calibration is not 
available in Remote Sense. 

4-wire Calibration Limits 

The value measured in 4-wire Remote Sense does not include the 
resistance of interna! or externa! wiring because of the measurement 
techniques used. 
The instrument accepts any value within ±200pprn of nominal ~ a 
valid calibration. 

2-wire Calibration Limits 

The value measured in 2-wire Local Sense is greater than for 4-wire 
Remote Sense, as it includes the resistance of interna! wiring and 
relay contacts. The instrument will not accept any 2-wire value l~ss 
than the stored value for 4-wire, so the 4-wire Remote Sense 
calibration must be carried out before attempting 2-wire Local Sense. 
The extra interna! resistance depends on range, so the instrument 
accepts the following values x as valid 2-wire calibrations: 

Zero calibration. 
10.Q to lMn Ranges: 0 :S x < 0.900.Q 

V alue callbrations. 
10.Q~' to lMn Ranges: 4-wire value :S x < (4-wire value +1.999.Q) 

Error 6 appears on the MODE display for any attempt to enter a 
value outside the 4-wire or 2-wire limits. 

Note: 
When resistance is calibrated in Remote Sense, the instrument 
overwrites the Local Sense calibration memory with the new 4-wire 
value. For this reason 2-wire calibration should always be performe<l 
,B&r 4-wire calibration. 

General Procedure. 

Prepare the 4705 for calibration. Connect as required and use the 
following calibration routines to calibrate the resistors in sequence, 
commencing with the 1 OOM.Q Range. 

Note 
All measurements use 4-wire connections to exclude the effect of 
externa! lead resistance from the measured value. 
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4-WIRE RESISTANCE CALIBRATION 
(Remote Sense selected) 

Is ------t 

CALIBRATION SEQUENCE 

1. 4705 
Select OUTPUT OFF and n. 
Select Remote Sense. 

2. 4705 
Press required (RANGE) key; The previously-calibrated 
value appears on the OUTPUT display. 

3. 4705 and resistance-measuring equipment 
Press OUTPUT ON+ and measure the value of the internal 
resistor. 

4. 4705 
Using the OUTPUT fiil keys, set the measured value on 
the OUTPUT display. 
Press CAL Key to store OUTPUT display value. 
Set OUTPUT OFF. 

5. Repeat operations (2) to (4) for each RANGE. 

Nominal Calibration Points and Limits for 4-wire calibration. 

Range Measured Resistance 
Minimum 

100MQ 1:s.s. ><:>gB.QO :::::::::i:1 1 

10MQ 1:s.::99800 ;>, I 
1 MQ [i ·99.9BOdJ: :J: Jt!I 

1ookn , 1:::99 __ :~BOOn :;:, 21 
10kQ 1:9 ·99800 : :::t:~1 
1kn i '. 999800 : >~I 

100n 199 :9soo : rn1 

10n IJ:9'.99800 2:~1 
1-28 

Maximum 

1:<:>1öd'<·tff99 :s<u:1 
1· :JO .JJ.[J lSS. L} I 
i: :r-OdOJ99 >I 
I! JOP ·OJ99: : :\ rffi 

I JO :00 199 >~I 
1>000J99'. I :' f;I 

1100:0199 : >: FI 

I tO :PO l$$Y >~ 



2-WIRE RESISTANCE CALIBRATION 
(Remote Sense OFF. Note: 2-wire calibration should always be performed after 4-wire calibration.) 

Is _____ __, 

I+-

CALIBRATION SEQUENCE 

1. 4705 
Select OUTPUT OFF and n. Deselect Remote Sense. 

2. 4705 
Press required resistor (RANGE) key; The previously
calibrated value appears on the OUTPUT display. 

3. 4705 and resistance-measuring equipment 
Press OUTPUT ON+ and measure the value of the interna! 
resistance. 

4. 4705 
Using the OUTPUT fiil keys set the measured value on 
the OUTPUT display. 
Press CAL Key to store OUTPUT display value 

5. 4705 
Press Zero Key and repeat operations (3) to (4) for this 
RANGE selection. Set OUTPUT OFF. 

6. Repeat operations (2) to (5) for each RANGE value of the 

Table. 

Nominal Calibration Points and '.Zero Limits for 2-wire calibration. 
* The Loca1 Limit Span: 

Range 

1MQ 

1ookn 

1okn 

1kn 

100n 

10n 

Lower Limit = Remote Value; Upper Limit = Remote Value + 'U' (digits). 

*Local Full Range Limit Span 
'U' (digits) 

+1 

+19 

+19 

+199 

+199 

+199 

Measured Zero Limit 

•••C ·OOOOOO ••:::11:::: :r ]JO.otJO[J :y I 
1.·,•,·,,··=,· .•,.=,,=0-= .. ·.=.···· .... ·.·.=-.. =.·.= .. ·.=o·.=.·= .. -= .. ·o=.·.=.····.·.=.·o=.·.=.-= .. ·.=o·.=.··.··-:· . ... · .. ·.·.·. ···.··.·.·.·.·.·wi· 1·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· .. ·.·.·.·.·.·.· .. ·.·.·.·.·.· .. ·.·.·.·w1 

=-'-'-t =~•=•::::::=:::;~J=•••+r ::a·.·.:ooos::•• •:::•>< 

i, .•. ·.•.:.·.,=•. o· .. · . . · .. ·.·.·.··.:.·.·o·.···.·.··.·o·.··.··.··.·o·.··.··.··.·o·.··.· ·.··.·o·.· ·.··.·:, .,••.=,•, .• ,· •. =,••.· =,·•.•,',.•.•. :.•,•.· ,• •. · ,,•:.•, •. =,••.' W,• =.,,• , .• ,·,.·.•.=.=,1 1 < o··.·.·.·.·.·.·.·0········0········0°0········ ••>>•> >•1 l j[ t ...... : ............ ;J. << .,. 

t: •:••• :00000 ••••:•:•:••::::0 11 :• o:::ooaso•• •••·••••ml 
r ====o··.·.·.·.·.·.·.·o········o········,= ,=========== ,,,::,,,,,,,:::::::,:: :,, ,,,,, ,,,,,,=,r1 I =,=,=-o tio·.·.· .·. .... •••• <•••••••••>••• ;ci=1 

6 ...... : ........ :>• • •••• • ••:m @ '.:::::I •>•• •.••..• •• n 

! 
.. ............. ....... ·············· ······· ·····11· ....................... ................... .... , 
.
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1.5 REMOTE CALIBRATION GUIDELINES 

The operation of the instrument in systems applications via the 
IEEE 488 interface, is described in Section 5 of the User's Handbook. 
In addition to its capability as a programmable calibrator, the 4705 
can itself be calibrated under rernote control. Full autocalibration of 
the instrument over the bus implies availability of a suitably 
pro grammed controller, programmable standards, programmable Null 
Detector, anda programmable Thermal Transfer. 

Calibration Commands 
The table below lists the device-dependant commands used for 
Routine Calibration. The relevant calibration codes are also listed. 

These commarids can only be activated when two conditions have 
been fulfilled: 

the CALIBRATION ENABLE Keyswitch on the instrument 
Rear Panel must be set to ENABLE, and 
the IEEE Interface command-code Wl must have been received 
and activated. 

Additional commands can be activated when 'PRE-CAL ENABLE' 
switch is enabled. Refer to 1.6.3 Remote Pre-Calibration Guidlines. 

A vailability of Command Codes 

FREQUENCY / RANGE 
Store 100 1k 10k 100k 1M 

- F1 F2 F3 F4 FS 

1·:.1 ;:1~~f~}:1~0I 
Guard Sense Spec Erra Offset Test 

-Remote- STO SET ±0 CAL 

MODE 

Transfer ot calibratlon facllltles 

no comparable 
commands 

When the 4705 is under rernote control over the bus, the command
code W0 overrides the settings of the CALIBRA TION ENABLE and 
interna! PRE-CALIBRATION ENABLE switches, disabling the 'C' 
codes. 

GeneraIProcedure 
The Main Register is set to the Calibration Standard value (M*** ... ), 
the 4705 Output is switched ON (01), and one or a specified sequence 
of the calibration mode command codes (Cl, C2, C3, I) may be 
transmitted. 

The 'M' Code is adjusted to obtain a null at the Calibration Standard 
value, and C0 is transmitted to execute the calibration. 

Command Descrlptlon Functlons and Facllltles 
Codes 

(Key caps) 

C0 RangeZero 

Gain calibration 
to Nominal Full Range 

*C1 Zero offset for 
(SET) range at User's 

selected value 

Gain for range at 
User's selected value 

*C2 Interna! Reference 
(STO) gain at user's 

Standard value 

*C3 Alignmentof 
(±0) interna! ON+ and 

ON-zeros 

I User's Massage 

DC Voltage 

100mV-1000V 
Ranges 

100mV-1000V 
Ranges 

All 
Ranges 

All 
Ranges 

1V &10V 
Ranges 

10V 
Range 

DC Current AC Voltage AC Öurrent 2-Wire.Q 

Refer to User's Handbook Section 5 'Programming of Bus Transmissions' 

*Preselector - must be activated later by command code C0 (CAL) 
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Command Code Facilities (Routine Calibration) 
For a General description see 'Autocal Facilities' page 1-3. 

Cl (SET) 
Cl gives calibration at any point in the selected range by 
allowing the user to input the value of the calibration 
standard used (initial M code used). Before executing the 
calibration C0 uses the final 'M' Code value to distinguish 
between Zero (Offset calibration) and Full Range (gain 
calibration). The limits of Offset or Full Range depend on 
function selected (refer Sect 1.2 DC Calibration and Sect 
13 AC Calibration). 

C2 (STD) 
C2 allows a user to compensate for changes of the intemal 
Master Reference voltage. For best accuracy it is 
recommended this procedure is carried out in DC function. 
Note that the gain of all voltage and current ranges change 
in the same ratio. Execute with C0 

C0 (execute pre-selection) 
C0 executes one of the above preselected AUTO-CAL 
modes. 

C0 (CAL ONL Y) 
If Command C0 is sent without pre-selection code Cl/C2 
the instrument assumes that the selected range is to be 
calibrated at either Zero or Full Range. It uses the valµe 
input by the 'M' Code to distinguish between Zero (Offset 
calibration) and Full Range (gain calibration) according to 
the function selected (refer Sect 1.2 DC Calibration and 
Sect 1.3 AC Calibration). 

Guidelines - An Example 

The following sequence suggests a method of calibrating the 
instrument 1 V Range Gain against a buffered standard cell value of 
+ 1.018057V. It is assumed that the instrument is correctly addressed 
with its Calibration Keyswitch set to ENABLE and the instrument 
Output is OFF. Connect the Null Detector, set to low sensitivity, 
between the Standard Cell buffer and the 4705. The nulling 
operation is seperated into its own string, as it is likely to be 
iterative. 

SET Calibration of 1 V DC Gain 
F0R5G0S0W1M+l.018057Cl0l=M(for null)C0 

The example suggests only the broad outline of one of many 
sequences which could be used to perform instrument calibrations. 

Calibration Command Strings 

The following AC command strings are given for the sole purpose of 
illustrating the methodology designed into the 4705 for remote 
calibration modes. Some reference to externa! operations is inferred. 
The nulling operation is seperated into its own string, as it is likely 
to be iterative. 

It is assumed that the 4705 has previously been programmed in 
function and range (not autorange R0) and that the externa! circuit is 
set up correctly. The 4705 is already programmed into its calibration 
mode by Wl, with the calibration keyswitch set to ENABLE, and 
output OFF. 

a. Nominal Full Range LF Gain Calibration: 

b. 

c. 

d. 

e. 

r. 

g. 

h. 

H(LF)AlOl=M (for null)=C0=00= 

Nominal Full Range HF Gain Calibration: 
H(HF)AlOl=M(for null)=C0=00= 

Combined Nominal LF and HF Gain Cal: 
H(LF)AlOl=M(for null)=CO= 
H(HF)=M(for null)=CO=OO= 

Non-nominal LF Gain Calibration: 
H(LF) M(20%-200%FR)Cl= 
Ol=M(for null)=C0=00= 

Non-nominal HF Gain Calibration: 
H(HF) M(20%-200%FR)Cl= 
Ol=M(for null)=CO=OO= 

Combined Non-nominal LF and HF Gain Cal: 
H(LF)M(20%-200%FR)C 1= 
Ol=M(for null)=C0= 
H(HF)M(20%-200%FR)Cl= 
M(for null)=C0=00= 

Standardization at Nominal Full Range 
1 V or lOV Range only ): 
H(LF)A1C201=M(for null)=C0=00= 

Standardization at a Non-nominal value 
(lV or lOV range only): 
H(LF)M(20%-200%FR)C2= 
Ol=M(for null)=C0=00= 
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1.6 PRE-CALIBRATION 

1.6.1 lntroduction 

In an initial calibration process at manufacture, certain 'PRE-CAL' 
parameters are establisheq in a special calibration memory to define 
the overall linearity of the instrument, and to allow maximum 

· routine calibration memory span for adjustments. For normal 
purposes, all subsequent Routine Calibration procedures are 
sufficient to maintain calibration. 

Preparation for the pre-calibration operation includes removal of the 
Top Cover, to facilitate selection of pre-calibration mode and 
operation of the calibration memory clear push-button. OC and AC 
pre-calibration must then be completed followed by a Full Routine 
Recalibration. Thereafter all routine calibrations .may be performed 
from the front panel or over the IEEE lnterface without removing the 
covers. 

Circumstances Calling for Pre-Calibration 
The stored parameters are invalidated by replacement of certain 
critical parts of the instrument. 

The Lithium battery which powers the whole calibration 
memory wherr the instrument supply is switched off. This 
should be replaced at five-year intervals (Refer to Section 43). 
The Digital Assembly 
The Reference Divider Assembly 
Critical components in the Digital or Reference Divider, AC 
and Sine Source assemblies 

A full list appears on flap of page 1-1. After replacement of any of 
these parts, new parameters must be stored in the pre-calibration 
memory, by procedures (in manual or remote control) detailed in this 
section. 

EQUIPMENT REQUIREMENTS 

DC 

AC 

A precision divider capable of dividing 20.000,000V to 
10.000,000V to a ratio error of better than 0.lppm between 
tappings. For example a Datron 4902/S precision divider or 
alternatively a Datron 4903 OC Calibration Unit. 

A DC 1 0V reference with an accuracy of better than 2ppm. 
Example: Datron Instruments 4000A or a bank of standard 
cells. 

A precision voltmeter capable of 1 V AC measurement with a 
stability between readings of better than ±5ppm. 
Example: Datron Instruments 1081 

An inductive voltage divider with ratios of xl.0 and x0. l 
capable of dividing 10.000,00V to 1.000,000V to an accuracy 
better than 2ppm. 
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PREPARING THE 4705 

Before clearing the pre-calibration store, prepare the 4705 as 
described on flap of page 1-2. The adjustments detailed in the 
following sequences include intentionally cl~aring the instrument's 
pre-calibration memory, which lo ses all previous calibration 
information. Therefore before proceeding make certain that the 
reasons for carrying out a complete recalibration are valid. (lf in any 
doubt, consult your Datron Service Centre) 

ldentification of Access Holes 

These give access to the 'PRE-CAL ENABLE' switch and the 
'CLEAR CALIBRATION MEMORY' switch. 

a. Release 6 screws retaining the top cover. 

b. Lift the top cover at the front of the instrument and locate the 
two holes which give access to the two-position 'PRE-CAL 
EN ABLE' switch and the press-button 'CLEAR 
CALIBRATION MEMORY' switch. 

0 

0 

0 

0 

0 e e 

lk=III 
0 

e e 
0 

C!> 0 

0 0 0 

c. Locate the h~le which gives access to the PRE-CAL ENABLE 
switch. Insert an insulated tool in the hole and move the pre-cal 
switch to the right (Enable). The legend 'cal', as presented on 
the MODE display, also appears on the OUTPUT display. 

Caution 
The following operation (d.) clears all the calibration memory stores 
as part of pre-calibration. Proceed only if this is required. 

d. Locate the hole which gives access to the Calib;ation Memory 
CLEAR push-button. Insert an insulated tool in the hole and 
press the button to clear the calibration memory. 

c. Refit the top cover but do not secure. 

Complete the following pre-calibration procedure. 



1.6.2 Procedure 

PRECISION DIVIDER 
(e.g DATRON 4902/S) 

20V 

10kn 

10V 

[l..nearlty) 

DANGER J\.. 
HIGH VOLTAGE ~ 

~ 
I+ I- Guard 

-~~Q:,. 
,.Y •• ~, . i(). • 

(~C)i I 
·~~: 

HI Lo .. \ .. j 
·-..................... ··----------··· __ _____ ___ ___ ___ ___ / 

[Coarse Galn) + 
1-----.-.0 HI ~ 

10V Ref 
10kn ------------aLo +J 

ov 

Fkst complete the ±0 calibration procedure on page 1-7, but with 
precalibration mode selected. 
Ensure the 4705 OUTPUT OFF LED is lit, cancel any MODE keys, 
select Remote Sense and deselect Remote Guard. Select OCV 
FUNCTION and lOV RANGE. Connect the Precision Divider to 
the instrument terminals as shown. Use short leads. 

a. 4705 
Ensure OUTPUT OFF and select the lOV RANGE. 

b. Precision Divider/Null Detector 
Set the Null Dectector to Low sensitivity and connect to the 
Precision Dividerat lOV tapping. 

c. 4705 
Connect to the precision divider as shown. Select +ON with 
zero OUTPUT 

d. Ref erence/Null Detector 
H the reference is a buffered bank of standard cells, switch the 
Buff er output to zero. However if an electronic reference is 
used cormect Null Detector -ve lead to Reference Low. 
Set Null Detector to high sensitivity. Zero Null Detector. 
Reduce Null Detector sensitivity. 
Switch on or recormect the 1 OV reference Hi to Null 
detector. 

e. 4705 
Select SET, its LED lights. Adjust the OUTPUT keys for 
Full Scale OUTPUT (+19.99999V). 
Use instrument OUTPUT nu keys to adjust the Null 
Detector reading to zero. 
Press CAL: the SET LED goes out. 

f. Precision Divider/Null Detector 
Increase Null Detector sensitivity. 
Detector Hi to divider 20V tapping. 

Reconfigure Null 

g. Reference/Null Detector 
If the reference is a buffered bank of standard cells, switch the 
Buffer output to zero. However if an electronic reference is 
used cormect Null Detector -ve lead to Reference Low. 
Set Null Detector to high sensitivity. Zero Null Detector. 
Reduce Null Detector sensitivity. 
Switch on or reconnect the lOV reference Hi to Null 
detector. 

h. 4705 

j. 

Select STD, its LED lights. Press +ON and Full Range 
OUTPUT (10.00000V). 

Noll Detector 
Increase Null Detector sensitivity and use 4705 OUTPUTfW 
keys to adjust the reading to zero. 

k. 4705 
Press the CAL key: the STO LED goes OFF. Pre-cal is 
now completed. Select OUTPUT OFF and disconnect. 
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AC DVM 

&.--, 
I+ I- n Guard 

~ 
4 wtr1 0 

~n- ~ ~~./ 
rw1,-g 

Ensure the 4705 OUTPUT OFF LED is lit, cancel any MODE keys, 
select Remote Sense and deselect Remote Guard. Select ACV 
FUNCTION and connect the IVD to the instrument terminals as 
shown. Use short lea.ds. Select the IkHz Frequency Range. 

a. IVD 
Select xI .0 ratio. 

b. 4705 
Select I 0V range, at IkHz on the IkHz Frequency range. 
Select l.0OOOV. Press the ±0 key, its LED lights. Use 
instrument OUTPUT nn keys to adjust the DVM reading to 
IV. Press CAL: the ±0 LED remains lit and 1.000,00V 
(nominal 10% Full Range) appears on the OUTPUT 
display. 
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c. IVD 

DANGER 
HIGH VOLTAGE 

19.5mm 
(shorting 

link) 

Select the x0.1 ratio to divide the 4705 output by 10. 

d. 4705 
Select Full Range. Use instrument OUTPUT fiij keys to 
adjust the DVM reading to I V. Press the CAL key: the ±0 
LED goes OFF. Recheck, without pre-selection, at IV and 
lOV. If required repeat the procedure. Select OUTPUT OFF 
and disconnect. Pre-cal is now completed. Disable pre-cal 
and complete a Full Routine Calibration. 



PRE-CAL DISABLE 

When pre-calibration is compiete the pre-cal enable switch must be 
set to RUN. 

Caution 
DO NOT press the interna! push-button which clears !he 
calibration memory. If this is done, any parameters stored in the 
calibration memory are cleared; so pre-calibration is cancelled, and 
must be repeated. 

a. Lift the top cover at the front 

b. Locate the hole which gives access to the PRE-CAL ENABLE 
switch. 

c. Insert an insulated tool in the hole Pre-cal and move the switch 
to the left (RUN). The legend 'cal' remains on the MODE 
display, but disappears from the OUTPUT display. 

d. Refit and secure the top cover. 

A Full Routine Calibration is necessary before completion of the 
Retum to Use procedure on flap of page 1-2. 

0 

0 

0 

0 

0 

0 

0 

(l) 0 1~ :,,,J 
E> Ci) 

e=--
Ci) 0 

0 

0 

CABLE BEFORE REMOTE 

0 

fl")-
c..::im --
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1.6.3 REMOTE PRE-CALIBRATION GUIDELINES 

FREQUENCY / RANGE 
Store 100 1k 10k 100k 1M 

- F1 F2 F3 F4 F5 

1:·1 ~~1;1~1 ~3,~01 
Guard Sense Spec Erra Offset Test 

-Remote- STD SET ±0 CAL 

MODE 

Transfer of DC precallbratlon tacilltles 

General Procedure 

The transfer of Pre-calibration f acilities to remote control is 
illustrated above. The general procedure follows that for remote 
Routine Calibration; the externa! circuit is connected as for manual 
pre-calibration. 

These commands can only be activated when the following 
conditions have been fulfilled: 

The CALIBRATION ENABLE Keyswitch on the instrument 
Rear Panel must be set to ENABLE 
Ensure that the IEEE address switch is set correctly 
The IEEE Interf ace command-code Wl must have been received 
and activ ated. 
The interna! 'PRE-CAL ENABLE' switch is set to ENABLE. 

When the 4705 is under remote control over the bus, the command 
code W0 overrides the setting of the CALIBRATION ENABLE and 
interna! PRE-CAL ENABLE switches, disabling the 'C' codes. 

Pre-Calibration Command Strings 

The following command strings are given for the sole purpose of 
illustrating the methodology for the remote pre-calibration mode. 
Some ref erence to externa! operations is inf erred. The nulling 
operation is separatecl into its own string, as it is likely to be 
iterative. 
It is assumed that the externa! circuit is set up correctly. 
The 4705 has already been programmecl into its calibration mode by 
Wl, with the calibration keyswitch and the interna! PRE-CAL 
EN ABLE switch set to EN ABLE. 
The calibration memory stores have been cleared, and the 4705 
Output is OFF. 
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FREQUENCY / RANGE 
Store 100 1k 10k 100k 1M 

- F1 F2 F3 F4 FS 

I :.1 ;. m c: I~~ I 
Guard Sense Spec Erra Offset Test 

-Remote- STD SET ±0 CAL 

MODE 

Transfer of AC precalibration facilities 

The string sequence for OC pre-calibration is as follows: 

1) ±Z.ero 

F0R6M+001C3= 
M***= 
C0=M-0= 
M***= 
C0=00= 

(Set-up and ±0 preselection) 
(Iterative nulling operation) 
('CAL' and -ON) 
(Iterative nulling operation) 
('CAL' then OUTPUf OFF) 

2) Coarse Gain and Linearity 

F0R6C4M+l9.9999901= (Set-up and linearity preselection) 
(Iterative nulling operation) 
('CAL' then OUTPUf OFF) 
(Set-up and linearity preselection) 
(Iterative nulling operation) 
('CAL' then OUTPUf OFFJ 

M***= 
C0=00= 
C5=M+ 10.0000001= 
M***= 
C0=00= 

The string sequence for AC pre-calibration is as follows: 

Full Range and 1/lOth Range Linearity 

F1R6H***C301=Ml O= 
M***= 
C0=Ml= 
M***= 
C0=00 

(Program to frequency in LF band) 
(Iterative nulling operation) 
(First 'CAL' of two-part process) 
(Iterative nulling operation) 
(Second 'CAL' cancels preselected 
mode) 



1.7 Q OPTION INTERNAL ADJUSTMENT 

The Autocal procedure for routine calibration of the 4705 resistance 
Function is described in Section 1.4. 

The method of calibration is to measure the value of each standard 
resistor, and store the measured value in non-volatile calibration 
memory. Subsequently, each time a resistance RANGE is selected, 
the previously calibrated v alue is displayed. 

If a standard resistor has been subjected to undue stress, its value may 
have moved outside its tolerance (signalled by an Error 6 message 
during Routine Autocalibration). If the value is less than approx. 
50ppm outside tolerance, it can be adjusted internally using a 
variable trimmer. For values out of tolerance in excess of 50ppm it 
is likely that the resistor has been over-stressed- consult your Datron 
Service Centre. 

Manual Trimming Procedure 

The following procedure is a supplement to Routine Autocalibration. 
It is necessary only when the 4-wire calibration of Section 1.4 has 
resulted in an 'Error 6' message. 

It can also be used when, for operational reasons, it is necessary to 
adjust a resistor to its nominal value. For this purpose a 
continuously-reading method of measurement is convenient 

a. Release eight screws retaining the top cover. 

b. Lift the top cover at the front of the instrument and locate the 8 
holes giving access for 'Q OPTION ADJUSTMENT'. 

c. Insert an insulated screw driver tool in the hole for the range 
selected, and adjust the preset resistor (rotating clockwise 
increases the resistance value). 

d. Re-measure the 4-wire value and repeat operation (c.) until the 
desired value is obtained. 

e. Re-calibrate the range for 4-wire and 2-wire cormections as 
detailed in Section 1.4. 

f. Repeat the manual trimming procedure above for all ranges as 
required. 

g. Finally refit and secure the top cover using the eight screws 
removed in (a.), above. 
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Appendix 1 

Appendix 1 - Notes on the Use of the Null Detector 

The Null Detector is normally connected in series with the 4705 Hi lead. A high-impedance-input device should be chosen to reduce off-null 
currents due to differences in the outputs of the DC voltage source and the 4705. A battery-operated instrument is preferred to ensure adequate 
isolation. Some Null Detectors possess high input impedance only when their readings are on-scale, so care should be taken to ensure that drain 
currents from the DC Voltage source do not become excessive. This applies particularly if the DC source isa standard cellor a bank of cells. Six 
points are important: 

1. The null detector should be connected to the 4705 (or 4705 load resistor) only when the 4705 OUTPUT OFF LED is lit. (with 
output OFF, the I+, 1-, Hi and Lo terminals are at high impedance). 

2. Always set the null detector to its lowest sensitivity before connecting up, and increase sensitivity only when the voltages output by 
the DC Voltage source and the 4 705 are close in value. 

3. Do not change polarity of the 4705 or DC Voltage source without first switching the 4705 OUTPUT OFF. Care must be taken to 
ensure that the correct polarity ON key is pressed, to avoid excessive voltages being connected across the null detector, particularly 
when checking the 4705 directly against a standard cell. 

4. Most Null Detectors are equipped with a 'Self-zero' or Zero-check' facility. For maximum accuracy, the Null Detector range zero 
should be checked before each calibration nulling operation is performed. However, when gain-calibrating the 4705 Voltage and 
Current Ranges, the zero offset of the calibration voltage source is nullified by adjustment of the Null Detector zero control. This 
setting should not be altered until the corresponding Range gain has been calibrated. 

S. WARNING 
During performance checks and calibratlon a common mode voltage equal to the full range voltage is 
present at the Null Detector lnput terminals. On 1000V checks thls voltage is potentially lethal, so 
EXTREME CAUTION must be observed when making adjustments to the null detector sensltivlty. 

6. CAUTION 
The Null Detector used must be able to withstand voltages up to 1200V between its input terminals. Such voltages will be present 
<luring the time that the 4705 is ramping from zero to 1000V Full range after setting OUTPUT ON. Inadvertent disconnection of the 
Precision Divider terminals can transfer full output across the Null detector. 
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Appendix 2 

Appendix 2 - Calibration Source Zero Offsets 

It is common practice to accept a small offset in the output of a voltage calibration standard, providing that the same offset is presentatall output 
values, including zero. 

A more difficult situation arises if there is a 'DC tumover offset' between the source's positive and negative output values. In this case, a 
difference in DC value will be observed when switching the source between its positive and negative outputs with zero volts selected. This type 
of error is normally adjusted out on the 4705 by a preliminary '±0' calibration on the lOV Range, to a null detected across its output terminals. 
This sets both ON + and ON- zeros to the same DC level; and as the same linear analog circuitry is used to generate both output polarities, range 
calibration of zero and gain in positive polarity is then all that is required. 

The 4705 analog circuitry is fully floating, so its output may be referred to any common mode voltage within the range specified on page 6.1 of 
the User's Handbook. In particular, each Range zero may be aligned to absolute zero in Local Sense by calibration toa null across its Hi and Lo 
(Sense) terminals. But if it is then gain-calibrated against an offset source without re-zeroing to that source's offset zero, normal mode gain errors 
will result. It is therefore essential that any offset in the source's output be nullified before gain calibration is carried out. This can be done at 
Range zero, simply by trimming the Null Detector null. · 

Thus the notional sequence of calibration for the 4705 should be as follows: 

a. ±o 
Check that the lOV Range 'ON+' and 'ON-' zeros coincide at absolute zero (Adjust if necessary). 

b. Range Zeros 
Carry out 'ON+' zero calibration on all Ranges against the same absolute zero. 

c. Range Gain 
Each Range Gain in tum, (Null Detector connections as shown for Voltage or Current) 
i. At 'ON+' zero output from both source and 4705, trim the Null Detector for null. 
ii. At the required positive DC lev el, calibrate the 4 705 Range gain. 

This sequence ensures that the 4705 'ON+' and 'ON-' zeros are both set to absolute zero, and that both positive and negative polarities are 
accurately gain-calibrated toa unipolar source. If it is required to check the 4705 'ON-' gain calibrations against a bipolar source, the source's 'ON
' zero off set must first be nullified, as described in c. i. above. 
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SECTION 2 
FAUL T DIAGNOSIS 

WARNING 
HAZARDOUS ELECTRICAL POTENTIALS ARE 
EXPOSED WHEN THE INSTRUMENT COVERS 
ARE REMOVED. 
ELECTRIC SHOCK CAN KILL 

2.1 INTRODUCTION 

2.1.1 Use of Dlagnostic Guides 

The diagnostic guides given in Section 2.2 are intended to aid the 
user in locating a failed printed circuit board or other assembly. The 
self-diagnostic capabilities of the instrument provide the first step in 
fault analysis by displaying a FAIL message on the mode display. 
Initial actions to be taken after the occurence of a F AIL message are 
given, where applicable, in the diagnostic guides of Section 2.2. 
The F AIL message localizes the f ailure into a distinct functional area 
and the "Fault Condition" summary in each guide relates the function 
failure to a probable hardware boundary. 

The identities of the assemblies involved in the failure are given 
beneath the fault condition summary, hut it is unlikley that all 
assemblies listed will prove to be faulty. For successful failure 
analysis, it is advisable to be f amiliar with the electronic functioning 
of the instrument and with the physical location of the assemblies. 
To assist in these aspects, the diagnostic guides include references to 
relevant parts of this publication. 

2.1.2 Effects of Protective Measures on Diagnosis 

2.1.2.1 Protective Suppression of Fault Conditions 

The 4705 incorporates built-in protection in hardware and software. 
To minimize damage, protective circuitry acts immediately, backed 
up by a pre-programed CPU response to detected failure symptoms. 
If possible the CPU inf orms the user by presenting a f ailure message 
on the MODE display. 

When investigating a failure, it should therefore be anticipated that 
protective measures will have suppressed the original fault 
conditions. A useful starting-point is to identify the origin of the 
failure message to localize the area of search. 

2.1.2.2 F AIL 5 as Default State 

Faults which result in display messages FAIL 2, 3 or 4 can pose a 
saf ety hazard to the operator, and apply excessive voltage to externa! 
circuitry. To protect against this, the instrument is programmed to 
default to F AIL 5 state as rapidly as possible af ter its initial response 
to the failure symptoms. The CPU switches Output OFF and trips 
the safety monitor (Watchdog). If the conditions of the original 
failure message have been removed the display changes to FAIL 5. 

CAUTION 
The instrument warranty can be invalidated if damage is 
caused by unauthorised repairs or modifications. Check the 
warranty detailed in the "Terms and Conditions of Sale". It 
appears on the invoice for your instrument. 

In normal use, an operator will probably notice only FAIL 5, and 
miss the origir\al f ailure message. In F AIL 5 state, front panel 
control is inhibited until Safety Reset is pressed. This returns the 
instrument to the state for which the original fault conditions and 
failure message were produced, hut with Output OFF. 

2.1.2.3 To Observe the Original Failure Message 

Two procedures can be used: 

a. Carry out the self-test routine of Section 2.3. 
The failure message may recur during this test. 

b. Reset the instrument to reproduce the fault, carefully watching 
the MODE display. 
The original failure message could reappear momentarily, prior 
to defaulting into F AIL 5. 

Then select the appropriate diagnostic guide in Section 2.2. 

2.1.3 FAIL 6 

F AIL 6 reports two types of NV RAM failure. 

a. Overall sumcheck failure. 
The values are calculated at Power on, Self-Test and recovery 
from FAIL). If the instruments stored calibration constants are 
outside maximum or minimum permissible values a Fail 6 
message is displayed. 

b. Limits check of the calibration constants. 
Values are checked when read from the NV RAM at every 
OUTPUT change. When a Fail 6 occurs the output remains on 
and the stored gain or zero correction value is defaulted to xl or 
xO respectively. 
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2.2 DIAGNOSTIC GUIDES 

2.2.1 . F AIL 1 (Excessive Interna! Temperature) 

INITIAL ACTION 

1. W ait approximately 1 minute until the CPU has defaulted the 
instrument to OUTPUT OFF. The CPU clears the FAIL 1 
message and enables the keyboard. 

2. Switch OUTPUT ON. 
3. No failure display - no further action. FAIL 1 recurs - fault 

persists. 

FAULT CONDITION 

High temperature sensed in: 

Positive Heatsink Assembly, or 
Negative Heatsink Assembly. 

Fault indication signal OVERTEMP active. 

POSSIBLE FAULT LOCATIONS 

Positive Heatsink Assembly (page 11.13-1). 
Negative Heatsink Assembly (page 11.13-2). 
Power Amplifier Assembly (page 11.9-1). 

FURTHER INFORMATION IN THIS HANDBOOK 

Technical Descriptions: Section 7.12.9. 
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2.2.2 F AIL 2 (Over-Voltage) 

INITIAL ACTION 

1. Ensure that OUTPUT is OFF 
(4700 should have tripped to FAIL 5). 

2. Power OFF any externa! voltage source. 

N.B. 
This f ailure can be caused by injection of an externa! 
voltage across the terminals OR the output of high voltage 
when not requested by the user. 

DC - voltages in excess of 130V. 
AC - voltages between the limits of 75V to 110V RMS. 

2. Disconnect externa! leads from the terminals. 
3. Press Safety Reset. 
4. Carry out self-test sequence. 
5. FAIL 2 recurs - fault persists. 
6. No failure display - Reproduce original conditions in Local 

Sense with no externa! connections. 
7. No failure display - check externa! circuit and proceed with 

careful use. 
8. FAIL 2 recurs - fault persists. 

FAULT CONDITION 

1. Over voltage circuit on the DC Assembly has detected the 
excess voltage between PHi and PLo lines and has activated 
HV ST signal to the CPU, and 

2. The CPU has recognized that the instrument is not in High 
Voltage State, so has generated FAIL 2 display, then 

3. The CPU has switched Output OFF, tripped the watchdog and 
generated F AIL 5 display. 

POSSIBLE FAULT LOCATIONS 

Injection of externa! voltage. 
D.C Assembly (page 115-1). 
Power Amplifier Assembly (page 11.9-1). 

FURTHER INFORMATION IN THIS HANDBOOK 

Self-test procedure: Section 2.3. 
Technical descriptions: Section 7.3.7. 



2.2.3 FAIL 3 (Control Data Corrupted) 

INITIAL ACTION 

N o immediate action required. 

FAULT CONDITION 

1. Control data corrupted. 
2. CPU has detected errors in serial transfer of data between out

guard and in-guard circuits, and generated FAIL 3 display, then 
3. The CPU has switched Output OFF, tripped the watchdog and 

generated F AIL 5 display. 

POSSIBLE FAULT LOCATIONS 

Reference Divider Assernbly (page 11.4-1). 
Analog Interface Assernbly (page 11.3-1). 

FURTHER INFORMATION IN Tms HANDBOOK 

Technical descriptions: Section 6.4. 

2.2.4 FAIL 4 (Precision Divider Fault) 

INITIAL ACTION 

No immediate action required. 

FAULT CONDITION 

1. Precision divider fault 
2. CPU has detected errors in the most-significant data bits set in 

the precision divider input data latches, and generated F AIL 4 
display, then 

3. The CPU has switched Output OFF, tripped the watchdog and 
generat.ed F AIL 5 display. 

POSSIBLE FAULT LOCATION 

Analog Interface Assernbly (page 11.3-1). 

FURTHER INFORMATION IN Tms HANDBOOK 

Technical description: Section 65.23. 
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2.2.5 FAIL 5 (Safety Circuits 'Watchdog' Tripped) 

INITIAL ACTION 

Use the checking sequence below, watching the MODE display 
carefully at each stage to detect any F AIL nurnber appearing 

· irnmediately before FAIL 5. If no failure message occurs, carry on 
to the next stage. 

Stage 1: Press Safety Reset. 
Stage 2: Carry out self-test sequence (Section 2.3). 
Stage 3: Set Output ON. 
Stage 4: Proceed with careful use. 

If F AIL 2 occurs at stage 3, ensure that it is not due to injection of 
an ·· exessive externa! voltage by disconnecting the instrument 
terminals and repeating the checks. If F AIL 5 alone occurs, proceed 
to "Fault Condition" below. For any FAIL other than FAIL 5, 
transfer to the diagnostic guide for that message. 

FAULT CONDITION 

18mS monostable (MlO in reference divider) has been deprived of at 
least two trigger pulses and has timed out, activating "BARK" and 
"BARK DELA YED" (BARK +47mS) signals from M13 in the 
reference divider assembly. 

Summary of "BARK" effects: 

1. Removes the drive from the High Voltage (lkV) transformer. 
2. Disables the 400V Power Supply. 
3. BARK status message sent to CPU signalling a failure. 
4. CPU starts controlled shut-down. 
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Summary of "BARK DELA YED" effects: 

1. Disconnects the voltage Power and Sense circuits from the 
instrument output terminals. 

2. BARK DELA YED disables the registers of the serial/parallel 
data converters. 

3. Outputs from control latches in the reference divider pcb are 
disabled by setting into ''Tristate". Each output line has a pull
up or pull-down resistor which sets the analog circuitry into a 
safe condition. 

POSSIBLE FAULT LOCATIONS 

NB. 

Digital Assembly (No gated WRT STRB pulses at J2/J3-29) 
(page 11.2-1). 
Analog Interface Assembly (No SSDA strobe pulses; or 
Watchdog disabled) (page 11.3-1). 
Reference Divider Assembly (Incorrect functioning of Watchdog 
setup circuitry) (page 11.4-1 ). 

The W atchdog is designed prirnarily to ensure that CPU 
malfunctions do not set up dangerous conditions in the analog 
circuitry. 

FURTHER INFORMATION IN TIDS HANDBOOK 

Technical description: Section 6.4. 



2.2.6 FAIL 6 (Calibration Memory Fault) 

INITIAL ACTION 

1. Select Output OFF, Spec OFF, Error OFF. 
2. Perform self-test sequence (Section 2.3) or select Output ON at 

the requested value. 
3. No failure display - no further action. 
4. F AIL 6 recurs - recalibration required. 
5. Select Cal (refer to Section 1). 
6. Recalibrate (refer to Section 1). 
7. Calibration failure - fault persists. 

FAULT CONDITION 

Calibration memory fault on Digital pcb assembly. 

POSSIBLE FAULT LOCATION 

Digital Assembly (page 11.2-1) 

FURfflER INFORMATION IN TlllS HANDBOOK 

Self-test procedures: Section 2 .3. 
Calibration procedures: Section 1. 
Technical descriptions: Section 6.1. 

23..7 FAIL 7 (P.A. 400V Power Failure) 

INfflAL ACTION 

1. Switch power OPP. 
2. Check line supply is correct for input voltage setting. 
3. Switch power ON - no failure display - no further action. 
4. PAIL 7 reC\lrS - fault persists. 

FAULT CONDfflON 

• Positive or Negative 100V power supply failure 
• Pault indication signal 400V(2) PAIL active 

Check line input voltage 

POSSIBLE FAULT LOCATIONS 

• Power Amplifier Assembly (page 11.9-1). 
• Reference Divider Assembly (page 11.4-1). 
• Positive Heatsink Assembly (page 11.13-1). 

Negative Heatsink Assembly (page 11 .13-2). 
Power Supply/1 Heatsink Assembly (page 11.13-3). 
Mother Board (page 11.16-1). 

FURTHER INFORMATION IN THIS HANDBOOK 

'· 
Teclmical descriptions: Sections 6.7. 
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2.2.8 FAIL 8 (P.A.38V Power Failure) 

INITIAL ACTION 

1. Switch power OFF. 
2. Check ljne supply is correct for input voltage setting. 
3. Switchpower on - no failure display - no further action. 
4. F AIL 8 recurs - fault persists. 

FAULT CONDITION 

Positive or Negative 38V power supply failure. 
Fault indication signal 38V(2) FAIL active. 
Check line input voltage. 
It is possible for a misleading F AIL 8 message to occur, caused 
by a logic supply failure, in particular -15 Volts. The F AIL 9 
message will have been displayed momentarily. Ref er for f ault 
location and further information to F AIL 9. 

POSSIBLE FAULT LOCATIONS 

Power Aniplifier Assembly (page 11.9-1). 
Reference Divider Assembly (page 11.4-1). 
Power Supplies (page 11.12-1). 
Mother Board (page 11.16-1). 

FURTHER INFORMATION IN TlllS HANDBOOK 

Technical descriptions: Section 6.7. 
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2.2.9 FAIL 9 (P.A. 15V Power Failure) 

INITIAL ACTION 

1. Switch ?,>Wer OFF. 
2. Check line supply· is correct for input voltage setting. 
3. Switch power on - no failure display - no further action. 
4. FAIL 9 recurs - fault persists. 

FAULT CONDITION 

Positive or Negative 15V power supply failure. This is 
indicated by a transitory Fail 9 followed by Fail 8. 
Fault indication signal 15V(2) FAIL active. 
Also 400V power supply is disabled. 
Check line input voltage. 

POSSIBLE FAULT LOCATIONS 

Power Amplifier Assembly (page 11.9-1). 
Reference Divider Assembly (page 11.4-1). 
Power Supplies (page 11.11-1). 

FURTHER INFORMATION IN TlllS HANDBOOK 

Technical descriptions: Section 6.7. 



2.2.10 Error EF 
(Externa! Frequency selected but not detected) 

INITIAL ACTION 

If Externa! Frequency Lock is not required: 
Ensure externa! frequency selection switch (S53)is set to OFF. 

If Extemal Frequency Lock reference is required: 

1. Ensure reference frequency is available at Rear Panel 
connector J53. 

2. Ensure Rear Panel switch S53 is set to ON. 

FAULT CONDITION 

The externa! reference signal detector has set 'EXT REF ST' to 
Logic 0. 

POSSIBLE FAULT LOCATIONS 

Extemal circuit. 
Interconnection Assembly (page 11.17-2). 
Mother Assembly (page 11.164). 
Analog lnterface Assembly (page 1134 ). 

FURTHER INFORMATION IN Tms HANDBOOK 

Technical descriptions: 
Externa! Frequency Lock: Section 8.3. 
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2.2.11 Error OL (Voltage: Output current limit exceeded) 
(Current: Output compliance voltage limit exceeded) 

INITIAL ACTION 

If Voltage range selected: 
1. Set Output OFF (Automatic if 100 or 1000V range selected). 
2. Disconnect extemal circuit. 
3. Set Output ON: 

- If no Error OL or F AIL message, check extemal circuit for low 
resistance, drawing output current in excess of specification 
(refer to User's Handbook Section 6). Ensure Capacitive Load 
constraints are not exceeded, page 6.7. 
- If Error OL recurs, intemal fault persists. 

If I range selected: 
1. Set Output OFF. 
2. Short Output terminals I+ to I-. 
3. Set Output ON: 

- If no Error OL or F AIL message, check external circuit for 
high resistance, developing output voltage in excess of 
compliance limit. 
- If Error OL recurs, intemal fault persists. 

FAULT CONDITION (IN DC RANGES) 

If Low DC Voltage range (lOOµV -lOV): 
DC Overcurrent Detector circuit (Vol 2 page 115-2) has detected 
a current in the PLO(DCV) line of approx 28mA or more, and 
has activated LIM ST signal to the CPU. 

If High Voltage range (100V or 1000V): Either 
a. DC Overcurrent Detector circuit (Vol 2 page 115-2) has detected 

excessive current in the PLO(OCV) line and has activated LIM 
DET signal to the CPU, or 

b. DC 1000V Over-Voltage detector (Vol 2 page ll.14-2) has 
detected an output voltage in excess of 1440V and has activated 
LIM DET signal to the CPU. 

In either condition a. or b., MlO in the power amplifier removes the 
16kHz drive from the input to the P A, and generates HI I ST signal 
to the CPU; which responds by setting Output OFF, and DC 
Reference voltage to zero. 
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If I range selected: 
Overvoltage detector circuit (M15 in I/ohms Assembly) has 
detected a terminal voltage of 4.4V or more and has activated 
LIM ST signal to the CPU. If 1 0OmA or 1 A range selected, the 
CPU switched Output OFF and reduces DC Reference voltage to 
zero. 

FAULT CONDITION IN AC RANGES 

If lmV, lOmV, lOOmV or lV Range: 
Sine Source Assembly overcurrent sense circuit (M49a/M49b) 
has detected a current in the AC 1 V line of approximatly 25mA 
RMS or more, and has activated LIM ST signal to the CPU. 

If lOV range: 
1 0V overload detector in the Power Amplifier Assembly has 
detected a current in the I+ line of approximately 60mA RMS or 
more. In this condition a hardware limit comes into effect. 

If High Voltage ranges (l00V or lkV): Either 
a. 100V Overload detector in the Power Amplifier Assembly has 

detected a load in excess cf 120mA RMS on the 400V power 
supply, 

b. lkV Current Overload detector (M8) in the Output Control 
assembly has detected an excessive output current, or 

c. lk Overvoltage Detector in the Output Control Assembly has 
detected a voltage on the PHI(V) line in excess of 1440V RMS. 

In these ranges the output is switched off automatically by the 
CPU. 

If I range selected: 
Overvoltage detector circuit has detected a terminal voltage of 
3V RMS or more and has activated LIM ST signal to the CPU. 
If lOOmA or lA range selected, the CPU switched Output OFF. 

POSSIBLE FAULT LOCATIONS 

Extemal circuit. 
Sine Source Assembly (page 11.6-1 ). 
AC Assembly (page 11.7-1). 
OC Assembly (page 115-1). 
Power Amplifier Assembly (page 11.9-1). 
I/Ohms Assembly (page 11.8-1). 

FURTHER INFORMATION IN THIS HANDBOOK 

Technical descriptions: 
Low DC Voltage ranges: Section 7.3 and 7.6. 
Low AC Voltage ranges: Section 9.4. 
100 or 1000V ranges: Section 9.5. 
I ranges: Section 10. 



2.3 SELF-TEST SEQUENCE 

2.3.1 General 

The self-test sequence is performed in two stages: 

Stage 1 is a fully automated test of safety monitoring and high
voltage safety interlocks; 

Stage 2 is a serni-automatic test of keyboard and display functions, 
which also responds to operator's key selections. 

2.3.2 Stage 1 (Fig. 2.1) 

Entry into Stage 1 is selected automatically whenever the TEST key 
is pressed for the first time (the test is not allowed if OUTPUT ON, 
ERROR or SPEC are selected or when in remote control). Indication 
of test mode is given by the LED in the TEST key being lit. The 
full sequence of Stage 1 must be completed before exit from the test 
mode can be made. The tests performed in Stage 1 areas follows: 

1. Safety Monitor Watchdog Test. In this, the safety monitor is 
tripped causing the word SAFEtY to appear in the Mode 
display, the Safety Reset LED flashes and the buzzer sounds 
continuously. It is necessary for the operator to reset the safety 
monitor by pressing the Safety Reset key, after which the 
SAFEtY display is replaced by the 'running' message, and the 
test sequence continues. 

2. Calibration Memory Test. The contents of the non-volatile 
calibration RAM are checked for validity. Failure results in the 
message F AIL 6 appearing on the Mode display. 

3. High-voltage Protection. This test ensures that a voltage 
demand made to the power amplifier does not trip the software 
voltage detector when immediately below the detector threshold 
level, but when raised to a level above the detector threshold the 
detector is tripped. 

Incorrect de teet action is shown by the message F AIL 2 on the 
Mode display. No voltages appear at the output terminals 
<luring this test. 

Fail messages are updated as the test sequence progresses 
through the calibration memory and high-voltage tests. After 
completion of the high-voltage test, the test mode ends and the 
Test LED is cancelled. If faults were encountered the last FAIL 
message will remain on the display replacing the running 
message. Fault diagnosis can now be performed. If no faults 
are encountered during Stage 1, the message PASS is displayed. 
The calibrator can now be retumed to normal operation, or Stage 
2 of the self-test sequence can be selected. 

OUTPUTON, ERROR OR 
SPEC. SELECTED? OR 

REMOTE CONTROL? 

NO 

INHIBITTEST 

, >----... DISPLAY UNCHANGED 
'------FAL 

PASS 

DCTEST 
POWERT0110V 

IS DETECTOR SET? 

DCTEST 
POWER TO 140V 

IS DETECTOR SET? 

YES 

ACTEST 
POWERT075V 

IS OETECTOR SET? 

ACTEST 
POWERTO 120V 

IS DETECTOR SET? 

ANY FAULTS? 

,~---.i DISPLAY UNCHANGED 
FAil 

FAIL6 

FAIL2 

FAIL2 

FAIL2 

FAIL2 

DISPLAY LAST 
MESSAGE 

FAIL? 

FIG. 2.1 SELF TEST SEQUENCE STAGE 1 
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:.3.3 Stage 2 (Fig. 2.2) 

~ntry into Stage 2 of the self-test sequence is made when the Test 
:ey is pressed AFTER the completion of Stage 1. and BEFORE any 
,ther key. 

lie test proceeds by sequentially displaying all segments and 
egends. 

lie test continues, showing segment-by-segment, all seven-segment 
tigits, legends and commas. 

V-ter all digits have been displayed, the keyboard LED indicators are 
it in a sequence which proceeds from left to right. (fest LED 
emains lit). 

lie next test in the sequence requires operator participation in order 
o check key functions. Two half-digit symbols are shown on the 
node display to indicate that the keys are ready to be checked. 

)peration of Up, Down and Output Selection keys are shown by a 
ymbol on the display immediately above the key; operation of 
irequency Range, Mode, Range, Function and Output keys are 
:hown by the key's LED. In these tests the display or LED remains 
it until another key is pressed. 

\t any part of Stage 2, pressing Test or Zero key will end the test 
tnd cancel the Test LED. 

-10 

Yl::$ 

TEST KEY PRESSED? 

YES 

START STAGE 2 
ENABLE TEST LED 

DISPLAY 
SEGMENT PARALLELS 

TEST KEY PRESSED? 

NO 

DISPLAY DIGIT 
ANDINCREMENT 

SERIALLY 

TEST KEY PRESSED? 

NO 

ENABLELEDS 
SERIALLY 

TEST KEY PRESSED? 

NO 

DISPLAY 00 WAITFOR 
USER RESPONSE 

MANUAL CHECK 
USER RESPONSE 

ANY KEY PRESSED 

ZEROORTEST 
KEY PRESSED? 

ENDTEST 
CANCEL TEST LED 

NO 

NO 

DISALLOW STAGE 2. 
PERFORMKEY 
INSTRUCTION 

VISUAL CHECK 
SEGMENT PARALLELS 

O.K? 

VISUAL CHECK 
ALL DIGITS 

O.K? 

VISUAL CHECK 
ALL LED'S 

O.K? 

VISUAL CHECK 
DISPLAY KEY FUNCTION 

FIG. 2.2 SELF TEST SEQUENCE STAGE 2 
' ~J 
[ 



2.4 FUSE PROTECTION 

In addition to the electronic protection devices used in the instrument, fuses are provided to protect against catastrophic component failure. 

2.4.1 Fuse Replacement 

A blown fuse is merely a symptom of failure, in the large majority of cases the cause lies elsewhere. 

CAUTION 
Every occurrence of a blown fuse should be investigated to find the cause. Only when satisfied that the cause is known, and has been removed, 
should a user replace a fused link by a serviceable item. 

2.4.2 Reasons For Fusing 

The fuses in the calibrator fall into two groups: 

a. Clip-in anti-surge fuses in the Power Supplies and Mother Board protect the power source from damage. 

b. Soldered-in fuses are used in some locations to ensure that the printed circuit tracks are protected in the unlikely event of extreme failure 
conditions. · 

2.4.3 Locating a Blown Fuse 

The ultimate causes of blown fuses are so extensive that it is impractical to list them. In many cases the underlying cause, or the blown fuse 
itself, will activate an electronic protective process which can conceal some of the symptoms. 

Fault location in the Calibrator should proceed from the primary indications of fault condition (e.g. failure messages described in Section 2.2). 
These will lead to particular areas of investigation, and at this point the relevant circuit fuses should be checked first. Whether fuses are blown or 
not, the checks will add to the information available for further diagnosis. Table 2.1 is indexed in Circuit Diagram page order, giving fuse values. 
The types of fuses to be used can be found in the component lists of Section 12. 

Table 2.1 (overleaf) lists their locations. 
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L0CATI0N AND PR0TECTED CIRCUITS Page 
DESIGNAT0R 

DCAssembly 
F1 1A/Solder-in DC 10V, 100V & 1kV Errar 11.5-1 
F2 250mA/Salder-in SHl(DCV) 11.5-2 
F3 1A/Solder-in Pawer La/Guard 11.5-2 
F4 1A/Solder-in Pawerla 11.5-2 
FS 1A/Solder-in DC 1kv 11.5-1 
FG 1 A/Solder-in PHl(V) 11.5-2 

ACAssembly 
F1 1A/Solder-in 1 V range anly & Current ranges up ta 1 0mA 11.7-1 
F2 1A/Solder-in All AC Valtage ranges (PHl(ACV)) 11.7-1 

1/0 Assembly 
F1 Natused 
F2 375mA/Salder-in PLO(Ohms) 11,8-3 
F3 1A/Solder-in SLO(Ohms) 11.8-3 
F4 375mA/Salder-in PHl(Ohms) 11.8-3 
FS 2.SA/Salder-in All Current'Ohms Outputs 11.8-1 

Power Supply (0G) 
F1 4A/Clip-in Digital and Display supplies 11.10-1 

Power Supply (IG) 
F1 4A/Clip-in Supplies -22V(2) 11.11-1 
F2 4A/Clip-in Supplies +22V(2) 11.11-1 
F3 3.1 SA/Clip-in Supplies + 15V(2) 11.11-1 
F4 3.1 SA/Clip-in Supplies -1 OV(2), -15V(2) 11.11-1 
FS 1A/Clip-in Supplies -8V(2) 11.11-2 
FG 1A/Clip-in Supplies +8V(2) 11.11-2 

Power Supply (38V) 
F1 1A/Solder-in -38V Supply Line 11.12-1 
F2 1A/Solder-in +38V Supply Line 11.12-1 

Mother Board 
F1 1A/Clip-in Transformer secondary ta 400V PSU 11.16-5 
F2 1A/Clip-in Transformer secondary ta 400V PSU 11.16-5 
F3 2.SA/Salder-in Transformer secondary ta 38V P SU 11.16-5 
F4 2.SA/Salder-in Transformer secondary ta 38V PSU 11.16-5 

Power lnput Module 
220/240V 3A/Clip-in Allcircuits 11. 18-6 
100/120V 6. 25A/Clip-in All circuits 11. 18-6 
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SECTION 3 
DISMANTLING AND REASSEMBL V 

3.1. GENERAL PRECAUTIONS 

3.1.1 WARNINGS 

1. ISOLATE THE 
SUPPLY BEFORE 
REASSEMBLING. 

INSTRUMENT FROM 
ANY DISMANTLING 

LINE 
OR 

2. THE COMBINED REMOV AL OF TOP AND 
BOTTOM COVERS, GROUND/GUARD 
ASSEMBLIES AND REAR PANEL ASSEMBLY 
LEA VES THE MOULDED INTERN.AL CHASSIS 
UNSUPPORTED. THIS CAN CONSTITUTE A 
SAFETY HAZARD TO BOTH PERSONNEL AND 
EQUIPMENT. 

3.l.2 

1. 

CAUTTONS 

REMOV AL OF THE TOP GROUND/GUARD ASSEMBLY 
INVALIDATES MANUFACTURER'S CALIBRATION 
CERTIFICATION. 

2. HANDLE THE INSTRUMENT CAREFULLY WHEN 
INVERTED, TO A VOID SHAKING PRINTED CIRCUIT 
BOARDS LOOSE. 

3. DO NOT TOUCH THE PCB EOOE CONNECTORS. 

4. ENSURE THAT NO WIRES ARE TRAPPED WHEN 
FITITNG GROUND/GUARD ASSEMBLIES. 

S. DO NOT ALLOW WASHERS, NUTS ETC. TO FALL INTO 
THE INSTRUMENT. 

3.2 General Mechanical Layout (Volume 2, pages 11 .0-1 and 11.18-1 to ll.18-7). 

All circuits are housed within a single unit on printed circuit board 
assemblies, the eight major PCBs being plugged into a "Mother" 
PCB assembly. 

3.2.1 Front Panel 

Six output terminåls with captive, insulated caps are provided. 
Altematively, the terminals can be fitted to the rear panel (Option 
42) at manufacture (page 11.19-2). 

A printed overlay on the front panel labels all the controls, and 
retains polarizing filters for the displays. 

3.2.2 Rear Panel 

The recessed Power Input plug, Power Fuses and Line Voltage 
Selector are contained in an integral filter module at the centre of the 
rear panel. 

The Calibration Enable switch (with removable key), and the 
Extemal Frequency Input BNC socket (J53) are mounted directly on 
the panel between the Power Input module and the cooling-air intake 
filter. 

The 4705 MULTIFUNCTION CALIBRATOR can be used as a 
bench-top instrument, o~ it may be rack mounted in a standard 19" 
rack. 

The intake filter is retained by a grille but is removable for cleaning. 
At the extreme left of the panel, an extractor fan draws cooling air 
through the filter and intemal heat exchangers, discharging to 
atmosphere. 

The IEEE 488 standard connector socket (J27) with instrument 
address switch, the Calibration Interval Switch and the extemal 
frequency switch (S53) are all mounted on the Interconnection PCB 
assembly. This is fitted on spacers to the inside face of the panel 
with extemal components protruding to the rear. Socket J54 is 
provided to facilitate future expansion. 
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3.3 LOCATION AND ACCESS 

3.3.1 External Constructlon 

Rigid side extrusions, together with the front and rear panel 
assemblies, form the basic chassis of the instrument. The side 
extrusions have hand.les and rear spacers fitted for bench-top use, or 
are fitted with 'ears' and slides for rack mounting (see User's 
Handbook, Section 2). 

3.3.2 Internal Constructlon 

The chassis is enclosed top and bottom by ground and guard screens. 
The upper ground and guard screens allow most intern.al adjustments 
to be performed without removal. Locations of adjustable 
components, instructions and warnings are printed on its upper 
surface. 

The interior of the chassis is divided into two compartments. A 
thermally-enclosed compartment occupies the forward half of the 
chassis, and is used to house the low power, precision printed circuit 
board assemblies. 

The rear compartment contains high power components, is air-cooled 
and further subdivided. One section is positioned across the intake 
airflow, housing the ln-guard and Out-guard Power Supply 
assemblies and providing anchorage for the Mains (Line) Transformer 
assembly. The other section houses three Heatsink assemblies, 
provides anchorage for the LF Transformer assembly, High Voltage 
assembly and 38V Power Supply assembly. 

Filtered air passes over the power supplies, mixes with air in the rear 
compartment, is drawn through the heatsink assemblies, and is 
finally expelled from the mstrument by the extractor fan. 

Guard screens are provided against the outer walls of the power 
supply sub-compartrnent and the heatsink compartrnent 

3-2 

The top cover locates into the side extrusions and is secured by 
screws. The bottom cover is attached in the same way, and includes 
six domed feet. An operator's instruction card pulls forward from 
below. 

lnterconnections between the Power Amplifier assembly, all forward
compartment assemblies, and the Front assembly are made via a 
Mother PCB. The latter fits across the bottom of the forward 
compartment, extending at the front to the Front assembly and at the 
rear to the 38V Power Supply. Four moulded stiffeners keep the 
mother pcb rigid, also providing lateral locating slots for printed 
circuit boards and guard screens. 

The main printed circuit boards in the forward compartrnent fit across 
the full width of the instrument chassis. They slide into vertical 
slots cut into the moulded chassis, their PCB edge-cormection fingers 
making electrical contacts with sockels mo\Dlted on the Mother 
Assembly. lnterleaved between the assemblies are screening shields. 
These are also guided by slots, and make similar electrical contact 

The Power Amplifier assembly PCB slots in behind the forward 
compartment across the full width. It cormects to the Mother PCB 
in the same way, hut has additional discrete electrical cormections for 
the high power lines. 

Each PCB is identified by the color of its ejector lever. The color 
name is coded at its correct location on the top of the internal 
moulded chassis (refer to Table 3.1). Also, each assembly's edge 
connector is \Dliquely configured to prevent incorrect fitting. 

The Front PCB assembly, carrying the display components, connects 
into the front end of the mother PCB outside the thermally-insulated 
compartment. 



3.4 GENERAL ACCESS 

ENSURE THAT POWER IS OFF. 
Heed the General Precautions 3.1.1 & 3.1.2. 

3.4.1 TOP COVER (11.18-2 Detail 10) 

Removal 

a. Remove the eight M4 x 12mm sockel head countersunk screws 
from cover. 

b. Remove cover by lifting at the front. 

3.4.2 BOTTOM COVER (ll.18-2 Detail 10) 

Removal 

a. Invert the instrument. 

b. Remove the eight M4 x 12mm sockel head countersunk screws 
from cover. 

c. Remove cover by lifting at the front. 

3.4.3 FRONT PANEL (11.18-4 Detail 6) 

Remove covers 3.4.1 & 3.4.2 

Removal 

a. Remove the four M4 x 8mm taptite screws from the front 
panel. 

b. Remove Earth Connector. 

c. . Remove the Front Panel. 

If, <luring a procedure, sufficient access has been obtained then no 
further dismantling is required. 

Fitting 

Locate cover at rear first, then reverse removal procedure. 

Fltting 

Locate cover at rear first, then reverse removal procedure. 

Fitting 

Reverse the removal procedure, referring to Page 11.l 84. 
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3.4.4 TOP GROUND/GUARD SHEET (11.18-2 Detail 9) 

Removal of the Top ground/guard shield involves breaking Datron's calibration seal and renders manufacturer's calibration invalid. 
Instrument cooling air-flow adversly affected. lnternal temperature rise triggers Fail 1. Power OFF and allow to cool as required. 
Remove the top cover (para. 3.4.1). 

Removal 

a. Refer to Page 11.18-2 Detail 9 and remove: 

i. ten M4 x 8mm pozi-countersunk screws 

ii. six M3 x 6mm pozi-pan screws and M3 shakeproof washers 

iii. one M3 x 12mm pozi-pan screw and M3 shakeproof washer 

b. Remove the top ground/guard assembly. 

3.45 BOTTOM GROUND SHEET (Page 11.18-1 Detail 8) 

Invert the instrument 
Remove the bottom cover (para. 3.4.2). 

Removal 

a. Refer to Page 11 .18-1 Detail 8 and remove: 

i. ten M4 x 8mm pozi-countersunk screws 

ii. six M3 x 6mm pozi-pan screws and M3 shakeproof washers 

b. Remove the bottom ground sheet assembly. 

3.4.6 BOTTOM GUARD PLATE (Page 11.18-1 Detail 7) 

Fitting 

Refer to Page 11.18-2 Detail 9 and reverse the removal procedure. 

Fitting 

Reverse the remov al procedure. 

Invert the instrument. Remove the bottom cover (para. 3.4.2). Remove the bottom ground sheet assembly (para. 3.45). 

Removal 

a. Refer to Fig. 11.18-1 Detail 7 and remove ten M3 x 6mm pozi
countersunk screws. 

b. Remove the bottom guard plate. 
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Fitting 

Reverse the removal procedure, ensuring that no wiring is strained or 
trapped. 



3.5. REMOV AL AND FITTING 

Note: 
Do not remove the Top Ground/Guard sheet (para 3.4.4) if 
only selecting pre-cal, erasing cal memory, removing 
Instruction Card or Rear Panel. 

In addition to the following Location instructions, refer to 
Volume 2 page 11.0-1. 

Assembly 

lnstructlon Card 

Front Assembly 

Dlgltal 
Analog lnterface 
Reference Dlvlder 
OutAut Control 
Slne Source 
AC 
Current 

Common Guard and 
Ground Screens 

Power Ampllfler 

Power Supplles 
Out-Guard 
ln-Guard 
±38V 

Heatslnks 

Hlgh Voltage 

Transformers 
Malns 
HF 
LF 

Mother Board 

lnterconnectlons 

Terminal Board 

Rear Panel 

Instrument Assembly 

Access Requlred 
(Heed Cautlon 3.1) 

3.4.5 

.. 
3.4.4 

3.4.4 

3.4.4 

} 3.4.4 

3.4.4 

3.4.4 

} 3.4.4 

3.5.28 

3.4.3 

Location 
(Page Detall In bracket) 

11.18-2 (11) 

11.18-3 (4) 

Chassis • 
ldentifler 
Code 

.,,.- BLK 

BRN 
RED 
ORG 
YEL 
GRN 
BLU 

11.18-5 (13) 

11.18-1 (4) VLT 

11.18-1 (1) 
11.18-1 (2) 
11.18-1 (5) 

11.18-1 (4) 

11.18-1 (5) 

11.18-5 (9) 
11.18-4 (6) 
11.18-5 (10) 

11.18-3 (3) 

11.18-6 (15) 

11.18-4 (8) 

11.18-4 (6) 

Ejector 
Color 

BLACK 
BROWN 
RED 
ORANGE 
YELLOW 
GREEN 
BLUE 

VIOLET 

Section 

3.5.1 

3.5.2 

3.5.4 

3.5.6 

3.5.8 

3.5.10 
3.5.12 
3.5.14 

3.5.16 

3.5.18 

3.5.20 
3.5.22 
3.5.24 

3.5.26 

3.5.28 

Page 
(Vol 2) 

11.1-1 

11.2-1 
11.3-1 
11.4-1 
11.5-1 
11.6-1 
11.7-1 
11.8-1 

11.9-1 

11.10-1 
11.11-1 
11.12-1 

11.13-1 

11.14-1 

11.15-1 
11.15-2 
11.15-2 

11.16-1 

11.17-1 

11.17-3 

11.18-6 

11.20-1 
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.5.1 INSTRUCTION CARD 

Pull the instruction card forward to its fullest extent. 

Bow the card and release the rear lugs from the slots. 

5.2 FRONT ASSEMBLY (Page 11 .18-3 Detail 4) 

Remove Front Panel (para . 3.43) 

Removal 

Remove two screws retaining the power switch, together with 
their two shakeproof washers and four plain washers. 

Fold the power switch and its cable clear of the pcb. 

Remove the M3 x 6mm pozi-pan screws and wavey washers 
from 11 positions on the circuit board. 

Ease the lower edge of the PCB away from the Mother PCB, to 
disengage the mating connectors. 

Remove the assembly . 

.3 MAJOR PCB ASSEMBLIES 

ENSURE THAT THE INSTRUMENT POWER IS OFF. 

Removal 

Identify the PCB assembly to be removed (see Table 3.1) 

Place the thumb of each hand under the lip of the two ejectors 
on the PCB assembly to be removed. 

Gently lever the ejectors upwards and outwards to release the 
edge connectors. 

Remove the assembly. 

c. Refit in reverse procedure. 

Fitting 

Reverse the removal procedure. Ensure all mating connectors are 
full engaged and that the surfaces of displays are clean. 

Fitting 

a. Identify the chassis location of the PCB assembly to be fitted 
(See T able 3 .1 and page 11.0-1 ). 

b. Ensure the ejectors are in the 'down' position. 

c. Insert the PCB edges into the identified slots in the side walls 
of the chassis. 

d. Allow the PCB to slide down to the Mother PCB, then press 
home by gently pushing down on the ejectors. 



3.5.4 COMMON, GUARD AND GROUND SCREENS (Page 11.18-5 Detail 12) 

The first screen ( counting from front to back) is the Ground Screen and has two securing screws. Of the six remaining screens the first five 
are aluminiwn, single screw and interchangable. The rearmost screen is steel and not interchangable Each plate mates with a miniature 
connector on the mother PCB adjacent to the side wall of the chassis. 

Removal 

a. Remove any adjacent assemblies to obtain access. 

b. Undo securing screw/s. 

c. Grip the plate and lift out from the chassis. 

3.5.5 POWER AMPLIFIER ASSEMBLY (Page 11.18-1 Detail 4) 

Fitting 

a. Insert the plate into the correct slots in the side walls of the 
'chassis ( ensure correct orientation). 

b. Allow the plate to slide down to the Mother PCB, then gently 
press home. 

c. Secure with a 3 x 6mm Pozi-screw and shakeproof washer (two 
for the ground screen). 

d. Replace assemblies removed for access. 

Do not pull on the connector wires. Some resistance to movement will be felt from the locking clips of the connector bases. 

Removal 

a. Disconnect the five connectors from the assembly as shown on 
Page 11.18-1 Detail 4. 

b. Fold back the connectors and wires clear of the assembly. 

c. Place the thwnb of each hand under the lip of the two ejectors. 

d. Gently lever the ejectors upwards and outwards to release the 
edge connectors. 

e. Remove the assembly. 

Fitting 

a. Ensure that all wires and connectors are clear of the PCB area. 

b. Insert the PCB edges into their respective slots in the side walls 
of the chassis; component side facing the rear of the 
instrument. 

c. Allow the assembly to slide down to the Mother PCB taking 
care not to trap any wires. 

d. Ensure the ejectors are in the 'down' position then press the 
assembly home by gently pushing down on the ejectors. 

e. ldentify and fit the five connectors J1 to JS, as shown on Page 
11.18-1 Detail 4. 
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3.5.6 OUT-GUARD POWER SUPPLY (Page 11.18-1 Detail 1) 

Do not pull on the connector wires. Some resistance to movement will be felt from the locking clips of the connector bases. 

Removal 

a. Disconnect Jl, J2, and J3 from the In-Guard Power Supply 
Assembly. 

b. Disconnect the connector J3 from the PCB. 

c. Fold back the connectors and wires clear of the assembly. 

d. Grip the top edge of the PCB and lift gently from the chassis. 

e. Remove the assembly. 

3.5.7 IN-GUARD POWER SUPPLY (Page 11.18-1 Detail 2) 

Fitting 

a. Ensure that all wires and connectors are clear of the PCB area. 

b. Insert the PCB edges into their respective slöts in the chassis 
sub-compartment. 

c. Allow the assembly to slide down to the miniature connectors 
on the chassis, taking care not to trap any wires. 

d. Fit the J3 connector to the assembly. 

e. Press the assembly home by gently pushing down on the top 
edge of the PCB. 

f. Fit Jl, J2 and J3 to the In-Guard Power Supply Assembly. 

Do not pull on the connector wires. Some r~istance to movement will be felt from thc locking clips of the connector bases. 
The Out-Guard Power Supplies components can obstruct the removal of the In-Guard Power Supply. Remove Out-Guard Power Supply 
Assembly (para 35.6) 

Removal 

a. Disconnect the three connectors Jl, J2 and J3 from the PCB. 

b. Fold back the connectors and wires clear of the assembly. 

c. Grip the top edge of the PCB and lift gently from the chassis. 

d. Remove the assembly. 

3.5.8 38V POWER SUPPLY (Page 11.18-1 Detail 5) 

Heed the General Precautions 3 .1. 

