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SECTION 1

CALIBRATION

1. Routine Calibration procedures are given in the User’s Handbook, Section 8.
2. Users are recommended to have first completed the Verification Procedures in Section 7 of the User’s Handbook.

1.1 GUIDE TO 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

4808 is fully calibrated before leaving the factory. The-

specifications for the 4808 are based on standard intervals of up
to 24 hours, 90 days 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 aroutine task. For this reason, Routine Autocalibration
procedures are given in Section 8 of the User's Handbook.

Users may wish to choose alternative schemes, accounting for:

»  The accuracy required when in use,

o The instrument specifications (User’s Handbook Section 6)

o The scheduled calibration iniervals normally adopied 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 itis necessary o trim the instrument's
internal Master Reference. For example, when the 4808 is to be
made traceable to a different National Standard, after
iransportation from one couniry io another (Refer to AUTOCAL
FACILITIES page 1-5).

- CALIBRATION MEMORY CORRUPTION
Battery Change

Calibration constants are stored in an internal memory which
remains energized by a battery. The Lithium battery which
powers the non-volatile calibration memory should be replaced
after 5 years (Refer to Sectiond .3). Afterreplacement, a full Pre-
calibration is required followed by a complete Routine
Autocalibration.

Memory Check failure

Wheneverthe CAL key is pressed, new calibration constants are
checked to be within prescribed limits before being stored.
Values outside prescribed limits flag a Fail 6. The same check
is also 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
acritical PCB assembly or a critical component. These are listed
inTable 1.1 (seepage I-2), indicating the extent of therecalibration
necessary.

Ohms Internal Adjustments

¢ If the Powar Supply/Current Heatsink has been changed it
may be necessary to adjust the quiescent bias current (IQ) by
internal adjustment. Refer to Section 4.7 for further
information.

»  If astandard resistor value has been changed by subjecting it
1o undue siress, it may be possible to recalibraie by internal
adjustment, Refer to Section 4 4 for further information.

Recalibration Procedures in Section 1

REMOTE CALIBRATION VIA THE IEEE 488 BUS

The device-dependent commands necessary for routine calibration
of the instrument over the IEEE 488 bus are described in Section
5 of the User’s Handbook. A guide-line example is given in
Section 1.2 of this manual, but this needs to be adapted for the bus
controller in use.

PRE-CALIBRATION PROCEDURES (Section 1.3)

In an initial intemnal 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.

REMOTE PRE-CALIBRATION

A guide line example is given in Section 1.5, but this needs to be
adapted for the bus controller in use.




Assembly

Components Aeplaced

Calibration Required

Digital
(11.2)

Complete Assembly

Lithium Battery (Sect. 4.3)
Non-volatile RAM (M10/M23)
Non-volatile RAM Supply
commutation components

Pre- & Routine Calibration
Pre- & Routine Calibration
Pre- & Routine Calibration

Pre- & Routine Calibration

Reference Divider
(11.4)

Complete Assembly
Reference Assembly (77.4-7)
Any sei of main, guard or
LSD switch FET's

Reference Buffer

Switch Driver Flip Flops or
their preselected resistors

Pre- & Routine Calibration
Pre- & Routine Calibration

Pre- & Routine Calibration
Pre- & Routine Calibration

Pre- & Routine Calibration

R79 Pre- & Routine Calibration
DC Assembly Complete Assembly DC (All Ranges) only.
(11.5) 1V attenuator R73/R74 DC (1V, 100mV, 10mV, 1mV,
100pV Ranges) only.
100mV attenuator
R69/70/71/72/75/7672/75/76 DC (100pV - 100mV Ranges) only.
100V/1000V atienuaior
R8/9/25/26/46/47/64/65/88/95/98 DC (100V, 1000Y Ranges) only.
Sine Source Complete Assembiy Specification Verification at
(711.6) User's Discretion
AC Assembly Complete Assembly Routine Calibration
(11.7) Sense Amplifier Routine Calibration
Reference Inverter Routine Calibration
AC/DC Transfer & Integrators Routine Calibration
Current/Ohms Complete Assembly DC/AC Current and Ohms

Currant Assembly
(711.8)

(N.B. Internal Adjustment reqguired,
refer to Section 4.4)

+10 atienuator (R43/44)
{DCl function)

Current shunts R8/8/10/79/80
(DCI function)

M8 and associated components .
Cuirent shunts
Feedback resistor R45

DC/AC Current

DC Current

DC Current

AC Current
AC Current
AC Current

CurrentOhms
Ohms Assembly
(11.8)

Standard Resistors, associated
pre-selected/variable trimmer
resistors (Ohms function)

Internal adjustment (Section 1.4)
Ohms calibration (replaced values only)

All Other Assembiies Not Listed Above

Specification Verification
at User's Discretion

Tabie 1.1
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PREPARING THE 4808

Before any calibration is carried out, prepare the 4808 as follows:

1. Tum on and allow a minimum of 2 hours to warm up in the
specified environment.

2. Cancel any MODE selection keys, ensure OUTPUT set o
OFF.

3. IEEE 488 Address switch:
Set to ADD 11111 (Address 31) unless the 4808 is to be
calibrated via the IEEE 488 interface.

4, CALIBRATION ENABLE key switch:
Insert Calibration Key and turn to ENABLE.

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

Caution
Inadverient use of the cal key can overwrite the calibration
memory!

IEEE 488 ADDRESS

(LOCATED ON THE REAR PANEL)

SETTO: ADD 11111 (ADDRESS 31)
54 321 o
<
-
SECURITY KEYSWITCH
(LOCATED ON THE REAR PANEL)
SET TO: CAL ENABLE

‘-
CALIBRATICN - CALIBRATION
ENABLE & ENABLE

CAUTION:

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

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

NOTE
The message Error 3 appears on the left-hand MODE display for
any attempt to select an inappropriate mode.

WARNING:

Terminals marked with the -~ symbol carry the
output of the 4808. These terminals and any other
connections o 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 veltage is present.

RETURNING THE 4808 TO USE

When any calibration is completed, return the 4808 to use as
follows:

1. Ensure that Output off LED is it.

2. CALIBRATION ENABLE key switch:
Turmn to RUN and withdraw calibration key.

3. IEEE 488 Address switch:
Restiore to correct address if the 4808 is to be used in an
IEEE 488 system.

The cal legend and calibration modes are deactivated,

SETTO. RUN

CALIBRATION CALIBRATION

ENABLE

SETTO: CORRECT ADDRESS
(for your system)

<

"
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EQUIPMENT REQUIREMENTS

Before removing the 4808 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 1Amp shunt.

DC FUNCTION

Low Voltage (100mV to 10V)
An adjustable DC Voltage source of suitable accuracy
Example: Datron 4000A Autocal Standard

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.

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

Current (100pA to 1A4)

A DC Voluneter, of suiteble accuracy standardized ar 1V and
100mVY.
Example: Datron 1281.

A set of calibrated current shunts of suitable accuracy.
Example: Tinsley 5685 "Wilkins" Standard Resistors.

AC FUNCTION

Voltage (1V tc 1000V)
An Adjustable DC Voltage Source of suitable accuracy.
Example: Datron 4000 or 4000A Autocal Standard.

An AC/DC Thermal Transfer Standard capable of operating over
the range 1V to 1100V RMS.
Example: Characterized Holt 6B

2-wire HF compensation (1V 10 10V)
An AC DVM of suitable accuracy
Example: Datron 1281

Millivolts at LF(1mV o 100mV)

A commercially-available Inductive Voltage Divider of suitable
accuracy and frequency response; with ratios of 10:1, 100:1 and
1000:1.

Example: Tinsley 55607

An AC DVM of suitable accuracy and frequehcy response.
Example: Datron 1281 or similar.

Millivolts at HF (1mV to 100mV)
An AC DVM of suitable accuracy and frequency response.
Example: Datron 1281 or similar.

Current (ImA to 1A)
A DC Current Source of suitable accuracy.

‘Example: Datron 4000 or 4000A Autocal Standard

AC/DC Thermal Transfer and a set of Calibrated Thermal-
Transfer Current Shunts of suitable accuracy.
Example: Holt 6B and HCS-1 AC/DC Shunis.

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

Current (Alternate) (IpA o 1A)
A set of calibrated AC Shunis of suitable value and accuracy.
Example: Tinsley 5685 AC/DC Standard resistors.

An AC DVM of suiiable accuracy and frequency response.
Example: Datron 1281 or similar.

A Buffer capable of operating with negligible errors from DC to
SkHz at a 1Volt level

RESISTANCE

2-Wire & 4-Wire (100 to 100MQ)
A set of standard resistors covering 10€2 to 100MQ. The 10€2 to
10kQ2 should be 4-wire type.
Example: For 1062 - 10kQ Tinsley 5685
For 100k - 10M£2  Guildline 9330

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

A Datron 1281 used as a iransfer-measurement device.
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AUTOCAL FACILITIES

These keys are activaied by two rear panel swiiches (refer to page 1-3 Preparing the 4808°). When these modes are active, the legend

‘cal' is presented on the left-hand MODE display.

The following is a general description of the facilities available. For specific information see the initoduction proceeding each of the

function's calibration routines,

CAL

The 4808 assumes that the selected range is to be calibrated at the
exact Full Range value or at Zero. The instrument decides on
Zero Offset’ or Full Range Gain' from the right-hand OUTPUT
display value (defined by the same limits as for 'SET"), and
execuies the calibration. Ifthe value initially seton the QUTPUT
display is below 2% of Full Range value, the instrument assumes
thatanoffset calibration isrequested, and if at 2% or above, a gain
calibation is assumed.

CAL {with pre-selection)

fthe CALkeyispressed after first pressing STD, SET or £0, the
CAL key executes, then cancels, the preselected AUTOQCAL
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 anominal Full Range
value or to absolute zero.

Before selecting SET, the < keys are operated to place the
Calibration Standard value on the CUTPUT display and set the
4808 output level.

Pressing SET then informs the 4808 that calibration is to be
carried out at this value. The instrument acknowledges by
duplicating the value cn the MODE display.

Next, the C keys are manipulated to null the 4808 output against
the Calibration Standard (the QUTPUT display changes during
this adjustment).

Pressing the CAL key executes the calibration. The 4808
memorizes the difference between the two display values, and
exits from SET mode. This is shown by transfer of the Standard
value from the left-hand MODE display to the right-hand
QUTPUT display. The instrument uses the difference to modify
stored constants, which in 'RUN' mode correct both positive and
negative outputs on the calibrated range only.

0/ SPOT

On the DCV function, the 10 key is used to align the ON+ and
OMN- zeros of all DC voltage and current ranges, by a two part
calibration on the 10V range. Iiis only necessary when the ON+
and ON- zeros of the 10V range do not coincide ai the same null.

On the ACV and ACT function, the function of the key changes
to SPOT Frequency calibration. When SPOT is pressed, the4808
assumes that the spot frequency is to be changed, and so defaults
the frequency 1o 1kHz. When used with SET, SPOT calibration
can be carried out within 10% of the full range value, but when
SPOT is used without SET, the 4808 assumes that the calibration
is to be at Full Range. After SPOT calibration, selecting Spot
Frequency at the calibrated value achieves the highest possible
accuracy (see User’s Manual, Section4). It is only necessary to
perform Spot Frequency calibration if the accuracy achievable is
required inuse. Forrecall procedures see the User's Manual page
4-10.

STD

Caution
Using the STD key changes the gain of all voltage and current
ranges.

The STD key allows a user to re-standardize by trimming the
valueofthe 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 4808
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 1V or 10V range, using the DC Low Voltage procedure.
Select STD after placing the Calibration standard value on the
OUTPUT display. Continue theroutine fromstep(I). Procedurally
STD differs from SET only in the use of the STD key instead of
the SET key.




GENERAL NOTES

INTERCONNECTIONS

Itisrecognised 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

1V 10V 100V 1000V -  Local/Remote Sense
imV 10mV 100mV - Local Sense only
All current ranges - notapplicable
(Local: 2-wire sense, Remote: 4-wire sense)

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

OUTPUT OFF DEFAULT WHEN UPRANGING

The 4808 cannot enter High-Voliage staie with OUTPUT ON.
Consequently, when ranging-up, the operating systerm allows the
upranging to occur, but defaults to QUTPUT OFF for two
specific cases:

1. When upranging to the' 1000V Range.

2. . When upranging to the 100V Range:
To avoltage of 90V or more on DC
To a voltage of 75V or more on AC

Otherwise, OUTPUT remains ON when changing GUTPUT
RANGE.
Refer to User's Handbook, Secrion 4.

GENERAL PROCEDURE

Prepare the instrument for calibration (refer to "Preparing the
4808° procedure onpage 1-3). Note that your instrument will not
necessarily have all options fitted

The available options for the 4308 are as follows:

Option 10: DC Voltage function to $200V.

Option 20: AC Voltage function to 200V.

Option 30: Integral 1000V amplifier for AC Voltage and/or
DC Voltage functions. (Requires either Option
10, Option 20 or both.)

Option 40: Current converter to provide DC Currentand AC
Current functions. (DC Current capability
requires Option 10, AC Current capability
requires Option 20.)

Option 50: Resistance function. (Requires Option 10 or
Option 20.)

Option 60: DC Current and/or AC Current range extension

to 11A. This option includes the Datron 4600
Transconductance Amplifier and all necessary
cabling. (Requires Option 40.)

The message 'Error 3" appears on the left-hand MODE display
for any attempt o select an inappropriate mode. Select the
equipment and procedures io be used. Set all sources to zero and
all measurment devices io low sensitivity and configure using the
interconnecton diagram provided. If calibrating DC function,
start with 20 Alignment check routine. When all calibration has
been completed use the Return to Use’ routine on page 1-3.

Calibration Routine

Set the 4808 to OUTPUT ON and Full Range value. Adjust the
4808 outputi to equal the calibration standard and press CAL. The
right-hand OUTPUT display changes to nominal.

Calibration Routine (with preselection)

The OUTPUT display is set to the Calibration Standard value, the
4808 output is switched ON, and one of the calibration mode
preselector keys (STD, SET or +0) is pressed. The 4808 output
is adjusted to equal the Calibration Standard value, and the CAL
key is pressed to execute the calibration.
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1.2 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 4808 can itself be calibrated under remote control. Full autocalibration of
the instrument over the bus implies availability of a suitably programmed controller, programmable standards, programmable Null

Detector, and a programmable Thermal Transfer.

Transfer of Calibration Facilities

Calibration Commands

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

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

1. the CALIBRATION ENABLE keyswitchon the instrument
Rear Panel must be set 1o ENABLE, and

2. the IEEE Interface command-code W1 must have been
received and activated.

Additional commands can be activaied when 'PRE-CAL
ENABLE'switchisenabled. Referio I.5 Remote Pre-Calibration
Guidlines.

Availability of Command Codes

When the 4808 is under remote control over the bus, the command-
code W@ overrides the settings of the CALIBRATION ENABLE
andinternal PRE-CALIBRATION ENABLE swiiches, disabling
the 'C' codes.

General Procedure

The Main Register is set to the Calibration Standard value
(M*x£ ), the 4808 Ouiput is switched ON (01), and one or a
specified sequence of the calibration mode command codes (C1,
€2, C3, 1) may be wansmitted.

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

Command Description Funetions and Facilities
Codes
(Key caps) DC Voltage DC Current | AC Voltage AC Current 2-Wire 2 4-Wire Q
7
co Range Zero | 100mV-1000V Al 7;//////7//% 100- 1M W
(CAL) Ranges Ranges ///2 ///;j Ranges %
Gain calibration 100mV-1000V All All All 10G-1MG
to Nominal Full Range Ranges Ranges Ranges Ranges Ranges F(anges
*C1 Zero offset for All All %
{SET) range at User's Ranges RBanges
selected value //
Gain for range at All All AII /
User's selected value Ranges Ranges Ranges Ranges

*C2 Internal Reference 1V &10V 7/
(STD) gain at user's Ranges
Standard value

"s;;;::' 7/// // //

/ I
“C3 Alignment of 10V 7//
(x0) internal ON+ and Range
ON- zeros

.

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

*Preselector - must be activated later by command code CQJ (CAL)




COMMAND CODE FACILITIES {Routine Calibration)

For a General description see 'Autocal Facilities' page 1-5.

Calibration Codes
C1 (SET)

C1 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 execuiing the calibration
CQ uses the final 'M' Code value to distinguish beiween Zero
(offset calibration) and Full Range (gain calibration). The
limits of Offset or Full Range depend on function selected
(Refer to User's Handbook, Section 8).

€2 (STD)
C2 allows a user to compensate for changes of the internal
Master Reference voltage. For best accuracy it is
recommended this procedure is carried out in DC function.
Note that the gains of all voltage and current ranges change
in the same ratio. Execute with C@.

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

C@ (CAL only)
If Command C is sent without pre-selectioncode C1/C2 the
instrument assumes that the selected range 15 1o be calibrated
ateither Zero or Full Range. It uses the value input by the ™’
Code to distingunish between Zero {(offset calibration) and
Full Range (gaincalibration) according o the functien selected
(Refer to User's Handbook, Section 8).

Guidelines - An Example

The following sequence suggests a method of calibrating the
instrument 1V 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 4808. The
nulling operation is seperated into its own string, as it is likely to
be iterative.

SET Calibration of 1V DC Gain
FORSG@SOGW 1M+1.018057C101=M(for nul)CH

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

Calibration Command Strings

The following AC command sirings are given for the sole
purpose of illusivating the methodology designed inte the 4808
for remote calibration modes. Some reference to external
operations is inferred. The nulling operation is seperated into its
own string, 2s it is likely to be iterative.

Tt is assumed that the 4808 has previcusly been programmed in
function and range (not autorange R@) and that the exiernal
circuit is set up correctly. The 4808 is already programmed into
its calibration mode by W1, with the calibration keyswitch set to
ENABLE, and output OFF.

2. Nominal Full Range LF Gain Calibration:
H(LF)A101=M (for null)=C@=00=

b. Nominal Full Range HF Gain Calibration:
HHF) A101=M(for nul)=CO=00=

c. Combined Nominal LF and HF Gain Cali:
HLF)A101=M(for nul)=CO=
HHF)=M(for null)=CO=00=

d. Non-nominal LF Gain Calibration:
HLF) M(20%-200%FR)YC1=
C1=M(for null)=C@=00=

e. Non-nominal HF Gain Calibration:
H(HF) M(20%-200%FR)C1=
Ol=M(for mull)=CO=00=

f. Combined Non-nominal LF and HF Gain Cal:
HLFM(20%-200%FR)C 1=
O1=M(for null)=C@=
HHF)M(20%-200%FR)Cl=
M(for nul)=C@=0@=

g. Standardization at Nominal Full Range
1V or 10V Range only):
H(LF)A1C201=M(for nul)=C@=00)=

Standardization at a Non-nominal value
(1V or 10V range only):
HLF)M(20%-200%FR)C2=
O1=M(for null)=CPB=0@=

=
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1.3 PRE-CALIBRATION

1.3.1 Introduction

GENERAL

In an initial calibration process at manufacture, certain 'PRE-
CAL' parameters are established 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, these factory defined pre-calibration parameters
are valid for the life of the instrument, and subsequent Routine
Calibration procedures are sufficient to maintain calibration.

Preparation for the pre-calibration operationincludes removal of
the Top Cover, io facilitate selection of pre-calibration mode and
operation of the calibration memory clear push-button. DC and
AC pre-calibration must then be completed followed by 2 Full
Routine Recalibration. Thereafier, all routine calibrations may
be performed from the front panel or over the IEEE Interface
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 when the instrument supply is switched off. This
should be replaced at five-year intervals {Refer fo Section
4.3).

o The Digital Assembly

o The Reference Divider Assembly

o Critical components in the Digital or Reference Divider, AC
and Sine Source assemblies

A full list appears on flap of page 1-2. 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

nc

° A precision divider capable of dividing 20.000,000V 10
10.000,000V to a ratic error of better than 0.1ppm between
tappings. For example a Datron 4902/S precision divider or
alternatively a Dairon 4903 DC Calibration Unit.

° A DC 10V reference with an accuracy of better than 2ppm.
Example: Datron Instruments 4000A or a bank of standard
cells.

AC

= A precision voltmeter capable of 1V AC measurement with
a stability between readings of better than +5ppm.
Example: Datron Instruments 1281

°  An inductive voltage divider with ratios of x1.0 and x0.1
capable of dividing 10.000,00V 10 1.000,000V o an accuracy
better than 2ppm.

e An AC/DC Thermal Transfer Standard.
Example: Holt Model 6B

PREPARING THE 4808

Before clearing the pre-calibration store, prepare the 4808 as
described onpage 1-3. The adjusiments detailed in the following
sequences include intentionally clearing the instrument's pre-
calibration memory, which loses ALIL previous calibration
information. Therefore before proceeding make certain that the
reasons for carrying out a complete recalibration are valid. (If in
any doubt, consult your Datron Service Centre)

Identification of Access Holes

PRE-CAL EMABLED
: POSITION

5‘3

2
pox

i
sy

=
2

2 .
g-g I
S ety
i e ]
i P
GAOTED . VO ATR B ESTHIS CHO0L DI W!mw

TERGSLE AD FOIER PMFUT OAELE BEFDSE
CHER

These holes provide access to the PRE-CAL ENABLE' switch
and the ‘'CLEAR CALIBRATION MEMORY' switch.

Release 6 screws retaining the top cover.

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

¢. Locatetheholewhichgivesaccesstothe PRE-CALENABLE
switch. Insert an insulated tool in the hole and move the pre-
cal switch to theright (Enable). The legend 'cal’, as presented
on the left-hand MODE display, also appears on the right-
hand 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. Locatethehole which gives access to the Calibration Memory
CLEAR push-bution. Insert an insulated tool in the hole and
press the button to clear the calibration memory.

€, Refit the top cover but do not secure.

Compleie the following pre-calibration procedure
{Paras 1.3.2 overleaf).




1.3.2 Procedure
DCV Precal
+ Zero Calibration

First complete the 20 Alignment Calibration Procedure in Section 8 of the User’s Handbook, but with pre-calibration mode selected.

DCV Precal Setup

PRECISION DIVIDER
(6.9 DATRON 4802/S)

i

20V ¢
10

4 =

k Uinaarity

PHI
10V ¢
SHI ) m
N
Coarse 2ERO
10k Gain

ov

Coarse Gain
& Linearity

DAHGER - HIGH YOLTAGE
uard
.

4308 Calibrator

Remote Guard
Remote Sense

DANGER - HIGH YOLTAGE

DC Standard

Local Guard
Local Sense

Ensure the 4808 Qutput off LED is lit, cancel any MODE keys, select Remote Sense and deselect Remote Guard. Select DCV
FUNCTION and 10V RANGE. Connect the Precision Divider to the insitvument terminals as shown. Use short leads.

Coarse Gain

&

4808
Ensure OUTPUT OFF and select the 10V RANGE.

Precision Divider/MNull Detector
Set the Null Dectector 1o Low sensitivity and connect to the
Precision Divider at 10 tapping.

4808
Connect o the precision divider as shown. Select ON+ with
zero QUTPUT.

DC Standard/Null Detector

Ifthe DC Standard is abuffered bank of standard cells, switch
the Buffer output to zero. However if 2n elecironic reference
is used connect Null Detecior -ve lead io Reference Low.

Set Null Detector to high sensitivity. Zerc Null Deiector.
Reduce Mull Deiector sensitivity.

Switch on or reconnect the 10V DC Standard Hi to Null
detector.

4808
Select SET, its LED lights. Adjusi the OUTPUT keys for
Full Scale OUTPUT (+19.999999V).

Use instrument OUTPUT > keys to adjust the Null Detector
reading {o zero.

Press CAL: the SET LED goes out.

Linearity

f.

&

5=

Precisior Divider/Null Detector
ReduceNull Detector sensitivity. Reconfigure Null Detector
Hi to divider 20V tapping.

DC Standard/Null Detector

Ifthe DC Standard is a buffered bank of standard cells, switch
the Buffer output to zero. However if an electronic reference
is used, connect the Null Deiector -ve lead to the DC
Standard's Low terminal.

Set Null Detector to high sensiiivity. Zero Null Detector.
Increase Null Detector sensitivity.

Switich on orrecomnnect the 10V reference Hi to Null detector.

4808
Select STD, its LED lighis. Press ON+ and Full Range
OUTPUT (10.000000V).

Null Detector

Increase Null Detector sensitivity and use 4808 OUTPUT
keys to adjust the reading fo zero.

4808
Press the CAL key: the STD LED goes OFF. Pre-cal isnow
compieted. Select QUTPUT OFF and disconnect.
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ACVY LF Precal

AC DVM (mV RANGES)
Local Guard

CALIBRATOR
(AC mV RANGES)

DANGER - HIGH VOLTAGE
Guard [ 1

{sherting
link)

ACV LF Precal Linearity Setup

Ensure the 4808 Output off LED is lit, cancel any MODE keys, select Remots Sense and deselect Remote Guard. Select ACYV
FUNCTION and connect the IVD to the insirument terminals as shown. Use shori leads. Select the 1kHz Frequency Range.

10% Range Full Range
a, IVvD c. IVD
Select x1.0 ratio, Select the x0.1 ratio to divide the 4808 output by 10.
. 4808 d. 4808

Select 10V range, at 1kHz on the 1kHz Frequency range.
Select 1.000,00V. Press the 0 key, its LED lights. Use
instrament OUTPUT S keys to adjust the DVM reading to
1V. Press CAL: the 0 LED remains lit and 1.000,00V
(nominal 10% Full Range) appears ontheright-hand CUTPUT
display.

Select Full Range. Use instrument QUTPUT  keys to
adjust the DVM reading to 1V. Press the CAL key: the £0
LED goes OFF. Recheck, without pre-selection, at 1V and
10V, Ifrequired repeat the procedure. Select OUTPUT OFF
and disconnect. Pre-cal is now completed. Disable pre-cal
and complete a Full Routine Calibration.
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ACY HF Precal
DC Standard

Remote Sense and Remote Guard

Thermal Transfer 4808

Remote Sense and Remote Guard

ACY HF Precal Linearity Setup

With OUTPUT OFF, connect the 4808 and DC Voltage Standard io the Thermal Transfer AC and DC inputs, respectively.

10% Range

a. 4808
On AC function, select the 10V range, select the 1MHz
frequency rangeand use the FREQUENCY C keys todisplay
1MHz. Use the QUTPUT  keys to output 1V and set
QUTPUT ON. Press the SPOT key.

b, DC Voltage Standard
Set to 1V output and set OUTPUT ON.

¢. Thermal Transfer Standard
Configure for DCV measurement at the 1V level and adjust
for Null. Configure for ACV measurement at the 1V level.

d. 4808

Use the QUTPUT < keys to adjust the GUTPUT display
reading to obtain a null on the Thermal Transfer Standard.
Press the CAL key.

Full Range

e. DC Voltage Standard
Set to 10V Output, select QUTPUT ON.

f. Thermal Transfer Standard
Configure for DCV measurement at the 10V level and adjust
for Null. Configure for ACV measurement at the 10V level.

g. 4808

Press Fullrange key to display 10V and use the QUTPUT
keys to obiain anull on the Thermal Transfer. Press the CAL
key.

PRE-CAL DISAB

When pre-calibration is complete the pre-cal enable switch musi
be set to RUN.

CAUTION: DO NOT press the internal push-buiton which
clearsthe calibration memory. If thisisdone, any parameters
stored in the calibration memory are cleared; so pre-
calibration is cancelled, and must be repeated.

Lift the top cover at the front.

b. Locatethehole whichgivesaccesstothe PRE-CALENABLE
switch.

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

d. Refit and secure the iop cover.

A Full Routine Calibration is necessary before completion of the
Retum to Use procedure on page 1-3.

s

2

R R R Sl R KA R

—

DO NOTPRESS

S

=
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1.4 INTERNAL OHMS ADJUSTMENT

Introduction

The Autocal procedure for routine calibration of the 4808's
Resistance function is described in Section 8 of the User’s
Handbook.

The method of calibration is to. measure the value of each
standard resistor, and store the measured value in non-velatile
calibration memory. Subsequently, eachtime aresistance RANGE
is selected, the previously calibrated value is displayed.

If a standard resistor has been subjecied 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, itcan 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, in
which case consult your Datron Service Centre.

Manual Trimming Procedure

The following procedure is a supplement to- Routine
Autocalibration. Itis necessary only when the 4-wire calibration
detailed in Section & of the User’s Handbook has resulted in an
‘Error 6’ message.

It can also be used when, for operational reasons, it is necessary
o 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. Inseri an insulated screw driver 100l 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 (¢) until
the desired value is obtained,

€. Re-calibrate the range for 4-wire and 2-wire connections as
detailed in Section 8 of the User’s Handbook.

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 (&), above.
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Transfer of DC pre-calibration facilities

General Procedure

The wansfer of Pre-calibration faciliiies to remote conirol is
lustrated above. The general procedure follows that for remote
Routine Calibration; the external circuii 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 Interface command-code W1 must have been
received and activated.

¢ Theintemal PRE-CALENABLE swiichissettic ENABLE.

When the 4808 isunderremote control over the bus, the command
code W@ overrides the setting of the CALIBRATION
ENABLE and internal PRE-CAL EMNABLE switches,
disabling the 'C’ codes.

Pre-Callbration Command Strings

The following command sirings are given for the sole purpose of
illustrating the methodology for the remote pre-calibration mode.
Some reference 1o exiernal operations is inferred. The nulling
operation is separated inte its own siring, as it is likely to be
iterative.

It is assumed that the external circuit is set up correctly.

The 4808 has already been programimed into its calibration mode
by W1, with the CALIBRATION ENABLE keyswitch and the
internal PRE-CAL ENABLE swiich set to ENABLE.

The calibration memory stores have been cleared, and the 4808
Gutput is OFF.

C3
10 (DC)
SPOT (AC) §

Transfer of AC pre-calibration facilities

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

1. *Zero

FOR6M+H201C3= {Set-up and +0 preselection)
Mtz (lierative nulling operation)
Ch=M-D= (CAL' and -ON)

M= (lierative nulling operation)
Co=00= (CAL' then OQUTPUT OFF)

2. Coarse (Gain and Linearity

FOR6CAM+18.99999901=  (Set-up and linearity
preseleciion)

Mtz (Tterative nulling operation)

CP=00= (CAL' then OUTPUT OFF)

C5=M--10.00000001= (Set-up and linearity
preselection)
(Iterative nulling operation)

(CAL' then QGUTPUT OFF)

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

Full Range and 1/10th Range Linearity;
first for LF, and then for HF

FIR6H*** (30 =M***= (Program 1o frequency and

voliage)
I G (Lterative nulling operation)
CO=Md= (First 'CAL’ of two-part
process)

(lterative nulling operation)
(Second 'CAL' cancels
- preselecied mode)
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Notes on the Use of the Rull Detector

Appendix 1 to
4808 Reference Handbook
Section 1

The Null Detector is normally connected in series with the 4808 Hi lead. A high-impedance-input device should be chosen to reduce off-
null currents due to differences in the ouipuis of the DC voliage source and the 4808. A baitery-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 is a standard cell or a bank of
cells.

Six points are important:

1.

2

The null detector should be connecied to the 4808 (or 4808
loadresistor) only when the 4808 Output off LED is lit. (with
output OFF, the I+, I-, Hi and Lo terminals are at high
impedance).

Always set the null detector to its lowest sensitivity before
connectimg up, and increase sensitivity only when the voltages
output by the DC Voltage source and the 4808 are close in
value.

Do not change polarity of the 4808 or DC Voliage source
without first swiiching the 4808 QUTPUT OFF. Care must
be taken to ensure thaf the correct polarity on key is pressed,
to avoid excessive voliages being connected across the null
detector, particularly when checking the 4808 directly against
a standard cell.

Most Null Detectors are equipped with a’Self-zero' or "Zero-
check’ facility. For maximum accuracy, the Mull Detector
range zero should be checked before each calibration nulling
operation is performed. However, when gain-calibrating the
4808 Voltage and Current Ranges, the zero offset of the
calibration voliage source is nullified by adjusiment of the
Null Detector Zero conirol. This setiing shouldnot be altered
until the corresponding Range gain has been calibrated.

5. WARNING

During performance checks and calibration acommonmode
voltage equal to the full range voltage is present at the Null
Detector input terminals. On 1000V checks this voltage is
potentially lethal, so EXTREME CAUTION must be observed
when making adjustments to the null detector sensitivity.

CAUTION

The Null Detector used must be able to withstand voltages up
io 1200V between its input terminals. Such voliages will be
present during the time that the 4808 is ramping from zero to
1000V Full range after setting OUTPUT ON. Inadvertent
disconnection of the Precision Divider terminals can transfer
full cutpui across the Null detector.
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Calibration Source Zerp Offsets

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

A more difficult situation arises if there is a 'DC turnover 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
volis selected. This type of error is normally adjusted out on the
" 4808 by a preliminary +0' calibration on the 10V Range, to anull
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.

Appendix 2 to
4808 Reference Handbook
Section 1

The 4808 analog circuitry is fully floating, so its output may be
referred to any common mode voltage within the range specified
inSection 6.3 of the User's Handbook. In particular, each Range
zeromay be aligned to absolute zero in Local Sense by calibration
to a null across its Hi and Lo (Sense) terminals. But if it is then
gain-calibrated against an offset source withoutre-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.

The notional sequence of calibration for the 4808 should be as follows:

a. 0
Check that the 10V Range 'ON+' and 'ON-' zeros coincide at
absoluie zero (Adjust if necessary).

b. Ramnge Zeros
Carry out 'ON+' zero calibration on a1 Ranges agaimst the
same absolute zero.

€. Range Gain
Each Range Gain in turn, (Null Detecior connections as
shown for Voltage or Current)
f.  At'OMN+' zero output from both source and 4808, trim the
Null Deiector for null,
if. At the required positive DC level, calibrate the 4808
Range gain,

This sequence ensures that the 4808 'ON+' and "'ON-' zeros are
both set to absclute zero, and that both positive and negative
polarities are accurately gain-calibrated o a unipolar source.

It it is required 1o check the 4808 'ON-' gain calibrations against
a bipolar source, the source’s 'ON-' zero offset must first be
nullified, as described n (g. 1.) opposite.






SECTION 2 FAULT DIAGNOSIS

WARNING

HAZARDOUS ELECTRICAL POTENTIALS ARE
EXPOSED WHEN THE INSTRUMENT COVERS
ARE REMOVED.

ELECTRIC SHOCK CAN KILL

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.

2.1 INTRODUCTION

21.1  Use of Diagnostic 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
left-hand MODE display. Initial actions to be taken after the
occurence of a FAIL message are given, where applicable, in the
diagnostic guides of Section 2.2. The FAIL message localizes the
failure into a distinct functional area and the "Fault Condition"”
summary in each guide relates the function failure to a probable
hardware boundary.

The identiiies of the assemblies involved in the failure are given
beneath the fanli condition summary, but it is unlikley that all
assemblies listed will prove to be faulty. For successful failure
analysis, it is advisable to be familiar with the electronic
functioning of the instrument and with the physical location of
the assemblies. To assist in these aspecis, 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 4808 incorporates built-in protection in hardware and
software. To minimize damage, protective circuitry acts
immediately, backed up by a pre-programed CPU response w
detected faihare symptoms. If possible the CPU informs the user
by presenting a failure 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 FAIL S as Default State

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

In normal use, an operator will probably notice onty FAIL 5, and
miss the original failure message. In FAIL 5 state, front panel
control is inhibited until Reset is pressed. This returns the
instrument to the state for which the original fault conditions and
failure message were produced, but with Cutput OFF.

2.1.23 To Observe the Original Failure Message
Two procedures can be used:

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

b. Resetthe instrument 1o reproduce the fault, carefully watching
the MODE display.
The original failure message could reappear momentarily,
prior to defaulting into FAIL 5.

Then select the appropriate diagnostic guide in Section 2.2.

213 FaAIL6
FAIL 6 reparts two iypes of NV RAM failure.

a, Overall sumcheck failure.
Sumcheck 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 defaulied to
x1 or x0 respectively,
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2.2 DIAGNOSTIC GUIDES

2.2.1 FAIL 7 (Excessive Internal Temperature)

INITIAL ACTION

1. Wait approximately 1 minute until the CPU has defaulied the
mstrument to QUTPUT OFF. The CPU clears the FAIL 1
message and enables the keyboard.

Switch OUTPUT CN.

3. No failure display - ne further action. FAIL 1 recurs - fault
persists.

FAULT CONDITION

High temperature sensed in:

o Positive Heatsink Assembly, or

* Negative Heatsink Assembly.

Fauli indication signal OVERTEMP active,

POSSIBLE FAULT LOCATIONS

o Positive Heatsink Assembly (page 11.13-1).
»  Negative Heaisink Assembly (page 11.13-2).
> Power Amplifier Assembly (page 11.9-1).

FURTHER INFORMATION IN THIS HANDBOOK

Technical Descriptions: Section 7.12.9.

2.2.2 FAIL 2 {Over-Voltage)

INITIAL ACTION

1. Ensure that OUTPUT is OFF
(4808 should have iripped to FAIL S).

2. Power OFF any external voltage source.

N.B. This failure can be caused by injection of an external
voltage across the terminals OR the output of high voliage
when not requested by the user.

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

Disconnecs external leads from the terminals.
Press Reset.

Carry out self-test sequence.

FATL 2 recurs - fauli persisis.

S

No failure display - Reproduce original conditions in Local
Sense with no external connections.

7. No failure display - check extemnal circuit and proceed with
careful use.

8. FAIL 2 recuys - fault persists.

FAULT CONDITION

1. Over voltage circuit on the DC Assembly has deiected the
excess voltage between PHi and PLo lines and has activated
HY ST signal 1o the CPU, and

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

[

The CPU has switched Ouiput OFF, iripped the watchdog
and generated FATL S display.

POSSIBLE FAULT LOCATIONS

o Injection of external voltage.

o D.C Assembly (page 11.5-1).

o 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

No 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 FAIL 5 display.

POSSIBLE FAULT LOCATIONS

o Reference Divider Assembly (page 11.4-1).

o Analog Interface Assembly (page 11.3-1).

FURTHER INFORMATION IN THIS 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 fauls.

2. CPU has detected errors in the most-significant data bits set
in the precision divider input data laiches, and generated
FAIL 4 display, then

3. ThHe CPU has switched Output OFF, tripped the watchdog
and generated FAIL 5 display.

POSSIBLE FAULT LOCATION
o Analog Interface Assembly (page 11.3-1).

FURTHER INFORMATION IN THIS HANDBOOK
Technical description: Section 6.5.2.3.




2.2.5 FAIL 5 (Safety Circuits 'Watchdog' Trippad)

INITIAL ACTION

Use the checking sequence below, watching the MODE display
carefully at each stage to detect any FAIL number appearing
immediately before FATIL 5. If no failure message occurs, carry
on to the next stage.

Stage 1:  Press Reset.

Stage2:  Carry out self-test sequence (Section 2.3).
Sitage3:  Set Output ON.

Stage 41 Proceed with careful use.

If FATL 2 occurs at stage 3, ensure that it is not due to injection
of an exessive external voliage by discormecting the instrument
terminals and repeaiing the checks. If FAIL 5 alone ocours,
proceed to "Fault Condition” below. For any FAIL other than
FAIL 5, iransfer o the diagnosiic gnide for thai message.

FAULT CONDITION

18mS monostable (M 10 in reference divider) has been deprived
of at least iwo i:ng er pulses and has thimed out, aciivating
"BAREK"” and "BARK DELAYED" BARK -47m8) signals
from M13 in the reference divider assembly.