Remov~l 

a. Grip the edges of the pcb and pull the assembly vertically 
upwards. Some resistance will be fclt from the edge connector. 
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Fltting 

a. Ensure all wires and connectors are clear of the PCB area. 

b. Insert the PCB edges into the respective slots in the chassis sub
compartment. 

c. Allow the assembly to slide down to the miniature connectors 
on the chassis, taking care not to trap any wires. 

d. Press the assembly home by gently pushing the top edge of the 
PCB. 

e. Fit the Out-Guard Power Supply (para. 3 5 .6) 

f. Identify and fit the three connectors J1, J2 and J3 as shown on 
Page 11.18-1 Detail 2. 

Fitting 

a. Locate the assembly into the guides 

b. Apply downward pressure until the connector is felt to have 
cngaged. 



3.5.9 HEATSINK ASSEMBLIES (Page 11.18-1 Detail 3) 

Heed the Warnings and Cautions 3.1.1 & 3.1.2. Allow heatsinks to cool before handling. Do not pull on the connector wires. When 
disconnecting connectors, some resistance to movement will be felt from the locking clips of the connector bases. 

Although the heatsink assemblies are discrete items, removal is simplified when performed in the following order: 
1. Negative Heatsink assembly 2. Positive Heatsink assembly 3. Power Supply/Current Heatsink assembly. 

Removal 

a. Remove the six M3 x 12mm pozi-countersunk screws from the 
heatsink retaining plate. 

b. Remove the heatsink retaining plate. 

c. Disconnect connectors: 

Il at the Negative Heatsink Assembly 
J2 at the Power Amplifier Assembly 

d. Remove Negative Heatsink assembly. 

e. Disconnect J3 at the Power Amplifier assembly 

f. Remove the Positive Heatsink assembly 

3.5.10 HIGH VOLTAGE ASSEMBLY (Page 11.18-1 Detail 5) 

Removal 

a. Lift the assembly upwards as shown on Page 11.18-1 
Detail 5. 

b. Remove the connections J2, J3, and J4 as shown in the 
diagram. 

c. Lift the assembly clear of the instrument. 

g. Disconnect at the following points: 

Il 
J31, J19 
Il 

Power Amplifier Assembly 
Mother Assembly 
In-Guard PSU Assembly 

h. Remove the Power Supply/Current Heatsink assembly. 

Fitting 

Reverse the removal procedure. To ensure correct location, orient thc 
PCB side of each heatsink to face inwards 

Fitting 

Reverse the removal procedure, referring to Page 11.18-1 Detail 5. 

3.5~11 MAINS TRANSFORMER ASSEMBLY (Page 11.18-5 Detail 9) 

Remove the Out-Guard and In-Guard Power Supply Assemblies (see paras 35.10 and 35.12). 

" Removal 

a. Disconnect the connectors from the transformer at the 
following . assemblies: 

J32 - Mother Assembly (Page 11.18-1 Detail 3) 
J6 - Interconnection Assembly 

(fixed on the rear panel see page 11.184 Detail 8) 
.14 - H.V Assembly (Page 11.18-1 Detail 5) 
J33 - Mother Assembly (Page 11.18-1 Detail 3) 

b. Tum the instrument to stand on its left side ( on Lef t Hand 
extrusion) 

c. Release the four M8 x 110mm bolts, washers and nylock nuts. 

d. Remove the M3 x 8mm pozi-countersunk screw, M3 steel nut 
and shakeproof washer which secures the solder tag terminals of 
four ground wires. Fold back the wire which is fitted to the 
rear panel assembly . 

e. Remove the Mains (Line) Transformer assembly. 

Fitting 
Reverse the removal procedure, referring to Page 11.18-5 Detail 9. 
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3.5.12 HF TRANSFORMER ASSEMBLY (Page 11.15-2) 

Removal 

a. Remove four M3 x 8mm pozi-pan screws (see Fig. 3.1). 

b. Disconnect connectors at the following points: 

J2 - High Voltage Assembly; 
15 - Power Amplifier Assembly. 

c. Remove the HF transformer assembly. 

Hf TRAN5fOR~ER ASSY 
400578 

' \ 

Fitting 

Reverse remov al procedure, referring to Fig. 3 .1. 

4 Offl' M.3 .SHAKEPROOF 6/3005 
4 off M3 >< 8"'"' POZ/ PAN ,5CRcW 6//0/6 

RG. 3.1 HF TRANSFORMER 
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3.5.13 LF TRANSFORMER ASSEMBLY (Page 11.15-2 Detail 1 to 4) 

a. 

Remove High Voltage Assembly (3.5.18) and the Heatsinks (3.5.16.) 

Removal 

Disconnect co!l.Ilector 14 from the Power Amplificr and J3 from 
the High Voltage Assembly (see Fig. 3.2). 

b. Tum the instrument to stand on its right hand side (on R.H. 
extrusion). 

c. Desolder 134 from the mother board and connections A, B, M, 
H, K, & L_- Unscrew supporting clips. 

d. From the LF Transformer; remove the four M5 nylock nuts and 
flat steel washers, Remove the pair of transformer assembly 
M5 x 65mm screws closest to the rear panel and the 
transformer bolt plate. 

e. Slide out the LF Transformer. 

L F. "T RAN:5F'02.ME2. A!>SE.Mf!tLY'. 

"'100651 

\ 
2x .l!OLT ~P.AC.EI!: 

~!,O..q1~ 

, _ - 2>< M51'1Ö5MM Po21 - PAN SCl<E.W 
(pJ(045 

'\. -'1 < M':> NVLoc.,:: NlJT 
C.15012 

Fitting 

Reverse the removal procedure, referring to Fig. 3.2 and 
Page 11.15-2 Detail 1 to 4. 

30FF 
30F~ 
30FF' 

WIRES "TQ LENGTH ANt> 
..q ""'"" l&EFOR.E ~DEJZING . 

G!CQ2C:!, . ~o-""Lo,.,,. To 1-'IOLD c>.~ 
TO PCB . 

y_; ·p 'Cl.l P (o3<XX)4 

M3)(9 POZI-PRN .SCREW 611016 
M~ SUAt<EPRoo~ 61300 7 
M3 WA~1-U:R 61300~ 

J1 (HV) on 
LF TX Asey 

2,3 

10 

12 

13 

14 

15 

16 

17 

1a 
1a 
20 

21 

22 

28 

31 

Wire 
Color 

WHITE 

Il.ACK 

8AO'MI 

RED 

ORANGE 

YEL 

Bl.LIE 

VIOlET 

REDIGRN 

WHITE 

ORN 

RED/BU( 

GIEY 

REDMtllE 

PN( 

RED'BI.UE 

ORGaK 

~ 

WHITE 

Destination 
on Mother Board 

PINL 

J34..8 

J34-5 

J34-6 

J34P4 

.134-g 

J:14-12 

J:14-13 

.134.3 

J:14-10 

J:14-14 

J34-7 

.134-15 

.134-2 

.134-1 

J:14-16 

J:14-11 

CENTRE.PINH 
SC~EN - PINK 

PINM 

J1-6 TO J1-22 INCL. ARE INSIDE H/S SLEEVE 

Fig. 3.2 LF Transformer 
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l4 TERMINAL PCB ASSEMBLY (Page 11.17-3) 

Remove Front panel (para 3 .4 .3 ). 

Removal 

Remove the four M3 x 6mm pozi-pan screws 
(11.184 Detail 8) 

The terminal board can be tipped down to f acilitate 
component access. If leads are short remove Bottom 
Guard Plate (para. 3 .4.6) and desolder as required. 

LS REAR PANEL ASSEMBLY (Page 11.18-6) 

Fitting 

Reverse the removal procedure. 

Do not remove the rear panel assembly when Top and Bottom covers and Ground/Guard assemblies are removed. Perform the following 
operations with Top and Bottom Covers and Ground/Guard assemblies fitted, or with AT LEAST the Top OR Bottöm Ground Sheet 
assembly fitted. 

This procedure provides access to rear panel-mounted components by releasing the Rear Panel assembly and moving it away froin the chassis 
to the extent allowed by interna! wiring connections. 

Removal 

Remove the six screws of the two rear spacers 11.184 
Detail 7. 

Remove the two rear spacers. 

Remove the four screws of the filter grill. 

Remove the filter grille and filter. 

Remove the Pozi-pan screw revealed by the removal of the 
filter and grill. 

Remove the four rear panel screws (PaBe 11.184 Detail 6) 

Looking at the rear, locate the upper right hand screw securing 
the extractor fan. Above this screw, locate an M3 x 6mm Pozi
pan screw (screw fixing hole only shown on cut-away 
sketch above Rear Panel in Detail 6 of page 11.184). 
Removal of the screw allows the rear panel to be detached. 

b. Gently pull the Rear Panel assembly away from the chassis to 
the extent allowed by the wiring. Do not stress the wires. 

Fitting 

a. Press the Rear Panel assembly to the chassis while ensuring 
that: 

i. The wires lay in the cut-out in the moulded intemal chassis 

ii. The ribbon cables fit in the recess in the moulded interna! chassis 

iii. All other wires are free and not trapped by the rear panel assembly. 

b. Fit screws, filter, filter grille and rear spacers, reversing the 
removal procedure. 



SECTION 4 
SERVICING & INTERNAL ADJUSTMENTS 

4.1 INTRODUCTION 
This section provides procedures for any maintenance or calibration operations which require removal of covers or partial 
dismantling. The operations fall into three Categories: 

A: Routine Servicing (TABLE 4.la), 
8: Interna! Calibration Adjustments (TABLE 4.lb) 
C: Adjustment Following Replacement of PCBs (TABLE 4.1 c - overleat). 

Servicing Required 

Clean the Air lntake Filter 

Change Lithium Battery 
(non-volatile calibration memory) 

lndication 

"ERROR6" 
(during Routine Recalibration) 

Time. lnterval 
Procedure Calibration Calibration 

(Section 4) Required Procedure 

1 year 
4.2 (or less in adverse conditions) 

Sect. 1.4 
5 years 4.3 

Sect. 1.2 

lnternal Calibration Adjustments 

Adjustment Required Procedure Calibration Calibration 
(Section 4) Required Procedure 

Re-set Routine 

interna! trimmers 
4.4 4-wire & Sect.1.2 

2-wire n 
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4-2 

Category C 

PCB Assembly 

Terminal 

Digital 

Reference 
Divider 

DC 

Sina Source 

AC 

Current/Ohms 
Assembly 

Power Amp 

Mother 

Out-guard 
PSU 

Heatsinks 
+ve & -ve 

Power supply 
Current Heatsinks 

HF or LF 
Transformer 

Adjustments 

Capacitive Load Test 

Capacitive Load Test 

Capacitive Load Test 
Sense Amp zeros 

Quiescent Current 
Compliance 
Resistance 

100V PA bias 

Common-mode null 

Common-mode null 

100V PA bias 

Quiescent Current 

Procedure 
(Sectlon 4) 

4.6 

4.6 

4.6 
4.10 

4.7 
4.8 
4.4 

4.5 

4.9 

4.9 

4.5 

4.7 

Pre-cal Routlne cal 
(Sect. 1.4) (Sect. 1.2) 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

All I ranges 
All I ranges 

Ohms 

Full 

Full 

All I ranges 

1kV Range 



4.1.1 General Procedure Notes 

a. Set Power OFF before attempting to dismantle the 
instrument (for dismantling and reassembly instructions 
consult Section 3). 

b. If Top ground/guard assembly is removed subsequent 
testing with Power On should be completed in less than 
5 minutes to avoid overheating. 

c. After servicing ensure that all connections have been 
made (Section 3, Pig. 3.6) and that Top and Bottom 
shields and covers have been replaced. Leave assembled 
instrument powered-up for at least 1 hour before carrying 
out any ad justment. 

d. Although replacement assemblies are set up by the 
manufacturer, the interna! adjustments recommended in 
T able 4 .1 must be carried out to ensure correct operation. 
These adjustments need to be carried out when the 
assembly is in the user's instrument, in order to account 
for interaction between assemblies. 

WARNING 

HAZARDOUS ELECTRICAL POTENTIALS ARE 
EXPOSED WHEN THE INSTRUMENT COVERS 

ARE REMOVED. 

ELECTRIC SHOCK CAN KILL! 

CAUTION 

AFfER ANY MAINTENANCE OPERATIONS WHICH 
INCLUDE REMOVAL OF TOP OR BOTTOM GROUND 
ASSEMBLY, CARRY OUT THE FULL SELF-TEST 
SEQUENCE (Section 2.3) BEFORE RETURNING TO 
NORMAL USE. 

DAMAGE CAUSED BY UNAUTHORISED REP AIRS OR 
MODIFICATIONS CAN INV ALIDATE INSTRUMENT 
WARRANTY. CHECK THE WARRANTY DET AILED IN 
THE "TERMS AND CONDITIONS OF SALE". IT 
APPEARS ON THE INVOICE FOR YOUR 
INSTRUMENT. 



4.2 CLEANING THE AIR INTAKE FILTER 
(Datron Part No. 450277-1) (Refer to Section 3.14, Fig. 3.8) 

4.2.1 Servicing Frequency 

The filter should be cleaned at intervals no greater than one year. 
In dusty conditions the frequency should be increased. 

4.2.2 Rem oval ( Fig. 3 .8) 

a. Remove the four M3 x 10mm pozi-countersunk screws (11) which retain the filter grille (12). 

b. Remove the filter grille and reticulated foam filter. 

4.2.3 Cleaning 

a. Wash the foam filter in a dilute solution of household detergent (hand hot). 
Rinse thoroughly in clean hand-hot water and dry completely, without using excessive heat. 

b. Clean the grille, and the grille holes in the rear panel (use a vacuum cleaner and soft brush on the rear panel). 

4.2.4 Inspection 

Examine the foam filter for wear, replacing if links are broken. 

4.2.5 Reassembly 

Place the filter in the grille housing and secure the grille to the rear panel using the screws removed in 4.2.2 above. 

·I 
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4.3 LITHIUM BATTERY - REPLACEMENT 
(Datron Part No. 920101) 

FIRST READ THESE NOTES! 

This procedure is to be performed at intervals of 5 years from new. 

Procedure 4.3.1 allows calibration memory to be retained <luring battery replacement. This requires the use of an Extender 
Card (Datron Part No. 400625) to give access to the battery and during its removal provide a supply to the non-volatile 
~AMs. To ensure memory integrity the soldering iron used must be isolated from mains earth by at least 50k.Q. 

Procedure 4.3.3 resets the calibration memory to its nominal state (but does not require the use of an extender card) <luring 
replacement of the battery. If this method is used a Precalibration and full Routine Recalibration (Section 1.4 and 1.2) 
must follow before the instrument specification can be realized, as calibration data will be corrupted. In this case it is 
therefore recommended that the battery be replaced immediately prior to a scheduled full recalibration. 

4.3.1 Procedure (Calibration Maintained) 

a. Ensure that power OFF is selected. 

b. Remove the top cover and top ground/guard assembly (Section 3 paras. 3.2.1 and 3.4.1). 

c. Remove the Digital Assembly from the chassis (Section 3 para. 3.6.4). 
Do not place the assembly on any conducting surface or touch the gold edge connector. 

d. Place extender card in digital assembly slot. 
Push Digital Assembly onto extender card 

Caution 

4-4 

If the calibrator has been in use; allow to cool for 2 hours. From power ON (step f.) the internal temperature of the 
instrument will begin to rise. Ensure the procedure is completed within approximately 15 minutes; any Fail 1 message 
which occurs during this time period can be saf ely ignored. 

Precautions must be taken to prevent solder or other material falling into the calibrator. 

Ensure continuity of mains supply while battery is disconnected. 

e. Select power ON. To reduce power dissipation ensure output remains OFF. 

f. Remove battery (refer to Fig. 4.1). 



i. Push sleeve back along the red wire to expose the solder 
joint. 

ii. Unsolder the red wire from the positive terminal of the 
battery. 

iii. Unsolder the negative terminal of the battery from resistor 
R60 at the wrap-joint. 

iv. Remove battery from battery clip 

RG. 4.1 BA 1TERY REPLACEMENT 

g. Fit and solder in a new battery, reversing the procedure of step (f.) Select power OFF (calibration matained). 

h. Refit the Digital Assembly into the chassis (Section 3 para. 3.5.5). 

4.3.2 Return to Use 

Refit the top ground/guard assembly into the chassis (Section 3 para. 3.4.8). 
Refit the top cover (Section 3 para. 3.4.2). 

• Users having followed procedure 4.3.3 must now carry out Pre-calibration and full Routine Calibration in accordance with 
Section 1.4 and 1.2 respectively. 

4.3.3 Procedure (Calibration lost) 

Follow the procedure 4.3.1 (ignore steps (d.) and (e.)) and 4.3.2. 
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4.4 OHMS FUNCTION-STANDARD RESISTOR ADJUSTMENT 

4.4.1 Introduction 

Routine adjustment of the standard resistors used in n function is not required. A resistor is calibrated by the user entering its 
measured value into a non-voltaile calibration memory. This value is subsequently recalled and displayed to the user each time 
the resistor is selected. 

4.4.2 'Error 6' Message 

'Error 6' is dispalyed if the value entered by the user during calibration is outside the resistor's tolerance (Section 1.2) i.e 
outside the calibration memory span. Under normal use the resistor drift is well within the tolerance, so 'Error 6' appears 
only if the user enters an erroneous value. 

4.4.3 Undue Resistor Stress 

If the resistor has been subjected to undue stress, it is possible that its value may have changed slightly, and be outside its 
tolerance. If it is less than approximately 50ppm outside tolerance an interna! trimmer can be adjusted, and the value can be 
calibrated. 

4.4.4 Possible Damage 

A stressed resistor may have been damaged if its value is greater than 50ppm outside its tolerance. It is advisable to have such 
a resistor tested or replaced by Datron Service Center. 

4.4.5 To Reset Interna! Trimmers 

,-6 

Follow the procedure detailed in Section 1. 7 to ad just the resistor value. If this is unsuccessful contact your Datron Service 
Center. 



4.5 Bias Current Adjustment - lOOV PA 
(Refer to Layout Drawing 480618 and 480637) 

Adjustment of the 100V /lkV amplifier bias voltages must be carried out after fitting a replacement Power amplifier assembly or 
Heatsink assembly. The following procedure ensures the drain voltages of Q4 and Q2 are +120V and -120V respectivly. 

USE EXTREME CARE THROUGHOUT THE FOLLOWING PROCEDURES. 

4.5.1 Test Equipment Required 

Digital voltmeter (any Datron Autocal voltmeter) 

4.5.2 Initial Conditions 

Remove Top cover. 
Remove Top ground/Guard assembly. 
Ensure 38V /400V selector is set to 400V. 

4.5.3 Procedure 

a. Set 4 705 Power OFF to connect DVM as follows; 

b. Power Amplifier Assembly Connect DVM in DC function, Lo to 9 2C (near Q20) and Hi to Tab of Q4. 

WARNING. At Power ON (even with Output OFF) the heatsinks are maintained at LETHAL VOLTAGES! 
Use insulated adjustment tool. 

c. Select Power ON . 

d. Positive Heatsink Assembly Adjust RlO for a reading of + 120V (SV). 

e. Power OFF, disconnect DVM. 

4.5.4 Return to Use 

Refit Top ground/guard shield and Top cover. 

4-7 



CAP ACITIVE LOAD TEST 
(Refer to Layout Drawing 480536) 

AC lkv current overload detector, on the DC Assembly monitors output current. ERROR OL is displayed when output 
~nt limit is exceeded. 

:r replacing the DC Assembly, the Terminal assembly, AC assembly, PA assembly, Positive or Negative Heatsinks, or the 
transformers it is necessary to ensure the limit level is re-set to account for any capacitance changes. The value of R84 will lie 
,een 2k43.Q and 3k65.Q. R84 will be selected from the E96 (1 % ) series. 

l Test Equipment Required 

a. Test Load (lk.Q non-inductive resistor, capable of dissipating 20 Watts). 

b. Digital Voltmeter fitted with AC Volts Ranges (any Datron Autocal multimeter) 

? Initial Conditions 

Top cover removed. 
Remove Top ground/guard assembly. 
Ensure 38V /400V power supply selector set to 400V. 

3 Procedure 

. RNING THE PROCEDURES INVOLVE THE MEASUREMENT OF LETHAL VOLTAGES . 
USE EXTREME CARE TO A VOID ELECTRIC SHOCK. 

a. Ensure 4 705 Power OFF. 

b. On DC board remove Link J, and make Link L. DC assembly must be fitted in chassis (not on extender card) 

c. Monitor Link L with respect to 72B with scope set to 5V per division. 

d. Connect Load resistor across the 4705 output terminals. 

e. Connect the DVM across the Load resistor and select AC lkV range on DVM. 

f. Set 4705 Power ON. 

g. On 4705 select AC lkV Range and adjust OUTPUT nn keys for 90V on the OUTPUT display. Select lOkHz range and 
set frequency to 4kHz. Set OUTPUT ON. 

h. Increment demanded voltage and check that 'Scope goes to zero volts when the DVM indicated between 108V and 112V. 
Select output OFF. 

~RNING Calibrator Power must be OFF when changing R84. Lethal voltages are present! 

j. lf outside limits set in (h.) reselect R84 and repeat from step (f.). 

k. When correct operation occurs solder in R84 break Link L and replace Link J. 

4 Return to Use 

Refit Top ground/guard shield and Top cover. · 

L ~ 

[ 

L 
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4.7 QUIESCENT CURRENT ADJUSTMENT - CURRENT/OHMS ASSEMBLY 
(Refer to Layout Drawing No. 480614 and Page 11.8) 

To allow a measurement of quiescent current in the power amplifier stage, its power supply lines are broken and a 0.10 resistor 
inserted in series with each 22V supply line. The voltage developed across either of these resistors gives a current measurement. 
The quiescent current is set by adjustment of R23 on the Current/Ohms Assembly. 

4.7.1 Test Equipment Required 

a. Digital Voltmeter (any Datron Autocal voltmeter) 

b. Two 2.5-watt resistors, 0.10, 10%, wire wound (Welwyn W21 or equivalent) 

4.7.2 Initial Conditions 

Top cover removed. 
Top ground/guard assembly removed. 

4. 7 .3 Procedure 

a. Switch the 4705 Power OFF. 

b. Break the 22V supply connections to the Voltage-to-Current converter power stage by removing connector J 1 from the In
guard power suppl y pcb. 

c. Re-make each 22V supply connection from its female pin on the freed J1 connector to its corresponding male pin on the 
In-guard P.S pcb, using one 0.lQ resistor in series with each supply line (Red and Brown wires). 

d. Connect the digital voltmeter, across one of the 0.lQ resistors fitted in step (c.). 

e. Switch 4705 Power ON. Select AC Current, lAmp Range, ensure OUTPUT OFF. 

CAUTION In the following (step f.), use a thin insulated screwdriver. 

f. Carefully adjust R23 on· I/Q assembly fora digital voltmeter reading of lOmV ±lmV (equivalent to lOOmA through a 
0. ln resistor). 

g. Switch 4 705 Power OFF. 

h. Disconnect and remove both 0.lQ resistors and the digital voltmeter from Jl. Reconnect J1 to the In-guard Power 
Supply pcb pins. 

4. 7 .4 Return to Use 

Refit top ground/guard assembly and Top cover. 
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4.8 COMPLIANCE ADJUSTMENT 
(Refer to Layout Drawing 480614 Page 11.8) 

Ensure that the Quiescent Current Adjustment Procedure has been completed (Section 4.7). 

In the following procedure a DVM is used to measure output current as a voltage developed across a load resistor. Series resistance 
is then added to one of the power leads to establish a compliance voltage. The change in current output due to compliance is 
measured and an adjustment made to bring the instrument within manufacturer's specification. 

4.8.1 Test Equipment Required 

a. Digital Multimeter fitted with AC Volts Ranges. (Datron Instruments mode! 1081). 

b. Test leads, (each containing a 22.lQ resistor). 

c. One 2.5-watt load resistor of 0.lOQ, 10%, Wire Wound. (Welwyn W21 or equivalent). 

d. A 1.40 resistor to introduce compliance voltage. 

4.8.2 Initial Conditions 

Remove Top cover. 
Remove Top ground/guard assembly. 

4.8.3 Procedure 

a. Connect the 0.10 load resistor between the 4705 current output terminals (l+/I-). 

b. HF adjustment. Select ACI, lA full range output at 5kHz. Select OUTPUT ON. 

c. With the DVM, measure the AC voltage across the load and note the reading. Set OUTPUT OFF. 

d. Introduce the 1.40 compliance resistor in series with the I+ lead. Set OUTPUT ON (Test should be done in less than 5 
minutes to avoid overheating). Use the DVM to measure the AC voltage across the 0.lQ load and note the reading. 

e. Remove compliance resistor. If there isa change of reading >10µ.V between (c.) and (d.) adjust RlO to reduce the change 
of reading to <lOµV. After each adjustment of RlO repeat (c.) to (e.). 

f. LF Adjustment. Complete above procedure, leaving the 4705 as selected (ACI, lA Full Range), but change frequency to 
500Hz and limit to 5µ V. 

g. If change of reading in (d.) is >5µV adjust R31. 

h. If an adjustment was made to R31 repeat complete procedure from (b.) until no further adjustments are required. 

j. Output OFF, disconnect load resistor. 

4.8.4 · Return to Use 

Replace Top ground/guard assembly and Top cover. 
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4.9 COMMON MODE NULL ADJUSTMENTS 
(Refer to Diagram 480561 Page 11.10-1 & Diagram 4806()4. Page 11.18-4) 

The procedure ensures that after replacement of Outguard Power Supply, Mains transformer or Mother Assembly, any power 
supply noise breakthrough on the Lo or Guard terminals is adjusted toa minimum. Resistor R12 on the Outguard Power Supply 
Assembly (accessible through a hole in the Top earth shield) is. adjusted to minimize the voltage between Lo and Ground. On the 
Mother Assembly (accessible through a hole in the Bottom ground shield) R25 is adjusted to minimize noise between Guard and 
Ground. 

4.9.1 Test Equipment Required 

Oscilloscope (with AC input and sensitivity to lOOmV/div). 

4.9.2 , Initial Conditions 

Remove Top and Bottom covers. 
Ensure all guard/earth screws are correctly tightened. 

4.9 .3 Procedure 

a. Set 4705 to AC lOV range with Output OFF. 

b. Ensure that the OUTPUT display is 0.000,00 V with local guard selected. 

c. Connect the oscilloscope AC input to the 4705 Guard terminal and the oscilloscope Ground to the 4705 Ground terminal. 

d. Locate R12 on the Outguard Power Supply assembly (accessible through the hole in the Top ground/guard assembly) 

e. Select OUTPUT ON and adjust the oscilloscope controls to obtain the line related noise waveform. 

f. Without touching the Top ground/guard assembly, ad just R 12 for minimum waveform amplitude. 

g. Select Remote Guard and obtain a noise waveform. 

h. Locate R25 on the Mother pcb assembly through the hole in the Bottom ground/guard assembly 

j. Without touching the Bottom Ground Assembly, ad just R25 for minimum waveform amplitude. 

k. Repeat procedure from step (b.) to step (j.) until minimum waveform amplitude is obtainel 

I. Select OUTPUT OFF. Disconnect the oscilloscope. 

4.9 .4 Return to Use 

a. Refit Top cover. 

b. Refit Bottom cover. 
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4.10 SENSE AMPLIFIER ZEROS 
(Refer to Layout Drawing 480663) 

The sense amplifier, situated on the AC Assembly, is provided with access holes located in the Top ground/guard shield. In the 
following procedure the reading and adjustment steps are always taken with the 4705 OUTPUT ON and at one-tenth of the selected 
Full Range value. · 

4.10.1 Test Equipment Required 

Digital voltmeter 
(Datron Instruments mode! 1081 or 1071). 

4.10.2 Initial Conditions 

Remove Top cover only. 

4.10.3 Procedure 

a. Connect the DVM Hi to 1P5 on the AC Assembly (accessible via the hole in the upper guard shield). Connect its Lo to 
the 4705 Lo terminal. On the DVM select the DC l0V range with filter in. 

b. On the 4705 select the AC 100V range, set lOV and lkHz output. Select OUTPUT ON and adjust R122 fora DVM 
reading of less than 200µ V. 

c. On the 4705 select the AC lOV range, lV output. Select OUTPUT ON. 

d. Note the DVM reading. 

e. On the 4705 select the lV range, lOOmV output. Select OUTPUT ON. 

f. Note the DVM reading. 

g. Adjust R107 on the AC assembly to set both (d.) and (f.) readings to less than 200µV. 

b. Repeat procedure from (b.) to (g.) until readings are correct and the difference between all ranges is less than 400µV 
taking polarity into account. 

j. Disconnect the DVM. 

4.10.4 Return to Use 

Refit Top cover. 
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5.1 BLOCK DIAGRAMS 

5.1.1 SIMPLIFIED BLOCK DIAGRAM 

Figure 5 .1 illustrates the general functions and signal flow wlthin 
the 4705. 

5.1.2 GENERAL DESCRIPTION 

The Datron 4705 Autocal Multlfunction Callbrator is an 
accurate DC or Sinewave AC voltage source, whose output 
amplitude (and frequency for AC) are determined by user inputs 
(within the specifications detailed in the User's Handbook). 

DC Voltage The maximum DC or RMS AC output voltage 
available from the 4705 is 1100V. 

Current and Resistance The 4705 provides outputs of DC and 
AC current; and has eight accurately defined resistance values, in 
decades. 

For DC and AC amplitude control, an adjustable precision reference 
is derived' from pre-conditioned zener diodes. 

For AC outputs, the calibrator frequency is synthesized using a 
crystal-controlled oscillator as a frequency reference. 

5.1.3 FUNCTIONAL BLOCK DIAGRAMS 

Figures 5.2 (Digital, Control and References), 5.3 (DC/.Q) and 5.4 
(AC) break the main functional divisions into smaller blocks. 

They can be thrown clear of the handbook to provide a functional 
overview; they also form an index to other sect:ons of Part 2. 

5.2 INPUTS 

The microprocessor accepts inputs from two main sources: 

• The front panel keyboard provides local control inputs. 

• The IEEE 488 bus system provides remote control inputs. 

5.3 DIGITAL OUTPUTS 

The microprocessor system outputs digital information to five main 
areas: 

The front panel displays provide local outputs for monitoring 
and control. 

The IEEE 488 bus system provides remote outputs. 

The precision reference generator produces an accurate DC 
reference for output-amplitude control. Sensed DC outputs are 
scaled and compared against the DC reference directly. Sensed 
AC outputs are scaled and compared against a 'quasi-sinewave' 
reference, whose peak value is set by the DC reference. 

The frequency synthesizer and sinewave oscillator together 
determine the frequency and purity of the AC output sinewave 
signal. 

V arious decoders control function and range selection, intemal 
processes and status monitoring. 
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5.4 PRECISION REFERENCE 
(Fig. 5.2) 

5.4.1 AMPLITUDE REFERENCE 

The circuits produce a DC reference voltage which can be set between 
0V and ±20V for DC outputs, and between +0.126V and +2.794V 
for AC outputs. The value of the reference is set by the value on the 
OUTPUT display, modified in software by range scaling and 
calibration corrections. 

For DC, the range-scaled sense voltage is compared directly with the 
reference - the resulting error controls the DC output value directly. 
For AC outputs it determines the amplitude of the 'quasi-sinewave', a 

· stepped waveform which is used as the AC amplitude reference. This 
operates in the error sensing loop, having a shape whose crest factor 
closely approaches that of a true sinewave. 

The circuitry is divided into four main areas: 

~- The period division comparator, outside guard, consists of a 
binary collllter and comparator, both effectively of 25 bits. The 
counter is driven by a crystal-controlled clock; the comparator 
being set by latched data from the microprocessor system. 

When the binary count matches the data set in the latches, the 
comparator produces a switching pulse (reset). The counter fills 
to overflow poinl, at which the comparator produces a second 
pu1se (set). Thus accurate mark-period timing is generated. 

b. The switching integrator receives the pulses across guard. They 
are used to drive solid-state divider switches, chopping the output 
from a very stable 20V DC Master Reference. The resulting 
square wave is very accurately defined, both in mark-period ratio 
and amplitude. Integration of the square wave, by an active low
pass filter with high rejection at the chopping frequency, 
generates the DC Reference voltage. 

c. For DC outputs, the selected output polarity controls a switch 
which inverts the DC Reference for negative outputs. 

d. For AC outputs, a negative version of the DC reference is 
generated by inversion. Both positive and negative versions are 
passed to the quasi-sinewave generator, which sets the positive 
and negative inputs to a potential divider, whose centre-tap is 
tied to reference common: 

5'-2 

The outputs from the divider are selected in ten equal time-steps 
by digital logic, the ratios being selected so as to produce a 

periodic signal of quasi-sinusoidal form. The Crest Factor of 
this signal (Peak value divided by RMS value) is 1.397, close to 
that for a pure sinewave. The RMS ratio of sinewave to quasi
sinewave is stored during calibration, and reapplied as correction 
during normal use. 

Because the amplitude of the quasi-sinewave depends on the 
value of the DC Reference voltage, its settling time to a stable 
value is determined by the 7-pole DC reference filter. 

For accurate sine/quasi-sine RMS comparison, it is important 
that both the quasi-sinewave steps and the comparator sequence 
are synchronized to zero-crossing points in the sensed output 
sinewave. This is ensured by first: 

including the divide-by-ten logic of the quasi:-sinewave 
generator as part of the range-divider chain for the frequency 
synthesizer, 

and then: 

feeding the quasi-sinewave frequency to the comparator to 
synchronize the ten-step sequence which controls the RMS 
comparison process. 

5.4.2 FREQUENCY REFERENCE 

When the 4705 is operating in AC fimction, its intemal frequency 
reference is derived from the 13-bit co\lllter in the Precision Reference 
out-guard circuitry. The counter is tapped at 16kHz, which is fed 
directly to the synthesizer to establish the frequency of the VCO 
oscillation. 

For users who wish to lock the output frequency of the 4705 to an 
external frequency source, a phase-locked loop ensures that the 16kHz 
ref erence frequency phase is tied to that of the external Reference 
Frequency. With correct frequency selection on the front panel. this 
ensures that the 4705 output frequency locks to the extemal reference 
frequency. 

This fimction is perf ormed in the External Reference Frequency 
Buffer. 



5.5 ANALOG CONTROL 
(Fig. 5.2) 

The analog circuitry is controlled by data held in a 48-bit in-guard 
latch. The microprocessor regularly updates the latch contents, using 
the serial link to pass the data (through opto-isolators) across the 
isolation barrier. Certain analog status signals are retumed to the 
microprocessor, also using the serial link. 

5.6 

5.6.1 

DC VOLTAGE OUTPUTS 
(Fig. 53) 

LOW VOLTAGE -
lO0µV TO l0V RANGES 

5.6.1.1 .Power Delivery 

The basic DC range of the 4705 is lOV (19.999,999V FS). The 
lOV range output is derived from a buffered 'Error' amplifier, which 
compares the sensed output directly with the OC Reference. 

For the 1 V range, the DC reference is attenuated by 10: 1 before 
being applied to the error amplifier. The error amplifier output is 
buffered before being applied to the I+ and I- terminals. 

For the 100m V range, the 1 V DC buff er output signal is reduced by 
a passive 10: 1 attenuator before passing to the Hi and Lo terminals. 
The I+ and I- terminals are not used. 

The lOOmV attenuator also serves the 100µ.V, lmV and lOmV 
ranges. Output values on these ranges are set purely by scaling the 
DC reference in software, and the consequent reduction in output 
resolution available is matched by the resolution of the OUTPUT 
display. 

5.6.1.2 Sensing 

0n the 1 V and lOV ranges, the input from the Hi and Lo (sense) 
terminals is applied to the error amplifier. 

For the millivolt ranges and the lOOµV range, there is no remote 
sensing. To complete the sense feedback, the 1 V OC buffer output 
is applied directly to the error amplifier, which is a configured as for 
the 1 V range. 

5.6.2 HIGH VOLTAGE - 100V RANGE 

The lOV rangc signal is applied to the 100V power amplifier, which 
drives the output terminals directly from the VMOS output stage. 
The sensed signal is attenuated before being applied to the error 
amplifier. 

5.7 AC VOLTAGE OUTPUTS 
(Fig. 5.4) 

5.7.1 SINEWAVE SYNTHESIS 
AND SHAPING 

To control AC outputs, the frequency synthesizer and quadrature 
oscillator together generate a reference sinewave of stable amplitude 
and high purity. 

5.7.1.1 Frequency Synthesis 

The user-demanded frequency is related to frequency range selection, 
and is expressed as a binary number 'n' by the microprocessor. It is 
passed into guard together with binary-coded frequency-range data, to 
control the frequency of the synthesizer. 

The binary cmmter in the reference divider is synchronized to the 
4.096MHz master crystal-controlled clock. This counter outputs a 
16kHz frequency reference signal to the synthesizer, where it is 
divided by two to 8kHz. 

In the synthesizer, binary subdivisions of 'n' switch the capacitors of 
a voltage-controlled oscillator, adjusting its relaxation time-constant 
so as to cover five possible frequency bands within each frequency 
range. The VCO output frequency is divided by 'n', then phase
compared with the 8kHz reference. The integrated output from the 
phase comparator controls the charge and discharge current of the 
capacitors in the VCO. 
Thus the VCO frequency is adjusted to: n x 8kHz. 

The frequency range data is decoded and used to define division ratios 
in a series of frequency dividers, which act on the output from the 
VCO. The result is the user~selected frequency, to an accuracy of 
lOOppm. . 

5.7.1.2 Sinewave Shaping 

The quadrature oscillator is approximately tuned to the user-selected 
frequency by the binary word 'n', together with the decoded frequency 
range data, which combine to switch its circuit constants. The 
oscillator outpu~ is applied to a second phase comparator, and referred 
to the synthesizer frequency. The comparator output adjusts the 
oscillator frequency to that of the synthesizer. 

The quadrature oscillator feedback is conditioned to ensure that its 
unity loop gain and its 360° loop phaseshift occur together; only at a 
specific amplitude, and at the synthesized frequency. 

The oscillator output passes as reference sinewave to the VCA. 
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5.7.2 VOLTAGE-CONTROLLED 
AMPLIFIERS 

The output from the quadrature oscillator is applied to two cascaded 
voltage-controlled amplifiers. The gain of the second of these (the 
1 V buffer) is adjusted in coarse steps; the gain of the first being 
adjusted in response to the error between the scaled output amplitude, 
and that of the quasi-sinewave reference. 

The settling curve of the 7-pole filter in the precision reference 
divider is imposed on the 1 V buffer slew rate, by using the filter's 
DC reference output to control the coarse gain. This signal is 
changed into a 10-bit word by an analog-to-digitalconverter, whose 
digital output adjusts the input resistance of the 1 V buffer in steps of 
1 0OOppm of Full Scale. As the 1 V buff er is part of the error loop, 
this adjustrnent injects an undesirable scaling into the loop. 
Therefore, to correct the loop gain, the same 10-bit word is used to 
apply inverse scaling to the error signal from the comparator, before 
it reaches the first VCA. 

5.7.3 

S.7.3.1 

LOW VOLTAGE
lmV TO lOV RANGES 

Power Delivery 

0n the 1 V range, the otitput from the 1 V buffer is passed to the I+ 
and I- terminals directly. 

For the lOV range, the lOV amplifier (a XlO amplifier on the Power 
Amplifier assembly) is ~erted between the lV buffer and the I+ and 
I- terminals. 

For the millivolt ranges, the 1 V buffer output signal is reduced by 
switched, passive attenuators before being output via the Hi and Lo 
terminals. 

5.7.3.2 Sensing 

0n the 1 V range, the input from the Hi and Lo (sense) terminals is 
applied to the non-inverting input to the lV/lOV sense amplifier, 
which acts as a voltage follower. 

For the 1 0V range, the sense amplifier is configured as a di vide-by
ten inverter. 

For the millivolt ranges, there is no remote sensing. To complete 
the sense feedback, the 1 V buffer output is input directly into the 
sense amplifier, which is a configured as for the 1 V range. 

I 
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5.7.3.3 Sine/Quasi-Sine RMS Comparator 

The output sinewave is sensed and scaled to 1 V levels before being 
applied to the comparator, which compares it with the reference quasi
sinewave to generate a DC signal whose value represents the output 
RMS error. 

In a strict sense, this circuit does not compare RMS values directly. 
Instead, it compares the magnitudes of the mean-squares of its two 
inputs, hut if these are equal, then the RMS values are equal. The 
error loop gain is virtually linear, due to the scaling applied to the 
error amplifier. 

A cycling sequence is continuously imposed, each cycle having a 
duration of ten quasi-sinewave periods. During the first cycle: 

a. the reference quasi-sinewave is first squared and integrated as an 
analog OC signal (REF), which is memorized in a sample-and
hold circuit; 

b. the sensed sinewave input is squared, the (REF) value is 
subtracted, and the result is integrated and memorized as the DC 
(SIG) signal in a second sample-and-hold circuit; 

c. the OC (SIG) value is output as the mean-square AC error 
signal. 

0n subsequent cycles, the (REF) value is also subtracted from the 
squared quasi-sinewave, so that both (REF) and (SIG) signals 
converge to steady states as the 4705 output reaches the 
demanded voltage. 

The mean-square AC error signal is passed through the scaled error 
amplifier to control the VCA. 

5.7.4 HIGH VOL TAGE - l00V RANGE 

The high voltage loop uses much of the low voltage circuitry; the 
only differences being in the power amplification to the range 
voltages, and the attenuation of the sensed output down to 1 V range 
levels. 

5.7.4.1 Power Delivery 

0n the 1 OOV range, the 1 OOV amplifier ( on the Power Amplifier 
assembly) is included in the output path from the 1 V buffer to the I+ 
and I- terminals. 

5.7.4.2 Sensing 

The 1 V /lOV sense amplifier is not used on the 1 OOV range. Instead, 
a separate inverting sense amplifier reduces the sensed sinewave by a 
ratio of 100: 1. 

' I 



5.8 

5.8.1 

5.8.1.1 

1000V RANGES 

DC 1000V RANGE 
(Fig. 53) 

Power Delivery 

An AC voltage-amplifier/rectifier system is employed to transform 
the DC Reference levels up to the high voltages required for the DC 
1000V range. 

The error voltage, which results from comparison between the scaled 
sense voltage and the DC Reference, controls the amplitude of a 
16kHz AC signal output from a DC modulator. The modulated 
signal drives the HF step-up transformer via the 100V AC Power 
Amplifier. A high voltage rectifier and elliptical filter convert the 
AC transformer output into the DC voltage output. Output polarity 
is determined by a changeover switch, inserted between the rectifier 
and th~ filter. 

5.8.1.2 Sensing 

The sensed signal is reduced to DC Reference levels by an 
extensively-guarded precision attenuator, before being applied to the 
error amplifier. 

5.8.2 

5.8.2.1 

AC 1000V RANGE 
(Fig. 5.4) 

Power Delivery 

The output from the AC 1 V Buffer is pre-amplified by the lkV error 
amplifier, before being applied to the 100V power amplifier. The 
1 OOV amplifier output is transfonned up by 1 :6, then passed to the 
I+ and I- terminals. The error amplifier receives feedback from the 
transformer secondmy. 

To cover the full frequency range, two transformers with a frequency 
overlap are employed. The HF transformer is selected as frequency is 
increased above 3kHz, but the LF transformer is used as frequency is 
reduced below 3 .3kHz. A second feedback loop from the LF 
transformer primary only, eliminates any saturation of its magnetic 
circuit. 

5.8.2.2 Sensing 

The amplifier used to sense the 100V range is also employed for the 
1000V range. Although the basic amplifier is common to both, 
each range has its own input attenuator and feedback ratio. 0n the 
1000V range this ratio is 550:1, and software scales the reference 
divider digital input to set the quasi-sinewave to values which at full 
scale · are equivalent to 1100V RMS. The amplifier output is 
compared with the quasi-sinewave in the RMS comparator, the 
resulting error signal being used to control the output from the 
VCA. 

5.9 DC/AC CURRENT Outputs; 
RESISTANCE Outputs 

A separate PCB assembly deals with both DC and AC Current 
fimctions, together with the Resistance fimction. 

5.9.1 DC CURRENT 
(Fig. 53) 

The DC Reference is switched to drive a voltage-to-current converter 
(this converter is the current amplifier used for the AC Current 
fimction). 

The various ranges are selected by digital control signals from the 
microprocessor system. The converter shunts are switched into thc 
output circuit to scale the current. 

5.9.2 . AC CURRENT 
(Fig. 5.4) 

The ACI Ref erence signal is obtained by activ ating either the AC 
lOV range (used for the lmA, lOmA and lOOmA ranges), or the AC 
1 V range (for the 1 OOµA and lA ranges ). This is switched to drive a 
voltage-to-current converter, followed by a current amplifier. 

Range selection is the same as for OC current output. 

5.9.3 RESISTANCE 
(Fig. 53) 

Eight fixed precision resistors, in a decade range (from 1 on to 
1 OOMQ) are switched to the output terminals. The resistors are fully 
floating, being selected by relays under the control of digital signals 
from the microprocessor system. 

5.10 DATRON 'AUTOCAL' 

Precision components are used in all critical locations. Individual 
analog corrections for frequency-response, gain and offset errors are 
not applied. Instead, tlie accumulated errors are measured <luring 
calibration, and stored digitally in non-volatile memories. 

In subsequent use, characteristic equations are applied to the stored 
errors to generate software corrections, which are then used to modify 
the reference divider ratios and so compensate for the accumulated 
analog errors. 
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SECTION 6 
DIGITAL CIRCUITS; REFERENCE CIRCUITS; POWER SUPPLIES 

6.1 DIGITAL 

The circuits described in tlus sub-section perform the following 
functions: 

Central processing, with supporting memory, for management 
of instrument operation. 

Storage of calibration constants in non-volatile memory. 

Generation of Master clocks, with clock-waveform shaping. 

Address decoding to generate control signals. 

Controlled power-up and power-down of digital circuits. 

Servicing IRQs from asynchronous sources. 

Interfacing the instrument to the IEEE 488 bus. 

The functions are performed by circuits located mainly on the Digital 
Assembly (400559). Master Clock generation, synchronization and 
division is carried out by circuits on the Analog lnterface Assembly 
(400648). 

Fig. 6.1 shows the arrangement and main interconnections of the 
central digital circuits. 

6.1.1 GENERAL 

The instrument is managed by a 6802-series micro-processor system, 
under the control of an operating program held in 26k bytes of 
EPROM. All front and rear panel controls provide direct inputs to 
the system, except for the Power ON/OFF switch and Safety Reset 
Key. The system ensures that the processor reverts toa safe state on 
power-up and power down. 

Work space and stack is provided by 2k bytes of random-access 
memory (RAM). A further 2k bytes of CMOS RAM act as a non
volatile memory to hold calibration constants, powered by a back-up 
Lithium battery when the instrument is tumed off. 

6.1.1.1 Synchronous Operation 

The operating program manipulates the interna! circuitry by 
activating control signals. These result from providing peripheral 
decoders with specific address combinations. The program -is run at 
680kHz cycling frequency, originally derived from a 4.096MHz 
master crystal oscillator. 

6.1.1.2 Asynchronous Operation 

Any Key operation (other than Safety Reset), or one of two interna! 
conditions, will initiate an asynchronous interrupt (IRQ) which 
suspends the CPU's current task. The CPU absorbs the new 
instructions, rearranges its schedule to conform to the demanded new 
configuration, then continues with the interrupted task until it is 
completed. Finally it returns to the initial operation of the amended 
schedule and proceeds synchronously. 

lbree main sources of interrupt are used: 

Remote Command via the Digital lnterface 

Keyboard Command 

Real-time Clock Pulses (8ms intervals) 

The CPU identifies the source by polling the data bus each time it 
receives an IRQ interrupt. 

6.1.1.3 Output Generation 

From user inputs of output value, frequency, error and calibration 
constants, the CPU computes a binary value to a resolution of 25 
bits. This is used to adjust the mark/period ratio of the Reference 
Divider switch which ultimately controls the Working Reference 
Voltage for the output analogue circuitry. 

6.1.1.4 Display Refresh 

The gas discharge display is continuously refreshed by cycling 
through character data stored in a separate display-image RAM. To 
alter the display the processor merely alters the contents of the 
RAM. 
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5-2 

·t~ ,.~ .. • ... i:·,!_i:_. ;:ii:i,· . . 

~ < 0"'™""'""'""""'''' ) "'l 
iRaiiö ....-

IEEE488 
Digital 

lnterface 
(Sect 6.1.8) ..._ _____ _, 

A 

MEMCLK 

R/W 

KYB __ .o_,R_a__,,,....__!._RTCIRO_..I _ __.Y~v-~~-r_v_ 

... 

Data 

IRQ 
Servlclng 

(Sect 6. 1.2.6) 

! 
Central 

Processlng Unlt 

Supply 
start 

6.1.4) 

•t Riw 
to 

SSDA 

:;:;:: "Il Y (Sect 6.1.8) 

: ....,e.,T,...AL..,.. _____ aiie,....M
9
R .. RJW-.-ii--•I ::~;: 

1 ilillll!!!I Il. •• I 
,•,·,· 

SYNC 1 1.024 4.096 S 
t.t-lz MHz 

Master Clocka 
Generation 
(Sect6.1.6) 

2.048 _ 
MHz 11,;,,tl-----i~N 

Program and 
Conatant Data 

Memory (EPROM) 
(Sect 6.1.2) 

Workapace 
and Stack 

Memory (RAM) 
(Sect 6.1.2) 

Non-Volatlle 
Callbratlon 

Memory (RAM) 

Clock 
Sh 

(Sect 

"' 

W:MCLK 

AddreN 
Decodlng 
• Control 

(Sect 6. 1.2) 

VMA 

, I 
AddreN 

Decodlng 
• Memory 
(Sect 6.1.2) 

(Sect 6.1.5) cs-~--------------------~ 

"'iiiii" 

T 
N-V RAM 
Supply 

Commutator 
(Sect 6.1.5.2) 

Lr 

FIG. 6.1 DIGITAL FUNCTION BLOCK DIAGRAM 

Control 
Signals 111.. 

,.. 

MEMCLK 
toSSDA 

and 
Keyboard_ 

-
-



6.1.2 CENTRAL PROCESSOR and 
PROCESSOR MEMORY 
(Circuit Diagram 430559 Pages 11.2-2 and 11.2-3) 

A 6802 rnicroprocessor (M34), together with its memory, controls 
commwtlcation throughout the whole instrument. 

6.1.2.1 Memory 

The memory can be split into four main areas, the rnicroprocessor 
RAM not being used: 

Program Memory (M18, M19, M20 and M21) defines and 
controls the operational functions of the whole instrument 
system. 
Constant Data Memory (held in EPROM with the Program 
Memory) - stores fix.ed factors used in processing; such as the 
key mapping tables, and the instrument specification tables that 
are used in'Spec' Mode . 

. • Non-Volatlle Calibration Memory (M23) - stores all the 
calibration constants used to correct each output value, which are 
deterrnined <luring the 'Auto-cal' cycle. 
Volatile Operating Mcmory (M22) - used for volatile data 
storage such as display images, computation results and present 
output value. This memory is also used for scratch pad 
operations. 

Separate memory is used for special purposes, such as the Display 
Image RAM M16 (which is synchronously loaded hut 
asynchronously read); the storage areas in the IEEE 488 GPIA (M29) 
and the Keyboard lnterface (M6 on Front Assembly); and the 
Memory Address decoder PROM (M3). These are described in later 
sub-sections. 

6.1.2.2 Central Proce~ing Unit 
(Circuit Diagram 430559 Page 11.2-2) 

The MC6802 (M34) is a monolithic 8-bit micro-processor, with 
interrupt and clock-stretching facilities. It is driven by a single phase 
4.096MHz square wave generated by the Master Clock Xl in the 
Analogue lnterface Assembly. (This dock synchronizes the reference 
divider switch with the processor cycle). 

6.1.2.3 Addre~ and Data Lines 

Address lines A15_11 are decoded as chip-select signals for the 
RAM/ROM circuit, lines A13-0 are connected to the instrument 
address bus. Data lines D7.0 are linked via programming plug JLl to 
the instrument data bus. 

6.1.2.4 E, MR and MEMCLK 

The 4.096MHz clock input at M34-39 (EXT AL) is divided by four 
and used as output at M34-37 (E). Although the natural frequency of 
E is 1.024MHz, the action of the waveform shaping input to MR 
reduces it to approx. 680kHz as MEMCLK for the IEEE 488 
interface; and for the Analogue-Interface and Front assemblies. 

6.1.2.5 NMI 

The interna! switch S 1 provides a non-maskable hardware interrupt 
which has two functions. 

With the externa! CALIBRATION switch set to RUN, NMI 
initializes the processor system. 
With the CALIBRA TION switch set to ENABLE, NMI clears 
the non-volatile calibration memory (M23) before initializing 
the processor system. 

6.1.2.6 IRQ 

Any one of three asynchronous Interrupt Request signals are able to 

activate the maskable IRQ input at M34-4: 

RTC IRQ is a real-time clock occuring every 8ms to provide 
tirning information for the processor's monitoring facility. 
KYBD mQ occurs each time a front panel key is pressed. 
(Not Safety Reset). 
IRQ IO occurs when the IEEE 488 lnterface has a transaction 
to communicate to the processor. 

Dl, D2 and Ql constitute a DTL OR-gate to isolate the IRQ inputs. 
0n receipt of Logic-0 on pin 4, M34 stores its register contents in 
stack RAM, and vectors to IRQ service addresses FFF8 and FFF9, 
saving the current processor environment. 

The IRQ Service Routine addresses M51 and M52, setting Logic-0 
at M52-9 which enables the tristate buffers M36 and M37 (at M36-1 
and 15, M37-15); This sets IRQ data bits D5, D6 and~ on the data 
bus so that the processor can identify the source of the IRQ and 
select the appropriate sub-routine to service the interrupt request. 

The IRQ inputs are released as part of the service sub-routine, and 
after its completion, the processor recovers its environment from 
stack RAM and proceeds with the interrupted oper~tion. 

6.1.2.7 Software lnterrupt 

The 6802 will also recognise Opcode 3F on the data bus as an 
interrupt request ('lmplied' addressing mode). This code is hard-wired 
via R9, RlO and AN3 onto the data bus so that if the CPU tries to 
access a non-available address, the floating bus will be pulled to 3F, 
initiating the software interrupt. The CPU vectors to FFFA and 
FFFB, whose contents cause the 6802 to re-initialize the system. 

6.1.2.8 Read-Write Line R/W 

The processor sets the R/W line lo Logic-1 when it is in Read state, 
and Logic-0 when it has data to write into the addressed device. The 
R/W signal is passed only to the SSDA on the Analogue Interface 
assembly, and to the IEEE 488 GPIA (M29). All other devices 
which require read-write control, operate from the RD STRB and 
WRT STRB signals generated from R/W by M49/50. 
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6.1.3 SOFTW ARE OVERVIEW 

The software management organization is shown in Figure 6.2. The 
machine cycle progresses through the task schedule as illustrated. 
being interrupted by the demands of activities dependent on real time, 
.and those dedicated to local and remote commands. Real time and 

6.1.4 DIGITAL SUPPLY: 
FAIL/RESTART CIRCUITRY 

· Power-up, restart and shut-down of the digital circuitry are performed 
in a controlled sequence to safeguard against both hardware and 
software failures. The Safety Monitor (Watchdog' - Section 6.4.6) 
maintains a continuous surveillance of the software management, and 
shuts down the instrument in the event of a failure either in the 

· digital control circuits or in software management. 

6.1.4.1 Power-up Sequence 
(Circuit Diagram 430559 Page 11.2-2) 

Power-on is first sensed by the Supply Fail Detector circuit. This 
draws its supplies from the +8V DC unregulated supply, which is 
the first of the power supplies to rise to a working level. The 
comparator circuit of M28 hasa nominal threshold of +7.1 V, above 
which a good working level of the +5V DC supply is assured. 

As the +8V s.upply rises, but still below +7V, M28-2 follows until 
the Zener D6 avalanches, when it is held at +2.45V. At this level 
M28-3 voltage is less than 1 V, so M28-1 remains at OV holding the 
'D' input of M8-5 at Logic-0 and M7-3 at Logic-1. Thus M8 and 
M9 are held in reset, initiating and maintaining the following states: 

a. M8-2 (Q) at Logic-1, PWR ON RST active. This signal is fed 
to the Front Panel assembly, holding the keyboard encoder M6 
in reset, and disabling the LED cathode driver decoder M4. 

b. M6-4 at Logic-0, PWR ON RST active. This signal holds the 
microprocessor M34 in reset state. The VMA output at M34-5 
is held at Logic-0, disabling address decoder M3, setting all M3 
address outputs to Logic-1. This combination sets MS-13 to 
Logic-1, but the Logic-0 at M6-2 sets Logic-1 at MS-11, 
ultimately setting Logic-1 at M7-2. 

The Logic-0 of PWR ON RST also holds the IEEE 488 GPIA 
M29 (page 11.2-4) in reset. It is also fed to the Analog Interfäce 
assembly where it holds the SSDA M44 in reset. 

When the +8V supply rises above about + 7 .1 V, M28-3 voltage rises 
above the +2.45V on M28-2, so M28-1 rises to place a Logic-1 both 
on M8-5 (D input) and M7-1. M7-3 thus falls to Logic-0, 
removing the resets from 14-bit counter M9 and restart flip-flop M8. 
So M8 is enabled to receive its clock from M9, which itself starts to 
count its own 2.048MHz clocks. 

At full count, 8ms after M9 is enabled, M9-3 clocks M8. As M8 
'D' input is already at Logic-1, this is clocked to M8-1 (Q), with 
Logic-0 to M8-2 (Q). The PWR ON RST and .PWR ON RST 
signals revert to their inactive states, and start-up proceeds: 

command interrupts suspend the current activity of the processor so 
that the immediate task can be serviced. The processor then resumes 
the suspended task and continues with the programmed routine, 
accounting for any alterations introduced by the interrupt. 

a. PWR ON RST at Logic-0: 

0n the Front assembly, enables keyboard encoder M6 and LED 
cathode driver decoder M4. 

b. PWR ON RST at Loglc-1: 

i. Removes reset from CPU M34, allowing the software to 
initialize; and also removes the reset from the IEEE bus 
controller M29 (page 11.2-4). 

ii. Removes the reset from the SSDA M44 on the Analog 
Interface assembly. 

c. M8-1 to Logic-1: 

i. Provides an enabling input to M 10-1 
(See Non-Volatile RAM Supplies - Section 6.15). 

il. Triggers monostable M53-4. This monostable has a 
relaxation period of 470ms, during which time it holds the 
FP RST output at Logic-0. 0n the Reference Divider 
assembly this allows the W atchdog circuits to reset. 
(See Section 6.4.6) 

iii. Enables the 'Real-Time Clock' IRQ via M7-13 and flip-flop 
M8-10. The actions of M9, M8 and M51 interrupt the 
software routine every 8ms. 'RTC IRQ' sets five externa! 
states onto lines D4-o of the Data bus (M36 and M37), and 
forces the CPU to observe them. 

Address decoder MS 1-5 is normally held at Logic-1, so the 
Logic-1 at M7-11 and MS-10 allows M9-3 clock to affect 
the RTC IRQ output at M8-13. For so long as the +8V 
supply holds above + 7.1 V, M9 continues cycling through 
its full count, clocking MS-11 to initiate the RTC IRQ at 
8ms intervals. 

The CPU terminates each RTC IRQ service sub-routine by 
addressing M51, pulsing M51-5 (M7-12) to Logic-0 (Real
time clock reset 'RTC RST). M7-11 and M8-10 are pulsed 
to Logic-1, resetting MS-13 (RTC IRQ) to Logic-0. At 
the next full count of M9; M8-13 is once again clocked to 
Logic-1, initiating another RTC IRQ. 

Pulses from M9-3 regularly clock the binary state of M8-5 through 
to M8-1, monitoring the supply status. When running normally, 
M8-5 and M8-1 are both at Logic-1. If the supply falls, M8-5 
reverts to Logic-0, but M7-1 at Logic-0 provides a fast reset setting 
M8-4 to Logic-1 without waiting for the next clock pulse. M7-3 
also resets the 8ms counter to zero count at M9-11. 
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6.1.4.2 CPU Re-start 
(Circuit Diagram 430559 page 11.2-2) 

Memory addressing by the CPU is monitored by the NAND logic of 
M4, M5 (four elements) . and M7-3. In the correct addressing 
sequence there are two basic conditions: 

Invalid memory addrc~: 
CPU VMA = Logic-0, 
and M3 outputs (D0-1) = Logic-1. 

Valid memory addre~: 
CPU VMA = Logic-1 
CPU E = Logic-1 
M3 outputs (D0-7) = One address line set to Logic-0 

Both these conditions disable MS-11, setting a Logic-0 at M7-3 
which allows the clock M9 and flip-flop M8 to function normally. 
The possibility of a glitch occurring at the change-over between the 
two conditions is gated from the control line by switching at MS-5. 

Incorrect addressing sequence in the CPU would be shown by: 

CPU VMA = Logic-1, and E = Logic-1, the CPU indicating that 
it has selected a valid externa! address; 

All M3 outputs = Logic-1, no address is selected. 

This situation is most likely with a software failure. The logic 
control path via M4 and M5 now gives a Logic-0 at M7-2 and thus 
a Logic-1 at M7-3 which: 

Resets counter M9 to zero; 

Forces M8-1 to Logic-0. This forces RTC RST at M7-11 and 
removes an enable from Ml0-1. 
(See Non-Volatile RAM Supplies Section 6.15 ) 

Forces M8-2 to Logic-1. This change: 

Resets the CPU by M34-40 to Logic-0. VMA is forced to 
Logic-0 which in its tum removes the reset from M9-11 and 
M8-4 via M6-2 (Logic-0), and the M4/M5/M7 control path. 

Makes PWR ON RST and PWR ON RST signals active. 
thus resetting the other software-controlled areas. 

After 8ms from CPU reset, flip-flop M8-3 is triggered from clock 
M9. M8-1 and M8-2 change state and the start-up sequence proceeds 
again. 
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6.1.5 NON-VOLATILE RAM 

6.1.5.1 'NV INHIBIT' Signals 
(Circuit Diagram 430559 pages 11.2-2 and 11.2-3) 

Chip-select to the non-volatile memory M23 is inhibited <luring 
power-up, re-start and power-down operations, by the logic signal 
'NV INHIBIT being set to Logic-1. During normal running this 
signal reverts to Logic-0. With the NV INHIBIT signal at Logic-1 
(Ml0-4) <luring normal running; write access to the NV RAM is 
available, hut only enabled if the calibration security keyswitch on 
the rear panel is set to ENABLE. The NAND logic gates MIO, used 
to control the inhibit, remain powered from the RAM standby 
supply after power-down. 

Conditions for normal running are as follows: 

Supply fail detector circuit provides a Logic-1 (supplies valid) 
output to opto-coupler Ml 1. This action causes its optically
coupled transistor to conduct and hold Ml0-2 at Logic-1. 

Ml0-8 is held at Logic-1 (to +5V via R6). 

MI0-1 is held at Logic-1 by flip flop M8-l. 

The above conditions ensure a Logic-1 output from Ml0-10 (by 
holding NV INHIBIT inactive). 

During power-up, NV INI-UBIT is held active until the power 
supplies have settled and the CPU has gained control of memory: 

The input to Ml0-8 is delayed on the +5V supply by the time
constant C8, R6. Also, the input to M 10-1 is held at Logic-0 
by flip-flop M8-1 until the CPU reset is removed. 

At power-down, or in the event of a supply failure, NV INHIBIT 
becomes active before +5V supply fails: 

The first indication of supply f ailure is made by supply fail 
detector M28 output going to Logic-0. This cuts off the opto
coupler Ml 1 which takes Ml0-2 to Logic-0. Ml0-8/12/13 are 
held at Logic-1 by the +5V supply, thus Ml0-9 is taken to 
Logic-1 and Ml0-10 to Logic-0 (NV INHIBIT active). 

In the event of a CPU reset, the NV INHIBIT is made active for the 
period of reset by the switching action of M8-l and MI0-9. 

6.1.5.2 Supply Commutator 
(Circuit Diagram 430559 page 11 .2-3) 

This circuit provides the non-volatile RAM M23 with a battery
driven standby supply when the instrument is in the power-down 
condition. It also ensures continuity of supply <luring the change
over period between normal (line) operation and standby, minimizing 
battery current leakage. 

In the power-down condition, the battery powers M 10 and M23, 
returning from battery common (TP13) via D7 and R6O. The battery 
common is isolated from the general common 5A by transistor Q2, 
which is cut-off. 

During power-up, M28 is powered from the +8V supply before the 
+5V supply voltage becomes established. As long as the +5V 
supply voltage is less than the battery voltage, Q3-4 is biased 
negatively, and Q3 is unbalanced in favour of heavy conduction 
through Q3-6. M28-5 is held low, and M28-6 high as the +5V 
supply voltage increases, so M28-7 remains at Common-5A 
potential, and opto-coupler M39 is not energized. Q2 stays off, 
maintaining isolation of the battery supply from Common-5B. MlO 
and M23 remain powered from the battery. 

As the +5V supply voltage increases, D7 cathode potential rises, 
reducing Q3-4 bias, reaching zero when the supply voltage is equal 
to the battery voltage (less than 1 Om V is developed across R6O). 

When the +5V supply voltage exceeds the battery voltage, Q3 
becomes biased in favour of heavy conduction through Q3-2, pulling 
M28-6 low and reversing the differential input to M28. M28-7 rises 
to the +8V rail and energizes the opto-coupler M39, which switches 
Q2 on, connecting common-5A to the battery common. MIO and 
M23 are now powered from the +5V supply and the standby battery 
is isolated by reverse-biased diode D7. 

During power down, Q3 compares the +5V supply against the 
battery, switching Q2 off via M28 and M39 when the +5V supply 
voltage falls below the battery voltage, and the non-volatile RAM 
supply commutates to standby battery. Altematively, Q2 is 
switched off by failure of the +8V supply to M28 if this occurs 
before the +5V supply voltage falls below the battery voltage. 

Eventually the +5V and +8V supplies both fall to zero, the battery 
provides the supply to the non-volatile RAM, and battery common 
is isolated from Common-5A by Q2. 
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6.1.6 MASTER CLOCK GENERATION 
(Circuit Diagram 430648 page 113-3) 
(Refer to Fig. 63 for waveforms) 
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RG. 6.3 MASTER CLOCK WAVEFORMS 

The master clock generator is based on crystal oscillator Xl which 
provides a precision 4.096MHz squarewave reference frequency 
output 

The primary frequency of 4.096MHz is divided by JK flip flop stages 
M41, both of which are connected to toggle when clocked. The first 
division stage is synchronized at its reset input, M41-3, to the 
memory dock via flip-flop M42. This ensures correct phasing of 
the 2.048MHz squarewave output from M41-14. 

M41-11 and M41-10 outputs provide complementary 1.024MHz and 
1.024MHz squarewaves respectively. Monostable M40, which is 
triggered at 2.048MHz from M41-15, provides the positive-going 
2.048MHz synchronizing pulses, SYNCl. 

6.1.7 CLOCK WAVEFORM GENERATION 
(Circuit Diagrams 430559 page 11.2-2 

and 430648 page 11.3-3) 

NB As the circuit locations in Fig 6.4 are clearly marked, and 

as there are no duplicate designators in the circuits, this 
description does not refer to a component's location 
except where necessary. 

NOTE To avoid confusion, the terms 'high' and 'low' are used to 

replace 'Logic-1' and 'Logic-0' respectively in the 
following description. 

The crystal oscillator on the Analog lnterface Assembly provides a 
4.096MHz Master Clock signal (Xl-8) for the whole instrument. 
This drives the 6802 CPU at M34-39 (EXT AL) so M34-38 is not 
connected. M41 divides 4.096MHz to generate a 2.048MHz clock 
for the Memory Clock Stretching Circuit (M35/M49). 
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The CPU (M34) di vides the EXT AL input internally by 4 and 
outputs the result as E (Enable) at M34-37, to act as a 'Phase 2' 
Memory Clock for the SSDA on the Analog lnterface and the 
keyboard controller on the Front assembly. 

If M34-3 (MR-Memory Ready) were permanently held at +5V, the E 
signal would be 1.024MHz. But in the 4700, a 'stretching' circuit 
(M35/M49) doubles the Logic High ( +5V) time of E by switching 
MR to Logic Low (0V) for part of the cycle. This is shown on 
Fig.6.4. 

The frequency of E is thus reduced to approximately 680kHz, with 
lµs available for data access to the SSDA, Keyboard Controller, 
IEEE GPIA and memory. 

6.1.7.1 Memory Clock Stretching Circuit 
(Fig. 6.4) 

The action of M35 and M49 is dependent upon the finite propagation 
time between clocks at M35-l/M35-6 and Q output at M35-15. 
When M34-3 (MR) is +5V; M34-37 (E) is toggled by alternate 
positive-going edges of the 4.096MHz clock. with a propagation 
delay of approximately 80ns. Also, the 4.096MHz signal is divided 
by 2 in M41, resulting in 2.048MHz signal whose negative-going 
edges clock M35. M35 cascade action is controlled by the condition 
of the Memory Clock (E) and affected by its own propagation times. 

6.1.7.2 Shaping Action (Figs. 6.4 and 65) 

At Tl and T2: The 4.096MHz dock edge at T1 causes E to rise 
from low to high at T2. As M35-10 is also high, MR changes from 
high to low at Tl, holding E high. M35 pin state is 4 and 10 high, 
9, 12 and 16 low. 

At T3: The 2.048MHz falling edge clocks M35, and M35-9 
rises to high awaiting the next clock edge (not until T5). M35-10 
also remains high, so MR is held low and E stays high. 

At T4: MR is still low, so the 4.096MHz dock has no effect on 
E, and E is stretched. 

At TS: MR retmns to high when the Logic-1 on M35-9 is 
clocked as a Logic-0 to M49-4. This allows the 6802 to toggle E at 
the next effective dock edge. 

At T6: The rising edge of the 4.096MHz dock causes E to fall 
to low, setting up M35-4 to low, M35-12 and 16 to high. 
(M35-9 is already high.) 

At T7: M35-10 is toggled tQ high, hut as M49-5 is now low, 
MR remains high to allow E to be toggled at the next effective 
processor dock edge (not until the next Tl). Also at T7, M35-15 is 
docked to low to set M35-9 ready for the next (T3) clock edge. The 
circuit is now set up to its initial (pre-Tl) condition so the action 
repeats. 
Note: 
A remote possibility exists, that a severe disturbance could upset the 
synchronization of the 'E' signal with the 2.048MHz clock. To 
guard against this, M42 acts as a monostable to provide negative 
reset pulses into M41-3. Under all normal conditions, these will 
occur whcn M41 is already toggled in its reset state. 
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6.1.8 IEEE 488 DIGITAL INTERFACE 
(Circuil Diagram 430559 Page 11.2-4) 

The IEEE Interface circuitry is located on thc bottom right-hand 
comer of the Digital PCB (viewed from the front of the instrument). 
M29, M40, M47 and M48 execute and decode interface functions, 
and transfer data (input/output). 

The General Purpose lnterface Adaptor (GPIA) M29, is software
driven by the 6802 CPU, as part of its normal function. M29 is 
addressed at CS by XIOBBD from M51, and its interna! registers are 
accessed by¼, A1 and A2 from the address bus. 

The GPIA is clocked by Memory Clock E, with read or write control 
direct from the processor R7W signal at M29-5; and at instrument 
power-on, the signal PWR ON RST from the Restart Generator 
circuit (M6-4) initializes M29 at M29-19. 

Information is passed between M29 and the CPU (M34), via the data 
bus D0-D7. The address switch data is linked to D0-D6 by tristate 
'buffers M47. During initialization and at subscquent intervals, the 
state of M29-4 (ASE) changes from +5V to 0V, enabling M47. The 
status of the address switches on the 4 700 rear panel is transferred 
into M29 via M47 and the data bus for comparison with the received 
address. 

M40 and M48 are bidirectional bus-driver arrays. The drivers for bus 
management lines: IFC, ATN and REN are permanently held in 
Receive state, and the SRQ driver in Transmit state. The EOI line 

driver is switchcd from Receive to Transmit by M29-28 (T/Rl) 
changing from 0V to +5V as required by M29. M29-27 (T/R2) is 
normally held at 0V for reception of system data via DI01_8 bus 
lines, and set to +5V for instrument data to be sent over the bus. 

Some system controllers output excessive noise along the REN line. 
To avoid spurious switching of M29 between Local and Remote 
control states, the noise is filtered by R58 and C31. 

Difficulty has been experienced with certain controllers in that 
NDAC can transfer data on to the bus too early. Resistor R62 and 
capacitor C7 slow down the transitions of NDAC to overcome this 
problem. · 

M29-40 (IRQ) is used to inform the CPU when certain states occur. 
In particular, the IRQ 10 signal is generated at each byte-transfer over 
the bus, whether the byte is sent or received. Additionally, IRQ IO 
is activated whenever certain specific commands are received, e.g: 
'DAC', 'SPA', and changes between Remote and Local Status. 

When the CPU receives IRQ IO, it addresses M29's 'lnterrupt' Status 
Register, then M29 identifies the reason via the instrument data bus. 

For further information refer to 'Getting Aboard the 488 Bus' 
published by Motorola, or the appropriate device data sheets. 



6.2 KEYBOARD 
. (Circuit Diagram 430558 Page 11.1-1) 

The circtiit:ry described in this section perfonns the following 
fwictions: 

. · Provides front-panel operator control of instrument Output, 
Function, Range and Mode circuit:ry, by push-button keys. 
Key operation is detected intemally and transferred to the CPU 
via the instrument data bus. 

lndicates the present instrument state by means of LEDs fitted 
in the keys. 

Generates audible waming of errors, failures, and high voltage 
at the Output Terminals. 
(Also see Circuit Diagram 430648 Page 113-3) 

In addition a rocker switch sets instrument Power ON and OFF 
(refer to Section 6.7) anda 'Reset' key provides a hardware reset for 
the safety monitor (Watchdog) circuits (refer to Section 6.4). The 
circuit:ry is located on the Front PCB Assembly (400558), linked 
to the CPU by control signals and the data bus. 

6.2.1 KEY and LED MA TRICES 

The keys are electrically arranged in an 8 x 7 matrix as shown in 
the circuit diagrBll} . . "Die seven columns are scanned by MS; any 
key contact is detected , on one of the eight retum lines RLo.7, 
meinorized by M6, and sig~ KYBD IRQ is passed to the CPU. 
The CPU responds by interrogating M6 Keyboard memory and 
acting on the specific key command. 

The LEDs in the keys are electrically arranged in an 8 x 4 matrix. 
The forir rows· are scanned by M4, and the eight columns receive 

. the appropriate bit patterns from M6 display memory. This 
memory is up-dated as required from the CPU data bus D0-D,. 

6.2.2 PROGRAMMABLE INTERFACE M6 
(Fig. 6.6) 

M6 interfaces the keyboard and LEDs to the instrument data bus. 
It is address~d by KYBD CS from the Digital assembly, to chip-· 
select CS which enables commands or data to flow via the data bus 
at DB0-7, The CPU sets address Ao to Logic-0 for data flow; but 
~o~. ~~ammin~ the interface for mode change or <luring 
lilltialization, Ao 1S set to Logic-1. 

6.2.2.1 Read/Write Control 

The WRT STRB signal · from the Digital assembly is applied to 
M6 WR. Data or Command is input to M6 from the CPU data 
bus during WR low and CS low, and is latched on the WR 
positive- going edge. 

The RD STRB signal from the Digital assembly is applied to M6 
RD. _!?ata is output from M6 on to the data bus <luring RD low 
andCS low. · 

6.2.2.2 M6 lnitialization 

Switching power on to the instrument causes M6 to be cleared by 
the PWR ON RESET pulse from the Digital assembly. The 
interface is then programm.ed <luring initialization as follows: 

a. Clock dlvider set to 'dlvide by elght': The memory 
clock (E) at approximately 680kHz is divided by 8 to give an 
intemal clock frequency of 85kHz. 

b. An lnherent division by 16 reduces the scan clock to 
5kHz giving a scan cycling frequency of 333Hz. 

c. Encoded Keyboard Scan: 
The scan output from S~ is a 4-bit count 
S~ is not used; SI.,i.1 seans M4, SI.,i.0 seans M5. 

d. Keyboard Mode: 
The intemal keyboard RAM is programmed as FIFO, input 
being routed via ~-0 retmn lines. Two-key lockout is 
employed with debounce. 

e. Display Mode: 
Eight character left ent:ry for the LED display. 
lnter-digit blanking: 

all l 's on B0-3 and Ao,3 between digits. 

6.2.2.3 M6 Reprogramming 

The Frequency Store key and the 13 dual tl keys have a 
reprogrammable function. When one of these keys is pressed, the 
P8279 is reprogrammed into Scanned Sensor Mode. When 
released, the P8279 reverts to Encoded Keyboard Scan Mode. 
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6.2.3 SCAN DECODING 

The encoded scan output from M6 (approximately 333Hz cycle 
frequency at SLz_o) is decoded by M5 to energize each key-matrix 
column line once every scan cycle. SLz_1 scan outputs are also 
decoded by M4A to energize each LED-matrix cathode driver once 
in every scan cycle for a period of two digits. 

6.2.4 KEY SELECTION 

The keys are electrically grouped within a matrix of 8 rows of 7 
(one position vacant - the Reset key is not part of the matrix). 
This does not conform to their physical grouping on the front 
panel. Bach of the eight retum lines RLo-7 defines a matrix row, 
whose seven elements are scanned by M5 (Low active). 

The keyboard memory RAM in the P8279 (M6) is an image of the 
key matrix, intemally synchronized to the SLz-0 column scan, and 
teceiving row inputs from RLo. 7. It thus stores the state of each of 
the 55 keys. The use of 2-key lockout rejects two or more 
simultaneous contacts. Any single key depression is debounced, 
initiating the intenupt KYBD IRQ to the CPU which then 
interrogates the keyboard image RAM in the P8279. 

The next action depends upon the key's ftmction: 

a. n key pre~d: 

i. M6 is reprogrammed into Scanned - Sensor mode for as 
long as the key is pressed, the CPU acting on the key 
information. 

il. If a single t or .J key is held down for longer than half a 
second, the display enters 'auto tJ ' mode, running at about 
3 digits per second. 

ili. When the key is released, M6 is retumed to Encoded 
Keyboard Scan mode. 
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b. 'Store' key pressed: 

i. M6 is reprogrammed mto Scanned - Sensor mode for as 
long as the key is pressed, the CPU acting on the key 
information. 

il. If an Fl to F5 key is pressed while 'Store' is held down, 
the appropriate frequency memory location is accessed, and 
the output frequency is reset to the value in the memory. 

ili. When the 'Store' key is released, M6 is retumed to Encoded 
Keyboard Scan mode. 

c. Any other key pressed (not 'Reset'): 

I. M6 remains in Encoded Scan mode; the scan continues as 
the CPU is acting on the key information. 

il. KYBD IRQ interrupts are generated only by the low-going 
edges of the key contact pulses, so M6 remains sensitive to 
subsequent key depressions. 

6.2.5 KEY LED OPERATION 

After perf onning the change requested by the key depression, the 
CPU changes the bit-patterns stored in M6 interna! display RAM. 
As this is scanned internally in synchronism with the decoded 
outputs of M4A, each output byte of Bo.3 / Ao-3 drives the row of 
LEDs accessed by M4A output lines. 

The bit-pattem of the byte selects the LEDs· to be lit in that matrix 
row: 

Bo.3 / Ao-3 bits at: Logic-1 = LEDs unlit; 
Logic-0 = LEDs lit. 

During changes of output between successive bytes, all the lines 
from Bo.3 / Åo.3 are set to Logic-1 to avoid spmious LED flashes. 

Transistors Q25-Q32 drive the LED anodes, from a +5V supply 
regulated by M2. Darlington amplifiers Q21-Q24 drive the LED 
cathodes. 



6.2.6 AUDIBLE WARNING BUZZER 

There are two reasons for an audible waming from the calibrator: 

When the instrument enters High Voltage State (>llOVDC or 
>75VRMS). A 4kHz tone is used, pulsed as described in the 
U ser's Handbook. 

When an inappropriate selection is attempted, or if any F All, 

or Error message is displayed. For this purpose a single 
500Hz 'Beeper' pulse is generated. 

6.2.6.1 High Voltage State Alarm Control 
( Circuit Diagram 43055 8 page 11.1-1) 

M4B and Ml act as a control latch for the quartz waming buzzer. 
With ALARM at Logic-1 (+5V) Ml remains unchanged; but with 
ALARM at Logic-0 (OV) the state of Ml depends on the condition 
of the Ao line: 

M48-15 
ACAlm 

M48-14 
Ao 

M1-8 

M1 -11 

Ao at Logic-1: the buzzer sounds a tone. 
Ao at Logic-0: the buzzer is silent. 
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I 
+SV 

I 
I »•1: 

ov 
I 
I ~:7 
I 

j+ LATCH 
I (ENABLED) 

DISABLE--1 

I 

I 
I ma: 
I 
I 

I 

I+ LATCH 
I (DISABLED) 

I 

I I I I 

·::71111111111111111111111111111111111111111111111111111n-
I I (LF T~= ~a:';~a~e1~1

i1tched) I I 

M4B / M1 Truth Table 

Ea As 00 8 01 8 M1-8 BUZZER 
(ALARM) (Aol 

0 0 1 0 1 DISABLED 

0 1 0 1 0 ENABLED 

1 X 0 0 NOCHANGE NOCHANGE 

0 .. OV; 1 = 5V; X= Either 1 or0 

F/G. 6.7 ACTION OF BUZZER CONTROL LATCH 

The latch is operated at CPU speed. Two ALARM pulses are used 
for each burst of sound. The first, with Ao at Logic-1, starts the 
burst; the second, with Ao at Logic-0, ends it. 

The waveforms and truth table in Pig .6.7 illustrate the action of 
the latch, with Ml-13 at Logic-0. 

During POWER ON initialization, the combination of ALARM at 
Logic-0 and Ao at Logic-0; is applied to M4B to force power-up 
in the disabled condition. 

The 4kHz HF TONE signal at Ml-9 originates in the Precision 
Divider counter which is situated on the Analog Interface 
Assembly. (Refer to Circuit Diagram 430648 page 11.3-2). 

The 500Hz LF TONE signal at Ml-13 remains at Logic-0 unless 
the 'Beeper' in the Analog Interface assembly is switched. 
(See section 6.2.6.2). 

Note that Ao may be used for other purposes when ALARM is at 
Logic-1, but this will not affect the buzzer state. 

6.2.6.2 'Beeper' Control 
(Circuit Diagrams: 430558 page 11.1-1, 

430648 page 11.3-3) 

The Alarm Control circuitry on the Front · assembly is overridden 
for Beeper control. During a 'Beep', the HF TONE signal is 
inhibited, and the LF TONE signal at Ml-13 is enabled to control 
the buzzer output. 

0n the Analog Interface assembly (page 11.3-3) the Beeper consists 
of a monostable timer and NAND logic. Unless a requirement 
arises fora 500Hz warning, the BEEP signal is at Logic-1. Thus 
M55-3 is at Logic-0, so M54-5 at Logic-1 inhibits the LF TONE 
signal, M54-4 remaining at Logic-0. M54-8 is at Logic-0 
enabling the 4kHz HF TONE, which is passed to the Front 
assembly at Ml-9 (page 11.1-1). 

When required, a single 'Beep' is originated by the CPU pulsing 
M34-3 (page 11.3-1) to Logic-0. This is the BEEP signal applied 
to the monostable M55-2. M55-3 rises to Logic-1 for approx. 
150ms until the monostable times out, then reverts to Logic-0. 
M54-8 isat Logic-1 <luring this period, inhibiting the HF tone and 
setting M54-11 to Logic-1. This is passed to Ml -9 on the Front 
assembly, where it ensures that Ml-12 is at Logic-0 to override 
any High Voltage alarm. M54-5 at Logic-0 enables the 500Hz 
LF TONE signal to pass via M54-4 to Ml-13 on the Front 
assembly ( see page 11.1-1). As M 1-12 is held at Lo gic-0 <luring 
the beep, the buzzer produces 150ms of audible 500Hz output. 
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FIG. 6.8 MODE AND OUTPUT DISPLAYS - FUNCTIONAL BLOCK DIAGRAM 



6.3 DIGITAL DISPLAYS 

The circuits described in this section perform the following 
functions: 

Storage of display data in a Display Image RAM, updated 
under CPU control. 

Generation of multiplex count which selects segment data 
from the RAM, and energizes the appropriate digital blocks in 
synchronism. 

Distribution of high voltage supplies to energize the plasma 
displays. 

6.3.1 GENERAL 
(Fig.6.8) 

The purpose of the Display Image RAM is to accept and store 
current display data, which is read out to drive the display 
segments. The Display Block Counter generates a 4-bit count at 
2kHz which seans the 11 digit-blocks of both displays in parallel. 
The same count seans the RAM, selecting segment information 
for each block in tum. As there are two displays, and therefore 
two RAM bytes to read for each block, the 'MODE' display data is 
first entered into a holding latch <luring the inter-digit blanking 
period at the start of the time-slot for its block. 

To update the displayed characters, the CPU writes into the RAM 
at high speed (680 kHz), using signal XDDSP to connect the 
Address bus through the Address Source Switch to the RAM. 
XDDSP also connects the Data Bus to the RAM through the Data 
Bus Buffers, writing the new segment data into the selected RAM 
Address. The high speed of the transfer, compared with the much 
slower scanning speed in Read mode, avoids spurious effects 
appearing on the displays. 

Each RAM address contains only 8 bits, but there are nine 
segments in each display block. Comma-segment information is 
therefore not written into its normal block address in the RAM, 
hut stored as a bit in a separate 'Commas' byte, which holds the 
data for all eight blocks having a comma. The byte is read out 
into a Commas Data Holding Latch, once every block-scan cycle, 
and then selected for .display by a Commas Multiplexer 8-into-1 
switch. 

Part of the Digital assembly (400559) houses the display 
multiplexer, which includes the display image RAM, the interdigit 
and multiplex counters, and control circuitry. 

The two plasma displays, the block multiplex decoder, segment 
drivers and high voltage circuits are located on the Front assembly 
(400558). The block diagram of Fig.6.8 shows the arrangement 
and main interconnections of the display circuitry. 

6.3.2 ST A TIC CONDITIONS 
(Circuit Diagram 430558 Page 11 .1-2) 

All plasma display block anades are driven from the +5V supply 
and all segment cathodes from the -175V supply. The supplies are 
connected by conduction of anode and cathode driver transistors: 

Anodes: 
Both Displays -

Cathodes: 
MODE display -
OUTPUT display -

QlO to Q20, 

Q2 to Q9, and Q41, 
Q33 to Q40, and Q42. 

When not energized, all anodes and cathodes are held at -70V by 
the action of 7 5V zener D 17. 

To energize a particular block (simultaneously on both displays), 
the multiplex decoder causes the relevant anode driver transistor to 
conduct, lifting its two anodes to +5V. 

At the same time, the two sets of data (for the characters to be 
displayed in the two blocks) are extracted from the Display Image 
RAM, and applied to the segment cathode drivers. Those 
segments selected for illumination are pulled to -175V, striking 
the discharge. 

Four keep-alive electrodes in each digit block (two anodes and two 
cathodes) are maintained at +5V and -175V respectively. This 
ensures a rapid strike when a digit is energized, helping to prevent 
inter-block 'streaming'. 
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6.3.3 WRITE MODE 
(Pig. 6.9) 
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FIG. 6.9 RAM ACCESS - WRITE MODE LOGIC 

Whenever the CPU is programmed to update a display (eg. for 
Range, Function, Mode or V alue change) it sets address decode 
XDDSP to Logic-1 with each byte of data to be transferred. This 
causes M3 l and M33 to select the CPU address lines ¼o which 
are mapped directly to the RAM address input lines 4 0. The 
RAM is placed into its write mode by signal XDDSP at Logic-0 
(Ml7-8, TP5, Ml6-16). 

The RAM Ml6 is divided into two sections, using the address bit 
Ai to differentiate between OUTPUT and MODE display images. 
When the CPU is loading the RAM with OUTPUT display data, it 
sets .Ai to Logic-1, passing to set Ml6-19 (A4) input to Logic-1. 
MODE display and COMMAS images are written into Ml6 

6.3.4 READ MODE 
(Pig. 6.10) 

Unless the CPU has data to update, the signal XDDSP remains at 
Logic-0, to hold the display multiplexer circuitry in Read mode. 
The RAM data bus is isolated from the CPU data bus by tri-state 
buffers Ml/M2, and Ml6 is chip-selected in read mode by Ml7-6 
and Ml 7-8 at Logic-1. 

6.3.4.1 Display Scan Address Interlacing 
(Circuit Diagram 430559 Page 11.2-1) 

M31-l (SEL) at Logic-0 causes the RAM to be addressed from the 
display block scan, mapping M41B outputs: Q4B, Q3B, Q2B, 
QlB to RAM- address input lines: Ao, A3, A2, A1 respectively. 
This bit-rotation interlaces the extraction of display data, in 
synchronism with the interlaced block selection by the Front 
Assembly Scan decoder. 
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with Ai at Logic-0 (M33-4 and 13 at Logic-1 in write mode). 
(In Read mode Ml6-19 is again used to differentiate between the 
two image sections). 

The signal XDDSP (Ml 7-8) enables the tri-state buffers Ml and 
M2, connecting the CPU data bus to Ml6 data input/output lines 
Da-7. With each byte of display data, the CPU also generates the 
write strobe signal WRT STRB. This is combined with XDDSP 
(Ml 7-6, Ml6-10, TP4) to enable Ml6 intemal Input/Output tri
state buffers to accept the data byte (chip select CS0). Once the 
display data has been loaded into the RAM, the CPU retums 
XDDSP to Logic-0 and the RAM reverts to Read mode. 

6.3.4.:t Block Multiplex Decoding 
(Circuit Diagram 430558 Page 11.1-2) 
(Pigs. 6.10 and 6.11) 

The 4-bit Block scan output MUX A3_0 from the multiplex scan 
counter M41B (dig) is used at DAT 4 1 input to M3 (on the Front 
assembly), which decodes it into a low-active 16-ljne scan S15_0. 

To strobe the commas, M3 output S6 generates the signal 
COMMA STRB, and its S13 terminates each scan by resetting 
M41B in the Digital assembly (MUX RESET). Outputs S7, S14 

and S 15 are not used. 

The other eleven M3 outputs switch transistors QlO - Q20 on 
sequentially, driving the anades of both plasma displays in 
synchronism. As can be seen from Pig. 6.11, the interlace is 
maintained to avoid consecutive activation of adjacent blocks, thus 
preventing inter-block 'streaming'. 
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6.3.4.3 Display Data Selection 
(Circuit Diagram 430559 Page 11.2-1) 

When the processor writes display data into the 
Display Image RAM, the ~ input is used to select 
the MODE or OUTPUT display data storage area 
(see para 6.3.3 and Fig. 6.11). In Read mode also, 
A4 is set to Logic-1 to read OUTPUT display data, 
and to Logic-0 for MODE or COMMA data. 

For an alpha-numeric display block, 18 bits of data 
could be required: 

One byte - OUTPUT display block segments; 
One byte - MODE display block segments; 
Two bits - COMMAS (one for each display). 

The problem of transferring two bytes of data along 
the single-byte RAM data bus is overcome by 
strobing each MODE display segment byte into a 
holding latch (M32), <luring the first 30µs of its 
block selection time-slot. The MODE display 
section of the RAM is selected by setting its A4 
input to Logic-0 for this 1nter-digit' period, <luring 
which the inter-digit blanking gates, (M42/43, 
M45/46), set all the segment lines going to the 
Front Assembly to Logic-0 (segments OFF). 

COMMAS data are stored in the Display Image 
RAM as a separate byte (refer to Section 63.4.6). 
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6.3.4.4 Display Timing 
(Pig. 6.12) 

Read mode is driven by a 32kHz square wave (Wavefonn 'A', 
generated from the 13-bit counter in the Analog Interface 
Assembly M15-11), used as clock for a 4-bit counter (M41A). 
The three most significant bits are combined at M30-10 to produce 
Wavefonn B, the display master-timing pulse, used also forinter
digit blanking. 

The following example explains how the display data is set up for 
the next display block in sequence, <luring the 62.5µs of the 
display timing pulse. 

Example 

Initial State: 
M41B count has already reached 1001, and the block-4 anodes of 
both displays are energized (Pig.6.11). 

The OUTPUT display data for block 4 is selected in the Display 
Image RAM (M16) to drive the segment cathodes fora figure '6', 
which appears on the OUTPUT display. 

Block 4 of the MODE display is showing a figure '3', and the data 
for this is being output from the MODE display Holding Latch 
(M32). The data held in M16 for the next byte (Block 6 of both 
displays) is: 

OUTPUT display -
MODE display -

Figure '8' 
Figure '7' 

Block Changeover: The next block is selected <luring the 
display master timing pulse (Pig. 6.12, Waveform B). 

a. The negative-going leading edge triggers the scan counter 
(M41B) whose output advances to 1010 (block 6). On the 
Front Assembly, M3 de-energizes ~ anodes and energizes ~ 
anodes. 

b. For the duration of the Display Master Timing Pulse (Logic-0 
at M12-14), the ~ input to M16 is set to Logic-0 as A3_0 
inputs are advanced to 0101. MODE display data for figure '7' 
is loaded onto the RAM data bus as follows: 
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i. Ml 7-6 at Logic-1 selects M16 at M16-10, 

ii. M17-8 at Logic-1 holds M16 in Read mode, 

iii. RAM address ¼o = 00101 reads MODE display block 6 
data onto the RAM data bus (M l/M2 isolates from the 
CPU data bus), 

iv. M30-14 at Logic-1 strobes the byte into M32 <luring the 
30µs of Wavefonn D, then retums to Logic-0 leaving 
figure '7' data latched at M32 output. 

v. M12-1 at Logic-0 blanks the two displays by setting 
M45/M46/M42/M43 outputs to Logic-0, regardless of 
their inputs from M32 and the RAM data bus. 

c. The positive-going edge of Wavefonn B lifts the RAM ¼ 
input (M16-19) to Logic-1, addressing the OUTPUT display 
section of memory. A3_0 is still at O 101, selecting block 6 
display data (in our example a figure '8') which it loads on to 
the RAM data bus. 

The end of the master timing pulse also releases the blanking 
by enabling gates M42/M43/M45/M46, so the data for both 
MODE and OUTPUT displays are now delivered to the cathode 
drivers on the Front assembly, to strike the gas discharge in 
the two energized ~ blocks. 

This condition persists for 437.5µs until the next master · 
timing pulse, when W aveforms B and C repeat the process for 
the next block of stored display data. 

At any time <luring the cycle, the CPU may force Write mode. 
This will not disturb the scan from M41B, hut XDDSP will reset 
M32 outputs to Logic-0 (M32-1/13). However, the speed of byte 
transfer from the CPU ensures that the data being transferred is not 
visible on the displays. Subsequently, each block will be driven 
by its new stored data. 
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FIG. 6.12 DISPLAY TIMING WAVEFORMS 

6.3.4.5 Display Segment Drive 
(CircuitDiagram 430558 Page 11.1-2) 

The strobed segment signals from the Digital Assembly are input 
to the Front Assembly on J1 pins 67-75 (MODE display) and J1 
pins 82-90 (OUTPUT display) . These are already synchronized to 

their blocks by the 4-bit block scan MUX A3_0 within the Digital 
assembly. 

For each block in sequence, the appropriate segment bit-pattem is 
set at the input to the segment drivers. For bits at Logic-1, the 
rise is passed through line capacitors to reverse-bias the DC 
restoration diodes and forward bias their driver-transistor bases. 
The segment cathodes are pulled down to -170V by the resultant 
collector currents, from their quiescent -70V. The correct block 
anode is simultaneously lifted from -70V to +5V by its anode 
driver transistor, striking the gas discharge and displaying its digit. 
For bits at Logic-0 the cathode drivers remain cut off. 

The above action proceeds for both displays simultaneously. The 
anode driver transistor energizes its corresponding block anode on 
both displays, at the same time as the cathode drivers are loaded 
with the correct block bit-pattem for their own display. 

The cathode driver emitter resistors contrnl the segment cathode 
currents for uniform brilliance of all segments. 

During change-over between blocks, all segment inputs at Logic-1 
are retumed to Logic-0 by the inter-digit blanking strobes 
M42/43/45/46 on the Digital assembly. This tums off the drive 
transistors and blanks the display. The high scan frequency and 
persistence of the operator's vision prevents the blanking being 
observed on the display. 
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6.3.4.6 Comma Logic (Figs. 6-10 and 6.13) 
(Circuit Diagram 430559 Page 11.2-1) 
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OldA11 
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Blankad by M12-13 --.•"I~-- Always Logic-0 -+/ NewA2 
Data 

FIG. 6.13 COMMA LOGJC- TIMING WAVEFORMS 

The comma is the ninth segment (i) in each of the numerical 
display blocks. It cannot fit into a block's byte in memory, as 
there are only eight bits per byte. But all the comma information 
can be stored in a single byte of memory in the RAM (RAM 
address O 1100). This is possible although there are nine numerical 
blocks, because the ninth block never requires a comma. Legend 
blocks A10 and A11 do not have a segment (i). 

The RAM COMMA data is updated by the CPU in Write mode, 
and is read out (as though it were another display block) by M41B 
scan O 110 <luring the master display pulse (W aveform B sets RAM 
,¾. input to Logic-0). The same MUX combination 0110 selects 
S6 output from M3 decoder on the Front Assembly, which sets the 
signal COMMA STRB to Logic-0. 

Thus for the duration of S6 = 0, (500µs); the COMMA data is on 
the RAM data bus, hut the blanking gates prevent it reaching 
segments (a)-(h). 

6.3.4.7 Comma Drive Multiplexing 

The COMMA STRB signal is inverted and combined with the 
Data Loading Strobe at M30-13 as a Logic-0 pulse, whose 
positive-going edge clocks the comma data into latches M14/15, 
approximately 30µsec af ter it has been loaded on to the RAM data 
bus. The permanently-enabled ouputs from these latches are input 
as Xo.7 into the 8-into-1 multiplexer M13 <luring a complete MUX 
scan until the next COMMA STRB signal. 
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The block-multiplex scan from M41B selects the correct X input 
to synchronize with activation of its display block anode. This is 
output from M13-14 (Z), into blanking gates Ml2. 

Comma information is blanked <luring COMMA STRB, and by 
inter-digit blanking <luring display-block change-over (M12-7). 

The Comma drive line from M12-5 to the front panel, via J2-88, 
controls segment (i) cathode driver for the OUTPUT display. 

If commas are required on the MODE display (e.g. in 'Spec' 
operating mode +Lim or -Lim) they will always be in the same 
display blocks as the OUTPUT display. When this mode is 
selected, the CPU pulses the COMMAS line to Logic-0 at the 
same time as Address line Ao goes to Logic-1. Tristate buffer 
outputs Ml-11 and 13 go to +5V, setting M2-13 output to +5V 
(Logic-1). Outputs Ml-13 and Ml-11 go tristate when the 
COMMAS line returns to Logic-1, leaving M2-13 latched to +5V 
by the positive feedback action of Rl 1. So M44-2 enables the 
comma data to the MODE display segment driver, via J2-73, to 
copy the OUTPUT display commas on to the MODE display. 

When MODE display commas are not required, Logic-0 (OV) is 
set on A0 with COMMAS signal at Logic-0. Thus M2-13 latches 
to Logic-0 and M44-2 disables the flow of comma data to the 
MODE display. 

ill 
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6.4 ANALOG·CONTROL INTERFACE 

The circuit:ry described in this section perfonns the following 
functions: 

Provides a two-way interface via a serial data linlc between out
guard digital processing and in-guard an;llog control circuitry on 
the reference divider assembly (see Fig. 6.14). 

Monitors the CPU operation, serial transfer, digital supply 
failure and restart operations (watchdog), imposing a controlled 

6.4.2.1 The Transfer Cycle (Fig. 6.14) 

The CPU uses an address-code signal AN 1/F STRT (Analog 
Interface Start) to initiate each 24-bit shift, by triggering a separate 
clock generator (M2, M3, M4) which produces a burst of 24 clocks 
per shift. Data is clocked in a serial string through a continuous 
loop comprising: 

saf ety default condition if there is a danger of losing digital ----..__ • 
control of the analog functions. 

the 48-bit, serial in/parallel out, analog control shift register; 
the 16-bit, parallel in/serial out, status shift register; 
back to the SSDA receiver (Rx DATA). 

A manual reset of the safety monitor is provided on the front panel 
( see Fig. 6.17). 

6.4.1 GENERAL 

Safety and Control information is input from Digital (400559) and 
Front (400558) Assemblies to out-guard circuits located on the 
Analog Interf ace Assembly ( 400648), processed and transferred across 
the 'Guard' isolation barrier to in-guard circuits in the Reference 
Divider Assembly (400652). After further processing in the 
Reference Divider Assembly, safety and control information is 
output to the following assemblies: 

Sine Source Assembly (400446), 
AC Assembly ( 400663 ), 
PA Assembly (400618), 
DC Assembly ( 400536), 
Current/Ohms Assembly (400614), and 
High Voltage Assembly ( 400537). 

Certain selected 'Status' signals, ongmating in the analog 
assemblies, are returned to the CPU during the data transfer. Thus, 
the data link forms a continuous loop, as shown in Fig.6.14. 

6.4.2 SERIAL DATA TRANSFER (Fig. 6.14) 
(Circuit Diagrams: 430559 Page 11.2-2, 
430648 Page 11.3-3, 430652 Pages 11.4-4 and 11.4-5) 

A bi-directional serial data link passes information across the guard 
isolation screen; passing CPU commands to control the in-guard 
analog circuitry, and returning critical status signals from the guarded 
circuits back to the CPU. 

The link is managed by a synchronous serial data adaptor (SSDA) 
which, having first been loaded with three bytei; of control 
instructions by the microprocessor; transmits the resultant 24-bit 
word across guard one bit at a time, via its Tx DATA channel. 

The 48 bits necessary to control the analog circuitry thus require two 
successive 24-bit transmissions. 

Simultaneously · with each 24-bit transmission, the SSDA receives a 
24-bit word via its Rx DATA channel, enabling the CPU to parity
check its retumed data, and obtain the status of the analog functions. 

The serial data string is correctly located after two 24-bit shifts, so 
then the SSDA generates a strobe pulse which: 

a. Transfers the data present in the serial data string of the six 8-bit 
analog-control shift registers (M27, M25, M31, M19, M30, 
M15) into their enabled parallel output registers and onto the 
analog control bus. 

When the strobe ends, further transfer is disabled and the 
registers' output data is latched. 

b. Injects the status data at each of the 8-bit parallel inputs of the 
two status shift registers (M18, M22) into corresponding 
locations in the serial data string. 

When the strobe ends, the parallel inputs to the status registers 
are disabled. 

After the strobe pulse, the CPU initiates a further circulation of 
serial data (including the status data), in order to obtain the status 
data and retum the analog control bits to the SSDA Rx DATA 
register for parity checking by the CPU. 

This extra (confimatory) circulation requires three more 24-bit shifts, 
so a complete data transfer consists of five shifts. If no error is 
detected, the SSDA provides a trigger-enable to allow updates to 
prevent activation (BARK) of the watchdog circuits. 

If an error is detected on the first transfer, the CPU activates a second 
complete transfer, and then a third if an error is detected on the 
second. If the error persists after the third transfer, the trigger-enable 
is withheld, and the instrument will shut down under the control- of 
the 'W atchdog' safety monitor. 

All interfacing between out-guard and in-guard circuits is achieved 
using electrically-isolating opto-couplers. 

6.4.2.2 Data Transfer Organization (Fig. 6.15) 

Data is transferred serially via the SSDA, control registers and status 
registers as directed by the CPU. 

The exchange of data between the CPU and SSDA is made in bytes 
of 8 bits on the instrument data bus, each exchange comprising three 
bytes (24 bits) of parallel data. 



The shifts of serial data through the in-guard circuit are synchronized 
by clocks which are controlled from the CPU, and the SSDA Rx 
return registers are cleared when read by the CPU. 

Once the in-guard serial data is correctly positioned at the inputs to 
the control registers, the SSDA generates a strobe which enables its 
transfer to the parallel outputs of the control registers. The same 
strobe enables injection of the data on the parallel inputs of the 
status registers inta the serial data string. 

The transfer operaticm requires five serial data shifts, each of three 
bytes, through the registers. During this operation: the control 
registers are loaded with bytes of new data (ND); the status registers 
are loaded with new status data (NS); and the whole of the ND and 
NS data is returned to the CPU, which: 

a. verifies that the analog control bits of the serial data string return 
to the SSDA Rx DATA register without error. This indicates 
that at least, the correct bit pattern was applied to the analog 
control register inputs at the time the strobe was generated. 

b. acts upon the status &ta received. 

6.4.2.3 Transfer Sequence 

The sequence of events in the transfer operation is as 
follows; referring to Fig. 6.15: 

a. Three bytes of new data, ND 1, ND2 and ND3 are loaded inta the 
SSDA transmitter registers; this data is destined for control 
registers Dl, D2 and D3. The SSDA receiver registers were 
cleared when last read by the CPU. 

b. A burst of 24 clock pulses, initiated by ~he CPU, shifts all data 
three bytes to the right. After the shift is completed, the 
transmitter registers are loaded with new data bytes ND4, ND5 
and ND6 (dcstined for control registers D4, D5 and D6). During 
this period, rio transfers are made between the serial data string 
and the parallel control or status registers. 

c. A second burst of 24 clock pulses again shifts all data three 
bytes to the rjght. New data bytes NDl to ND6 are now 
correctly positioned in control registers Dl - D6. After 
completion of the shift, three dummy bytes are loaded into the 
transmitter registers. Old data in the receiver register is ignored. 

d. With new data bytes NDl to ND6 correctly located, the SSDA 
generates a strobe pulse. This pulse: 

i. latches the 48 bits of bytes NDl to ND6 at the parallel 
outputs of control registers Dl to D6; 

il. enables the parallel inputs of status registers S1 and S2, 
loading two new status bytes NS 1 and NS2 and clearing old 
data OD5 and OD6 from the registers. 

e. A third burst of 24 clocks again shifts all data three bytes to the 
right. The CPU reads bytes NSl, NS2 and NDl from the 
SSDA receiver registers (the CPU may take immediate action on 
NS returns). After the shift is complete, new data bytes NDl, 
ND2 and ND3 are re-loaded intu the transmitter registers. 

f. A fourth burst of 24 clocks again shifts all data three bytes to 
the right. The CPU reads bytes ND2, ND3 and ND4 from the 
receiver registers. After the shift is complete, new data bytes 
ND4, ND5 and NDE are re-loaded inta the transmitter registers. 

g. A fifth burst of 24 clocks again shifts all data three bytes to the 
right. Bytes ND5 and ND6 are read from the receiver registers. 
The CPU has now read all new data and status bytes and the 
transfer sequence ends. If an error is detected between n~w data 
transmitted and new data received, the transfer process is repeated; 
three attempts are allowed before a fault condition is declared. 

6.4.3 SYNCHRONOUS SERIAL-DAT A 
ADAPTOR 
(Circuit Diagram 430648 Page 113-3) 

6.4.3.1 SSDA Initialization 

When power supplies are first switched on or an externa! reset signal 
EXT RST is applied, the signal PWR ON RST (Power 0n Reset) is 
held at Logic-0 for approximately 8ms. 

During this period, the SSDA is latched in a reset condition to 
prevent erroneous output transitions at its Tx and Rx interfaces; the 
interna! transmit registers are inhibited to prevent the loading of data 
from the data bus and the SSDA strobe output is held at Logic-1. 

After PWR ON RST returns to Logic-1; the instrument state is 
initialized by the firmware program. This routine clears the latches, 
registers and SSDA strobe. 

6.4.3.2 Parallel Data lnput From CPU 

The conditions for parallel data on the data bus to be accepted by the 
SSDA are as follows: 

a. Chip-select SSDA CS at Logic-0. 

b. Read/Write command R/W at Logic-0. This controls the 
direction of data flow via the Data Bus through the SSDA 
input/output port. When R/W is at Logic-0, data on the Data 
Bus is written inta a selected register within the SSDA. 

c. The memory clock 'MEM CLK' 682.6kHz square wave 
synchronizes the SSDA operating cycle to that of the CPU. 

With register address bit Ao at Logic-1 and input conditions present 
as above, the SSDA accepts data from the data bus inta a 3-byte 
internal FIFO register. The data is entered over several MEM CLK 
cycles and stored in the FIFO register in readiness for serial 
transmission from the SSDA. 

When the address bit Ao is at Logic-0, data transferred inta the 
SSDA are recognised as programming instructions. The SSDA is 
programmed as part of the initialization routine. For details of 
'Control Byte' operation, refer to Motorola 6852 data sheet. 
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6.4.3.3 Parallel Data Output to CPU 

The conditions for data to be read back from the SSDA on to the data 
bus are as follows: 

Chip-select SSDA CS at Logic-0. 

Read/Write command R/W at Logic-1. 

Memory dock, MEM CLK, present. 

The data read from the SSDA may be from one of two sources, 
selection being made by address bit Ao: 

With Ao at Logic-1, received data from the serial data input FIFO 
is transferred to the data bus. 

With A0 at Logic-0, the CPU reads an intemal SSDA status 
register. 

6.4.3.4 Serial Data Transmission 

Serial data transmission is controlled by the CTS (clear to send) 
input to the SSDA. Transmission is inhibited by CTS at Logic-1, 
and enabled when ffi is set to Logic-0 by the CPU address-code 
signal AN I/F STRT. The first serial bit is transmitted by the 
negative transition of the first full positive Tx dock pulse (256 kHz) 
after CTS has been set to Logic-0. CTS is held at Logic-0 by the 
AN 1/F STRT latch for the duration of 24 full Tx clock pulses, thus 
enabling the serial shift transmission of the 24 data bits from the Tx 
Data FIFO in the SSDA. 

6.4.3.5 Serial Data Reception 

Serial data is received by the SSDA, controlled by the DCD (data 
carrier detect) level and docked by Rx CLOCK. DCD is common to 
the transmit control CTS so that transmission to, and reception from 
the serial/parallel shift registers is synchronous. Both Rx CLOCK 
and Tx CLOCK have the same frequency hut Rx CLOCK is inverted 
with respect to the latter. The first bit arriving at its Rx DATA 
input is clocked into the SSDA Receive FIFO register on the 
positive transition of the first full Rx dock after DCD is set to 
Logic-0. 

6.4.4 SSDA CLOCK GENERATION 

Serial data is transmitted and received in bursts of 24 data bits. Three 
docks are used to time the flow of bits, ensuring that: 

Data has time to settle before being docked along the shift 
registers. 

The first Rx data sample is taken before it is lost by the first bit
shift 

Subsequent Rx data has time to settle before being sampled by 
the SSDA. 

Exactly 24 bits are shifted in each burst. 
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6.4.4.1 SSDA, Tx and Rx Clock Action 
(Pig. 6.16) 

The three clocks are derived from the 256 kHz square wave output 
from the 13-bit counter. The 256 kHz squarewave is used directly as 
the signal 'Tx CLOCK' into the SSDA. 
(Refer to Circuit Diagram 430648 Page 11.3-2 - M15-14). 

After CTS is set to Logic-0, the negative transition of the first full 
positive pulse triggers the first serial Tx data bit setup. 
(Refer to Pig. 6.16 Waveforms G and H). 

'Rx CLOCK' is an inverted version of the 256kHz squarewave. 
After DCD is set to Logic-0, the positive transition of the first full 
Rx dock cycle triggers the SSDA. The SSDA thus samples the 
first Rx data bit before the SSDA dock triggers the shift registers. 
(Pig. 6.16 Waveforms K and J). 

'SSDA CLOCK' is also an inverted version of the 256kHz 
squarewave. The inversion allows approximately 2ms of data setup 
time for all serial data bits prior to clocking the data along the shift 
registers. SSDA CLOCK is gated at M2-3 by the action of M3-12 
to ensure that the first Rx data is sampled before it is lost by the first 
bit-shift. 24 clock pulses are counted by M4, allowing 24 bits to be 
shifted before resetting the Analog lnterface Start latch M2-11 (TP3) 
to Logic-1. 
(Refer to Pig. 6.16 Waveform I). 

6.4.4.2 SSDA Clock Circuitry 
(Circuit Diagram 430648 Page 11.3-3) 

The following paragraphs describe the action of the SSDA dock 
generator circuitry. 

The action of the SSDA dock generator is initiated by the command 
AN 1/F STRT from the CPU. This occurs after the parallel data has 
been loaded into the SSDA transmit registers from the data bus. The 
Logic-0 pulse of AN IF STRT sets flip-flop M2-10/11 to give a 
Logic-0 at TP3 which then: 

Sets the D input level of flip-flop M3-5; 

Removes 'SET' to enable shift register M3 at M3-6 and M3-8; 

Removes 'RESET' to enable counters M4 at M4-7 and M4-15. 
(Refer to Pig. 6.16 Waveforms A and C). 

At the next rising edge of the inverted 256 kHz (Rx CLOCK) from 
~M43-8 after AN 1/F STRT, the shift register M3 is docked hut only 
M3-1 'Q' output changes state to Logic-0. This is applied to the 
SSDA CTS and DCD inputs, thus releasing the inhibits on the 
SSDA transmit and receive registers. 
(Refer to Pig. 6.16 Waveforms D and E). 

At the next (second) rising edge of the dock to M3, M3-12 changes 
to Logic-1. This allows NAND M2-3 to pass 256 kHz dock pulses 
via buffer M5-12 to the Reference Divider Assembly to shift the 
serial data string along the analog-control and status registers. 
(Refer to Pig. 6.16 Waveforms D, F and I). 

The 256 kHz dockat NAND M2-3 is applied to the 4-bit up-counter 
clock input at M4-1, each rising edge causing the counter to 
increment by 1. 
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The divide-by-16 output M4-6 is applied to enable M4 at its M4-10 
input ; the fälling edge occurring at count-16 and incrementing the 
second counter to produce, at M4-1 l, a Logic-1 output. Later, at 
count-24, M4-6 changes again to Logic-1, and together with M4-11 
output, gives a Logic-0 from NAND M2-4, causing the following 
actions: 

a. Flip-flop M2-12 is reset to give Logic-1 at TP3. 

b. The Logic-1 at TP3 sets shift register M3 to give: 

i. Logic-1 at M3-1, thus inhibiting OCD and CTS; 
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B 
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H 
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ENO COUNT 
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ns / om 

SSOA CLOCK 
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M2-1 

Tx (LOCK 

Tx DATA 

SSOA (LOCK 
M 2-3 

Rx DATA 

Rx CLOCK 

0 
2 

il. Logic-0 at M3-12, disabling NAND M2-3 and thus 
stopping any further SSDA clocks. 

c. The Logic-1 at TP3 resets the up-counters M4 causing: 

i. the counter outputs to fall to Logic-0, inhibiting further 
counting; 

ii. NAND M2-5 to rise to Logic-1, re-setting flip-flop M2-12 
to prepare for the next AN l/F STRT input. 

(Refer to Fig. 6.16 Waveforms I, B, C, E and F). 
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6.4.5 SERIAL/P ARALLEL CONVERTER 
(Circuit Diagram 430652 Pages 11.44 and 11.4-5) 

Serial control data transmitted from the SSDA (Analog Interface 
Assembly), together with their control signals (SSDA strobe and 
SSDA clock), enter the Reference Divider Assembly via the Mother 
Assembly. 

The data and signals cross the isolation barrier through opto-isolators 
M6, M7 and M8 into guard. 

Serial control and status data is retumed out of guard to the SSDA 
receiver via opto-isolator Ml. 

6.4.5.1 Logic Levels 

The nominal logic levels (Logic-1 = +5V, Logic-0 = OV) used in the 
out-guard SSDA circuits, are offset at the opto-isolator outputs to: 

Logic-1 = IOV, Logic-0 = 15V; 

and level-shifted for the in-guard circuitry to: 

6.4.5.2 

Logic-l=OV, Logic-0 = 15V 

Serial-In/Parallel-Out 
Control-Data Convertors 

Six 8-bit serial shift registers M27, M25, M31, M19, M3O and M15 
each have latchable parallel outputs. Their serial "D" inputs and 
"Q's" outputs are cascaded to forma single 48-bit serial shift register. 
M27 receives 'serial data in' from M8 via the level-shifting buffer 
M36-4, and M15 passes serial data on to the Parallel-in/Serial-out 
Status-Data converters. 

6.4.5.3 Parallel-In/Serial-Out 
Status-Data Conver ters 

Two 8-bit serial shift registers M18 and M22 each have parallel 
inputs. M18 serial "Ds" input accepts serlal data from M15; M18 
"Q8" output is cascaded to M22 "Ds" input; and M22 "Q8" output 
delivers SERIAL DATA OUT to buffer Mll-11 and back to the 
SSDA via Ml opto-isolator: 

M18 and M22 thus form a 16-bit serial shift register whose 16 
parallel inputs' states can be inserted into the serial data string. 

6.4.5.4 Serial Data Cycling 

The serial data, organized into five blocks of three bytes (Refer to 
Section 6.4.2.2), is accompanied by synchronized bursts of 24 
clocks. The output from opto-coupler M7 is buffered via level
shifter M36-2 and then inverted at M14-6. The timing of the 
positive clock edges allows all bits of serial data (distributed 
throughout the shift registers) to stabilize before being clocked on. 

Af ter the CPU has generated two bursts of data and clock pulses, the 
serial control data has shifted into the correct positions in control 
registers M27, M25, M31, M19, M3O and M15. So before the third 
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burst of three bytes, the SSDA produces a strobe which writes the 
control data into their parallel outputs. Simultaneously, the strobe 
also tills the 16-bit serial register of M18 and M22 with the status 
data present on their parallel inputs. 

When the strobe ends, further transfers between serial and parallel 
registers are disabled. The new control data remains latched in the 
parallel control registers, and the new status data is in the serial 
status register ready for shifting to the SSDA Rx DATA register 
through guard. 

The control and status bits in the registers are then circulated by three 
further bursts of clock pulses, until the CPU has read both the new 
status data and all the control data that were written by the strobe. 
Verification that the retumed control data is identical to the 
transmitted data, ends the transfer. 

If after three attempts, the retumed data does not match the 
transmitted data; the CPU omits to re-trigger monostable MIO in the 
Reference Divider Assembly. MIO times out and allows the signal 
BARK DEL to go to Logic-0, disabling the 48 control data outputs 
by 'tri-stating' the registers M27, M25, M31, M19, M3O and MlS. 

6.4.5.5 Parallel Control-Data Outputs 
and Status-Data Inputs 

The data latched in M27, M25, M31, M19, M3O and M15 outputs 
control the operation of the Analog circuitry. The effects are 
therefore described in the sub-sections relevant to their destinations. 

As this is a multi-purpose converter, designed for use in more than 
one model of instrument, some of the control and status lines are not 
used. 

6.4.6 

6.4.6.1 

SAFETY MONITOR (WATCHDOG) 
(Fig .6.17) 

Watchdog Signals 

The watchdog circuits continuously monitor the CPU/SSDA 
functional process. Detection of a processor malfunction by the 
watchdog results in the following actions: 

a. BARK. This signal: 

i. removes the drive from the primary of the High Voltage 
(lkV) transformer, 

ii. disables the 40ÖV Power Supply, and 
ili. disconnects the Current Assembly output from the 

instrument output terminals. 

b. BARK. This is retumed as a status bit to the CPU via the 
SSDA to signal a failure. 

c. BARK DELAYED. This occurs 47ms after BARK and 
disconnects the AC Voltage Power and Sense circuits from the 
instrument output terminals . 

d. BARK DELA YED. This signal disables the registers of the 
serial/parallel data converters. 



6.4.6.2 Eff ects at Power-on 

The watchdog outputs are manipulated by the power-on reset circuits 
as follows: 

BARK DELAYED and BARK DELAYED are held active for 
80ms from power-on and then are allowed revert to the inactive 
state only after two SSDA strobes have been detected. 

BARK is forced active until CPU/SSDA functioning has been 
verified; the latter must occur within 470ms of power-on. 

BARK is held inactive for 470ms from power-on, after which it 
provides a F AIL message to the CPU. 

6.4.6.3 Eff ects after 'Reset' 

Operation of the Reset control on the front panel provides a further 
lOOms period for the CPU/SSDA functional process to settle, <luring 
which time the watchdog circuits must verify correct functioning 
before their outputs are reset. 

6.4.6.4 Watchdog Trip Action 

The watchdog is tripped if the system falls to transmit analog-control 
updates to the analog circuitry. The updates are of two types: 

Transfer of 'Output value' data via the Analog Interface 
comparators, 

Transfer of analog switching data via the SSDA every 40ms. 

The CPU generates pulses at 8ms intervals to verify that the correct 
output value has been latched into the Analog Interface comparators. 
These pulses are allowed to pass into guard only if the SSDA 
verifies that the analog switching data is being transferred normally 
at 40ms intervals. Once in guard, the pulses prevent the watchdog 
flip-flops from generating their four BARK output signals, by re
triggering a monostable (Ml0-4: 18ms) to hold it in its unstable 
state. 

If two or more pulses are missing, M 10 releases the hold, and the 
watchdog flip-flops 'Bark', activating the safety circuitry. They will 
be missing if the output value comparators are incorrectly updated; if 
the SSDA falls to generate 'Transmit' pulses fora period exceeding 
470ms; or if the CPU crashes. 

6.4.7 

6.4.7.1 

WATCHDOG cmCUITRY 

Out-Guard Watchdog 
(Circuit Diagrams 430648 Section 11.3 

and 430652 Section 11.4) 

The CPU verifies the validity of each serial-interface transfer by 
giving the SSDA an instruction to generate a 'Watchdog Enable' 
trigger. This 'W.DOG ENBL SET pulse (M44-7 on page 11.3-3), 
triggers watchdog-enabling monostable M29-11 (page 11.3-1). 

W.DOG ENBL SET triggering and retriggering extends the natura! 
(470ms) unstable state of M29 indefinitely. Unless the retriggers 
fail, the M29-9 output (W. DOG ENABLE) remains at Logic-0. 
Absence of W.DOG ENBL SET retriggers, for longer than 470ms, 
allows M29-9 to restabilize to Logic-1. 

W.DOG ENABLE is inverted at M43-3 and applied to NAND gate 
M46-12 (page 11.34). 

During each successful processor cycle, the CPU addresses M51-9 
(Digital Assembly page 11.2-2). The resulting low active pulses at 
8ms intervals are inverted. and gated with WRT STRB to generate 
the active-low signal W.DOO at M49-ll. 

W.DOG travels via the Mother Assembly to the Analog Interface 
Assembly to be gated with the W.DOG ENABLE signal at NAND 
M46 (page 11.34). The resulting signal at M46-13, W.DOG, 
consists of positive-going pulses at 8ms intervals when the 
CPU/SSDA system is working normally, or a Logic-1 level if the 
SSDA fails. 

The W.DOG signal travels via the Mother Assembly to be passed 
into guard on the Reference Divider Assembly (Opto-coupler M9 on 
page 11.4-5). 
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6.4.7.2 In-Guard Watchdog 
(Circuit Diagram 430652 Page 11.4-5) 

NOTE: 
The operating levels of the in-guard CMOS circuits are 
negatively displaced as follows (nominal voltages): 

Opto-coupler output circuits 

Logic-0: -15VDC Logic-1: -lOVDC 

Digital CMOS circuits 

Logic-1: OV Logic-0: -15VDC 

Level-shifter M36 carries out the interfacing between these two 
levels. 

The W.DOG' sign~ is opto-coupled inta guard by M9. During 
normal operation: the W.DOG in-guard positive-going pulses, at 
8ms intervals, keep re-triggering the monostable Ml0-4 to give a 
continuous Logic-0 at Ml0-7. The 18ms unstable state of MlO 
allows for one pulse to be absent, hut if two or more pulses are 
missing, MlO resets, taking Ml0-7 to Logic-1. 

The logic level from Ml0-7 is connected directly to the set input of 
flip-flop Ml3-6. With the reset input to M13-4 held at Logic-0 
<luring normal operation, the output conditions of M13-1 and M13-2 
are as follows: 

Set input M13-6 = Logic-0 (no fault); 
M13-1 (Q) = l..ogic-0 - BARK not active 
M13-2 (Q) = Logic-1 - BARK not active 

Set input M13-6 = Logic-1 (malfunction); 
M13-1 (Q) = Logic-1 - BARK active 
M13-2 (Q) = Logic-0 - BARK active 

The action of M13-2 changing to Logic-0 triggers the monostable 
Ml0-11 which has a relaxation time of 47ms. After 47ms, Ml0-9 
output clocks flip-flop M13-ll to give the command BARK DEL 
from M13-13 and BARK DEL from inverter M14-12. 
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6.4.7.3 Power-On Reset 
(Circuit Diagram 430652 Page 11.4-5) 

When power is first applied, the build-up of the 15V supply forces 
shift register M37 Set inputs to Logic-0, hut its Reset inputs are 
held at Logic-1 by the charging action of R122/C7. 

So M37 is forced into reset state for about 80ms: 

M37-2 imposes Logic-1 at Ml3-8 Set input. 

M37-1 at Logic-0 holds MlO inactive at Ml0-3, thus 
prev,enting random triggering at Ml0-4 from erratic W.DOG 
inputs, as the SSDNCPU functions start up. 'Q' output Ml0-7 
holds M13-6 Set input at Logic-1. 

Also, the Reset inputs M13-4 and M13-10 are held at Logic-1 fora 
period of 470ms from power-on by the signal FP RST, generated by 
the power-on reset action of M53 on the Digital Assembly. 
(page 11.2-2). 

Therefore, the Set/Reset inputs Ml3-8/Ml3-10, initially both at 
Logic-1, force M13-13 output to Logic-1 to give active BARK 
DELA YED and BARK DELA YED outputs. 

The Set/Reset inputs M13..:6 and M13-4, also initially at Logic-1, 
force: 

M13-l to Logic-1 (Active BARK), and 
M13-2 to Logic-1 (Non-active BARK). 

The output states of M37 (M37-l = Logic-0, M37-2 = Logic-J) 
remain unchanged af ter the 80ms time constant at M37 Reset inputs, 
hut then M37-11 is free to be triggered from the SSDA strobe input. 
Two strobe inputs must occur before M37-1 clocks to Logic-1 and 
M37-2 to Logic-0. Ml3-13 now changes to Logic-0, making 
BARK DELA YED and BARK DELA YED inactive, and the inhibit 
is removed from Ml0-3. 

The outputs M13-1 and M13-2 remain unchanged until Ml0-7 falls 
to Logic-0 by the clocking action of pulses on the W.DOG input. 
This must occur before M13-4 returns to Logic-0 (at 470ms from 
power-on) for BARK to be made inactive, otherwise BARK remains 
active and BARK is set to Logic-0, producing a fail status bit which 
is passed to the CPU. 

I 
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6.4.7.4 Malfunction 
(Fig 6.17) 

Any malfuncti.on which introduces one of the following conditi.ons 
will cause the watchdog to bark: 

a. CPU WRT STRB falls at Logic-0. 

b. M51 on the Digital Assembly does not receive the address to 
activate M51-9. 

c. Failure of transmission of bursts of the W.DOG ENABLE SET 
pulses from the SSDA to M29 (The SSDA is not transferring 
serial data). 

d. The SSDA Strobe is not triggering M37. 

e. W.DOG pulses are not triggering MIO. 

As well as these failures the CPU is informed, via SSDA Status 
byte transfer, of certain analog malfunctions. Subsequent CPU 
action can include deliberate acti.vati.on of the watchdog by omitting 
to address M51 as in (b) above. 

6.4.7.5 Reset 

Once the watchdog has 'Barked' it can be reset, if the malfunction has 
cleared, by pressing the Reset control on the front panel. 

The Reset input to the watchdog circuit, FP RST, is acti.ve for 
lOOms after pressing the Reset key. (M53-9 on Digital Assembly 
page 112-2). During this period, the Reset inputs at M13-4 and 
M13-10 are held at Logic-1, allowing the correct pulse inputs from 
the processor and SSDA to hold M13-6 at .Logic-0, and to reset 
BARK DEL at M13-13 to Logic-0. The watchdog will not reset if 
the malfuncti.on persists. 
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6.5 PRECISION DIVIDER 

The out-guard circuitry described in this section performs the 
following functions: 

Rcceives and latches the demanded output value from the CPU in 
the form of a 25-bit word. 

Generates a continuous 13-bit up-count from the 1.024MHz 
Master Clock (8ms count cycle). 

Compares the 13-bit count with the 13 most-significant bits of 
the 25-bit word, generating 'Set' and 'Reset' pulses. These are 
transferred inta guard to trigger the 'Most Significant' JFET 
switch in the Reference Divider. 

Compares the 12 rnost-significant bits of the count with the 12 
least-significant bits of thc 25-bit word, generating 'Set' and 
'Reset' pulses. These are transferred into guard to trigger the 
'Least-Significant' JFET switch in the Reference Divider. 

The out-guard circuitry is located on the Analogue Interface 
Assernbly. 

The in-guard circuitry performs the following functions: 

Provides a Master Reference Voltage (20.6V) which is chopped 
by the 'Most Significant' JFET switch to generate a square-wave, 
whose Mark/Period ratio is controlled by the 13 most-significant 
bits of the 25-bit word. A 7-pole Bessel filter smooths the 
square-wave to provide a DC voltage, whose value varies directly 
as the Mark/Period ratio of the MSB square-wave. 

Provides a Buffered Reference Voltage (8.83V) which is choppcd 
by the 'Least-Significant' JFET switch to generate a square-wave, 
whose Mark/Period ratio is controlled by the 12 least-significant 
bits of the 25-bit word. A 3-pole Besscl filter smooths the 
square-wave to provide a DC voltage, whose value varies directly 
as the Mark/Period ratio of the LSB square-wave. 

Conditions the two DC voltages produced by the Bessel filters, 
dclivering them via full 4-wire connections to be summed on 
eithcr the DC assembly (for DC output selections) oron the AC 
asscrnbly (for AC outputs) as a DC 'Working Rcference'. 

The value of this reference voltage is accurately proportional to 
tlle value demanded by the CPU's 25-bit word. For DC outputs, 
with polarity changeover switching, it can have values between 
+20V and -20V (including zero); but as a reference for AC 
outputs, its value lies between +0.126V and +2.79V . 

For AC outputs only, the in-guard circuitry digitally generates a 
stepped AC refercnce voltage whose peak value is equal to the 
DC Working Reference Voltage. This gives the Scnse/Reference 
Comparator ( described in sub-section 9 5) the considerable 
advantage of comparing AC Sense against AC Reference. (lf AC 
were compared with DC, small DC off-scts would magnify and 
lead to 'DC turnover' errors). The AC waveform is constmcted 
in ten stcps by a digitally controllcd switching network. It has 
been given the name 'Quasi-Sinewave". 

The in-guard circuitry is locatcd on the Reference Divider ~ssernbly. 



6.5.1 PRECISION DIVIDER COMPARATORS 
(Circuit Diagram No. 430648 Section 11 3) 

6.5.1.l General (Figs. 6.18 and 6.19) 

The corriparators are designed as a means of translating a binary word 
into the accurately defincd Mark/Period ratio of a square-wave. The 
ratio of the square-wave's average value to its peak value 
subsequently defines the division ratio applied to the Master 
Reference, and must be adjustable at high resolution. 

The required decimal resolution translates into a 25-bit binary word, 
each bit needing to exert control of the division ratio. A single 
comparator of this length would require more than 30 million clocks 
to scan, which at sensible dock frequencies would occupy several 
seconds. To filter out the resultant ehopping frcquency would require 
large and expensive components, and force unrealistic operational 
lime constraints. 

In the Datron Precision Divider, the 25-bit word is split into two 
parts (13 most-significant bits - MSB; 12 least-significant bits -
LSB), a sean-cycling frequency as high as 125Hz is obtained. 

Both MSB and LSB comparators are scanncd eoneurrently by the 
same 13-bit counter, forming two separate square-waves. These act 
on two separate reference divider switches and filters to gcnerate two 
separate DC voltages whieh are subsequently reeombined, giving the 
required resolution. 

In summary, the two comparators trans late information from the 
CPU into time-related pulses which control mark/period switching in 
the reference divider. One comparator operates on the thirteen most
signifieant bits of CPU data; the other deals with the twelve least
significant bits. The comparators perform concurrently, cycling 
continuously at 125Hz, taking 8ms per full count 

At the start of each 8ms counting period, each comparator generates a 
SET pulse to start ils referenee divider 'Mark' element. Then after 
precisely-measured delay times, each generates a RESET pulse to 
terminate the 'Mark', and start the 'Space'. 

At each 8ms full-eount, the clock rcsets and continues up-counting 
from zero. 

6.5.1.2 Comparator Operation (Fig. 6.18) 

The MSB and LSB Data Buffcrs are pcriodically loadcd and latchcd 
with binary 'Dcmanded Output V alue' data under the control of the 
CPU. 

At the end of each comparator counting cycle, the 13-bit counter 
FULL COUNT output enables the generation of set pulscs SET 1, 
SET 2 and SET 3 by the MSB and LSB 'Syne Logic' eireuits. 

FULL COUNT also generates the LOAD command. This writes the 
data, currently latchcd in the buff ers, into working data latches which 
form the 13-bit and 12-bit Data Registers, updating the earlier 
'Dcmandcd Output Value' which is resident in thc comparator. 

The MSB and LSB comparators translate this binary data into 
'RESET' pulses, whose time relationships to the 'SET' pulses are 
established by the value of their binary words. 

6.5.1.3 13-Bit (MSB) Comparator 
(Circuit Diagram No. 430648 Page 11.3-2) 

The 13 binary outputs of the up-counter scan the 13 Exclusive-OR 
elements of the MSB Comparator. With the least-significant bit at 
512kHz, and the most-significant at 125Hz, the 8ms scan time thus 
divides into 8192 time elements, each of 977ns. 

Each lime element has a unique binary code, incrementing by one bit 
on its predecessor. When this coincides with the bit-pattern set in 
the data register, the comparator provides an output pulse to the 
MSB syne logic. The latter generates reset pulses RST 1 and RST 2 
in synchronism with the signal SYNCl (2.048MHz). 

6.5.1.4 12-Bit (LSB) Comparator 
(Circuit Diagram No. 430648 Page 11.3-1) 

This functions in the same manner as the MSB comparator, but 
scanning only twelve bits over the same 8ms counting period, thus 
accommodating 4096 lime elements of 1954ns for each binary 
increment. 

SYNC2 pulses, generated in the MSB Syne Logic circuitry at half 
the rate of SYNCl, synchronize the RST3 output from the LSB 
Syne Logic. 

6.5.2 

6.5.2.1 

COMPARATOR CIRCUIT ACTION 

Input Data Latches 
(Circuit Diagram 430648 Pages 113-1 and 11.3-2) 

The input buffered data latchcs M31 to M34 and M37 to M39 receive 
27 data bits in four bytes from the buffered data bus. Latches are 
selected by signals REF DIV 1, 2, 3 or 4 from the memory address 
decoding on the digital pcb. Data is clocked to the 'Q' outputs of the 
latches on the positive-going edge of WRT STRB. 

Data from the input latches is used as follows: 

25 bits form a data word to the comparator registers M47, M48, 
M49 (part), M51 and M52. The rcmaining 3 bits from the data 
latches are uscd for separate functions: 

a. M34-5 triggers monostable M29 (part), whose Q output is 
inverted and buffered to provide the control UPD (OG) used in 
the relay drive logic for analog switching. 

b. M34-4 (EXT FREQ SEL) selects between the interna! 16kHz 
synchronizing f requency and lhe 16kHz output from the Extern al 
Frequcncy Input Buffer. 

c. M34-3 (BEEP) triggers thc Beeper monostable M55, which is 
activ ated ~o draw attention to display messages. 
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6.5.2.2 13-Bit Counter 
(Circuit Diagram 430648 Page 11.3-2) 
(Refer to Pig 6-20 for Wavefonns) 

The counter consists of three 4-bit binary counters M15, M16, Ml 7 
and J-K flip flop M42 (half dual package). The squarewave outputs 
from the counter are on 13 binary-coded lines, the first (least
significant) being a 512kHz squarewave, the others successively 
divided in frequency to the most significant output of 125Hz. 

Bit 1 is provided by J-K flip flop M42, which toggles on each 
f alling edge of the 1.024MHz clock to give 512kHz Q and Q 
outputs. These outputs are used as follows: 

a. The two complementary 'Q' outputs together provide the least
significant input to the 13-bit comparator; 

b. The Q output controls the counting rate of M15, synchronizes 
M16 and Ml 7, and is used in the gating of FULL COUNT. 

Counters M15, M16 and Ml 7 are cascaded as a 12-bit counter and are 
synchronously clocked by the 1.024MHz. M15 can count only 
when its count-enable input M 15-7 is set tb Logic-1 by the Q output 
of M42. 

As M42 output is at 512kHz, clocking of M15 occurs on the rising 
edge of alternate 1.024MHz clocks, thus giving outputs of 256, 128, 
64 and 32kHz squarewaves from Ml5. 

Counter M16 is enabled by the carry output from M15 together with 
512kHz from M42 at the count-enable pins M16-10 and Ml6-7 
respectively, thus giving outputs of 16, 8, 4 and 2kHz squarewaves 
from Ml6. 

Counter Ml 7 functions in a similar manner to give outputs of lkHz, 
500, 250 and 125Hz squarewaves. 

The 2µs-long 'Carry' output from Ml 7 occurs at the end of the 
125Hz output when all counter outputs are at Logic-1. The carry 
output is NANDed with M42Q output to give the lµs-long logic 
command FULL COUNT. The counting cycle resets and continues, 
starting from bit 1. 
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6.5.2.3 13-Bit Comparator Action 
(Circuit Diagram 430648 Page 11.3-2) 

The 13-bit comparator provides a Logic-1 output at TP12 whenever a 
coincidence occurs between the following two sets of data: 
a Data set in registers M47, M48 and M49-1; 
b. Data from 13-bit counter M42, M15, M16 and M17. 

Twelve exclusive-OR elements M25, M26, M27 and three NOR 
gates of M12 are used to detect a coincidence. The data in the 
registers is preset by the CPU, while that presented by the 13-bit 
counter cycles through every binary combination possible on 13 
lines. 

Two coincidcnt inputs to an exclusive-OR gate provide a Logic-0 to 
the 12-input NOR gates M24/M23; full coincidence in bits 2 to 13 
is shown by a Logic-0 at NAND M13-6. Coincidence at bit 1 is 
shown by Logic-0 at M12-13 and Ml2-4 (M12 acting as an 
exclusive-OR gate) as follows: 

M12 INPUT PINS OUTPUT PINS 

6 11 9/12 4 13 

0 1 0 0 0 
} Only 4 input 0 1 1 1 0 combinations 

1 0 0 0 1 available 
1 0 1 0 0 , 

A BUSY signal is generated by the comparator at NAND M50-13 
(TP2) when the 13-bit counter approaches full count. Bits 8 to 13 
are at Logic-1 for the period of 125µs prcceding the end of the 
counter cycle (see Fig. 6-21). The BUSY level is applied to the 
M49 D-input at pin 9 and is synchronously clocked through as the 
signal REF BUSY to buffer M45-2 by 1.024MHz. 

As described earlier, the demanded output value is defined by the 
CPU to a resolution of 25 bits, contained in four data bytes. The 
time needed for the 4-byte transfer could allow the latches to contain 

spurious data until they were fully loaded, and an inaccurate parity 
could be registered with the counter still running. The counter must 
not be interrupted, as its full count defines the 'period' of the mark-to
period ratio used to control the division of the reference voltage. It is 
therefore necessary to reduce the loading time, and this is achieved by 
double-latching the data. 

When the ,CPU has data to load into the input data latches, it first 
interrogates the comparator by enabling buffers M45 using the signal 
REV DIV RO. The REF BUSY signal at Logic-1 (M45-3) indicates 
to thc CPU that enough time is available to load the latches (at least 
125µs remain before the LOAD pulse occurs). 

If the REF BUSY signal is at Logic-0, the CPU waits until it 
retums to Logic-1 again. 

When the REF BUSY signal is ai Logic-1, the CPU loads the data 
by first carrying out four transfers of one byte each into the seven 
quad buffer latches M31 to M34, and M37 to M39. Each byte's 
destination is addressed by one of the chip-select signals REF.DIV.I 
to REF.DIV.4, which enables the selected buffer latches. The data is 
latched by the WRT STRB signal. 

Once the full 25-bit word has been latched into the buffers, it is 
available as a single word at the data inputs of the comparator latches 
M47, M48, M49, M51 and M52. The CPU again interrogates the 
comparator by REF DIV RO, and five of the elements of M45 buffer 
the five most-significant data bits back to the CPU. If parity with 
the transmitted data is confirmed, the CPU takes no action. When 
the counter times out, the FULL COUNT signal is clocked through 
to M14-6 by SYNC 2 as the LOAD signal, and the new data is 
transferred into the comparator latches. 

If the data latched in the buffers is not as transmitted, the CPU 
initiates the F AIL 4 message procedure to the operator. 

8 ms 

FULL COUNT 
-u----------------------------~ 

?11~~ ~ 

-----------------.~ 125fS . __.r L ________ _J 

1·024 MHz ----------------------4 
REF BUSY 

-----------------~ . r 
l_ ______ __J 

FIG. 6.21 BUSY WAVEFORMS 
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6.5.2.4 'Most Significant Bits' SYNC Logic 
(Circuit Diagram 430648 Page 11.3-2) 
(Refer lo Fig. 6.22 for Wavcforms) 

This circuit, M14, M6, M7 and M8, provides the following signals: 
SYNC 2, LOAD, SET 1, SET 2, RST 1 and RST 2. 

SYNC 2 is obtained by NAND gating 1.024MHz and SYNCl to 
give a synchronizing pulse at half thc ratc of SYNCl. 

The LOAD pulse enables thc 13-bit comparator registers, and is 
generated at M14-6 at the end of the countcr's full-count output. 
FULL COUNT sets the D input M14-2 and the level is clockcd, 
invcrted, from M14-6 by the next two SYNC 2 pulscs that occur. 

The inverse of LOAD is used to timc the pulse SET 1 by NOR
gating at M7-4 with 1.024MHz. The M7-4 pulse is NAND-gated 

2·048 MHz _J 

1·024 MHz I 
SYN( 1 -17 n 

I 
I 
I 
I I 

SYN( 2 7J 
-1 l-30 To 70ns 

FULL COUNT 

LOAO 

M 7-4 

M7-10 

with SYNCl to provide SET 1 from M8-l. The pulse SET 2, 
which occurs 977ns before SET 1, is obtained by gating the signal 
FULL COUNT with 1.024MHz at NOR M7-10 and then NAND
gating at M8-10 with SYNCl. 

Resct pulse generation ( see Fig. 6.23) is initiated by a Logic-1 level 
at TP12. This can occur at any one of the 8192 binary counts of the 
13-bit counter, its actual time slot depending on the binary count at 
which the coincidence occurs. 

The coincidence level at TP12 is NAND gated at M6-8; M6-10 being 
at Logic-1 for all binary counts except 8191. The Logic-0 at M6-8 
is NOR-gated at M7-1 with 1.024 MHz, this is then used lo select 
the next SYNCl pulse via NAND M8-4 to provide the pulse RST 1. 

I I 

n n rL 
Li u-

L 

Li 

Li 
FIG. 6.22 MSB SYNC LOGIC WAVEFORMS 
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The coincidcnce lcvel at TP12 is used to set the D input at flip-flop 
M14-12. This level is clocked to NAND M6-5 by the next SYNC 2 
pulse. NAND input M6-4 is at Logic-1 except when LOAD is 
active, thus M14-9 output is inverted at M6-6 to be NOR-gated with 
1.024MHz at M7-13. This is then used to selcct the next SYNCl 
pulse via NAND M8-10 to provide the pulse RST 2. 

The pulse-timing examplc given in Pig .6.23 shows the generation of 
RST 1 and RST 2 whcn coincidence occurs in the comparator at 
binary count = 0 (waveforms in continuous lincs). 

Coincidence occuring at binary count 1 causes RST 1 and RST 2 to 
increment in time by 977ns with respect to the SET 1 and SET 2 
pulses (waveforms in broken lines). 

977ns. 

SYN( 1 

RST 1 and RST 2 are generated with the same relationship in time 
to the comparator coincidence when the latter occurs in any binary 
count timc slot from O to 8190 (inclusive). 

Note that as the comparator word increments in value, RST 1 and 
RST 2 increment in time after SET1 and SET 2, which remain 
stationary with respect to FULL COUNT and LOAD. 

RST 1 and RST 2 are inhibited when coincidence occurs at binary 
count 8191 to allow for the re-loading of the input registers at the 
end of the counter cycle. The inhibit is performed by the level of 
FULL COUNT going to Logic-0 and NAND M6-10, preventing 
RST 1 being generated; and by flip-flop M14-5 output going to 
Logic-0 for the period of the load pulse, inhibiting RST 2. 

~--+----I ~--u _u-
--~ ;------

LOAO 

FULL COUNT • 

I 

I 

I 
I 

TP 12 COH 
---------7 

PARATOR COINCIOENCE ---- --- -... 
' 

H 7-1 I 
I 

I 
r----, 

-- ____ 1___ I 

I I 

1'114·9 

-+-------.:.! I 

I u ! 
i 

I - ·-------~ 
-----1-- i-- - i 

1'17-13 I- ~----, --i------ 1- -- ! 
1 I ----------- ' 

I .• I ~-~------rtJ iKf2 
Bl NARY COUN T 

-a 19 0 

ENO OF COU~TER ~ 
CY CLE I 

NEXT COUNTER -
CYCLE 

FIG. 6.23 MSB SET/RESET PULSE GENERATION 
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6.5.2.5 12-Bit Comparator Action 
(Circuit Diagram 430648 Page 11.3-1) 

This functions in an idcntical manncr to the 13-bit comparator 
previously describcd. Twelve exclusive-OR gates, M19, M20 and 
M21, receive the 12-bit binary output from the common countcr and 
compare these bits with the data in the data registers. 