Summary of "BARK" effecis:

1. Removesthedrivefrom the High Voliage (1kV ) ransformer.

(23]

BARK status messe

seni to CPU signalling 2 failure.

4, CPU staris controlled shut-down.

Summary of "BARK DELAYED" effects:

1. Discomnects the voliage Power and Sense circul

instrument ouipul terminals.
2. BARKDELAYEDdisebles theregisters of theserial/paralle!
data converters,

3. Outputs from contrel laiches in the
disabled by sstting o "Tristate".
pull-up or pull-down resisior
inte 2 safe condition.

POSSIBLE FAULT LOCATIONS

o Digital Assembly (No gated WRT STRB pulses at J2/J3-29)
(page 11.2-2).

o Analog Interface Assembly (No SSDA strobe pulses; or
Waichdog disabled) (page 11.3-3).

o Reference Divider Assembly (Incorrect functioning of
Waichdog setup circuitry) (page 11.4-5).

N.B. The Waichdog is designed primarily to ensure that CPU
malfunctions do not set up dangerous conditions in the
analog circuiiry.

FURTHER INFORMATION IN THIS HANDBOOK

Technical description: Section 64.




2.2.6 FAIL & (Calibration Memory Fault)

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

INITIAL ACTION
1. Select Output OFF, Spec OFF, Error OFF.

o

at the requested value.

No failure display - no further action.
FAIL 6 recurs - recalibration required.
Select Cal (refer to Section 1).

Recalibrate (refer to Section 1).

N u ok W

Calibration failure - fault persists.

FAULT CONDITION

Calibration memory fault on Digital pch assembly.

POSSIBLE FAULT LOCATION
° Digital Assembly (page 11.2-3)

FURTHER INFORMATION IN THIS HANDBOOK
Self-test procedures: -Section 2.3.
Calibration procedures: Section .

Technical descriptions: Section 6.1.

Perform self-test sequence (Section 2.3) or select Output ON

INITIAL ACTION

R

Switch power OFF.
Check line supply is correct for input voltage setting.
Swiich power ON - no failure display - no further action.

FAIL 7 recurs - fault persists.

FAULT CONDITION

o

®

°

Positive or Negative 400V power supply failure
Fault indication signal 400V (2) FAIL active

Check line input voltage

POSSIBLE FAULT LOCATIONS

®

o

o

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/Current Heatsink Assembly (page 11.13-3).
Mother Board (page 11.16-1).

FURTHER INFORMATION IN THIS HANDBOOK

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

2.2.5 FAIL 9 (P.A. 15V Power Failure)

INITIAL ACTION

1. Switch power OFF.

2. Check line supply is correct for input voltage seiting.

3. Swiich power on - no failure display - no further action.
4,

FAIL 8 recurs - fault persists.

FAULT CONDITION

o Positive or Negative 38V power supply failure.

o Fault indication signal 38V (2) FAIL active.

o Check line input voliage,

e It is possible for a misleading FATL 8 message 1o occur,
caused by a logic supply failure, in particular -15 Volts. The
FATL 9 message will have been displayed momentarily.
Refer for fault location and further information to FATL 9.

POSSIBLE FAULT LOCATIONS

o Power Amplifier Assemably (page 11.9-1).

o Reference Divider Assembly {page 11.4-1).

o Power Supplies (page 11.712-1).

o Mother Board {page 11.16-1).

Techuicel descriptions: Secrion 8.7,

INITIAL ACTION
1. Switch power OFF.

[

Check line supply is correct for input voltage setiing.

Switch power on - no failure display - no further aciion.

&

FAIL 9 recurs - fauli persists.

FAULT CONDITION

o Positive or Negative 15V power supply failure. This is
indicated by a transitory Fail 9 followed by Fail 8.

o Fault indication signal 15V(2) FAIL active.

®

Also 400V power supply is disabled.

o Check line input voltage.

o

POSSIBLE FAULT LOCATIONS
o Power Amplifier Assenbly (page 11.9-1).

2

o

Reference Divider Assembly (page 11.4-1).

o
s

o Power Supplies (page £11.11-1).
EURT

THER INFORMATION 1N THIS HANDBOOK

Technical descriptions: Section 6.7.

[
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2.2.10  Error EF (External Frequency selected but not detected)

INITIAL ACTION

o If External Frequency Lock is not required:
Ensure external frequency selection switch (§53) is set 1o
OFF.

o If External Frequency Lock reference is required:

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

2. Ensure Rear Panel switch §53 is set to ON,

FAULT CONDITION
> The external reference signal detector has set EXT REF ST
to Logic @.
POSSIBLE FAULT LOCATIONS
o External circuit.
o Interconnection Assembly (page 11.17-2).
o Mother Assembly (page 11.16-4).
o Analog Interface Assembly (page 171.3-4).

FURTHER INFORMATION IN THIS HANDBOOK

Technical descriptions:

External Frequency Lock: Section 8.3.
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2.2.11

Error OL (Voltage: Output current limit exceeded: or Current: Qutput compliance limit exceeded)

INITIAL ACTION

FA

If Voltage range selected:

1. Set Output OFF (Automatic if 100 or 1000V range
selected).

2. Disconnect external circuit.
Set Output ON:

e If no Error OL or FAIL message, check external
circuit for low resistance, drawing output current in
excess of specification. Ensure Maximum Capacitive
Load constraints are not exceeded (refer to User’s
Handbook, Section 6.3).

»  If Error OL recurs, internal fault persists.

If Current range selected:

1. Set Output OFF.

2. Short Output terminals I+ to I-.
3. Set Output ON:

* If no Error OL or FAIL message, check external
circuit for highresistance, developing output voltage
in excess of compliance limit.

» If Error OL recurs, intemnal fault persists.

ULT CONDITION (IN DC RANGES)
If Low DC Voltage range (100pV -10V):

DC Overcurrent Detector circuit (page 11.5-2) has detected

‘acurrent 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 (page 11.5-2) has
detecte‘@ excessive currentin the PLO(DCV) line and has
activated LIM DET signal to the CPU, or

b. DC 1000V Over-Voltage detector (page 11.14-2) has
detected an output voltage in excess of 1440V and has
activated LIM DET signal to the CPU.

In either condition a. or b., M10 in the power amplifier removes

the

16kHz drive from the input to the PA, and generates HII ST

signal to the CPU; which responds by setting Output OFF, and

DC

Reference voltage to zero.

If Current range selected:

Overvoltage detector circuit(M15 in Current/ohms Assembly)
has detected a terminal voltage of 4.4V or more and has
activated LIM ST signal to the CPU. If 100mA or 1A range
selected, the CPU switched Output OFF and reduces DC
Reference voltage to zero.

FAULT CONDITION (IN AC RANGES)

If 1ImV, 10mV, 100mV or 1V Range:

Sine Source Assembly overcurrent sense circuit (M49a/
M49b)hasdetected a currentin the AC 1V line of approximatly
25mA RMS or more, and has activated LIM ST signal to the
CPU.

If 10V range:

10V overload detector in the Power Amplifier Assembly has
detected a current in the I+line of approximately 60mA RMS
ormore. In this condition a hardware limit comes into effect.

If High Voltage ranges (100V or 1kV): Either

a. 100V Overloaddetector inthe Power Amplifier Assembly
has detected aload in excess of 120mA RMS on the 400V
power supply,

b. 1kV Current Overload detector (M8) in the Output
Control assembly has detected anexcessive outputcurrent,
or

c. 1kOvervoltage Detector in the Output Control Assembly
has detected a voltage on the PHI(V) line in excess of
1440V RMS.

In these ranges the outputis switched off automatically by the
CPU.

If Current 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 100mA or 1A range selected, the CPU switched
Output OFF.

POSSIBLE FAULT LOCATIONS

External circuit.

Sine Source Assembly (page 11.6-1).

AC Assembly (page 11.7-1).

DC Assembly (page 11.5-1).

Power Amplifier Assembly (page 11.9-1).
Current/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.

Current ranges: Section 10.1.
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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 semi-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 testis not allowed if OUTPUT
ON, ERROR or SPEC are selected or when in remote control).
Indicationoftestmodeis given by the LED inthe 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
are as follows:

1. Safety Monitor Watchdog Test. In this, the safety monitor is
tripped causing the word 'SAFEtY' to appear in the Mode
display, the Reset LED flashes and the buzzer sounds
continuously. It is necessary for the operator to reset the
safety monitor by pressing the 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 'FAIL 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 detect action is shown by the message 'FAIL 2' on the
MODE display. No voltages appear at the output terminals
during this test.

Failmessages areupdated 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 returned to normal operation, or Stage 2 of the self-
test sequence can be selected.

OUTPUT ON, ERROR OR
SPEC. SELECTED? OR
REMOTE CONTROL?

INHIBIT TEST

ENABLE TEST
LED. START
STAGE 1

DISPLAY UNCHANGED

DISPLAY 'SAFELY":-
Buzzer sounds
Resel LED flashes

SAFETY RESET
KEY PRESSED

1

DISPLAY UNCHANGED

CANCEL ‘SAFELY":-
DISPLAY ' i
MESSAGE

Y

START OVERVOLTAGE
DETECTION TESTS =

A
DC TEST
POWER TO 110V
IS DETECTOR SET? YES FAIL 2

NO

'@
-€
\
DC TEST
POWER TO 140V FAIL 2
IS DETECTOR SET? NO
YES
<
y
AC TEST
POWER TO 75V FAIL 2
IS DETECTOR SET? YES
NO

<
<

AC TEST
POWER TO 120V
IS DETECTOR SET?

YES

i

END OVERVOLTAGE TEST

DISPLAY LAST
ANY FAULTS? = MESSAGE FAIL ?

NO

DISPLAY PASS

>3

\

GO TO
STAGE 2

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

Stage 2 of the self-test sequence is entered when the Test key is

pressed AFTER the completion of Stage 1 and BEFORE any
other key.

The keyboard LED indicators are lif in a sequence which proceeds
from left to right along the rows of keys, while the Test LED
remains lit.

The next tests in the sequence reguire operator participation in
order to check key functioning. Operation of the T, Full Range
and Zero keys is shown by a symbol on the display immediately
above or close to the appropriate key. Operation of FREQUENCY
RANGE, MODE, RANGE, FUNCTION and OUTPUT conirol
keys is shown by the appropriate key's LED. In these tests the
display or LED remains lit until another key is pressed.

At any partof Stage 2, pressing the Testkey will end the test and
cancel the Test LED.

YES

[

YES

FROM
STAGE {

NEW KEY
\ PRESSED

TEST KEY PRESSED?
YES

/

START STAGE 2
ENABLE TEST LED

TEST KEY PRESSED?

DISALLOW STAGE 2.
o] PERFORM KEY
NO INSTRUCTION

NO
1
VISUAL CHECK
ENABLE LEDS
ALL LED'S
SERIALLY Lt
v
TEST KEV PRESSED?
)
Y
DISPLAY DD
WAIT FOR USER RESPONSE
MANUAL CHECHK
USER RESPONSE
R VISUAL CHECK
ANYKEY PRESSED DISPLAY KEY FUNCTION
7 A

k4

TEST
KEY PRESSED?
YES
ol

P
of

ERD TEST
CANCEL TEST LED

.!‘

O




24 FUSE PROTECTION

In addition 1o the elecironic protection devices used in the instrument, fuses protect against catasirophic component failure.

241  Fuse Replacement

Ablown fuseis merely a sympiom of failure, in the large majority
of cases the cause lies elsewhere.

CAUTION

BEvery occurrence of a blown fisse should be investigated to find
the cause. Only when satisfied that the cause is known, and has
beenremoved, should auser replace a fused link by aserviceable
item.

2.4.2 Reasons For Fusing
The fuses in the calibraior fall into two groups:

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

b. Soldered-in fuses are used in some locations 1o ensure that
the printed circuit tracks are protected in the unlikely event
of exireme failure conditions.

2.4.3 Loeating a Blown Fuse

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

Fanli location in the Calibrator should proceed from the primary
indications of fauli condition (e.g. failure messages described m
Section 2.2). These will lead io particular areas of invesiigation,
and at this point the relevant circuit fuses should be checked first.
Whether fuses are blown or not, the checks will add io the
information available for further diagnosis.

Table 2.1 (overleaf) lisis fuse locations. The table is indexed in
Circuit Diagram page order, giving fuse values. The types of
fuses o be used can be found in the component lists of Section 12,
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LOCATION AND
DESIGNATOR

VALUE/FITTING

PROTECTED CIRCUITS

DC Assembiy

1A/Selder-in
250mA/Sclder-in
1A/Solder-in
1A/Solder-in
1A/Solder-in
1A/Solder-in

DC 10V, 100V & 1kV Error
SHI(DCV)
Power Lo/Guard
Power Lo
DC 1kv
PHI(V)

AC Assembly
F1

F2

1A/Solder-in
1A/Solder-in

1V range only & Current ranges up tc 10mA
All AC Voltage ranges (PHI(ACV))

/G Assembly
F1 Not used

F2

F3

Fd

F5

375mA/Solder-in
1A/Solder-in
375mA/Solder-in
2.5A/Solder-in

PLO(Ohms)
SLO(Ohms)
PHI(Chms)

All CurrentyOhms Cutputis

Power Supply (OG)
Fi101

4A/Clip-in

Digital and Display supplies

Power Supply (1G)
F1

4A/Clip-in
4A/Clip-in
3.18A/Clip-in
3.18A/Clip-in
T1A/Glip-in
1A/Clip-in

Supplies -22V(2)
Supplies +22V(2)
Supplies +15Y(2)
Supplias -10V(2), -15V(2)
Supplies -8V(2)
Supplies +8V(2)

Power Supply (38V)
F1

F2

1A/Solder-in
1A/Solder-in

-38Y Supply Line
+38Y Supply Line

Mother Board
F1
F2
F3
F4

1A/Clip-in

1A/Clip-in
2.5A/Soider-in
2.5A/Solder-in

Transformer secondary o 400V PSU
Transtormer secondary io 400V PSU
Transformer secondary to 38V PSU
Transformer secondary to 38Y PSU

Power Input Medule

2207240V
100/120V

3A/Clip-in
8.254/Clip-in

All circuits
All circuits
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S.2.1 3.2.2 Rear Pangl

Six output ierm v ceps are provided on The recessed Power Input plug, Power Fuses and Line Voltage
the front pamn e’_ T'he front panel also retains poiam *Lg filiers for Selector are contained in an integral filter module at the cenive of
the displays. the rear panel.

The Calibraiion Enable switch (with removable key), and the
External Frequency Input BNC socket (J53) are mounted direcily
onthe panel between the Power Input module and the cooling-air
intake filter,

The intake filter is retained by a grille but is removable for
cleaning. Atthe exireme left of the panel, an exiractor fan draws
cooling air through the filter and internal heat exchangers,
discharging to aimosphere

The IEEE 488 standard connector socket (J27) with instrument
address swiich, the Calibration Interval Switch and the external
frequency switch (S53) are all mounted on the Interconnection
PCB assembly. This is fitted on spacers o the inside face of the
panel with exiernal components protruding to the rear. Socket
J54 is provided io facilitate fuiure expansion.




3.3 LOCATION AND ACCESS

3.3.1 External Construction

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

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

3.3.2 Internal Construction

The chassis is enclosed top and bottom by ground and guard
screens. The upper ground and guard screens allow most internal
adjustments to be performed without removal. Locations of
adjustable components, mstructions 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 In-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 forthe LF Transformer assembly,
High Voliage 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 instrument by the extractor fan.

Guard screens are provided against the outer walls of the power
supply sub-compartment and the heaisink compartment.

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

The main printed circuit boards in the forward compartment fit
across the full width of the instrument chassis. They slide into
vertical slots cut into the moulded chassis, their PCB edge-
connection fingers making electrical contacts with sockets
mounted on the Mother Assembly. Interleaved 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 connects to the Mother
PCB in the same way, but has additional discrete electrical
connections 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 toTable 3.1). Also, each assembly’s edge
connector is uniquely configured to prevent incorrect fitting.

The Front PCB assembly, carrying the display components,
connects inio the front end of the mother PCE outside the
thermally-insulated compartment.
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3.4 GENERAL ACCESS

a

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

©

If, during aprocedure, sufficient access has been obtained then no
further dismantling is required.

3.4.1 TOP COVER
(page 11.18-1)

> Removal

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

b. Remove cover by lifiing at the front.

o [Fitting

Locate cover atrear first, then reverse the removal procedure.

3.4.2 BOTTOM COVER
(page 11.18-1)

o  Removal
a. Invert the instrument.

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

c. Remove cover by lifting at the front.

o Fitting

Locate cover atrear first, then reverse the removal procedure.

3.4.3 FRONT PANEL
(page 11.18-6)

Remove covers (paras 3.4.1 and 34.2).
°  Removal

a. Remove the four M4 x 6mnm screws from the side-walls of the
front panel.

b. Easethefronipanel forwards and disconnect the ribbon cable
which connectsto the switch pe board and power switch.

¢. Remove the Front Panel.

]

Fitting

Reverse the removal procedure, referring o page 11.18-4.
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3.4.4

TOP GROUND/GUARD SHEET
(page 11.18-3)

Removal of the Top ground/guard shield involves breaking Datron’s calibration seal and renders manufactrer’s calibration invalid.
Instrument cooling air-flow adversly affected. Internal temperature rise triggers Fail 1. Power OFF and allow to cool as required.

Remove the top cover (para. 3.4.1).

Removal
Refer to page 11.18-3 and remove:
1. ten M4 x 8mm pozi-countersunk screws;

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

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

Remove the top ground/guard assembly.

o Fifting

Reverse the removal procedure.

3.4.5

=4

BOTTOM GROUND SHEET
(page 11.18-2 detail 8)

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

Removal
Refer to page 11.18-2 detail 8 and remove:
1. ten M4 x 8mm pozi-countersunk screws;

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

Remove the bottom ground sheet assembly.

o Fitting

Reverse the removal procedure.

3.4.86

BOTTOM GUARD PLATE
(page 11.18-2 detail 7)

Invert the instrument. Remove the bottom cover (para. 34.2). Remove the botiom ground sheet assembly (para. 34.5).

Removal

Refer to page 11.18-2 detail 7 and remove ten M3 x 6mm
pozi-countersunk screws.

Remove the bottom guard plate.

o Fitting

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




3.5. REMOVAL AND FITTING

Note:

Do not remove the Top Ground/Guard sheet if only

In addition to the following location instructions, refer o
selecting pre-cal, erasing cal memory, or removing

the Reference Handbook page 11.0-1.

instruction Card or Rear Panel.

Assembly

Access Required
(Heed Caution 3.1)

Location
(Page Detail in bracket)

Ejector
Color

Section

Instruction Card

11.18-1

Front Bezel and
Switch Assembly

11.18-6

Display Assembly

11.18-4

Digital

Analog Inisrface
Reference Divider
Ouiput Control

Sine Source

AC

Current

(OR Current Link pcb)

BLK
BRN
RED
ORG
YEL
GRN
BLU
\_ BLU

Chassis
identifier =
Code

BLACK
BROWN
RED
ORANGE
YELLOW
GREEN
BLUE
BLUE

Common Guard and
Ground Screens

11.18-2 and 11.18-3

Power Amplifier

11.18-2 (4) VLT

VIOLET

Power Supplies
Oui-Guard
in-Guard

+38Y

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

Heatsinks

11.18-2 (4)

High Voliage

11.18-2 (5)

Transformers
Mains (Ling)
HF

LF .

11.18-5 (9)
11.18-4 (8)
11.18-5 (i0)

Mother Board

11.18-4 (3)

Interconnections

11.18-7 (15)

Terminal Board

11.18-5 (8)

Rear Panel

11.18-4 (B)

Instrument Assembly




3.5.1 INSTRUCTION CARD
(page 11.18-3)

Remaoval
a. Pull the instruction card forward to its fullest extent.

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

o Fitting

¢. Reverse the removal procedure.

3.5.2 SWITCH PCB ASSEMBLY
(page 11.18-6 detail 12)

Remove Front Panel (para. 34.5)

»  Removal

a. Remove the eighteen M3 x 6mm pozi-pan screws and wavy
washers which secure the switch pcb assembly to the front
bezel.