The least-significant bit changes at a rate of 256kHz, and the most
significant bit at 125Hz. Coincidence occurring in any of the 4096 
binary-count time slots available in the comparator cycle is shown as 
a Logic-0 at TP5 fora period of 1954ns. 

1·024MHz 

FULL COUNT 

TP5 COMPARATOR COINCIDENCE (BINARY 0) 

FULL COUNT 

TP5 

=4094 

COMPARATOR COINCIDENCE 
(BINARY 4095) 

BINARY COUNT =4095 

6.5.2.6 'Least Significant Bits' SYNC Logic 
(Refer to Fig. 6.24 for Waveforms) 

The timing of SET 3 is controllcd by the FULL COUNT pulse from 
thc 13-bit counter. The inverted FULL COUNT at M43-6 is gated 
with the invertcd SYNC 2 from M43-11 to give, at M46-1, SET 3. 

The comparator coincidence logic level is invertcd to Logic-0 at 
M12-1; M12-2 being at Logic-0 except when FULL COUNT is 
low. The waveform at M12-1 lasts for 1954ns and therefore allows 
two consecutive SYNC 2 pulses to be gated to M46-4 (RST 3). 

This condition exists for all RST 3 timings except at the binary 
count of 4095; in this instance, the FULL COUNT pulse occurs 
after the gating of the first SYNC 2 pulse, sets M12-2 to Logic-1 
and so prevents the second pulsc appearing at RST 3. In practice, 
the second pulse of RST 3 has no operational significance. 

-------1954ns------•-I 

BINARY COUNT~O 

FIG. 6.24 LSB SET/RESET PULSE GENERATION 
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6.5.3 REFERENCES and REFERENCE DIVIDER 
(Circuit Diagrams 430652 Section 11.4) 
(Refer also to Fig. 6.19) 

The set and reset pulses from the precision dividcr comparators 
control the timing of JFET switches, which in tum chop the Master 
Reference voltages. 

The chopped references are filtcred to generatc two voltages whose 
levels are proportional to the MSB and LSB squarewaves' 
mark:period ratio (duty cycle). These MSB and LSB voltages are 
conditioned, and transferred to the AC Assembly by full 4-wire 
sensed connection where they are summed at a star-poi.rit to generate 
a Working Reference: 'REF+Ve'. The output voltage increments at 
high resolution (0.03ppm: approx. 0.6µ V), with a maximum 
possible range of adjustment of 0-20V. 

6.5.4 MASTER REFERENCE 
(Circuit Diagram 430452 page 11.4-7) 
(Refer also to Fig. 6.25) 

The Master Refercnce dctermines the fundamental long and short
term stability of the whole calibrator. It is a separate pcb mounted 
on the Reference Divider assembly. 
(Refer to the Layout Drawing facing Page 11.4-7) 

The basic ciruit shown in Fig. 6.25 acts as a constant-current 
generator for a zener reference. 

The random character of zener drift in the short-to-medium term may 
in the long term be regarded as averaging to zero. The averaging 
action of the eight zener diodes (shown on Page 11.4-7) reduces the 
short and medium term variations (due to drift and noise) by a factor 
of "18, which is effectively three times as stable as a single zener 
diode. 

The diodes and resistors are selected and matched for near-zero 
temperature coefficient; . the overall instrument values are shown 
together with the stability and accuracy specifications in Section 6 of 
the User's Handbook. 

At manufacture, the zener operating current is adjusted for zero 
temperature coefficient, by selectively removing links TLAl-5 and 
TLBl-5. 

The zener voltage of +24.5V at TP3 and TP4, with respect to 
Common-Rl, is reduced by R24/R25/R26 to +20.6V. This is an 
approximate value, hut it has high temperature and time stability. 
Correction constants for the Absolute Reference voltage values are 
stored in non-volatile memory, and applied to affect the Mark/Period 
ratio of the JFET Reference Divider switching squarewave. During 
instrument recalibration, these constants are updated. 

6.5.5 REFERENCE BUFFER-DIVIDER 
(Circuit Diagram 430652 Page 11.4-2) 

R80 and R81 drop the 20.6V Master Reference voltagc (V Ref) to 
+8.83V. M23/Q40 is a voltage-follower providing +8.83V with 
respect to Common-4 at the star-point TPll to supply the Least
Significant Digit switch. 

The high resolution associated with the full 13-bit count and a 20V 
reference is advantageous for DC outputs. Such resolution, however, 
is not strictly necessary for the accuracies associated with AC 
outputs; and also the 1 V Range is the ha.sic AC range, all other 
ranges employing either attenuation or amplification. 

For AC outputs, therefore, the working refcrence is rcduced to a rangc 
from 0.126V to 2.79V by software. This results in a reduction of 
the maximum mark:period ratio of the chopping waveform to about 
0.14. 

FIG. 6.25 
BASIC REFERENCE CIRCU/T 

M2 buffers the +20.6V for transmission, at the same value, to the 
'Most Significant' Switch in the Reference Divider. Delivery is by 
sensed connection, the Reference Common-Rl being connected to 
the Reference Divider Common-4 by a low- resistance wire link from 
pinA. 

6.5.4.1 Buffer M2 - Temperature Compensation 
(Circuit Diagram 430452 Page 11.4-7) 

At manuf acture, the temperature compensation applicd to M2 is 
adjusted by R29 (SET TC SLOPE). This adjustment requires 
specialized test cquipment and should not be attempted by users. lf a 
fault is suspected on the Reference PCB Assembly ( 400452), contact 
your Datron Service Center. 
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6.5.6 LEAST-SIGNIFICANT-DIGITS SWITCHING 
(Fig.6.26) 

6.5.6.1 Switch Driver 

SET 3 and RST 3 pulses from the LSB Comparator in the Analog 
lnterface Assembly are transferred inta guard via pulse transformers 
Tl and T2, whosc centre-tapped secondaries are balanced about 
Common-4 OV (Tl) and +9V (T2). 

Q5-Q8 form a fast bistable using emittcr-coµplcd logic, to switch 
TPl between +9V (mark) and +20V (space). During the "Mark" 
time after SET 3 pulse, Q29 and Q30 are switched ON, connecting 
LKA to +9V Ref. Ql-Q4 have the same bistablc action as Q5-Q8, 
switching Q31 off <luring the "Mark" period by -11 V at TP2, thus 
disconnecting LKA from Common-4 (OV). During the "Space" time 
after RST 3 pulse, Q29 and Q30 disconnect LKA from +9V Ref, and 
Ql-Q4 switch Q31 on, connecting LKA to Common-4 (OV). 
Fig .6.26 demonstra~s this action. 

TP1 + 9V 

+9V-----------

LKA 

TP2 

6.5.6.2 JFET Switch and 3-Pole Filter 

The combined action of the switch FETs altemately provides 
charging current for the 3-pole filter (<luring "mark") and discharging 
current (<luring 'space'). 

Two JFETs _in parallel (Q29 and Q30) are necessary to equalize the 
charging and discharging time-constants by matching the "ON" 
resistances. This preserves linearity of the filter output voltage over 
the full range of mark/period ratios applied via the set and reset 
pulses. 

The 3-pole filter has the advantage of not being in series with the 
DC output signal. The 125Hz ripple content is reduced to a leve! 
which is acceptable within the overall instrument specification. The 
filter output is buffered by voltage-follower M 16. 

TP1 +9V 

+2ov------~----. 

TP2 

ov-------

11 Space 11 

- ~--------~-- 8m S F i xed Period -------------~ -

RST 3 
- ~- Position is value-dependant 

TP~20Vl -l-
+9V ~---------------~-

OV 

TP
2-11vl -1-

LKA+O~VJ -1-
FIG. 6.26 ACTION OF LSD SWITCH 
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6.5.6.3 Offset Bias Amplifier 

M20 pcrforms a dual rolc: 

a. Its gain is set to 1/3 by R65/R64 

b. Its output is levcl-shifted to providc an offsct bias for summing 
(this allows the summcd output to have a negative zcro offsct). 

Also a small thennal coefficient zero correction is factory-preset 
(D10/R85). 

M20 transfer function is approximately as shown. 

The actual values arc as set digitally in software, aff ecting thc 
mark:pcriod ratio of the I-FET switches, using stored calibration 
constants. 

6.5.7 MOST-SIGNIFICANT-DIGITS SWITCHING 
(Circuit Diagram No. 430652 Page 11.4-1) 

The large refercnce voltage (20.6V) and the necd for higher resolution 
makes the MSB Switching circuitry more complex than for LSB; 
hut the principlc is the same: the set and resct pulsc-timing adjusts 
the mark:period ratio of the squarc wave fed to the filter. 

The arrangement used for the MSB switching satisfies two 
essential requirements: 

a. The charge and discharge path resistanccs for the 7-pole filter 
must be closely matched. 

+27.SV 

TP8 Voltage 
· (3V Span) 

+24.SV 

ov TP6 Voltage 
(9V Span) 

+9V 

b. The leakage current of the path switched off must be minimal. 

Rcquirement (a) demands that the matched dcvices used in both paths 
are of the same type (P-channel JFETs have approximately 10 times 
the "on" resistance of N-channel types). But without the voltage 
standoff and leakage current shunt created by the guard switch, the 
pinch-off gate voltage for one of the paths would be high enough to 
generate gate-leakage current in excess of requirement (b ). 

A description of the Main and Guard Switch action is given overleaf. 
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5.5.8 MAIN and GUARD SWITCHES (Fig. 627) 
(Circuit Diagram 430652 Page 11.4-1) 

~efer to Fig. 6.27, in which only the Space to Mark (SET) state 
ransfer a-b-c is shown. 

rhe Mark to Space (RESET) transfer is symmetrical c-b-a. 

t316V V ref -11V 
(al TPS 20 6V TP3 

10V ov 

+20 6V 
( b) 

10V 

The switch driver flip-flops establish thc voltage shown at TP3, 4 
and 5 as controlled by the set and rcsct pulscs. The drivers are ECL 
fast bistables, hut note that Q19 and Q20 are included in the main 
swilch driver as a level-shifter for Q32/Q35. 

+ 20 · 6V 
+206V 

( C I 

lOV 

+20 6V · 
+20 6V 

.---+------iQFF .---+-----4QFF 

SET 2 

SET 1 

0\/ 
TP4 

-1,V 

+ 31 6V 
TPS 

+20 6V 

+ 20 6V 
TP3 

"'11 V 

LKS 
Sw1tch Oulput 

ov 

TP4 
ov 

Rt26 

- 11 V 

, . 

-11V 4 

0 5,u s . I 
( a) Fil ter d1scharg1ng through 

034 and 037 

(bl Filter charging through 

0 33 and 036 only 

ic) Filter charging through 

033 , 036 , 032 ond 035 

FIG. 6.27 ACTION OF MAIN AND GUARD SWITCHES (MSD) 

5.8.1 Switch Timing 
(Fig. 6.27) 

fi pulsc is dclaycd by 0.5µs after SET 2 pulse, and RST 2 is 
laycd by 0.5µs aftcr RST 1. 

T 2 and RST 2 pulscs control thc timing of Q36, Q33, Q34 and 
7 in thc main switch (TP4 and TP5). 

(Q 

SET 1 and RST 1 pulscs tum Q35 and Q32 on and off (TP3). 
Bccausc of thc 0.5µs dclays, Q35 and Q32 conduct only <luring thc 
timc that Q36 and Q33 arc also conducting. 

-· 
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6.5.8.2 Filter Discharge Path 

In Fig. 6.27( a) thc switchcs are in "space" state: 

Q37 and Q34 are tumed on by TP4 at 0V, to provide the filter 
discharge path. 

Q33 and Q36 are tumed off by TP5 at +31.6V, 
Q32 and Q35 are tumcd off by TP3 at -11 V. 

The filter discharges via resistor R79 and FETs Q34 and Q37. 
During both Mark and Space periods, R79 (78.7kOhms) is a major 
determinant of the 7-pole filter charge and discharge currents. 
Because in 'space' state the 'On' resistances of Q34 and Q37 (3.Q-5.Q 
each) are very small in comparison, the potential at link B can be 
regarded as zero when considcring thc effects of the other switching 
voltages. 

Reverse leakage currcnts in JFET junctions are normally of the order 
of a few picoamps unless the junction voltages are much in exccss of 
20V. To control lcakage effects from the four JFETs which are 
tumed off, the cathode of diode D20 is conncctcd to the common 
junction of the four devices. Its anode is retumed to the junction of 
R125 and R126, closc to +lOV. 

The reverse leakage characteristics fora 1108 FET (Q35 and Q32) are 
generally several times hcavier than fora J174 (Q36 and Q33). This 
means that in this switch, the lcakage currcnts via Q35 and Q32 out 
of the common junction arc 4-5 limes greater than those entering via 
Q36 and Q33. 

The net lcakage out or' the junction holds D20 slightly in forward 
bias, so that its cathode cannot rise above about +10.3V, whcn the 
four FETs are tumcd off in 'space' state. Thus D20 guards the 
'buffer' FETs Q33 and Q32 from the effects of the relatively high 
voltage on Q36 gate. The effects of the buffcr FETs' own leakages 
on the voltage at the filter input can be regarded as ncgligiblc, 
because Q33 leakage currents towards LKB are virtually balanced by 
those away via Q32. 

6.5.9 7-POLE FILTER 
(Circuit Diagram 430652 Page 11.4-1) 

M26, M28, M32, Q41 and Q42, togcther with associatcd capacitors 
and resistors, form a 7-pole Bessel filter in three active elements; 
providing approximately 135dB of attenuation at the 125Hz 
switching frcquency and increasing at a r~te of 140dB/decade. This 
allows sufficicnt bandwidth to avoid cxcessivc seLtling time while 
rcducing the output ripple to within instrument spccificaLion. Q41 
and Q42 sourcc-followers provide input bias currents for M26 and 
M28 from the 15V supplics, and buffer thc line from bias-current 
effects. M32 bias-currcnt eff ects arc insignificant. 

6.5.8.3 Filter Charge Path 

To prcscrvc linearity ovcr thc full range of Mark:Pcriod ratios, the 
filter charging path time constant must closcly match that of the 
discharge path. Q35 and Q32 are factory-selected to forma matched 
set with Q34 and Q37, all J108 N-channel FETs (the 'on' resistance 
of P-channel FETs in a true complementary switch would be much 
highcr, of the order of 30.Q-40.Q). Nevcrtheless, to avoid high 
voltagcs being dcveloped across Q35/Q32 when changing betwecn 
statcs (causing excessive leakage), P-channel FETs are employed. 
Q36/Q33 are switchcd on before (and switchcd off after) Q35/Q32. 

Fig. 6.27(b) shows this intermcdiate state aftcr SET 2 and before 
SET 1, and Fig. 6.27(c) illustrates the fully-conducting state after 
SET 1. Note that for descriptive purposes, the sccond step on LKB 
wavcform is heavily cxaggeratcd, and is not readily vicwed on an 
oscilloscope. The slightly longer charging time-constant <luring this 
half micro-second, due to the higher rcsistance of Q36/Q33, is not 
sufficient to disturb the linearity of the filter in excess of 
specification. 

The voltagc bctween TP4 and LKB <luring 'mark' state is somc 31 
volts. In the absence of D 19, an adverse voltage distribution could 
causc excessive rcverse leakage in Q37. D19 controls the 
distribution by limiting the voltage at its cathode to about + lOV, 
constraining Q37 sourcc-gatc voltage to a tolerable 20.SV. 

The '+Ve SUMMING AMP' filter output DC voltage (TP13), is fed 
to a buff cr amplificr for subsequent summing with the output from 
the Least-Significant SwiLch offscL-bias amplificr. RlOl and C51 
prevent any spike remnants from the chopper-stabilized buffcr 
amplificr being fcd back into thc filter. 
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6.5.10 SUMMING AMPLIFIER 
(Circuit Diagram 430652 Page 11.4-3) 

6.5.10.1 '+ VE SUMMING AMP' Buffer 

M33, M34 and Q44 buffer the '+Ve SUMMING AMP' voltage 
output from the 7-pole filter (this is proportional to the Mark/Period 
ratio of the 13 most-significant bits of the binary word which defines 
the instrument output valuc dcmand). 

M33 isa high-gain, chopper-stabilized integrator with a bandwidth of 
approximately lOHz, and Q44 provides additional bandwidth for 
rejection of HF common-mode noise. 

M35, D14, D15, Q48 and Q49 generate boot-strapped supplies to 
preserve full dynamic-range linearity. Q46 and Q47 establish 3mA 
constant-current drives for D14 and D15. 

The whole amplifier acts as a voltage-follower, M34/Q45 providing 
the output drive, buffering the output of M33 and Q44. The output 
'Hi O/P' is delivered to the DC assembly via RL2 for positive DC 
outputs, or via RLl if the output is to be negative. For AC 
outputs, it is always dclivered to the AC assembly via RL2 (RLl 
being permanently de-energized for AC ranges). The output is sensed 
either in the DC or AC assembly to account for the volts-drops in 
the connecting circuit. The sense feedback voltage 'Hi SENSE' is 
applied to the inverting input of the whole buffer via R98. 

For a zero count in the MSB comparator, the filter output voltage is 
approximately +3.2inV, and a full count of 8191 would produce 
+20.6V. These are the voltages which are developed at the buffer 
output. 

6.5.10.2 '-VE SUMMING AMP' Buffer 

M38, M39 and Q51 buffer the '-Ve SUMMING AMP' voltage 
output from the Offset Bias Amplifier derived from the 3-pole filter 
(this is proportional to the Mark/Period ratio of the 12 least
significant bits of the binary word which defines thc instrument 
output value demand). 

The dynamic range of the.filter output voltage was originally defined 
by the Reference Buffer (8.83V) for efficient operation of the FET 
switching circuitry. 

It was scalcd in the Offset Bias Amplifier to give +27.5V for an LSB 
comparator count of zero (from approx. + 1. lm V at TP6), and 
+24.5V for a full count of 4095 (from +8.83V at TP6). It now 
needs to be scaled down so that it has correct pröportionality to the 
'+Ve SUMMING AMP' dynamic range. 

R99 and RIO0 attcnuate the '-Ve SUMMING AMP' input voltage by 
a factor of 0.8545 x I0-3. At zero count, +27.5V is rcduced to 
+23.5mV, and at full count +24.5V rcduces to +20.9mV. These are 
the extremes of voltagc developed at the buffcr output. 

6-42 

The whole amplifier acts as a voltage-follower, but without 
bootstrapped supplies (the small input voltage dynamic range of 
approx. 2.5m V does not warrant it). Otherwise the circuit is 
identical to the '+Ve SUMMING AMP'. M39/Q52 provide the 
output drive, buffering the output of M38 and Q5 l. 

The output 'Lo O/P' is delivered to the DC assembly via RL2 for 
positive DC outputs, or via RLl if the output is to be negative. For 
AC ou\puts, it is always delivered to the AC assembly via RL2 
(RLl being permanently dc-energized for AC ranges). 

The feedback voltage, sensed in the DC or AC assembly, is retumed 
via the appropriate relay, and applied to the inverting input of the 
whole buffcr via R127. 

6.5.10.3 Summing 

0n the DC or AC assembly, thc outputs from the two buff ers are 
summed by defining the 'Lo O/P' level as 'Reference Common' 
(Common-1 for DC, Common-2C for AC), and the 'Hi O/P' level as 
'REF+Vc'. Thus at any instant, the voltage developed as 'REF+Ve' 
with respect to 'Reference Common' will always be 'Hi O/P' minus 
'Lo O/P', at their current values. 

The reference voltages and reference division ciruitry are chosen to 
allow for software calibration adjustments, so the summing span 
overlaps the possible required span of 0V to 19 .999999V at both 
extremes: 

With an overall 25-bit count of zero in the comparators·, 
REF+Ve is +3.2mV minus +23.5mV, a negative overlap of 
20.3mV. 

At overall full count, REF+Ve is +20.6V minus +20.9mV, 
approximately +20.58V. 

6.5.10.4 Bipolar Reference Switching 

Relays RLl and RL2 are used in DC ranges for polarity reversal. 
However, this is not necessary for AC operation, for which RLl is 
un-energized, and RL2 is energized, outputs from the summing 
buffers being fed to the AC assembly via RL2. 

6.5.10.5 DC and AC References 

For DC operation, thc summed DC refcrence is applied to the Error 
Amplifier directly ( ref er to page 11 5-1 ), hut for AC operation, the 
DC refercnce is applied to a voltage divider which is used to provide 
a 'Quasi-sinewave' AC reference signal. 
The generation of this signal is described in Section 6.6. 



6.6 AC REFERENCE - THE QUASI-SINEWAVE 

6.6.1 AC-to-AC SENSE/REF COMPARISON 

In the Sense/Reference comparator, a considerable advantage is gained 
by comparing AC with AC. (If AC sense were compared with DC 
reference, small DC offsets would be magnified, leading to 'DC 
tumover' errors). The AC waveform used as reference is constructed 
in ten steps by a digitally controlled switching network, based on the 
DC reference as its peak value. It has been given the name 'Quasi
Sinewave". 

To drive the VCA, the comparator produces a DC error signal which 
is proportional to the difference in 'Mean Square' values, and is 
driven to zero by the action of the Output-Sense loop. At zero error 
the RMS value of the comparator's sense input has thus been 
adjusted by the loop to be equal to the RMS value of its reference 
input. 

On the 1 V Range there is neither amplification nor attenuatiori in the 
Output-Sense loop. The quasi-sinewave is designed so that with the 
1 V Range selected, its RMS value is equal to the voltage demanded 
on the front panel OUTPUT display, (with small, controlled 
adjustments for calibration). 

On higher ranges, decades of amplification are switched in to set the 
output to the demanded voltage. Switched decades of attenuation 
reduce the sensed sinewave back to the 1 V-Range level for 
comparison with the quasi-sinewave. 

For millivolt ranges, the instrument output terminals are not within 
the output/sense loop. Instead, the AC 1 V output from the 1 V 
buffer is sensed intemally and applied to the comparator to complete 
the loop. The AC 1 V signal is reduced to the selected millivolt 
range levels at the terminals by precise, passive, decade attenuators. 

On current ranges, the current reference is derived from either the 
closed 1 V or IOV ~ange Output/Sense loop. 

Therefore on all ranges the Output/Sense loop gain is driven to a 
magnitude of 1, so that the VCA and the comparator both operate at 
1 V Range levels. 

6.6.2 DC REFERENCE - SCALING for AC 

The Reference Divider hardware is common to both DC and AC 
outputs. 0n DC ranges, the basic voltage range is the 1 0V Range, 
with 100% overrange at Full Scale. In these cases the full span of 
reference values is employed, generating the resolution necessary to 
accommodate the DC accuracy available. 

The same analog accuracy is not available for AC, so the high 
resolution is not necessary. Moreover, the linearity of the analog 
circuitry is improved by using a smaller dynamic range in the 
reference circuits. So for AC outputs the 1 V Range is the basic 
range, and the software scales its demanded value accordingly. 

The sensed output is compared against the quasi-sinewave, whose 
characteristics match those of the sensed sinewave. To construct the 
quasi-sinewave, the DC reference voltage needs to be set as its peak 
value. 

The software imposes the scaling factors which establish the 
reference voltage at the peak value of the quasi-sinewave. Thus the 
full span of the 25-bit comparator, and hence the possible dynamic 
range of the DC reference, are realized only on DC ranges and at 
times when the Reference Divider itself is being calibrated. 

Before initial calibration, the maximum obtainable reference voltage 
for AC is slightly greater than 2.8V, and the minimum is slightly 
less than 125mV. This overlaps the peak voltages of the quasi
sinewaves corresponding to the maximum and minimum values of 
sensed output; giving a margin for accurate calibration from digital 
gain factors held in the non-volatile calibration memory. 
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6.6.3 DC REFERENCE -
VOLTAGE VALDES for AC 

As mentioned earlier, the DC Reference is used to establish the 
amplitude of the quasi-sinewave. When the 1 V AC Range is 
selected, the reference is set to the peak value of the quasi-sinewave, 
which is 1.397 times the demanded RMS (sinewave) voltage output 
of the instrument. In normal use, therefore, the reference voltage is 
adjusted by front panel OUTPUT display selections; between 
125.7m V (for 0.9V selection) and 2.79V (for 1.999999V selection), 
plus or minus any user-calibration corrections. 

On higher and lower AC ranges, analog range switching in the sense 
amplifiers scales the sense voltages for comparison with the same 
RMS voltage span of quasi-sinewaves. 

6.6.4 REFERENCE INVERTER 
(Circuit Diagram 430663 page 11.7-2) 

The quasi-sinewave is derived by a specific form of D-A converter, 
selecting voltages from a divider network. Because negative values 
are required, the divider is strong between positive and negative 
reference voltages. The unity-gain Reference Inverter generates the 
negative reference 'REF-Ve' by inverting 'REF+Ve'. 

Ml, M2 and Ql perform the inversion. M2 generates the bandwidth 
necessary for amplitude switching operations, while chopper
stabilized integrator Ml removes DC offsets, always referring the 
inverter output to Common-2C. To compensate for RMS value 
changes in the quasi-sinewave (due to switching errors arising from 
frequency changes), feedback from the quasi-sinewave is applied via 
Rl, C4, R4 and C5. Ql provides the output drive to the quasi
sinewave generator. 
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6.6.5 QUASI-SINEWAVE GENERATOR 
(Circuit Diagram 430663 page 11 .7-3) 

The SYNC 0 input to Ml 1-15 RESET, if set to Logic-1, would 
disable the Quasi-sinewave sequence counter Ml 1. The facility is 
not required in this application so J7-49 is unconnected on the 
Mother assembly (page 11.16-2). Mll-15 is thus pulled down to 
logic-0 by R40 to enable the quasi-sinewave for both AC Voltage 
and AC Current functions. 

The quasi-sinewave is generated at a frequency determined by the 
Frequency Synthesizer 100Hz-4kHz output (para 8.13 .3 describes 
the synthesis), clocking the decade counter M11 via 17-50. This 
continuously recycles Mll in ascending count through Q0 to Q9, ten 
clocks constituting one cycle of the quasi-sinewave, so the quasi
sinewave runs at a frequency ofbetween lOHz and 400Hz. The carry 
Cout of M11 returns to the Synthesizer via 17-51 to be selected as 
the reference frequency for the lOOHz (10-330Hz) frequency range. 

With increase of frequency range, the difference between the 
frequencies of output and quasi-sinewave increases in decade steps. 
As the comparison of sense and quasi-sinewave signals is performed 
at mean-square DC levels, this difference theoretically does not 
matter, so long as the signal is at an exact multiple of the quasi
sinewave frequency. However, to achieve optimum operation of the 
Sense/Reference comparator, each zero crossing of the quasi-sinewave 
is synchronized to coincide with a sense-signal zero crossing. 

Synchronization is achieved by the clock input to M9, which 
controls the timing of the quasi-sinewave switches M8 and Ml4. 
Using the same clocks, Ml 1 and MIO transit times prevent the data 
from arriving at M9 'D' inputs until the data already established there 
by the previous clock pulse has been latched at its outputs. Thus 
data ripples through Mll and M9 at successive clock pulses. 

The ripple delays the data by one clock period and would, if left 
uncorrected, put the switching out of sequence. The arrangement of 
the connections between M 11 outputs and M9 data inputs, combines 
appropriate outputs so as to correct the switching pattem. The table 
in Fig. 6.28 demonstrates the rotation of 1 clock period; the quasi
sinewave steps being labelled at M9 inputs and outputs. 

The quasi-sinewave is output to the transfer switching input to the 
Sig/Ref comparator at M16-l. The action of the transfer switch is 
described in Section 9 5. 

A second output is filtered and fed back as compensation to the 
Reference Invertor as described earlier (para 6.6.4 ). 



Step 0 1 2 3 4 5 6 7 8 9 

M 11 Output at 
Logic-1: 09 00 01 02 03 04 05 06 01 Oa 

M 10 Output pin 
at Logic-1: 4 11 11 4 10 3 3 10 

M9 Output pin 
at Logic-1: 01 04 05 04 01 02 00 03 00 02 

Switch Energized 
M8 pin: 5 6 13 6 5 - - - - -

M14 pin: 5 6 13 6 5 

Step Voltage 
+0.42 +1.16 +1.397 +1.16 fed to M16-1: +0.42 -0.42 -1.16 -1.397 -1.16 -0.42 

REF+Ve 

2 

0 4 0 

5 9 

7 

REF-Ve 

FIG. 6.28 QUASI-SINEWAVE GENERATION 
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6.7 POWER SUPPLIES 

The circuits described in thls section perform the following 
functions: 

Line power switching, fusing, filtering, voltage selection and 
transformation. 

Main digital supply generation and distribution (Outquard). 

Display high voltage supply generation. 

In-guard stabilized supply generation for Common-2 and 
Common-4 circuitry. 

A simplified power-distribution block diagram appears at Pig. 6.29. 

The power input module is mounted on the rear panel. The mains 
(line) transformer is located in the rear section of the instrument, 
close to the In-guard and Out-guard Power Supply assemblies. 

(For details of location and attachment, refer to Section 3; and 
Section 11, page 11.0-1). 

ON 
Power 
Switch 

6.7.1 LINE POWER DISTRIBUTION (Fig.6.29) 
(Circuit Diagram 430439 Page 11.17-2) 

The single phase line supply enters via a 3-pole input cable at the 
rear of the instrument. The cable connector plugs into a power input 
module which contains a fuse, filter and line voltage selector pcb. 
(For details of fuse values and operating voltage selection refer to-the 
User's handbook, Section 2). 

Both 'line' and 'neutral' rails are filtered by a low-pass LC network 
before being fed through the instrument to the two-pole 'Power' 
switch on the front panel. 

The switched supply is fed back into the power input module, to the 
voltage selector pcb, which configures the line transformer primary 
circuit as determined by the user. Power for the air circulation fan is 
provided directly from the power input module. 

All line transformer secondaries are electrostatically decoupled from 
the primaries by a ground screen between the windings. The 
secondaries which supply the Common-2 and Common-4 in-guard 
circuits are decoupled by an additional screen which is connected to 
the instrument guard. 

e 
Lina 

Transformer 

400V 
Power 

Supply 

Out-Guard 
Power 
Supply 

ln-Guard 
Power 
Supply 

Power 
Amplifier 

High Voltage 
Transformer 

Out-Guard 
a----- Circuits 

ln-Guard 
Circuits 

FIG. 6.29 POWER DISTRIBUTION SIMPLIFIED BLOCK DIAGRAM 
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6.7.2 

6.7.2.1 

OUT-GUARD POWER SUPPLIES 
(Circuit Diagram 430561 Page 11.10-1) 

Digital Main Supply 

This circuit provides: 

+8V unregulated supply for the Front and Digital assemblies. 

+5V regulated supply for out-guard dipital circuits. 

6.7.2.2 +8V Unregulated Supply 

This is taken directly from full-wave rectifier Dl, D2 via fuse Fl 
(rated at 4A). 

6.7.2.3 +SV Regulated Supply 

The output voltage is controlled by series regulator Q5, Q6. Load 
current is sensed by Rl in the base-emitter circuit of Ql, which 
increases the conduction of Q5 and Q6 , parallel combination for 
increases of load current. The 2.45V zener D4 provides the reference 
voltage for comparator Ml at Ml-3. The output voltage is sensed 
between the +5V and DIG COMMON rails, on the Mother assembly, 
and divided down to reference potential at Ml-2. R8 and R9 ensure 
that regulation persists even if the sense links are disconnected. 

Ml output drives Q2 whose collector voltage controls Q5 and Q6 
conduction. If the +5V rail voltage falls due to loading, Q2 collector 
voltage rises, increasing Q5 and Q6 conduction to restore the rail 
voltage. Zener D5 prevents the positive excursion of the +5V rail in 
the event of regulation breakdown. Zener D3 restricts positive 
excursions of Q2 base voltage, and hence the drive to Q5 and Q6, to 
provide current limiting. C9 and ClO give a controlled fast response 
to reduce the effects of transients on the +5V rail. 

PTC thermistor R7 protects the power supply from high ground
leakage currents, notably in the externa! circuits of the IEEE 488 bus 
system. R 7 presents a minimum of 80.Q between the digital 
common line and ground; this resistance increasing with increasing 
ground-leakage current 

A supplementary +5V supply is fed out to the Front assembly from 
J4-21. This is available to power the LEDs in the front panel keys, 
but is not used in this instrument, as a regulator on the Front 
assembly produces the required +5V supply from the unregulated 
+8V supply (para 6.7.2.2). 

6.7.2.4 180V Display Supply 

180 Volts are required to operate the digital plasma displays on the 
Front assembly. Because the display anode drivers are powered from 
the Digital Main Supply +5V rail, the 180V positive pole is referrcd 
to this rail in the power supply. The negative pole is therefore at a 
potential of -175V. Rcfer to Section 6.3 for furthcr details. 

Series regulation is provided by D6, R16 and Q3; and shunt 
regulation by D7 and Q4. 
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6.7.2.5 Common Mode Null 

This circuit provides a line-hum cancelling (bucking) output to the 
instrument guard network. For adjustments refer to Section 4.9. 

6.7.3 

6.7.3.1 

IN-GUARD POWER SUPPLIES 
(Circuit Diagram 430554 Pages 11.11-112) 

In-Guard Common-2 Supplies 

The general 15V supply for the analog circuitry is provided by three 
integrated-circuit regulators (page 11.11-1) as follows: 

+ 15V from M2. 
Because of the high current taken from this supply, the regulator 
power dissipation is shared. The rectifier output is first regulated 
to +18.5V by Ql, Q3 and D9; and then to +15V by M2. 

-15V from Ml. 
This is a mirror image of the positive supply. 

-IOV from M6, 
derived from the -15V supply. 

The supply is protected by 3.15A fuses F3 and F4 at the bridge 
rectifier output. Chokes L4 and L5 attenuate HF transients on the 
AC input. 

The 8V supply for the Sine-Source assembly is provided by two 
integrated-circuit regulators M8 and M9 (page 11.11-2 ). The supply 
is protected by lA fuses F5 and F6 at the bridge rectifier output. 
Chokes L7 and L9 attenuate HF transients on the AC input. 

6.7.3.2 ±22V PS/I Heatsink Supply 

Th.is provides +22V and -22V unregulated power outputs to the PS/I 
Heatsink assembly. Both supplies are protected at 4A by fuses Fl · 
and F2, the AC input being HF-filtered by chokes L2 and L3. The 
22V common retum is maintained close to the common-2 return 
potential by resistor Rl. 

6.7.3.3 Reference Divider Common-4 Supplies 
(Circuit Diagram 430554 Pages 11.11-2) 

This circuit provides +36V, +15V and -15V regulated outputs to the 
Reference Divider in-guard circuits. The +36V supply is also used to 
power the +20V Master DC Rcference. 

Two secondary windings of the line transformer are used, and inter
supply transients are reduced by the special coupling arrangemcnts of 
common-mode choke LlO. The rectified output from bridge W4 is 
series-regulated by M3 to produce thc +36V supply. R2/R3 sense 
the output voltage. 

D11 and M4 reduce the +36V to generate the +15V regulated supply. 

The -15V supply is provided by bridge W3 and regulator M7. 



6.7.3.4 38V Common-2 Supply 
(Circuit Diagrams 430544 Page 11.12-1 

and 430604 Page 11.16-5) 

The 38V regulated supply is used for two purposes: 

to power the 1 0V Amplifier in the Power Amplifier assembly; 

to provide a lower positive source voltage to reduce dissipation 
on the Power Amplifier assembly, when negative voltages are 
being output on the 1 OOV OC Range (ref er to sub-section 
7.8.3.4). 

It is plugged into the Mother assembly in the rear compartment next 
to the Heatsinks. 

The mains (line) transformer 40VRMS secondary centre tap is 
referred to Common-2 on the Mother assembly. It provides a 
variable AC output by R25 on the Mother assembly to balance line
induced voltages on the guard screens. The 40V is rectified, filtered 
and smoothed on the Mother assembly before being passed to the 
regulator at approx. 50VDC. 

~0n the 38V Power Supply assembly the output voltage is controlled 
by series regulators Q2 and Ql. As the regulator is symmetrical, 
only the positive side is described. 

The output voltage is divided by R26 and R25 to provide a sense 
signal for comparator Ml, which is powered by a local shunt 
regulator D8/Rl6/C8. The 2.45V reference for the comparator is 
derived by D6/R23 from the comparator supply. 

Ml output drives Q8 whose collector voltage controls Q6 and hence 
Q2 conduction. If the +38V. rail voltage falls due to loading, Q8 
collector voltage rises, increasing Q5 and Q6 conduction to restore 
the rail voltage. 

Load current is sensed by R24 in the base-emitter circuit of Q5, 
which is normally cut off unless the load current exceeds 170mA. 
At this point Q5 conducts and pulls down the base of Q6, setting a 
hard current limit. 

Zener diode D2 tums Q5 hard on in the event of an output short 
circuit, providing a rapid reponse to catastrophic failure in the power 
amplifier circuitry. As the output voltage falls below +22V, D2 
arrests the fall on Q5 base, switching Q5 hard on and turning Q6 and 
Q2 off. This leaves D2, R8 and R9 controlling the output current, 
which falls to less than 500µA. 

When the load is removed, the conduction of QS via R26/R25 is 
insufficient to hold Q6 cut off, especially as Q8 is also cut off by the 
comparator. So Q2 is allowed to conduct, the output voltage rises 
until first D2, and then Q5, cut off and the output voltage is restored 
to comparator control. 

The 38V output is taken through wired-in fuses Fl and F2. These 
merely protect the PCB tracking in the event of an output short
circuit. The. output voltages are protected from reverse polarity by 
D 1 and D2 on the Mother assembly. 

6.7.3.S 38V Supply Failure 
(Circuit Diagram 430618 Page 119-4) 

The 38V output voltage is monitored in the Power Amplifier 
assembly. The monitor is described in Section 7, para 7.8.6.3. 

6.7.3.6 400V Common-2 Supply 

This is described in Section 7, paras 7.85 and 7.8.6.4. 
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SECTION 7 
DC VOLTAGE OUTPUTS - AMPLITUDE CONTROL SYSTEM 

7.1 INTRODUCTION 

7.1.1 GENERAL PROCESS 

When OC Voltage Function is selected, a relay (RL2) on the 
Reference Divider assembly feeds the output of the summing 
amplifier into the DC assembly as DC Ref (Hi and Lo), the value of 
which represents the demanded output voltage and polarity. 

7.1.2 DC VOLTAGE SYSTEM BLOCK DIAGRAM 

The DC Voltage Amplitude Control System is briefly described in 
Section 5, and illustrated in the Block diagram of Fig. 5 3. 

7.1.3 CIRCUIT OPERATION 

The circuits described in this section perform the following 
functions: 

Buffer the DC Ref voltage (-20V to +20V) and provide output 
voltages to the instrument terminals, on the 1 OV DC Range. 

Amplify the DC Ref voltage providing output voltages: 

-200V to +200V 
-llOOV to +llOOV 

on 1 OOV Range 
on 1 OOOV Range 

Attenuate the DC Ref voltage and provide output voltages 
between -2V and +2V on the lV OC Range. 

Further · attenuate the 1 V Range voltages and prov ide output 
voltages: 

-200mV to +200mV on lOOmV Range 
-20mV to +20mV on lOmV Range 
-2mV to +2mV on lmV Range 
-200µV to . +200µV on 100µ.V Range. 

0n the lOV Range, sense ,the output voltage (at the load in 
Remote Sense), making continuous, direct comparisons in a 
closed negative-feedback loop with the DC Ref voltage input 
from the Precision Divider. The comparison generates an 'error' 
voltage which corrects the output voltage. 

0n the 1 V Range, sense the output voltage at 1 V Range levels, 
comparing the sensed voltage with the attenuated DC Ref input, 
and correcting the output as on the lOV Range. 

0n the sub-volt ranges; sense the 1 V Buffer output at 1 V Range 
levels, correcting its output as on the 1 V Range. 

0n the 100V Range, sense the output voltage at 100V levels, 
and reduce the sensed voltage to 1 OV lev els. Compare the 
attenuated voltage with the DC Ref input from the Reference 
Divider and correct the output voltage ·as on the lOV Range. 

The DC Voltage circuitry selects the required range, from switching 
data transmitted into guard via the Serial Data Link. The appropriate 
range circuit generates the demanded voltage at the output terminals. 
Output switching and protection are provided. 

DC Voltage Ranges up to 100V are described in Section 5.6, and the 
DC 1000V Range in Section 5.8.1; at block diagram level. 

0n the 1 OOOV Range, provide a VCA drive from the faror 
Amplifier, to a DC Modulator for the high voltage amplification 
circuits. Attenuate the sensed output voltage, comparing the 
attenuated voltage with the DC Ref input at lOV Range levels, 
and correcting the output as on the 1 OV Range. 

Provide switching of OC Voltage Output, Range, Guard and 
Sense, under the control of signals from the Analog Control 
Interface. 

Sense excess currents in the output circuit, providing a LIM ST 
status signal to the CPU via the Analog Control Interface. 

Sense High Voltage State (at approx. >130V) on the PIIl (I+) 
output line, providing a HV ST signal to the CPU via the 
Analog Control Interface. 

Many of the circuits described in this section are located on the DC 
PCB assembly. The major exceptions areas follows: 

lOV Range Buffer stage 
100V Amplifier 

1000V Range output circuits 

Function Switching 
Output Filtering 

- Power Amplifier assembly, 
- Power Amplifier assembly and 

Heatsink assemblies, 
- LF and HF transformer 

assemblies and the High Voltage 
assembly, 

- Current/Ohms assembly, 
- Terminal Board assembly. 
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7.2 LOW VOLTAGE LOOPS (Fig. 7.1)

Although the 1 OV range is regarded as the basic OC range of the 
instrument, this is because the full 20V Ref erence is used, and 
suffers no overall voltage attenuation nor amplification in its output 
loop. However, it does require power amplification at dissipations 
which preclude its positioning within the thermal shield, so its 

. output buffer is located on the Power Amplifier assembly. This 

. f actor complicates the routing of its signals. 

The l V range loop is more direct; its buff er is located on the OC 
assembly' and there are fewer circuit elements to describe in its path. 
For reasons of sirnplicity, therefore, the 1 V range ·is chosen for this 
descripti.on of the basic OC output loop. 

· The descriptions in Section 7 2 .1 and Section 7 3 concentrate on the
signal path of the 1 V Range loop; from the polarity switch in the
Precision Divider, out to the · 'Power' terminals, and back to the

· 'Sense' input of the Error Amplifier.

_For· descriptions of the alterations to the 1 V loop to accomrnodate
. the other OC voltage ranges, refer to the following sub-sections:

100m V Range 
100µ V to 1 Om V Ranges 
lOV Range 
100V Range 
lkV Range 

7.4 

75 

7.6 

7.8 

7.9 

X1 Buffer 

S100mV 

0n the circuit diagrams in Section 11, all relay contacts are shown 
with their relays in the llll.activated condition 

7.2.1 lV RANGE SUMMARY 

The low voltage loop and routing are illustrated in the sirnplified 
diagram of Fig. 7.1. Switching contacts are shown in positions set 
for the 1 V Range. 

OC Ref is variable between -20V and +20V referred to comrnon-1, 
and the 1 V attenuator provides voltages between -2V and +2V. The 
Error Amplifier and 1 V Buff er are connected to form a voltage
follower when I+ is connected to Hi (in either local or rernote sense) . 

The output from the 1 V Buff er is connected directly to the I+ 
terminal via power switching, the sense feedback retuming from the 
Hi terminal, via sense switching, to the Error Amplifier inverting 
inpul The sensed output voltage is adjusted by the feedback until it 
equals the attenuated OC Ref V alue, i.e. for zero differential input to 
the Error Amplifier. 

Functlan 

Terminal 

Board 

A••mbly 

I+ 

.__ _________ c>-,-,,.,-,--------e-----. ...... � Swltching 
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Selectar 

Hlgh Voltage 
Sense Attenuator 

FIG. 7.1 LOW VOLTAGE DC OPERATION- SIMPLIFIED FUNCTIONAL DIAGRAM 
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7.3 DC 1V LOOP 

7.3.1 REFERENCE DIVIDER ASSEMBLY 
(Circuit diagram 430652 Page 11.4-3) 

For positive outputs, the positive DC Reference PHl(REF), 
PLO(REF), SHl(REF) and SLO(REF) pass via energized relay RL2, 
to be output as a 4-wire sensed connection into the DC assembly. 
The four lines are routed out at 14 pins 9, 10, 11 and 12 into the 
Mother assembly. For negative outputs, energized relay RLl 
configures the lines to give a negative DC reference. 

7.3.2 DC ASSEMBLY 
(Circuit diagram 430536 Page 115-1) 

The OC Reference enters at 15 pins 1, 2, 3 and 4. 0n DC Voltage 
ranges, RL18 connects the power and sense lines to the two star
points TP2 and TP3. TP3 is the signal Common-1 point, to which 
all instrument DC voltage sense inputs are ref erred. 

For the 1 V and lower ranges, RL16-5/4 connects the output of the 
1 V attenuator to .the non-inverting input of the Error Amplifier. (On 
the lOV and higher ranges, RL16-8!') connects the full DC Reference 
to the Error Amplifier.) 

7.3.3 ERROR AMPLIFIER 

The DC Ref Voltage from the Reference Divider is applied to two 
amplifiers: M21 is a high-gain chopper-stabilized integrator of 
approximately 1 0Hz bandwidth, Q5 provides additional bandwidth for 
rejection of HF common-mode noise. M20 provides additional gain 
and output drive, through a transient-suppressing diode clamp circuit 

The whole amplifier is bootstrapped by M22, D48, D49, Q6, Q7 
and QlO. Q8/Q9 provide 1.4mA constant-current drives for 
D48/049 over the range of BS-Common variation (-20V to +20V 
on the lOV and higher ranges). Power for the bootstrapped amplifier 
is obtained originally from the ±38V supply; used also to power the 
lOV Buffer in the PA assembly, referred to Common-2. 

Extensive screening and filtering is used to eliminate the effects of 
the chopping spikes at inputs and output of M21. 

7.3.4 lV BUFFER 

0n the 1 V and lower ranges the error amplifier output is applied to 
the 1 V Buffer, via the closed contacts 10/11 of energized relay RL16. 
A current amplifier M23 is chosen, as the buffer has to drive the 
externa! load directly via the output switching, output lines and 
extemal leads. 
It also drives the 100m V Attenuator on the 100µ V - 100m V ranges. 

M23 is powered by a separate individually-filtered 8V supply (refer 
to pages 115 4 and 11.11-2 ). Its input and output are protected by 
back-to-back zener diodes. 

The output from the 1 V buffer is connected, via contacts 12{7 of 
energized relay RL3, to the 'lV+lOV+lOOV' PHl(DCV) star point. 

7.3.5 RANGE SWITClllNG 

0n the 1 V and lOV ranges the 1 V+ lOV + 100V star point is 
decoupled to Common-2A by C28 via contacts '2J3 of energized relay 
RL4. 

Relay RL5 is energized on the 1 V and 1 0V ranges; and af ter passing 
through the back-to-back contacts RL5-8!'), which cancel their own 
thermal EMFs, the DClV+lOV+lOOV signal is renamed 
'PHl(DCV)'. 

7.3.6 OUTPUT SWITCHING 
(Circuit Diagram 430536 Page 11 5-2) 

The PHl(DCV) output and other connections from the Range relays 
(Page 115-1) are passed to the instrument output terminals via 
several relay contacts which provide switching for Remote or Local 
Sense, Remote or Local Guard, and Output On/Off. 

The output does not travel directly to the terminals from the DC 
assembly, as further switching is required. Function changes switch 
the terminal lines on the Current/Ohms assembly (para 73 .8.1). 

7.3.6.1 DCV/ACV Switching 

For DC voltage ranges, relays RLlO and RLll are energized. The 
PHl(DCV) line from the range relays passes via RLlO contacts, 
TP8, lA fuse F6, and RL15 contacts (if output is set ON); to the 
PHl(V) line at 15-19. For DC voltage outputs, the four ACV lines 
at 15-25/26/29/30 are disconnected by relays in the AC assembly. 

In Remote Sense, the power return line PLO(DCV) is linked via 
RLll contacts, lA fuses F4 and F3, relay RL14 and RL15 contacts 
to 15-23 as PLO(V). PLO(DCV) is held close to Common-2A by 
R56/C30 (page 115-1 ), being protected against excessive departure 
from Common-2A potential by the back-to-back 3V zeners D13 and 
D25. The voltage developed across R56 by the output current is 
monitored by comparator M13 (pagell 5-2). 

7.3.6.2 Output On/OfT. 

Because the DCV and ACV lines are separately switched, a single 
independent 4-pole relay RL15 can be used to set output on and off. 
Thus the lines at 15-19/20/23/24 carry either DCV or ACV signals 
to and from the output terminals. Where ACV and DCV join, the 
power lines change their names to PHl(V) and PLO(V). 
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7.3.6.3 Remote Sense Switching. 

When Remote Sense is not selected, two-wire outputs to extemal 
loads can only be connected from the Hi and Lo terminals (a relay on 
the Mother assembly discom1ects the I+ terminal). Relay contacts 
RL14-9/8 connect PHl(DCV) to SHl(DCV), and RL14-3/2 connect 
PLO(DCV) to SLO(DCV). Relay contact RL14-5/4 is open, 
severing the connection to the I- tenninal. 

In Remote Sense relay RLl 4 is energized, removing the connections 
between the power and sense lines, and RL14-5/4 reinstates the link 
from PLO(DCV) to the I- terminal. This gives full 4-wire sensing 
at the externa! load. 

7.3.6.4 Remote Guard Switching 

The front panel 'Guard' terminals are pennanently connected to the 
internal guard shields via 15-15/16 and 15-11/12. With 'Remote 
Guard' sel~ted, the direct connection between Guard and Lo is 
severed by the open contact of energized relay RL17. R121 damps 
any high frequency resonance in the combined interna! and extemal 
guard circuits; C62 reducing HF noise on the millivolt ranges. With 
Remote Guard off, RLl 7 connects the guards to PLO(V) via PTC 
thermistor R97, which also assists in reducing millivolt noise. 

7.3.7 OUTPUT PROTECTION 

Two circuits are described in the following paragraphs: 

The DC Overcurrent Detector, which senses the current flowing 
in the PLO(DCV) retum line, sending a signal to the status
reporting logic if the DC current exceeds approx. 28.5m.A. 

0n the 100V and lkV DC ranges the 'LIM DET' signal is sent. 
hut on the 1 OV DC and lower ranges the 'LIM ST' signal is 
made active. · 

The Overvoltage Detector provides an indication to the CPU that 
the output voltage is in 'High Voltage State', ie. the 'HV ST 
signal is activated if the output DC or peak AC voltage is 
greater than 110V. If the instrument has not been programmed 
into High Voltage State, then an anomaly exists, and remedial 
action is taken by the CPU. 

The results of activ ating the overcurrent detector are described later in 
sub-section 7.12 .7. 

7.3.7.1 DC Overcurrent Detection 

0n DC voltage ranges of 1 V and higher, the current taken by the 
· instrument load develops a voltage across resistor R56 (page 11.5-1 ), 

which is applied to the resistor chain R31/R30/R36 (page 11.5-2). 
0n 100m V and lower ranges R56 is shorted out by relays RL2-5/4 
(page 11 .5-1), RLll-2/5 & 11/8 and RL14-2/3 (page 11.5-2). 

M13 is . an open-collector comparator wired to detect excessive 
voltages across R30/R36 (R31 is the common bias resistor). Diodes 
Dl 7 and D18 set the reference potential at M13-3 (for positive 
outputs) to approx. +285m V; and at M13-6 (negative outputs) to 
approx. -285mV. Under normal operation, when the output current 
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is less than 25mA. both halves of M13 are held in open-collector. 
When the output current through R56 exceeds approximately 
28.5m.A, the voltage across it exceeds 285m V and one of the halves 
of M13 switches its output to the negative rail (analog logic-0). 
Diode D52 conducts, pulling Ml0-6 and Ml0-9 to logic-0: 

LIM D_ET Actlvation: 
0n the lOV and lower DC ranges, Ml0-5 is permanently held at 
logic-1 disabling Ml0-6, so the overcurrent signal has no effect 
on M 10-4, which is held at logic-1 and D3 remains in reverse 
bias. The LIM DET signal is not activated. 

0n the lOOVDC or lkVDC range, Ml0-6 is enabled by Ml0-5 
at logic-0, so the overcurrent signal sets M 10-4 to logic-0 and 
LIM DET is activated at logic-1. 

UM ST Actlvation: 
In this case the effect of the lOOVDC and lkVDC signals is 
reversed, and Ml0-9 is sensitized to the DC overcurrent signal 
only on the lOV and 1 V ranges, when M 10-8 is at logic-0. For 
excessive DC output currents, Ml0-10 sets D9 cathode to logic-
0 pulling the LIM ST line to its logic-0 active state. 

The AC lkV Overcurrent Detector receives no input on DC ranges, 
as no cmrent passes through the sensing resistors R107 and R108. 

7.3.7.2 High Voltage Status Detector 
('Overvoltage') 

In order to provide information to the CPU, so that it can decide 
whether the High/Low voltage state is as demanded, the voltage level 
on the PHl(V) line (TP8) is monitored and compated against a 
reference. The detector senses DC levels for DC voltage outputs, or 
peak levels for AC voltage outputs. 

M17 is a dual comparator whose hysteresis is set to ±1.22V. For as 
long as the voltage on the PHl(V) line remains within approx. 
±125V, the division ratio of M16 keeps the input to Ml 7-5/9 within 
the ±1.22V hysteresis, and M17-12/7 remains at logic-1 (OV). 

The PHl(V) voltage at TP8 is applied via R83 and R62 to M16-2, 
which is referred to Common-2B, M16-3 being connected directly to 
this common. Resistors R61 and R68 apply feedback to M16, 
setting its gain to -0.0098. C29, C31 and R63 ensure that any 
transient switching spikes do not activate the comparator. The 
output from M16-6 is compared with ±1.22V in comparator Ml 7. 

The open-collector comparator M 17 is wired to detect excessive 
voltages at M16 output (R69 is the common bias resistor). Diodes 
D26 and D27 set the ref erence potential at M 17-10 (for positive 
outputs) to +1.22V, and at Ml 7-4 (negative outputs) to -1.22V. 
Under normal operation in low voltage state, the output voltage lies 
between -llOV and +llOV, and Ml6 output is between -1.07V and 
+1.07V. Both halves of M17 are thus held in open-collector, 

If the DC PHl(V) voltage exceeds 125V (or for an AC peak 
corresponding toa sinewave RMS exceeding 90V), either M17-7 or 
M17-12 pulls towards logic-0. Current source Q2 permits only 
3m.A to flow in M 17 output circuit. so the voltage input to D6 
cathode and M12-11 (B trigger) suffers a negative-going trigger edge. 
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a. Effect of Overvoltage on DC Voltage Ranges 

For DC outputs the 'Q' output of M12 is pennanently held at 
logic-1 by DC FNCT at M12-13 set to logic-0, so the effect of 
the negative-going transition at M12-11 is suppressed. 
However, diode D6 conducts, pulling the HY ST line at 15-105 
to logic-0 (-15Y). This is passed to the CPU, via the status 
register in the reference divider and the serial data interface. 

The CPU is now aware that the DC output voltage exceeds 
11 OY. The CPU has to make a decision, as to whether the 
prograrnrned output voltage and the detected ~tate are compatible. 
ll High Y oltage state has not been comrnanded, a fault is 
assurned and FAIL 2 message is presented on the MODE 
display. 

b. Effect of Overvoltage on AC Voltage Ranges 

For AC outputs the DC FNCT signal is inactive at logic-1, so 
M12-13 at logic-1 rernoves the reset. Monostable M12 is set to 
produce a logic-1 at its Q output (M12-9) unless its B input at 
M12-11 is edge-triggered negatively. In 'Low Voltage State' 
conditions no trigger is given, so M12-9 remains at logic-1, D7 
and D6 are reverse-biassed and the HY ST line rernains at the 
logic-1 level ofOY. 

When the comparator output switches to logic-0, D6 · conducts 
instantaneously to obtain the earliest possible reaction to the 
overvoltage. But as this is a peak value, the HV ST signal 
would revert to logic-1 without monostable M12. M12 
produces a logic-0 (-15Y) pulse of 140ms duration, which 
forward-biasses D7, and the HY ST line transrnits a logic-0 
pulse of 140rns duration. Successive positive or negative peaks 
of overvoltage retrigger the monostable, maintaining its Q 
output (and thus the HY ST signal) at logic-0. 

7.3.8 ROUTING to the TERMINALS 

The two power lines are rout.ed from 15-19/23 through the 
Mother assernbly to the Current/Ohrns assembly. 

· 7.3.8.1 Current/Ohms Assembly 
(Circuit Diagram 430614 page 11.8-1) 

. With any Y oltage Range select.ed, relays RL8 and 9 are un-energiud 
as shown. Also, relays RL24 and RL25 (Ohms. fimction switching -
refer to page 11.8-3) are un-energiud. Yoltage Output relay Rl..23 

is energized; connecting Pm(V) to 18-8'9 as 'Plfl', and PLO(V) to 
18-16/17 as 'PIP'. 

Pm and PLO pass into the Mother assembly via at 18-25 and 18-29 
respectively. 

7.3.8.2 Mother Assembly 
(Circuit Diagram 430604 page 11.16-1) 

Pm and PLO enter at 18-8'9 and 18-16/17 respectively. 

PLO passes through the cornrnon mode choke Ll via 123-3 and then 
126-4 as 1-' to the Terminal Board assernbly. 

P}il_ is switched by relay RLl. If Rernote Sense is not selected, 
RLl is un-energized as shown; disconnecting Plfl from the I+ 
terminal circuit, and shorting it to the sense sm input line. When 
in Rernote Sense, RLl is energized and Pm passes through the 
comrnon mode choke Ll via 123-1 and 126-1, and as 1+' to the 
Terminal Board assembly. 

7.3.8.3 Terminal Board ~mbly 
(Circuit Diagram 430640 page 11.17-3) 

I+ and I- are filtered 1Utd passecl to the front panel t.errninals. Ferrite 
bead FB 1 and C2 protect the interna! circuitry from the effects of HF 
pickup in the external circuit -

7.3.8.4 Option 42 - Rear Terminal Output 
(Circuit Diagram 430557 page 11.17-1 
Layout Drawing 480603 page 11.19-2) 

Option 42 is incorporat.ed at manufacture. With rear output 
terminals, the Terminal Board assembly is not titt.ed. The 
connections to the rear are taken from 126 on the Mother assembly. 
A capacitor Cl connects Guard to Earth (Ground), and ferrite beads 
are titted on the Hi. I+ and Guard leads at the terminals. The 
terminal filter relay is not titt.ed. 

7.3.9 lV LOOP - OUTPUT SENSING 

For users with Option 42 - Rear Output, the circuitry at the 
terminals is changed. Refer to Sect. 7.3.8.4. 

7.3.9.1 Terminal Board ~mbly 
(Circuit Diagram 430640 page 11.17-3) 

ll Rernote Sense is selected, the front panel sense terminals Hi and 
Lo are connect.ed externally to I+ and I- respectively at the load. 

The sensed voltage is filtered by FB2 and C3 to reject extemal HF 
pickup. Except on the lOOOY Range, a signal (1R-', 'R+') originates 
as 'TERM FILTER' in the Reference Divider to energize relay RLl, 
which introduces capacitor Cl to augment this HF rejection. 

The filtered sense voltage is fed into the Mother assernbly between 
126-2 (Hi) and 126-5 (Lo). (No external sensing is provided for the 
rnillivolt ranges. See paras 7.3.6.3, 7.3.8.2, 7.3.9.2 and Fig. 7.1 for 
the sirnplified local sensing mangernenL) 
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7.3.9.2 Mother As.wmbly 
(Circuit Diagram 430604 page 11.16-1) 

Lo passes through the common mode choke and directly to the 
Current assembly at 18-18 as SLO. 

Hi also passes through the choke and enters the Current assembly as 
SHI at 18-10. However, if Remote Sense is not selected, it is 
shorted to PHI by relay RLl for two-wire connection. RLl is 
energized from the REM SENSE +ve and -ve lines from the DC 
assembly. 

7.3.9.3 Current/Ohms ~mbly 
(Circuit Diagram 430614 page 11.8-1) 

With any Voltage Range selected, relays RL8 and 9 are unenergized 
as shown. Ohms function relays RL24 and RL25 are also 
unenergized (refer to page 11.8-3). RL23 is energized; connecting 
SHI into the Mother assembly as 'SHl(V)' via 18-26, and connecting 
SLO via 18-30 as 'SLO(V)'. 

7.4 100mV RANGE 

The 1 V Attenuator and 1 V Buffer are connected into the circuit as for 
the 1 V range. Relays RLl and RL2 are energized. The output from 
the lV buffer is cormected to the star point at TP5 by RLl-7/12, and 
RL2-5/4 connects the Common-2 star point, at the base of the 
100m V Attenuator, to Reference Common-1. Thus the 100m V 
Attenuator is connected across the 1 V Buffer oulput 

The TP5 starpoint is connected directly to the Error Amplifier 
inverting input via RL2-9/8 and R77, completing the sense 
feedback. The Error Amplifier adjusts the voltage at TP5 until the 
error is reduced to zero; the TP5 voltage thus converges to that of the 
attenuated DC Ref at RL16-4. 

The output of the 100m V Attenuator, at the TP6 star point, is 
therefore one hundredth of the DC Ref voltage, and can be varied 
between -200mV and +200mV. Note that the full DC Reference 
voltage resolution is available, so that the lOOmV range resolution 
remains at 71/2 digits. This is reflected in the resolution of the 
OUTPUT display on the instrument front panel. 

The lOOmV Attenuator output passes through RL2-2/3/10/ll to 
join the Pfll(DCV) line. 0n ranges below 1 V the Remote Sense 
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7.3.9.4 DC As.wmbly 
(Circuit diagram 430536 Page 11.5-2) 

In normal 4-wire operation (Remote Sense selected) with OlITPUT 
'ON' on the 1 V and lOV Ranges, relays RLlO, 11, 14 and 15 are 
energized. 

SHl(V) enters from the Mother assembly at 15-20 and is passed 
directly through RL15 and RLlO contacts, lA fuse F2, and to the 
range relays as S1-Il(DCV). 

SLO(V) travels via RL15 and RLl 1 contacts to the range relays as 
SLO(DCV). 

With Remote Sense not selected, relay RL14 is unenergized. 
RL14-9/8 short S1-Il(V) to the power Hi output PI-Il(V). 
RL14-2/3 short SLO(V) to the power Lo output PLO(V). 

Refer to Page 11.5-1. 

SLO(DCV) is referred to Reference Common-1. S1-Il(DCV) passes 
to the contacts 8/9/10/11 of energized 1 V+ 1 0V range relay RL4, and 
via R77 to the inverting input of the Error Amplifier. 

N.B. Although the relays are referred to above as 'energized' and 
'un-energized', this is not strictly true as polarized relays are 
used to dispense with the power neede4 to hold the relays in. 

This distinction is not significant to the present text, but is 
discussed later in sect 7.11 where the relay logic is detailed. 

relay RL14 (page 11 .5-2) carmot be energized; so with DC Voltage 
and Output ON selected, the 100m V range output is routed via 
contacts RL14-9/8 and the S1-ll(V) line, on towards the Hi terminal 
on the front panel for 2-wire connection. 

The other connection to the load retums via the Lo terminal, arriving 
at the DC assembly as SLO(V), referred to Common-1 (page 11.5-1). 
Contacts 2 and 3 of unenergized Remote Sense relay RL14 cormect 
the SLO(V) line to the PLO(DCV) line, and through the overcurrent 
sense resistor R56 to Common-2A. However, no overcurrent 
sensing is available on ranges below 1 V, as R56 is shorted by the 
RL2-5/4 cormection between Common-1 and Common-2A at the 
base of the lOOmV Attenuator, and the contacts of the energized 
RLll and un-energized RL14 (page 11 .5-2). 

N.B. Although the relays are referred to above as 'energized' and 
'un-energized', this is not strictly true as polarized relays are 
used to dispense with the power needed to hold the relays in. 

This distinction is not significant to the present text, but is 
discussed later in sect 7.11 where the relay logic is detailed. 



7.5 100µV - 10mV RANGES 

These ranges use the same relay settings as 1 OOm V Range, so the 
output voltages remain at 1/100 of the DC Ref voltages. The 
diff erences lie in the spans of DC Ref voltages used. 

To achieve the correct DC Ref span, the appropriate scaling is 
computed digitally and the 4-byte binary words set in the 13-bit and 
12-bit comparator latches of the Analog Interface. The DC Ref 
spans are scaled as follows: 

lOmV Range - -2V to +2V 
lmV Range -200mV to +200mV 
lOOµV Range - -20mV to +20mV 

7.6 DC 10V LOOP 

7.6.1 DC REF. and ERROR AMPLIFIER 
(Circuit diagram 430536 Page 115-1) 

The DC Ref signal is derived as for the 1 V range, entering the DC 
assembly at the same pins: 15 pins 1, 2, 3 and 4. Relay RL18 again 
connects the power and sense lines to the two star-points TP2 and 
TP3, TP3 being the signal Common-1 point. 

On this range, RL16-8/9 connects full DC Ref to the non-inverting 
input of the Error Amplifier, which operates as for the 1 V range, 
except that the span of voltages is now the full -20V to_ +20V. 

7.6.3 lOV BUFFER (Power Ampl. Assembly) 
(Circuit Diagram No. 430618 pages 11.9-112). 

The discrete, complementary, lOV Range buffer-amplifier is a dual
purpose circuit, generating power to the output terminals for both 
DC and AC functions. 

As it provides the full output current, it is located on the Power 
Amplifier assembly so that the heat from its power stage can be 
developed outside the th.ermally-shielding Chassis assembly, and 
dissipated by forced-air cooling from the fan. Its output is fed back 
to the DC or AC _assembly for range and output switching, as the 
'DC 1 0V + 1 OOV' signal. 

7.6.3.1 DC Path 

The DC path is blocked by C56; Ml 7 is the DC input buffer, 
connected as an integrator with diode clamping. M19 operates as an 
inverter in open loop, so applies high DC gain to the output from 
Ml 7 on M19-2, referred to Common-2C by Rl 12. 

The output from M19 drives both halves of the symmetrical, 
inverting, discrete power amplifier through current-limiters Q21 and 
Q24, and is buffered by emitter-followers Q22 and Q23. Common
emitter devices Q27 and Q29 form a voltage amplifier, driving the 
complementary output stage Q32 and Q33. Resistors R119 and 
R120 set the gain of the discrete stages to approximately 4.5. 

The forward amplification contains three inversions, negative DC 
feedback being applied to M17 inverting input by R122, defining an 
overall gain of 10 in conjunction with input resistor Rl23. 

Because of this scaling, the resolution available on these ranges is 
reduced in proportion to the scaling ratio. The displayed output 
resolution is automatically adjusted according to range selection: 

7.6.2 

lOV, 1 V and 100m V Ranges 
lOmV Range 
lmV Range 
lO0µV Range 

71/2 digits 
61/2 digits 
51/2 digits 
41/2 digits 

DC +2 ERROR BUFFER M14 
(Circuit diagram 430536 Page 115-1) 

The Error Amplifier output is blocked from the 1 V Buffer by the 
open contacts 10/11 of RLl 6. Instead, it is connected by RL6-6/4 as 
input to M14. 

For the lOV and 100V ranges, M14 is connected as an inverting +2 
line buffer by the un-energized relay RL6-6/4 and 11/13. For the 
lOV range, M14 output passes to the Power Amplifier assembly via 
15-73 and the Mother assembly. 

The output from the line buffer M14 on the DC assembly (the signal 
'DC lOV+lO0V+lkV ERROR') enters the PA assembly at 19-40, 
passing to the input of the 1 0V Power Amplifier via DC/ AC 
selector relay RL4-11/13 and lOV selector RL3-9/13. The signal is 
attenuated by R171 and R124 in a ratio of 4.17: 1. So a positive full 
range DC Ref signal of + 1 0V from the Reference Divider appears at 
19-40 as -5V, and is further attenuated by Rl 71/R124 to 
approximately -l.2V across R124, which refers it to Common-2B. 

The amplifier is best regarded as having separate DC and AC paths. 

For DC range selections, the DC error signal is applied at M17-2, is 
amplified by 10 and output at TPl 1 via the low DC resistance of L8. 
The forward voltage gain, from the output of the Error Amplifier to 
the output of the lOV Buffer, is thus of the order of 1.2. This is 
more than sufficient to support the specified output current, w hen 
corrected to the demanded output voltage by the sense feedback to the 
Error Amplifier. 

In AC operation, the effect of the DC path is to sense and correct the 
DC offsets throughout the whole AC amplifier, referring the output 
to Common-2A at Ml 7-3. 
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7.6.3.2 AC Path 

The AC path is blocked by the integrator Ml 7, but is applied to the 
non-inverting input of M19 through the coupling capacitor C56. 
M19 operates in open loop, applying its output to the discrete power 
amplifier (see para 7.6.3.1 above). 

The amplifier AC gain is also set to 10 by R122 and R123, the 
circuit time constants being selected to allow overall instrument 
output operation over the full frequency range of lOHz to 1MHz. 

7.6.3.3 Overload Detection 

The lOV FLAG line, connected to D71 cathode, is pulled up to OV 
(in-guard logic-1) by 7.2kn (See page 11.9-5 - R154 in parallel with 
R38). An Error OL message results from this line being driven to 
logic-0 by Q34. During DC operation, relay RL8 is un-energized, 
configuring the collector loads of emitter-followers Q32 and Q33 as 
low-pass filters. This de-sensitizes the overload detector and the 
overload limiters Q28 and Q30 from the effects of transient currents. 

Overload detector Q31 reaches Vbe threshold when the DC current 
value in R139 and R141 exceeds approximately 35mA. Similarly, 
Q34 detects currents in R147 and R149. In either case, Q34 
conducts, pulling diode D71 cathode down to -15.7V. This drives 
the 1 OV FLAG line to logic-0, so the status message is retumed to 
the CPU via the SSDA serial interface, and the 'Error OL' message 
is displayed. 

This does not preclude further increase in output current, but under 
these conditions the instrument accuracy specification is not 
guaranteed. 

During AC operation, relay RL8 is energized, the filter is removed, 
and the Overload Detector is adjusted to operate as a peak current 
detector. Rl 72/Rl41 and R173/R147 cause the lOV FLAG to 
activate for RMS values of output sinewave current in excess of 
approximately 80mA. 

7.6.4 RANGE SWITCIIlNG (DC Assembly) 
(Circuit Diagram 430536 Page 11.5-1) 

The DC lOV + 1 OOV signal enters the DC assembly from the Mother 
assembly at J5-37 /38 and R73/L6 filter out any spikes picked up in 
transit. Relay RIA is energized, . shorting the high voltage resistor 
R67, so the signal goes directly through the lAmp fuse Fl to the 
lV+lOV+lOOV star-point. 
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7.6.3.4 Overload Limiting 

If the OC output current increases to approximately 39mA, the 
current in either R139 or R149 causes the Vbe threshold of Q28 or 
Q30 to be exceeded, shunting the base current of the corresponding 
voltage amplifier . . Thus the output drive to the final stage is limited. 

In AC operation, if the RMS output current increases to 
approximately 1 OOmA, the peaks of current cause the Vbe threshold 
of Q28 or Q30 to be exceeded. The output drive to the final stage is 
limited at this level. 

7.6.3.5 Output Protection 

The output current passes through the combination of R144 and L8. 
At DC and low frequency AC, the inductor provides a low output 
impedance, whereas at high frequencies the resistor stabilizes the 
amplifier when driving capacitive loads. 

7.6.3.6 lOV Buffer Output 

For OC and AC lOV ranges, relay RL3 is energized. 

For DC, RIA is un-energized, so the lOV Buffer output passes via 
RL3-8/4 and RIA-4/6 as the 'DC lOV+lOOV' signal, 119-19/20 to 
the Mother assembly, and thence to the DC assembly. 

For AC, RIA is energized, diverting the lOV Buffer oulput via RIA-
4/8 as the 'AC lOV+lOOV' signal, and out at 119-15/16 via the 
Mother assembly to the AC assembly. 

7.6.3.7 lOV Amplifier Power Supplies 

M17 and M19 are supplied from 15V Common-2A rails, but the 
discrete amplifier receives power from the 38V supply, which is also 
used for the Error Amplifier on the OC assembly. 

7.6.5 REMAINDER OF THE lOV LOOP 

From this point, the lOV range loop follows the same path as the 
1 V loop, both outwards to the I+ and I- terminals and back to the 
Error Amplifier inverting (sense) input. Of course, on the 1 OV 
range, the retuming sense signal is compared with the full DC Ref 
voltage, rather than the attenuated DC Ref for the 1 V range. Refer 
to sub-section 7.3; from para. 7.3 .6 onwards. · 



7.7 DC HIGH VOLTAGE LOOPS 

The basic instrument includes a high voltage DC range, nominally 
100V full range, but extending from -200V to +200V full scale. 
The factory-fitted Option 10 introduces a nominal 1000V DC range, 
which covers the span from -llOOV to +llOOV. 

7.7.1 IDGH VOLTAGE DELIVERY 

Both ranges employ the same referencing arrangement used for the 
1 OV DC Range, but the techniques necessary to generate high 
voltages differ from those in the low voltage loops: 

For the lOOV Range, a VMOS circuit amplifies the ±20V 
Reference directly, as a DC signal, powered from a separate 
±400V supply. The 1 OOV range voltages are passed back via the 
range switching circuitry in the DC assembly to be output from 
the instrument as for the low voltage ranges. 

7.7.2 IDGH VOLTAGE SENSING 

A guarded high-voltage switched precision attenuator reduces the DC 
sense voltage from the Hi and Lo terminals to Reference levels. The 
attenuated sense voltage is compared with the DC Ref voltage, their 
difference being used as an error signal to correct the range output 
level. 

The simplified block diagram of Pig. 7.2 illustrates the high voltage 
DC circuit arrangement and signal flow. The details of the lOOV and 
1000V ranges are described in Sub-sections 7.8 and 7.9. 

For the 1000V Range, the DC reference is first converted to 
a 16kHz AC signal, amplified in the same 100V amplifier, then 
stepped up to 1 OOOV range voltages through a separate 
transformer. Subsequent high voltage rectification, filtering and 
polarity-switching converts the AC output from the transformer 
secondary into a DC voltage. A separate line conveys the lkV 
range voltage back to the DC assembly for range switching and 
output from the instrument. 

Transfonner Hlgh Vohage 
Aaembly (HF} Auembly 

I+ 

DC Ref 

FIG. 7.2 DC HIGH VOLTAGE LOOP - SIMPLIFIED BLOCK DIAGRAM AND ROUTING 

7-9 



7.8 100V RANG E 

7.8.l INTRODUCTION 

The 'lOV+lOOV+lOO0V OC ERROR' signal, generated by the +2 
DC Error Buffer in the OC assembly, enters the Power Amplifier as 
for the 1 0VDC . range; hut the 1 0V Amplifier is bypassed for the 
high voltage ranges. 

On the IO0V range, the signal is switched directly inta the 100V 
Amplifier, where it is scaled up by a factor of -20, the amplifier 
output being delivered via the 'DC 1 0V + 1 00V' line to the PHI(DCV) 
line on the DC assembly. Thereafter the output is transferred to the 
instrument terminals as for the 1 0V range. 

7.8.2 

7.8.2.1 

100V RANGE POWER ROUTING 

DC Reference and Error Amplifier 
(Circuit diagram 430536 Page 115-1) 

The OC Ref signal is derived as for the 1 V range, entering the DC 
assembly at the same pins: J5 pins 1, 2, 3 and 4. Relay RL18 again 
connects the power and sense lines to the two star-points TP2 and 
TP3, the latter being the signal Common-1 point. 

0n the 1 OOV range, RLI 6-8/9 connects the full DC Reference to the 
non-inverting input of the Error Amplifier, which operates as for the 
1 V range, except that the span of voltages is now the full -20V to 
+20V. 

7.8.2.2 DC +2 Error Buffer Ml4 

The Error Amplifier output is blocked from the 1 V Buff er by the 
open contacts 10/11 of RL16. Instead, it is connected by RL6-6/4 as 
input to Ml4. 

For the lOV and 100V ranges, M14 is connected as an inverting +2 
line buffer by the un-energized relay RL6-6/4 and 11/13. For the 
IO0V range, M14 output passes to the Power Amplifier assembly 
via J5-73 and the Mother assembly. 

7.8.2.3 Power Amplifier and Output Routing 
(Circuit Diagrams: 430618 pages 11.9-2 and 11.9-3; 

430536 page 115-1) 

'DC Error' enters the Power Amplifier assembly at J9-40 (refer to 
page ll.9-2). Relay RL3 is un-energized, shorting the lOV 
Amplifier input; and RL4 is un-energized, routing the DC Error 
signal to the 1 OOV Amplifier as signal '100V I/P' (page 11.9-3 ). 

Energized relay contacts RL2-8/4 apply the signal to the Gain Stage, 
which provides drive to the power amplifiers in the positive and 
negative heat sinks, via J3-12 and J3-1 l. The single-ended output 
from the heatsinks at J3-9 passes via R89, L7 and relay RL2-13/9 
(RL2 .energized), to RL3-6 (page 119-2), and onto the 
'DC l0V+lOOV' line via RL4-4/6, R174 and 19-19/20. 

On the DC assembly (page 115-1), the signal is routed to the 
PHI(DCV) line as for the 1 0V range. 
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7.8.3 100V AMPLIFIER 
(Circuit Diagram 43 0618 page 11.9-3) 

The 100V amplifier is in three stages: 

Gain Stage: this is similar to the first stage of the lOV 
amplifier, hut with a different distribution of gain. 

Driver Stage: providing mast of the gain, this stage runs 
from a regulated 400V supply. 

Buffer Output Stage: complementary MOSFET circuits, 
located on the positive and negative heatsinks, provide a single
ended output with the required voltage swing, at low impedance. 

The voltage gain for the whole 100V amplifier is set at 100 by 
the input resistors R74/R71 and the feedback resistor R88. 

The 100V amplifier is also used for l00V AC outputs, and on the 
DC and AC 1000V ranges to drive the step-up transformer. For this 
reason the following description is applicable to both DC and AC 
signal processing, and will be referred to in the sub-sections dealing 
with those functions and ranges. 

7.8.3.1 Input to Gain and Driver Stages 
(Circuit Diagram 430618 pages 11 .9-2 and 11.9-3) 

The OC ERROR signal enters the PA assembly at 19-40, passing to 
the input of the 100V Power Amplifier via relays RL4-l l/13 and 
RL2-8/4. It is referred to common 2B by developing a voltage 
across R72. 

7.8.3.2 DC Offset Correction 

MlO is the DC offset integrator, with diade clamping. It provides a 
DC input to the non-inverting input of the voltage gain amplifier 
M8, controlling its DC offset. This is similar to the arrangement in 
the 1 0V Amplifier. 

7.8.3.3 Signal Processing 

M8 is a high speed hybrid amplifier operating as an inverter. With 
link LKD normally made, its stage gain is approximately 2.5, 
frequency compensated by C18 and C72. It operates from the 15V 
Common-2B supplies, hut its signal output is converted inta a 
current by QlO and Q8; allowing its mean DC voltage for AC 
signals to reach the -400V levels required to operate the driver 
MOSFET output circuit. Diades D44, D43 and D36 prevent 
negative latch-up. 

Voltage Regulator M21 sets its pin 1 to +12V. Common-emitter 
buffer QlO drives the capacitance of Q8 source-gate from the output 
of M8, forming a cascode current generator. The drain of p-channel 
MOSFET Q8 passes the signal current to the mirror Q12/Qll at 
voltages close to the negative 400V rail. 

The current-mirror output transistor Ql 1 is also in cascode with its 
associated MOSFET Q9. Emitter resistor R53 defines the current in 
Q9, the ratio R52/R53 setting the mirror's current gain. 



MOSFETs are inherently capacitive, so measures are taken to nullify 
the effects, on slew rate, of the capacitive currents between Q9 
electrodes. The cascode arrangement ensures that any source-gate and 
source-drain capacitive currents join the main flow of source current 
and have little effect on slew rate. 

The Miller feedback of the drain-gate capacitance has the greatest 
effect on slew rate, generating AC currents between anti-phase 
electrodes which normally pass into the input circuit. In this 
arrangement, Q13 diverts these currents back into the cascode current, 
while maintaining a standing bias of about 4 volts between gate and 
source. These measures minimize the reduction of Q9 operating 
bandwidth. 

R51 and D42 provide Q13 operating bias, and D51 protects the bias 
circuit. The high-power resistor R49 refers the bias circuit to 
Common-2, and C26 stabilizes the base-emitter bias of Q13. Zener 
diade D39 protects the MOSFET from source-gate voltage 
breakdown. 

7.8.3.4 Driver Regulator 

At Full Scale on the 100V AC range, the output from the driver is 
200V RMS. This requires Q9 drain to prov ide a peak-to-peak 
voltage swing approaching 600 Volts, as there is no voltage gain in 
the heatsink power amplifiers. The positive supply which provides 
Q9 current therefore needs special regulation. 

The 400 volt supply is at this point unregulated, so can contain line 
ripple and level variations, this noise level being critical to the 
output performance. To define a stable supply voltage, a DC 
restoration circuit is employed as a trough detector, maintaining a 
level about 5V below the most negative excursions of the ripple. 

At power-up, 75V zener D57 allows a rapid charge of reservoir 
capacitors C49 and C59, until the charge reduces D57 voltage below 
the avalanche level. When D57 cuts-off, RlOO provides a charge 
path of lM.O, giving a time constant of approximately 10 seconds. 
The smoothed voltage across C49/C59 is divided by RlOl, R86 and 
R87; so a small voltage is dropped across RlOl, and Q20 gate is 
held about 5V below the +400V(2)B line voltage. The N-channel 
source-follower Q20 thus provides a quiet, low-impedance DC 
supply voltage. 

Zener diades D60 and D61 divide the voltage across C49 and C59, so 
that their breakdown voltages are not exceeded. The lOV zener D54 
protects the TMOS gate/source from excessive voltages. 

The opto-coupler M16 permits the 400v supply to be switched off, 
allowing D56 to assume forward bias, thus connecting the rail to the 
+38V supply. This facility is made available to reduce the voltage 
across R65, and hence its continuous power loading, when the 
instrument is delivering a DC output of negative polarity. M16 is 
turned off for AC and positive DC outputs, by the 'POSITIVE' 
signal from the processor being set to logic-1 (OV). Thus M16-6 is 
isolated from M 16-5, and the +400V rail out of the regulator remains 
energized. For negative DC outputs, the cathode of the LED in M16 
is pulled to logic-0 (the POSIDVE signal being set to -15V on 
M16-3 - see page 11.9-5); the LED emits, and M16-6/5 shorts out 
D54 turning Q20 off. The total supply voltage for negative outputs 
is then limited to 438V. 

At HF, inductor L6 appears as a current source, increasing the 
impedance of Q9 drain load with frequency to compensate for 
capacitive loading. It has the advantage of not increasing the net 
power dissipated in the stage; any active current source would have 
significant output capacitance. The 12-watt resistor R65 is the rnain 
resistive drain load for Q9. 

7.8.3.5 Driver Output 

The driver develops its output voltage, which can involve peak-to
peak AC swings of up to 600V, across the load resistor R65. Zener 
diade D41 is included to clamp the output in the event of the 
heatsinks being disconnected. This is normally held below avalanche 
by the current passing through a series bias buffer (Q8) in the 
Positive Heatsink assembly, via 13-11 and 13-1'.2. 

The main frequency compensation is performed by capacitor C 12. 
This could have been connected to the drain of Q9, but the output 
line slew rate is sensitive to capacitive loading. Instead it is 
connected via J2-7, to a low impedance point in the Negative 
Heatsink assembly, which follows the driver output voltage swing. 

7.8.4 lOOV POWER AMPLIFIER 
(Circuit Diagrams 430637 page 11.13-1 

and 430539 page 11.13-2) 

The 100V power amplifier stage is split between the Positive and 
Negative Heatsink assemblies. The driver output voltage is 
connected into the Positive assembly, and the frequency 
compensation feedback is derived in the Negative assembly. 

The whole circuit is a complementary, single-ended push-pull 
amplifier with unity voltage gain. To achieve the full 300V peak 
voltage output, two MOSFET source-followers are connected in 
cascode, for each polarity, in a totempole arrangement. 

To obtain the required peak current levels, each source-follower 
consists of two MOSFETs in parallel. In all, therefore, eight 
MOSFET devices are used. 

0n 100V ranges, the output currents are such as to bias the amplifier 
in class A, hut on 1000V ranges the output currents impose class 
AB conditons. Crossover distortion is minimized by a regulated 
bias, generated by a V gs multiplier (Ml in the Positive Heatsink 
assembly). 

Power for the amplifier is provided by the same 400V supply that 
serves the driver circuit. To minimize interna! temperature by 
improving cfficiency, overall power loss is reduced by regulation 
only where required. Thus only the driver stage is regulated, 
allowing the power amplifier to take power directly from the 
unregulated supply. Being source-followers, the ripple on their 
400V rail is not transmitted. 
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7.8.4.1 Positive Heatsink Assembly 
(Circuit Diagram 430637 Page 11.13-1) 

N-channel MOSFETs Ql and Q2 are connected in parallel, as are Q3 
and Q4. All devices are matched for power dissipation and threshold 
voltage for an even dissipation of approximately 400W between the 
two heatsinks. All gate-source potentials are limited by lOV zeners. 

The input voltage from the driver is present at J3-11 and J3-12. 
Most of the driver load current passes through the bias buffer Q8, and 
the voltage developed across Q8/R21 is applied to the bias control 
RIO. The Vgs multiplier Ml/Q8 acts as a high gain shunt 
regulator, generating a bias of between 5V and 9V, set by RIO. The 
regulator's own bias chain of Q9, D8, and Q5 (which is connected as 
a diade) responds to the temperature of the heatsink to compensate 
for the temperature coefficients of the MOSFETs. 

The 'DRIVE-' voltage at J3-11 is transferred directly to the negative 
heatsink input via Jl-7 (Circuit Diagram 430539 page JJ.13-2). 

The 'DRIVE+.' voltage at J3-12 is buffered by Q7 and applied to the 
gates of Q3 and Q4. In the event of an output short-circuit, Q6 
detects the output current as a voltage across R14, imposing a hard 
limit of 1.5A by reducing the signal voltage at the input to the 
MOSFET gates. 

The series gate resistors R5 and R6, together with their associated 
drain-gate capacitances, form the dominant pole of the amplifier. 
Damping resistor R19 with ferrite bead FBl, prevent local 
oscillations in emitter-follower Q7. 

Q 1 and Q2 act as buffers to provide a bootstrapped supply for the 
output devices Q3 and Q4, splitting the overall power dissipation to 
four points of application to the heatsink. The gates of Ql and Q2 
receive their drive from the output line, obtained via the divider 
Rl6/R22/R23/Rl5. Capacitors CIO and C13 decouple any noise on 
the 400V rail; Cl 1 and C12 correct any lag which may be generated 
by CIO and Cl3. C5 and C6 control the division ratio at HF, 
swamping any stray capacitance. 

The drains of Q3 and Q4 are shorted to gether, and connected via Jl-5 
by a lOnF capacitor to the corresponding point in the Negative 
Heatsink, completing- an AC bootstrap (BS). The gates of Q3/Q4 
(Jl-1) and Ql/Q2 (Jl-4) are similarly linked to their corresponding 
points in the negative heatsink. This ensures that AC swings in 
both polarities are identical. 

The combined output from the Positive and Negative Heatsinks is 
transmitted back to the Power Amplifier assembly via along the 
screen of the input connection. 

7.8.4.2 Negative Heatsink Assembly 
(Circuit Diagram 430538 Page 11.13-2) 

This is virtually a mirror image of the Positive Heatsink circuit. 
However, because the P-channel MOSFETs are operating doser to 
their maximum voltage rating, they are further protected by Zener 
diades which limit their drain-gate potentials. 

The HF swamp capacitors are not required, as the whole circuit is 
AC-bootstrapped to corresponding points in the Positive Heatsink 
assembly, via Cl, C2 and C4. 
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HF compensation for the driver and output stages is derived at low 
impedance from the junction of R2 and Dl 2. It feeds back via 12-7 
to the driver output circuit, through C12 in the Power Amplifier 
assembly, to avoid capacitively loading the driver output line. 

7.8.4.3 Over-Temperature Detection 

The two NTC thermistors in each heatsink circuit are part of a bridge 
network ,which detects excessive temperatures on the heatsinks. The 
action of the bridge is described in section 7.12.9. 

7.8.4.4 100V Output Connection 

DANGER! 
For guarding purposes, the output from the heatsinks is transmitted 
back to J3-9 of the Power Amplifier assembly along the screen of 
the input cable. The voltages on this screen are POTENTIALL Y 
LETHAL. Utmost caution should be exercised when working in its 
vicinity. 

7.8.4.5 Heatsink Removal 

The 100V Amplifier can work with the heatsinks removed, because 
of the clamp diade (D41 on page 11 .9-3) in series with the driver 
load. If they are removed, however, J3-9 and J3-11 in the 
disconnected socket of J3 must be connected together, to maintain 
the feedback. In this condition, the gain falls due to loading of the 
driver by resistors in the DC or AC assembly. 

7.8.5 POWER SUPPLIES AND PROTECTION 

Three main power supplies are employed in the Power Amplifier: 

lSV Common-2 in-guard supply. 
This is used for all low voltage applications, including the switching 
and functional logic. For the most part the logic conforms to the 
standard: logic-0 = -15V; logic-1 = OV. 

38V Common-2 supply. 
Required mainly for the 1 OV Power Amplifier, hut also for negative 
DC outputs in the 1 OOV Amplifier driver, this supply is generated 
on the separate 38V Power Supply assembly (Refer to page 11.12-1). 
Part of the supply circuit is situated on the Mother Assembly. 

400V Power Supply. 
The IOOV Power Amplifier used for the 1 OOV and 1000V ranges, for 
both DC and AC outputs. The line transformer secondary output is 
rectified and smoothed on the Mother assembly, and the main 
regulator circuitry for the driver stage is contained on the Power 
Supply / Current Heatsink. The power output stage of the 100V 
Amplifier receives unregulated 400V supply. Extensive protection is 
incorporated. 



7.8.5.1 38V Supply 
(Circuit Diagram 430544 Page 11.12-1) 

The mains (line) transformer secondary centre tap is referred to 
Common-2 on the Mother assembly after passing through the 38V 
Power Supply assembly. This secondary also provides an adjustable 
AC output for the 'Common Mode Null' balancing circuit. 

A single bridge rectifier on the Mother assembly provides both 
positive and negative raw supplies for the foldback regulator in the 
38V Power Supply assembly. 

The 38V supply circuit is described in Section 6.7, para 6.7.3.4. 

7.8.5.2 400V Transformation and Rectification 
(Circuit Diagram 430604 Page 11.16-5) 

The mains (line) transformer secondary centre tap is referred to 
Common-2 on the Mother assembly. The secondary is switched 
with the secondary for the 38V supply, to allow a lower voltage to 
drive the 100V power amplifier for servicing purposes. Under 
operational conditions in the 4200, this switch, which is situated 
prominently on the Mains Transformer assembly, is set to the 400V 
position. 

A single bridge rectifier on the Mother assembly uses series diades to 
achieve the high peak inverse voltage performance required for the 
400V supply. 

After smoothing, and part-loading by a bleeder resistor chain (the 
bleeder resistors also balance the voltages across the capacitors); the 
rectifier output is passed via J31, to provide both positive and 
negative raw supplies for the foldback regulator in the PS/I Heatsink 
assembly. 

7.8.5.3 400V Current Control 
(Circuit Diagram 430540 Page 11.13-3) 

When the 400V supply is enabled, the LEDs in opto-isolators Ml 
and M2 are conducting, allowing their opto-transistors to be 
energized. As the circuits for both polarities are otherwise 
symmetrical, only the positive circuit is described. 

Zener Diade D8 protects the souree-gate circuit of level-shifter Q3. 
This N-channel MOSFET supplies a current of l.4mA, as defined by 
Q8, to the current-monitor reference zener diade D7. This current is 
available only if the 400V supply is enabled by Ml, otherwise Q4 
base is pulled down by Dl/R9, Q4 conducting via D7 so Q9 is 
pinched off. 

Under normal operating conditions the Power Amplifier supply 
current is drawn through the P-channel MOSFET Q9, which is held 
in conduction by R8, R12 and D2. The current is sensed by the 
parallel combination of resistors Rl 7 and R32. Although the peaks 
of the current taken by the power amplifier can reach 1.4A, the mean 
value is less than 0.5A. Ripple currents making up the difference are 
smoothed by the main reservoir capacitors C31 and C22 on the 
Power Amplifier assembly (page 11.9-3 ). 

For mean currents more than approximately 0.5A (in particular for 
output short-circuits); the voltage sensed across Rl 7/R32, 
subsequently divided by the attenuator Rl0/R9, exceeds the threshold 
of Q4/D7. Q4 conducts to pass current into R8, reducing the drive 
to Q9 gate, so the +400V(2)B voltage at D5 anade falls. When the 
voltage dropped by Q9 rises to 56V, zener D5 conducts and pulls Q4 
base down, further reducing the drive to Q9 gate. This cumulative 
action is slowed only by the time constant of the combination 
R34/C15, so that both voltage and current on the +400V(2)B line are 
sim;ultaneously closed down. 

With a persistent 400V overload, the circuit cannot recover naturally 
from this 'foldback' mode. However, the 400V voltage is monitored. 
If the 400V monitor senses a failure, a status bit is passed back to 
the CPU via the SSDA serial link. The CPU makes three attempts 
to reinstate correct operation by removing the P A bias while 
restarting the supply via the 400V enable line. If after the third 
attempt the voltage does not recover, the CPU assumes that a 
hardware fault is present, so displays the 'F AIL 7' message. 

7.8.5.4 100V Current Sense and 
lk V Overvolts Detector 
(Circuit Diagram 430618 Page 11.9-6) 

This detector circuitry is used only for AC High Voltage ranges, and 
is described with the AC Voltage Amplitude Control system in 
Section 9. However, as the 400V supplies pass through the circuit 
for DC high voltage ranges, it is worth a mention at this point. 

The 400V(2)B lines enter the Power Amplifier assembly from the 
PS/I Heatsink at Jl-8/6 and are filtered by L1 and L2 before being 
applied across two neon lamps LPl and LP3. These lamps are 
visible from the top and rear of the instrument when the P A board is 
exposed, indicating that a dangerous voltage is present. 

The 400V(2)B lines pass on to power the driver stage of the 100V 
amplifier, where the voltage is regulated as described in sect. 7.8.3.4. 

The 400V(2)C lines supply the power amplifier in the Positive and 
Negative Heatsinks. 

0n the AC 100V range, the current in each of these lines is used as 
an analog of the load placed on the amplifier. (On the 1000V ranges, 
any overload is sensed by an AC or DC overcurrent detector in the 
DC assembly.) 0n the AC 1000V Range, the voltage applied to the 
primary of the step-up transformer is f ed via a resistor to the detector 
at M2-5/9. The '100V AC' line is set to logic-0 (-15V) only when 
the 1 OOV AC range is selected. 
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7.8.6 PA POWER SUPPLY MONITORS 
(Circuit Diagram 430618 Page 11.94) 

All three power supply voltages: 15V, 38V, and 400V; are 
monitored using sim ilar comparators to ini tia te individual 'F AIL' 
messages. In addition, if either the 400V or the 15V circuit detects a 
low power supply voltage, the 400V supply is disabled. 

7.8.6.1 Comparator Supply Protection 

To ensure that failure of either the 15V or the 38V supply does not 
remove the power from the three comparators, these two sources are 
'OR'ed by DS, D6, D15 and D16 (the 38V supply being ballasted by 
Rl and R15) to provide the V+ and V- supply to the Quad op-amp 
M3. In nine of the possible sixteen states of failure of these two 
supplies, power will still be applied to the comparators. The 
maximum values of V+ and V- are limited to +16V and -16V by 
zener diodes D7 and D 14. 

7.8.6.2 15V Monitor 

Zener diode D29 is the 2.45V reference for the 15V comparator. It is 
ballasted by R27 to V+, and its +2.45V above the -15V rail is 
applied to the non-inverting input of M3c. The +15V to -15V 
supply is divided by R29/R30/R33, generating a voltage +2.SOV 
above the -15V rail at the inverting input to M3c under normal 
operating conditions. Thus the output at M3c-7 remains at the 
negative (V-) rail, holding D28 in forward bias, and the 15V(2) FAIL 
line at J9-108 is held at Logic-0 (-15V). 

If the voltage between the ±15V supply rails falls to less than 
29.4V, the voltage across R30/R33 falls to less than the reference 
2.45V. The output at M3c-7 changes state to the V+ rail, reverse
biassing D28, so the 15V(2) FAIL line is pulled to logic-1 (OV) by 
R28. 

The logic levels on the 15V(2) FAIL line pass via the Mother 
assembly to the Parallel/Serial status registers in the Reference 
Divider assembly (M18-5 on page 11.44). During each control data 
transfer, the SSDA also passes the condition of the status registers 
back across guard to be read by the CPU. When the 15V(2) FAIL 
line switches to logic-1 due to a 15V failure, this is detected by the 
CPU which produces the F AIL 9 message on the MODE display. 

The 15V monitor output line also gives an input to the 400V enable 
logic (sect 7.125). The effect of a 15V failure is to disable the 
400V(2)B regulated supply via D26 conduction and Jl-3 at logic-1. 
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7.8.6.3 38V Monitor 

The action is similar to the 15V monitor, but because of the higher 
voltage, the divider between the +38V and -38V lines is balanced by 
two 1 Ok.Q droppers in each line. Without QS, the 2.45V zener bias 
current would affect the sensing level. By employing QS as a 
voltage follower, D25 bias current can pass directly to the V- rail and 
still be referred to the R25/R26 junction. The Vbe drops in Q5 
cancel one another out, so the zener and the sensor R25/R32 are 
referred to the same potential. 

In normal operation the voltage across the 7150 of R25/R32 is 
approximately 2.62V, in excess of the 2.45V of D25. 

If the 76V between the +38V and -38V rails falls by fälling to 71 V, 
the voltage at M3b-2 falls below that at M3b-3, and the output at · 
M3b-1 changes state from -V to +V. The action of D22 and the 
38V(2) FAIL line are the same as for the 15V monitor. 

7.8.6.4 400V Monitor 

The 400V Monitor is in two mirrored halves, each dealing with its 
own polarity of the supply, so only the positive half is described. 

Zener D9 provides the +2.45V reference on the non-inverting input 
at M3d-12. The divided +400V is sensed across R16 at anormal 
operating voltage of +3.27V (referred to common-2C) and applied to 
the inverting input at M3d-13, thus setting the output at M3d-14 to 
the V- rail voltage. D20 is reverse-biassed so the 400V(2) FAIL 
voltage is pulled to logic-0 (-15V) by R7. 

If the +400V supply falls by fälling below +300V, the voltage 
across R16 falls below the +2.45V reference and the M3d-14 output 
switches to the V+ rail voltage. D20 conducts, pulling the 
400V(2) FAIL line at J9-106 to logic-1. 

In normal 400V operation R31 is shorted by the 400V /SOV switch 
on the Mains (line) transformer, via the 'Lo SUPPL Y A' and 
'Lo SUPPLY B' lines. When the switch is set to SOV, the 
Lo SUPPLY A line is connected to -15V, effectively disabling the 
monitor output by holding the 400V(2) FAIL line at logic-0. 

The output line gives an input via D3 to the 400V enable logic 
(described in sub-section 7.125). Its effect is as fora 15V failure. 
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7.9 1000V RANGE 

7.9.1 INTRODUCTION 

7.9.1.1 Power Signal Processi~g 

Method 
The 1000V DC Range obtains its high voltages by using the 100V 
power amplifier to drive an AC signal into the primary of a step-up 
transformer. The AC signal is derived by modulating a 16kHz 
reference with the DC ERROR signal. 

Error Signal Conditioning 
The 'lOV+lO0V+lOOOV DC ERROR' signal is pre-conditioned by 
the VCA Drive circuitry in the DC assembly, before it enters the 
Power Amplifier. The lOV Amplifier is bypassed. 

High A C Voltage Generation 
The modulated 16kHz signal is passed from the OC modulator into 
the 100V Amplifier, where it is scaled up by a factor of -100, the 
amplifier output being delivered via the 'OUTPUT' line to the HF 
Transformer assembly. 

Rectification and Output 
The stepped-up secondary voltage is rectified and filtered in the High 
Voltage assembly: 

A constant-current source acts as a shunt to sustain the current 
drawn from the high-voltage secondary winding through the 
bridge rectifier. Polarity is switched with respect to common-2 
via the LC-filtered 38V common-2 supplies. Positive polarity 
output is referred to -38V at zero output, to overlap with 
negative polarity output referred to +38V. The overlap allows 
digital calibration constants to be used to align zero voltage 
output in both polarities to the same calibrated zero. 

The main output filter is placed in the output line. This is a 
low-pass filter with a high rejection at 16kHz, reducing the 
ripple voltage to within specification limits. 

The output voltage is fed out through the Range switch on the 
DC assembly, where it is subject to Remote Sense and Output 
On/Off switching, before being passed to the I+ terminal by the 
same route as for low voltage ranges. High voltage status is 
detected on the DC assembly as described in para 7.3.8.2 for the 
lV Range. 

The externa! current is sunk into common-2 via the overcurrent 
detector, which warns the control processor when the output 
current exceeds approximately 28.SmA (see para 7.3.8.1). 0n 
the 1 OOOV range the processor will switch the output off on 
receipt of the overcurrent signal from the overcurrent detector. 

7.9.1.2 Sense Loop 

Sense Attenuation 
The sensed output voltage from the Hi and Lo terminals is reduced 
down to 'DC Ref levels by a guarded precision attenuator on the DC 
assembly, and then applied to the inverting input of the Error 
Amplifier: 

The Lo terminal and Sense Attenuator Lo · are both referred to 
Common-1 (DC Ref Lo). The attenuator is dual-purpose, being 
used for both 1 OOV and 1 OO0V ranges. The Hi sense voltage is 
divided in the Sense Attenuators by 10 (l00V Range) or 60 
(1000V Range). 

The attenuated output is corripared against DC Ref Hi in the 
Error Amplifier, modifying its output to the VCA Drive. 

The lOV Bootstrap, in addition to supplying the Error 
Amplifier, also buffers DC Ref Hi as reference for the VCA 
Drive circuit. 

Error Conditioning 
The bipolar DC error voltage between the buffered DC Ref Hi and 
the Error Amplifier output is converted by a switched precision 
rectifier in the 'VCA Drive', to provide a suitable unipolar control 
signal for the DC modulator. The buffered output from the rectifier 
becomes the 'lOV+lOOV+lOOOV DC ERROR' signal which adjusts 
the amplitude of the 1 OOOV Range outputs. 

Loop Action and Ref erence Scaling 
The Sense loop thus stabilizes the 1000V Range DC output to a 
value which is 60 limes the DC Ref voltage, this value being 
determined by the division ratio of the precision sense attenuator. 
The DC Ref voltage is scaled digitally so that Full Scale of 20V 
corresponds to 1100V on the OUTPUT display and at the output 
terminals. 
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7.9.2 1000V RANGE POWER ROUTING 

7.9.2.1 DC Reference and Error Amplifier 
(Circuit diagram 430536 Page 115-1) 

The OC Ref signal is derived as for the 1 V range, entering the DC 
assembly at the same pins: 15 pins 1, 2, 3 and 4. Relay RLl 8 again 
connects the power and sense lines to the two star-points TP2 and 
TP3, the latter being the signal Common-1 point. 

On the 1000V range, RL16-8/9 connects the full DC Reference to 
the non-inverting input of the Error Amplifier, which operates as for 
the 1 V range, except that the span of voltages is now the full -20V 
to +20V. 

The Error Amplifier output is blocked from the 1 V Buff er by the 
open contacts 10/11 of RL16. Instead, it passes as input to M15-5. 
The error signal is conditioned by the VCA Drive circuit Ml5/Ml4 
and passed to the line buffer at M14-5. For the 1000V range, M14 
is connected as a non-inverting line buffer by contacts 8/4 and 9/13 
of energized relay RL6. M14-7 output passes to the Power 
Amplifier assembly via J5-73 and the Mother assembly. 

7.9.2.2 Power Amplifler Routing 
(Circuit Diagrams: 430618 pages 11 .9-2 and 11.9-3) 

'DC Error' enters the Power Amplifier assembly at 19-40 (Refer to 
page 11.9-2). Relay RL3 remains un-energized, shorting across the 
lOV Amplifier input. The DC Error signal is routed via link LK.W 
and TP14 to the lkV DC Modulator at R78. The route to the 100V 
Amplifier input as signal '100V I/P' via RL4-11/13 is blocked by 
the open contacts 8/4 of unenergized relay RL2 (page 11.9-3 ). 

The output from the modulator isa 16kHz AC signal at TP15 whose 
amplitude is determined by the value of the DC Error signal. With 
RLl unenergized on the lkV DC Range, this AC signal passes via 
RLl-11/13 contacts to the 'lkV ERROR 0/P' line. 

RL2-6/4 contacts (page 11 .9-3) apply the signal to the Gain Stage, 
which provides drive to the power amplifiers in the positive and 
negative heat sinks, via 13-12 and B-11. The single-ended output 
from the heatsinks at 13-9 passes via the OUTPUT line to the 
lk V ENABLE relay contacts RL6-8/9 (page 11.9-2 ). RL6 is 
energized, and RL7 is unenergized on the DC lkV Range, so the 
OUTPUT line is connected to J5-3 (PA assembly) and out as a direct 
link to the High Frequency Transformer assembly. 
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7.9.2.3 High Voltage Assembly Routing 
(Circuit Diagram 430537 page 11.14-1) 

The high voltage output from the secondary of the HF transformer is 
input to the High Voltage assembly between its 12-1/2 and 12-8/9. 
After rectification, polarity switching and filtering, the DC lkV 
signal is output via Jl-2/3 to pin Lon the Mother assembly, where 
it is again filtered before passing to the DC assembly on 15-33/34. 

7.9.2.4 , DC Assembly Power and Sense Routing 
(Circuit Diagram 430536 page 115-1) 

0n the DC assembly, the DC lkV signal line is fused at lA by F5, 
and the signal is routed through RL 7-5/4. At this point the voltage 
is also used to energize the attenuator guard network R15 etc. It is 
routed to the PHI(DCV) line through RL7-10/11, then out to the I+ 
terminal and back from the Hi terminal on the SHI(DCV) line as for 
the 1 V range. The current returning from the I- terminal is sunk into 
common-2 via the overcurrent detector R56 (see para 7.3.8.1). 

SHI(DCV) is range switched on to the HV attenuator Rl 7 etc. by 
RL7-8/9, the reduced voltage being taken off through RL9-10/l 1 and 
applied to the inverting input of the Error Amplifier. · 
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7.9.3 VCA DRIVE CIRCUITRY 
(Circuit Diagram 430536 page 115-1) 

The attenuated sense signal is applied to the inverting input of the 
Error Amplifier via RL9-10/11. This bootstrapped, high gain 
circuit compares the sense signal with DC Ref. When both are 
equal; the output at M20-6, the bootstrap common BS at TPl, 
DC Ref Hi and the sense signal are all at the same level. Therefore 
the differential input to the error buffer-comparator M15 is zero at 
M15-6/5. 

The second M15 stage acts as a bipolar-Ull.ipolar switch which adapts 
the bi-polar action of the Error Amplifier to the unipolar sensitivity 
of the DC modulator: 

With the front panel OUTPUT ON + LED lit, the POSITTVE 
control signal is at logic-1 (OV). FET Ql conducts, setting the 
M15-3 non-inverting input to zero volts, so the amplifier inverts 
the input at M15-2. 

Altematively, if the OUTPUT ON- LED is lit the POSITTVE 
signal is at logic-0 (-15V), cutting off Q2. M15-3 follows the 
M15-7 voltage, so the amplifier acts as a voltage follower. 

The gain from M15-7 to the I+ terminal is approx. x2000. R87 and 
C40 at the Error Amplifier input; and R40, C21 on the first stage of 
M14; provide frequency compensation for the overall loop. 

For the 1000V range, the second M14 stage is connected as a non
inverting line buffer by contacts 8/4 and 9/13 of activated relay 
RL6. The output from M14-7 passes to the Power Amplifier 
assembly via 15-73 and the Mother assembly. 

7.9.3.1 Action of VCA Drive Circuitry 

If a user increases a positive OUTPUT display value, the positive 
DC Ref Hi voltage will increase (this is a demand to increase a 
positive output voltage). The polarity switch inverts the positive 
input from M15-7, so M15-1 feeds a negative output to Ml4. This 
is inverted at M14-1 and then buffered by voltage follower action at 
M14-7. It is passed via the Mother assembly to the DC modulator 
on the Power Aniplifier assembly as an increasing positive DC 
signal. 

In the case of an increasing negative OUTPUT display value, the 
negative DC Ref Hi value will increase negatively. But now the 
POSITTVE signal isat logic-0 (-15V), so the outpUt from M15-7 is 
not inverted and remains negative as for positive outputs. The action 
of M14 is not altered, so an increasing positive signal is sent to the 
DC modulator as before. 

In both of the above cases the signal sent to the DC modulator is 
increasing positively, and this will result in an increasing 16kHz 
amplitude input to the 100V Amplifier. All polarity information is 
lost, . so has to be re-inserted after rectification of the step-up 
transformer output, by the polarity switch in the High Voltage 
assembly. 

7.9.4 

7.9.4.1 

DC MODULATOR 

16kHz Derivation 
(Circuit Diagrams: 430648 page 11.3-2; 
430652 page 11.4-5; 430618 pages 11.9-5 I 11.9-2) 

The 13-bit counter in the Analogue Interface generates 16kHz at pin 
14 of M16 (page 11.3-2). This is transferred into guard through opto
isolator M3 on the Reference Divider (page 11.4-5). The 16kHz 
square wave, switching between logic-1 = OV and logic-0 = -15V, 
enters the Power Amplifier assembly on 19-61 (page 11.9-5). 

Providing the lkV range is selected, and the 'P A CLAMP' signal is 
at logic-0 (-15V), the full 15V p-p squarewave passes via M6-4 and 
M9-10 l9 inverter Q41 (page 11.9-2). 

7.9.4.2 DC Error Signal Processing 
(Circuit Diagram 430618 page 11.9-2) 

The modulator operates by altemately charging the low-pass filter 
formed by R83, C83 and C84 via the series switch Q39, and 
discharging it through Q40. 

The 16kHz MOD DRIVE squarewave altemates between logic-1 
(OV) and logic-0 (-15V). After inversion in Q41, the signal at its 
collector switches between the +15V and -15V rails. Positive half
cycles of the MOD DRIVE signal make Q41 conduct, switching 
Q40 off and Q39 on, so the DC Error voltage charges the filter. For 
negative half-cycles the conditions are reversed and the filter is 
discharged to Common-2. 

The DC Error signal is always positive, due to the"polarity switch 
on the DC assembly. Its amplitude depends on the difference 
between the conditioned output voltage and the DC Ref V alue, but 
is limited to +12V by D75. 

The filter reduces the 32kHz and higher harmonic content of the 
squarewave, while passing 16kHz with little distortion. Its output is 
buffered by source-follower Q42, before being AC-coupled to the · 
100V Amplifier by a high pass filter (formed mainly by C86 with 
the approx. 400.Q input resistance of the amplifier). 

The near-sinusoidal 16k.Hz signal input t.o the 100V Amplifier has 
amplitude which is proportional to the value of the DC Error signal, 
so acts as an AC analog of the difference between the normalized 
instrument DC output voltage and the value of the DC Ref voltage. 
It is based on a mean of OV, and is passed as the 'lkV ERROR 0/P' 
signal via RLl-11/13 and RL2-6/4 into the Gain Stage of the lOOV 
Amplifier (page 11 9-3 ). 
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7.9.5 100V AMPLIFIER 
(Circuit Diagram 430618 page 11.9-3) 
(For description refer to Subsections 7.8.3 and 7.8.4) 

This operates as for the 1 00V range, but in this case the OC path 
simply maintains the zero offset of the AC signal, which is 
amplified along the AC path. The output signal 'OUTPUT' is fed 
from J3-9 to relay RL6 contacts (page 11 .9-2) for application to the 
step-up transformer. 

7.9.6 'lkV ENABLE' RELAY RL6 
(Circuit Diagram 430618 page 11.9-2) 

Relay RL6 allows the OUTPUT signal from the 1 00V Amplifier to 
energize the HF step-up transformer, providing the following 
conditions are met: 

The lkV Signal is at Logic-0: 
This is a processor-controlled signal, set to logic-0 when the 
instrument output is switched on, in the 1 OOOV range. 

The Watchdog has NOT 'Barked'. 

The 'lkV ENABLE' Switch S1 on the Power Amplifler 
assembly is set to 'ENABLE'. 

S 1 is situated below the left-hand ejector lever (viewed from the 
front of the instrument), facing the rear. It allows the high 
voltage to be switched off for servicing purposes. A red LED 
glows when all other ~nditions are met 

When RL6 is closed, the OUTPUT signal from the 100V Amplifier 
is switched through to the contacts of RL7. 

7.9.9 CONSTANT-CURRENT ASSEMBLY 
(Circuit Diagram 430563 page 11.14-2). 

I total 
mA 

6 
J175 Vp limits 

:~: . . 

7.9.7 LF/HF TRANSFORMER SELECTION 

The two transformers are separately located, their secondaries being 
connected into the High Voltage assembly. The HF transformer is 
selected when RL7 is unenergized, its primary being retumed to 
Common-2C. RL7 is energized to select the LF transformer. 

For the 16kHz signal used with the 1 OO0V DC Range, the HF 
transformer is selected by RL 7 being unenergized. 

7.9.8 HIGH VOLTAGE TRANSFORMER 
AND RECTIFIER 
(Circuit Diagram No. 430537 page 11.14-1). 

For the 1000V OC Range, the HF transformer gives a step up ratio 
of 1 :6.17. This ratio generates secondary voltage outputs large 
enough to provide DC outputs from the instrument of 11 OOV. The 
AC relays RL2 and RL3 in the High Voltage assembly remain un
energized for the 1 0OOV DC range, but the DC relay RL4 is 
energized, applying the HF transformer secondary voltage to the 
rectifier bridge via RL4-5/4 and RL4-2/3. 

The rectifier bridge uses two series diodes in each arm. Each diode is 
current-rated at lA, with a p.i.v. of l.5kV. 

N.B. The transformer secondary, and bridge rectifier are not directly 
referred to any common. This allows the rectifier output to float so 
that it may be used for either polarity. 

ldealized line 

5 
_____ ~ ___ ~~ of J175 switch 

4 Very approximate 

3 

. final characteristic 

~ 
2 : ______ .... - -....----------··::::Jte~~t~r chain 

;, ___ _ ,. ___ _ .... -· · ~ + Darh ngton 
~ ............•. -------··: ---------

......................... : · ----------~~pe due to 

. -----:------ resistor chain 
i..-::::--::::.:.....-_-_-_-_-_-_-______ .---......----.---..----T""---,.----.--_. Vout 

200 400 1100 (V) 
66 x Vp (min) 66 x Vp (max) 

FIG. 7.3 ACTION OF CONSTANT-CURRENT SOURCE 
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7.9.9.1 Constant-Current Source. 

Ql-12 form a series Darlington chain. connected across the bridge 
rectifier output as a constant-current source, having two functions: 

It maintains conduction in diode bridge D56-D63 under no-load 
conditions. 

At higher voltages, D15-D17 limit Qll base voltage to +2.4V, 
limiting the series current in Rl 1, with Q13 pinched off. At 
lower voltages Q13 conducts, shunting Rll with 170-180Q 
(RIO plus Q13 'On' resistance which falls to approx 1250), and 
increasing the discharge current. The approximate shape of the 
overall characteristic is shown in Fig. 7.3. 

NB Note that the minimum voltage applied across the constant
current source is 38V. Even at zero output voltage and current, 
the diode bridge generates 38V to back off the positive or 
negative 38V connected to RL3. 

7.9.9.2 Overvoltage Detection 

Zener diodes Dl - D13 forma series chain across the High Voltage 
supply. When the voltage exceeds 1440V this chain conducts, 
lifting D13 cathode and driving opto-isolator Ml. Ml collector 
falls, turning on Q14, whose collector voltage rises to provide a 
'LIM DET' logic-1 (0V) output at pin 5. This signal travels from 
the High Voltage assembly at Jl-14, via the Mother assembly, to 
the Power Amplifier assembly at J9-69. 

The operation of the LIM DET circuitry and subsequent action is 
described in Section 7.12 . 

7.9.10 POLARITY SWITCHING 
(Circuit Diagram 430537 page 11 .14-1) 

Double-pole relay RL.5 performs the polarity-reversal. With RL5 un
energized as shown the output filter is connected to rectifier positive, 
and the -38V Common-2 supply is connected to rectifier negative. 
During zero calibration, the -38V is backed off to give a true zero 
output by an output from the rectifier. 

Relay RL5 is controlled by the Exclusive-NOR gate M4-2, under the 
influence of the CPU's 'POSIDVE' and 'P A CLAMP ON' signals 
from the serial data-link parallel output registers. When negati~e 
outputs are selected, providing the P A is not clamped; RL5 is 
energized, the output filter is connected to rectifier negative, and the 
+38V Common-2 supply is connected to rectifier positive. Again, 
the +38V is backed off by an output from the rectifier for all 
negative outputs, including zero. 

The requirements which decide the use of the Exclusive-NOR 
function are discussed in sub-section 7.12.4. 

7.9.11 OUTPUT FIL TERING 

The high voltage output is filtered in three stages: 

a. L3, Rl, Cl and C2 together forma 2-pole low-pass filter, which 
attenuates 16kHz by approx. 30d.B and 32kHz by approx. 42dB. 

b. L4, L5 and their associated capacitors form a 5-pole filter with 
elliptical characteristics, attenuating by at least 60dB above 
16kHz. 

c. The final stage is formed by RlO, with Cl, R84 and R85 on the 
Mother assembly (Circuit Diagram 430604 page 11.16-1). This 
provides further attenuation of approximately 30dB at 16kHz and 
36dB at 32kHz. 

7.9.12 lkV DC OVERCURRENT 

The overcurrent detector on the DC assembly operates on the 1000V 
Range identically as on the 1 V Range. Refer to para 7.3 .8.1. 

7.9.13 lkV and 100V SENSE ATTENUATION 
(Circuit Diagram 430536 page 115-1) 

Both ranges' output voltages are sensed on the SHI(OCV) line and 
reduced to lOV Range levels in the same guarded attenuator. 

The 1000V Range output is developed across the full attenuator via 
relay RL7-8/9 contacts, and the guard chain is driven from the DC 
lkV line via RL7-5/4. 

The 1 OOV output enters the attenuator at the tapping between R85 
and RlOl via RL8-9/8 contacts, the corresponding guard voltage 
being applied to ·the Guard chain via Rl..8-4/5. 

The output tapping is common to both ranges, taken at the 
900kQ/100kQ junction of RlOl. Thus the 1000V DC Range 
voltages are attenuated by 60:"I, the lOOV DC Range voltages by 
10: 1. The reduced output from the Sense attenuator is applied to the 
inverting input of the Error Amplifier. 

Each junction between adjacent elements of the attenuator has its 
own guard screen. To eliminate leakage while providing an effective 
guard, a separate attenuator steps the power output voltage on the 
PHI(DCV) down to the correct voltage for each junction's guard 
screen. 

The Sense attenuator sinks into Common-1, the 'reference' common 
to which the Error Amplifier and thc 1 0V /1 V attenuator are also 
referred. The guard attenuator sinks into Common-2, the general 
analog power common. 
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7.10 LOGIC CONTROL OF DC OUTPUTS 

Two main aspects of analog control functions can be considered: 

a. The effects of the controls on the analog circuitry, which are 
discussed elsewhere in the descriptions of the relevant circuits; 

b. The methods of implementing the control logic, which have 
been developed to use the minimum number of control 
signals. It is also required to dissipate as little energy as 
possible inside the heat-shielding chassis assembly, to avoid 
temperature effects on the accuracy of the analog circuits 
themselves. 

7.10.1 LOGIC LEVELS 

In general, the analog control logic operates between OV and -15V, 
with Logic-1 = OV, and Logic-0 = -15V. These levels are set 
originally at the serial/parallel control data latches in the Reference 
Divider assembly as outputs from the serial data linlc, and are 
accepted by the parallel/serial status data latches as inputs to the link 
back to the CPU. Some special control signals are passed into guard 
via opto-isolators, also in the Reference Divider, operating between -
lOV and -15V. These are subsequently adjusted to the normal 
control logic levels. 

7.10.2 HEAT REDUCTION 

Two methods are used to ensure that the energy dissipated by the 
relays is minimized: 
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Use of bistable latching relays. 
Use of an 'Update' signal; 

7.10.2.1 Update Considerations 

For some heat-sensitive environments within the chassis assembly, 
polarized bistable latching relays are used which only require 
actuation, and hold on without a solenoid supply. Where relays need 
hold-on energization, they are usually t:ied to OV or + 15V on one 
side, and controlled on the other by the uncommitted collector of an 
invert:ing Darlington driver. Thus when the input to the driver is 
logic-1, the relay is held ehergized by its -15V output; and when the 
driver input is logic-0, its output is high impedance, releasing the 
relay. 

For some relays it is necessary to hold the full actuating voltage 
across the solenoid for the whole time that it is energized. But where 
periodic updating will not cause difficulties, a relay is held on 
between OV and -15V, raising the OV side to +15V to actuate it 
<luring an update,. Such relays have a secure hold-on voltage of 
approximately 12V, hut require 20V or more to pull them in. 

At intervals of 40ms (typically - depending on the priorities of the 
CPU's program), the CPU generates a data transfer across the serial 
interface, and an 'Update' signal is passed into guard by the CPU via 
an opto-isolator (M4 in the Reference Divider - page 11.4-5). This 
serves two purposes: 

It is mainly provided to ensure no delay in transf erring important 
status data back to the CPU; 

It is available when it is required to update the analog state of the 
instrument functions, as demanded by reversionary modes or user 
inputs. 

After passing into guard, the update signal is named 'UPD(IG)' 



7.11 DC ASSEMBLY RELAY DRIVES AND LOGIC 

7.11.1 INTRODUCTION 
(Circuit Diagrams 430536 page 115-3 

and430668 page 7-23). 

The analog circuitry is mainly controlled by low-thermal relays, 
many contacts being fitted back-to-back to further reduce temperature 
effects. For the fastest response, the output relay RL15 is not 
latched, hut can trip out quickly if the power supply f ails, removing 
any output voltage from the terminals. 

The rest of the relays are latched, allowing hold-on without power, to 
reduce the interna! temperature at their contacts. As they are 
polarized they require a bipolar actuating drive, which is provided by 
Tristate' relay drivers and a bias amplifier. 

7.11.1.1 Latched Bistable Relays 
(Circuit Diagram 430536 page 115-3). 

As can be seen from the circuit diagram on page 11 5 -3, the relays 
are strung out between the output of their bias amplifier (-7.5V 
approx. at Ml-2) and the drive outputs from the Clamp assembly. 

The bias amplifier M 1 is a frequency-compensated voltage follower, 
buffering the tapping of attenuator R4/R5, to hold one side of each 
relay permanently at -7.5V. The relay drivers on the (:lamp 
assembly can provide outputs at 0V or -15V when enabled by the 
UPD(IG) pulse, hut retum to tristate when disabled. A relay is 
therefore driven to one or the other of its bistable states <luring 
update, then latched in the chosen state when the driver output 
retums to open-circuit. 

All the latched relays operate in the same polarity sense: when its 
driver output updates at logic-1 (0V), the relay latches to select its 
nominal function; for a logic-0 (-15V) update, the function is 
deselected. In the analog circuit diagrams, the relay contacts are 
shown in their deselected state, equivalent to the un-energized state of 
a conventional non-latching relay. For consistency, in the analog 
descriptions relays are referred to as being 'energized' or 'unenergized'. 

7.11.1.2 'Tristate' Relay Drivers 
(Circuit Diagram 430668 page 7-23 ). 

The relay drivers (Ml, M2, M3 on the Clamp assembly) are octal 
'Tristate' buff ers. Each chip is served by two inverted enable inputs 
on pins 1 and 19 (four buffers - half the chip - per enabling input). 

Whenever a switching command has been received, the CPU 
performs a control data transfer and the UPD (IG) line from J5-104 is 
pulsed to -15V for 50ms. 

The switching logic places a logic-1 (0V) on the input of selected 
drivers, and logic-0 (-15V) on those whose function is not selected. 
Because all the buffers are non-inverting, <luring the update pulse a 
driver selects its function by setting its output voltage to 0V, or 
deselects by pulling its output voltage to -15V. 

7.11.2 CLAMP ASSEMBLY 
(Circuit Diagrams 430536 page 115-3 

and430668 page 7-23 ). 

0n the DC Relay Drive Logic circuit diagram (page 115-3) the 
Clamp assembly is shown in block form. Also, the pcb pin 
numbers correspond to the pin numbers of the buffer chips: J7, J8 
and J9 being the connections to Ml, M2 and M3 respectively. For 
signals crossing the block from left to right, the output of each non
inv~g buffer is drawn opposite its input, so the function remains 
unchanged as it crosses the block. As a further aid to identification, 
the pins of any one buffer are numbered so that the input and output 
numbers add up to 20. 

7.11.2.1 UPD(IG) Distribution 

As the UPD(IG) signal is distributed as the enable to many buffers, 
it is itself buffered before being fanned out. So the four UPD(IG) 
connections at the top of the block are inputs to four buffers (Ml) 
which are permanently enabled by J?-19 at -15V. The outputs of 
two of these buffers are brought out to J7-5 and J7-7 which are not 
connected (and not shown on the circuit diagram). 

The input at J?-11 emerges from the Clamp assembly at J7-9 to 
operate the driver for the non-latching relay RL15 (at M2-6). The 
fourth input at J?-17 emerges at J7-3, and is reconnected as the 
fanned-out enable to the other buffers on the assembly (see Fig. 7.4). 

FIG. 7.4 UPD(IG) DISTRIBUTION 
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7.11.2.2 Buffer Clamping 
(Circuit Diagram 430668 page 7-23). 

The 40244 octal buff er can be sourced from several manuf acturers. 
Some variants are protected against SCR avalanche if the output 
voltage were to exceed the rail voltage, put some are not. Each 
buffer drives its output into the solenoid of a relay, and is switched 
on and off by the update enable. The self-inductance of the solenoid 
can generate back EMF's well in excess of the rail voltage, so to 
guard against the possibility of catastrophic failure, it was decided to 

provide extemal protection in the form of a clamp circuit. 

On the Clamp assembly Ql-Q4 form two power supplies, each 
delivering a regulated voltage of a diode-drop less than the rail 
voltage ('+VE CLAMP' and '-VE CLAMP'). A diode connected 
from the buffer output to each of the clamp lines permits the output 
voltage to rise to, but not exceed, the rail voltage ( see Fig. 7 5 ). 

Where two buff ers are used in parallel to drive two relays, the clamp 
diodes can be omitted from one buff er output ( eg. M2-9 and M2-7 are 
joined on the DC assembly between J8-9 and J8-7, so both are 
clamped). 

7.11.3 

'+VE CLAMP' 

'-VE CLAMP' 

FIG. 7.5 TYPICAL CLAMPED BUFFER 

DC ASSEMBL Y SWITCIIlNG LOGIC 
(Circuit Diagram 430536 page 115-3). 

The analog-control signals are transferred into guard on the Reference 
Divider assembly, and latched as 'Q' outputs in the Serial/Parallel 
Data Converter. Offset positive logic is employed (Logic-0 = -15V, 
Logic-1 = OV) for the signals entering the DC assembly via J5 from 
the Mother assembly. For general analog control considerations refer 
to Sect. 7.10. 

7 .11.3.1 Range Switching Logic 

Range control data is input as a 3-bit code on OCR0, OCRl and 
DCR2 lines. The bit-pattem is decoded by M4 to select the correct 
range relays. As the lOOµV, lmV, lOmV and lOOmV ranges all use 
the same analog circuitry, only one bit-combination (OCR2) is 
required for these four ranges. The resulting five combination 
variations are listed in Table 4.1 against the range selections, 
showing i:he states of M6 'Q' output pins and the relays energized for 
each range. 

Note that deselection of DC function sets each DCR(2-0) to logic-1. 
The M6 'Q' outputs all fall to logic-0, deselecting all range relays 
except RLl, RL2, RL3 and RL16, which are selected by DCR2 
being at lo gic-1. 
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7.11.3.2 Function and Output Switching Logic 

Output voltages are passed through the DC assembly on all AC ai1d 
DC ranges. RL15 connects the SHi, SLo, PHi and PLo to the Hi, 
Lo, I+ and I- terminals of the instrument. Four signals control this 
relay: 

OFF at logic-0 when Output is selected ON. 
BARK DEL at logic-0 unless the watchdog has tripped. 
AC FUNCT at logic-0 if AC Function is selected, or 
DC FUNCT at logic-1 if OC Function is selected. 

Under these conditions M4 pins 1 and 2 are set to logic-1, M4-9 isat 
logic-0; M4 pins 3, 4 and 5 are at logic-0, M4-6 is at logic-1. So 
M2-2 is driven positive, and as M2-3 is biassed at about -4.75V, 
then M2-1 goes to approx. -12V. During the update,pulse 17-9 goes 
to -15V, so M2-7 goes to +15V. RL15 is thus actuated by some 
27V, but after the UPD(IG) pulse is terminated, M2-7 retums to OV 
and RL15 is held on. If AC and DC are both deselected, or if the 
output is set to OFF, or if the Watchdog barks; the -12V at M2-1 
reverts to approx. +ll.5V. lf the UPD(IG) pulse is not present, the 
voltage across RL15 falls through zero and RL15 is de-energized. If 
it is present, only approx. 4.5V is connected across RL15, which is 
insufficient to hold the relay on. Under these . conditions the 
instrument terminals are disconnected from the output. 

Relays RLl O and RLl 8 are selected when DC voltage has been 
commanded, providing that the Watchdog has not barked. With 
DC FNCT at logic-1, M4-11/13 are at logic-0. If the Watchdog has 
not barked then BARK DEL is logic-0 at M14-12. As a result of 
both these conditions, M4-10 isat logic-1 and both relays RLlO and 
RL18 are selected. RLlO connects the PHl(DCV) and SHl(DCV) 
line to the PHl(V) and SHl(V) lines respectively, RL18 connects the 
DC Ref output from the Reference Divider to the DC Error 
Amplifier input. 

Relay RLl 1 connects the power and sense Lo lines back to their 
respective commons. Thus when RLlO and RL18 are selected for 
DC voltage outputs, so is RLl 1. But in Current Function it is also 
required to tie the Local Guard to Common-2. This also is done by 
selecting RLl 1. With Current Function selected, the I FNCT signal 
is at logic-0 so M3-13 is at logic-1 and RLl 1 is selected. 

The Remote Sense Relay RL14 is also selected by the I FNCT 
signal, as well as by the front panel selection of remote sense. 
These are combined at OR-gate Ml0-3, before selecting RL14 
directly via its buffer. RL14 removes the local sense short between 
the power and sense lines at both Hi and Lo signal levels. For 
Current Function this has negligible effect on the DC assembly, but 
the REM SENSE '+' and '-' signals are also passed out to RLl on 
the Mother assembly (page 11 .16-1 ). Although remote sense is not 
selectable for DC or AC Current ranges, it is necessary to route the 
current output to the I+ and I- terminals on the front panel. RLl on 
the Mother assembly is energized to do this. (For Local Sense on 
voltage ranges, RLl routes the power Hi line to the Hi terminal 
instead of I+). 

REM GU selects the Remote Guard relay RLl 7 via its buffer. 

The HIGH I LIMIT and AC lkV RANGE signals are concemed 
with the AC lkV Overcurrent Detector circuit. The signals operate 
their relays RL12 and RL13 directly through their buffers. Section 9 
discusses their effects. The effects of control signals 'lkVDC', 
'lOOVDC', 'DC FNCT and 'POSITIVE' are discussed in the 
descriptions of the analog circuitry at their destinations. 
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7.12 PA ASSEMBLY LOGIC AND RELAY DRIVES 
(Circuit Diagrams 430618 Pages 11.9-4 and 11.9-5) 

The CMOS logic operates between the levels OV and -15V, with 
logic-1 = OV, and logic-0 = -15V. Relays are tied lo +15V on one 
side, and controlled on the other by the uncomrnitted collector of an 
inverting Darlington driver. Thus when the input lo the driver is 
logic-1, the relay is energized by 15V; and when the driver input is 
logic-0, its output is high impedance, releasing the relay. 

7.12.1 DC RANGE SWITCHING . 
(Page 11.9-5) 

The three inputs DCR0, DCRl and DCR2 carry the DC range 
switching information, and are decoded by M7 a as follows: 

M7a inputs 
E B A 

Range 
Select DCR2 DCRI DCR0 

1000V 0 0 0 
100V 0 0 1. 
lOV 0 1 0 
IV 0 1 1 
lOOmV 1 0 0 
lOmV 1 0 0 
lmV 1 0 0 
lOOµV 1 0 0 
Deselect DC 1 1 1 

7.12.2 AC RANGE SWITCHING 
(Page 11.9-5) 

M7a outputs 
Q2 Ql Q0 

1 
0 
0 
0 
0 
0 
0 
0 
0 

The three inputs ACR0, ACRl and ACR2 carry the AC range 
switching information, and are decoded by M7b as follows: 

M7b inputs M7b outputs 
E B A Q2 Ql Q0 

Range 
Select ACR2 A'.CRl ACR0 

1000V 0 0 0 
100V 0 0 1 
lOV 0 1 0 
IV 0 1 1 
lOOmV 1 0 0 
lOmV 1 0 1 
lmV 1 1 0 

7.12.3 FUNCTION AND RANGING LOGIC 

DCV Logic 
When un-energized, relay RL4 selects the DC ERROR signal in 
preference to the AC 1 V signal, as input to the Power Amplifier 
when DC Voltage function is selected. When im-energized, Relay 
RL8 reduces the permissible overload on the output of the lOV 
Amplifier, also when DC Voltage is selected. 
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When 'DC' is selected on the front panel, both DC FNCT (J9-70) 
and I FNCT (J9-72) signals are at logic-1. Under these conditions 
both inputs lo NAND M6-12/13 are at logic-1, so M6-11 isat logic-
0 and both relays RL4 and RL8 are un-energized. For all other 
function selections DC FNCT is at logic-0, so M6-11 is at logic-1 
lo energize both relays. 

AC & DC l0V Range Logic 
0n the DC lOV Range only, the input lo M6-1 is logic-0; and on 
the AC, lOV Range only, the input to M6-2 is logic-0. Logic-1 
occurs at M6-3 lo operate relay RL3 only when either the AC or DC 
1 OV range is comrnanded. 

AC & DC IOOV Range Logic 
The input to Q12-8 is logic-1 only when the DC 100V range is 
selected, and the input to Q12-9 is logic-1 only on the AC 100V 
range. Either input gives logic-1 at M12-10, so relay RL2 operates 
only when either the AC or DC 1 OOV range is commanded. 

AC 100V Range Logic 
A '100V AC' signal is also passed to activate the 100V Current 
Sense circuit (see page 11.9-6), only on the AC 100V Range. 

DC l00V Range Logic 
The decoded DC 1 OOV Range signal at M7 a-5 is also connected to 
the cathode of D31. 0n other ranges the diode conducts to pull the 
DC INPUT CLAMP signal to logic-0 (Off), hut on the DC 100V 
Range D31 releases the line so that the PA CLAMP ON signal can 
set it lo logic-1 (On). 

AC & DC 1000V Range Logic 
The lkV signal enters the Power Amplifierat J9-32. It isat logic-0 
only when AC or DC 1000V Range is comrnanded by the CPU, 
with the OUTPUT set ON. 'BARK' enters at J9-66, and is at logic-
0 only if the watchdog has not detected a failure ( see Sect. 6). With 
both inputs lo M4-8/9 at logic-0 the output at M4-10 is logic-1 
which lights the interna! waming LED D70. Relay RL6 is energized 
if the interna! lkV ENABLE switch on the PA assembly is set lo its 
normal operating position of ENABLE. This allows the AC drive lo 

be passed lo the step-up transformers (16kHz signal in the case of the 
DC lkV Rar,ge, lo the HF transformer). 

For other ranges, or if the watchdog barks, RL6 is de-energized, 
removing the AC drive to the step-up transformers. LED D70 is 
also de-energized. 

AC 1000V Range Logic 
The input to M13-3 is logic-1 to energize relay RLl only when the 
AC 1000V range is comrnanded. A 'AC lkV RANGE' signal is 
also passed lo the DC assembly lo select the overload sense resistor. 

DC 1000V Range Logic 
Although the combination of the universal lkV Range signal and the 
AC lkV signal is used to define the DC lkV circuitry, two extra 
facilities are required for the DC lkV Range. The 16kHz 
REF FREQ signal has to be switched lo the DC modulator. For 
negative outputs on the 100V Range the 100V Amplifier positive 
rail is reduced to +38V instead of the +400V supply, so this has to 
be restored to +400V for the AC signals on the lkV Range. For 
these applications the decoded DC lkV Range signal at M7a-4 is 
used as input to M4-6 and M6-6. 



The REF FREQ signal enters at J9-61 and is enabled at M6-5 by the 
lkV Range decode on M6-6. Provided that the PA CLAMP ON 
signal is Off (ie. at logic-0), the 16kHz 'MOD DRIVE' signal is 
passed to the lkV DC Modulator (see page 11.9-2). 

The POSITIVE signal entering at J9-41 is input to M4-5 and the 
lkV Range decode is input to M4-6. If a negative output on the 
100V Range is commanded, then both inputs are at logic-0. The 
output at M4-4 is logic-1 and Ml5 causes the LED in Ml6 to 
conduct by pulling Ml6-3 to logic-0. The photo-transistor of Ml6 
conducts ( see page 11 .9-3 ), placing a short circuit between the source 
and gate of Q20, which tums off the -t400V supply to the 1 OOV 
Amplifier driver stage. Q9 conduction causes D56 to conduct, so for 
negative outputs on the lOOV Range the positive rail for the driver is 
sourced from the +38V supply. 

0n the DC lkV Range the +400V supply is required to deal with the 
AC signal being amplified, so M4-6 at logic-1 inhibits the disabling 
photo-coupler; M13-15 being open-collector. The same inhibition 
results for positive outputs on the DC lOOV Range (when the 
-t400V is needed to power the driver stage) by M4-5 at logic-1. 

7.12.4 'PA CLAMP ON' SIGNAL 

P A CLAMP ON is applied before the lkV DC control loop is 
broken by the lkV line, and released when the loop is restored. It is 
also required on entry into and exit from the 1 OOV DC Range. Other 
ranges are 'don't care' states. 

7.12.4.1 DC 1000V Range Clamp 

When the DC 1 OOOV Range is selected, hut Output is set Off, the 
drive is removed from the input to the step-up transformer. The 
High Voltage assembly polarity relay RL5, in the positive position, 
connects -38V to the base of the Constant Current chain at Pin 2. 
The other end of the chain is connected, via the instrument output 
lines, to the head of the lkV sense attenuator on the DC assembly. 
The attenuator output is fed to the inverting input of the Error 
Amplifier. 

Under these conditions, the Error Amplifier 'sees' a negative voltage 
at the Output terminals, and would drive heavily into saturation on 
its positive side to correct the output. This would occur regardless of 
the size of the positive DC Ref voltage being applied on its non
inverting input. When the positive Output was reset to On, the 
power circuitry could generate a massive swing which would result 
in catastrophic failure. A similar (hut polarity-reversed) effect could 
be present for negative OC Output selections. 

This excess loop gain is removed by reversing the position of the 
polarity switch during the time that the output is tumed off, so that 
the Error Amplifier sees a positive voltage and backs off toward zero. 
The logic to reverse the polarity is driven by the PA CLAMP ON 
and POSITIVE signals, employing an exclusive-NOR gate. 

In the High Voltage assembly, M2-4 feeds the driver for the polarity 
changeover relay RL5. The inputs at M4-5 and M4-6 are POSIDVE 
and PA CLAMP ON respectively. 

The required reversal conditions are satisfied as shown: 

Selected 'POSITIVE' PA M2-4 RLS Nominal 
Commands CLAMP State State Output 

ON Polarity 

-VE•O/P ON 0 0 1 Energized -ve 
-VE•O/P OFF 0 1 0 Un-energized +ve 
+VE•O/P ON 1 0 0 Un-energized +ve 
+VE•O/P OFF 1 1 Energized -ve 

The PA CLAMP ON signal at logic-1 also ~isables the 16kHz MOD 
DRIVE signal to the DC Modulator. 

7.12.5 '400V ENABLE' LOGIC 

The '400V(2) OFF' signal from the CPU is normally at logic-0 for 
voltage ranges; hut after a 'FAIL 7' message indicates a 400V supply 
failure, it is toggled three times, attempting to restore the supply. 

Thus in normal operation, BARK is logic-0 and the PSI OFF 
signal from Mll-4, also logic-0, is input to Ml-1/6 (page 11.9-4). 
Ml consists of six inverting drivers, each with uncommitted
collector output (as used for the relay drivers). Ml-1 at logic-0 
allows Ml-2 to be pulled to logic-1 by ANl-1/2, or to logic-0 by 
Ml-14. In the lower chain with four inversions, Ml-14 is also open
collector, if a 400V or 15V failure has not been detected by the 
monitors. 

Thus for normal operation Ml-2 is pulled to logic-1 and the 
'ENABLE 400V-' line from Ml-15 is held at logic-0 (-15V). With 
the 'ENABLE 400V +' line it energizes the opto-isolator LEDs in the 
400V power supply (PS/I heatsink page 11.13-3). 

A failure of either the 400V or 15V supply pulls Ml-3 to logic-1, 
disabling the 400V supply by setting the ENABLE 400V- line to 
logic-1. If the +15V or -15V rail collapses, the opto-isolator current 
is cut off in any case, due to zener D24. 

7.12.6 'BIAS OFF' LOGIC 

0n the 100V or 1000V ranges, af ter receiving a 400V F AIL signal 
from the monitor, the CPU attempts three tinies to restore the 400V 
supply. The foldback current limiting for the supply (in the PS/I 
heatsink) prevents reinstatement if an overloäd persists. Thus it is 
necessary to remove the overload if the supply is to be restored. 
This is done by setting the BIAS OFF line to logic-0 (-15V), 
cutting off QlO (page 11.9-3) and removing the _output drive. 

The three attempts are made by toggling the 400V(2) OFF line 
(described in sub-section 7.125). Each time the supply is enabled, 
R6 and Cl hold the BIAS OFF signal at lqgic-0 for about lms to 
allow the supply to build up before the load is reapplied. 

After three unsuccessful attempts, the CPU assumes a permanent 
hardware fault and holds the 400V(2) OFF signal at logic-1. 
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7.12.7 'LIM ST' LOGIC 

This status signal is passed back to the CPU via the SSDA serial 
link to indicate that certain limits have been exceeded. The LIM ST 
signal entering the Reference Divider at J4-7 6 (page 11.44) can be 
activated to logic-0 by any one of nine detectors, as illustrated in the 
simplified diagram of Fig. 7.6. 

7.12.7.1 'LIM DET' 

The LIM DET signal output from the Power Amplifier at J9-67 
(page 11.9-5) can result from the LIM DET signal setting the latch 
M5a. LIM DET is associated with the high voltage ranges, and can 
be activated by: 

DC Assembly (page 115-112) 
AC lkV Overcurrent Detector, 
DC Overcurrent Detector (lOOV & 1000V DC ranges); 

High Voltage Assembly (Constant Current Source) 
DC lkV Overvoltage Detector; 

Power Amplifier Assembly 
AC 1 OOV Overcurrent Detector, 
AC 1 OOOV Overvoltage Detector. 
(These two coh,ibine to generate the 1 OOV FLAG, which is 
NORed with 'DC FNCT' before becoming LIM DEf.) 

NOTlO0V FLAG is initiated by the AC 100V Overload Detector 
or AC 1000V Ovetvoltage Detector (page 119-6), whenever the 
400V supply current peaks are excessive, or the AC lkV Range drive 
voltage to the primary of the step-up transformer is excessive. 

The LIM DET logic-1 is immediately transferred via M12-3 as the 
signal 1 LIM 100V AMP' to the gate of Q14 (page 11.9-3). Q14 
conduction reduces the 100V amplifier input to zero, so if the 
overload is externa! the LIM DEf signal should revert to logic-0. 

7.12.7.2 'LIM ST' Generation 

The latch M5a is set by logic-1 on pin 6, for as long as LIM DET 
remains at logic-1. Its 'Q' output activates the 'LIM ST' signal via 
M4-3, inforrning the CPU. It also reinforces and latches the 
'I LIM 100V AMP' signal. LIM ST is also activated if the 
overload signal 1 OV FLAG from the 1 OV Amplifier is at logic-0 
when in AC lOV Range. 