» Fitting

Reverse the removal procedure.

3.5.3 DISPLAY ASSEMBLY
(page 11.18-4 detail 6)

Remove Front Panel (para. 34.5)

s Removal

a. Remove the five M3 x 6mm pozi-pan screws and wavy
washers and the two M3 x 12mm pozi-pan scews and wavy
washers which secure the display assembly to the chassis
assembly,

b. Ease the lower edge of the display assembly PCB away from
the Mother PCB, 10 disengage the mating connectors.

¢. Remove the assembly.

o Fitting

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

3.5.4 MAJOR PCB ASSEMBLIES
o ENSURE THAT THE INSTRUMENT POWER IS OFF.

o  Removal
a. Identify the PCB assembly to be removed (see Table 3.1)

Note (operations b o d):

The I/€2’s Link PCB has only one ejector. To remove, grip
the top edge and pull gently while levering the ejector
upwards and outwards.

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

¢. Gently lever the ejectors upwards and cutwards to release the
edge connectors.

d. Remove the assembly.

o Fitting
2. Identify the chassis location of the PCB assembly to be fitted
(See Table 3.1 and page 11.0-1).

Note:
Thesingle ejecior of the I/Q’s Link PCB locates to the ‘BLU”
identifier of the chassis.

b. Ensure the ejectors are in the ‘down’ position.

c. Insertthe PCB edges inio 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.
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3.5.5

COMMON, GUARD AND GROUND
(page i1.18-2 and 11.18-3)

SCREENS

The first screen {(counting from front o back) is the Ground Screen and has two securing screws. Of the six remaining screens the

first five are aluminium, single screw and interchangable. Th

he rearmosi screen is sieel and not interchangable. Each plate mates with

a miniature connector on the Mother PCB adjacent to the side wall of the chassis.

TSt o
o MIINIng
2. Remove any adjacent assemblies to obiain access. a. Insert the plate inio the correci slots in the side walls of the
. 5 . chassis (ensu Tect orieniation
b. Undo securing screw(s). ( 1¢ correct or )-
i : e e 7 s
o . e At b. Allow the plate to slide down to the Mother PCB, then genil
c¢. Grip the plaie and 1ift oug from the chassis. vHeh ’ senty
press home.
¢. Secore with a 3 x 6mm Pozi-screw and shakeproof washer
(two for the ground screen).
d. Replace assemblies removed for access.
3.5.6 POWER AML@UFL
(page 11.18-2 detoil 4
¢ Do not pull on the connector wires. Some resistance to movement will be felt frorm the locking clips of the connectior bases.
; o Fiitimg
> Removal HICLmE
Y e e Fiey § a. Ensurethaiall wires and conneciors are clear of the PCB area.
2. Disconnect the five connectors from the assembly as shown
onpage 1118 _7 etai 7 4. b. Insert the PCB edges inio their respective slots in the side
s walls of the chassis; component side facing the rear of ihe
b. Fold back the connectors and the assembly. . i LHEs S PO v & ¢
instrument,
¢. Placethe thumb of each hand under the lip of the two ejectors. . S , ; .
i i c. Allos ithe assernbly to slide down 1o the Mother PCB taking
d. Gently lever the ejeciors upwards and outwaxds to release the care nct io fTap sny wires.
edge connectors.
d. Ensure the ejeciors are in the ‘down’ position then press the
& Remove the assembly. assembly home by genily pushing down on the ejectors.
e. Identify sndfit the five connectors J1 to J5, as shownon page

11.18-1 detail 4,




3.5.7 OUT-GUARD POWER SUPPLY

(page 11.18-2 deiail 1)

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

Removal

Disconnect J1, J2 and I3 from the In-Guard Power Supply
Assembly (page 11.18-2 detail 2).

Disconnect the connectors J5 and J31/32 from the PCB.
Fold back the connectors and wires clear of the assembly.
Grip the top edge of the PCB and lift gently from the chassis.

Remove the assembly.

Fitting

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

. Insertthe PCB edges into their respective slois in the chassis

sub-compartment.

Allow the assemnbly to slide down to the miniature connectors
on the chassis, taking care not to tfrap any wires.

. Fit the J3 connector to the assembly.

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

Fit J1, J2 and J3 to the In-Guard Power Supply Assembly.

3.5.8

(page 11.18-2 detail 2)

IN-GUARD POWER SUPPLY ASSEMBLY

Do not pull on the connector wires. Some resistance io movement will be felt from the 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 3 5.7)

Removal

Disconnect the three connectors J1, J2 and J3 from the PCB.
Fold back the connectors and wires clear of the assembly.
Grip the top edge of the PCB and 1ifs gently from the chassis.

Remove the assembly.

Fitting
Ensure all wires and commectors are clear of the PCB area.

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

Allow the assembly to slide down to the mini ature conneciors
on the chassis, tzking care noi to frap any wires.

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

the PCB.
Fit the Out-Guard Power Supply (para. 3.5.7)

Identify and fit the three connectors J1, J2 and J3 as shown on
page 11.18-2 detail 2.

3.5.9 38Y POWER SUPPLY

(page 11.18-2 detail 5)

Heed the General Precautions 3.1.

a.

Removal

Grip the edges of the pcb and pull the assembly vertically
upwards. Someresistance will be feli from the edge connecior.,

Fitting

Locaie the assembly into the guides

. Apply downward pressure until the connecior is felt to have

engaged.
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3.5.10

HEATSINK ASSENMBLIES
(page 11.18-2 deiail 4)

Heed the Wamings and Cautions 3.7.7 & 3.7.2. Allow heatsinks 1o cocl before handling. Do not pull on the conmecior wires. When
disconnecting connectors, some resistance to movemeni will be felt from the locking clips of the connector bases.

Although the heatsink assemblies are discrete iierns, removal is simplified when performed in the following order:

=l

1. Negative Heatsink assembly. 2. Positive Heatsink assembly. 3. Power Supply / Current Heatsink assembly.

Removal

a. Remove the six M3 x 12mun pozi-couniersunk screws froim g. Disconnect 2t the following poinis:

the heatsink retaining plate. . - e

o e I Power Amplifier Assembly
b. Remove the heatsink retaining plate. 131,719 Mother Assembly
: i i e I In-Guard PSU Assembly
¢. Disconnect conneciors:
N - R h. Remove the Fx T Suppls ent Heatsink assembly.

11 a1 the NEGATIVE HEATSINK ASSEMBLY B Remeve the Fower Supply / Current Hez y

J2 2t the POWER AMPLIFIER ASSEMBLY
d. Remove Negative Heatsink assembly.

Remove Negative Heatsink assembly . Fitting
e. Disconnect I3 at the Power Amplifier assembly .

biod nplifier assembly Reverse the removal procedure. To ensure correct location, furm
f. Remove the Positive Heatsink asserbly the PCB side of each heaisink io face inwards
3.5.11 HIGH YOLTAGE ASSEMBLY
(page 11.18-2 detail 5)

= Removal »  Fitting
2. Referiopage 11.18-2 detail 5. Reverse the removal procedure. Refer to page [1.18-2 detail 5.

Lift the assembly upwards as shown in the diagram. '
b. Remove the comections J2 and J3.
¢. Lift the assembly clear of the instrument.
3.5.92  MAINS (LINE) TRANSFORMER ASSEMBLY

{page 11.18-5 deiail 8)

> Remaoval
a. Disconnect the connectors from the transformer at the b. Turn the insirument to stand on iis left side (on Left Hand

following assemblies:

J2 - In-guard Power Supply PCE Assembly (facing
page 11.18-2 deiail 2.)

3 - In-guard Power Supply PCB Assembly (facing
page 11.18-2 detail 2.)

I5 - Oui-guard Power Supply PCB Assembly (facing
page 11.18-2 detail 1.)

J6 - Imterconnection Assembly (facing page 11.18-5
detail 8.)

J31/32 - Out-guard Power Supply PCB Assembly (facing
page 11.18-2 detail 1.)

32 - Mother PCB Assembly (facing page 11.18-2
deiail 3.)

133 - Mother PCB Assembly {facing page 11.18-2
detail 3.)

extrusion)

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

d. Remove the M3 x 8min 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 io the rear panel assembly.

e. Remove the Mains (Line) Transformer assembly.

o Hitting

Refer w page 11.18-5 detail 9; reverse the removal procedure.




3.5.13

HF TRANSFORMER ASSEMB
(page 11.18-4 detail 6)

LY

Remgoval

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

Disconmnect connectors at the following points:

J2 - High Voliage Assembly;
I5 - Power Amplifier Assembly.

Remove the HF transformer assembly.

o [Fifting

Reverse the removal procedure referring to Fig. 3.1.

-~ N
HF TRANSFORMER ASSY,
242
450833~ FOLD AS SHOWN  THEN
SLIDE OVER STANDOFFS
ON HFT% ASSY. REFORE
SECURING-.
4 0FF M3 SHAKEPROOF 613005
4 58 M3 ABmam POTIPAN &HOIG
oy
g8ala
d9a94
0595 |
Qgg
. 409a0
109090 o
j00”
FiGz 3.1 HF TRANSFORMER y.
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3.5.14

LF TRANSFORMER ASSEMBLY
(page 11.18-5 detail 10)

Remove High Voltage Assembly (3.5.10 ) and the Heaisinks (3.5.9.)

Removal

Disconnect connecior J4 from the Power Amplifier and J3
from the High Voltage Assembly (see Fig. 3.2).

Turn the instrument © stand on its right hand side (on R.H.
extrusion).

Desolder 134 from the mother board and connections A, B,
M, H, K, & L. Remove associated supporting clips.

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

e Slide ocut the LF Transformer.
o [Fitting

Reverse theremoval procedure. Referto Fig. 3.2 andpage 11.18-
2 detail 10.

CROP WIRES TO LENGTH AND
_SIRIP S mm DEFORE SOLDERING

f
LACING CORD SDODDTY #
I 3 POSITIONS /

o

\USL": APPROX Qe OF B 6.4

CEOP PING THAT ARG UNOEBR CABLE
TO AVDID RAMASE TD INSULATION
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g

® \
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O % S.,_:“s‘éa‘“o‘z“‘ » (3
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wHITE
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s e 4
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(32
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)

(=23
M3 23 FOZIPAN ScRow GHOIE
M5 SNAKEPROOF &BODT7
MS WASHER §IB00S

ASBEMBLY 40D6SH
J1 (HY) on Wire Destination on
LF TX Agey Coler PAother Bowrd
2,3 Whie Fin L
8 Black J34-8
7 Brown J34-5
8 Red J24-6
l ] ! 2 Orange Jad-4
i | 10 Yellow J24-9
2 i 12 Blue J35-12
TRANSFORMER BOLT / 13 Violet J34-13
PLATE . ABCABRG, I SN 14 Red/Gin 1243
- 15 White J24-10
w \ 18 Greon J34-14
E‘ 4 17 Red/Blk J34-7
® E?S%%gm N 8 Grey J34-15
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FIG 3.2 LF TRANSFORMER
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3.5.15 TERMINAL PCB ASSEMBLY
(page 11.18-5 detail §)

°

Remove Front panel (para 3.4.3).

Removal

a. Remove the four M3 x 6mm pozi-pan screws (page 11.184
detail 8)

b. Theterminal boardcanbetipped down to facilitate component
access.

o

Fitting

Reverse the removal procedure.

3.5.16 REAR PANEL ASSEMBLY
(page 11.18-4 detail 6)

> 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 assembilies fitted, or with AT LEAST the Top OR Bottom

Ground Sheet assembly fitted.

e This procedure provides access to rear panel-mounted components by releasing the Rear Panel assembly and moving it away from

the chassis io the extent allowed by internal wiring connections.

>  Removal

a. Remove the six screws of the two rear spacers page 11.18-4
detail 7.

b. Remove the two rear spacers.
¢. Remove the four screws of the filter grill.
d. Remove the filter grille and filter.

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

f.  Remove the four rear panel screws (page 11.18-4 detail 6)

g. Looking at the rear, locaie the upper right hand screw
securing the exiracior fan. Above this screw, locate an M3 x
émm Pozi-pan screw (screw fixing hole only shown on
diagram). Removal of the screw allows the rear panel 1o be
detached (see cut-away sketch above Rear Panel in detail 6
of page 11.18-4).

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

Fitting
Press the Rear Panel assembly to the chassis while ensuring
that:

1. The wires lay in the cui-out in the moulded internal
chassis;

1. Theribbon cabies fit in the recess in the moulded internal
chassis;

iti. All other wires are free and not irapped by the rear panel
assembly.

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




SECTION 4 SE|

& INTEF ADJUSTMENTS

This section provides procedures for any maintenance or calibration operations which require removal of covers or partial
dismaniling. The operations fall into thres Categoriss:

A: Routine Servicing (FABLE 4.1a);
B: Internal Calibration Adjusimenis (TABLE 4.15};
. Adjostment Following Replacement of PCBs (TABLE 4.1¢ - overleaf).

Category A Routine Servicing
e . . . . o - Procadure Calibration Calibration
Servicing Required Time Interval (Saction 4) Required Procedurs
v e " 1 year
an the ital i == 5 - -
Clean the Alr Intake Filier (or less in adverse conditions) 4.2
5 L ] (a) Full pre-cal Sect. 1.3
Change Lithium Batiery 5 vears P ihen
(non-volaiile calibration memory) > () Full routine User's Hand-
recalibraiion | book, Seci. 8

salibration Adjustments

8 s § A e PR Procadure Cailbration Callbration
feat 7 A stment Ba rE .
Indication Adjustment Requlired (Ssction 4) Required Procadure
”ERHQR 6“ R@”Sb?"’ Flouting S@;;C‘iid
. . 4.4 L-yyiT
(during Routine Recalibrafion) internal trimmers g gue S Users Hand-
book, Sect. 8
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Category C

Adjustiments Following Replacement of PCBs

PCB Assembly

Adjustments

Procedure
(Seciion 4)

Pre-cal
(Sect. 1.3)

Routine cal
(Sect. 1.7)

Terminal

Capacitive Load Test

Full

Digital

Heference
Divider

DC

Capacitive Load Test

Sine Source

AC

Capacitive Load Test
Sense Amp zeros

Fuli

Current/Ohms
Assembly

Quiescent Current
Compliance
Resistance

Alll ranges |
Alll ranges |
Ohms

Power Amp

100V PA bias

Mother

Common-mode null

Out-guard
PSU

Common-mode null

Heatsinks
+ve & -ve

100V PA bias

Power supply
Current Heatsinks

Quiescent Current

Alll ranges

HF or LF
Transformer

1k¥Y Range

Mains (line)
Transformer

Common-mogde null




4.1.7 General Procedure Noles

a. Disconnect the instrument from any power sowce before
attempiing to dismantle it (for dismantling and reassembly
instructions consuli Section 3).

b. If the top ground/guard assembly is removed, subsequent

iesting with Power On should be compleied in less than 5
minuies to avoid overheating.

e
H

After servicing ensure that all connections have been made
correctly and that theiop and boitom shields and covers have
beenreplaced. Leave assembled instrument powered-up for
at least 1 hour before carrying out any adjustment,

d. Although replacement assemblies are set up by the
manufacturer, the intermal adjustments recommended in Table
4.1 must be carried oui io ensure correct operation. These
adjustments need to be carried out once the assembly is
installed in the user's mstrument, in order to account for
interaction between assemblies.

WARNING
HAZARDOUS ELECTRICAL POTENTIALS ARE
EXPOSED WHEN THE INSTRUMENT COVERS
ARE REMOVED.

ELECTRIC SHOCK CAM KILL!

CAUTIONS

AFTER 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 REPAIRS OR
MODIFICATIONS CAN INVALIDATE INSTRUMENT
WARRANTY. CHECK THE WARRANTY DETAILED 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)

4£.2.7 Servicing Freguency

The filter should be ¢leaned ai intervals no greater than one year,
In dusty conditions the frequency should be increased.

4.2.2 Removsgl

2. Remwove the four M3 x 10min pozi-countersunk screws
which retain the filter grille.

b. Remove the filter grille and reticulated foam filter.

4.2.3 Cleaning

a. Wash the foam filier 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.

4.25 Reassembly

Placethe filter in the grille housing and secure the grille io the
rear panel using the four M3 x 10mm pozi-countersunk
SCTews. ‘




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 beretained
during batiery 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 RAMs. To ensure memory integrity the
soldering iron used must be isolated from Mains (Line)
ground by at least S0k3.

Procedure 4.3.3 reseis the calibration memory to its
nominal state (but does not require the use of an extender
card) during replacement of the battery. If this method is
used a Precalibration and full Routine Recalibration
(Section 1.3 and 1.1) must follow before the instrument
specification can be realized, as calibration data will
have been 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)

Ensure that power OFF is selected.

. Remove the top cover and top ground/guard assembly

(Secsion3.4.1 and 3.4.4).

Remove the Digital Assembly from the chassis (Section
354).

Do not place the assembly on any conducting surface or
touch the gold edge connector.

. Place extender card in digiial assembly slot.

Push Digital Assembly onto extender card.

Caution

o If the calibrator has been n 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
safely ignored.

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

e Ensure continuity of Mains (Line) 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).

g. Fit and solder in a new battery. Select power OFF
(calibration maintained).

h. RefittheDigital Assemblyinto the chassis(Section3.5 4).

4.3.2 Procedure (Calibration lost)
Follow the procedure 4.3.1 ignoring steps (d.) and (e.)

4.3.3 Return to Use

Refitthe top ground/guard assembly into the chassis (Section
34.4).
Refit the top cover (Section 34.1).

NOTE:  Users who have followed procedure 4.3.2 must
now carry out Pre-calibration and full Routine Calibration in
accordance with Section 1.3 and 1.1 respectively.
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1. Push sleeve back along the red wire to expose the
solder joint.

ff. Unsolder the red wire from the positive terminal of
the batiery.

iif. Unsolder the negative terminal of the batiery from
resistor R60 at the wrap-joint.

iv. Remove batiery from battery clip

Battery Clip
Baitery

Negeiive Terminal

Red Wire Sleeve

MNegative Terminat
(Wrapped around
wire from R80)

Battory

FIG. 4.1 BATTERY REPLACEMENT




4.4 OHMS FUNCTION — STANDARD

4.4.7 Introduction

Routine adjustment of the standard resistors used in €2 function
is not required. A resistor is calibrated by the user entering its
measured value into a non-volatile calibration memory. This
value is subsequenily recalled and displayed to the user each time
the resistor is selected.

4.4.2 ‘Error 6°' Message

‘Error 6° is displayed if the value entered by the user during
calibration is outside the resistor's tolerance — i.e outside the
calibrationmemory span. Undernormal use the resistor drift will
be well within the tolerance, so ‘Error 6’ should only appear if the
user enters an erroneous value.

4.4.3 Undue Resistor Stress

If the resistor has been subjecied to undue sivess, 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
internal trimmer can be adjusted, and the value can be calibrated.

RESISTOR ADJUSTMENT

4.4.4 Possible Damage

A siressed resisior 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.

445 To Resetinternal Trimmers

Follow the procedure detailed in Section I 4 to adjust the resistor
value. If this is unsuccessful contact your Datron Service Center.

4.5

AS CURRENT ADJUSTMENT — 100V PA

(Refer to Layout Drawing 480618 Fage 11.9-1 and 480637 Page 11.13-1)

Adjustment of the 100V/1kV 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 34 and Q2 are +120V and -120V respectivly.

USE EXTREME CARE THROUGHOUT
THE FOLLOWING PROCEDURES.

4.5.1 Test Equipment Required

Digital volimeter (any Datron Autocal volimeter)

4.5.2 [nitial Conditions

Remove top cover.
Remove top ground/Guard assembly.
Ensure 38V/400V selector is set 1o 400V,

4.5.3 Procedure
. Set 4808 Power OFF w connect DVM as follows;

b. Power Amplifier Assembly
Connect DVM in DC function, Lo to W 2C (near $20)

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.

¢. Select Power ON .

d. Positive Heatsink Assembly — adjust R10 for a reading
of +120V (5V).

e. Power OFF, disconnect DY M.

4.5.4 Return to Use
Refit top ground/guard shield and top cover.
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4.6 CAPACITIVE LOAD TEST
(Refer to Layout Drawing 480536 Page 11.5-1)

The AC 1kV current overload detector on the DC Assembly
monitors output current. ERROR OL is displayed when output
current limit is exceeded.

After replacing the DC Assembly, Terminal assembly, AC
assembly, PA assembly, Positive or Negative Heatsinks, or the
HF transformers it is necessary to ensure the limit level is re-get
to account for any capacitance changes. Thevalue of R84 will lie
between 2k43£3 and 3k65€2. R84 will be selecied from the E96
(1%) series.

- 4.6.1 Test Equipment Required
a. Test Load (1kQ2 non-inductive resistor, capable of

dissipating 20 Watts).

b. Digital Volimeter fitted with AC Volis Ranges (any
Dairon Autocal multimeter)

4.6.2 [nitial Conditions

Top cover removed.
Remove top ground/guard assembly.
Ensure 38V/400V power supply selector set io 400V,

4.68.3 Procedure
WARNING

THE PROCEDURES INVOLVE THE
MEASUREMENT OF LETHAL
VOLTAGES. USE EXTREME CARE TO
AVOID ELECTRIC SHOCK.

a. Ensure 4808 Power OFF.

b. On DC board remove Link J, and make Link L. DC
assembly must be fiited in chassis (not on extender card)

¢, Monitor Link L withrespect to 7 2B withscope set to 5V
per division.

d. Conneci Load resisior across the 4808 output terminals.

e. Connectthe DVM across the Load resistor and select AC
1kV range on DVM.

Set 4808 Power ON.

=

g. On 4808 select AC 1V Range and adjust QUTPUT <
keys for 90V on the OUTPUT display. Select 10kHz
range and set frequency to 4kHz. Set OUTPUT ON.

h. Tncrementdemanded voltage and check that 'Scope goes

1o zero volts when the DVM indicated between 108V and
112V, Select outpui OFF.

WARNING

CALIBRATOR POWER MUST BE OFF
WHEN CHANGING R84. LETHAL
VOLTAGES ARE PRESENT!

J. If ouiside limits set in (h.) reselect R84 and repeat from
step (1.).

k. When correct operation occurs solder in R84 break Link
L and replace Link J.

4.6.4 Return to Use
Refit top ground/guard shield and iop cover.




4.7 QUIESCENT CURRENT ADJUSTMENT - CURRENT/OHMS
ASSEMBLY or CURRENT ASSEMBLY

{Refer to Layout Drawing 480614 Page 11.8-1)

To allow a measurement of quiescent current in the power
amplifier stage, its power supply lines are broken and 2 0.1£2
Tesistor 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 Curreni/Ohms Assembly.

4.7.1 Test Equipment Required

a. Digital Voltmeter (any Datron Autocal voltmeter)

b. Two2.5-wattresistors, 0.1€2, 10%, wire wound (Welwyn
W21 or equivalent)

4.7.2 Initial Conditions

Top cover removed.
Top ground/guard assembly removed.

4.7.3 Procedure

8.

b.

Switch the 4808 Power OFF.

Break the 22V supply connections to the Voltage-to-
Current converier power stage by removing connector J1
from the In-guard power supply pcb.

Re-make each 22V supply connection from its female
pin on the freed J1 connector to its corresponding male
pin on the In-guard power supply pcb, using one 0.1Q2
resistor in series with each supply line (Red and Brown
wires).

Connect the digital voltmeter across one of the 0.1
resistors fitted in step (c.).

Switch 4808 Power ON. Select AC Current, 1Amp
Range, ensure OUTPUT OFF.

CAUTION

In the following step (f), use a thin insulated screwdriver.

f.

Carefully adjust R23 on /€2 assembly for a digital
voltmeterreading of 10mV £1mV (equivalent to 100mA
through the 0.1€2 resistor).

Switch 4808 Power OFF,
Disconnect and remove both 0.1£2 resistors and the

digital voltmeter from J1. Reconmnect J1 1o the In-guard
Power Supply pcb pins.

4. 7.4 Return to Use

Refit top ground/guard assembly and top cover.




4.8

Ensure

COMPLIA
CURBENT ASSEMBLY

(Refer 1o Layout Drawing 480614 Page 11.8-1)

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 resisior. Series

resistance is then added 1o one of the power leads to establish a

compliance voliage.

The change in current ouipui due (o

compliance is measured and an adjustment made to bring the
instrument within manufacturer's specification.

4.8.1

a.

4.8.2

Test Equipment Required

Digital Multimeter fitted with AC Volis Ranges. (e.g.
Datron Insiruments model 1281).

Test leads, (each containing a 22.12 resistor).

One 2.5-watt load resistor of 0.1002, 10%, Wire Wound.
(Welwyn W21 or equivalent).

A 1.482 resistor to introduce compliance voliage.

initial Conditions

Remove top cover.
Remove top ground/guard assembly.

NCE ADJUSTMENT - CURS

IENT/OHMS ASSEME

LY or

4.3.3 Procedure

&,

Connect the 0.1 load resistor between the 4808 current
ouiput terrninals (I+/1-).

HEF adjustment Select ACI 1A full range ouiput at
SkHz. Select OUTPUT ON.

With the DVM, measure the AC voltage across the load
and note the reading. Set QUTPUT OFF.

Introduce the 1.4€2 compliance resistor in series with the
I+ lead. Set QUTPUT ON (Test should be done in less
than 5 minutes 1o avoid overheating). Use the DVM to
measure the AC voliage across the 0.1€2load and note the
reading.

Remove compliance resistor. If there is a change of
reading >10uV between (¢.) and (d.) adjust R10 toreduce
the change of reading to <10uV, After each adjustment
of R10 repeat (c.) to (e.).

LF Adjustment Complete above procedure, leaving the
4808 as selected (ACI, 1A Full Range), but change
frequency to S5C0Hz and limit io 5pV.

If change of reading in (d.) is >5uV adjust R31.

If an adjustment was made to R31 repeat compleie
procedure from (0.} uniil no further adjustments are

required.

Ouiput OFF, disconnect load resisior.

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 400996 FPage 11.10-1)

The procedure ensures that after replacement of Outguard Power
Supply, Mains (Line) transformer or Mother Assembly, any
power supply noise breakthrough on the Lo or Guard terminals
is adjusted to a minimum. Resistor R12 on the Ouiguard Power
Supply Assembly (accessible through a hole in the top ground
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 100mV/div).

4.9.2 Initial Conditions

Remove top and botiom. covers.
Ensure all guard/ground screws are correctly tightened.

4.8.2 Procedure

8.

b.

Set 4808 to AC 10V range with Output OFF.

Ensure that the QUTPUT display is 8.000,00 ¥V with
local guard selected.

Connect the oscilloscope AC input to the 4808 Guard
terminal and the oscilloscope Ground to the 4808 Ground
terminal.

Locate R12 on the Outguard Power Supply assembly
(accessible through the hole in the top ground/guard
assembly)

Select OUTPUT ON and adjust the oscilloscope controls
to obtain the line related noise waveform.

Without touching the top ground/guard assembly, adjust
R12 for minimum waveform amplitude.

Select Remote Guard and obtain a noise waveform.

Locate R25 on the Mother pcb assembly through the hole
in the bottom ground/guard assembly

Without touching the bottom ground assembly, adjust
R25 for minimum waveform amplitude.

Repeat procedure fromstep (b.) to step (j.) untilminimum
waveform amplitude is obtained.

Select GUTPUT OFF. Disconnect the oscilloscope.

4.9.4 Return to Use

a. Refit top cover.

b.

Refit bottom cover.
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4.10SENSE AMPLIFIER ZERQS

(Refer to Layout Drawing 400844 Facing Page 11.7-1)

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 4808 OUTPUT ON and atone-tenth of the selected
Full Range value.

4.10.1 Test Equipment Required

Digital volimeter
(e.g. Datron Instruments model 1281 or 1271).

4.10.2 Initial Conditions

Remove top cover only.

4.10.3 Procedure

Ao

Commect the DVM Hi to TP5 on the AC Assembly
(accessible via the hole in the upper guard shield).
Commect its Lo o the 4808 Lo terminal. On the DVM
select the DC 10V range with filter in.

On the 4808 select the AC 100V range, set 10V and 1kHz
output, Select QUTPUT ON and adjust R122 foraDVM
reading of less than 2000V,

On the 4808 select the AC 10V range, 1V output. Select
OUTPUT ON.

Note the DVM reading.

On the 4808 select the 1V range, 100mV ocutput. Select
OUTPUT ON.

Note the DVM reading.

AdjustR107 on the AC assembly to set both (d.) and (f.)
readings to less than 200uVY.

Repeatprocedure from (b.) 10 (g.)untilreadings are correct
and the difference between all ranges is less than 400pV
taking polarity into account.

Disconnect the DVM.

4.10.4 Return to Use

Refit top cover.
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SECTION 5 PRINCIPLES OF OPERATION
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5.1 BLOCK DIAGRAMS

5.1.1 SIMPLIFIED BLOCK DIAGRAM

Figure 5.7 illustrates the general functions and signal flow within
the 4808.

5.1.2 GENERAL DESCRIPTION

The Datron 4808 Autccal Multifunction Standard mainframe
contains just a microprocessor system and IEEE-488 interface.
To provide any useful functions, Option 10 and/or Opiion 20
must be installed as a minimum.

Option 10: DC Voltage function to £200V.

Option 20: AC Voltage function to 200V.

Option 30: Integral 1000V amplifier for AC Voliage and/or
DC Voltage functions. (Requires either Option
10, Option 20 or both.)

Option 40: Current converter io provide DC Currentand AC
Current functions, (DC Current capability
requires Option 10, AC Current capability
requires Option 20.)

Option 50: Resisiance function. (Requires Option 10 or
Option 20.)

Option 60: DC Current and/or AC Current range extension

to 11A. This option includes the Datron 4600
Transconductance Amplifier and all necessary
cabling. (Requires Option 40.)

For DC and AC amplitade control, an adjustable precision
reference is derived from a pre-conditioned zener diode.

For AC cuiputs, the calibrator frequency is synthesized using a
crystal-conirolled oscillator as a frequency reference.

5.1.3 FUNCTIONAL BLOCK
DIAGRAMS

Figures 5.2 (Digital, Conirol and References), 5.3 (DC/€2) and
5 4 (AC) break the main functicnal divisions into smaller blocks.

They can be thrown clear of the handbook to provide a funciional
overview; they also form an index 1o other sections of Part 2.

5.2 INPUTS

The microprocessor accepis inputs from two main sources:
o The front panel keyboard provides local control inputs.

o The IEEE 488 bus system provides remote conirol inputs.

5.3 DIGITAL OUTPUTE

The microprocessor system outputs digital information to five
MAain areas:

o Thefront panel displays provide local outputs for monitoring
and contyol.

o The IEEE 488 bus system provides remote outputs,

> The precision reference generator produces an accuraie DC
reference for output-amplitude conirol. Sensed DC cutputs
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.

o The frequency synthesizer and sinewave oscillator together
determine the frequency and purity of the AC ouiput sinewave
signal.

o Variousdeceders control function and range selection, internal
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 ourputs. The value of the reference is set by the
value on the left-hand OUTPUT display, modified in software by
range scaling and calibration corrections.

For DC, therange-scaled sense voliage is compared directly with
the reference - the resulting error conirols 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
frue sinewave.

The circuitry is divided into four main areas:

a, The period division comparator, outside guard, consists of a
binary counter and comparator, both effectively of 25 bits.
The counter is driven by a crystal-controlled clock; the
comparator being set by laiched data from themicroprocessor
system.

When the binary couni maiches the data set in the laiches, the
comparator produces a swiiching pulse (reset). The counter
fills to overflow point, at which the comparator produces a
second pulse (set). Thus accuraie mark-period timing is
generated.

b. The swiiching integraior receives the pulses across guard.
They are used to drive solid-state divider swiiches, 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.

¢. ForDC outputs, the selected ocutput polarity controls aswiich
which inverts the DC Reference for negative outputs.

d. For AC ouiputs, 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
cenfre-tap is tied to reference common.

The outputs from the divider are selected in ten equal time-
steps by digital logic, the ratios being selected so as o
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
raiio of sinewave to quasi-sinewave is stored during
calibration, and reapplied as a 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/guasi-sine RMS comparison, itis imporiant
that both the quasi-sinewave steps and the comparator
sequence are synchronized to zero-crossing points in the
sensed outpui sinewave. This is ensured by:

(2) including the divide-by-ten logic of the quasi-sinewave
generator as part of the range-divider chain for the
frequency synthesizer,

(b) feeding the quasi-sinewave freqﬁency o the comparator
to synchronize the ten-siep sequence which comntrols the
RMS comparison process.

5.4.2 FREQUENCY REFERENCE

When the 4808 is operating in AC function, its internal frequency
reference is derived from the 13-bit counter in the Precision
Reference oui-guard circuifry. The counter is tapped at 16kHz,
which is fed directly 1o the synthesizer to establish the frequency
of the VCO oscillation.

For users who wish io lock the output frequency of the 4808 to an
external frequency source, a phase-locked loop ensures that the
16kHz reference frequency phase is tied to that of the external
Reference Frequency. With correct frequency selection on the
front panel, this ensures that the 4808 output frequency locks to
the external reference frequency.

This function is performed in the External Reference Frequency
Buffer.
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5.5 ANALOG CONTROL
(Fig.5.2)

The analog circuitry is controlled by dataheld in 2 48-bit in-guard
latch. The microprocessor regularly updates ihe latch contents,
using the serial link to pass the data (through opto-isolators)
across the isolation barrier. Certain analog siatus signals are
returned to the microprocessor, also using the serial link.

5.6 DC VOLTAGE OUTPUTS
(Fig.5.3)

5.6.1 LOW VOLTAGE - 1G0uV TO 10V
RANGES

5.6.1.1 Power Delivery

The basic DC range of the 4808 is 10V (19.999,999V FS). The
10V range output is derived from a buffered Error’ amplifier,
which compares the sensed ouiput divecily with the DC Reference.

For the 1V range, the DC reference is aitenuated by 10:1 before
being applied o the ervor amplifier. The error amplifier outpui
is buffered before being applied to the I+ and I- terminals.

For the 100mYV range, the 1V DC buffer output signal is reduced
by a passive 10:1 aitenuaior before passing to the Hi and Lo
terminals. The I+ and I- terminals are not used.

The 100mYV attenuator also serves the 1000V, 1mV and 10mV
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 maiched by the resolution of the
OUTPUT display.

5.6.1.2 Sensing

Cn the 1V and 10V ranges, the input from the Hi and Lo (sense)
terminals is applied to the error amplifier.

For the millivolt ranges and the 100pV range, there is no remote
sensing. To complete the sense feedback, the 1V DC buffer
outputis applied directly to the error amplifier, whichis configured
as for the 1V range.

5.6.2 HIGH VOLTAGE - 100V RANGE

The 10V range signal is applied to the 100V power amplifier,
whichdrives the ouiput terminals directly from the VMOS output
stage. The sensed signal is attenuated before being applied to the
error amplifier.

5.7 ACVOLTAGE QUTPUTS
(Fig. 5.4)

5.7.1 SINEWAVE SYNTHESIS AND
SHAPING

To conirol AC outputs, the frequency synthesizer and quadrature
oscillator together generate a reference sinewave of stable
amplitude and high purity.

5.7.1.1

The user-demanded frequency is relaied 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 comntrol the frequency of the
synthesizer.

Freguensy Synthesis

The binary counter in the reference divider is synchronized to the
4.096MHz master crystal-controlled clock. This counter outputis
a 16kHz frequency reference signal to the synthesizer, where it
is divided by two to 8kHz.

Inthe synihesizer, binary subdivisions of 'n' switch the capacitors
of a voltage-conirolied oscillator, adjusting its relaxation time-
constant so as to cover five possible frequency bands within each
frequency range. The VCO ouiput 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 o 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 100ppm.

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 oscillaior output 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 quadraiure oscillator feedback is conditioned to ensure that
its unity loop gain and iis 360° loop phaseshifi occur together;
only at a specific amplitude, and at the synthesized frequency.

The oscillator output passes as reference sinewave 1o the VCA.
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5.7.2 VOLTAGE-CONTROLLE

The ouipui from the quadrature oscillaior is applied to two
cascaded voltage-controlled amplifiers. The gain of the second
of these (the 1V 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 1V buffer slew rate, by using the filter's
DC reference ouiput 1o control the coarse gain. This signal is
changed into a 10-bit word by an analog-to-digiial converter,
whose digital output adjusts the input resistance of the 1V buffer
in steps of 1000ppm of Full Scale. As the 1V buffer is part of the
error loop, this adjustment injects an undesirable scaling intc 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 LOW VOLTAGE - 1mV TO 10V
RANGES

5.7.3.1

On the 1V range, the ouiput from the 1V buffer is passed o the
I+ and E- terminals directly.

Power Delivery

For the 10V range, the 10V amplifier (a 210 amplifier on the
Power Amplifier assembly)is inserted between the 1V buffer and
the I+ and I- terminals.

For the millivoliranges, the 1V buffer output signal is reduced by
switched, passive attenuators before being ouiput via the Hi and
Lo terminals.

5.7.3.2 Sensing

On the 1V range, the inpus from the Hi and Lo (sense) terminals
is applied to thenon-inverting input to the 1V/10V sense amplifier,
which acts as a voliage follower.

For the 10V range, the sense amplifier is configured as a divide-
by-ten inverter.

For the millivolt ranges, there is no remote sensing. To compleie
the sense feedback, the 1V buffer cutput is input direcily into the
sense amplifier, which is a configured as for the 1V range.

D AMPLIFIERS

5.7.3.3 Sine/Quasi-Sine RMS Comparator

The output sinewave is sensed and scaled to 1V levels before
being applied o the comparator, which compares it with the
reference quasi-sinewave 1o generaie a DC signal whose value
represents the output RMS error.

In a strict sense, this circuit does not compare RMS values
direcily. Instead, it compares the magnitudes of the mean-
squares of its two inputs, but if these are equal, then the RMS
values are equal. The error loop gainis 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 DC 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;

¢. the DC (SIG) value is output as the mean-square AC error
signal.

On subsequent cycles, the (REF) value is also subtracted from the
squared quasi-sinewave, so that both (REF) and (SIG) signals
convergeto steady states as the 4808 outpuireaches the demanded
voltage.

The mean-square AC error signal is passed through the scaled
error amplifier to conirol the VCA.

5.7.4 HIGH VOLTAGE - 100V RANGE

Thehigh voltage loop uses much of the low voliage circuitry; the
only differences being in the power amplification to the range
voliages, and the atienuation of the sensed output down o 1V
range levels.

5.74.1 Power Dellvery

On the 100V range, the 100V amplifier (on the Power Amplifier
assembly)is included in the outpui path from the 1V buffer to the
I+ and I- terminals.

5.7.4.2 Sensing

The 1V/10V sense amplifier is not used on the 100V range.
Instead, a separate inverting sense amplifier reduces the sensed
sinewave by a ratio of 100:1. '




5.8 1000V RANGES

5.8.1 DC 1000V RANGE
(Fig.5.3)

5.8.1.1

An ACvoliage-amplifier/rectifier systeim is employed to iransform
the DC Reference levels up to the high voltages required for the
DC 1000V range.

Power Delivery

The error voltage, which results from comparison between the
scaled sense voltage and the DC Reference, conirols the amplitude
of a 16kHz AC signal ocutput from a DC modulaior. The
modulated signal drives the HF step-up transformer viathe 100V
ACPower Amplifier. A highvoltagerectifier and elliptical filter

" convert the AC transformer output into the DC voltage output.
Cutput polarity is determined by a changeover switch, inserted
between the rectifier and the 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 AC 1000V RANGE
(Fig.5.4)

5.8.2.1

The output from the AC 1V Buffer is pre-amplified by the 1kV
error amplifier, before being applied to the 100V power amplifier.
The 100V amplifier output is transformed up by 1:6, then passed
to the [+ and I- terminals. The error amplifier receives feedback
from the wansformer secondary.