Other detectors which can provide the LIM ST signal are: 

DC Assembly (page 115-112) 
DC Overcurrent Detector (1 V & lOV DC ranges); 

Sine-Source Assembly (Constant Current Source) 
AC 1 V Buffer Overcurrent Detector; 

Current/Ohms Assembly 
DC and AC Current ranges Overvoltage Detector 

FIG. 7.6 LIM ST SIGNAL ORIGINS 
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7.12.7.3 CPU Response 

0n receipt of the LIM ST signal, the CPU initiates a series of clock 
pulses on the 1 LTh1 RST' line via the SSDA and Reference Divider, 
so that M5a can be reset as soon as the LTh1 DET signal clears to 
logic-0, M5a 'D' input being strapped to logic-0 (-15V). The CPU 
also displays the 'Error OL' message. 

If the LTh1 DET line has cleared to logic-0, the 100V Amplifier 
input is reinstated by M5a being reset. Furthermore, if the overload 
was temporary, the LTh1 DET line remains at logic-0, and normal 
operation resumes. The CPU is informed by LTh1 ST at logic-1, so 
the I LIM RST pulses are discontinued, and the Error message is 
removed. 

Fora persistent overload, the detectors operate once again. The cycle 
repeats until user action is taken to remove the overload. The Error 
message continues to be displayed. 

If the overload is an interna! fault, it is likely that another protection 
circuit will have detected it and taken its own action. 

7.12.8 'LF', 'LF' and 'lkV GAIN' 

These are signals used to control the gain and compensation of the 
AC lkV amplifiers, (Refer to section 9.?). 

The 'LF signal is set to logic-1 by the CPU via the SSDA serial 
link and Reference Divider latches, when the AC 1000V range and 
the 1 OOHz or lkHz frequency ranges are selected. It is inverted as 
'LF at Mll-12, and then inverted as buffered 'LF' at Mll-10. 

'FREQ R0' is also CPU-controlled. It is set to logic-1 when either 
the lkHz or 1 OOkHz frequency range is selected. 

'LF' and 'FREQ R0' are combined at M6-10 to give the 
'lkV GAIN' signal, which is at logic-0 only when the lOOkHz 
range is selected. (The software prevents the 1MHz range being 
selected on the 1000V range). 

7.12.9 THERI\IlSTOR COMPARATOR 

Two NTC thermistors situated in different positions on each P A 
heatsink are part of a bridge network which detects excessive 
temperatures on the heatsinks. 
(Para 7.8.43 and pages 11.13-112 refer.) 

The reference arm of the bridge is formed by R165 and AN9-7/10 in 
parallel, both in series with AN9-6/l l. 

The sense arm has four parallel sections, each consisting of one 
section of AN9 in series with one of the NTC thermistors. Four 
null detectors are used (M22 and M23), each comparing the voltage 
at the ref erence arm junction with that at the junction of one of the 
sections (TEMP +R/-R/+F/-F). 

At 25°C each thermistor resistance is 1 Okn. The bridge is 
unbalanced in favour of open-collector outputs from the four 
comparators, pulled up to Common-2 by AN2-3/4 and AN2-5/6. 
Q36 is therefore cut off, and the 'OVERTEMP' signal at J9-31 is at 
logic-0 (-15V). 

If one of the chip temperatures exceeds 100°C, its thermistor 
resistance falls to the extent that the bias on its null detector is 
reversed. The null detector output is taken low to -15V, Q36 
conducts and the OVERTEMP signal goes to logic-1. 

The OVERTEMP status signal is passed to one of the Reference 
Divider status registers, (page 11 .44 ), where for safety reasons it is 
pulled-up by a lM.Q section of AN2. The CPU reacts to the logic-0 
signal by displaying the 'F AIL l' message, and forcing a recovery 
sequence: 

OUTPUT OFF; 
Reference Divider ramp to zero; 
Remote Sense OFF; 
Analog Control 'OFF bit set; 
Analog Control 'lkV' line disabled; 
Display and Keyboard locked; 

After approximately 1 minute, the CPU defaults the instrument to 
the normal 'OUTPUT OFF' state in the selected ranges with output 
set to zero. The FAIL 1 message is removed, and the user is at 
liberty to try another attempt. 

Under normal power-up conditions, with the Power Amplifier 
assembly plugged in and Q36 cut off, AN2-7 /8 holds the line more 
negative than -14V (logic-0). If the Power Amplifier is removed, no 
over-temperature information is available from the heatsinks. In this 
event, the OVERTEMP signal rises to logic-1, indicating failure. 
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! 
SECTION 8 
AC VOLTAGE OUTPUTS - FREQUENCV CONTROL SYSTEM 

FREOUENCY SYNTHESIZER 

Reference 1- ln -Guard 
Remote 

Frequency 
Selection 
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IEEE 488 
Digital 

lnterface 

Frequency 
from 

Analog 16kHz 
lnterface 
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VCO Range 

1\ O/P Dividers O/P 

I Opto-lsolation 

Frequency 
Display 

Selection 

Frequency 
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Selection 

CPU 
System 

FREOa-0 

SSDA 

I// 
Serial Data 

Transfer 

Parallel 
Control-Data 

Registers 

FREQ8_'1 

FREOR2.liJ 

VCO Control R5.1,J 

Frequency 
Range 
Co,otrol 

SINE - SOURCE ASSEMBLY 

FIG. 8.1 FREQUENCY SYNTHESIZER BLOCK DIAGRAM 

8.1 DIGITAL FREQUENCY SYNTHESIZER 
(Fig. 8.1) 

8.1.1 GENERAL 

U sers normally set the operating frequency by a combination of 
'FREQUENCY RANGE' and 'FREQUENCY' display selections. 
These are memorized by the CPU and translated into two binary 
control words: 

'FREQ R2.0' 
A three-bit word, five of whose codes represent the five frequency 
ranges. 

'FREQs.0' 
A nine-bit word whose value 'n' defines the chosen frequency 
with respect to the selected frequency range. 

U sers can select a frequency by means other than pressing a 
FREQUENCY RANGE key and setting a frequency on the display; 
for example by using 'Store' or the IEEE 488 digital interface. But 
regardless of the selection method, the CPU will always compute the 
two binary words, which then synthesize the selected frequency in the 
Sine-Source Assembly. 

Both words are passed into guard via the SSDA, and latched at the 
outputs of the Reference Divider Parallel Control registers. A 16kHz 
reference frequency is also taken into guard, to be divided by two to 
8kHz in the Sine-Source assembly. 

After entering the Sine-Source assembly, FREQ8_0 effectively 
multiplies the 8kHz reference by a factor 'n' to determine the 
frequency of a Voltage Controlled Oscillator (VCO). The VCO 
frequency (signal 'VCO O/P') is input into a series of frequency 
dividers, whose ratios are set by FREQ R2.0. The division ratios are 
chosen so as to make the dividers generate the Frequency Synthesizer 
output signal ('SYNTH O/P') at the user-selected frequency. 

The purpose of the synthesizer is to provide an accurate frequency 
reference for the quadrature sinewave oscillator. The oscillator is 
approximately tuned by selection of circuit constants using the 
combination of 'FREQ R2.0' and 'FREQs.0'-

'SYNTH O/P' acts as the reference in the phase comparator of a 
Phase-Locked Loop, controlling the frequency of the main Quadrature 
Sinewave Oscillator to an accuracy determined by the crystal 
oscillator. 
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8.1.2 VOLTAGE CONTROLLED OSCILLATOR 
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< 31Hz 
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FIG. 8.2 -VCO BLOCK DIAGRAM 

8.1.2.l Generation of 16kHz Reference 
(Circuit Diagrams 430648 page 113-2, 

430652 page 11.4-5 and 430446 page 11.6-4) 

The 16kHz (INT) signal originates at M16-14 in the Analog Interface 
(page 113-2) and is buffered as '16kHz(OG)' (page 113-1). 0n the 
Reference Divider at }4-104, it passes into guard via opto-isolator 
M3 (page 11.4-5 ), gating with 'DISABLE REF FREQUENCY' and 
'BARK' in M24, filtered by R86/C38 to reduce hannonics from the 
transmission path, and is sent via the Mother Assembly to }6-53 on 
the Sine-Source Assembly (page 11.6-4 ). 

Schmitt-trigger M14 inverts the 16kHz into a symmetrical 
squarewave, which is then applied as clock to M13a, a bistable 
connected to divide by two. The resulting 8kHz squarewave is taken 
as the reference frequency for phase comparator M12. Note that in 
this configuration the SIG input of M 12 is used for the reference, and 
the divided VCO output signal is applied to the REF input. This is 
necessary to provide the correct sense in the phase control element 
M50, because of the inversion of integrator Mll. 

8.1.2.2 Squarewave Generation by the VCO 

The VCO is a discrete-component ECL relaxation oscillator 
generating an output of frequ�ncy 'n' x 8kHz. Its natura! frequency is 
dependent on: 

8-2

the value of capacitor C2 (or C2 plus one of C3 - C6), 

the value of its continuous discharge current through the phase 
control element (current mirror M50), and 

the value of its charging current through Q2 on altemate half 
cycles (4.7mA). 

Consider C2 fully discharged. Q4 is off, so all the 4.7mA from Q6 
passes through Q5. The collector voltage of Q4 is close to the 
positive rail, buffered by Q7 and R9 to hold Q5 on. Also, as Q3 is 
tumed off by Q4 collector voltage, Q2 is tumed on by its emitter, 
passing 4.7mA into C2 and the current mirror M50. 

Capacitor C2 charges until Q4 tums on. Cumulative Schmitt action 
passes the fall at Q4 collector to the base of Q5, ensuring a rapid 
transition between states; so the 4.7mA is transferred from Q5 to 
Q4. Q3 tums on, its emitter fälling quickly to cut Q2 off, so the 
charging path to C2 etc. is interrupted. 

M50 continues to discharge C2, whose voltage falls slowly until Q4 
starts to cut off again. The cumulative action is repeated to tum Q2 
on, recharging C2. The cycle of charge and discharge continues, 
generating 'VCO 0/P' squarewaves at buffer Q12 emitter. 

8.1.2.3 Coarse Frequency Control 
(Circuit Diagram 430446 Page 11.6-4, and Fig. 8.2) 

At any time, only one of the capacitors C3, C4, C5 and C6 can be 
connected in parallel with C2, by conduction of its associated 
transistor. This splits the frequency range of the VCO into five 
bands, govemed by the four most-significant bits of the frequency 
control word FREQ8_0 acting on M8. The association is shown in 
Table 8.1; note that the VCO frequency bands quoted in the table are 
correct only because the VCO is under the fine control of comparator 
M12, within the phase-locked loop. 

REF FREO 
16kHz + 2 

r 



FRE09.5 bits M8 Outputs VCO -
Range of at C2-C6 Frequency 

8 7 6 5 'n' Values Logic-1 Selection Band (kHz) 

0 0 0 0 10 to 31 Xg C2 and C6 80 to248 

0 0 0 1 3t to 63 x, C2 and C5 256 to 504 

0 0 1 X 64 to 127 X3.2 C2 and C4 512 to 1016 

0 1 X X 128 to 255 X7.4 C2 and C3 1024 to 2040 

1 X X X 256 to 500 NONE C2 only 2048to 4000 

TABLE 8.1 COARSE FREQUENCY CONTROL 

8.1.2.4 Fine Frequency Control 
(Circuit Diagram 430446 Page 11.64, and Fig. 8.2) 

In the following description, capacitors C3, C4, CS and C6 are 
ignored, but ref er~ces to C2 should be read as including the 
appropriate additional capacitor. 

The VCO output is fed back to M12 phase comparator via M9 and 
M13b, which are connected to act as a 9-bit frequency divider. 
Because the divider is controlled by FREQ8.0, the VCO output 
frequency is always divided by 'n' before being applied to the REF 
input of the comparator. The output from the comparator will only 
be zero if the frequ~cy fed back to M12-6 is 8kHz (ie. the VCO 
frequency is n x 8kHz), and in phase with the 8kHz REF FREQ at 
M12-3 (I'P14). 

The output from M12 is integrated by Ml 1 to drive a DC current 
into the current mirror MSO, which has a gain of two, its output 
current being drawn from the charge on C2. During the half-cycles 
of the VCO oscillation when C2 is being charged, the mirror obtains 
its current from Q2 conduction. 

The phase control loop seeks to phase-lock the two inputs to the 
comparator. If they are in phase, the comparator output is at high 
impedance ('TRIST J\ TE'). In this condition the integrator capacitors 
C 16 and C 18 have no charge or discharge path, so M 11 's extremely 
high gain maintains their charge, and thus the voltage at TP6. Mll 
supplies the input current for MSO, the mirror continues to draw the 
same discharge current from C2, so the frequency of VCO oscillation 
remains constant. Thus the loop stabilizes only when the frequency 
divided by 'n' from the VCO output is in phase with (and therefore at 
the same frequency as) the reference 8kHz. 

In stable operation, therefore, the loop maintains VCO oscillations 
at n x 8kHz, and the feedback dividers reduce this frequency by a 
factor of 'n' to 8kHz. 

Any disturbance in the loop will generate corrections to restore zero 
phase difference at the inputs of Ml2. Frequency deviations are 
therefore detected at an early stage as phase changes, giving a 
measure of 'phase advance' correction. 

8.1.2.5 'INIIlBIT' (VCO Off) 

The VCO can be switched off by a logic-1 of OV at the base of Q 11 
(INHIBIT signal). This originates in the CPU system, setting 
FREQ R2.0 code to 111 (a non-existent 'R7' range) when AC 
functions are deselected. It also resets the +2 flip-flop M13a. so that 
no reference frequency is passed into the phase comparator. 

8.1.2.6 VCO Supply Rail Protection 

To prevent VCO oscillations appearing on the 15V power rails, 
which also supply the integrator Ml 1 and current mirror M50, the 
positive rail is heavily decoupled, regulated by Q8, and all devices 
whose currents are likely to disturb the rails are supplied through 
constant current sources (Ql, Q6, (l) and Q13). 

8J.2.7 VCO Output 

The VCO, Mll and M50 operate from the 15V supplies. M12, 
M9 and the frequency dividers which follow the VCO, all operate 
from the in-guard logic supplies of +OV and -lSV. The VCO output 
from Q12 emitter is therefore limited by Dl to logic supply levels. 
A re-conversion back to 15V levels is accomplished at the input to 
the integrator Mll, as TP31 pulses are negative at Mll input. 

D 1 is a Schottky hot carrier diode of reverse capacitance approx. 2pF. 
This avoids distorting the high frequency output squarewaves (for 
1MHz output, the VCO oscillates at 4MHz). 

The output passes through R12 to avoid loading the VCO, and then 
fed as 'VCO O/P' to the frequency dividers at MS-9 (page 11.6-5 ). 

8.1.3 FREQUENCY RANGE DIVIDERS 
(Fig 8.3) 

As mentioned earlier in para 8.1.1, the purpose of the synthesizer is 
to provide an accurate frequency reference for the quadrature sinewave 
oscillator. The VCO frequency (signal 'VCO O/P') is input to a 
series of frequency dividers, whose ratios are set by 'FREQ R2.0', so 
as to make the dividers generate the selected frequency as 
'SYNTH O/P'. FREQ R2.0 isa three-bit word, five of whose codes 
represent the fi.ve frequency ranges. 

A second purpose is to clock the Quasi-Sinewave Generator in 
synchronism with the synthesizer output (and hence with the main 
quadrature sinewave oscillator output). The synthesizer frequency is · 
a multiple of the Quasi-Sine frequency, except on the lOOHz 
frequency range, where they are both at the same frequency. Thus the 
divider ratios are also chosen to generate the correct frequencies for 
the quasi-sinewave clock, for each frequency range selected. 

8.1.3.1 Divider Ratios 
(Circuit Diagram 430446 Page 11.6-5) 

Binary/BCD Divider MS is set for binary division by fixing M5-2 
and MS-10 at Logic-0. Conversely, Ml is set for decimal division 
by fixing Ml-2 and Ml-10 at Logic-1. 

BCD counter M2 is set to count up, by fixing M2-10 at Logic-1. 
Its CARRY OUT signal at M2-7 is at 1/10 of its clock frequency, 
and its Ql output on M2-6 is at half its clock frequency. Flip-flop 
M4a is connected to divide its clocks by two. 

Multiplexer M6 selects the appropriate source frequency to clock the 
Quasi-Sinewave generator. In particular, on the 1 OOHz Range it 
selects the CARRY OUT from M2, which is subsequently divided 
by 10 in the quasi-sinewave counter, and retumed via J6-51 to be 
used as SYNTH O/P. 
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8.1.3.2 Ratio Selection by Frequency Range 
(Fig. 83 and Table 8.2) 

The frequency range selection word FREQ R2-0 is decoded by M29 
into five range lines R4-0· These lines perform the following 
functions: 

a. Switch ranges in the qua.drature sinewave oscillator by relays 
RL1-RL8 selection of integrator capacitors (page 11.6-1 ); 

b. Switch ranges in the Cosine Squarer output filter (page 11.6-2 ); 

c. Adjust the division ratios of Frequency Range Dividers M5 and 
Ml (page 11.6-5) for range R4 (1MHz Range), 

d. Select appropriate outputs from the Frequency Range Dividers 
(page 11.6-5 ); and 

e. The INHIBIT line tums off the VCO for non-AC functions. 

Functions (a) and (b) are described later in Section 8.2. In this 
description we are concemed mainly with functions (c) and (d). 

Note: For frequencies lfl I to lf6J refer to Table 4 .7.4 

ltl I Jt2J 

VCO 0/P {n x 8kHz) 

FREOR2 

FREQR 1 Frequency 
Range 

Decoder 

FREQR0 

07 

INHIBIT 

R0 100Hz 

R1 lkHz 

R2 10kHz 

+8 
(..-4 on 

1MHz Range) 

R3 100kHz 

R4 1MHz 

+10 
{+ 25 on 

1MHz Range) 

Jf3J 

Table 8.2 shows how frequency range switching derives the 
synthesizer output frequencies by selecting the appropriate outputs 
from the dividers. Note that except for the 1MHz Range I¼, the 
ratios of individual dividers are not altered. 

0n the lOOHz Range R0 the overall division ratio of 8000 is 
achieved as for the lkHz Range, hut with a further division by 10 in 
the quasi-sinewave counter Mll on the AC Assembly. 

0n the 1MHz Range, R4, the division ratio of M5 is changed from 8 
to 4. The DPA in.puts M5-5 and M5-6 are primed to Logic-1 and 
Logic-0 respectively, whereas on all other ranges the priming is 
reversed. Range I¼ also alters the division ratio of Ml from 10 to 
25, by changing its priming bit-pattern, to correct the quasi-sinewave 
frequency; hut as the synthesizer output is taken through M 10-4/3 
from M5 output, the adjustment to Ml does not affect the 
SYNTH 0/P frequency. 

+2/+4/+10 
(Selected 

by 'n') 

-t10 

\f5J 

Jf4\ 

-t10 
{Quasi-Sine 

counter) 

\f6! 

Quasi-Sinewave 

Frequency 

FIG. 8.3 FREQUENCY DIVIDERS BLOCK DIAGRAM 
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FREO. FREOUENCY VCO OUTPUT OVERALL 
RANGE DISPLAY (nx8kHz) DIVISION 

RATIO 

Hz kHz 

100Hz 10-63 80-504 
(RO) 64-127 512-1016 8000 

128-330 1024-2640 

1kHz 0.30k-0.63k 240-504 
(R1) 0 .64k-1.27k 512-1016 800 

1.28k-3.30k 1024-2640 

10kHz 3.0k-6.3k 240-504 
(R2) 6.4k-12.7k 512-1016 

80 12.8k-33.0k 1024-2640 

j 
100kHz 30k-63k 240-504 

(R3l 64k-127k 512-1016 
128k-330k 1024-2640 8 

1MHz 
(R4l 0 .30M-1.00M 1200-4000 4 

* Ouasi-sine counter M11 on the AC Assembly divides VCO 
output at all frequencies, but contributes to SYNTH 0/P only 
on the 100Hz Frequency Range. 

RELEVANT DIVIDER 
RATIOS 

M5 M1 M2 M11* 

(AC PCB) 

8 10 10 10 
8 10 10 10 
8 10 10 10 

8 10 10 
8 10 10 
8 10 10 

8 10 
8 10 
8 10 

8 
8 
8 

4 

TABLE 8.2 SYNTHESIZER OUTPUT - DIVISION RATIOS 

QUASI-SINE SYNTHESIZER 
CLOCK OUTPUT 

FREOUENCIES 

(J6-50)* (J6-52) 

Hz Hz 
100-630 10-63 

640-1270 64-127 
1280-3300 128-330 

kHz Hz 
1.5-3.15 300-630 

1.6-3.175 640-1270 
1.28-3.3 1280-3300 

kHz kHz 
1.5-3.15 3.0-6.3 

1.6-3.175 6.4-12.7 
1.28-3.3 12.8-33.0 

kHz kHz 
1.5-3.15 30-63 

1.6-3.175 64-127 
1.28-3.3 128-330 

kHz kHz 
1.2-4.0 300-1000 
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8.1.3.3 Frequency Synthesis for the 
Quasi-Sinewave Generator 
(Fig. 8.3 and Table 8.3) 

The lO0Hz frequency range uses the quasi-sinewave counter as a 
divider in deriving its SYNTH 0/P frequency. Although not a 
direct component of the frequency of the SYNTH 0/P signal on 
other ranges, the quasi-sinewave frequency is deliberately derived in 
the synthesizer, so that the zero-crossings of its waveform can be 
synchronized at a time when the main sinewave is also crossing zero. 
(The main sinewave, of course, can be at a high multiple of the quasi
sinewave frequency.) 

The quasi-sinewave frequency is held to a maximum of 330Hz 
(400Hz on the 1MHz nµ1ge), to limit errors due to high harmonics. 
The 1MHz frequency range contains only one frequency band, hut thc 
other four ranges are each divided into three bands, corrcspondi.7.g !n 

the three most significant bits of the frequency word FREQg_0· 

Table 8.3 illustrates the way that the three bands affect the quasi-sine 
frequencies. Note that division ratios of 2, 4 or 10, by M2 and M4a, 
are selected by FRE~. FREQ7 and FREQ8 at M6 pins 11, 10 and 9 
respectively. Frequency range ~ at M7-2 ensures that on the lOOHz 
range, the divide-by-10 output of M2 is always selected, regardless of 
the state of these three bits. 

To cnsure that the Divide-by-2 outputs of M2 and M4a are locked 
into thc correct phase for quasi-sinewave generation, a synchronizing 
signal 'CHOP WCK' is derived from the quasi-sinewave counter 
'Q0' output, entering at J6-75. Following OC-restoration from 8V 
supplies to the normal 0V/-15V logic supplies by C20/D3/Rl5/M7, 
the signal is applied to M4a SET input, and M2 RESET input. 

For all frequency ranges, the '100-SkHz' quasi-sinewave generator 
clock is passed to the AC Assembly via J6-50 and the Mother 
Assembly. This output is level-shifted by Q42, to the 8V supplies 
which are used in the quasi-sinewave generator circuitry. 

The quasi-sinewave generator reset signal 'SYNC0(IG)' (which was 
transferred into Guard by M2 on the Reference Divider), is input to 
the Sine-Source Assembly on J6-48 to be similarly level-shifted by 
M43, before being passed to the AC Assembly via J6-49. This 
signal, however, is not used on this instrument. 

For other details of the quasi-sinewave generator refer to Section 6.6. 

FREOUENCIES SYNTHESIZED IN SINE-SOURCE ASSEMBLY 

FREO. FREOUENCY DIVIDER RATIOS for OVERALL OUASI-SINE OUASI-SINE 
RANGE DISPLAY VCO OUTPUT OUASI-SINEWAVE DIVISION CLOCK FREOUENCY OUTPUT 

(nx8kHz) M5 Ml M2 M4a RATIO FREOUENCY (& J7-5l) FREOUENCY 
Hz kHz (J7-50) Hz Hz 

Hz 
100Hz 10-63 80-504 8 10 10 - 800 100-630 10-63 10-63 

(R0) 64-127 512-1016 8 10 10 - 800 640-1270 64-127 64-127 
128-330 1024-2640 8 10 10 - 800 1280-3300 128-330 128-330 

kHz 
1kHz 0.30k-0.63k 240-504 8 10 2 - 160 1.5-3.15 150-315 0.30k-0.63k 
(Rl) 0.64k-1.27k 512-1016 8 10 2 2 320 1.6-3.175 160-317.5 0.64k-1.27k 

1.28k-3.30k 1024-2640 8 10 10 - 800 1.28-3.3 128-330 1.28k-3.30k 

kHz 
10kHz 3.0k-6.3k 240-504 8 10 2 - 160 1.5-3.15 150-315 3.0k-6.3" 
(R2) 6.4k-12.7k 512-1016 8 10 2 2 320 1.6-3.175 160-317.5 6.4k-12.7k 

12.8k-33.0k 1024-2640 8 10 10 - 800 1.28-3.3 128-330 12.8k-33.0k 

kHz 
100kHz 30k-63k 240-504 8 10 2 - 160 1.5-3.15 150-315 30k-63k 

(R3) 64k-127k 512-1016 8 10 2 2 320 1.6-3.175 160-317.5 64k-127k 
128k-330k 1024-2640 8 10 10 - 800 1.28-3.3 128-330 1?8k-330k 

1MHz kHz 
(R4) 0.30M-1.00M 1200-4000 4 25 10 - 1000 1.2-4.0 120-400 0.-30M-1.0(')M 

TABLE 8.3 QUASI-SINEWAVE FREQUENCY DERIVATION IN FREQUENCY SYNTHESIZER 
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8.1.3.4 Synthesizer Frequency Analysis 

Table 8.4 is provided to allow a complete analysis of the frequencies 
to be found in the divider circuitry. In part, it duplicates figures from 
tables 8.2 and 8.3. 

FREQ. FREQUENCY vco 11 12 13 
RANGE DISPLAY DIVISOR v·co OUTPUT M5 OUTPUT M1 OUTPUT 
(NOM) (n x 8kHz) (/1 +8) (/2 + 10) 

Hz 'n' kHz kf'lz kHz 

100Hz 10-63 10-63 80-504 10-63 1.0-6.3 
(R0l 64-127 64-127 512 -1016 64-127 6.4-12.7 

128-330 128-330 1024-2640 128-330 12.8-33.0 

1kHz 0.30k-0.63k 30-63 240-504 30-63 3.0-6.3 
(R1) 0.64k-1.27k 64-127 512-1016 64-127 6.4-12.7 

1.28k-3.30k 128-330 1024-2640 128-330 12.8-33.0 

10kHz 3.0k-6.3k 30-63 240-504 30-63 [ 3.0-6.3 ] 
(R2) 6.4k-12.7k 64-127 512-1016 64-127 [ 6.4-12.7] 

12.8k-33.0k 128-330 1024-2640 128-330 [12.8-330] 

100kHz 30k-63k 30-63 240-504 [ 30-63 ] 3.0-6.3 
(R3) 64k-127k 64-127 512-1016 [ 64-127] 6.4-12. 7 

128k-330k 128-330 1024-2640 [128-330] 12.8-33.0 

(11+4) (/2 + 25) 
Hz 'n' kHz kHz kHz 

1MHz 
(R4) 0.30M-1.00M 150-500 1200-4000 [ 300-1000] 12-40 

Note: 
Frequency spans in square brackets [. J are the SYNTH O/P 
frequencies on those ranges. 
Other frequencies are present and may be tested. 

*Ouasi-sine counter M11 on the AC Assembly divides VCO 
output at all frequencies, but contributes to SYNTH O/P only 
on the 100Hz Frequency Range. 

14 15 • 

M2 OUTPUT M6 OUTPUT (M6-3) 
(13 + 10) Hz 

Hz 
M6 lnput Channels and Division Ratios 

X0 (/3 + 2) x, (/3 +4) X2-7 (13 + 101 

100-630 100-630 
640-1.270 640-1270 

1280-3300 1280-3300 

[ 100-630 ] 1500-3150 
[ 640-1270] 1600-3175 
[1280-3300] 1280-3300 

100-630 1500-3150 
640-1270 1600-3175 

1280-3300 1280-3300 

100-630 1500-3150 
640-1270 1600-3175 

1280-3300 1280-3300 

(13 + 10) 
Hz 

1200-4000 1200-4000 

TABLE 8.4 SYNTHESIZER DIVIDERS - FREQUENCY ANAL YSIS 

16 
J6-51 INPUT 

(/5 + 10) 
Hz 

C 10-63 :J 
C 64-127 :J 

. Ll28-330 :=J 

150-315 
160-317.5 
128-330 

150-315 
160-317.5 
128-330 

150-315 
160-31 7.5 
128-330 

Hz 

120-400 
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8.2 QUADRATURE SINEWAVE OSCILLATOR 
(Fig. 8.4) 

Synthesized 
Frequency C ~ 

-
h 

FREOUENCY CONTROL LOOP 

Ouadrature 
Phase - Sinewave 

Compr Oscillator 

Quas i-Si newave 
Reference --

--

dUTPUT AMPLITUDE CONTROL LOOP 

Output 
I+ 

VCA - 0----
Conditioning (power) -j I 

Output Value Local or 
Mean-Square Remote 
Error Sensing 

AC-to-AC Sense 
Hi 

Mean-Square ~ Conditioning --
Comparator (sense) 

FIG. 8.4 THE QUADRATURE SINEWAVE OSCILLATOR AND ITS SYSTEM ENVIRONMENT 

8.2.1 PURPOSE AND ENVIRONMENT 

The purpose of the oscillator is to define the amplitude-stability, 
purity and frequency of the sinusoidal output of the instrument on all 
ranges. Its output is of sufficient constant amplitude to drive the 
subsequent signal-cohditioning circuitry. 

After originating in the oscillator, the sinewave amplitude is 
accurately defined in two output-sense loops, using a low-distortion 
VCA as control element. The sinewave is set close to its demanded 
value by analog conditioning in the output circuits. 

The output voltage is sensed, attenuated to its 1 V Range equivalent, 
then its mean-square value is compared against that of the quasi
sinewave reference. The difference is converted into a OC error 
voltage which corrects the output by adjusting the VCA gain. 

As the purity and amplitude-stability of the output sinewave depend 
substantially upon its source, a high quality oscillator is necessary. 
A 'quadrature' (dual-integrator) circuit is chosen for two main reasons: 

This arrangement allows extensive phase and amplitude controls 
to be applied, to establish the required high specification. 

Its natura! frequency can be easily programmed by electrical 
selection of its component values. 

The oscillator is approximately tuned by selection of circuit 
constants using the two CPU-derived binary words 'FREQ R2.0' and 
'FREQs.0'· These also accurately define the crystal-sourced frequency 
of the Digital Frequency Synthesizer output, to which the oscillator 
is phase-locked. Thus the output sinewave frequency accuracy is held 
to lOOppm. 
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8.2.2 S™PLE QUADRATURE OSCILLATOR 

8.2.2.1 Basic Circuit 
(Fig. 85) 

The circuit consists of two RC integrators and an inverter, connected 
in a positive feedback loop. The nominal phase-shift armmd the 
loop is 360° (actually 720°: 270° in each integrator, 180° in the 
inverter). 

Assuming perf ect integrators, matched components and an inverter 
gain of exactly -1, this circuit will undergo stable oscillation at a 
frequency given by: 

w = 1/R.C 

lnverter lntegrator lntegrator 

-Acoswt Asinwt 

FIG. 8.5 BASIC QUADRATURE OSC/LLA TOR 

8.2.3 PRACTICAL QUADRATURE OSCILLATOR 
(Fig. 8.7) 

The method chosen to refine the simple circuit corrects the loop 
phase-shift to exactly 360° using a feedback signal. Furthermore, it 
is arranged that this signal is correct only at a given output 

8.2.3.1 Phase Correction 

The loop phase is corrected by introducing a small cosine term 
(B.coswt) to be summed with the sine feedback (A.sinwt) at the 
input to the inverter. The resultant output of the inverter is thus 
given by: 

where 
and 
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V(t) = -(A.sinwt + B.coswt) 
M.sin(wt + fll) ------ 1 

M = -V(A2 + B2) 
sinfll = B/M; cosfll = NM. 

8.2.2.2 Inadequacies of the Basic Circuit 
(Figs. 85 and 8.6) 

For an unrefined practical implementation of the basic circuit, the 
loop gain and phase response would be as shown in Fig. 8 .6. 

The two main conditions for stable oscillation at constant amplitude 
are: exactly unity loop gain, and exactly 360° (or multiple of 360°) 
of loop phase-shift; so the circuit of Fig. 85 clearly does not satisfy 
these conditions. Without some attempt to control gain and phase, 
the loop would be either over- or under-damped, so oscillations 
would either die away or increase in amplitude until lirnited by the 
supply rails. 

GAIN(dB) 

0 ----------------
Frequency 

FIG. 8.6 GAIN AND PHASE RESPONSE 
OF PRACTICAL CIRCUIT 

amplitude, so the amplitude of stable oscillation is defined. 
In Fig. 8.7 the correction circuit is added. 

Hence 
and for B«A: 

fll = tan·1 {B/A). 
fll s=:s B/A 

The fll term represents an additional phase shift in the inverter, which 
by suitable scaling can be made equal to the phase error in the basic 
oscillator loop. Scaling is achieved by multiplying A.coswt by the 
DC amplitude error (A2-JREF), as described opposite. 



8.2.3.2 Constant Amplitude Control 

The above method of phase correction plays its part in controlling 
the output amplitude. With both sine and cosine terms available, a 
DC analog of the sinusoidal output amplitude can be obtained 
utilizing the identity: 

sin2wt + cos2wt = 1. 

Equal-amplitude sine and cosine outputs are squared in 4-quadrant 
multipliers. Their squares are summed to generate amplitude 
feedback in the form: 

A2.sin2wt + A2.cos2wt 
A2(sin2wt + cos2wt) 
A2. 

This method therefore expresses the square of the output amplitude as 
a DC current analog, from which is subtracted a constant DC 
reference current 1REF'. 

- A .sinwt 

A.sinwt 

B.coswt 

The difference current 'A2-IREF' is taken as the amplitude error, which 
defines the fraction 'B' of the cosine term to be fed back to the 
inverteras 'B.coswt'. 

In a perf ect oscillator, this 'cos' feedback would be driven to zero. 
But in any practical circuit, some small remnant of B.coswt persists 
at the correct loop phase-shift, correcting the loop gain to within the 
stability specification. 

Acting thus together, the combined feedbacks correct both loop gain 
and phase simultaneously. The method of amplitude correction 
prevents the appearance of AC components in the amplitude error 
signal, thus avoiding unacceptable levels of harmonic distortion due 
to the cosine multiplier. 

A.coswt 

Differential 
4-0uadrant Multipliers 

Amplitude 
Detector 

A.sinwt 

- A .sinwt 

FJG. 8.7 CORRECTED QUADRATURE OSCILLATOR 

8-11 



8.2.4 FREQUENCY CONTROL 

Section 8 .1 describes frequency generation in the Frequency 
Synthesizer. Binary control words computed by the CPU represent 
user-selections of FREQUENCY RANGE and FREQUENCY. 
These adjust frequency division ratios in the feedback circuit of a 

8.2.4.1 Coarse Adjustment 

The Sinewave Oscillator is already approximately tuned to the 
selected frequency by the two binary control words, which select 
from weighted values of integration capacitance and resistance: 

Frequency ranges are selected by control word FREQ R2_0, 
which controls relays to change the values of integrator 
capacitance. 

Frequencies within a range are selected by the control word 
FREQ8_0, which controls FEI's to change the 'values of 
integrator resistance. 

8.2.4.2 Fine Adjustment 
(Fig. 8.8) 

The oscillator's outptit is converted into a squarewave and applied as 
'signal' to the phase comparator of a second phase-locked loop. The 
Synthesizer output signal 'SYNTH 0/P' is input as reference 
frequency to the same comparator. The difference is integrated to 
produce a DC phase error signal, which is applied to control the gain 
of the inverter stage of the oscillator. 

SYNTH O/P 

Sine to 
Square 

Phase 
Compr, 

A,sinwt 

Fine Frequency 
Control Voltage 

B,coswt 

phase-:-locked loop, and division ratios in subsequent frequency 
dividers, to set the Synthesizer output signal 'SYNTH 0/P' to the 
selected frequency. Stability and accuracy are assured by a crystal
sourced ref erence of 16kHz. 

It can be shown that the actual operating frequency is a function of 
the inverter gain. In the frequency domain, the oscillator loop 
transfer function is given by: 

G x (w(Jls) x (w~s) 

where G is the inverter gain, 
w0 is the unity-gain frequency 
s = j.w, where w is the actual frequency of operation. 

For stable oscillation, the loop transfer function must equal 1/Q. 

Hence G.w,1p/s2 = 1/Q 

Therefore 

and 

Thus by adjusting the gain of the inverter, the phase error signal 
from the comparator exerts fine control of the oscillator frequency. 
This phase-locks the oscillator to the Frequency Synthesizer. 

- A.coswt 

Coarse 
Frequency 
Control 

lntegrators 

A .sinwt 

Amplitude and Phase 
Control Circuitry 

FIG. 8.8 FINE FREQUENCY CONTROL 

8.2.S OSCILLATOR OUTPUT 

The A.sinwt signal is inverted and buffered out to provide the drive 
to the output loop VCA. The buffer feedback resistors are positive 
TC thermistors which compensate for the TC of the VCA input 
FETs (refer to section 9). 
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QUADRATURE OSCILLATOR CIRCUIT DESCRIYfION 
8.2.6 MAIN INTEGRA TORS 

(Circuit Diagram 430446 page 11.6-1) 

'.fhe cascaded integrators consist of M19 and M30 together with their 
input resistors and feedback capacitors. Both circuits are identical in 
operation, although some slight diff erences in implementation exist. 

8.2.6.1 Frequ! ncy Range Switching 

The feedback capacitors are selected by the binary control word 
'FREQ R2_0'. This is decoded into five lines R4-0 (page 11.6-5 ), each 
representing a freqqency range. The capacitors for ~ (1MHz) are 
fix.ed, one other set being added in parallel when its range is selected. 
Relays RLl to RL8 perform the switching. 

8.2.6.2 Frequency Increments 

The integrator input resistors are connected in a binarily-weighted 
ladder network, the total input resistance depending on the pattem of 
FET conduction. Bach FET is tu.med on by its corresponding binary 
digit in the frequency control word FREQs.0 (appearing as As-0 and 
Bs-0 at the FET gates). · 

The least-significant bits, representing low frequencies, control the 
highest-value resistors at the base of the ladder. The most-significant 
bits, which represent the highest frequencies, control the lowest
value resistors at the top. 

Any user-selected frequency in a given frequency range is thus 
represented by a bit-pattem in the control word, which is repeated in 
the FET conduction pattem and resistance selection at the input of 
both integrators. 

8.2.7 INVERTER STAGE 

The inverter completes the positive feedback loop of the basic 
oscillator. The very high bandwidth device used for M15 is 
compensated by C27, and its T08 case is grounded. 

8.2.7.1 Gain Control 

The inverter has three inputs: 

a. A.sinwt from the second integrator, the basic oscillator 
feedback loop. 

b. B.coswt from the Amplitude correction loop. 
c. 'FREQ ERROR', a OC current which alters the inverter's 

input resistance (and hence its gain) by controlling FET 
conduction, phase-locking the oscillator to the synthesizer 
output frequency (refer to para 8.2.4.2). 

Inputs (a) and (b) [A.sinwt and B.coswt] are summed as currents at 
the inverting input. The amplitude of the B.coswt signal is 
determined by the action of the amplitude control loop, described in 
sections 8.2.8 and 8.2.9. 

Input (c) controls the gain of the inverter. The A.sinwt is applied 
via two input resistors R28 and R41 in series. R28 is shunted by 
the two FETs of Q29, whose the source-drain resistance is altered by 
the 'FREQ ERROR' current via current-mirrors M16 and Ml 8. 

Adjustments to the natural oscillation frequency are made by 
switching the integrator time constants. 

8.2.6.3 Slew Rate and Protection 

Emitter-followers at the outputs of the integrator operational 
amplifiers allow the high slew-rates necessary to be achieved, by 
buffering any loading effects. The diode clamp networks between 
output and input prevent latch-up by imposing unity-gain feedback 
when output peaks exceed approx. 5V. 

8.2.6.4 Output OfTset Control 

The amplitude detector circuit squares the outputs from both 
integrators. It is therefore important that their DC offset voltages are 
not included in the squaring computation. 

The 'Cosine' offset is r-emoved by adjustment of R50 at the non-
inverting input of M30, and the 'Sine' offset by R49 at the input of 
inverter Ml5. This latter adjustment removes the combined offsets 
of M15 and Ml9. (At manufacture, and after any replacement of 
major board components, the controls are iteratively adjusted for 
minimum AC fundamental component in the DC amplitude control 
signal 'Va' atlink 'B'.) 

As mentioned earlier, its OC input offset is adjusted by R49 to null 
the sine DC offset. 

Two FEfs in series are required for the amplitude levels reached by 
A.sinwt. R41 is selected to account for differing 'on' resistances of 
different batches of FETs. This input circuit is a scaled-down 
version of that employed for the VCA in the main output loop, 
details of which appear in Section 9. A description of the action of 
the frequency tracking loop follows at para 82.7.2 ._ 

8.2.7.2 Frequency Tracking - General 

As stated in para 8.2.4.2, the oscillator's output is applied to the 
comparator of a phase-locked loop. The Synthesizer output is input 
as reference frequency to the same comparator. The phase-difference 
pulse train from the comparator is integrated to produce a DC phase 
error signal, which is applied to control the gain of the inverter stage 
of the oscillator. This exerts fine control of the oscillator frequency, 
tracking the Synthesizer frequency. 
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8.2.7.3 Tracking Comparator 
(Circuit Diagram 430663 Page 11.7-6) 

After buffering and invertion by M47 on the Sine-source Assembly 
(page 11.6-1 ), the oscillator A.sinwt output is passed to the AC 
Assembly via 16-45 and 17-45. 

0n the AC Assembly, the sinewave is converted into a squarewave 
by Schmitt bistable Q32/Q33, and level-shifted to logic supply 
levels of 0V and -15V by D25/Q28. Q28 provides a current-limited 
load for maximum gain, while D24 and D25 prevent voltage 
saturation of Q32. Q23 buffers the resulting squarewave into the 
phase comparator input at M30-6. 

The slower zero-crossings at the lowest frequencies could be 
susceptible to HF noise, so this is filtered, on the 1 OOHz frequency 
range only, by Q27 and C48. 

The 'SYNTH 0/P' squarewave, at the demanded frequency, is 
transmitted from the Sine-source Assembly at low (1 V Full Range) 
level. This holds the maximum slew rate to a value which avoids 
inducing interference in other interna! circuits. Q20 and Q21 amplify 
the signal to the CMOS logic levels of 0V and -15V required by the 
comparator input at M30-3. 

Note that current steering is used between Q32 and Q33, and between 
Q20 and Q21 . Also, a constant current source Q22 provides Q23 
emitter current. These measures prevent the fast switching edges in 
the schmitt and amplifier circuits from injecting spikes into the 
supply rails. 

Phase-comparator output M30-5 consists of positive pulses (0V) 
when the oscillator lags the synthesizer, or negative (-15V) when the 
oscillator leads. When both are in phase, M30-5 is at high 
impedance. 

At integrator M31 input, zener diode D30 holds the non-inverting 
input at -6.4V; so for in-phase signals into the comparator, the 
inverting input seeks the same level. The integrator tends to hold its 
voltage level (with very slight drift due to capacitor leakage hut 
limited to -9.8V by D32/033). When the oscillator output lags the 
synthesizer output, the positive-going comparator pulses are 
integrated to drive M31-6 slowly more negative. When the phase of 
the oscillator leads, the integrator output becomes more positive. 

The phase control loop seeks to phase-lock the two inputs to the 
comparator. If they are in phase, the comparator output is at high 
impedance ('TRIST ATE'). In this condition the integrator capacitors 
C53 and C56 have no charge or discharge path, so M31 's extremely 
high gain maintains a constant charge on the capacitors. The 
constant voltage on Q37 base maintains a constant 'FREQ ERROR' 
current. 

Q37 appears to be an open-collector amplifier. However, its 
collector current passes via 17-44 and 16-44, into the two current
mirrors at the input to the oscillator inverter on the Sine-source 
Assembly (page 11.6-1), and thence to the -15V rail. 

With constant input current, the mirrors continue to draw the same 
output current from the AN4 bias network for Q29, so the frequency 
of the dual-integrator oscillator remains constant. Thus the loop 
stabilizes only when the oscillator frequency is in phase with (and 
therefore at the same frequency as) the Frequency Synthesizer output. 
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The overall action is for a lagging oscillator (frequency lower than 
the synthesizer) to increase the DC current flowing into the two 
current mirrors, and vice-versa if the oscillator leads. The two inputs 
to the comparator are in phase when the sinewave output from the 
oscillator is at the synthesizer frequency. 

Any disturbance in the loop will generate corrections to restore zero 
phase difference at the inputs of M30. Frequency deviations are 
therefore detected at an early stage as phase changes, giving a 
measure of 'phase advance' correction. 

8.2.8 SINEWAVE AMPLITUDE DETECTOR 

The method of amplitude measurement relies on the identity 
'sin2wt+cos2wt = 1' to convert AC output signals from the oscillator 
into a representative DC signal. 

Squaring Asinwt and Acoswt: 
A2sin2wt = (A2 - A2cos2wt)/2, 
A2cos2wt = (A2 + A2cos2wt)/2, 

The AC waveforms of A2cos2wt and A2sin2wt are inverted versions 
of each other, at twice the original frequency, and both are 
symmetrical about the DC mean value of A2/2. 

By summing the two, the AC waveforms are eliminated, leaving a 
DC signal, A2, representing the square of the amplitude. 

In the Amplitude Detector, the V sin and V cos outputs from the 
oscillator are squared electronically and summed as a differential 
current 12. This is compared with a constant DC reference current 
IREF to generate the error current (I2 - IREF), which is used to derive 
an amplitude error voltage 'V 0'. This is filtered and passed to the 
Amplitude Control circuits (page 11.6-1). 

V O is driven to zero by the action of the amplitude control loop, so 
that 12 - IREF = 0, and thus 12 = IREF· The loop therefore stabilizes 
only when the two are equal, and at a constant amplitude. 

A2 
2 

0 

FIG. 8.9 
SUMMING A2sin2wt wlth A2cos2wt 



8.2.8.1 Squaring Circuit Inputs 
(Circuit Diagram 430446 Page 11.6-1) 

Vcos and V sin are squared independently in a pair of differential four
Quadrant multipliers, each with two identical differential inputs. 

The Sine Squarer receives V sinwt from the second integrator M30 
(Q44 emitter), and -Vsinwt from the main inverter (MlS-11). 

As + V coswt is the only natura! cosine output from the oscillator, 
the -V coswt signal is derived by inversion in M3 l. These are both 
fed as inputs to the Cosine Squarer. 

8.2.8.2 Cosine Squarer 
(Circuit Diagram 430446 Page 11.6-2) 

Isolating the Cosine circuit alone as an example, there are two 
differential inputs. One is applied across M34 pins 13 and 16, and 
the other across pins 6 and 10. 

The multiplying action of the squaring circuitry relies on the 
exponential transconductance between a transistor's base voltage and 
its emitter-collector current: 

le 
so vbe 

is proportional to 
is proportional to 

exp(Vbe) 
Ln(IJ 

The difference between the currents in M34-1 and M34-14 collectors 
is linearly proportional to Vcoswt (due to M34 emitter resistors 
AN15). The currents are drawn from the supply through Q55 (which 
is connected as two matched diodes), hut because of the exponential 
transconductance, Q55 base-emittervoltages increase logarithmically 
with increase of emitter current. Therefore the differential voltage at 
Q56 and Q57 bases due to Q55 emitter currents is logarithmic: 

(V QSS-4 - V QSS-3) is proportional to Ln(V.coswt) 

The difference between the currents in M34-9 and M34-7 collectors is 
also linearly proportional to Vcoswt (due to other M34 emitter 
resistors AN15). But each collector current is divided between the 
two halves of the dual transistor in its collector circuit, regulated 
both by the dual transistor's exponential transconductance, and by its 
logarithmic differential base voltage. 

The combined eff ect of these two factors is similar to the 
mathematical operation of multiplying by adding logarithms: a term 
is produced in each Q56 and Q57 collector current, proportional to 
the linear product of the two input voltages. 

By cross coupling the collectors of Q56 and Q57 as shown, other 
constant terms are suppressed, and the difference between the currents 
drawn from ANlS-7/8 and AN16-9/10 is proportional to: 

Vcoswt x Vcoswt 

The inputs are equal, so the differential output current is proportional 
to V2cosiwt. 

8.2.8.3 Sine Squarer 

The Sine Squarer behaves in the same way, producing a differential 
current in its collector loads proportional to V2sin2wt. 

8.2.8.4 Cos2, Sin2 and IREF Summing 

In this application, the currents from both Sine and Cosine Squarers 
are combined in common loads. The voltages developed across the 
loads will therefore also diff er by an amount proportional to the 
expression V2cos2wt + V2sin2wt. Thus if a reference current was not 
superimposed, and utilizing the well-known identity 'sin2 + cos2 = 1 ', 
a DC voltage would exist between TP9 and TPlO (TP9 positive), 
equal to: 

KV2 (cos2wt + sin2wt) = KV2 

where 'K' is a constant at constant temperature, dependent upon 
identical circuit values in both squarers, and 'V' is the amplitude of 
both sine and cosine outputs from the oscillator. 

However, a reference current is superimposed. The DC current IREF 
is drawn through the lkohm load AN15 by M40 (pin 2), reducing 
the positive value of TP9 voltage to (KV2 - KVREF) with respect to 
TPlO. (The reference current is established at a value which includes 
the scaling factor 'K', by D26 and R91. The value of R91 for correct 
oscillator amplitude is determined at manufacture ). M34 is connected 
as a diode to compensate for M40 V1,e temperature drift 

Voltage K(V2 - V REF) is applied to the input of M35a, the unity-gain 
Summing Amplifier. M35a is connected to remove any common 
mode present at its input, so at TPll, K(V2 - VREF) is referred to 
common 2A. At this point it can be recognized as the Amplitude 
Error Voltage. Moreover, the amplitude loop adjusts the oscillator 
outputs to drive the error voltage to zero, so the action of the loop 
also drives V2 to equal VREF. 

8.2.8.5 Filtering 

Because components cannot be matched exactly, some small 
differences can exist between the sin2 and cos2 terms. Such 
differences appear in V O as the fundamental and second harmonics of 
the oscillator frequency. These are limited by filtering in the filter 
formed by M35b and its associated circuit. 

It would be possible to set a single low-pass bandwidth for all 
ranges, hut as this would need to filter down to 20Hz for the lOOHz 
range, it would also impose inconveniently long settling times for 
the higher frequency ranges. The low-pass bandwidth of the filter is 
therefore switched between frequency ranges by the R4-0 signals 
decoded from FREQ R2_0 in the synthesizer (page 11.6-5 ). 

The frequency range signals select the appropriate feedback 
components, by conduction of only one FET from Q47-Q52 per 
range. (Q48 is not used). 

The filter output is the oscillator amplitude DC error signal 'Va', 
limited to a maximum of approximately 6V by the action of back-to
back clamp diodes D24 and D25. V O passes via link B to the 
'Amplitude Control' circuitry ( see page 11.6-1 ). The value of V 0 
determines the fraction, and its polarity the phase, of the V .coswt 
signal which is to be added to V.sinwt at M15 input. 
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8.2.9 AMPLITUDE CONTROL ™PLEMENTATION 
(Circuit Diagram 430446 Page 11.6-1) 

Before describing the control circuitry, it is useful to review the 
various controls imposed on the oscillator (see Figs. 8.4 and 8.7): 

a. Frequency control by phase-locked loop to the frequency of the 
synthesizer output (albeit with a constant phase lag). This is 
eff ected by controlling the gain of the inverter stage of the 
oscillator. (Input resistance of M15 is changed by adjusting the 
conduction of FEfs Q29.) 

b. Phase control to establish exactly 360° loop phase-shift by 
injecting a small amount of V coswt into the oscillator inverter 
input (via R29). 

c. Amplitude control by acljusting the sense and amplitude of 
V.coswt aclded to V.sinwt, so that the loop gain is exactly unity 
at 360° loop phase-shift, at a constant output amplitude, and at 
the synthesizer frequency. (M23 gain is acljusted by varying the 
attenuation of its input signal, using FEI's Q41a and Q41b.) 

Amplitude error is corrected by adding a controlled fraction of either 
V coswt or -V coswt to the V sinwt feedback being applied to the main 
inverter M15. A push-pull control circuit is employed in order to 
ad just both amplitude and sense. V coswt is input from Q31 emitter 
to R71, and its inverse is input to R70 from the output of M31, 
(which also provides the -Vcoswt input for the cosine squarer). 

8.2.9.1 V.coswt Amplifier - M23 

M23 is connected as a summing VCA, with a fixed feedback resistor 
R53. Vcoswt and -Vcoswt are applied to opposite ends of its 

· balanced input resistor chain R71, R65, R64 and R70. The center of 
the chain is the virfual ground of M23, so if the 'on' resistances of 
Q418 and Q41b are equal, the balance is not disturbed and M23 output 
voltage is zero. 

When the Loop-gain Error is zero (V O = 0V), the static conditions 
set approx. -3V bias on both FEI's (depletion mode) to reduce 
crossover distortion. The FET gates are also bootstrapped by M24 
and M25 to half the AC voltage between source and drain. 

The DC conditions are: 

Q418 Q46 emitter - -0.75V 
M26 lin - 150µA 
M26 I00t - 300µA 
Q418 V gs - -l.5V 

M32-6 
Q45 emitter 
M27Iin 
M27 loot 
Q41b V85 

- ov 
- -0.75V 
- 150µA 
- 300µA 
- -l.5V 

Amplitude Error: 
M23-6 - zero 
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The Amplitude Error acljusts the 'on' resistance of Q418 and Q41b 
differentially, due to the inverter M32 in the side feeding Q41b. In 
the case of a positive V G of about 0.5V: 

Q46 emitter - -0.25V 
M261m - 50µA 
M26 loot - 1 OOµA 
Q418 V gs - -0.5V (more conduction) 

M32-6 
Q45 emitter 
M27Iin 
M27 loot 
Q41b Vgs 

- -0.5V 
- -l.25V 
- 250µA 
- 500µA 
- -2.5V (less conduction) 

The output voltage at M23-6 is in the same phase as V coswt, 
increasing with larger amplitude error. 

For a negative V o, M23-6 output voltage assumes the same phase as 
the -V coswt signal, increasing with larger amplitude error. 

Transistors Q45 and Q46 act as voltage-to-current converters to drive 
the 'x2' current mirrors M27 and M26. Voltage reference diodes D20 
and D22 provide the crossover bias. D21 and D23 provide clamping 
when Q45 and Q46 bases are driven positive, preventing V be 

breakdown. 

M23 output (now recognized as 'B.coswt') is summed with the basic 
oscillator feedback (Vsinwt) at the main inverter input (M15-5): 
When the amplitude is correct, and the loop phase is exactly 3 60°, 
M23 output is zero and does not inject any 'cos' component into the 
loop. 

If the loop gain or phase is in error, then the squarers' output current 
is not equal to the reference current, V G is not zero, and a small 
amount of cos component is fed into the loop. This acljusts the loop 
phase and gain to correct the oscillator amplitude. 



8.3 EXTERNAL FREQUENCY LOCK 

The External Frequency Lock allows the instrument output to be 
synchronized with an externa! reference frequency of either 1MHz or 
10MHz (a tolerance of ±1 % on these frequencies is specified). 

DC Isolation 

Rear Panel J5~3-1 / ~ 
lnput - Fe ----i 

(1 MHz/ 
1 OMhz) J53-2 Pulse 

Transformer Receiver 

Detect 
.....-----1 1 MHz/10MHz 

lnput 

Fe+S 
(200kHz/ 
2MHz) 

The main use envisaged for this facility is for a user to improve on 
the ±1 OOppm frequency accuracy of the instrument, by locking the 
internal frequency synthesizer to a customer's own frequency standard. 

CPU 
System 

M34 

M34-4 

'EXT FREQ SEL' 

'16kHz(INT)' 
SELECT '16kHz(OG)' 

INT/ 
EXT 

FIG.8.10 EXTERNAL FREQUENCY LOCK - BLOCK DIAGRAM 

8.3.1 INTRODUCTION 

The output sinewave frequency is synthesized in the Sine-Source 
assembly, normally synchronized toan internally-generatedreference 
frequency of 16kHz. To lock the output toan extemal reference, it is 
necessary only to di vide the frequency of the reference down to 16kHz 
and use this instead of the interna! reference. The circuitty described 
in this sub-section is shown in block form in Pig. 8.10 and carries 
out the following functions: 

Isolates, limits and buffers the input reference signal to TTL 
levels. 

Divides the input frequency 'Fe' by 5 and then by 10 (Pig. 8.10). 

Detects whether the Fe is 1MHz or 10MHz; from this it sets the 
selector to choose either its +5 or +50 input, to give an output 
of 200kHz. The detector sets the status signal 'EXT REF ST' 
to Logic-1 whenever either of the two signals is present. 

Divides the selector output by 10, then multiplies by 8 in a 
phase-locked loop, finally dividing by 10 again to 16kHz to 
give the signal '16kHz(EXT)'. 

Selects either '16kHz(INT)' or '16kHz(EXT)' in response to the 
position of the Rear Panel switch S53, and to the presence of a 
1MHz or 10MHz Externa! Reference signal. The selected signal 
'16kHz(OG)' is transferred into guard by opto-isolator M3 on the 
Reference Divider assembly, and thence as 'REF FREQ' to the 
digital frequency synthesizer on the Sine Source assembly. 

8.3.2 EXT REF SIGNAL INPUT 
(Circuit Diagrams: 430439 Page 11.17-2; 

430604 Page 11.16-4; 
430648 Page 11.3-4.) 

The Externa! Reference signal of 1MHz or 10MHz enters the 
instrument via pins 1 (Hi) and 2 (Lo) of Rear-Panel connector J53 on 
the Interconnection assembly (page 11 .17-2). It is transferred via J18 
and J3 on the Mother assembly (page 11.16-4) to the buffer input 
circuit on the Analog Interface assembly (page 113-4 ). 

C59 and Rl remove any DC components of the signal; and R15, Dl 
and D2 limit its excursions to approximately ±0.7V before it is 
applied to the pulse transformer T1. 

The output from T1 drives line receiver M9, C62 setting the DC 
offset to zero, and R16 providing some noise-immunity. 
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8.3.3 DIVISION CHAIN 

8.3.3.1 '+5' and '+ 10' Counters MU 

The line receiver output at TP24 clocks the +5 section of Mll 
counter. Its frequency is reduced to either 200kHz (for 1MHz input) 
or 2MHz ( 10MHz input), and this signal is used to clock the second 
(+10) section of Mll. This section (and the other two +10 counters 
M28) is connected as a 'bi-quinary' divider to establish a symmetrical 
mark/space ratio. The frequency at Mll-13 is either 20kHz (for 
1MHz input) or 20OkHz (10MHz input); The outputs from both 
counters are fed to the dual 4 into 1 line selector M18, which always 
chooses the 20OkHz signal. 

8.3.3.2 'EXT FREQ SEL' 

When S53 on the rear panel is closed to select Extemal Reference, 
+5V from S53 enters the Digital assembly at J2-25 (page 11.2-2), 
setting line D2 on the Data bus to Logic-1 each time that M36 is 
enabled by any IRQ (ie. every 8ms in response to the internal signal 
RTC IRQ para 6.1.2.6). The CPU passes the information to the 
Externa! Reference Buffer on the Analog Interface assembly via the 
Precision Divider Input Data Latches. The state of S53 is repeated at 
M34-4 (page 11.3-1) and input to M18-2 (B) to set M18 outputs. 

Response to 1MHz lnput 

M10-2: B input 
1MHz 

M10-13: Q 
M10-9: A input 

M10-4: ä 
M46-8 

M10-12: 'O 
M46-9 / M18-14 

M46-10 
'EXT REF ST' 

;:::::====~1µs--------~ 

8.3.3.3 lMHZ/lOMHz Detector MIO 

The state of the other input to M18 at M18-14 'A' depends on the 
frequency of the external reference signal at TP24, which is used to 
clock Ml0-2 'B'. Each positive-going edge triggers the first (330ns) 
monostable, initially setting Ml0-13 to Logic-1 (Pig. 8.11). 

If the frequency is 1MHz, Ml0-13 times out and returns to Logic-0 
before the next 1MHz trigger arrives, thus providing a train of 
negative-going triggers for the second (5.7µs) monostable at Ml0-9. 
The first negative-going edge sets Ml0-12 to Logic-0, but in this 
case each succeeding retrigger arrives before the monostable has 
timed o:ut, and so Ml0-12 remains at Logic-0. The output from 
Ml0-12 drives M18 control input M18-14 (A). 

If the frequency is 10MHz, Ml0-13 (330ns) cannot time out before 
the next retrigger arrives at Ml0-2, so it remains at Logic-1. No 
negative edges appear at Ml0-9 to trigger Ml0-12 to Logic-0, so the 
control input to M18-14 remains at Logic-1 as shown in Pig 8.11. 

Response to 10MHz lnput 

M10-2: B input 
10MHz 

M10-13: Q 

M10-9 A input ...........• 

M10-4: Q 
M46-8 

M10-12 Ö 
M46-9 / M18-14 

M46-10 
'EXTREF ST' 

FIG. 8.11 1MHz/10MHz DETECTOR WA VEFORMS 
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----=------------------~ ----------- - - ---~ -- -·· ···-- ----- -

8.3.3.4 M18 Frequency Selections 

The input sources to M18-10/11/12/13 are switched to M18-9 
according to the following table. The italicized frequencies . cannot 

... .-. 

be obtained because it is frequency which controls the A input to 
Ml8: 

"'I 

Reference 'EXT FREQ SEL' 1110MHz Detect. Source M18-12 M18-13 
Frequency M18-2 (8) M18-14 (A) 

1MHz 1 0 

10MHz 1 1 

No lnput, 
or 10MHz (and 0 1 
Not Selected) 

1MHz (and 0 0 
Not Selected) 

.... 

8.3.3.5 Further Division of M18 Output 

The 200kHz output from M18-9 is divided by a further +12.5 before 
it becomes the signal '16kHz EXT'. This is achieved in three stages: 

+10 (M28-3); x8 (PLL); +10 (M28-13). 

The xlO dividers are connected as bi-quinary counters to maintain the 
symmetrical squarewave. 

8.3.3.6 PLL Frequency Multiplier 

The Phase-Locked Loop is formed by M30 and M53. The VCO 
oscillates at a frequency which when divided by 8 (M53-11) phase
locks to the 20kHz present at TP25. At this frequency (160kHz) the 
error voltage across C30 is a very low amplitude ripple balanced 
aboutOV DC. 

The loop can be regarded as a simplified version of the synthesizer 
VCO, described in para 8.1.2.4. The VCO output is low-pass 
filtered, then buffered and inverted by Ql which drives the final +10 
counter. 

8.3.4 INT/EXT Reference Selection 

The 16kHz (EXT) signal output from M28-13 is a symmetrical 
squarewave phase-locked to the Externa! Reference frequency at 
TP27. It is passed into the same selector (M18) which carries out 
the 1MHz/10MHz and INT/EXT selection of the divided signal 
input. The 16kHz (INT) signal is also applied to Ml8. In this case 
the other half of the dual selector is employed. 

Transferred Frequency Frequency 

M18-12 (2C2) 200kHz 20kHz 

M18-13 (2C3) 2MHz 200kHz 

M18-11 (2C1) ov ov 

M18-11 (2C0) ov . ov 
..I 

The 16kHz(EXT)REF signal from TP27 is input via M18-3 and 
M18-4, whereas the 16kHz(INT) signal goes to M18-5 and M18-6. 
Switching between 1MHz and 10MHz (M18-14) has no effect, as the 
output at M18-7 selects from shorted input lines. The INT/EXT 
switching by EXT FREQ SEL (M18-2) selects between the two 
pairs of shorted inputs to give the 16kHz (OG) output from M18-7. 
This is buffered out via M5-6, B-104 (page Il 3-1) and the Mother 
assembly to the Sine Source assembly at 16-53 (page 11.64). 

8.3.5 'EXT REF ST' (M46) 

If no external reference signal is present, both M 10 mono stab les 
remain permanently in their relaxed (timed-out) state. Thus Ml0-4 
and Ml0-12 are at Logic-1, both inputs to NAND M46 are Logic-1, 
so its output (EXT REF ST) is at Logic-0. For signal frequencies 
of 1MHz or 10MHz one of the inputc; to M46 is at Logic-0, so EXT 
REF ST goes to Logic-1. 

M46 output is retumed to the CPU, being sensed on the data bus 
line D4 at each RTC IRQ (M37-13 page 11.2-2), so the CPU knows 
whether an external reference signal is present or not. It also knows 
when S53 is selected, and issues the 'Error EF' message on the 
MODE Display if S53 is selected hut no externa! reference signal is 
present. This wams the user that with the externa! reference facility 
selected, the VCO in the Reference Buffer is free-running in the 
absence of a locking signal, and is still the reference for synthesis of 
the instrument output frequency. The output is thus unlocked both 
from the user's syne source and from the interna! crystal oscillator. 
This is normally because no external reference has been connected to 
153 on the rear panel! 
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SECTION 9 
AC VOL TAGE OUTPUTS - AMPLITUDE CONTROL SYSTEM 

9.1 INTRODUCTION 

This complex system generates the whole range of AC voltage 
outputs, as defined by its inputs. For the AC Current function, an 
AC voltage is derived from the intemal voltage amplitude loop on 

the 1 V or 1 0V range to act as an accurate reference. Thus the 
following description applies also to the generation of that reference. 

Accurate 
Frequency 

(from 
Frequency 
Synthesizer) 

Sinewave 
Phase Syne. 

Accurate 
DC Voltage 
Reference 

(from 
Reference 
Divider) 

Constant-Amplitude 
Sinewave 

Sinewave 
Source 

Oscillator 
Amplitude 

Control 

Approx. 1ppm FS 
Resolution 

10-bit 
ADC 

i 

Approx. 
1000ppm FS 
Resolution 

Gain Error 
Compensation 

Mean-square 
Error (DC) f 

V 

Fine 
Amplitude 
Control 

., 
Compensated 
Mean-square 

Error (DC) 

Error Amplifier 

Output-drive Sinewave 
(1V-Range RMS levels) 

Coarse 
Amplitude 
Setting 

Output Conditioning 
(Range Scaling etc) 

Range 
Switching 
(via SSDA) 

Conditioned 
Output to l.Dad 

I+ 

Quasi -Sine 
Phase Syne. 

Comparator 
Sequence Syne. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Approx. 1ppm FS 
Resolution 

Feature of Output 

Frequency: 
Sinewave Purity: 
Voltage Range: 
Coarse Amplitude: 

Fine Amplitude: 

Quasi -sinewave 
Source 

1 

S:ne/Ouasi-Sine 
Mean-square 
Comparator 

Reference Ouasi-Sinewave 
(1V-Range RMS levels) 

t 
Sensed Sinewave 

(1V-Range RMS levels) 

Sense Conditioning 
(Range Scaling etc) ' 

t 
Hi 

Sensed Sinewave 
(Output levels) 

FIG. 9.1 OUTPUT AMPLITUDE CONTROL SYSTEM 

Controlling Element 

Frequency Synthesizer (Crystal-Sourced) 
Quadrature Oscillator 
Processor, via SSDA and Control Latches 
Reference Divider 

Reference Divider and Quasi-sinewave Generator 

Controlling lnput to Loop 

Constant-amplitude sinewave from Quadrature Oscillator 
Constant-amplitude sinewave 
Ranging Signals 
Accurate DC Reference Voltage 

(Resolution reduced to approx. lO0Oppm FS by 10-bit DAC) 
Quasi-sinewave RMS value at a resolution of approx. lppm FS 
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9.2 AC VOL TAGE AMPLITUDE CONTROL SYSTEM - BLOCK DIAGRAM 
(Pig. 9.1) 

The system elements are described individual.ly in the five sub
sections from 9.3 to 9.7. The system block diagram at Pig. 9.1 

9.2.1 FREQUENCY and WAVESHAPE 
CONTROL 

Sinewave sourcing is the subject of sub-sections 8.1 (Frequency 
Synthesizer) and 8.2 (Quadrature Oscillator). The result is a high
purity sinewave of constant 1.9V amplitude, input to the VCA. 

9.2.2 OUTPUT RANGING 

The microprocessor passes Voltage and Current range selections into 
guard via the serial data link as described in sub-section 6.4. 

This range information is held in the Analog Control latches in the 
Reference Divider Assembly, providing signals to the Output and 
Sense conditioning circuitry. 
Their effects are described in sub-sections 9.4 to 9.6. 

9.2.3 COARSE AMPLITUDE SETTING 

The 1 V Buffer also acts as a coarse amplitude control within each 
range. The value of its input resistance is adjusted to control its 
gain, which is incremented in steps of approximately 1 OOOppm of 
Full Scale by a 10-bit digital-to-analog converter. 

The increments are defined by a 10-bit analog-to-digital converter, 
which responds to the accurate DC Reference voltages generated by 
the Reference Divider. The value of the 'DC Ref voltage is 
proportional to the values set on the front panel OUTPUT display, 
as described in sub-section 6.5. 

This coarse adjustment of output amplitude allows the fine control 
element (the VCA) to operate within a small dynamic range, 
minimizing introduced distortion and thus maintaining the high 
purity of the output sinewave. The operation of the coarse amplitude 
control is described in sub-section 9 3. 

9.2.4 

9.2.4.1 

FINE AMPLITUDE CONTROL 

Error Loop 

The output amplitude is controlled within the coarse increments by 
an 'error' loop. The output is sensed at the load for 4-wire 
connections, or at an interna! point in the forward path when 2-wire 
connection is selected (or imposed). 

The sensed output is reduced to 1 V Range RMS levels by the Sense 
Conditioning circuitry (as described in sub-sections 9.4 and 9.6), and 
its mean-square value is compared with that of the Reference Quasi
sinewave. The difference between the two values is expressed as a 
DC error, and fed to control the gain of the VCA. 
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throws clear of the handbook, so that it can be used for ref erence 
when reading these descriptions. 

Because the coarse amplitude control adjusts the error loop gain, and 
the erro~ itself results from comparison with an amplitude analog, 
the gain of the error loop would not naturally be constant. 
Compensation is therefore applied to the error to reduce the loop gain 
in synchronism with increasing increments of coarse amplitude. 
(The Error Amplifier feedback resistance is reduced by a second DAC 
in step with the coarse amplitude ADC. The result is that the loop 
gain, and therefore the loop dynamics, are virtually linear.) 

Details of VCA operation and error compensation are described in 
sub-section 9 3. 

9.2.4.2 Mean-Square Comparator 

When a value is set on the OUTPUT Display, it describes the RMS 
value of the output. From the displayed value the Reference Divider 
generates an accurate DC Reference voltage (stepping in increments 
of approximately lppm of Full Scale), which results in a quasi
sinewave whose peak voltage has the same value. (fhus at 1 V Full 
Range output, the DC Reference voltage and the quasi-sinewave peak 
voltage are both l.397V.) 

The Crest Factor for any wave is defined as its Peak value divided by 
its RMS value. For a pure sinewave the figure is -V2 (say 1.414), 
whereas the quasi-sinewave crest factor is 1.397. So for the same 
RMS value of 1 V Full Range output, the quasi-sinewave input to 
the comparator has a pe3:1' value of 1.397V, against the sense 
feedback peak of 1.414V. The comparison is between mean-square 
rather than RMS values, hut when the mean-square difference is zero, 
so is the RMS difference. 

Generation ofDC Reference voltage and Quasi-sinewave are described 
in Section 6. 

9.2.4.3 Synchronization 

The comparator is based on a sequence of squaring, integration, 
sampling and subtraction. Its operation and accuracy rely heavily on 
the synchronism of sinewave and quasi-sinewave, each state-change 
in the sequence occurring at zero-crossings of both waveforms. Thus 
both waveforms synchronize to clocks from the synthesizer, even 
when the sinewave isat a multiple of the quasi-sinewave frequency. 
The comparison sequence cycles once every ten quasi-sinewave 
periods. 

Comparator operation and synchronization details are described later 
in sub-section 9.7. 



9.3 VOLTAGE CONTROLLED AMPLIFIERS 
(Circuit Diagram 430446, page 11.6-3) 

The circuits described in this section perfonn the following 
functions: 

Modify the output of the Sine Source by coarsely tracking the 
gain of the output amplitude to the requested output voltage, 
providing stepped coverage of the instrument's dynamic range. 

Provide smooth adjustment of gain, within the coarse steps, in 
response to error signals from the Sine/Quasi-Sine Comparator. 

Impose the settling rate of the true analog DC reference voltage 
on both the coarse gain adjustment and the mean-square error 
(AC AMPL ERROR) scaling. 