Power Dellvery

To cover the full frequency range, two wransformers 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 o sense the 100V range is also employed for
the 1000V range. Although the basic amplifier is commen o
both, each range has its own input attenuator and feedback ratio.
On 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
ouiput is compared o the quasi-sinewave in the RMS comparator,
ihe resuliing error signal controlling the output from the VCA.

5.9 DC/AC CURRENT OUTPUTS

5.9.1 DC CURRENT
(Fig. 5.3)

The DC Reference is swiiched to drive a voltage-to-current
converter (this converter is the same current amplifier that is used
for the AC Current function),

The various ranges are selecied by digital control signals from the
microprocessor system. The converter shunts are switched inio
the output circuit o scale the current,

5.9.2 AC CURRENT
(Fig.5.4)

The ACI Reference signal is obtained by activating either the AC
10V range (used for the ImA, 10mA and 100mA ranges), or the
AT 1V range (100uA and 1A ranges). This is switched to drive
a voliage-io-current converter, followed by a current amplifier.
Range selection is the same as for DC current output.

5.2.3 10A CURRENT RANGE
(Fig5.3,5.4)

If the 4808 is fitted with Optiion 30 (the resistance and current
option), then it has the capability of slave mode conirol over the
model 4600 Autccal Transconductance Amplifier, extending the
AC and DC Cwrrent functions w effectively include 2 10A range,
conirolled from the front panel or IEEE-488 interface of the
4808. An analog bus to the model 4600 carries the reference
voltages (either DC or AC) which the 4600 will ‘convert' to an
output current, while a digital bus carries stats and conirol
signals between the 4600 and the 4808,
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5. 10 RESISTANCE OUTPUTS

(Fig.5.3)

Eight fixed precision resistors, in a decade range (from 10£2 o
100M22) are swiiched io the cutput ierminals. The resisiors are
fully floating, being selected by relays under the control of digital
signals from the microprocessor system.

511 DATRON AUTOCAL

Precision components are used in all critical locations. Individual
analog corrections for frequency-response, gain and offset errors
are not applied. Instead, the accumulated errors are measured
during calibraticn, and stored digitally in non-volatile memories.

In subsequent use, characieristic equations are applied to the
stored errors o 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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6.1 DIGITAL

The circuits described in this sub-section perforr the following
functions:

= Cenfral processing, with supporting memory, formanagement
of instrument operation.

= Storage of calibration constants in non-volatile memory.

o Generation of Master clocks, with clock-waveform shaping.
o Address decoding to generate conirol signals.

o Controlled power-up and power-down of digital circuits.

o Servicing IRQs from asynchronous sources.

o Interfacing the instrument to the IEEE 488 bus.

The functions are performed by circuiis located mainly on the
Digital Assembly (480796). Master Clock generation,
synchronization and division is carried oui by circuits on the
Analog Interface Assembly (480648).

Fig. 6.1 shows the arrangement and main interconnections of the
cenfral digital circuits.

6.1.1 GENERAL

The instrument is managed by a 6802-series microprocessor
system, under the control of an operating program held in 52k
bytes of EPROM. All front and rear panel controls provide direct
nputs to the system, except for the Power ON/OFF switch and
Resetkey. The system ensures that the processor reverts 1o a safe
state on power-up and power down.

Work space and stack is provided by 2k bytes of random-access
memory (RAM). A further 8k bytes of CMOS RAM actas anon-
volatile memory to hold calibration constants, powered by a
back-up Lithium battery when the instoument is turned off.

8.1.1.1

The operating program manipulates the intemal circuiry by
activating control signals, providing peripheral decoders with
specific address/data combinations. The program is run at a
680kHz cycle frequency, derived from the instrument's 4.096 MHz,
master crystal oscillator.

Synchronous Operation

UITS: REFE
VER SUPPLIES

6.1.1.2 Asynchronous Operation

Any key operation (other than the Reset or Display keys), or one
of two internal conditions, will initiate an asynchronous inierrupt
(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 itis completed. Finally itreturns to the initial operation
of the amended schedule and proceeds synchronously.

Three main sources of interrupt are used:

o Remote Command via the Digital Interface
»  Keyboard Command

o Real-time Clock Pulses (8ms intervals)

The CPU identifies the seurce by polling the data bus each time
it receives an IRQ interrupt.

6.1.1.3 Output Generation

From user inputs of ouiput value, frequency, ervor 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 ouiput analogue circuimry.

B.1.1.4 Display Refresh

The vacuum fluorescent displays are continuously refreshed by
cycling through character daia stored in a separate display-image
RAM. To alter the display the processor merely alters the
contents of the RAM,
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6.1.2 CENTRAL PROCESSOR and PROCESSOR MEMORY

(Circuit Diagrams 430796 Pages 11.2-2/3)

A 6802 microprocessor (M34), together with its memory, controls
communication throughout the whole instrument.

6.1.2.1

Thememory can be splitinto four main areas, the microprocessor's
on-chip RAM not being used:

Memeory

Program Memory (M18) - defines and controls the
operational functions of the whole instrument system.

e Constant Data Memory (held in EPROM with the Program
Memory) - stores fixed factors used in processing; such as the
key mapping tables, and the instrument specification tables
that are used in SPEC Mode.

o Non-Volatile Calibration Memory (M23) - stores all the
calibration constants used to correct each output value,
which are determined during the 'Autocal’ cycle.

o Volatile Operating Memory (M22) - used for volatile data
storage such as 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 but
asynchronously read); the storage areas in the [EEE 488 GPIA
(M29) and the Keyboard Interface (U201 on Display Assembly);
and the Memory Address decoder PROM (M3). These are
described in later sub-sections.

6.1.2.2 Centrai Processing Unit
(Circuit Diagram 430796 Page 11.2-2)

The MC6802 (M34) is 2 monolithic 8-bit microprocessor, with
interrupt and clock-stretching facilities. It is driven by a single
phase 4.096MHz square wave generated by the Master Clock X1
in the Analogue Interface Assembly. (This clock synchronizes
the reference divider swiich with the processor cycle).

6.1.2.3 Address and Data Lines

Address lines A ; | are decoded as chip-seleci signals for the
RAM/ROM circuit, lines A, , are connected to the instrument
address bus. Datalines D,  are linked to the instrument data bus.

6.1.24 E, MR and MEMCLK

The 4.096MHz clock input at M34-39 (EXTAL) 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 M34-3 (MR) reduces it to approx. 680kHz as MEM CLK
when certain peripheral devices are accessed (TEEE 488 interface,
Analogue Interface and Display assemblies).

6.1.2.5 NWMi

Theinternal switch $ 1 provides anon-maskable hardware interrupt
which has two functions.

o With the external CALIBRATION switch set to RUN, NMI
mitializes the processor system.

o With the CALIBRATION switch set to ENABLE, NMI
clears the non-volatile calibration memory (M23) before
initializing the processor syster.

6.1.26 [RAG

Any one of three asynchronous Interrupt Request signals are able
to activate the maskable IRQ input at M34-4:

o RTCIRQisareal-time clock occuring every 8ms to provide
timing information for the processor's monitoring facility.

o KYBD IRQ occurs each time a front panel key is pressed.
(Note: Not the Reset or Display keys).

o IRQ IO occurs when the IEEE 488 Interface has a transaction
to communicate to the processor.

D1, D2 and Q1 constitute a DTL OR-gate to isolate the IRQ
inputs. On receipt of Logic-J on pin 4, M34 stores its register
contents in stack RAM, saving the current processor environment,
and veciors to IRQ service addresses FFF8 and FFF9.

The IRQ Service Routine addresses MS51 and M52, setting
Logic-@ at M52-9 which enables the tristate buffers M36 and
M37 (at M36-1 and 15, M37-15). This sets IRQ data bits D, D,
and D, on the databus so that the processor can identify the source
of the TRQ 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 operation.

6.1.2.7 Software interrupt

The 6802 will also recognise Opcode 3F on the data bus as an
interrupt request (Implied’ addressing mode). This code is hard-
wired via R9, R10 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
o FFFA and FFFB, whose conients cause the 6802 tore-initialize
the system.

6.1.2.8 Read-Write Line B/W

The processor sets the R/W line to Logic-1 when it is in Read
state, and Logic-@ when it has data to write into the addressed
device.

TheR/W signal is passed only to the SSDA on the Analogue
Inierface assembly, and to the IEEE 488 GPIA (M29). All other
devices which require read-write control, operate from the
RDSTRE and WRT STRE signals generated from R/W by
M49/50.
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6.1.3 SOFTWARE OVERVIEW

The sofrware 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 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.

6.1.4 DIGITAL SUPPLY:
FAIL/RESTART CIRCUITRY

Power-up, restart and shut-down of the digital circuitry are
performed in a controlled sequence o safeguard against both
hardware and software failures. The Safety Monitor (Watchdog'
-Section6 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 430796 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 fo rise to a working level. The
comparator circuit of M28 has a nominal threshold of +7.1V,
above which a good working level of the +5V DC supply is
assured.

Asthe +8V supply rises, but still below +7V, ki28-2 follows uniil
the Zener D6 avalanches, when it is held at +2.45V. At this level
M28-3 voltage is less than 1V, so M28-1 remains at OV holding
the D' input of M8-5 at Logic-@ and M7-3 at Logic-1. Thus M8
and M9 are held inreset, initiating and maintaining the following
states:

2. M8-2(§)atlogic-1, PWR ON RST active. This signal is
fed to the Display assembly, holding the keyboard encoder
U201 inreset, and disabling the LED cathode driver decoder
U203.

b. M6-4 at Logic-@, PWR ON RST active. This signal holds
the microprocessor M34 in reset state. The VMA output at
M34-5 is held at Logic-@, disabling address decoder M3,
setting all M3 address outputs to Logic-1.

¢, The Logic-@ of PWRON RST also holds the IEEE 488
GPIA M29 (page 11.2-4)inreset. Itis also fed to the Analog
Interface assembly where it holds the SSDA M44 in reset.

When the +8V supply rises above about +7.1V, M28-3 vaoltage
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-@, 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-@ to M8-2 (). The PWR ON RST and PWR ONRST
signals revert to their inactive states, and start-up proceeds:

a. PWR ON RST at Logic-@:

On the Display assembly, enables keyboard encoder U201
and LED cathode driver decoder U203.

b. PWRONRST at Logic-1:

i. Removesreset 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 M10-1
(See Non-Volatile RAM - Section 6.1.5).

ii. Triggers monostable M534. This monostable has a
relaxation period of 470ms, during which time it holds

the FP RST outputat Logic-@. Onthe Reference Divider
assembly this allows the Watchdog circuits to reset.
{See Section 64.6)

iit. Enables the Real-Time Clock’ IRQ) via M7-13 and flip-
flop M8-10. The actions of M9 and M8 interrupt the
software routine every 8ms. RTCIRQ' sets five external
states onto lines 1D, | of the Data bus (M36 and M37), and
forces the CPU to observe them.

Address decoder M51-5 is normally held at Logic-1, so
the Logic-1 at M7-11 and M8-10 allows M9-3 clock 1o
affect the RTC IRQ) output at M8-13. For so long as the
+8V supply holds above +7.1V, M9 continues cycling
through its full count, clocking M8-11 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) o Logic-@
(Real-time clock reset RTC RST). M7-11 and M8-10
are pulsed to Logic-1, resetting M8-13 (RTC IRQ) to
Logic-@. 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 fails,
MB8-5 reverts to Logic-3, but M7-1 at Logic-@ 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 430796 page 11.2-2)

Memory addressing by the CPU is monitored by logic in
programmable logic array M3.

In a valid addressing sequence the CPU control and address
decode signals are:-

VMA (M34-5) = Logic-1

E (M34-37) = Logic-1

and

one M3 output (M3-13, -14, -16, -17 or -18) = Logic-@

For anincorrect addressing sequence the CPU control and address
decode signals would be:

VMA (M34-5) = Logic-1

E (M34-37) = Logic-1

and

all M3 outputs (M3-13, -14, -16, -17 or -18) = Logic-1

This situation indicates that-the CPU is attempting to access
memory locations which do not exist in the 4808, and is most
likely the result of a software failure. This condition is detected
by the logic in M3, resulting in M3-19 (INV ADDR_L) being set
10 a Logic-@. Via M7-2, this seis M7-3 to a Logic-1 which:-

°  Resets counter M9 to zero and flip-flop M8 (M8-4)
o Forces M8-1 to Logic-@. This forces M7-11 to a Logic-1,

resetting M8 (M8-10) and removing an enable from M10-1.
(See Non-Volatile RAM Section 6.1.5)

o Forces M8-2 to Logic-1. This change:

Resets the CPU by M34-40 1o Logic-@. VMA is forced to
Logic-@ which in wrn causes M3-19 © go 1o a Logic-1,
removing the reset from M9-11 and M8-4.

Makes FWRONRST and PWR ON RST signals active, thus
resetting the other sofiware-controlled areas.

After 8ms from CPU reset, flip-flop M8-3 is riggered from clock
9. M8-1 and M8-2 change state and the start-up sequence
proceeds again.
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6.1.5 NON-VOLATILE RAM

8.1.5.1 NV INHIBIT Signals

(Circuit Diagram 430796 pages 11.2-2/3)

Chip-select to the non-volatile memory M23 is inhibited during
power-up, re-start and power-down operations, by the logic
signal NV INHIBIT being set to Logic-@. During normal
running this signal reverts to Logic-1. With the NV INHIBIT
signal at Logic-1 (M10-4) during normal running; write access to
the NV RAM is available, but only enabled if the calibration
security keyswitch on the rear panel is set to ENABLE. The
NAND logic gates M10, used to control the inhibit, remain
powered from the RAM standby supply after power-down.

Conditions for normal running are as follows:

e Supply fail detector circuit provides a Logic-1 (supplies
valid) output to opto-coupler M11. This action causes its
optically-coupled iransistor to conduct and hold M10-2 at
Logic-1.

o M10-8 is held at Logic-1 (to +5V via R6).

o M10-1 is held at Logic-1 by flip flop M8-1.

The above conditions ensure a Logic-1 output from M10-10, the
NV INHIBIT signal.

During power-up, NV INHIBIT is held active until the power
supplies have setiled and the CPU has gained control of memory:

The input to M10-8 is delayed on the +5V supply by the time-
constant C8, R6. Also, the input to M10-1 is held at Logic-
@ by flip-flop M8-1 until the CPU reset is removed.

Atpower-down, ot inthe eventof a supply failure, NV INHIBIT
becomes active before +5V supply fails:

The first indication of supply failure is made by supply fail
detector M 28 output going to Logic-@. This cuts off the opto-
coupler M11 which takes M10-2 1o Logic-Z. M10-8/12/13
are held at Logic-1 by the +5V supply, thus M10-9 is taken

to Logic-1 and M10-10 to Logic-@ ( 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 M8-1 and M10-9.

8.1.5.2 Supply Commutator
{Circuit Diagram 430796 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 alsc ensures continuity of supply during the change-
over period between normal (line) operation and standby,
minimizing battery curreni leakage.

In the power-down condition, the battery powers M 10 and M23,
returning from baitery common (TP13) via D7 and R60. The
battery common is isolated from the general common SA by
transistor (32, which is cut-off.

During power-up, M28 is powered from the +8V supply before
the+5V supply voltage becomes established. Aslong asthe+5V
supply voltage is less than the battery voltage, Q34 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. (2 stays off,
maintaining isclation of the battery supply from Common-5B.
M10 and M23 remain powered from the batiery.

As the+5V supply voliage increases, D7 cathode potential rises,
reducing (Q3-4 bias, reaching zero when the supply voltage is
equal to the battery voltage (less than 10mYV is developed across
R60).

When the +5V supply voliage 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 1o the +8V rail and energizes the opto-coupler M39,
which switches (J2 on, conmecting common-3A to the battery
common. M10 and M23 are now powered from the +5V supply
and the siandby 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 io standby battery. Alternatively, Q2
is switched off by failure of the +8V supply to M28 if this occurs
before the +5V supply voltage falls below the batiery voliage.

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 11.3-3)
(Refer 1o Fig. 6.3 for waveforms)
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FiG. 6.3 MASTER CLOCK WAVEFORMS

The master clock generator is based on crystal oscillator X1
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 clock via flip-flop M42. This ensures correct
phasing of the 2.048MHz squarewave output from M41-14,

M41-11 and M41-10outputs provide complermentary 1.024MHz
and T.0ZAMHz squarewaves respectively. Monostable M40,
which is triggered at 2.048MHz from M41-15, provides the
positive-going 2.048MHz synchronizing pulses, SYNC1.

6.1.7 CLOCK WAVEFORM
GENERATION

(Circuit Diagrams 430796 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 acomponent's location
except where necessary.

NOTE: To avoid confusion, the terms high' and low’ are used
to replace Logic-1' and ‘Logic-@' respectively in the
following description.

The crystal oscillator on the Analog Interface Assembly provides
a4.096MHz Master Clock signal (X 1-8)for the whole instrument.
This drives the 6802 CPU at M34-39 (EXTAL) — M34-38 not
being connected. M41 divides4.096MHz 1o generate a2.048MHz
clock for the Memory Clock Streiching Circuit (M35/M49).

The CPU (M34) divides the EXTAL 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 Interface and the
keyboard controller on the Display assembly.

If M34-3 (MR-Memory Ready) was permanently held at +5V,
the E signal would be 1.024MHz. But in the 4808, a 'sivetching’
circuit (M35/M49) doubles the Logic High (+5V) time of E by
switching MR to Logic Low (OV) for part of the cycle. This is
shown on Fig.6.4.

The frequency of E is thus reduced to approximately 680kHz,
with 1ps 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 M35-1/M35-6 and Q output
atM35-15. WhenM34-3 (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 6.5)

AtT1 and T2: The 4.096MHz clock edge at T1 causes E to rise
fromlow tohigh at'T2. AsM35-10is also high, MR changes from
high to low at T2, holding E high. M35 pin siate 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 T'5). M35-10
also remains high, so MR is held low and E stays high.

At T4: MR is still low, so the 4.096MHz clock has no effecion
E, and E is stretched.

At TS: MR returns to high when the Logic-1 on M35-9 is
clocked as a Logic-@ 1o M49-4. This allows the 6802 io toggle
E at the next effective clock edge.

At Té6: The rising edge of the 4.096MHz clock 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: M35-10is toggled to high, but as M49-5 is now low, MR
remains high to allow E to be toggled ai the next effective
processor clock edge (not until the next T1). Also atT7, M35-15
is clocked to low to set M35-9 ready for the next (T3) clock edge.
The circuit is now set up to its initial (pre-T1) condition so the
action repeats.

Note: Aremotepossibility exists, that a severe disturbance could
upset the synchronization of the 'E' signal with the 2.048MHz
clock. To guard against this, M42 acis as amonostable to provide
negative reset pulses into M41-3. Under all normal conditions,
these will occur when M41 is already toggled in its reset state.
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65.1.8 TEEE 488 DIGITAL INTERFACE
{Circuit Diagram 430796 Page 11.2-4)

The IEEE Interface circuitry is located on the bottom right-hand
corner 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/ouiput.

The General Purpose Inierface Adapior (GPTA)YM29, is software-
driven by the 6802 CPU, as part of its normal function. M29 is
addressed at CS by XIOBBD from M51, and its internal registers
are accessed by A, A, and A, from the address bus.

The GPIA is clocked by Memory Clock E, with read or write
control direct from the processor R/W 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 I -D,. The address switch data is linked to D,-D, by
tristate buffers M47. During initialization and at subsequent
intervals, the state of M29-4 (ASE) changes from +5V o 0V,
enabling M47. The status of the address swiiches on the 4808 rear
panel is iransferred mio M29 via M47 and the daiz bus for
comparison with the received address.