Sense excess currents in the output buffer, providing a LIM ST 
signal to the CPU via the _analog control interface. 

D to A 

l 

Ref+~ 

All the circuits described in this section are located on the Sine 
Source Assembly. 0n the circuit diagram, two voltage-controlled 
amplifiers are shown: 

The 1 Volt Buffer (M45, M46 and the discrete output amplifier). 
Its input resistance is controlled by the DAC M43. 

The main VCA M48/Q88, whose input resistance is determined 
by the FET chain Q76 and Q77. 

For a general description of the Output Amplitude Control System 
refer to sub-sections 9.1 and 9.2. 

1V range 
o/p 

.___,VV\/1-.--4- - - 0 

FIG. 9.2 VCA - BLOCK DIAGRAM 

9.3.1 GENERAL (Fig. 9.2) 

The main VCA receives a constant amplitude sinewave input from 
the Quadrature Oscillator (Sect. 8). Its gain is controlled by an error 
voltage, which is obtained by comparing the sensed sinewave output 
of the instrument with the reference quasi-sinewave. 

The 1 Volt Buffer is included in the output signal path on all voltage 
and current ranges. It also acts as a VCA, since its input resistance 
is controlled by its 10-bit Digital-lo-Analog Converter. The DAC 
receives its binary input from an Analog-to-Digital Converter, whose 
numerical output tracks the user's output demand, in increments of 
size approxitnately 1 OOOppm of full scale. 

It is also necessary to ensure that the rate of coarse gain adjustment 
tracks the settling-time characteristics of the DC Reference filter. To 

achieve this, the ADC is controlled by the level of the DC Reference 
voltage. The filtered reference's settling lime is thus imposed on the 
ADC digital output, and hence on the 1 V Buffer gain adjustments. 

For reasons given in sub-section 9.1, it is also necessary to 
compensate the output loop gain error synchronously with the coarse 
gain steps. The tracking ADC therefore drives a second DAC, which 
selects values of feedback resistor in the Error Amplifier. This 
increments the output-amplitude error loop gain, modifying the 
AC AMPL ERROR signal which originated in the mean-square 
comparator. 

The tracking ADC and its DACs ensure that the loop has the fastest 
possible settling time for any selected frequency. 
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9.3.1 VCA AND 1 V BUFFER 

The VCA and 1 V Buffer combine in cascade to modify the amplitude 
of the sinewave output from the sine oscillator, accurately covering 
the instrument's dynamic range (see Section 9.1 and 9.2). The 
eventual output from the 1 V Buffer (AC 1 V FR) forms the 
instrument's basic 1 V AC range. 

9.3.1.1 Main Voltage-controlled Amplifier 
(Circuit Diagram 430446 Pages 11 .6-1 & 11.6-3). 

The Sine Oscillator output from +2 buffer M47 (page 11.6-1) is 
emitter-followed by Q75 to the VCA FET input chain Q76/Q77 
(page 11 .6-3 ). These dual FETs are enclosed with M47 PTC 
feedback resistors R.136 and R137, in a metal heatsink. The matched 
FETs Q76/Q77 (Ros ON within 1%) form the variable gain element 
for the low input-offset amplifier M48, to provide distortion-free and 
linear control of gain. 

Each FET gate is current-bootstrapped from the dividei AN18, to 
maintain a linear relationship between gain and input voltage. C106 
and Cl 17 drive the chain at HF. The center of the FET chain is also 
bootstrapped,' M44 ensuring precise AC tracking. Resistors R143 
and R135 divide and limit the maximum input resistance, preventing 
the gain from falling to zero. 

9.3.1.2 The IV BufTer 

The buffer consists of a voltage follower with hard current limiting. 
Amplifiers M45 and M46 buffer the. Class A power stage from the 
capacitance of the input DAC. The first buffer M45 has extremely 
high DC gain, rolling off at HF due to the feedback of C108. It 
removes the input DC offsets of M46. 

M46 controls the buffer's AC performance; C112 ensures that the 
non-inverting input appears as a virtual AC ground at HF, allowing 
source-follower Q74 to develop the AC input across R159. 

The discrete output stage provides dass A current amplification, 
avoiding any cross-over distortion particularly at HF. Power 
transistor Q93 is provided with load and quiescent currents, from 
constant-current source Q94 (70mA) and constant-current sink Q86 
(140mA). Refer to Fig. 9.3. 

With zero input conditions Q94 is saturated, limiting the quiescent 
current at 70mA. Only the small bias current for Q92 flows in 
R 144, so the output voltage is just + Vb. 

The input signal to Q92 controls Q93, allowing a small signal 
transistor with good HF performance to adjust the large output 
currents flowing in Rl44. 

Voltage amplifier Q92 conduction falls during positive half-cycles of 
input, reducing Q93 conduction. The quiescent current still flows in 
Q94, hut part is now diverted through the output circuit via R144, 
R112 and L7. 

During negative half-cydes of input; Q92 conduction increases, so 
Q93 conducts more heavily, drawing its extra (load) current through 
R144, and its quiescent current from Q94. The emitter of Q92 also 
attempts to go negative, drawing current directly from the load. The 
combined currents flow into the current sink, so Q86 must be able to 
sink 70mA quiescent + 70mA load. 
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The VCA gain is adjusted by the 'AC AMPL ERROR' signal, 
scaled by M41 and M42. The coarse gain scaling of the 1 V buffer 
derives from the OC Reference voltage 'Ref+'. 

The thermal linking to M47 feedback resistors compensates for the 
FET chain temperature coefficient. The inertia of the heatsink's 
thermal time-constant also prevents gain modulation due to draughts. 

The DC signal 'AC AMPL ERROR' is scaled and then fed to each 
gate by transistors Q78 to Q81, which have low collector 
capacitance. The voltage control element formed by these transistors 
adjusts the DC gate voltages of the FETs in the chain, and hence the 
input resistance of the VCA. 

M48 output is emitter-followed and passed through DC-isolating 
(and AC-compensating) capacitors C121 and C122 into M43, the 1 V 
buffer DAC. 

In the output line, inductor L7 and resistor R112 provide phase 
compensation for capacitive loading at HF. 

If any components in the discrete amplifier are changed, re-adjustment 
of gain (using M48 feedback resistor R149) may be necessary. 

+ve 

R144 
To Current 

Detector 

I+ 

R112 

Extemal 

L7 
Load 

I-

140mA 

-ve 

FIG. 9.3 1 V BUFFER - OUTPUT STAGE 
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9.3.1.3 Current Detector 

Except for a small bias current, all output current from the discrete 
buffer stage flows in R144, so the current level can be detected by 
sensing the differential voltage across it. This sense voltage rides on 
the output voltage; thus to capture it, the current detector is 
bootstrapped to the AC 1 V output. 

High-speed dual comparator M49 forms the basis of the Current 
Detector circuit. Its supplies are bootstrapped via TP29 to the 
junction of R144 and R112 in the 1 V Buffer output. Q82 and Q84 
provide constant current drive to 6.2V Zeners D40 and D41, with 
Q83 and Q85 providing the regulation for the bootstrapped rails at 
TP35 and TP36. 

The comparator latching levels are set by dividers R151/Rl52 and 
R153/Rl54, their values allowing for bias current error in R144. 
The comparator's output is open-collector when the peak voltage 
across R144 is less than the positive or negative latch level. Line 
drivers Q90 and Q91 are cut off, so the LIM ST line at J6-70 is 
pulled to + 15V by AN2 in the Reference Divider (page 11.4-4 ). 

When the level is exceeded in either polarity, then either M49a or 
M49b output goes negative. This tums Q90 and Q91 on, pulling 
the LIM ST line to -15V (in-guard logic-0). The signal is passed to 
the CPU via the serial data linlc. 

This limit is set much lower than the hard current limit of the buffer. 
If exceeded, the instrument displays 'Error OL', described in Section 2 
(Fault Diagnosis). In overload at 35-40mA, a built-in margin of 
safety allows the instrument to meet most of its specifications. 

9.3.2 ADC - DAC TRACKING 

As mentioned earlier, it is necessary to track the coarse gain stepping 
rate to the settling time imposed by the DC Reference filtering. A 
tracking Analog-to-Digital Converter (ADC) is used to synchro!'lize 
stepping, ensuring the fastest possible settling time at the selected 
frequency. 

To set circuit conditions for the required output within a range, the 
gain of the main VCA is set in response to fine amplitude 
information, in the form of an error signal from the Sine/Quasi-Sine 
comparator. For constant output amplitude loop gain, the error loop 
gain also needs to track the coarse amplitude stepping. 

For an outline of the Output Amplitude Control System, refer to the 
descriptions in sub-sections 9.1 and 9.2. 

9.3.2.1 Use of 'REF+' 
(Circuit Diagram 430446 page 11.6-3) 

The ADC requires a voltage input which tracks the value of 
instrument AC output demanded by the user, with settling times 
imposed by the Reference filter. The DC 'REF+' voltage exhibits 
these characteristics, so is used in this circuit to determine the 
numerical value of the AOC binary output. 

'REF+' originates in the Reference Divider and is used to set the peak 
value of the quasi-sinewave in the AC assembly. Its value ranges 
from +0.126V at 9% of Full Range, through + 1.397V at Full 
Range, to +2.794V at Full Scale. 

REF+ is input to the Sine-Source assembly at J6-57 and 16-56, then 
applied to amplifier M4lb, which is connected to remove any 
common mode present at its input. Thus at TP47, M4lb output is 
referred to Common-2A. 

Capacitors C99, C130 and C131 filter any HF pickup from the 
reference voltage, and M4lb scales up the OC voltage levels by a 
factor of 2.43, to: 

'9% of Full Range 
Full Range 
Full Scale 

: -0.306V, 
: -3.395V, 
: -6.789V. 

A fixed positive version of this Full Scale value is also generated 
(Q66/D30/D31) as a reference for the tracking AOC M38 at M38-27. 

9.3.2.2 Tracking ADC M38 
(Fig.9.4) 

M38 is a 'System DAC' which can be employed either in 'READ' or 
WRITE' mode. WRITE mode is not used for this function. 

In READ mode the binary count can be output continuously from 
the ten pins DB9-0, An interna! 10-bit counter is clocked at 16kHz 
into pin 9 via level shifters Q53 and Q54. The counter can be 
controlled by two level-sensitive inputs: CONT 1 and CONT 2 
(logic -1 = +5V; logic-0 = OV) as follows: 

CONT 1 CONT 2 Eff ect on Count 

0 0 not used 
0 1 Incremented 
1 0 Decremented 
1 1 Frozen 

An interna! 12:kn reference resistor and switched resistor ladder form 
a divider between pin 27 (V REF) and pin 1 (RFB)- Their junction is . 
brought out to pin 2 (OUT 1). (See Figs. 9.4 and 95.) · 

The ladder is switched by the 10-bit counter. At zero count it is 
open-circuit; as the count is increased the ladder resistance reduces in 
inverse proportion, until at full count of 211 - 1 (corresponding to the 
instrument Full Scale output), it reaches its minimum of 12kn. 

At Full Scale (FS) the M4lb output voltage is -6.789V, into RFB, 
and the fixed reference into VREF is the positive version of this 
input, so at FS the OUT 1 voltage is balanced at zero. 

For instrument output values below FS, the negative M41b output 
voltage is linearly reduced, so that the OUT 1 voltage tends to 
increase positively. By feeding an externa! comparator which drives 
the CONT 1 and CONT 2 counter controls, the OUT 1 voltage is 
used to provide automatic control of the count itself. In the case of a 
reduced output demand, a lower count is required to increase the 
resistance of the ladder, resetting OUT 1 to the zero balance. 

L 



Fixed + 7V Vref 
Reference 

M41b 

Resistor 
Ladder 

12k 

Output 
(negative) Rfb 

lncreasing count 
reduces resistance 

lncreasing output demand increases the count 

I I I 11 I I I I I 
I I I I I I I I I 

- - _, CONT1 

A-to-D Converter 

CONT2 

OUT1 M37a logic-1 = Count up 

M37b logic-1 = Count down 

Externa! Comparators 

FIG. 9.4 SIMPLIFIED DIAGRAM OF TRACKING ANALOG-TO-DIGITAL CONVERTER 

+7V 12k 12k 12k 

24k 24k 

J 
OUT 1 

t t t t 12k 

I I 1-- I 
BIT-1 BIT-2 BIT-3 BIT-10 

(MSB) (LSB) Rteedback 

FIG. 9.5 A-D TRACKING - R/2R NETWORK 
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9.3.2.3 Window Comparator 

M37 is a high-speed dual comparator, which accepts OUT 1 as its 
input voltage, and controls the M38 cmmter via its CONT 1 and 
CONT 2 inputs. The 'Cmmter Freeze' condition of M38, resulting 
from both CONT inputs being at logic-1, allows hysteresis bias to 
be applied the comparator to create a 'Dead Band' window. 

Bach of the two outputs of M37 responds to its input in the same 
way: high impedance when its non-inverting input is more positive 
than its inverting input, and pulled low when the. inverting input is 
more positive (uncommitted-collector). 

M37a is connected as a non-inverting device, but M37b inverts its 
input. OUT 1 is input to both circuits. Both inputs are biassed by 
approximately 15mV to generate the dead-band hysteresis: M37a by 
R96/R98, R37b by RlOO/RlOl. 

9.3.2.4 Action för OUT 1 = Zero 

Because of the bias, both M37 outputs are pulled low when the 
voltage at OUT 1 is zero. The inverting level-shifters Q67 and Q68 
are both cut off by -15V on their gates, so CONT 1 and CONT 2 are 
at logic-1. M38 is thus put in the 'Freeze' condition, so its 10-bit 
output value is held. 

In this condition, M36-12 and M36-13 inputs are both at -15V, so 
M36-10 is also -15V. R99 is therefore placed in parallel with RlOO, 
increasing the bias on M37b. The bias on M37a is also increased by 
Q69 being cut off, placing ANl 1 and R97 in parallel with R96. The 
'Freeze' window is therefore widened, to improve the comparator's 
noise rejection. (Refer to Fig. 9.6.) 

9.3.2.5 Action when OUT 1 Voltage Changes 

When a user demands a new (greater) output from the instrument, 
REF+ increases as the Reference filter settles, and the OUT 1 voltage 
becomes more negative. The bias on M37b is eroded and finally 
exceeded, so M37-7 is placed at high impedance, pulled up to 
Common-2C by AN13. Q67 conducts setting CONT 1 to logic-0, 
which increments the count to step up the gain in the 1 V Buffer. 

Simultaneously, M36-12 is set to OV (in guard logic-1). M36-10 
rises from -15V to OV, switching R99 to shunt RlOl instead of 
shunting Rl 00. Q69 conducts, switching R97 to shunt R98 instead 
of shunting R96. The bias levels shift back to 15mV, narrowing the 
hysteresis window. 

If the user had demanded a lower output, OUT 1 would have become 
more positive, exceeding M37a bias. CONT 2 would have fallen to 
logic-0, decrementing the counter and reducing the 1 V Buffer gain. 
The eff ect on the comparator bias would be the same as for the 
incrementing case. 

As the counter changes its numerical value, M38's interna! resistance 
ladder is switched to back-off the OUT 1 voltage. When REF+ 
finally settles, the OUT 1 voltage once again enters (and widens) the 
comparator's dead band, The count freezes, and the 1 V Buffer gain 
remains constant. 
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Thus the OUT 1 voltage remains close to zero as the comparator and 
tracking ADC have a sensitive response to the variations of REF+; 
but once settled, the wider hysteresis window prevents the 
comparator from responding to noise. 

9.3.2.6 

Narröw···················· 
dynamic 
'Freeze' 
window 

OV·· · · · · 

Window 
widerwhen 

OUT 1 settled 
at zero 

FIG. 9.6 WINDOW COMPARATOR ACTION 

10-bit Digital-to-Analog Converters 

M42 and M43 binary inputs are identically connected, so they both 
behave in the same way: 

Count O/P 1 
h 

Vin 

w 
0/P 2 

For low counts the resistance between Vin and 0/P 1 is large, and 
small between Vin and 0/P 2. The condition is incrementally 
reversed as the count increases to high values. 

M43 
As we have seen; an increase in user output demand increases the OC 
Reference voltage REF+, so a higher ADC count results. This 
reduces the resistance between M43 pins 15 (Vin) and 1 (0/P 1), and 
increases the resistance between Vin and 0/P 2; increasing the gain · 
of the 1 V Buffer and thus increasing the instrument output. This is 
the stepped coarse gain adjustment referred to in sub-section 9.2. 

M42 
M42 hasa different function. The fine adjustment of output value is 
incorporated in the 'Gain Error Loop', in which the output sinewave 
and quasi-sinewave are compared. This comparison generates the 
'AC AMPL ERROR', to be used in controlling the VCA gain. 

The error loop thus also passes through the 1 V Buffer, and the effect 
of an increase in ADC count would be to increase the error loop 
gain, possibly overloading the VCA input FETs. This is prevented 
by reducing the gain of the error amplifier M41a, using M42 to track 
the steps of the coarse gain adjustment. 

With an increase of the ADC count, M41a feedback is increased, as 
the resistance between M42 pins 15 and 1 is reduced. This reduces 
the error loop gain to compensate for the increase due to M43. Thus 
the fine gain remains virtually constant over the full span of coarse 
gain adjustment. 



9.4 AC LOW VOLTAGE LOOP 

The circuits described in this section perform the following 
functions: 

Connect the VCA (1 V buffer) output to the instrument's 
terminals to provide the AC lV Range: 0,09V to 2V. 

Amplify the VCA output voltages and connect to the terminals 
for the AC lOV Range: 0.9V to 20V. 

Passively attenuate the basic AC 1 V range voltages to provide 
the millivolt range outputs: 

9mV to 200mV on the AC lOOmV Range 
0.9mV to 20mV on the AC lOmV Range 
90µV to 2mV on the AC lmV Range 

Sense the voltages at the output terminals (or at the load in 
Remote Sense) and scale the signal to the 1 V RMS Full-Range 
level fqr comparison with the quasi-sinewave. 

Provide switching of AC voltage output, Range, Guard and 
Sense, under the control of signals from the Analog Control 
Interface. 

Detect excess currents in the output circuit, providing a status 
signal to the CPU via the Analog Control Interface. 

Detect excess voltages on the PHi (I+) output line, providing a 
status signal to the CPU via the Analog Control Interface. 

The circuits in this section are located as follows: 

Millivolt attenuator and sensing: 
Power amplification: 
Output control: 
Output Terminals: 

AC Assembly. 
Power Amplifier Assembly. 
DC Assembly. 
Mother Assembly. 
Terminal Board. 

A simplified block diagram of the low voltage loop and routing appears in Fig. 9.7. 
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9.4.1 GENERAL 

The following description follows the 1 V range path from the VCA 
buffer to the Sine/Quasi-Sine Comparator (at the input of the transfer 
switch M16). The lOV and millivolts outputs and sense 
conditioning are included, the outputs also being sourced from the 
lV Buffer. 

9.4.2 lV LOOP • POWER DEUVERY 

9.4.2.1 Sine-Source A&wmbly 
(Circuit diagram 430446 Page 11.6-3) 

The 1 V Buffer (page 11.6-3) is described in sub-section 9 3, as part of 
the output amplitude control circuitry. Its output sinewave, signal 
'AC 1 V' ranging between 0.09V and 2V RMS; is fe.cl out of the Sine
Source assembly on 16-41, via the Mother assembly, and input to 
the AC assembly on 17-41 (page 11.7-1). 

9.4.2.2 AC As.wmbly 
(Circuit diagram 430663 Page 11.7-1) 

With the lV Range selected, relays RL7 (lV) and RL19 (lkV) are 
mergized, but relays RLA, S, 6, 17, 18 and 20 are not. Therefore the 
~C 1 V signal is passed directly out of the AC assembly via RL 7, 
me Fl, RL19 and fuse F2 to become the Power-Hi signal 
PHI(ACV)' at 17-27. 

rhe power common 'PLO(ACV)' is sourced from the in-guard 
~ommon-2 supply at the star-point Common-2B, passing out via 
~e energized contacts of AC Voltage selector relay RLlO, to 17-31. 

'ID(ACV) and PLO(ACV) travel via the Mother assembly to the 
lC assembly at 15-25 and 15-29 respectively (Page 11.5-2) . 

. 4.2.4 Connections to the Terminals 
(Section 7) 

1e PIIl(V) and PLO(V) 1ines are routed to the I+ and I- terminals 
l the front panel 'exactly as for DC 1 V Range outputs. 

~ptions of the processing and routing can be found in the 
lowing sub-sections of Section 7: 

0n the circuit diagrams, the relay contacts are shown in the un
activated condition. 

For High Voltage output and High Voltage sense attenuation ref er to 
Sections 9.5 and 9.6. 

9.4.2.3 DC As.wmbly 
(Circuit diagram 430536 Page 11.5-2) 

Output Switchlng 
The PIIl and PlD (ACV) connections are passecl to the instrument 
output terminals via several relay contacts which provide switching 
for Remote or Local Sense, Remote or Local Guard, and Output 
On/Off. 

· The terminal lines are switched for function changes on the 
Current/Ohms assembly. 

ACV/DCV Switching 
For AC voltage outputs, relays RLlO and RLll are un-energized. 
The PIIl(ACV) line for the 1 V range bypasses the lkV Range 
current sensing resistors R107 and R108, via contacts 7/10 of the un
energiud relay RL13. It then passes directly via TP8, lA fuse F6, 
and RL15 contacts (if output is set ON); to the PIIl(V) line at 15-19. 

When in Remote Sense, the power retum line PlD(ACV) is linked 
from 15-29, via lA fuses F4 and F3, RL14 and RL15 contacts to 
become PLO(V) at 15-23. 

(For DC voltage outputs, the four ACV lines at 15-25/26/29/30 are 
disconnected by the Range relays and the ACV relay RLlO in the AC 
assembly). 

Output On/Off: 
Remote Sense: 
Remote Guard: 
Overvoltage Detection: 
Output to Terminals: 

73.6.2 
73.63 
73.6.4 
73.7.2 
73.8 



9.4.3 Ac ·1v LOOP - OUTPUT SENSING 

The Slll(V) and SLO(V) lines are routed from the Hi and Lo 
terminals on the front panel exactly as for DC 1 V Range outputs. 

9.4.3.1 DC ~embly 
(Circuit diagram 430536 Page 115-2) 

In normal 4-wire operation (Remote Sense selected) with OUTPUT 
'ON' on the AC lV Range, relays RL14 and 15 are energized; RLl0 
and 11 are un-energized. 

Slll(V) enters from the Mother assembly at 15-20, passing directly 
through RL15 contacts, TP9 and R98, to 15-26 as Slll(ACV). 

SLO(V) travels via RL15 contacts and TPlO to 15-30 as SLO(ACV). 

With Remote Sense not selected, relay RL14 is unenergized: 
RL14-9/8 short Slll(V) to the power Hi output Plll(V). 
RL14-2/3 short SLO(V) to the power Lo output PLO(V). 

Slll(ACV) and SLO(ACV) are routed from J5-26 and 15-30 via the 
Mother assembly to the AC assembly. 

9.4.4 AC lV SENSE AMPLIFIER 
(Circuit Diagram 430663 page 11.7-2) 

The same amplifier is used on the lOV, lV, lOOmV, lOmV and 
lm V AC Ranges. Its main purpose is to buffer the sense voltage, 
providing a high impedance input, low DC offset and flat frequency 
response. 

0n the AC 1 V and millivolt ranges it is connected as a voltage
follower, sensing always being carried out at the 1 V level. The 1 V 
Range sense signal originates at the load in remote sense, or in the 
DC assembly in local sense. 

9.4.4.1 General Arrangement 

A discrete amplifier is used to provide the required slew rate up to 
1MHz, all time constants being set well above 1MHz, with the first 
pole above 5MHz. It is configured into its follower circuit by relay 
switching. 

Relays RL8, RL12 and RL3 are all energized on the 1 V range. 
Relays RLl 1, RL13, RL14, RL15 and RL16 remain un-energized as 
shown in the diagram. 

Dual JFET Q41 is a unity gain buffer in totem pole configuration. 
It drives the input protection diodes D37-D40, D44-D47; the screen 
on Q40 inverting input; and the bootstrap buffer Q46. The total 
input capacitance is thus reduced to 1-l.5pF. 

The differential input amplifier, dual FET Q40, has low input 
capacitance and low input current. Q36 provides constant-current 
drive to Q40 and the bootstrapped followers Q38/Q39. R107 
permits initial OC input-offset cancellation. The stage gain is low. 

The processing and routing back to the DC assembly is described in 
Section 7, sub-sections 73.9.l to 73.93. 

9.4.3.2 AC Assembly 
(Circuit diagram 430663 Page 11.7-1) 

SLO(ACV) passes via the energized contact of the AC Voltage 
selector relay RLlO, to be referred to the Sine/Quasi-Sine comparator 
transfer switch common 'SIG LO'. 

With the 1 V Range selected, relay RL19 (lkV) contacts are closed, 
so Slll(ACV) appears at RL19-11 as 'SENSE Hi'. 
(Refer to the circuit diagram on page 11.7-2.) 

With the 1 V Range selected, relay RL8 ( 1 V) is energized, thus 
SENSE Hi is applied to the non-inverting input of the Sense 
Amplifier via R126. RL14 is un-energized as shown, so the 
inverting input via Rl 15 is referred to SIG LO. 

RL3 (lOOV+lkV) is energized, connecting the Sense Amplifier 
output to the Sine/Quasi-Sine comparator transfer switch M16-11 
(page 11.7-3). The amplifier is described in sub-section 9.4.4. 

For the millivolt ranges the 'AC 1 V' drive signal to the millivolt 
attenuators is sensed directly (see sub-section 9.45). 

0n the AC lOV range an inverting eon.figuration is employed. The 
circuit divides by 10, scaling the sense signal down to 1 V range 
levels, for input to the Sine/Quasi-Sine comparator. 

Separate arrangements are made for attenuation and scaling on the 
100V and lkV AC ranges. These are described in Section 9.6. 

Emitter-followers Q34 and Q35 buffer the high-impedance low-gain 
FET stage, driving a differential signal into the high gain voltage 
amplifier Q29/Q30. This arrangement has the advantage of placing 
all the gain in one stage. The single-ended drive to Q31 output stage 
is taken from Q30 collector. 

Q24 and Q25 form a current mirror to equallize the collector currents 
of Q29 and Q30, preventing signal injection into lhe sense amplifier 
power rails. 

L6 and L7 isolale the amplifier power rails from the 15V supply al 
HF. C50 is the main frequency-response compensation capacitor, 
providing smooth roll-off, with unity gain al around 5MHz. 

0n the 1 V Range, the outpul from Q31 is retumed at low 
impedance, as 100% negative feedback lo the amplifier input, via the 
closed conlacts of RL12-8/14. 
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9.4.5 MILLIVOL T LOOP 
(Circuit Diagram 430663 pages 11.7-1 and 11.7-2) 

The basic 1 V loop is extended by inserting a switched, passive, 
attenuator network. The switching circuit connects the selected 
millivolt output via RL4-13/9 and RL19-11/8 directly to the 
SHI(ACV) line, not .'PHI'. Thus only the two front panel Sense Hi 
and Lo tenninals are used to connect to the load. 

The software forces Remote Sense OFF in the millivolt ranges. 
Except fora series resistor (R154) on the lmV range, the AC lV 
signal is connected directly to the input of the Sense Amplifier via 

9.4.5.1 Millivolt Attenuators 
(Fig. 9.8) 

The AC 1 V signal is diverted from its 1 V range route by contacts 
13/11 of un-energiied relay RL7, and applied to the attenuator 
network. 

The fix ed chain (formed by R 120 in series with the parallel 
combination of Rl liB and Rl 10) is permanently connected between 
RL7-11 and the Common-2 star-point. Three levets of attenuation 
are achieved by switching R112A and Rl18. Relay RL5 is energized 
for the lOmV range only, RL6 for the lOOmV range. 

RLll-4/5 at RL8-13. The amplifier circuit remains permanently in 
its non-inverting configuration for all three millivolt ranges, so local 
sensing is carried out at 1 V range levels. 

Thus µte output value at the terminals depends on both the calibrated 
value of the AC 1 V signal and the division ratio of the attenuator. 
In addition ,to the 1 V range calibration, each millivolt range is also 
'Autocalibrated' separately (refer to Section 1). 

0n the lmV range, the series resistor R154 is connected between 
RL?-11 and the Sense Amplifier input via RLll-5, but it is shorted 
on the 1 Om V and 100m V ranges by the closed contacts of RL5 and 
RL6 respectively. 

Relay RL4 is energized on all millivolt ranges. The attenuator 
output is passed out via RL4-8/9 and RL19-11/8 to the SHI(ACV) 
line. C89 defines the specified bandwidth, filtering noise at HF. 

The three arrangements are shown in Fig. 9.8. 

AC1V 

R120 R118 
100k 1.10k 

R112B R110 R112A 
12.346 111.11 100 

0V(2) 
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9.4.6 l0V LOOP 
(Circuit Diagrams: 430446 page 11.6-3, 430618 page 11.9-112 and 430663 page 11.7-1) 

As noted in sub-section 9.4.1, the 1 V Buffer is part of the power 
delivery system for all ranges. 0n the 1 OV range its output (AC 1 V) 
passes via 16-41 from the Sine-Source assembly and into the Power 
Amplifier assembly (PA) at 19-36 (page 11.9-2). 

The ACl V signal is amplified by a factor of 10 in the inverting lOV 
Power Amplifier, whose output is placed on the 'AC lOV+lOOV' 
line. This 1 OV range signal retums to the AC assembly at relay 
contacts RLl 7-13/4. It passes through RLl 9:.2/5 to the Plll(ACV) 
line at J7-27. 

9.4.7 lOV POWER AMPUFIER 
(Circuit Diagram 430618 page 11.9-2) 

. The AC 1 V signal enters the P A assembly at 19-36, passing to the 
input of the lOV Amplifier via relays RlA-9/13 and RL3-9/13. It is 
referred to Common-2B by developing a voltage across R124. 

9.4.7.1 DC Path 

The DC path is blocked by C56; Ml 7 is the DC input amplifier, 
connected as an,integrator with diode clamping. M19 operates as an 
inverter in open loop, so applies high DC gain to the output from 
Ml 7 on M19-2. 

The output from M19 drives both halves of the symmetrical, 
inverting, discrete power arnplifier through current-limiters Q21 and 
Q24, and is buffered by emitter-followers Q22 and Q23. Common
emitters Q27 and Q29 form a voltage amplifier, driving the 
complementary output stage Q32 and Q33. Input and feedback 
resistors R119 and R120 set the gain of the discrete stages to 
approximately 4.5. 

The forward amplification contains three inversions, DC negative 
feedback being applied to M17 inverting input by R122, defining an 
overall gain of 10 in conjunction with input resistor R123. 

The DC path senses and corrects the DC offsets throughout the 
whole AC arnplifier, referring the output to Common-2A at M17-3. 

9.4.7.2 AC Path 

The AC path is blocked by the integrator Ml 7, but is applied to the 
non-inverting input of M19 through the coupling capacitor C56. 
M19 operates in open loop, applying its output to the discrete power 
amplifier (see\9.4.7.1 above). 

The amplifier AC gain is also set to 10 by R122 and R123, the 
circuit time constants being selected to allow overall instrument 
output operation over the full fre.quency range of lOHz to 1MHz. 

9.4.7.3 Power Supplies 

Ml 7 and Ml 9 are supplied from ±15V common-2A rails, but the 
discrete amplifier receives power from the ±38V supply. 

The lOV range outputs then follow the same route (to and from the 
output terminals) as the 1 V signals. Whether in Remote Sense or 
not, the sensed voltages retum via the Slll(ACV) line to the same 
Sense Amplifier used for 1 V range signals. 

With 1 OV range selected, the sense amplifier has an inverting gain of 
0.1, retuming the signal to the 1 V Range levels required by the 
Sine/Quasi-Sine comparator. 

The arnplifier has already been described for the DC 1 OV Range; in 
this text, the eff ects on the 1 OV AC Range of its separate DC and 
AC paths are considered below. 

9.4.7.4 Overload Detection 

The lOV FLAG line, connected to TP12, is pulled up to OV (in
guard logic-1) in the Reference Divider assembly (page 11.4-4) by 
AN2-9/1 (lMO). The Error OL message results from this line 
being driven to logic-0. 

RL8 is energized for the AC 1 OV Range, so overload detector Q31 
reaches Vbe threshold on output current peaks, when the RMS value 
in Rl39/Rl 72 and R141 exceeds approximately 80mA. Similarly, 
Q34 detects peak currents in R147 and R149/Rl 73. In either case, 
Q34 conducts, pulling TP12 down to -15.7V. The lOV FLAG line 
is driven to logic-0, so the status message is retumed to the CPU 
via the SSDA serial interface, and the Error OL message is displayed. 

This does not preclude further increase in output current, but the 
accuracy specification is not guaranteed. 

9.4.7.S Overload Limiting 

If the RMS output current increases to approximately lOOmA. the 
peaks of current cause the V be threshold of Q28 or Q30 to be 
exceeded, sh1.D1ting the base current of the corresponding voltage 
amplifier. This hard-limits the output drive to the final stage. 

9.4.7 .6 Output Protection 

The output current passes through the combination of R144 and L8. 
At low fre.quencies the inductor provides a low output impedance, 
whereas at high frequencies the resistor stabilizes the amplifier when 
driving capacitive loads. 

9-11 



9.4.8 lOV SENSE AMPLIFIER 
(Circuit Diagram 430663 page 11.7-2) 

9.4.8.1 General 

A common sense amplifier is used for the lOV, lV, lOOmV, lOmV 
and lm V Ranges. Its main purpose is to buffer the sense voltage, 
providing a high impedance input, low OC offset and flat frequency 
response. 

The operation of the Sense Amplifier for the AC 1 V and millivolt 
ranges, is described in para 9.4 .4 .1. For these ranges it is connected 
as a voltage-follower. 

The AC millivolt ranges' outputs are simply the AC 1 V range after 
passive attenuation; these levels are not sensed directly. The AC 1 V 
signal is sensed before attenuation. 

0n the lOV range an inverting configuration is employed. The 
circuit div ides by 10, scaling the sense signal down to 1 V range 
levels, for input to the Sine/Quasi-Sine comparator. 

Separate arrangements are made for attenuation and scaling on the 
100V and lkV ranges. These are described in sub-section 9.6. 

9.5 AC HIGH VOLTAGE LOOPS 

The Model 4705 includes two high voltage AC ranges: 
The nominal 100V full range extends from 9V to 200V full scale. 
The nominal lOOOV AC range covers the span from 90V to 1100V. 

9.5.1 AC HIGH VOLTAGE DELIVERY 

Both ranges employ the same precision sinewave oscillator and VCA 
arrangement used for the 1 V AC Range, hut the techniques necessary 
to generate high voltages diff er from those in the low voltage loops: 
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On the 100V range, the AC 1 V signal is switched 
directly into the 1 OOV Amplifier, where it is scaled up by a 
factor of 100, the amplifier output being delivered via the 
'AC lOV+lOOV' line to the PIIl(ACV) line on the AC 
assembly. 

For the 1000V range the OC Reference is scaled in 
software, so that the AC 1 V signal Full Scale value 
represents 1100V output. The signal is routed through extra 
stages of amplification before being applied to the 100V 
Amplifier, whose output now drives one of two 1:6 step-up 
transformers (LF or HF). The power-amplifier gain on the 
1 OOOV range is controlled by feedback from the transformer 
secondary, into the input of the 1000V Error Amplifier. The 
'AC lkV' line transfers the transformer output to the AC 
assembly, where it is switched onto the PIIl(ACV) line. 

9.4.8.2 lOV Range Configuration 

0n the lOV Range, relays RL14 and RL3 are goth energized. Relays 
RL8, RLll, RL12, RL13, RL15 and RL16 remain un-energized as 
shown in the diagram. 

The 'SENSE ID' signal is routed to the ~verting input of the 
amplifier through the closed contacts of RL14 and resistor R115. 
With relays RL8 and RLl 1 not energized, the non-inverting input is 
referred to SIG LO. 

The output from Q31 is retumed via R121 as negative feedback to 
the amplifier input, the contacts of RL12-8/14 being open. 

Thus the circuit is configured as an inverting amplifier, resistors 
R115 and R121 scaling the sense signal down by a factor of 10. 
Extensive screening is employed at the amplifier's virtual ground, 
bootstrapped by buffers Q46 and Q41 to follow the virtual-common 
potential. · This reduces the input capaci~ce. which is further 
compensated by feedback capacitor C60. 

Circuit Diagrams 430663 page 11.7-1 and 430618 page 11.9-1 
together illustrate the high voltage AC circuit arrangement and 
indicate signal flow. The details of the 1 OOV and 1 OOOV ranges are 
described in sub-sections 9.6 and 9.7. 

9.5.2 AC HIGH VOLTAGE SENSING 

Guarded high-voltage precision attenuators reduce the AC sense 
voltage from the Hi and Lo terminals to 1 V Range lev els. The 
attenuated voltage is compared with the quasi-sinewave voltage, their 
mean-square difference being used as an error signal to correct the 
range output level by controlling the gain of the VCA. 



9.6 AC 100V RANGE 

9.6.1 INTRODUCTION 
(Circuit Diagram 430618 page 119-1) 

The AC 1 V signal, generated by the 1 V Buffer in the Sine-Source 
assembly, enters the Power Amplifier as for the 1 OV range; but the 
lOV Amplifier is bypassed for the high voltage ranges. 

0n the 100V range, the signal is switched directly into the 100V 
Amplifier, where it is scaled up by a factor of 100, the amplifier 
output being delivered via the 'AC lOV+lOOV' line to the 
PHl(ACV) line on the AC assembly. Thereafter the output is 
transferred to the instrument terminals as for the 1 OV range. 

9.6.2 AC 100V RANGE POWER ROUTING 
(Circuit Diagrams: 430618 pages 11.9-2 and 11.9-3; 

430663 page 11.7-1) · 

'AC lV' enters the Power Amplifier assembly at 19-36 (page 11.9-2). 
Relay RL3 is un-energized, shorting the lOV Amplifier input; and 
RL4 is energized, routing the AC 1 V signal to the 1 OOV Amplifier 
as 'lOOVI/P' (page 11.9-3). 

Relay contacts RL2-8/4 apply the signal to the Gain Stage, which 
provides drive to the power amplifiers in the positive and negative 
heat sinks, via 13-12 and 13-11. The single-ended output from the 
heatsinks at 13-9 passes via R89, L7 and relay RL2-13/9, to RL3-6 
(page 11.9-2), and onto the 'AC lOV+lOOV' line via RL4-4/8. 

0n the AC assembly (page 11.7-1), the signal is routed to the 
PHl(ACV) line as for the lOV range. 

9.6.3 100V AMPLIFIER 

The AC 1 V signal enters the PA assembly at 19-36, passing to the 
input of the 100V Power Amplifier via closed relays RL4-9/13 and 
RL2-8/4. It is referred to Common-2B by developing a voltage 
acrossR72. 

The 100V Amplifier is described in Section 7.8, which deals with 
the 100V DC outputs. 

The description is sub-divided as follows: 

7.8.3 
7.8.3.1 
7.8.3.2 
7.8.3.3 
7.8.3.4 
7.8.35 

7.8.4 
7.8.4.1 
7.8.4.2 
7.8.4.3 
7.8.4.4 
7.8.45 

1 OOV Amplifier I ntroduction 
/nput to Gain and Driver Stages 
DC Offset Correction 

. Signal Processing 
Driver Regulator 
Driver Output 

1 OOV Power Amplif,er 
Positive Heatsink Assembly 
Negative Heatsink Assemhly 
Over-Temperature Detection 
1 OOV Output Connection 
Heatsink Removal 
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9.6.4 POWER SUPPLIES AND PROTECTION 

The power supplies and protection for the 1 OOV Amplifier are also 
described in Section 7.8. 

The description is sub-divided as follows: 

7.8.5 
7.85.1 

7.85.2 
7.85.3 
7.85.4 

9.6.4.1 

Power Supplies and Protection Introduction 
38V Supply 

(The 38V supply circuit is also described 
in Section 6.7, para 6.7.3.4.) 

400V Transformation and Rectification 
400V Current Control 
100V Current Sense and lkV Overvolts Detector 

(This detector circuitry is used only for AC High 
Voltage ranges, and is therefore described in 
sub-sections 9.6.4.1 and 9.7.6.1 below). 

lOOV Current Sense 
(Circuit Diagram 430618 Page 11.9-6) 

The 400V(2)B lines enter the Power Amplifier assembly from the 
PS/I Heatsink at Jl-8/6 and are filtered by L1 and L2 before being 
applied across two neon lamps LPl and LP3. These lamps are 
visible from the top and rear of the instrument when the P A board is 
exposed, indicating that a dangerous voltage is present. 

The 400V(2)B lines continue on to power the driver stage of the 
1 OOV amplifier, where the voltage is regulated as described in 
para 7.83 .4. 

The 4OOV(2)C lines supply the power amplifier in the Positive and 
Negative Heatsinks. 0n the 100V range, the current in each of these 
lines is used as an analog of the load placed on the amplifier." 
(On the 10OOV range, any overload is sensed by a series detector in 
the OC assembly.) 

The 'lOOVAC' line is set to logic-1 (OV) only when the 100V range 
is selected . Driver Q7 pinches off the FET switch Q6, removing 
the short from R37, thus allowing the overload detector to operate. 
In normal use, links LKB and LKC are not connected. Their test 
purpose is to allow the current mirrors Q 1 and Q3 to be powered 
without the level-shifters Q2 and Q4. 

Most of the positive output current for the heatsinks passes through 
the series combination of R34 and D27, the negative currents 
through R9 and D4. As the both positive and negative circuits are 
symmetrical, only the positive circuit is described. 
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7.8.6 
7.8.6.1 
7.8.6.2 
7.8.6.3 
7.8.6.4 

PA Power Supply MoniJors 
Comparator Supply Protection 
15V Monitor 
38V Monitor 
400V Monitor 

Current mirror Q3 diverts approx. 1.8% of the positive supply 
current into the level-shifter Q4, R36 and into the common reistor 
R37. Similarly Ql draws current out of R37. Under no terminal 
load conditions these two currents are balanced, even if the output 
voltage is high. 

Any AC output load current from the power amplifier is reflected by 
ripple currents in both positive and negative supplies. The net 
instantaneous current flowing in R37 altemates in synchronism with 
the output cycles, its amplitude increasing as the load current 
increases. So the amplitude of the altemating voltage across R37 is 
an analog of the output load current, and can be compared against a 
scaled reference voltage. 

A window comparator is formed from the two halves of M2 and the 
voltage across R37 is applied to both halves. The outputs at M2-12 
and M2-7 are uncommitted. Each half is biassed by 2.45V in the 
correct polarity, provided by the reference zeners D9 and Dl 7 in the · 
400V Monitor circuit. Unless any voltage peak across R37 exceeds 
this level, both M2 outputs will be pulled to OV by R20. 
The '100V FLAG' line (TP2) therefore remains at logic-1. 

Any peak greater than 2.45V overcomes the bias on one half, 
causing its output to fall to -15V, resulting in the 10OV FLAG line 
being pulled to logic-0. This signal then sets the limit detector 
latch M5a (page 11.9-5 ), as described in para 7.12 .7.1. 



9~7 AC 1 OOOV RANGE 

9.7.1 INTRODUCTION 
(Circuit Diagram 430618 page 11.9-1) 

The AC 1 V signal, generated by the 1 V Buffer in the Sine-Source 
assernbly, enters the Power Amplifier as for the 1 0V range; hut the 
lOV Amplifier is bypassed for the high voltage ranges. 

0n the 1000V range, the signal is switched via the lkV x2 
Amplifier and lkV Error Amplifier, before being applied to the 100V 
Amplifier. The 100V Amplifier output is stepped up to 1000V 
Range levels by one of two (LF or HF) transformers, whose 
secondary voltage is delivered via the 'AC lkV' line to the 
PHI(ACV) line on the AC assernbly. Thereafter the output is 
transferred to the instrument terminals as for the 1 0V range. 

9.7.2 1000V RANGE POWER ROUTING 
(Circuit Diagrams: 430618 pages 11.9-2 and 11.9-3; 

430663 page JJ.7-1; 430537 page 11 .14-1) 

'AC lV' enters the Power Arnplifier assernbly at J9-36 (page 11.9-2). 
Relay RL3 is un-energized, shorting the lOV Amplifier input; and 
RLl is energized, routing the AC 1 V signal to the 1000V Arnplifier 
chain. 

Energized relay contacts RLl-8/4 apply the signal to the Gain x2 
Stage, whose output is surnrned with error feedback, providing drive 
to the lkV Error Amplifier. 

The lkV Error Amplifier output is passed as 'lkV ERROR 0/P' via 
relay RLl-9/13 to the 100V Amplifier (page 11.9-3). It is input 
through the contacts of un-energized relay RL2-6/4. 

The output from the heatsink at J3-9 is transferred directly, as the 
'OUTPUT' signal, to the 'lkV ENABLE' relay contacts RL6-8 and 
RL6-9 (page 11.9-2). Relay RL7 detennines whether the LF or HF 
transformer assernbly is to be used; the OUTPUT signal being 
applied to the appropriate prirnary winding. 

The secondaries of both transformers are connected into the High 
Voltage assernbly (page 11.14-1). Relay RL2 or RL3 selects the 
appropriate output to be passed on to the AC assernbly, via Jl-28 
and Jl-22, as the AC lkV signal. 

The AC lkV signal is also applied as the negative 'Error' feedback to 
the 1000V arnplifier systern. It passes through R138 and R155 on 
the PA assernbly (pages 11.9-1 and 11.9-2), to be surnrned at the 
inverting input of M18a-2. A single net inversion is present around 
this loop. 

0n the AC assernbly (page 11.7-1), the AC lkV signal is routed by 
the contacts of energized relay RL20, and through fuse F2 to the 
PHI(ACV) line at J7-27. 

9.7.3 lkV POWER AMPLIFIER 
(Circuit Diagram 430618 page 11.9-1) 

Arnplification to a maximum of 11 OOV is in four stages: 

1. Gain x2 Stage: the AC 1 V signal is HF-boosted and 
amplified. For the 1000V range the DC Reference is scaled in 
software, so that the AC 1 V signal Full Scale value represents 
11 OOV output. 

2. lkV Error Ampllfier: the Gain x2 Stage output is surnrned 
with error feedback from the secondary of the step-up 
transformer. 

3. lOOV Ampllfier: possessing a gain of 100, the output from 
its heatsinks drives one of two (LF or HF) step-up transformers. 

4. Step-up Transformer: a ratio of 1:6.6 (LF) or 1:6.17 (HF) 
allows sufficient gain in the systern to provide a maximum 
RMS output of 1100V. 

The frequency response of the arnplifier is rnatched to the step-up 
transformer in use. The 'LF' signal into the arnplifier is at logic-1 
(0V) only when the lkV range, and either the lOOHz or the lkHz 
frequency range, is selected. 

9.7.3.1 Gain x2 Stage 
(Circuit Diagram 430618 page 11 .9-2) 

The AC 1 V signal is routed via relay RLl-8/4 to be developed 
across resistor R160. It is filtered by R162/C30 and applied to the 
non-inverting input of Ml5. 

The feedback divider generates the x2 gain in M15; R159 and C67 
providing HF lift to cornpensate the step-up transformer responses. 
FET Q35 adds C68 on the 1 OOHz and lkHz frequency ranges, 
activated by the LF signal at logic-1, to boost the lift. 

Output from the x2 stage is applied to the lkV Error Arnplifier via 
its input resistors R156/R95. 
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9.7.3.2 lkV Error Amplifier 

The input resistance to M18a is split between R156 and R95 to 
allow the saturation detector to reduce the gain in the event of 
transformer saturation. 

At the inverting input of M18a the signal input is summed with the 
AC lkV negative feedback signal, output from the selected 
transformer secondary. The resulting error signal is amplified by the 
two stages of Ml 8. 

0n the lOOkHz frequency range, the maximum voltage available 
from the instrument is 750V. A tapping on the HF step-up 
transformer secondary reduces the maximum output to this level. 
The signal 'lk V GAIN' is therefore set to logic-0 only on the 
lOOkHz range, cutting off FET Q19 and restoring adequate loop gain. 

The second stage, M18b, adjusts the handpass of the amplifier to 
match the selected step-up transformer: 

lOOHz and lkllz ranges: 
Q26 connects C58 and R126 across the input resistor R97; relay 
RLS shorts R48, connecting C34 and R93 directly across the 
feedback resistor R92, also shorting C38 in the output line. 

lOkHz and lOOkHz ranges: 
Q26 connects C57 and R125 across the input resistor R97; relay 
RLS shorts R47, connecting C33 and R94 directly across the 
feedback resistor R92, and leaves C38 dominant in the output 
line. 

These measures give the necessary loop compensation for each 
transformer. 

When the 1000V range is selected the amplifier output is fed to the 
100V Amplifier via RLl-9/13 as the 'lkV ERROR 0/P' signal. 

9.7.4 l00V AMPLIFIER 

This operates as for the 100V range, hut its output signal 'OUTPUT' 
is fed directly to relay RL6 contacts for application to the step-up 
transformer. 

The 100V Amplifier is described in Section 7.8, which deals with 
the 100V DC outputs. 

The description is sub-divided as follows: 
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7.8.3 
7.8.3.1 
7.8.3.2 
7.8.3.3 
7.83.4 
7.8.35 

7.8.4 
7.8.4.1 
7.8.4.2 
7.8.4.3 
7.8.4.4 
7.8.45 

J00V Amplifier lntroduction 
lnput to Gain and Driver Stages 
DC Offset Correction 
Signal Processing 
Driver Regulator 
Driver Output 

J00V Power Amplifier 
Positive Heatsink Assemhly 
Negative Heatsink Assemhly 
Over-Temperature Detection 
lOOV Output Connection 
Heatsink Rem.oval 

9.7.5 

9.7.5.1 

STEP-UP TRANSFORMER CIRCUITRY 

'lkV ENABLE' Relay RL6 

Relay RL6 allows the OUTPUT signal from the 100V Amplifier to 
energize a step-up transformer, providing the following conditions 
aremet: 

The lkV signal is at logic-0: 
· This is a processor-controlled signal, set to logic-0 when the 

instrument AC output is switched on, in the 1000V range. 

The watchdog has not 'Barked'. 

On the PA assembly, the 'lkV ENABLE' swltch S1 
is set to 'ENABLE'. 
S 1 is situated below the left-hand ejector lever (viewed from 
the front of the instrument), facing the rear of the 
instrument. It allows the high voltage to be switched off for 
servicing purposes. A red LED glows when all other 
conditions are met. 

When RL6 is closed, the OUTPUT signal from the 100V Amplifier 
is switched through to the contacts of RL 7. 

9.7.5.2 LF/HF Transformer Selection 

Relay RL7 is activated by the 'LF' signal, applying the 100V 
amplifier output to the HF step-up transformer for the lOkHz and 
lOOkHz frequency ranges, and to the LF transformer for the lOOHz 
and lkHz ranges. 

The two transformers are separately located, their secondaries being 
connected into the High Voltage assembly. The HF transformer is 
selected when RL7 is un-energized, its primary being returned to 
Common-2C. RL7 is energized to select the LF transformer, whose 
primary current is sensed by the Saturation Detector. 

9.7.5.3 Saturation Detector 

To obtain the required performance, the LF transformer core is 
constructed from a material with high remanence. It is possible for 
the lkV range to be deselected when the core is magnetized, and 
subsequently reselected in the same sense, with resultant saturation. 

The Saturation Detector circuit is activated by sensing any excess 
primary current in Rl 14, associated with the loss of reactance. It 
progressively removes the signal input to M18b <luring half cycles of 
the appropriate sense until the core recovers, then automatically 
returns to its quiescent mode. 

The dual amplifier M20 is biassed by R115-R118 to approximately 
lV on each input. Under normal operating conditions, the 
unsaturated core reactance holds R114 current down, so the voltage 
developed across Rl 14 is insufficient to overcome the bias. The 
output from both amplifiers is of negative polarity, both diodes D58 
and D59 are reverse-biassed, and FET Ql 8 is cut off by its gate being 
pulled down to -15V. 



When the core saturates, the current in R114 rises rapidly and its 
voltage exceeds the bias on one of the detector amplifiers. One diode 
conducts, forcing Q18 into conduction; so the signal feed to M18a is 
shorted, the current in the transformer core is reduced to zero, and 
Q18 is cut off again. 

0n the next half-cycle the current is reversed, so saturation is 
reduced. If the core saturates on successive half-cycles, they again 
activate the detector with further reduction. The process continues 
until the core remains unsaturated over the full dynamic range of the 
primary current, when the detector becomes inactive. 

9.7.6 POWER SUPPLIES AND PROTECTION 

The power supplies and protection for the 100V Amplifier are 
described in Section 7.8. 

The description is sub-divided as follows: 

7.8.5 
7.85.1 

7.852 
7.853 
7.85.4 

7.8.6 
7.8.6.1 
7.8.62 
7.8.63 
7.8.6.4 

9.7.6.1 

Power Supplies and Protection lntroduction 
38V Supply (The 38V supply circuit is more fully 

described in Section 6.7, para 6.7 3.4.) 
400V Transformation and Rectijication 
400V Current Control 
100V Current Sense and lkV Overvolts Detector (1hls 

detector circuitry is used only for AC High Voltage 
ranges, and is therefore described in sub-sections 
9.6.4.J, and 9.7.6.1 below). 

PA Power Supply Monitors 
Comparator Supply Protection 
15V Monitor 
38V Monitor 
400V Monitor 

AC lkV Overvoltage Detector 
(Circuit diagram 430618 Page 11.9-6) 

0n the 1000V Range the primary voltage of the step-up transformer 
in use is fed as 'AC OVERVOLTAGE DRIVE' from RL6-4/13 
(page 11.9-2), via Rl 76 and a screened lead, to the M2 comparator 
input (page 11.9.6). (The operation of the comparator is described 
for the 100V Current Sense application in Section 9.6, para 9.6.4.) 
0n the 1000V Range the 100V overcurrent sense resistor R37 is 
shorted by Q6, whose gate is driven by 100V AC at logic-1. 

The HF (1 :6.17) step-up transformer primary voltage is divided by 
Rl 76 and R180 (ie by 1/116), but for the LF (1:6.6) transformer 
R181 shunts R180 (increasing the division ratio to 1/124.5), 
activated by the LF signal and Q43. The result is that overvoltage is 
detected on the HF transformer primary at approx. 305V, but on the 
LF transformer primary at approx. 285V. Taking the step-up ratios 
into account, the lkV Overvolts Detector trips at LF or HF for the 
same secondary voltage: approx. 1880V peak, 1330V RMS. This in 
tum activates the 1 OOV FLAG signal as on the 1 OOV Range. 

9.7.6.2 AC lkV Overcurrent Detector 
(Circuit Diagram 430536 Page 115-2) 

For the AC 1000V range, so as to protect the step-up transformers, 
overloads are detected directly in the output lines to the terminals. 
For this range only, resistance is inserted in the PID(ACV) line in 
the OC assembly. The voltage across the resistance is rectified and 
compared against a ref erence. If. the voltage is excessive, the 
comparator generates a LIM DET signal. At higher frequencies, 
where the interna! and externa! connections to the load will draw 
extra capacitive current, part of the resistance, is short circuited. 

The 'AC lkVRANGE' signal enters at J5-102 (page 115-3). This 
is at logic-1 to energize relay RL13, only if the 1000V range is 
selected. RL13 removes the short from R107 and R108. · 

The 'IDGH I LIMIT signal enters at J5-98 ( also on page 115-3 ). 
When the 1 OOOV range is selected, this is at logic-1 only for the 
1 OkHz, 1 OOkHz and 1MHz frequency ranges. It energizes relay 
RL12, shorting R108, so that higher currents are required to trip the 
LIM DET signal. As frequency increases, so do the currents taken 
by the capacitance of the interna! tracking and wiring; R107 is 
compensated by C45 and C49 to bypass this extra capacitive loading. 

A diode-bridge rectifies the voltage developed across the selected 
resistor(s). The voltage is limited to lOV by D31, and resistor R84 
sets the trip current level for the opto-isolator M19. 

The isolator operates from the 5 volts between -lOV and -15V. In 
normal operation M19 output at M19-6 is open-collector so Q4 does 
not conduct. When the output current is sufficient to trip M19, Q4 
emitter is pulled low and so Q4 conducts, its collector current being 
drawn through R79. 

M18 is a switch which under no-overload conditions is biassed by 
R79 to +15V; and with its output at -15V, its non-inverting input is 
set to approx. -2V. When Q4 conducts, its collector is pulled down 
close to the -15V rail voltage. This is applied to the inverting input 
of M18, whose output reverses to +15V providing a positive trigger 
edge to M12-4. 

For AC outputs the OC FNCT signal is inactive at logic-1, M12-3 
at logic-1 removes the reset which is present for all OC voltage 
ranges. Monostable M12 is set to produce a logic-0 at its Q output 
(M12-6) unless its A input at M12-4 is edge-triggered positively. In 
normal conditions no trigger is given, so M12-6 remains at logic-0, 
DlO is unbiassed and the LIM DET line remains at the logic-0 level 
of -15V. 

When M18 output reverses to +15V, M12-6 produces a logic-1 (OV) 
pulse of lms duration, which forward-biasses DlO, so the LIM DET 
line transmits a logic-1 pulse of lms duration. Successive positive 
or negative peaks of overcurrent retrigger the monostable, 
maintairiing its Q output (and thus the LIM DET signal) at logic-1. 
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9.8 AC HIGH VOL TAGE SENSING 
(Circuit Diagram 430663 Pages 11.7-1 and 11.7-2) 

The SIIl(ACV) signal, retumed from the terminals via the Current 
and Output Control assemblies, enters the AC assembly as for the 
1 0V range; hut the 1 V /1 0V Sense Amplifier is bypassed for the high 
voltage ranges. 

On these ranges, the signal is switched into one of two guarded 
attenuators, both housed in the Attenuator/Cage assembly plugged 
directly into the AC assembly. Each attenuator is a separate resistor 
chain which acts as the input resistor to the inverting amplifier M32. 
The output of the amplifier is passed to the Comparator transfer 
switch. 

9.8.1 100V SENSE AMPLIFIER 

The SHI(ACV) signal passes through the contacts of energized relays 
RL19 and RL15, and is applied via the four pins of J1 into the 100V 
attenuator chain. The attenuator consists of four 25kn 0.1 % 
resistors in series. To eliminate leakage, each junction between the 
resistors is guarded, the guards being taken to equivalent voltage 
points on a chain of four capacitors, C64 to C67. The capacitive 
chain is also driven from the sense signal. The attenuator acts as the 
input resistor for the 100V/1000V Sense Amplifier M32. 

Relay RL13 is un-energized on this range, so R124 acts alone as the 
feedback resistor, producing an amplifier gain of 1/100. The sense 
signals are thus reduced to 1 V range levels. The amplifier output is 
routed through the contacts of un-energized relay RL3 as the 
comparator 'SIG' input, to transfer switch M16-11 (page 11.7-3). 

9.8.2 1000V SENSE AMPLIFIER 

The SHI(ACV) signal is blocked by the contacts of un-energized 
relay RL15, hut RL16 is energized, applying SHI(ACV) as the 
'lkV SENSE' signal vja link LKl into the 1000V attenuator chain. 
The chain has ten 50kn 1 % resistors in series, which combine to 
form the input resistance for M32. The guards are taken to 
equivalent voltage points on a chain of eight capacitors, C70 to C77, 
again driven from the sense signal. 

Relay RL13 is energized on the 1000V range, so R123 and R124 act 
in parallel as the feedback resistance, giving a gain of 1/550. The 
sense signals are thus reduced to 1 V range levels (the 1000V range 
FS voltage is 1100V; the equivalent 1 V range FS voltage is 2V). 
The amplifier output passes to the transfer switch as on the 100V 
range. 
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9.9 SINE/QUASI-SINE RMS COMPARATOR 

Aeeurate 
Frequeney 

From 
Synthesizer ------
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FIG. 9.9 THE SINE/QUASI-SINE COMPARATOR AND ITS SYSTEM ENVIRONMENT 

9.9.1 PURPOSE AND ENVIRONMENT 
(Fig. 9.9) 

The VCA acts as the control element of the Fine Arnplitude Control 
Loop, having variable gain which is adjusted to change the output 
value. 

The main purpose of the comparator, in conjunction with the coarse 
amplitude control, is to cause the output RMS value to track the 
value set on the front panel OUTPUT display. It generates a DC 
error voltage which adjusts the VCA gain. 

Because it is part of the fine amplitude control loop, the comparator 
also corrects output RMS changes due to loading and other 
disturbances, within the instrument specification. 

The Comparator receives two analog inputs: 

a. The reference quasi-sinewave whose RMS value is set by the 
value on the OUTPUT Display, and is also modified by stored 
calibration data (sub-section 6 .6), and 

b. The sensed and conditioned output sinewave, which is compared 
against the reference quasi-sinewave (sub-sections 9.4 and 95). 

The Comparator output is the DC error voltage resulting from the 
difference between the mean-square values of the two inputs. As the 
VCA gain (and hence the output RMS level) is adjusted, the RMS 
value of the comparator's sense input approaches that of the 
reference, and the error voltage is driven towards zero. The output 
value stabilizes when the RMS values of the two inputs are equal. 

The buffered DC error signal output from the comparator is adjusted 
in approx. lOOOppm FS steps by the action of the Coarse Arnplitude 
DAC, to give a virtually constant loop gain. The effects are 
described in sub-section 9.3. 

9.9.2 IMPLEMENTATION 

Both inputs are scaled to 1 V Range levels and compared in an 
Integration/Sample-and-Hold system. They are· sequentially steered 
through a common squaring circuit into separate 'REF' (Reference2) 
and 'SIG' (Reference2 minus Sense2) averaging integrators. 

A capacitor and voltage follower samples and holds the settled REF 
integrator voltage. It generates a DC 'REF2' signal which is 
subtracted from the AC 'SIG2' signal. The result is applied to the 
SIG integrator, then another sample-and-hold circuit generates the 
'AC ERROR' signal from the integrator's output. 

'AC ERROR' is thus a DC analog of the difference between the 
'mean-square' values of the two inputs. It is buffered and applied to 
the VCA via the Error Arnplifier. 
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States REFERENCE PATTERN I SENSE (SIG) PATTERN 

Squarer input • quasi-sine ..,j zero i.- sine --I zero 

REF SWITCH X X X I 

REF INTEGRATE X X X X I 

REF SAMPLE X I 
SIG SWITCH I X X X 

SIG INTEGRATE I X X X X 

SIG SAMPLE I X 

DC SUBTRACT X X X I X X X 

DC SUBTRACT X X I X X 

SAMPLE X I X 

RMS i.n COMMON-2C 

I 
SIG LO I 2C 

FIG. 9.11 S/NEIQUAS/-5/NE COMPARATOR -
SEQUENCE CYCLE 

The comparator is based on a ten-state recycling sequence of 
squaring, integration, sampling and subtraction. Operation and 
accuracy rely heavily on synchronization between sine and quasi-sine. 

At relevant points in the following description, reference is made to a 
specific output frequency of 500Hz (lkHz Range), as an example to 
clarify the following points: 

a. As the output sinewave frequency is varied, the quasi-sinewave 
tracks an exact sub-multiple of its frequency; except on the 
lOOHz Range, where both are at the same frequency. In our 
example at 500Hz, the quasi-sinewave has half the output 
frequency. The various relationships between output and quasi
sinewave frequencies for different frequency ranges are detailed in 
Section 8, Table 83. 

b. The duration of each comparison cycle is always equal to ten 
quasi-sinewave periods (here 40ms), and each of the 'C' periods 
persists for one quasi-sinewave period (for 500Hz output - 4ms). 
This effect can be observed using an oscilloscope, say at TP46. 

c. Using this specific case also gives a point of reference for 
examination of the circuit waveforms using an oscilloscope. 



9.9.3.1 The Comparator Sequence 
(Pigs. 9.10 and 9.11) 

The table in Pig. 9.11 shows the conduction pattems of the switches 
in the block diagram of Pig. 9.10, within a complete sequence cycle. 
The cycle is broadly divided into two similar pattems ('REF' and 
'SIG'), each occupying five quasi-sinewave periods. The cycle 
repeats continuously. 

In the following analysis, the effects of the closed switches are 
described; all other switches are open. 

Periods Cl, C2 and C3 
a. REF SWITCH is closed to input the quasi-sinewave to the 

squarer. 
b. REF INTEGRATE steers the squarer output current into the 

Reference lntegrator. 
c. DC SUBTRACT allows Iref:'2 to be drawn from the summing 

junction. 
d. RMS Lo has been connected to common 2C since the start of 

C0 in the previous period, in preparation for REF squaring. 

The quasi.:sinewave is squared, and the result is output as a current (at 
twice the input frequency) into the summing junction. The DC 
current Iref:'2 is subtracted at the junction, and the residue goes to 
charge the Reference Integrator capacitor. 

(Note that every time that OUTPUT OFF is selected, REF and SIG 
integrator capacitors are discharged, driving both 'AC ERROR' and 
'Iref:'2' to zero. During the first REF integration when OUTPUT ON 
is next selected, Iref:'2 remains at zero so the integrator capacitors start 
charging from zero.) 

Period C4 
a. REF SWITCH is opened, removing the input to the squarer. 
b. DC SUBTRACT is opened, subtraction ceases. 
c. DC SUBTRACT closes to input a hard zero to the squarer. 
d. REF INTEGRATE remains closed, allowing the squarer and 

integrator to settle. 
e. RMS Lo remains connected to Common-2C until the integrator 

has settled. 

The REF integrator remains in its integrating (on) condition during 
period C4, to ensure that any energy stored in the squarer during C 1 
to C3 is acquired. 

DC subtraction during period C4 would generate an error, as full 
subtraction was already applied during period Cl. DC SUBTRACT 
is therefore turned off by transferring the source of Iref:'2 from the 
summing junction to Common-2. 

Period CS 
a. REF INTEGRA TE opens, stopping the integrator action. 
b. SAMPLE closure forces the squarer output to a hard zero, to 

nullify any leakage effects in the integrator switch. 
c. REF SAMPLE closes, and current from the integrator op-amp 

charges the sampling capacitor to the integrator capacitor 
voltage~ 

d. RMS Lo is switched from the Ref Common-2C to the Sense 
SIG Lo in preparation for SIG squaring. 

As the sampling capacitor changes its charge, its voltage-follower 
drives the voltage-to-current converter to change the DC subtraction 
current. The new Iref:'2 is sourced from Common-2 during this 
period, but during the next SIG and REF integration periods, it will 
be subtracted from the squarer output current at the summing 
junction. 

Periods C6 to C0 
As can be seen from Pig. 9.11, the closure pattem is repeated for 
SIG squaring, integration and sampling. The SIG circuit action is 
identical to REF, except that: 

a. the squarer input is now the sensed sinewave; 
b. the subtraction current has been set to a new value during period 

C5. This does not change again until period C5 of the next 
cycle; 

c. During period C0, the 'AC ERROR' output from the SIG 
sample-and-hold voltage follower is changed, updating the 
VCA gain via the Error Buffer and Error Amplifier. 

d. RMS Lo was switched from Common-2C to SIG Lo during 
period C5 in preparation for SIG squaring. It remains 
connected to SIG Lo during the squaring periods C6, C7 and 
C8, and also during period C9 for the Sig Integrator settling. 
At Period C0 it is reconnected to Common-2C in preparation 
for REF squaring. 
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9.9.3.2 Compa'rator Action 

COMPARATOR CYCLING PERIOD C1 C2 C3 C4 C5 C6 C7 CB C9 C0 C1 

Cycle period 
at 500Hz output : 40ms 

Ouasi -sinewave period 
at 500Hz output: f-4ms....,j 

(al Squarer lnput 

~ Ref/Sig 

I 250Hz 500Hz 

(b) Ref Switch 

(c) Ref lntegrate 

(d) Ref Sample 

(e) Sig Switch 

(f) Sig lntegrate 

(g) Sig Sample 

(h) DC Sub Off 

(j) Sample 

FIG. 9.12 SINE/QUASI-SINE COMPARA TOR - SEQUENCE TIMING 

The sequence described in 9.9.3.1 is necessarily simplified. When a 
new output demand changes the amplitude of the quasi-sinewave, a 
few sequence cycles are required to stabilize the conditions of the Ref 
integrator, Sig integrator, subtraction current and AC ERROR 
output. The circuit must also respond to demands for reduced output 
in addition to those for increases. 

The comparator forms part of the output amplitude control loop, 
ultimately affecting the output voltage and hence the sensed voltage 
input to the squarer as 'SIG'. As the sequence recycles, the mean
square value of the SIG input sinewave will approach that of the 
REF quasi-sinewave, and as it does so the AC ERROR output must 
approach a steady-state value. 
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The squarer output currertt has an AC component i,n its waveform, 
hut Iref2 being subtracted at the summing junction is a DC current. 
In the settled condition, Iref2 is driven on successive cycles to balance 
the quasi-sinewave REF2 AC current (being applied to its integrator) 
about zero. The final level of Iref2 is just sufficient to be self
sustaining. 

Meanwhile, the sensed SIG2 current approaches the REF2 value, and 
the same Iref2 is a DC analog of the quasi-sinewave mean-square 
voltage. In the output loop, the VCA is driven until the instrument 
output (and sensed SIG input) isat the correct level just to generate a 
self-sustaining 'AC ERROR'. 



In the comparator, Irefl is subtracted from both SIG2 and REF2 
currents. This maintains the AC AMPL ERROR as an analog of 
the difference between the quasi-sinewave and the output sinewave 
mean-square voltages (when the latter is reduced by sense 
conditioning to 1 V Range levels). Thus when the sensed SIG input 
voltage approaches the quasi-sinewave REF voltage (mean-square 
values), the AC ERROR approaches ståbility and the system settles. 

9.9.4 COMPARATOR CONTROL LOGIC 
(Circuit Diagram 430663 page 11.7-3) 

The Comparator operating cycle originates at M15, which is a 10-bit 
sequencing counter, clocked at the quasi-sinewave frequency by the 
carry-out from Mll-12. 

The SYNC 0 input to M15 RESET is a decoded address, whose 
function at logic-1 is to disable counters Mll and M15, inhibiting 
operation of the comparator and generation of the quasi-sinewave. In 
this instrument, SYNC 0 is held permanently at logic-0, enabling 
both quasi-sinewave and comparator for AC Voltage and Current 
functions. 

The clock continuously recycles M15 in ascending count through 
Q0 to Q9, ten clocics (ie ten quasi-sinewave periods) constituting one 
cycle of the comparator sequence. Only one 'Q' output is at logic-1 
( +8V) at a time, the remainder being at logic-0 (-8V). 

With increase of frequency range, the difference between the 
frequencies of sensed sinewave andref erencequasi-sinewave increases 
in decade steps. As the comparison is performed at mean-square 
levels, this frequency difference does not matter, so long as the 
sinewave is at an exact multiple of the quasi-sinewave frequency. 
However, to optimize the operation of the Sense/Reference 

A further complication: a bias is applied to the squaring circuit to 
avoid distortion by maintaining permanent conduction. The bias is 
controlled by the value of the positive reference voltage, and a bias 
current is superimposed on the subtraction current. These factors 
will be discussed later during the circuit analysis. 

comparator, the zero crossings of the quasi-sinewave are synchronized 
to occur coincident with a sinewave zero crossing, and all comparator 
state changes are a1so synchronized to sinewave zero-crossings. 

Synchronization is achieved by clocking Ml 7 so that all the analog 
switching data changes simultaneously. Thus data is latched from 
Ml 7 'D' inputs to its permanentiy-enabled outputs, one complete 
quasi-sinewave period after it was clocked through M15. This 
ensures that the transit times of M15, M18 and M20 do not affect 
synchronism with the quasi-sinewave zero-crossing. 

The data is thus strobed through M15 and M 17, being delayed by one 
clock period. This does not aff ect the operation of the comparator, 
although it must be accounted for when observing waveforms on an 
oscilloscope. 

The sequence, as described earlier in sub-section 9.93, begins with 
REF SWITCH connecting the quasi-sinewave to the squarer input 
during period C 1. The logical origin of the comparator switch state 
during Cl corresponds to M15-2 (Ql output) at logic-1; hut because 
of the data delay its actual timing is coincident with the Q2 output of 
M15-4 at logic-1. 
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9.9.5 COMPARATOR TIMING LOGIC 
(Fig. 9.13) 

The comparator timing waveforms for the sequence are illustrated in 
Fig. 9.13. To highlight the data delay, the main waveforms are 
grouped into two blocks: 'REF and 'SIG', each headed by the states , 
of the comparator cycle. Line (b) shows which of Ml5 (Q) outputs 
is at logic-1 <luring each of the states. It can be seen that the eff ects 
of Ml5 output states are delayed by 1 clock period, in the translation 
to comparator states. 