M40 and M48 are bidirectional bus-driver arrays. The drivers for
bus managementlines: IFC, ATN and REN are permanently held
in Receive state, and the SRQ driver in Transmit state. The BOI
line driver is switched from Receive io Transmit by M29-28
(TR 1) changing from 0V to +5V as required by M29. M29-27
(T/R2) is normally held at 0V for reception of system data via

DIO |  buslines, and set to +5V for instrument datato be sent over
the bus.

Sorne system controllers output excessive noise along the REN
line. To avoid spuricus switching of M29 between Local and
Remote control states, the noise is filtered by R58 and C31.

Difficulty has been experienced with certain conirollers in that
NDAC can ransfer dataon to the bus tog early, Resistor R62 and
capacitor C7 slow down the wansitions of NDAC to overcome
this problem.

M25-40 (TRTE?) is used to inform the CPU when certain states
occur. In particular, the TRQ 1O signal is generated at each byte-
transfer over the bus, whether the byte is sent or received.
Additionally, TRQIC is activated whenever ceriain 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 Interrupt’
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 shests.

6.1.8 MODEL 4600 DI
INTERFACE
{Circuit Diagram 430796 Page 11.2-3)

The processor communicates with the external Datron 4600
Transconductance Amplifier using 9 signals in the digital bus.
Eight signals are controlled by the processor using the PIA M26,
which drives the digital bus via the bus buffer M25. The signal
IDIGBUSON is driven from +5V (circuit diagram 430604 page
11.16-4) so that the model 4600 may deiect that the 4808 is turned
on.

The data on the digital bus IADO to IAD4 is bi-directional so
model 4600 control data can be written from the model 4808, and

status information read back. Writing occurs when signal
pulses low and reading occurs when the signal fRD pulses low.
When IA/ﬁ is low, they are in data mode as described, when
high, they are in address mode. The address mode is used during
awrite or read to determine which address is to be written or read.
The 4600 latches the address on lines IADO 1o IAD4 when 1A/D
ishighand TWR pulses low. All subsequent writes andreads are
to this address uniil another address is laiched. The 4600 uses
only addresses (,1,2 and 3. The remaining addresses 4 t0 31 are
reserved for future expansion.

The processor reads the 4600 status registers each 40ms to check
for malfunctions, that the analog bus is connected, and the status
of the on/off keys. The digital bus is reset by driving both IWR

and IRD low, either by the processor or M24 (ie BARK DEL
(OG) is set).
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6.2 KEY

(Circuit Diagram 400994 Page 11.1-1 and Circuit

Diagram 400993 Page 11.1-2 gnd 11.1-3)

The circuitry described in this seciion performs the following
functions:

> Provides froni-panel operatar conivol of insirument Output,
Function, Range and Mode circuiiry, by push-bution keys.
Key operation is detected intemally and wansferred 1o the
CPU via the instrument data bus.

o Indicaies the present instrument state by means of LEDs
fitted in the keys.

o Generates audible warning of ervors, failures, and high voliage
at the Outpui Terminals.
(Also see Circuit Diagram 430648 Page 11.3-3)

In addition a pushbuiton swiich sets instrumeni Power ON and
OFF (refer 1o Section 6.7) and a "Resei’ key provides a hardware
resef for the safety monitor (Waichdog) circuits (refer to Section
6.4). The circuitry is located on the Display PCB Assembly
(400993) and the Switch PCB Assembly (400994), linked to the
CPU by conirol signals and the data bus.

6.2.1 KEY and LED MATRICES
(Circuit Diagram 400994 FPage 11.1-1)

Thekeys areelecirically arranged in a0 8 % 7 matrix and the LEDs
in the keys are elecivically arranged in an 8 x 4 matrix as shown
in the circuit diagram. These key and LED matrixnes, which are
simated onbothhalves of the Switch PCB Assembly, ave connecied
10 each other and to the Display PCB assembly viaaribboncable.

45V
ov }\ PWRONRST

Power OM

onea Koy Retum Lineg

SEEE T Phain Rows)

Memory Clogk ~— 1 CLK
680kH2

Encoded Scen to 202 and U203
When decoded, seiacis:
2 » Key Matrix Columms

¥ © LED Matrix Rows

KYBDIRQ H <o INT

KYBDCS_ L emrei] OB

RDBTRB_L

-

WRTSTRB_L ———— D Oulpul bytes
{columng)

Addross bil Ay ———
COMMANDS = 1
{intation and
Moda change)

FIG. 6.6 U207 INTERFACE (P8278) -
SIMPLIFIED SCHEMATIC

6.2.2 PROGRAMMABLE INTERFACE
U201
(Fig 6.6 and Circuit Diagram 400993 Page 11.1-
Zand111-3)

U201, a P8279 keyboard/display controller, mterfaces the
keyboard and LEDs io the instrument data bus. Itis addressed by
KYBDCS_L from the Digital assembly, to chip-select CS which
enables commands or data to flow via the data tus at D . The
CPUsets address A io Logic- for dataflow; but for programming
the interface for mode change or during initialization, A issetto
Logic-1.

6.2.2.1 Read/Write Control

The WRTSTRB_L signal from the Digital assembly is applied to
WR on U201. Data or Command is inpui to U201 from the CPU
data bus during WR low and C8 low, and is laiched on the WR
positive- going edge.

The RDSTRB_L signal from the Digital assembly is applied to

U201 RD. Datais cuiput from U201 on io the databus during RD
low and CS low.

6.2.2.2 U201 initialization

Swiiching power on io the instrument causes U201 to be cleared

by the PWRONRST pulse fiom the Digital assembly. The

interface is then programmed during initialization as follows:

a. Clock divider set to 'divide by eight’s The memory clock
(E) at approximately 680kHz is divided by 8 to give an
internal clock frequency of 85kHz.

5

An inherent division by 16 reduces the scan clock to SkHz
giving a scan cycling frequency of 333Hz.

¢. Encoded Keyboard Scan:
The scan ontput from SL, | is a 4-bit count.
SL, is not used; SL, | scans U203, SL,  scans U202.

d. Keyboard Mode:
The internal keyboard RAM is programmed as FIFO, input
being routed via RL, , retun lines. Two-key lockout is
employed with debounce.

e. Display Mode:
o Eight character lefi entry for the LED display.
Inter-digit blanking: alli'sonB , and A ,beiweendigits.

6.2.2.3 U201 Reprogramming

The frequency Store key and the 13 dual O keys have a
reprogrammable function. When one of these keys is pressed,
U201 is reprogrammed into Scamned Sensor Mode. When
released, U201 reverts io Encoded Keyboard Scan .~ Mode.
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6.2.3 SCAN DECODING

The encoded scan output from U201 (approximately 333Hz
cycle frequency at SL, ) is decoded by U202 to energize each
key-matrix column line once every scancycle. SL, | scanoutputs
are also decoded by U203 A 1o 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 elecirically grouped within a matrix of 8 rows of 7
(Note that the Reset and Display keys are not part of this matrix).
This does not conform to their physical grouping on the front
panel. Each of the eight return lines RL, , defines a malrix row,
whose seven elements are scanned by U202 (Low active).

The keyboard memory RAM in the P8279 (U201) is an image of
the key matrix, internally synchronized to the SL,  columm scan,
and receiving row inputs from RL__. Tt 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 interrupt KYBDIRQ_H io the CPU which then
interrogates the keyboard image RAM in the P8279.

The next action depends upon the key's function:

a. T key pressed:

i. U201 is reprogrammed into Scanned - Sensor mode for
as long as the key is pressed, the CPU acting on the key
information.

fi. ifa single .~ or ~~ key is held down for longer than half
a second, the display enters 'auto ' mode, Tunning as

about 3 digits per second.

fii. When the key is released, U201 is returned to Encoded
Keyboard Scan mode.

b. *Store’ key pressed:

i. U201 is reprogrammed into Scanned - Sensor mode for
as long as the key is pressed, the CPU acting on the key
information.

ii. IfanF1 1o FSkeyispressed while Storeis held down, the
appropriate frequency memory location is accessed, and
the output frequency is reset to the value in the memory.

iii. When the Store key is released, U201 is returned to
Encoded Keyboard Scan mode.

¢. Any other key pressed (but not Reset or Display):

i U201remainsin Encoded Scan maode; the scan continues
as the CPU is acting on the key information.

ii. KYBDIRQ_H interrupts are generated only by the low-
going edges of the key contact pulses, so U201 remains
sensitive to subsequent key depressions.
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6.2.5 KEY LED OPERATION

After performing the change requested by the key depression, the
CPU changes the bit-patterns stored in U201 internal display
RAM. As this is scanned internally in synchronism with the
decoded outputs of U203A, each output byte of B, / A, drives
the row of LEDs accessed by U203 A output lines.

The bit-pattern of the byte selects the LEDs to be litin that mairix
TOW:

EM,/ AM bits at:

Logic-1 = LEDs unlit;
Logic-@ = LEDs lit.
During changes of output between successive bytes, all the lines

fromB ,/ A, areset to Logic-1 to avoid spurious LED flashes.

The eight power drivers in U206 drive the LED anodes, from a
+35V supply regulated by U207. Darlington drivers U202 - U205
drive the LED cathodes.




6.2.6 AUDIBLE WARNING BUZZER

There are iwo reasons for an audible warning from the calibrator:

°  When the instrument enters High Voliage State (>110VDC
or >75VRMS). A 4kHz tone is used, pulsed as described in
the User's Handbook.

= ‘When an inappropriate seleciion is attempted, or if any FAIL
or Error message is displayed. For this purpose a single
500Hz "Beeper pulse is generated.

6.2.6.1 High Voliage Siate Alarm Conirol

(Circuit Diagram 400993 Page 11.1-1)

U203B and U209 act as a control laich for the warning buzzer.
With ALARM_L at Logic-1 (+5V) U209 remains unchanged;
but with ALARM at Logic-@ (OV) the state of U209 depends on
the condition of the A line:

A, at Logic-1: the buzzer sounds a tone.
A at Logic-@: the buzzer is silent.

The laich is operated at CPU speed. Two ALARM_L pulses are
used for each burst of sound. The first, with A at Logic-1, starts
the burst; the second, with A, at Logic-@, ends it.

The waveforms and truth table in Fig 6.7 illustrate the action of
the latch.

During POWER ON mitialization, the combinationof ALARM_L
atLogic-@ and A atLogic-@is applied to U203B 1o force power-
up in the disabled condition.

The 4kHz HF TONE signal at U209-8 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 U209-12 remains at Logic-@
unless the Beeper' in the Analog Interface assembly is switched.
{See section 6.2.6.2).

Note that A may be used for other purposes when ALARM_L is
at Logic-1, bui this will not affect the buzzer state.

6.2.6.2 ‘'Beeper Control
(Circuit Diagrams400993 Page 11.1-1and
Circuir Diggram 430648 page 11.3-3)

The Alarm Controlcircuitry on the Display assembly is overridden
for Beeper control. During a Beep', the HF TONE signal is
inhibited, and the LF TONE signal at U209-12 is enabled to
control the buzzer oufput.

On the Analog Interface assembly (page 11.3-3) the Beeper
consists of a monostable timer and NAND logic. Unless a
requirement arises for a 500Hz waming, the BEEP signal is at
Logic-1. Thus M55-3 15 at Logic-@, so M54-5 at Logic-1 inhibits
the LF TONE signal, M54-4 remaining at Logic-@. M54-8 is at
Logic-@ enabling the 4kHz HF TONE, which is passed to the
Display assembly at U209-8 (page 11.1-1).

When required, a single Beep' is originated by the CPU pulsing
M34-3(page 11.3-1)10Logic-f5. Thisisthe 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 is at Logic-1 during this period, inhibiting the HF tone and
setting M54-11 10 Logic-1. This is passed 1o U209-8 on the
Display assembly, where it ensures that U209-13 is at Logic-@ to
override any High Voltage alarm. M54-5 at Logic-@ enables the
500Hz LF TONE signal to pass via M54-4 1o U209-12 on the
Display assembly (see page 11.1-1). As U209-13 is held ai
Logic-0 during the beep, the buzzer produces 150ms of audible
500Hz output.

ENABLE-=  |= LATCH
{ENABLED)

b !

DISABLE-=| |= LATCH
| (DISABLED)

FEY e

u208-9

o

(LF Tore is separately switched)

U203/208 Truth Tsble .
U203-15 [U203-14U203-12U20311) L2099 BUZZER
(ALARM_L) (Ag)
g | & | 1 e 1 DISABLED
o | 1 2 | 1 B ENABLED
i X 2] =] NO CHANGE NO CHANGE
Z=0V; 1=5Y; X<Ethor10r®

FIG. 6.7 BUZZER CONTROL LATCH ACTION
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DIGITAL DISPLAYS

The circuits described in this section perform the following
functions:

o Storage of display data in a Display Image RAM, updated
under CPU conirol.

o Generation of multiplex count which selecis segment data
from the RAM, and energizes the appropriate digital blocks
in synchronism.

o Distribution of negative supplies o energize the vacuum-
fluorescent displays.

Part of the Digital assembly (480796) houses the display
multiplexer, whichincludes the display image RAM, the interdigit
and multiplex counters, and control circuitry.

Thetwo vacuum-fluorescent displays, the block multiplex decoder
and segment drivers are locaiedon the Display assembly (400993).
The block diagram of Fig.6.8 shows the arrangement and main
interconnections of the display circuitry.

6.3.7 GENERAL
(Fig.6.8)

The purpose of the Display Image RAM is 1o 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 scans the 11 digit-blocks of both displays in parailel.
The same count scans the RAM, selecting segment information
for each block in trn. As there ave two displays, and therefore
two RAM bytes io read for each block, the MODE' display data
is first entered into a holding laich during the inter-digit blanking
period at the start of the time-siot for its block.

Toupdate the displayed characters, the CPU writes into the RAM
at high speed (680 kHaz), using signal XDDSP to connect the
Address bus through the Address Source Switch to the RAM.
ZADDSP also connecis the Data Bus to the RAM through the Data
BusBuffers, writing the new segmentdata into the selected RAM
Address. Thehigh speed of the transfer, compared with the much
slower scanning speed in Read mode, avoids spurious effecis
appearing on the displays.

Each RAM address contains only & bits, but there are nine
segments in each display block., Comma-segment information is
therefore not writien into its normal block address in the RAM,
but stored as a bit in a separate ‘Commas’ byte, which holds the
data for all eight blocks having acomma. Thebyte isread cut into
aCommas Data Holding Latch, once every block-scancyele, and
then selected for display by a Commas Multiplexer §-into-1
switch.,

6.3.2 STATIC CONDITIONS
{Circuit Diggram 400993 Page 11.1-2)

All vacuum fluorescent display digit/block grids and all the
segmeni anodes are driven from the +5V supply. They are
connected to this supply by conduction of the grid and anode
drivers in U105, U106, U107 and U108,

When not energized, all grids and anodes are pulled io
approximaiely -34V by 100k£2 resistors connected io the
-VDISP supply. The -VDISF supply is generated by voltage
doubler circuit D102 - D105/C113 - C115 which is driven from
the filament driver U110.

To energize a particular digit/block (simultaneously on both
displays), the multiplex decoder causes the relevant grid driver to
wm on, lifiing the iwo grids to +5V.

At the same time, the two sets of data (for the characters to be
displayedin the two blocks) are extracted from the Display Image
RAM, and applied to the segment anode drivers.
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FIG. 6.9 RAM ACCESS - WRITE MODE LOGIC

Whenever the CPU is programmed 1o update a display (eg. for
Range, Function, Mode or Value change) it seis address decode
KXDDSPto Logic-1 with each byte of data to be transferred. This
causes M31 and M33 to select the CPU address lines A,  which
are mapped directly to the RAM address inpui lines A . The
RAM is placed into its write mode by signal XDDSP at Logic-@
(M17-8, TP5, M16-16).

The RAM M16 is divided into two sections, using the address bit
A, todifferentiate between OUTPUT and MODE display images.
When the CPU is loading the RAM with CUTPUT display data,
it sets A, to Logic-1, passing to set M16-19 (A,) input io Logic-
1. MODE display and COMMAS images are written into M16
with A, at Logic- (M33-4 and 13 at Logic-1 in write mode).
(InRead mode M16-19 is again used te differeniiaie beiween the
two image sections).

The signal XDDSP (M17-8) enables the tri-state buffers M1 and
M2, connecting the CPU data bus to M16 data input/output lines
D,,. With each byte of display data, the CPU also generates the
write sivobe signal WRT STRB. This is combined with XDDSP
(M17-6, M16-10, TP4) to enable M16 internal Input/Cuiput tri-
state buffers io accept the data byte (chip select CS ). Once the
display data has been loaded into the RAM, the CPU returns
XDDSP to Logic-@ and the RAM reverts to Read mode.

6.3.4 READ MODE

Unless the CPU has data to update, the signal XDDSP remains at
Logic-3, to hold the display multiplexer circuitry in Read mode.
The RAM data bus is isolated from the CPU data bus by iri-state
buffers M1/M2, and M16 is chip-selected in read mode by M17-
6 and M17-8 at Logic-1.

6.2.4.1 Display Scan Address Interiacing

(Circuit Diagroam 430796 Page 11.2-1)

M31-1 (SEL) at Logic-@ causes the RAM 1o be addressed from
the display block scan, mapping M41B outpuis: Q4B, Q3B,
Q2B,Q1B toRAM addressinputlines: A, A, A A respectively.
This bit-rotation interlaces the exiraction of display data, in
synchronism with the interlaced block selection by the Display
assembly Scan decoder.

6.3.4.2 Block Multiplex Decoding
(Circuit Diagram 400993 Page 11.1-2 and
Figs. 6.11)

The 4-bit Block scan cutput MUX A, | from the multiplex scan
counter M41B (Digital assembly)isused a2t DATA, | inputto U101
(on the Display assembly, whichdecodes it into an active-low 16-
line scan S, .

Tostrobe the commas, M3 output S, generates the signal COMMA
STRE, and its When the count reaches output §, feedback from
this ouput via the MUX RESET_L signal terminates the scan
cycle by reseiting M4 1B on the Digital assembly. Count 6 of the
multiplex count is decoded at Ul13-6 to produce the
COMMASTRB_L signal, which is fed back to the Digital
assembly to conftrol the latching of comma information from the
display RAM into a holding register (see Section 6.3 4.7).

Eleven of U101's ouiputs sequentially drive the display grids
(voth displays in parallel) via level shifters in U105 and U106.
As can be seen from Fig. 6.11, the interlacing is used to avoid
consecutive activation of adjacent blocks.
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8.3.4.3 Display Data Selection
(Civcuit Diagram 430796 Page

11.2-1)

When the processor writes display data into the
Display Image RAM, the A, input is used to select
the MODE or OUTPUT display data siorage area
(seepara 633 and Fig.6.11). InReadmode also,
A, issetio Logic-1 to read OUTPUT display data,
and 1o Logic-@ for MCDE or COMMA data.

For an alpha-numeric display block, 18 bitsof data
could be required:

One byte - OUTPUT display block segments;
One byte - MCDE display block segments;
Two bits - COMMAS (one for each display).

The problem of transferring iwo bytes of data
along the single-byte RAM data bus is overcome
by strobing each MODE display segment byte into
2 holding latch (M32), during the first 30us of iis
block selection time-slot. The MODE display
section of the RAM is selected by setting its A,
inputto Logic-@for this Tnter-digit period, during
which the inter-digit blanking gates, (M42/43,
M45/46), set all the segment lines going to the
Display assembly to Logic-@ (segments OFF).

COMMA data is stored in the Display Image
RAM as a separate byte (refer to Section 6.3 4.6).
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6.3.4.4 Display Timing
(Fig. 6.12)

Read mode is driven by a 32kHz square wave (Waveform '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 biis are combined ai M30-10 io
produce Waveform B, the display master-timing pulse, used also
for inter-digit blanking.