9.9.5.1 Squarer Commons Switching 
['REF' and 'SIG' waveforms ( d) and ( k)] 

Waveform (c) shows the variation of Ml5-12 (Cout). Waveforms (d) 
and (k) are the direct results of Cout inputs to Ml7 after the 
translation by one clock shift (note the inversion at M20-10). 

During states C0 to C4, waveform (d) at logic-1 connects the squarer 
coinmon (RMS Lo) to Common-2 at Ml6-4 for quasi-sinewave 
squaring; whereas <luring states C5 to C9, waveform (k) connects 
RMS Lo to SIG Lo at Ml6-8 for sensed sinewave squaring. In 
both cases, the appropriate common is connected one period ahead of 
the squarer input, and disconnected at the end of the integrator 
settling time. 

9.9.5.2 Squarer Input Switching 
['REF SW' and 'SIG SW' waveforms (e) and (l)] 

Ml5 outputs Ql to Q3 are 'OR' gated at Ml8-6 and applied as D2 
input to Ml 7. The result is to generate the REF SW waveform (e) 
at Ml7-7. 

REF SW connects the quasi-sinewave as input to the squarer by 
M16-13 only <luring states Cl to C3. 

Similarly, SIG SW waveform (1), logically derived from Ml5 
outputs Q6 to Q8, is at logic-1 only <luring states C6 to C8, 
connecting the sensed sinewave as input to the squarer by Ml6-12. 
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9.9.5.3 Integration and Sample Switching 
['INT and 'SAMPLE' waveforms (f) and ( h)] 

At any instant, the comparator is either sampling or integrating. 
The INT waveform is thus the inverse of the SAMPLE waveform. 

SAMPLE 
Ml5 outputs Q0 and Q5 are 'OR' gated at Ml8-9 and applied as D3 
input to Ml7. The result is to generate the SAMPLE waveform (h) 
atM17-10. 

Therefore, for C0 and C5 only, SAMPLE provides two enabling 
inputs to AND gates M13 at M13-2 and M13-5. It also places a 
hard zero on the squarer output by M7-5 (page 11.7 4) when this is 
disconnected from both integrator inputs. With both input and 
output at zero volts, any offsets are removed in preparation for the 
subsequent squaring and integration sequence. 

INT 
The 'SAMPLE' output of Ml8-9 is inverted at M20-4, applying 
logic-1 to the Dl input of Ml 7 for the whole of the cycle except for 
C0 and C5. The INT output at Ml7-5 is waveform (f), which 
enables Ml3-l and M13-13. 

REFINf 
INT is 'AND-gated' with REF waveform (d) at Ml3-11 to genetate 
the 'REF INT waveform ( g), which is at logic-1 only <luring periods 
Cl to C4. During this time M7-12 (page 11.7 4) at logic-1 
connects the squarer output to the REF Integrator input. 

SIGINT 
INT is 'AND-gated' with SIG waveform (k) at Ml3-10 to generate 
the 'SIG INT waveform (m), which is at logic-1 only <luring periods 
C6 to C9. During this time M7-6 (page 11.74) at logic-1 connects 
the squarer output to the SIG Integrator input. 

REF SAM 
'SAMPLE' is 'AND-gated' with SIG waveform (k) at M13-4 to 
generate the 'REF SAM' waveform (j), which is at logic-1 only 
<luring state C5. During this time driver M6-l at logic-1 causes 
FET Q2 to conduct (page 11.7 4 ), connecting the REF Integrator 
output to the REF Sample-and-Hold input. 

SIGSAM 
'SAMPLE' is 'AND-gated' with REF waveform (d) at Ml3-3 to 
generate the 'SIG SAM' waveform (n), which is at logic-1 only 
<luring state C0. During this time driver M6-7 at logic-1 causes 
FETQ3 to conduct (page 11.74), connecting the SIG lntegrator 
output to the SIG Sample-and-Hold input. 



9.9.S.4 DC Subtraction 
['DC SUBTRACT OFF waveform (p)] 

Squarer lnput Short 
Subtraction is required only when either input is being applied to the 
squarer. As REF SW and SIG SW already exist, it remains only to 

provide an OR function to join them. The analog circuits need an 
inverted waveform, so a NAND gate is used. For loading purposes 
two elements of M20 are connected in parallel: REF SW and 
SIG SW are combined as waveform (p) at M20-3 and M20-l l. 

When at logic-1 during C4-C5 and C9-C0, M7-13 places a hard 
short between RMS Hi to RMS Lo; otherwise the short is released. 

Subtraction Current Control 
During Cl to C3 and C6 to C8, DC SUBTRACT OFF at logic-0 
cuts off D8 (page 11.7-4 ), allowing Q6 to draw subtraction current 
through D6, D5 and R54. When at logic-1, D8 conducts and sets D5 
and D6 in reverse bias, diverting the subtraction current. 

(a) M11-12 M15/M17 Clocks 

(b) M15 autput at logic-1 

(c) M15-12 (Caut) 

Comperator REF Cycle 

(d) M17-15 (05) !!.ff 

(e) M17-7 (02) Bfr.filY 

(f) M17-5 (01) ~ 

(g) M13-11 REF INT 

(h) M17-10 (03) ~ 

(j) M13-4 REF SAM 

Comperator ~ Cycle 

(k) M17-12 (04) SIG 

(I) M17-2 (Of)) SIGSW 

(f) ~ ~ 

(m) M13-10 SIG INT 

(h) M17-10 (03) SAMPLE 

(n) M13-3 SIG SAM 

ae, r a, .I a2 a3 I a4 Q5 Q6 Q7 aa I ag Q1 

C9 Cf/J C1 C2 C3 C4 C5 C6 C7 ca C9 C(IJ 

Squarer Camman = COMMON 2C 

Quasi-sine input ta Squarer L-.. _________________ ___.r 

INT INT INT 

Quasi-sine (squared) being integrated 

Squarer ._! ____________ I Squarer .__ ___________ rs;;;;-1.. 
0/P Zera 0/P Zera 0/P Zera 

I I 
REF sample-and-hald input isalated j REF lnt. ~I ____ R_E_F _sa_m_pl_e-_an_d_-h_al_d _in_pu_t_is_al_at_ed __ _ 

-------------------:-being samplad 

j C9 CeJ C1 I C2 C3 C4 C5 C6 C7 ca C9 C0 

Squarer Camman = SIG Lo 

lL,.. _________________ __ 
Sinewave input ta squarer 

INT INT INT 
___ ___.r 

Sinewave (squaredl being integrated 

Squarer ._! ___________ ___. Squarer .._I ____________ rs;;;;-1.. 
0/P Zera 0/P Zera 0/P Zero 

I 
SIG sample-and-hald input isalated ~ 

____ ____::.:..=...=:..:.:::::..::.:.:.::...:..:..:.:..::....::.:.::....:.:..:.:....:...:....:..:.._~----------------,-------:-"being sampled 

(p) M20-3 DC SUBTRACT OFF j Squarer I/P Zero 
Subtractian applied 

Squarer I/P Zera 
Subtractian applied 

Squarer I/P Zero L 

FJG. 9.13 COMPARA TOR TIMING LOGIC 
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9.9.6 SQUARE-LAW DETECTOR CIRCUIT 
(Circuit Diagram 430663 Page 11.7-4) 

The basic action of the squaring circuitry is the same as is used for 
sin2 and cos2 in the Sinewave Oscillator amplitude loop, but there are 
some differences in detail (Refer to sub-section 8.2). 

The Square Detector is biassed in such a way that it is permanently 
tumed on, to improve bandwidth and permit control of gain scaling. 
Its differential output current at AN3-3 and AN3-2 is proportional to 
the square of its input voltage divided by the bias voltage. The bias 
is derived from the DC version of the demanded signal level 
REF+ve, the DC output from the Reference Divider. 

Thus the transfer proportionality of the signal magnitude is given 
by: 

Vout is proportional to Vin2 / Vbias 

but as Vbias is derived from REF+ve, 

Vin / Vbias is a constant: k, 

and the instantaneous squarer gain is: 

d(kYin2) 
dfVout) Vm 
d(Vin) = d (Vin) 2k 

Thus the basic gain equation has no amplitude or frequency 
components, so is constant over a wide bandwidth and dynamic 
range. The squarer therefore has a fast response at all signal levels. 

The bias is applied as currents to Ql 7 and Q18 emitter circuits. The 
transistors in the array of M22 are all used as current generators. 

9.9.6.1 Bias Control 

The input to Reference Amplifier M24 is the positive DC REF +ve 
voltage, which varies between approx. 0.14V and 2.8V, depending 
on the output value selection. 

M24 output voltage rises until M22-9 pulls enough current through 
R50 to reduce M24-3 to zero. The other transistors in M22 act as 
current mirrors, so their collector currents are defined by the 
REF +ve voltage and the resistance of R50. 

fhus bias current is applied to Ql 7 and Ql8 in direct proportion to 
he REF +ve voltage, which is an accurate analog of the demanded 
mtput value. 

).9.6.2 Current Driver 

rhe 'SIG2' and 'REF2' current outputs from the square detector 
levelop a differential voltage input between TP48 and TP49, to the 
:urrent driver Q9/Ql0/Ml9. This amplifier generates a single-ended 
:urrent drive to the integrators. 

i9(B) collector drives the output directly, but in order to establish a 
table DC voltage reference lev el, Q9(A) collector current is mirrored 
,y QlO(B): 
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M19 bootstrap steers Q9(A) collector current through QlO(A), 
maintaining Common-2C potential at QlO(A) collector. 

QlO(B) mir;rors the Q9(A)/Q10(A) collector current so that when 
the differential input voltage between TP48 and TP49 is zero, 
Q9(B) collector current is all taken by QlO(B), and the potential 
at TP9 is the Common-2C zero, at high impedance. 

Differential input variations between TP48' and TP49, due to 'SIG2' 
and 'REF2' outputs from the Square Detector are translated to 
differential currents into and out of the junction at TP9. The current 
difference passes through R35 to R148 <luring SIG INT states, and 
to R149 <luring REF INT states. 

At other limes, when both of the integrator input switches M7-8/9 
and M7-11/10 are open, the 'SAMPLE' waveform closes M7-4/3 to 
pass any difference current to Common-2C. 
(During the SAMPLE periods, DC SUBTRACT OFF is zeroing 
the Square Detector input RMS Hi anyway, by shorting to 
RMS Lo via M7-2/1 - page 11.7-4.) 

Resistors R35, R148 and R149 are of very low value compared with 
Q9(B) and QlO(B) output impedance, so the driver compliance is 
high. 

9.9.6.3 Output Amplitude Loop 
- LF Gain Reduction 

0n the lOOHz Frequency range the gain around the output amplitude 
loop needs to be less than on other ranges. It is convenient to ad just 
the error immediately following its generation in the square detector, 
by shunting the input to the current driver. 

Adjustment is in two stages, using dual open-collector comparator 
M21: 

a. For lOOHz Range selection 
The 'lOOHz' signal input to M21-3 is derived in the Frequency 
Synthesizer, ~dis at logic-1 when the lOOHz Range is selected 
by the operator. M21-1 is pulled up by R41 and Q7 conducts, 
connecting R43 and R44 between TP48 and TP49, thus 
shunting R49 and the base-emitter junctions of Q9. Fora given 
'SIG2' or 'REF2' signal, the input feed to the current driver is 
reduced. 

b. For frequency selections below 32Hz 
The '>31Hz' signal input to M21 is also generated in the 
Synthesizer. 

i. For any frequency above 31Hz, the >31Hz signal is set to 
logic-1, M21 output is at logic-0 (-15V) and Q8 does not 
conduct 

ii. For frequencies of 31Hz and below, the >31Hz signal is at 
logic-0, M21 output is pulled up by R42. Q8 conducts, 
connecting R45 and R46 between TP48 and TP49, in 
addition to R43 and R44. For a given 'SIG2' or 'REF2' 
signal, the input feed to the current driver is further reduced. 



9.9.7 GENERATION OF THE DC SUBTRACTION CURRENT 

9.9.7.1 'REF' Integration 

The integrator circuit is very basic. Feedback for Ml2 is by C25, 
but the input resistance is fonned by Rl49, R35 and the output 
impedance of the Current Driver, which is heavily predominant. The 
current from the driver is virtually unaffected by R35 and Rl49. 

M?-11/10 conducts for periods Cl to C4 (REF INT). During Cl to 
C3 the REF SW waveform inputs the quasi-sinewave to the squarer, 
and <luring C4 the squarer settles to its zero input. 

The REF2 output from the driver is an AC current, which for a 
constant quasi-sinewave amplitude is integrally charge-balanced about 

9.9.7.2 'REF' Sample-and-Hold 

Q2 conducts <luring each 'REF SAM' period, when the charge on 
C25 has settled for the cycle. Ml2 drives Cl2 to the voltage on 
C25, and the voltage follower M4 passes the same voltage as 
'REF ERROR' on to the REF V to I Converter. 

9.9.7.3 'REF' V to I Converter 

The circuit of Ml9 and Q6 converts the DC voltage output of M4 
into the subtraction current. A second function is to draw an extra 
DC current which compensates for the bias control currents. 

The DC 'REF ERROR' voltage from M4-6 is divided by R37/R31 
and applied to the non-inverting input of Ml9. A second input 
results from the DC bias current drawn by M22- l 4, defmed by the 
'REF+ve' voltage and the two resistors AN2-10n and R141. 

M19 drives FET Q6, which draws current via Q12-3 emitter, R54, 
DS and D6. The current is sunk into Common-2C via R47, R38 
and AN2-12/5, and into the -15V supply via the M22-14/12 bias 
circuit. 

Capacitor C34 filters out any HF transients remaining from the 
switching edges of REF SAMPLE, and D7 protects against positive 
excursions of Q6 gate. 

In the simplified diagram of Fig. 9.10, the subtraction current is 
shown as being sourced by the summing junction. In reality, it is 
taken from Q12-3 emitter for three main reasons: 

a. The Current Driver input bias is removed, allowing a zero-offset 
reference. 

b. The control bias for the squarer is compensated at the earliest 
opportunity, reducing the required dynamic range of the driver. 

c. Ql2 emitter voltage remains virtually constant for all squarer 
inputs. 

zero due to the DC subtraction, at twice the quas1-smewave 
frequency. C25 therefore receives equal positive and negative charge 
<luring each cycle of quasi-sinewave, so the mean voltage at Ml2-l 
does not change. 

·A discharge path for C25 is provided by Q5/R30. The 'INT HOLD' 
signal at 17-46 is logic-1 when the instrument is in 'OUTPUT OFF' 
condition, discharging both REF and SIG integrators. For · so long 
as the output remains 'ON', the INT HOLD signal stays at logic-0, 
and the integrators are never discharged other than by the action of 
their inputs. 

Q2, Cl2 and M4 are low-leakage devices and M4 input circuit is 
screened, at low impedance, to the sampled voltage. Thus the 
'Droop' is specified as less than 20µ V <luring the 'Hold' part of the 
cycle when Q2 is not conducting. 

Relocating the subtraction point does not affect the essential action 
of the square detector and driver, because of the current-mirror action 
of the driver. 

Subtraction is valid only <luring times when a quasi-sinewave or 
sensed sinewave is being input to the Square Detector. Thus for 
periods Cl to C3 and C6 to C8, diode D8 is held in reverse bias by 
the signal 'DC SUBTRACT OFF at logic-0. During periods C4, 
C5, C9 and C0, the signal isat logic-1, so D8 conducts and reverse
biases D5 and D6. The subtraction current passed by Q6 is then 
diverted through D8 from M20-ll/3, the 'DC SUBTRACT OFF' 
parallel NOR gates' output being at logic-1 (page 11.7-3 ). 

When an operator selects a different output value, the result is a 
change in amplitude of the quasi-sinewave. This unbalances the 
integrator input, so C25 charges to a different mean voltage at the 
output of Ml2. The DC subtraction current change takes place over 
a few comparator cycles until balance is restored, when C25 and Cl2 
will have charged to a new voltage. 
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9.9.8 

9.9.8.1 

'AC ERROR' SIGNAL GENERATION 

Integration and Sampling Circuit 

The SIGNAL Integration and Sample-and-Hold circuitry is identical 
to the REF arrangement described in Section 9.9.7. Moreover, the 
SIGNAL Integrator M12 is the other half of a matched pair with the 
REF lntegrator. 

The difference lies in the timing. Switch M7-6 allows current to 
pass into the SIG integrator only during periods C6 to C9, so it is 
the SIGNAL (sensed sinewave)2 current minus the (OC REF)2 
subtraction current which is integrated. 

The integrator voltage is sampled and output as the 'AC ERROR' 
DC voltage (sub-sections 9.2.4 and 9.9.2), into the output amplitude 
control loop. 

9.9.8.2 Output Amplitude Loop Action 

Consider the case of 'OUTPUT OFF 

a. The quasi-sinewave has an amplitude determined by the 
'OUTPUT' display value: 

b. The quasi-sinewave is squared and appears as a current in R35 
during periods Cl-C4, hut because Q5 is conducting, the REF 
integrator capacitor C25 is discharged. Thus the DC subtraction 
current is effectively zero (it is actually sufficient to cancel the 
DC current in R35 due to the squarer bias). 

c. The AC ERROR signal voltage is zero, as Q4 conduction 
prevents any charge on the SIG integrator capacitor C26. Also, 
the output amplitude is zero, hence the sensed output applied to 
the squarer is zero. 

Therefore during periods C6-C9 the current in R35 is zero. 

Now consider the case when OUTPUT is switched ON, with the 
OUTPUT display set to the minimum value of 9% of range: 

As the quasi-sinewave is already present, it is squared into a negative
going waveform in R35. 

Quasi-Sinewave Input 

During the first comparator cycle, this appears as a voltage at TP9 
thus: 

(Quasi-S inewave )2 

Zero Reference ······\ftnjd······ 

The standing bias on the Ref. V to I Converter has immediately set 
the (quasi-sinewave)2 toan approximate zero mean. 
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The (quasi-sinewave)2 current is integrated across C25, resulting in a 
positive 'REF ERROR' voltage after period C5, and hence a positive 
subtraction current in R35. The effect of the current can be seen in 
the TP9 voltage waveform: an increase of (quasi-sinewave)2 
amplitude is accompanied by a positive shift as its mean value seeks 
coincidence with zero. 

After a few comparator cycles the current in R35 becomes charge
balanced about zero, the DC subtraction current stabilizing to a 
steady-state value. 

Meanwhile, during the 'SIG' sections of the comparator cycle, the 
positive subtraction current is integrated across C26. A negative 
'AC ERROR' voltage is generated, which increases the instrument 
output voltage via the VCA. This increase is detected by the sense 
feedback circuits. After squaring, the result is an AC current in R35, 
whose mean level begins to offset the effect of the subtraction 
current on the SIG integrator. 

After a few comparator cycles, the AC SIG2 mean current and the DC 
subtraction current are equal and opposite, so the current f ed through 
R35 into the integrator is charge-balanced about zero. The integrator 
capacitor C26 is thus being charged and discharged by the same 
amount during each half-cycle of output (SIG2 current being at twice 
the output frequency), so the AC ERROR voltage stabilizes. 

Fig. 9.14 illustrates three stages in the process of increasing output 
from zero; observing the current in R35 (ie. the voltage at TP9), the 
'AC ERROR' signal, and the output sinewave. The waveforms are 
not to scale. 

Stage 1. 
This is the first cycle that the quasi-sinewave starts to charge C25. 
During period C6 a non-zero subtraction current is applied to the SIG 
integrator, resulting in a non-zero value of 'AC ERROR', starting at 
C0 as the integrator voltage is sampled. This causes the instrument 
sinewave output to rise from zero. 

Stage 2. 
0n the next cycle the subtraction current imposes a positive shift on 
the R35 waveform during Cl-C3 and C6-C8. The squared quasi
sinewave does not change in amplitude, hut it is more equally 
balanced about zero, so the next increase in subtraction current will 
not be so great. 

During C6-C8 the sinewave is being applied to the squarer, so TP9 
exhibits its squared waveform shifted positively by the subtraction 
current. A smaller increase in 'AC ERROR' and output sinewave 
results, as the AC input to the SIG integrator is more equally 
balanced about zero. 

Stage 3. 
In this state the loop has stabilized. The squared quasi-sinewave and 
sensed sinewave are both charge-balanced about zero, the subtraction 
current and 'AC ERROR' have reached constant values, and the 
instrument output is stable. 



9.9.8.3 'AC ERROR' V-to-1 Converter 
(Circuit Diagram 430663 page 11.7-6) 

To avoid pick-up <luring transit, the AC ERROR voltage is 
converted into a current, for transmission to the Error Amplifier on 
the Sine-Source Assembly. One half of M3 is used as a unity-gain 
inverting buffet, and the other as a voltage-to-current converter. The 
relay RLl is not fitted, so M3-7 is linked directly to the test switch 
S 1 'NORM' terminal. 

At M3-7 the DC 'AC ERROR' voltage is inverted and used to drive 
the current converter via ANl-3/12. The current in ANl-4/13 is 

mirrored by the current in ANl-11/6 (AC AMPL ERROR), which 
is sourced in the Sine-Source Assembly by M41a, the Error 
Amplifier (Circuit Diagram 430446 page 11.6-3). 

As the AC ERROR signal DC voltage is varied by the comparator, 
the current in M41a input resistance also varies, and is converted into 
a varying voltage at M41a-l. This voltage is used to control the 
main voltage-controlled amplifier M48 via Q71. 
For further information about the VCA, refer 'to Section 9.3. 

I co I C1 I C2 I C3 I C4 I C5 I C6 I C7 I C8 I C9 I co I 
Stage 1: First Cycle 

TP9: 

ov 

AC ERROR: 

ov 

OUTPUT: 

-------------oa 
Stage 2: Second Cycle 

TP9: 

ov 

AC ERROR: 

ov 

Stage 3: Steady-State 

TP9: 

ov 

AC ERROR: 

-------\illW--··-··--------· 

ov - - - - - -
Stable Value 
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' I ' I •1 111 '1111'' 1111 •,i[ 

il 11
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FIG. 9.14 THREE STAGES OF OUTPUT BUILD-UP FROM ZERO 
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9.10 LOGIC CONTROL OF AC OUTPUTS 

The general aspects of analog control functions are discussed earlier 
in sub-section 7.10, subdivided as follows: 

9.10.1 

7.10.1 

7.10.2 
7.10.2.1 

Logic Levels 

Heat Reduction 
Update Considerations 

DC ASSEMBLY - LOGIC AND RELAY DRIVES 
(Circuit Diagram 430536 Page 11.5-3) 

The AC voltage output and sense signals pass through the DC 
assembly, and are aff ected by the analog control signals present there. 

The effects of the control logic on the DC assembly are detailed in 
Section 7, subdivided as indexed, except for the 'HIGH I UMIT' and 
'AC lkV RANGE' Logic. 

As these two signals are activated only on the AC lkV Range, their 
effects are described in sub-section 9.7.6 (hut reference is also made 
to relays 12 and 13 in para 9.4.23 ). 

9.10.2 PA ASSEMBLY - LOGIC AND RELAY DRIVES 
(Circuit Diagram 430618 Page 11 .9-5) 

The extensive switching needed to control the many modes of 
operation of the Power Amplifier assembly, is described earlier in 
Section 7.12. The subjects are subdivided as listed below: 

7.12.1 DC Range Switching 
7.12.2 AC Range Switching 
7.12.3 Function and Ranging Logic 
7.12.4 'PA CLAMP ON' Signal 
7.12.5 '400V ENABLE' Logic 
7.12.6 'BIAS OFF' Logic 
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The AC signals are routed through the DC assembly on their way to 
the terminals and back; for the lOV, 100V and 1000V ranges they 
are amplified in the Power Amplifier assembly. The signals are 
subject to digital controls ine:<>rporated in those assemblies. 

Descriptions of the controls in the DC and P A assemblies are 
indexed in sub-sections 9.10.1 and 9.10.2, below. 

7.11.1 
7.11.1.l 
7.11.1.2 

7.11.2 
7.11.2.1 
7.11.22 

7.11.3 
7.11.3.l 
7.11.32 

7.12.7 
7.12.7.l 
7.12.7 2 
7.12.73 

7.12.8 
7.12.9 

I ntroduction 
Latched Bistable Relays 
Tristate' Relay Drivers 

Clamp Assembly 
UPD(/G) Distribution 
Buffer Clamping 

DC Assembly Switching Logic 
DC Range Switching Logic 
Function and OutpuJ Switching Logic 

'LIM ST' Logic 
'LIM DEJ'' 
'UM ST' Generation 
CPU Response 

'Lf', 'LF' and 'lkV GAIN' 
Thermistor Comparator 



9.10.3 AC ASSEMBLY LoGIC AND RELAY DRIVES 
(Cimdt Diagrams 430663 Page 11.7-5) 

The analog comrol signals are t:ramferred into guard on the Reference 
Divider assembly, and latched u 'Q' outputs in the Serial/Parallel 
Data Converter. Offset positive logic is used: 

logic-0 = -15V, logic-1 = OV. 

The signals enter the AC assembly via n from the Mother 
assembly. 

M28 and M29 are inverting, open-collector Darlington drivers. The 
relay-drive logic places a logic-1 (OV) on the input of the selected 
drivers and logic-0 (-lSV) on those not required. A selected driver 
operates its relay by pulling its output to -14V. 

9.10.3.1 Range Switching 
(Page 11.7-5) 

Range control data is input as a 3-bit code on AC}¼, ACR 1 and 
ACR2 lines. The bit-pattem is decoded to 'l . of 8' by M25, to 
energize the correct relays for the selected range. In this instrument 
only eight of the M25 'Q' outputs are connected. The resulting 
variants are listed in Table 9.1 against range selections. 

9.10.3.2 AC FNCT and I FNCT Logic 
(Page 11.7-5) 

In addition to its primary function of controlling AC Voltage range 
switching, the AC assembly logic also needs to respond to AC 
Current range selections; because the AC voltage reference for the 
Current/Ohms assembly is genetated by the Voltage circuitry. For 
this purpose the two signals AC FNCT and I FNCT are used. 

AC FNCT is at logic-0 only when AC Voltage output is selected, 
holding M25-1 l 'D' input at logic-0, and energizing relays RL2 and 
RLlO. This connects the star-point at Common-2B to the 
PLO(ACV) line (J7-31) and SIG LO to the SID(ACV) line {n-32) 
(page 11.7-1). The bit-pattems controlling the voltage range 
switching are shown on Table 9.1. 

I FNCT is at logic-0 only when Current output is selected, holding 
M25-11 'D' input at logic-0, and energizing relays RL2 and RL9. 
This connects the ACI REF lines (n-69 to n-72) to the ACV lines 
(page 11.7-1). The lOV range output is used as reference for the 
lOOmA, lOmA and lmA Current ranges, but the lV range output is 
used for the 100µ.A and lA ranges. The bit-pattems controlling the 
cummt range switching are also shown on Table 9.1. 

The signals AC FNCT and I FNCT are never at logic-0 at the same 
time in nonnal operation. The only time they are at logic-1 together 
is when all outputs from the Control Data latches in the Reference 
Divider are 'Tristated'. 'DCI' ensures that RL2 and RL9 cannot be 
energized by selection of DC Cmrent ranges. 

Whenever a switching command has been received, the CPU 
performs a control-data transfer and the UPD(IG) line from n-53 is 
pulsed to logic-0 for 50ms. Q19 is tumed on, applying +15V to the 
relays connected to its collector. The selected relays are thus 
energil.ed by 3OV, but afte.r the UPD(IG) pulse has ended Q19 tums 
off, and they are held on by the -12.6V between -1.4 V at the cathode 
of D2O and -14V at the selected driver output. This method reduces 
the heat, generated locally by energil.ed relay solenoids, in the relay 
contacts. 

FETs Q42 and Q43 damp the coils of RL12 and RL13; diodes D59 
and D60 isolate parts of the printed circuit to these relays, which are 
sensitive to power-common breakthrough when they are deselected. 
D55 and D56 are overswing diodes. 

9.10.3.3 'AC Zero' 

For zero output, the lines from the voltage generators to the I+ and 1-
tenninals are disconnected by deselection of the ranges, and a hard 
short is placed across the output lines by RL18. 

The ACR2-o code is 'l,1,1'. This sets M25-4 to logic-1 (energizing 
relay RL18) and all other M25 range outputs to logic-0 (the 
resultant bit-pattem is shown in Table 9.1). Thus all ranges are 
deselected, but relays RL2 (ACV and ACI), RL3 (AC Low Voltage 
Output), RLlO (ACV) and RL19 (lkV) remain energized. Relay 
RL18 connects the PLO(ACV) star-point of Common-2B to the 
Plil(ACV) line. 

9.10.3.4 'BARK DELA YED' 

The 'BARK' signal does not affect the AC assembly relays. 
However, if the Watchdog is activ~ the CPU imposes 
OUTPUT OFF conditions and forces the Precision DC Reference to 
ramp clown to zero, so the Plil REF voltage also falls to zero. 

All outputs from the Control Data latches in the Reference Divider 
(page 11.44) are Tristated' by the 'BARK DELA YED' signal. This 
allows the pull-up resistors (AN4 and ANS) to become effective. 

The AC FNCT and I FNCT are pulled to logic-1, and the ACR2-0 
code is '1,1,1'. This imposes 'AC Zero' conditions on the analog 
circuit, but RL2, RL9 and RLlO are also de-energized. So the OC 
precision reference is discomected from the input to the quasi
sinewave generator; the ACI(REF) is discomected from the input to 
the AC Current circuitry, and the Sense and Power Lo lines are 
disconnected from the sense amplifiers. 
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Funct ion Range Range Code M25 Output 
at Logic -1 

Note 11 1 ACR2 11 

ACR2 ACR, ACR0 'O' 

AC 1000V 0 0 0 0 0 
Volts 

100V 0 0 1 01 

(AC FNCT 10V 0 1 0 02 
at 

Logic -0, 1V 0 1 1 03 

iFNCT 100mV 1 0 0 04 

at 
Logic -1) 10mV 1 0 1 0 5 

1mV 1 1 0 06 

Any 1 1 1 07 

AC 
1 Current lOOµA } 0 1 1)3 

1A 

(AC FNCT 
at 

Logic -1, 

1mA } iFNCT- 10mA 0 1 0 02 

at 100mA 
Logic -0) 

Note I 1I With the 4 200 operat ing normatly: either AC FNCT 
or lFN'cT, but not both, will be at logic-0; unless SAFEtY 
message is displayed. 

Pin 

3 

14 

2 

15 

1 

6 

7 

4 

15 

2 

Relays Energized [ * = Energizec!J 

2 3 4 5 6 7 8 9 10 11 12 13 

. . 

. 
. . . 
. . . . . . 
. . . . . . 
. . . * * . 
. . . . 

. . . 

. . . . . 

. . . 

TABLE 9.1 AC ASSEMBL Y SWITCHING LOGIC 
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SECTION 10 CURRENT OUTPUTS AND RESISTANCE 

·10.1 DC AND AC CURRENT 

The circuits described in this sub-section perf orrn the following 
fimctions: 
• Divide the DC reference voltage by 10 to (-2V to +2V). 
• Generate a DC output current whose value varies directly as the 

reduced value of the DC reference Voltage. 
Convert the ACI Reference Voltage into an AC reference current, 
having a high-impedance source. 
Generate an output current whose value varies directly as the 
value of the AC reference current. 
Provide switching of the DC or AC Current Range and Output, 
llllder the control of the Analog Control Interface. 
Sense excess output (compliance) voltage, providing a status 
signal to the CPU via the Analog Control Interface. 

The voltage-to-current converter is located on the Current/Ohms 
assembly, providing five DC and five AC ranges of current output. 
The nominal full range values are lA, lOOmA, lOmA, lmA and 
lOOµA, each extending to 100% overrange, for both DC and AC 
Current selections. The output is drawn from the instrument I+ and!
terminals; the Hi and Lo terminals not being used. 

10.1.1 VOLTAGE-TO-CURRENT CONVERTER 

Fig. 10.1 shows the basic arrangement. A DC or AC reference 
voltage is developed across Rl between the output and the inverting 
input of the high-gain amplifier. Its output connects to its other 
input by a 'shllllt' network, part of which carries the output current. 

The combined feedback f orces the differential input to zero. The 
current in the positive feedback path is adjusted until the full value of 
the reference is developed across the path. For example in Fig. 10.1 
no current flows in R2, so all of VRef is developed across Rs. The 
values of VRef and 'shunt' Rs thus determine the value of current 
flowing in the external circuit. Rs is switched to select the range, 
and VRef is varied to set the output current within the range. 

VRef 

R1 

ov 

ov Vs (= V Ref) 

RG. 10.1 BASIC 
VOL TAGE-TO-CURRENT CONVERTER 

10.1.2 AC CURRENT GENERATOR 
(Circuit Diagrams 430614 Page 11.8-1 

and 430540 Page 7.13-3) 

Because a retum path is needed for the output current, a 'cornpliance' 
signal voltage appears between the I+ and I- terminals. The 
magnitude of this voltage is specified in the User's Handbook, and 
the specification is met by floating the input to the output amplifier. 

0n the DC ranges the floating DC ref erence is input directly into the 
output amplifier, which therefore acts as a voltage to current 
converter in the style of Fig. 10.1. Resistors R44 and R45 provide 
10:1 attenuation, to set the 'VRef to 1/10 of the reference value. 

For AC ranges the ACI Reference is buffered from the output 
amplifier in a two-stage circuit. A fixed voltage-to-current 
conversion stage is followed by a range-switchable current amplifier 
(the latter is the voltage-to-current converter for DC ranges). The 
combination is simplified at Fig. 10.2. 

In the figure, the AC Reference voltage is applied via two resistors 
Rl and R3 to both inputs of the first stage. It is arranged for the 
resistor values to conform to: 

so the output impedance of the stage is virtually infinite, and its 
output 'floats'. 

The second stage is a current amplifier, receiving the output current 
of the fixed stage to generate a voltage across R5. This voltage is 
repeated across R6, whose value is range-switched. Any resistor Rs 
does not affect the output, carrying no current. The current amplifier 
supplies are bootstrapped to improve common mode rejection. 

ACV to ACI Curnnt 
Converter Ampllfler 

R4 R6 

[R2 R4] = Floating 
R1 = R3 Output 

RL 

FIG. 10.2 AC CURRENT GENERA 110N 
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l 10.1.3 DC AND AC REFERENCE 
- SOURCING AND SCALING 

The DC output currents are bipolar, controlled within each 
range by the value of reference voltage (REF) applied directly from 
the Reference Divider. 0n all OC ranges, REF is divided by 10 in 
the input attenuator. 0n the lrnA, 1 OmA and 1 OOmA ranges, the 
span is ±20V, so a full scale span of ±2V can be applied across the 
selected range shunt. 

To optimize the choice of components and minimize the number of 
relays required for range switching, the OC ref erence for the other 
two ranges is additionally divided by 10 in software. 0n the lA 
Range a full se ale span of ±200m V can be applied across its 0. Ul 
shunt, and for the 1 OOµA Range the ±200m V can be applied across 
the combined shunt resistance of 1 ooon assigned to the lrnA Range. 

The AC output currents are controlled within each range by the 
value and frequency of the ACl(REF) voltage. This reference voltage 
is generated by the circuitry used for AC voltage ranges: the 1 0V 

. Range for the lrnA, lOrnA and lOOmA ranges; but the 1 V Range for 
the lOOµA and lA ranges. Thus the same shunt values and 
switching relays can be used for both AC and OC current outputs. 
The highest frequency av ailable is SkHz. 

10.1.4 DC CURRENT REFERENCE '(REF)' 
(Circuit Diagrams 430652 Page 11.4-3 

and 430614 Page 11 .8-1) 

The (REF) signal is the main OC reference for the whole instrument 
It is sourced in the Reference Divider on J4-9/10/11/12 (page 11.4-3) 
as a 4-wire output, which enters the Current/Ohms assembly from 
the Mother assembly on 18-112{3/4 (page 11.8-1). Relay RL7 is 
activated for OC Current Ranges, so the PHl(REF) and PLO(REF) 
levels are sensed at TP3 and TP4 respectively. 

(REF) is divided by R43/R44, so 1/10 of (REF) is developed across 
R43, and applied between the inverting input of the V-I converter and 
the output of the Darlingtons on the PS/I heatsink at 119-7 (one of 
the relay contacts RLl-2/3 or RLl-10/11 is always made). 

10.1.S AC CURRENT REFERENCE 
'PHI (ACI REF)' 

(Circuit Diagrams 430663 Page 11.7-1 
and 430614 Page 11 .8-1) 

0n the lOOµA and lA ranges, the AC 1 V Range circuit provides the 
2V RMS Full Scale reference; on the lmA, 1 OmA and 1 OOmA 
ranges the AC lOV Range circuit provides 20V RMS at Full Scale. 

0n the AC assembly (Page 11.7-1), for 1' function, RL9 is energized 
and RLlO is not. The reference voltage for the current generator is 
derived from the PHI (ACV) and PLO (ACV) signals; and sensed at 
the input to the Current/Ohms assembly. The sensed ACI REF is 
returned to the appropriate connections on the 1 V /1 0V Sense 
Amplifier. The 4-wire connections are made via J7, pins 69 to 71, 
to the same pins of J8 on the Current/Ohms assembly. 

The AC preamplifier M8 divides the reference voltage by 10, so that 
the value of the RMS voltage applied to R43 is the same as the DC 
voltage applied for corresponding range and output settings. 

10.2 

10.1.6 RANGE SELECTION 

Fig. 103 shows two Range configurations of the current amplifier. 
In each case V Ref is 10% of the reference voltage. RLl is a 
bistable latching relay, in which the polarity of the solenoid current 
determines which state is selected. Solenoid current is not required 
for hold-on, being necessary only to change state. 

The voltage across the I+ and I- terminals is allowed to rise to 3V 
OC or RMS with full compliance. Each range incorporates a series 
resistive element connecting the range selection relay contact to the 
I+ terminal. These resistors enhance the stability of the circuit, with 
reactive loads. 

10.1.6.1 lA Range (Refer to Fig. 103a) 

Relay RLl is activated to close contacts 8/9, 11/10 and open 
contacts 2/3. Relays RL2, 3, 4, and 5 are not energized. The only 
output current path available is through the 0.10 shunt R80. Thus 
in the positive feedback path all of V Ref is developed across R80, 
and no current flows in R79, R8, R9 or RIO. As V Ref is scaled to 
100m V OC or RMS Full Range, the full range output current in 
R80 is: lOOmVJO.Ul = lA. 

10.1.6.2 l00mA, l0mA, and lmA Ranges 
(Refer to Fig. 103b) 

Relay RLl is activated so that contact RLl-3/2 is closed, contacts 
RLl-10/11 and 8/9 are open. One relay from RL2, 3 and 4 is 
energized by range, RLS is also energized on the 1 OrnA and 1 OOmA 
ranges for extra HF filtering. All currents now avoid the 0.10 
shunt, passing instead through the 100 shunt R79. 

R79 is mounted with R80 on å separate heatsink assembly, plugged 
into the main Current/Ohms assembly (ref er to the Layout Drawing, 
page 11.8-1 for alternative versions). 

0n the 1 OOmA range, VRef is scaled to 1 V OC or RMS Full Range, 
so the full range current fl.owing through R79 to the I+ terminal via 
RL3-14/8 is: lV/lOil = lOOmA. 

For the 1 OmA range, R8 (90.00Q) is included in the current path, so 
the full range output current is reduced to lOmA. 900.0Q (R9) is 
added on the lmA range. 

10.1.6.3 l00µA Range (Refer to Fig. 103b) 

The hardware is switched as for the lrnA range, but either the DC 
REF voltage is scaled in software to 1 V full range, or the ACI REF 
voltage is obtained, as for the lA range, from the AC 1 V range 
circuitry. Thus VRef is scaled to 100m V OC or RMS Full Range, 
and the full range output current is 1 OOµA. 
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FIG. 10.3 CURRENT RANGE CONFIGURATIONS 

10.1.7 DC VOLTAGE-TO-CURRENT CONVERSION 

The value of the REF input sets the output current value, scaled for 
range as described earlier. REF is coupled: Hi (fP3) to the output, 
and Lo (fP4) to the inverting input through R44. 

The conversion arnplifier is in two sections: a voltage prearnplifier 
on the Current/Ohms assembly (page 11.8-1 ), and a power arnplifier 
on the PS/I Heatsink assembly (page 11.13-3). The latter is also 
drawn, for convenience, on page 11.8-1. 

The whole arnplifier is also used as the Current Amplifier for AC 
output currents. In that case it is preceded by the AC prearnplifier 
M8 (sub-section 10.1 .9). 

10.1.7.1 Voltage Preamplifier 

M3, M4 and Q6 form a high-gain, chopper-stabilized voltage 
amplifier. M3, itself a chopper-stabilized arnplifier of high gain and 
approximately 1 0Hz bandwidth, trims the input offset of Q6, which 
provides the bandwidth necessary to pass the signal frequencies and 
reject common-rnode noise. 

M4 contributes additional gain and drives the high-current output 
stage via link TLE. Its load, consisting of R26, R23 and R28 
shunted by Q7 in the Heatsink assernbly, is supplied with a constant 
current by Q9, D6 and Q 11. Additional frequency cornpensation is 
provided by C43 and R8 l. 

The supplies to Q6 and M3 are bootstrapped by M7 for common
rnode rejection, also linearizing the prearnplifier's dynarnic response. 
Extensive screening and filtering is ernployed to elirninate the eff ects 
of the chopping spikes at the inputs and output of M3. 

10.1.7.2 High Current Output Stage 
(Circuit Diagrams 430614 Page 11.8-1 

and 430540 Page 11.13-3) 

The rnain current arnplifier and ternperature-sensing driver load (Q7) 
are located on the PS/I Heatsink assernbly. The quiescent current 
'SEf ~· adjustrnent is situated on the Current/Ohrns assembly. 

10.1.7.3 Temperature Compensation 

Transistor Q7, thermally attached to the heatsink and in parallel with 
R26, R23 and R28 on the Current/Ohrns assembly, acts as the load 
for the prearnp. buffer. As the heatsink ternperature increases, Q7 
conduction increases, reducing the drive to the current arnplifier. 
This cornpensates for increased intrinsic quiescent current in the two 
Darlington output devices. 

10.1.7.4 Quiescent Current Adjustment 

FET Q9 acts as constant l.4rnA ballast for the 3.3V zener diode D6, 
which sets the voltage across R27 to approx. 2.6V. This establishes 
the collector current in Q 11, generating a eons tant current in the 
buffer load. 

The voltage across the load is supplied to the PS/I heatsink as drive 
for the high-current arnplifier. The tapping at J8-110 sets the base 
conduction level of Q7 on the heatsink, which in tum sets the level 
of its collector conduction, adjustable by R23. This therefore adjusts 
the quiescent current in the output devices Ql and Q2. 
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10.1.7.5 Power Amplifier 

Darlington emitter-followers Ql and Q2 form the power output 
amplifier, current-limited by Q5 and Q6. The bias is set to provide 
same 1 OOmA of quiescent current, which reduces the output 
resistance of the stage, improving the dynamic response of the 
output current. This also suppresses any tendency for the drive from 

10.1.8 AC VOLTAGE-TO-CURRENT CONVERSION 

10.1.8.1 AC Voltage-to-Current Converter M8 
(Circuit Diagram 430614 Pagel 1.8-1) 

The reference voltage PID(ACI REF) is applied to the inverting 
input of M8 via resistor R45, with R46 as feedback resistor. 
Similarly R47 and R48 are connected on the non-inverting side. The 
18MQ resistors R82 and R83 shunt R47 to allow compliance 
adjustment by R31. R86 refers the input to Common-11, the main 
'signal' common. 

10.1.9 OUTPUT PROTECTION 

Diades D18 and D19 are 5V, 5 Watt zeners, placing an absolute 
limit on the excursions of output voltage. The output compliance 
specification is valid only up to 3V DC or RMS at the output 
terminals . Nevertheless, occasions may arise when a user overloads 
the circuit by attempting to drive current into open circuit (e.g. by 
disconnecting from a load with OUTPUT ON). In this case D18 and 
D 19 protect any voltage-sensitive load by limiting the output 
voltage to 5V. But before the voltage reaches this limit, the 
overvoltage protection circuit generates the LIM ST signal . . 

10.1.9.1 Guard Buffers· 

Ml guards out the leakage of D18 and D19 in normal operation, and 
protects against other leakage, by maintaining the output screens and 
shields around the output circuitry at the output potential. In 
addition to its bootstrap function, M7 also acts as a buffer for guards 
around the amplifier input, thus preventing any common-mode 
disturbances from affecting the performance of the main amplifier. 
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the preamp buffer to fluctuate for output currents around zero; as the 
drive voltage must slew through approximately 1.3V after switching 
one device off before the other is switched on. The current shunts 
complete the feedback and output circuits, the output current being 
fed to the I+ terminal via protection circuitry and output switching. 

10.1.8.2 Current Amplifier 

The output AC current from the converter, flowing through R48 to 
restore M8 input virtual-common, passes via R85 into the Current 
Amplifier feedback resistor R43. It generates a reference AC voltage 
between the output of the whole Current Amplifier and its inverting 
input. This is reflected on its non-inverting side by the current 
flowing through the range-switched output 'shunts'. 

The whole amplifier is also used as the Voltage-to-Current Converter 
for OC output currents (sub-section 10.1.8). The Preamplifier and 
Output sections have . the same operation as in the DC case. 

10.1.9.2 Overvoltage Detection 

The output guard buffer Ml drives the overvoltage detection circuit. 
M15 divides the output voltage by two and acts as an inverting full
wave rectifier, accommodating AC and both polarities of DC. The 
full-wave rectified voltage at M15-14 thus increases negatively as the 
output voltage increases, charging C32 to its mean value at M15-10. 
M15-9 is biassed to -2.2V, so M15-8 reverse biasses D10 unless the 
terminal voltage exceeds 4.8V RMS, when M 15-8 swings to the 
negative rail and pulls the LIM ST line to -15V (logic-0). 

The diade D10 is part of a diode-OR gate, linking LIM ST to the 
LIM ST line, which enters the Reference Divider at J4-76. The 
CPU receives the LIM ST status signal via the SSDA serial 
interface, and if at logic-0 presents the 'Error OL' message on the 
MODE display. If in the lOOmA or lA range, the Output is tumed 
off and the DC precision reference is ramped to zero, to limit the 
power developed as heat within the instrument. Other sources and 
the effects of the LIM ST signal are described in sub-section 7.12.7. 



10.2 

10.2.1 

RESISTANCE 

INTRODUCTION 

Eight standard resistors are mmmted on the Current/Ohms Assembly, 
each being part of a combination whose total resistance is factory
adjusted toa value close to nominal. They are 4-wire connected to 
the instrument terminals by range-selection relays. Nominal values 
are HKl, toon, lkQ, lOkQ, lOOkQ, lMQ, lOMQ and lOOMQ. 

10.2.2 RESISTOR cmCUITS 

10.2.2.1 4-Wire Connection Symmetry. 
(Circuit Diagram No. 430614 Page 11.8-3). 

For any given resistor combination, the connections on the Hi side 
are made through contacts of the same relays used for the Lo side, 
except for ihe 'Q OUTPUT' relays RL24 and RL25. This ensures 
that both sides of each resistor connect to the front panel terminals 
through the same number of similar thermal cormections. 

To achieve the low leakage required for the Megohm ranges, 
particularly for the 1 OOMQ range, a further relay RLl 7 is used to 
isolate the parallel leakage paths of the lower range circuits. 

The use of latching relays eliminates the hearing effect from their 
solenoids. But it is important that all non-thermal relay contacts are 
made back-to-back to cancel thennal effects. Thus only the 
connections to non-latching relays RL24 and RL25 actually need to 
be back-to-back, although most others are. 

This symmetrical, 4-wire arrangement transfers the stability and 
accuracy of each resistor to the front (or rear) panel terminals. 

10.2.2.2 4-Wire Junctions and Pre-set Trimming. 

R63, R64, R65 and R72 are 4-wire resistors, so for 100-lOK.Q 
selections the 4-wire junction is at the standard resistor itself. These 
resistors are parallel-trimrned. R62, R74, R73 and R71 are two-wire 
resistors. For these higher resistance values, lOOK.Q, lMQ, l0Mn 
and lOOMQ, series trimming is used and the 4-wire jllllctions enclose 
the series chain. 

Trimming resistors are selected and adjusted in the factory, in a 
carefully-controlled environment, against traceable standards. 

10.2.3 METHODS OF CALIBRA TION 

10.2.3.1 Routine Autocalibration 

The nominal value of each standard resistor is labelled below its 
RANGE key. When the key is pressed, the OUTPUT display does 
not ·show nominal; hut instead gives the value measured at its most 
recent calibration. This is the main criterion for many users, rather 
than having the resistor intemally trimmed to nominal. So routine 
recalibration consists of accurately measuring the resistor value and 

setting the display to read that measured value, without removing the 
instrument covers ( sub-section 12 .10 ). The factor which corrects the 
nominal value to the measured value is stored in non-volatile RAM 
on the Digital assembly. 

During recalibration, if a user enters a value on the OUTPUT display 
which is outside the span of the calibration memory, the instrument 
displays "Error 6" (Section 12). As any resistor drift is normally 
just a fraction of the span, "Error 6" appears only when an erroneous 
value is entered, (eg. if a resistor's value has been changed by the 
stress of an overload). 

10.2.3.2 Internat Adjustment 

A severe overload can alter a resistor's value, possibly taking it out 
of its calibration memory span. To restore the value to one which 
can be entered from the front panel, each resistor combination 
includes an intemal trimmer (para 10.2.2.2). .A procedure ,for 
adjustment of the trimmers is given in sub-section 15, hut this 
should be limited to values less than about 50ppm outside tolerance. 
If a resistor is folllld to be more than ±50ppm outside its tolerance, it 
is likely to be llllServiceably damaged, so it is advisable to have such 
a resistor tested or replaced by an agent of Datron Instruments. 

10.2.4 USE OF 'Remote Sense' KEY 

10.2.4.1 4-wire/2-wire Display Values. 

In n function, selection of Remote Sense mode (Key LED lit) 
displays the measured value for the 4-wire connection, hut with the 
Remote Sense LED unlit, the 2-wire value is displayed. 

10.2.4.2 Two-wire Connections. 

To avoid the intrusion of extra thermal voltages, no additional 
switching is employed for selection of 2-wire connections. Users are 
recommended to connect only to the Hi/Lo terminals, so the 2-wire 
mode should be recalibrated at these terminals. 

10.2.5 OHMS ZERO 

With n function selected, pressing the zero key on the front panel 
closes the contacts of relay RL16. This provides a true 4-wire short, 
the existing resistor remaining cormected. 

If the Remote Sense LED is lit, the displayed value is zero and 
cannot be calibrated; hut if unlit, the resistance of the short plus 
interna! wiring can be measured and entered on the display, using 
four-wire measurement at the Hi and Lo terminals. Subsequently, 
each time the "Zero' key is pressed in 'Q' function with the Remote 
Sense key LED unlit, this entered value will be displayed. 
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10.3 FUNCTION SWITCHING. 

10.3.1 OUTPUT CONNECTIONS - FUNCTION ROUTING 
(Circuit Diagram 430614 Pages 11.8-1 and 11.8-3) 

The PID, PLO, SID and SLO connections are routed via the 
Current/Ohms assembly, and it is there that they are switched 
between functions. The outputs of the three functions V, I and n are 
switched by separate relays onto the tenninal lines (Figl0.4 ): 

Voltage Outputs 
Relays RL8, RL9, RL24 and RL25 are de-energized as shown on 
pages 11.8-1 and 11.8-3. The OC or AC Voltage Power and Sense 
connections to the DC assembly are routed out to the I+, I-, Hi and 
Lo terminals via latching relay RL23 closed contacts. -

DC or AC 
VOLTAGE 

PHl(V) 

SHl(V) 

SLO(V) 

PLO(V) 

Current Outputs 
Relay RL23 contacts are latched open; relays RL24 and RL25 are un
energized; relays RL8 and RL9 are energized to connect the output 
from the selected shunt to the PID and PLO lines only. 

Resistance 
Relay RL23 contacts are latched open; relays RL8 and RL9 are un-

. energized; relays RL24 and RL25 are energized to connect the 
selected standard resistor to the four PID, PLO, SID and SLO lines, 
regardless of the state of Remote/Local switching. To avoid the 
intrusion of extra thermal voltages, no additional switching is 
employed for selection of 2-wire connections. 

LINES to 
TERMINALS 

PHI 

SHI 

SLO 

PLO 

FIG. 10.4 ROUTING OF FUNCTIONS ON CURRENT/OHMS ASSEMBL Y 
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10.4 CURRENT/OHMS ASSEMBL V ANALOG CONTROL 

10.4.1 INTRODUCTION 
(Circuit Diagram 430614 Page 11.8-2) 

10.4.1.1 Control Signals 

The analog control signals are transferred into guard on the Reference 
Divider assernbly, and latched as 'Q' outputs in the Serial/Parallel 
Data Converter. Offset positive logic is used: 

logic-0 = -15V, logic-1 = OV. 

The signals enter the Current/Ohms assembly via J8 from the 
Mother assembly. 

10.4.1.2 Types of Relays 

Guarded Reed Relays 
Relays RL2, 3, 4 and 5 are guarded reed relays activated and held on 
by 15V. 

24V Relays 
Relays RL 8, 9, 24 and 25 are 24V relays, activated <luring the 50ms 
UPD(IG) pulse by approx. 30V, hut held on by 15V. 

Polarlzed Relays 
Relays RLl, 7, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 23 and 26 
are 6V latching relays, activated by approx. 7.5V; between Ml0-13 
at -7.5V and either OV or -15V from the drive output of the clamp 
assembly. These relays, strung out between the output of their bias 
amplifier (MIO) and the Clamp assembly, are activated only <luring 
the 50ms UPD(IG) pulse. They are polarized bistable relays, which 
require no hold-on power. 

10.4.2 LATCHING RELAYS AND CLAMPING 

The Ohms and DC Current circuitry is mainly controlled by low
thermal relays, many contacts being fitted back-to-back to reduce 
temperature effects. For the fastest response, the output relays RL8, 
9, 24 and 25 are not latched, hut can trip out quickly if the power 
supply fails, removing any sensitive circuitry from the terminals. 

All the other Ohms relays, the AC/DC Current changeover relays, 
lA Range relay, and Voltage output relay are latched; allowing hold
on without power, to minimize the interna! temperature at their 
contacts. As they are polarized they need a bipolar actuating drive, 
which is provided by Tristate' relay drivers and a bias amplifier. 

10.4.2.1 Latched Bistable Relays 
(Circuit Diagram 430614 page 11.8-2). 

As can be seen from the circuit diagram on page 11.8-2, the relays 
are strung out between the output of their bias amplifier (-7.5V at 
Ml0-13) and the drive outputs from the Clamp assembly. 

The bias amplifier MIO isa frequency-compensated voltage follower, 
buffering the tapping of attenuator AN5/R97. So one side of each 
relay is held permanently at -7.5V. The relay drivers on the Clamp 
assembly can provide outputs at OV or -15V when enabled by the 
UPD(IG) pulse, hut retum to tristate when disabled. A relay is 
therefore driven to one or the other of its bistable states <luring 
update, then magnetically latched in the chosen state when the driver 
output returns to open-circuit. 

All the latched relays except RLl 7 operate in the same polarity 
sense: when iis driver output updates at logic-1 (OV), the relay 
latches to select its nominal function; for a logic-0 (-15V) update, 
the function is deselected. For RLl 7 these conditions are reversed. 
In the analog circuit diagrams, the relay contacts are shown in their 
deselected state, equivalent to the un-energized state of a conventional 
non-latching relay. In the analog descriptions relays may be referred 
toas being 'energized' or 'un-energized'. 

10.4.2.2 'Tristate' Relay Drivers 
(Circuit Diagram 430669 Page 10-9). 

The relay drivers (Ml and M3 on the Clamp assembly) are octal 
'Tristate' buffers. Each chip is served by two inverted enable inputs 
on pins 1 and 19 (four buffers - half the chip - per enabling input). 

Whenever a switching command has been received, the CPU 
performs a control data transfer and the UPD (IG) line from 18-60 is 
pulsed to -15V for 50ms. 

Generally, the switching logic places a logic-1 (OV) on the input of 
selected drivers, and logic-0 (-15V) on tho·se whose function is not 
selected. Because all the buffers are non-inverting, <luring the update 
pulse a driver selects its function by setting its output voltage to OV, 
deselecting by pulling its output voltage to -15V. The driver serving 
RLl 7 (M3-15/5) performs in reverse, Jl3-15 being pulled to logic-0 
to allow selection of the lower resistance ranges. 
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10.4.3 CLAMP ASSEMBL Y 
(Circuit Diagrams 430614 Page 11.8-2 

and 430669 Page 10-9). 

0n the Current/Ohms Relay Drive Logic circuit diagram the Clamp 
assembly is shown in block form (page 11.8-2 ). Also, the pcb pin 
numbers correspond to the pin numbers of the buff er chips: J14 and 
J15 being the connections to Ml and M3 respectively. For signals 
crossing the block from bottom to top, the output of each non-

10.4.3.1 UPD(IG) Distribution 

As the UPD(IG) signal is distributed as the 'enable' to 16 buffers, it 
is itself buffered by M16 at M16-3 before being fanned out. So the 
four UPD(IG) connections at the left of the block are inputs to four 
sets of four buffers. 

10.4.3.2 BufTer Clamping 
(Circuit Diagram 430669 Page 10-9). 

The 40244 octal buffer can be sourced from several manuf acturers. 
Some variants are protected against SCR avalanche if the output 
voltage were to exceed the rail voltage, but some are not. Each 
buffer drives its output into the solenoid of a relay, and is switched 
on and off by the update enable. The self inductance of the solenoid 
can generate back EMFs well in excess of the rail voltage, so to 
guard against the possibility of catastrophic failure, it was decided to 
provide externa! protection in the form of a clamp circuit. 

0n the Clamp assembly Q 1, Q2, Q3 and Q4 form two power 
supplies, each delivering a regulated voltage of a diode-drop less than 
the rail voltage, called '+VE CLAMP' and '-VE CLAMP'. 

A diode connected from the buffer output to each of the clamp lines 
allows the output voltage to rise to the rail voltage but not to exceed 
it (see Fig. 105). 
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inverting buffer is drawn opposite its input, so the fimction remains 
unchanged as it crosses the block. As a further aid to identification, 
the pins of any one buffer are numbered so that the input and output 
numbers add up to 20. 

'+VE CLAMP' 

'-VE CLAMP' 

FIG. 10.5 TYPICAL CLAMPED BUFFER 

10.4.3.3 BCD - Decimal Decoder M2 

The function of M2 is to decode the octal Ohms Ranging signal 
Rn2-0 with the Q ZERO signal, providing switching information 
for individual relays. To provide flexibility for other applications, 
the inputs and decoded outputs for M2 are taken out to pins of J18, 
the outputs being linked back to selected pins of J13 and J14. These 
connections are shown on page 11.8-2. 

Refer to sub-section 10.4.6 and Table 103 for a discussion of the 
M2 decode and resultant relay operation. 
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10.4.4 V, I AND .Q FUNCTION SWITCHING 

10.4.4.1 Function Relays 

The Function relays are located at top right of the circuit diagram on 
page 11 .8-2. 

RL8 and RL9, when energized, select the Current function. 

RL24 and RL25 select the Ohms function. 

RL23 connects the Voltage outputs to the instrument terminals. 

For the analog connections refer to sub-section 10.3. 

10.4.4.2 Voltage Output 

Selection of the OC or AC Voltage function at the front panel also 
deselects Current and Ohms functions in software. The I FNCT and 
.Q FNCT signals are set to logic-1, and decoded by M17-8, M16-10 
and M16-11 to set the V OUTPUT signal to logic-1. This activates 
relay RL23, connecting the voltage output lines to the front panel 
terminals. 

Functlon Signals 

OFF BARK IFNCT 0 FNCT DCI ACFNCT 

DCI 0 0 0 1 1 1 
ACI 0 0 0 1 0 1 

DCV 0 0 1 1 0 1 
ACV 0 0 1 1 0 0 

n 0 0 1 0 0 1 

The IR2.0 code is '1,1,1', setting only M6 'Q7' (pin 4) output to 
logic-1. Thus the Current range relays RLs 2, 3 and 4 are all un
energized. Relays RL8 and RL9 are un-energized, disconnecting the 
current output and shorting it to the current common-Il. RLl is 
latched in the lA position, selecting R79 in preference to R80; and 
RL5 connects the 1 OmNl OOmA filter. 

Since I FNCT is at logic-1, the DCI and ACI signals are at logic-0; 
relays RL 7 and RL26 are un-energized, disconnecting the DC and AC 
references from the current circuitry. 

(Refer to Circuit Diagram 430663 Pages 11. 7-1 and 11 .7-5) 
In the AC assembly , the logic-1 I FNCT signal (17-86) de-energizes 
RL9. This disconnects the ACI REF lines (17-69 to 17-72) from 
the ACV lines. Thus the voltage to current converter (M8 on the 
Current/Ohms assembly) receives no input voltage, and so no current 
is generated. AC FNCT connects the ACV lines only for voltage 
ranges. 

10.4.4.3 Current and Ohms Function Switching 

Their Function selection logic is included later in the descriptions at 
sub-sections 10.4.5 and 10.4.6. 

Relays Actlvated 
Current/Ohms Assembly AC Assembly 
RLS RL24 RL23 RL 7 RL26 RL9 RL10 
RL9 RL25 (Latching Relays - RL2 RL2 

*=Pin 1 at Logic-1) 

* * 
* * * 

* 
* * 

* 

TABLE 10.1 CURRENT/OHMS ASSEMBL Y - FUNCTION LOGIC 

10.4.S CURRENT SWITCHING LOGIC 
(Circuit Diagram 430614 Page 11.8-2) 

10.4.S.1 'I OUTPUT' Relays RL8 and RL9 

Whenever a switching command has been received, the CPU 
performs a control-data transfer and the UPD(IG) line from J8-60 is 
pulsed to logic-0 for 50ms. Q l and Q7 remain cut off until the 
pulse arrives. The pul_se tums Ql and Q7 on, applying +15V to the 
relays connected to Ql collector. 

Any selected relays are thus energized by 30V, hut after lhe UPD(IG) 
pulse has ended they are held on by the 13.3V between -0.7V at the 
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cathode of D2 and -14V at the selected driver (M20) output. This 
method reduces the local heat, generated by energized relay solenoids, 
in the relay contacts. 

The I FNCT and OFF signals are decoded so that RL8 and RL9 are 
energized only when the Current function has been selected and 
Output is ON. 
(i.e. RL8/9 are energized if M16-4 [OFF•I FNCT] = logic-1). 



10.4.5.2 'DCI' and 'ACI' Relays RL26 and RL7 

The I FNCT, BARK and DC I signals are decoded so that RL 7 and 
RL26 can be energized only when the Current function has been 
selected and the W atchdog has not 'BARK'ed. 

Under these conditions; if DC Current is chosen, then the DC I 
signal is at logic-1, so M9-10 is also at logic-1 and RL7 closes its 
contacts to apply the DC Reference 'REF to its voltage-to-current 
converter. If AC Current is chosen; DC I is at logic-0, so M9-9 
goes to logicl and RL26 closes its contact. This connects the 
output from its voltage-to-current converter M8 to the input of its 
current amplifier. 

10.4.5.3 Current Range Relays RLl, 2, 3, 4 and S 

M12 isa Darlington open-collector inverting driver array. The relay 
drive logic places a logic-1 (OV) on the input of the selected drivers 
and logic-0 (-15V) on those not required. A selected driver operates 
its relay by pulling its output to -14V. 

The octal Current Ranging signal IR2.0 is decoded by M6 to provide 
four individual outputs for Range relays: 

Range 

lA 
lOOmA 
lOmA 
lmA 
lOOµA 

M6 Relay 
Output 

Q2 
Q3 
Q4 
Q5 
Q5 

RLl 
RL3 
RL2 
RL4 
RL4 

Reference Source 
DC AC 

-2V to +2V 
-20V to +20V 
-20V to +20V 
-20V to +20V 

-2V to +2V 

lV Range 
lOV Range 
lOV Range 
lOV Range 
lV Range 

The Q3 and Q4 decoded outputs for the lOOmA and lOmA ranges are 
ORed at Ml 7-6 to operate RL5, which introduces HF filter capacitor 
C49 on both these ranges. 

RLl is a bistable latching relay with a single operating solenoid. A 
logic-1 at pin 1 switches the lA range on, and a logic-0 switches it 
off. Normally pin 1 is floating on open collector, so the relay 
remains latched in one bistable state with its solenoid un-energized. 
During the 50ms UPD(IG) pulse, non-inverting buffer Ml on the 
Clamp assembly is enabled, allowing the M6 Q2 state to change 
RLl over (if programmed), before the UPD(IG) pulse ends. 

10.4.5.4 Current Zero-Output 

DC Current Zero 
The DC Current output can be continuously incremented between its 
negative and positive Full-Scale outputs. Thus zero output can be 
selected by operator-adjustment of the 'REF' value using the 
'OUTPUT' keys, or pressing the Zero' key, which ramps REF to 
zero. The zero value is corrected <luring Routine Autocalibration. 

AC Current Zero 
For AC zero output, as each range operates only between 9% and 
200% of nominal, zero cannot be selected by adjustment of the 
OUTPUT keys. The AC zero is normally obtained by using the 
'Zero' key which, through software, disconnects the lines from the 
current generator to the I+ and I- terminals. 

The 'OFF signal is set to logic-1, and the IR2.0 code is '0,0,0'. 
This sets all M6 outputs to logic-0, so the Current Range relays 
RLs 2,3 and 4, and the filter relay RL5, are all un-energized, and 
RLl latches in the lA position (R79 is selected in preference to 
R80). 

Relays RL8 and RL9 are de-energized by the OFF signal, to open
circuit the I+ and I- terminals, and short the current amplifier output 
to common-Il. While setting OFF to logic-1, the CPU also forces 
the Precision DC Reference to ramp down to zero, so the AC 
reference voltage also falls to zero, and the current generator has no 
input. Thus the high current amplifier is not trying to produce an 
output current, and will not be damaged. 

Functlon Ranga Ranga Code M6 Output Plns Relays Actlvated 

IR2.0 02 03 04 as 01 RL1 RL1 RL2 RL3 Rl4 ALS RLB 
1+ 1- Rl9 

IR2 IR1 IR0 2 15 1 6 4 12- 12+ 
(latching) 

Vorn NIA 1 1 1 1 * * 

DCI 100µA 1 0 1 1 * * * 
or 1mA 1 0 1 1 * * * 

ACI 10mA 1 0 0 1 * * * * 
100mA 0 1 1 1 * * * * 
1A 0 1 0 1 * * 

ACIZERO Any 0 0 0 * 

TABLE 10.2 CURRENT RANGJNG LOGIC 
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10.4.6 RESISTANCE SWITCIDNG LOGIC 
(Circuit Diagram No. 430614 Page 11.8-2). 

10.4.6.1 Output Switching. 

Whenever a switching command has been received, the CPU 
performs a control-data transfer and the UPD(IG) line from 18-60 is 
pulsed to logic-0 for 50ms. Ql and Q7 remain cut off until the 
pulse arrives. The pulse tums Ql and Q7 on, applying +15V to the 
relays connected to Ql collector. 

Any selected relays are thus energized by 30V, hut after the UPD(IG) 
pulse has ended they are held on by the 13.3V between -0.7V at the 
cathode of D2 and -14V at the selected driver (M20) output. This 
method reduces the local heat, generated by energized relay solenoids, 
in the relay contacts. 

The n FNCT, BARK and OFF signals are decoded so that RL24 and 
RL25 are energized only when the Ohms function has been selected, 
Output is ON and the Watchdog has not barked. 
(i.e. If M16-9 [OFF•Q FNCT•BARK] = logic-1, RL24 and RL25 
are energized ). 

10.4.6.2 Range Switching 

Range control data is input as a 3-bit code on O.J¼, nR 1 and nR2 
lines. The bit-pattem is decoded by M2 in the Clamp assembly to 
activate the correct relay(s) for the selected range. The resulting 
variants are listed in Table 103 against range selections. 

Range Range Code M2 'Q' Output 
(OR2"'2J) (Clamp Assembly) 

nR2 nR1 O.f¼ 

100 0 0 0 00 
1000 0 0 1 01 
11<.Q 0 1 0 02 
10k0 0 1 1 03 
1001<.Q 1 0 0 04 
1MO 1 0 1 05 
10MO 1 1 0 06 
100MO 1 1 1 07 

nzero (All Range relays deselected) 

Ranges <1 MO (excluding n Zero) 

Relay RLl 7 is activated to connect the lower Ohms (<lMQ) ranges 
to the 'output line only when the Megohm ranges are not activated. 
This reduces the parallel leakage (para 10.2.2.1). NOR gate M19-6 
combines th~ signals which will activate RL17; hearing in mind that 
the polarized RLl 7 connections between its driver and the -7 .SV rail 
are the reversc of all the other latching relays. Thus it closes its 
contacts when M19-6 isat logic-0 (-15V), not logic-1 (OV). · 

The signal states which cause RLl 7 to close its contacts are: 

OFNCT 
or OR2 
or OZERO 
or Jl8-l 

- logic-1 (Ohms function not selected); 
- logic-0 (1 on, 1000., lk.Q, or lOk.Q selected); 
- logic-1 (Ohms Zero selected); 
- logic-1 (Clamp assembly M2 Q4 @ logic-1 

- 1 OOk.Q range selected). 

10.4.6.3 Ohms Zero. 

The Q FUNCT and Q ZERO signals are NORed by M19-10 and 
inverted by M17-12 so that RL16 is activated either when the Ohms 
function has been selected and the Zero Key has been pressed, or at 
times when the Ohms function is not selected. 

Relays Actlvated 
(All latching relays) 

RL13 ) 
RL10 ) 
RL14 ) 
RL12 ) Each relay selects when 
RL11 ) pin 1 = Logic-1 (OV) 
RL20 ) 
RL19 ) 
RL18 ) 

RL16 Relay selects when 
pin 1 = Logic-1 (OV) 

RL17 Relay selects when 
pin 12 = Logic-1 (OV) 

TABLE 10.3 OHMS RANGING LOGIC 
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10.4.7 DEFAULT AND STATUS LOGIC 

10.4.7.1 'OFF' 

The OFF signal is combined with the I FNCT and n FNCT signals 
to ensure that when the instrument OUTPUT OFF key is pressed, 
the selected function's circuitry is disconnected from the terminals. 
For Current outputs, RL8 and RL9 disconnect the terminals from the 
current output; and for Resistance, RL24 and RL25 disconnect the 
standard resistor. 

10.4.7.2 'BARK' 

The BARK signal is combined with the n FNCT and OC I signals 
to ensure that when the W atchdog barks, the selected function is 
disabled. For OC Current outputs, RL 7 disconnects the REF signal 
from the High-current V-to-1 converter; for AC Current outputs, 
RL26 disconnects the drive from the AC reference V-to-1 converter to 
the High current amplifier; and for Resistance, RL24 and RL25 
disconnect the standard resistor. 

The effects of 'BARK DELAYED' follow after 47ms. 

10.4.7.3 'BARK DELAYED' 

If the W atchdog is activated, the BARK signal is generated, and 
47ms later all outputs from the Control Data latches in the Reference 
Divider are 'Tristated' by the 'BARK DELA YED' signal. 0n the 
Current/Ohms assembly, this allows the pull-up resistors (ANl) and 
pull-down resistors (AN3) to become effective. At the same time the 
BARK DELA YED signal sets a -15V pulse on the UPD (IG) line 
for 1.5 seconds (M41 on page 11.4-5), to ensure that the latching 
relays on the OC and Current/Ohms assemblies will respond to the 
default state. 

The full effect of the default is that relays RL5, RL16, RL17 and 
RL23 are activated, the remainder are not: 

The Current and Ohms circuits are disconnected from the 
terminals, but relay RL23 connects the Power and Sense lines 
from the OC assembly to the terminals. However, on the DC 
assembly the same default has disconnected the voltage output 
from the lines. 

The Current ranges are deselected, but relay RL5 holds the HF 
filter in circuit. 

All Ohms standard resistors are deselected as well as disconnected 
from the terminals; the 4-wire Ohms-Zero short is activated, but 
is also isolated from the instrument terminals by RL24 and 
RL25. 

As the Watchdog detects certain malfunctions in processor or Analog 
Control transfer operation, the default is a safe holding state, and 
subsequent changes will depend on the reaction of the CPU to the 
event. The Watchdog is described in sub-section 6.4.6. 

10.4.7.4 'I/.Q ST' 

The IJ.Q ST line at 18-98 is pulled down to -15V (logic-0) for as 
long as the Current/Ohms assembly is fitted in the instrument. This 
state is passed back via the Reference Divider (14-68) and the SSDA 
serial link to the CPU (Circuit Diagram 430652 page 11.4-4). Thus 
the CPU recognizes that the Current/Ohms assembly is fitted, and 

can operate the appropriate programs. 
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