The following example explains how the display datais set up for
the next display block in sequence, during the 62.5us of the
display timing pulse.

Example

Initial State: M41B count has already reached 10C1, and the
block-4 grids of both displays are energized (Fig.6.11).

The OUTPUT display data for block 4 is selected in the Display
Image RAM (M16) to drive the segment anodes for a figure '6',
which appears on the OUTPUT display.

Block 4 of the MODE display is showing afigure '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:

QUTPUT display - Figure '§'
MODE display -~ Figure'7'

Block Changeover: The next block is selected during the
display master timing pulse (Fig. .12, Waveform B).

a. The negative-going leading edge triggers the scan counter
(M41B) whose output advances to 1010 (bleck 6). On the
Display Assembly, U101 de-energizes A, grids and energizes
A, grids.

b. For the duration of the Display Master Timing Pulse (Logic-
© at M12-14), the A, input to M16 is set to Logic-@ as A, |
inputs are advanced to 0101. MODE display data for figure
'7' is loaded onio the RAM data bus as follows:

f. M17-6 at Logic-1 selects M16 &t M16-10,
fil. M17-8 at Logic-1 holds M16 in Read mode,
fii. RAM address A, = 00101 reads MODE display block 6

data onto the RAM data bus (M1/M2 isolates from the
CPU data bus),

iv. M30-14 at Logic-1 strobes the byte intc M32 during the
30us of Waveform D, then returns 1o Logic-@ leaving
figure '7' data latched at M32 output.

v. Mi12-1 ai Logic-@ blanks the two displays by setting
MAS5/M46/M42/M43 outpuis to Logic-@, regardless of
their inputs from M32 and the RAM data bus.

¢. The positive-going edge of Waveform B lifts the RAM A,
input (M16-19) to Logic-1, addressing the CUTPUT display
section of memory. A, is still at 0101, selecting block 6
display data (in cur 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/MA4S, so the data for both
MODE and OUTPUT displays are now delivered 1o the
anode drivers on the Display assembly.

This condition persists for 437.5¢ts until the next master
timing pulse, when Waveforms B and C repeat the process
for the next block of stored display data.

At any time during the cycle, the CPU may force Write mode.
This will not disturb the scan from M41B, but XDDSP will reset
M32 outputs o Logic-@ (M32-1/13). However, the speed of byte
ransfer 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 daia.
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6.3.4.5 Display Segment Drive
{Circuit Diagram 400993 Page 11.1-2)

The strobed segment signals from the Digital Assembly are input
to the Display assembly on J102 and J103. These are already
synchronized to their blocks by the 4-bit block scan MUX A, |
within the Digital assembly.

For each block in sequence, the appropriate segment bit-patiemn
is set at the input to the segment anode drivers in U106, U107 and
U108. The correct block grid is simultaneously switched to +5V
by its grid driver, lighting the appropriate digit. Forbits at Logic-
2 the anode drivers remain off.

The above action proceeds for both displays simultaneously. The
grid driver energizesits corresponding block grid on both displays,
at the same time as the anode drivers are loaded with the correct
block bit-pattern for their own display.

During change-over beiween blocks, all segmentinputs at Logic-
1 arereturned to Logic-@ 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

(Circuit Diagram 430796 Page 11.2-1)
(Figs. 6-10 and 6.13)

MUz SCAN 0110 -+ A8 >\ 0101 == 85 = A1l

01108 58 == COMMA STROBE

8111+ S7 & Noi Usad ><T1000 A2
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FIG. 6.13 COMMA LOGIC - TIMING WAVEFORMS

The comma is the ninth segment (f) in each of the numerical
display blocks. It cannot fit into a block's byie 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
address01100). This is possible although there are nine numerical
blocks, because the ninth block never requires a comma. Legend
blocks A and A, do not have a segment £,

The RAM COMMA data is updated by the CPU in Write mode,
and isread out (as though it were another display block) by M41B
scan 0110 during the master display pulse (Waveform B sets
RAM A, input io Logic-@). The same MUX combination 0110
is decoded at U113-6 on the Display assembly to generate the

COMMA STRB signal (COMMASTREB_L on the Display
assembly).

Thus for the duration of the MUX combination 0110, the COMMA
data is on the RAM data bus, but the blanking gaies prevent it
reaching segments a 1o A,

8.3.4.7 Comma Drive Multiplexing

The COMMA STRE signal is inveried and combined with the
Data Loading Strobe at M30-13 as a Logic-@ pulse, whose
positive-going edge clocks the comma data inio laiches M14/15,
approximately 30usec after it has been loaded on o the RAM
databus. The permanently-enabled cuputs from these latches are
inputas X, into the 8-into-1 multiplexer M13 during a complete
MUZX scan until the next COMMA STRB signal.

The block-multiplex scan from M4 1B selects the correct X input
to synchronize with activation of iis display block grid. This is
output from M13-14 (Z), inio blanking gates M12.

Comma informartion is blanked during COMMA STRE , and by
inter-digit blanking during display-block change-cver (M12-7).

The Comma drive line from M12-5 to the front panel, via J2-88,
conirols the segment { anode 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-@ at the
same time as Address line A goes to Logic-1. Tristate buffer
outputs M1-11 and 13 go to +5V, seiting M2-13 output 10 +5VY
(Logic-1). OQOutputs M1-13 and M1-11 go tistate when the
COMMAS line returns to Logic-1, leaving M2-13 latched to +5V
by the positive feedback action of R11. 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-@ (0V) is
seton A with COMMAS signal at Logic-. Thus M2-13 latches
0 Logic-@ and M44-2 disables the flow of comma data to the
MODE display. ‘
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6.4 ANALOG CONTROL INTERFACE

The circuitry described in this section perforrms the following functions:

> Provides a two-way interface via a serial daia link beiween out-
guard digital processing and in-guard analog control circuitry on
the reference divider assembly (see Fig. 6.14).

> Monitors the CPU operation, serial transfer, digital supply failure
and restarf operations (waichdog), imposing a conirolled safeiy
derault condition if there is a danger of losing digital control of the
analog functions.

A mamnal reset of the safety monitor is provided on the front panel (see
Fig. 6.17).

6.4.1 GENERAL

6.4.2.1 The Transfer Cycle
(Pig.6.14)

The CPU uses an address-code signal ZNITF STR1 (Analog Interface
Start) to initiaie each 24-bit shift, by triggering a separate clock
generator (M2, M3, M4) which produces a burst of 24 clocks per shift.
Datais clocked in a2 serial siring through a continuous loop comprising:

o the 48-bit, serial in/parallel out, analog conirol shift register;
o the 16-bit, parallel in/serial out, status shift register;
> back 1o the SSDA receiver (Rx DATA).

The serial data string is correcily located after two 24-bit shifts, so then
the SSDA generates a sirobe pulse which:

a. Transfers the data present in the serial data string of the six 8-bit
analog-conirol shift registers (M27, M25, M31, M19, M30, M15)

are returned to the CPU during the data transfer. Thus, the data link

: InQuard S = forms a continuous loop, as shown in Fig.6.14.

This extra (confirmatory) circulation requires three more 24-bit shifts,
so acorplete data ransfer consists of five shifts. Ifnc error is detected,
the SSDA provides a wrigger-enable to allow updates to prevent
activation (BARK) of ihe watchdog circuits.

T DATA | Safety and Control information is input from Digital (Circuit Diagram into their enabled parallel output registers and onto the analog
I 480796) and Front (Circuit Diagram 400993 ) Assemblies io out-guard . conirol bus.
______ | circuits located on the Analog Interface Assembly (Circuir Diagram
>>>>> ?&% I 480648), processed and iransferred across the 'Guard’ isolation barrier When the strobe ends, further transfer is disabled and the registers'
B k $300 STROBE | 'Conral’ toin-guard cireuits inthe Reference Divider Assembly (Circuis Diagram cutpui data is laiched.
| PWRONFST | FEgET | eslaing (o7, 128, 1, 480652). After further processing in the Reference Divider Assembly,
ME CLi e G S, H3C, i) safety and conirol information is cutput o the following assemblies: b. Injects the status data at each of the 8-bit parallel inputs of the two
| © nggﬁum status shift regisiers (M 18, M22) into corresponding locations in
e | L S WIS S pevaliobn, o Sine Source Assembly (Circuit Diagram 480446) the serial daia siring. : '
‘ b e Wiendog | L Sertal-out = AC Assembly (Circuit Diagram 400844) ~ .
. ool SSOACE 4o .. ’ [ B Sh&‘@f’%‘;gﬁm o PA Assembly (Circuit Diagram 480618) When the sirobe ends, the parallel inpuis io the status regisiers are
| pecoper I e | (——— : : - DC Assemb'ly (C ircuit Dzagrgm% 480536) o disabled,
i S (M) L BEESTRY STl | o Current (Circuit Diagram 401008), Ohms (Circuit Diagram
b i i it 5300 5 . - [ 401047) or Current/Ohms Assembly (Circuir Diagram 480614) After .the sirobe pulse, the CPU initiaies a furthgr circulation of serial
Gt s CLOGK AeBaTh - f o R P o High Voltage Assembly (Circuit Diagram 480537) data (mcludmg the s.tatus .dai;a)? in order to obiain the s;tams data @d
iz, 153, 1) NE— | e return the analog conirol bits to the SSDA Rx DAT A register for parity
BBDA CLOCK : Certain selected 'Status’ signals, originaiing in the analog assemblies, checking by the CPU.
}
!

j  REFERENCE DIVIDER ASSEMBLY

DIGITAL AGSEHELY L

6.4.2 SERIAL DATA TRANSFER
(Circuit Diograms: 430796 Fage 11.2-2, 4306481%5’76 If an error is detected on the first iransfer, the CPU aciivaies a second
11.3:3,430652 Pages 11.4-4 and 11.4-5 and Fig. 6.14)) compleie iransfer, and then a third if an error is detecied on the second.
If the error persists after the third transfer, the trigger-enable is
withheld, and the instrument will shui down under the control of the
"Waichdog' safety monitor.

FIG. 8.14 SERIAL DATA LINK - SIMPLIFIED FUNCTIONAL BLOCK DIAGRAM

A bi-directional serial data link passes information across the guard
isolation screen; passing CPU commands to conirol the in-guard analog
circniiry, and returning critical status signals from the guarded circuits

back to the CPU. . .
pekio me All interfacing between out-guard and in-guard circuits is achieved

The link is managed by a synchronous serial data adapior (SSDA) using electrically-isolating opto-couplers.

which, having first been loaded with three bytes of conivol instructions

by the microprocessor; transmits the resultant 24-bit word across guard . . I

one bit at a time, via its Tx DATA channel. 6.4.2.2 Data Transfer @E‘QQWZ@?E@W
(Fig.6.15)

The 48 bits necessary to control the analog ciceuiiry thus require two

successive 24-bit transmissions. Daia is transferred serially via the SSDA, conirol registers and stams

regisiers as directed by the CPU.
Simulianeously with each 24-bit transmission, the SSDAreceives a 24- ) .
bit word via its Rx DATA channel, enabling the CPU 1o parity-check The exchange of data between the CPU and SSDA is made in bytes of

its refurned data, and obtain the status of the analog functions. 8 bits on the instrument data bus, each exchange comprising three bytes
(24 bits) of parallel data.
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The shifts of serial data through the in-guard cireuit are synchromized
by clocks which are conirolled from the CPU, and the SSDA Rx retuzn
registers are cleared when read by the CPU,

Once the in-guard serial daia is correcily positioned at the inpuis 1 the
conirol regisiers, the SSDA g eneraies a siwcbe WImCﬂ eﬂa‘b‘e\\ iis
transfer to the parallel ouipuis of the conir
enables injection of the data on the paxaﬂe
mto the serial data string.

The transfer operation requires five seriel data shifis, each of three
bytes, through the registers. During this operation: the control registers
are loaded with bytes of new data (ND); the siatus registers ave loaded
with new status data (N8); and the whole of the ND and NS daia is
refurned to the CPU, which:

a. verifies that the analog control bits of the serial data sivring retum to
the SSDA Rx DATA regisier without ervor. This indicates that at
least, the corrsct bit patiern was applied 1o the anzlog conwol
register inputs at the time the sirobe was generated.

b. acts upon the stams data received.

6.4.2.3 Transfer Sequence

The sequence of events in the transfer operation is as
follows, referring io Fig. 6.15:

2. Three bytes of new data, ND1, ND2 and ND3 are loaded inic the
SSDA transmitier registers; this datais destined for comml fegisiers
D1, D2 and D3. The SSDA receiver regisiers were cleared when
last read by the CPU.

b.  Aburst of 24 clock pulses, initiated by the CPU, shifis all data three
bytes to the right. Afier the shift is completed, the ransmiier
registers are loaded with new daia byies ND4, NDS5 and ND6
(destined for control regisiers D4, DS and D6). During this period,
no iransfers are made between the serial data siring and the paraflel
control or status registers.

¢ A second burst of 24 clock pulses again shifts all data three byies
to the right. New data bytes ND1 1o ND6 are now correctly
positioned in control registers D1 - D6, Afier 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 ND1 1o ND6 cormrectly located, the SSDA
generates a sirabe pulse. This pulse:

i laiches the 48 bits of bytes ND1 1o ND6 ai the parallel ouiputs
of control registers D1 1o D6;

ii. enables the parallel inputs of status registers S1 and $2, loading
two new status bytes NS1 and NS2 and clearing old data ODS
and OD6 from the registers.

€, A third burst of 24 clocks again shifts all data three bytes to the
right. The CPU reads bytes NS1, NS2 end ND1 from the SSDA
receiver registers (the CPU may take immediate action on NS
returns). After the shifi is complete, new deta bytes ND1, ND2 and
ND3 are re-loaded into the transmitier regisiers.

D

1=ty

. A fourth burst of 24 clocks again shifts all data three byies to the
right. The CPU reads bytes ND2, ND3 and ND4 from the receiver
regisiers. Afier the shifiis complete, new data bytes ND4, NDS5 and
MD6 ere re-loaded into the transmitier registers.

s EOU . clocks again shifis all data three bytes to the right.
1d D6 are read from the receiver registers. The CPU
new data and status byies and the transfer sequence
tor is detected between new daia transmitied and new
data received, the wansfer process is repsaied; three atiempis are
all wed before a fault condition is declared.

3]

6.4.3 SYNCHRONOUS §
ADAPTOR
(Circuit Diagram 430648 Page 11.3-3)

ERIAL-DATA

8.4.3.7 SSDA Initlalization

When power supplies are first swiiched on or an external reset signal
EXT RST is applied, the signal PWE ON Ro1 (Power On Reset) is
held at Logic-{ for approximately 8ms.

During this period, the SSDIA is laiched in 2 reset condiiion to prevent
erronecus output ransitions at its Tx and Rx interfaces; the internal
transmit registers are nhibited to prevent the loading of data from the
data bus and the SSDA swwobe output is held at Logic-1.

Afier PWR ON RST returns to Logic-1; the instrument state is
initialized by the firmware program. This routine clears the laiches,
registers and SSDA strabe.

§.4.3.2 Parallel Data input From CPU

The conditions for parallel data on the data bus to be accepted by the
SSDA are as follows:

8. Chip-select SSDA CS at Logic-@.

b. Read/Writecommand R/W atLogic-@. This controls the divection
of data flow via the Data Bus through the SSDA imput/output port.

When R/W is at Logic-@, data on the Data Bus is written into 2
selecied regisier within the SSDA.

¢. Thememory clock MEM CLK'682.6kHz square wave synchronizes
the SSDA operating cycle to that of the CPU.

With regisier address bit A at Logic-1 and input conditions present as
above, the SSDA accepts data from the data bus inio 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 A is at Logic-@, data iransferred into the SSDA
arerecognised as programming instructions. The SSDA is programmed
as part of the initialization routine. For details of 'Control Byie'
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 io the data
bus are as follows:

> Chip-select S8DA C§ ai Logic-@.

o Read/Write command R/W at Logic-1.

«  Memory clock, MEM CLK, present.

The daiaread from the SSD A may be from one of two sources, selection
being made by address bit A

o With A at Logic-1, received data from the serial data input FIFO
is transferred to the daia bus.

o With A at Logic-@, the CPU reads an internal SSDA status

Tegister.

6.43.4 Serial Data Transmission

Serial data iransraission is conirolled by the CTS (clear io send) input
tothe SSDA. Transmission is inhibited by CTS ai Logic-1, and enabled
when CTS is set to Logic-® by the CPU address-code signal
ANI/F STRT. The first serial bii is iransmitied by the negative
transition of the first full positive Tx clock pulse (256 kHz) after CTS
has been sei io Logic-@. CI8 is held at Logic-@ by the

ANI/F STRT laich for the duration of 24 full Tx clock pulses, thus
enabling the serial shift transmission of the 24 daia bits from the Tx
Data FIFO in the SS§DA..

6.4.3.5 Serial Data Reception

Serial dataisreceived by the SSDA, contrslled by the DCD (datacarrier
detect) level and clocked by Rx CLOCK. DCD is commen 10 the

transmit control TS so that ransmission 10, and reception from the
serial/parallel shift registers is synchroncus. Both Rx CLOCK and Tx
CLOCK have the same freguency but Rx CLOCK is inverted with
respect to the Jatter, The first bit amiving ai its Rx DATA input is
clocked into the SSDA Receive FIFO register on the positive transition

of the first full Rx clock afier DCD is set io Logic-@.

6.4.4 SSDA CLOCK GENERATION

Serial data is transmitted and received in bursts of 24 data bits. Three
clocks are used to time the flow of bits, ensuring that:

e Data has time to settle before being clocked along the shift
regisiers,
> Thefirst Rxdata sample is taken before it is lost by the first bit-shift.

> Subsequent Rx datz has time io seitle before being sampled by the
SSDA.

o Exactly 24 bits are shifted in sach burst.

6.4.4.1 SSDA, Tx and Rx Clock Actlon

(Fig. 6.16)

The three clocks are derived from the 256 kHz square wave output from
the 13-bit counter. The 256 kHz squarewave 1s used direcily as the
signal "Tx CLOCK " intothe SSDA. (Refer to Circuit Diagram 430648
Page 11.3-2 -MI15-14).

After CTS is set to Logic-@, the negative iransition of the first full
posiiive pulse wiggers the first serial Tx data bit setup. (Refer io Fig.
6.16 Waveforms G and H).

Ry CLOCK' is an inverted version of the 258kHz squarewave. Afler
DCD is set 1o Logic-@, the positive transition of the first full Rx clock
cycle triggers the SSDA. The SSDA thus samples the first Rx data bit
before the SSDA clock iriggers the shiftregisiers. (Fig. 6.16 Waveforms
KandJ).

'SSDA CLOCK! is also aninverted version of the 256kHz squarewave.
Theinversion allows approximately 2ms of data setup time for all serial
daia bits prior io 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 counied by M4, allowing 24 bits to be shifted before resetting the
Analog Interface Stari latich M2-11 (TP3) 1o Logic-1. (Refer to Fig.
6.16 Waveform I).

6.4.4.2 SSDA Clock Circuliry
{Circuit Diagrom 430648 Page 11 3-3)

The following paragraphs describe the action of the SSDA clock
generator circuitry.

The action of the SSDA clock generator is initiated by the command

ANI/F STRT from the CPU. This occurs after the paralle]l data has
been Ioaded into the SSDA transmit registers from the data bus, The

Logic-@ pulseof ANI/F STRT sets flip-flopM2-10/11 1o give aLogic-
© a1 TP3 which then:

o Seis the D input level of flip-flop M3-5
o Removes 'SET" to enable shift register M3 at M3-6 and M3-8

o Removes "RESET tc enable couniers M4 at M4-7 and M4-135.
{Refer to Fig. 6.16 Waveforms A and C).

At the next rising edge of the inverted 256 kHz (Rx CLOCK) from

M43-8 afier ANI/F STRT, the shift register M3 is clocked bui only
M3-1'Q' cutput changes state io Logic-@. This is applied to the SSDA
CTS and DCD inputs, thus releasing the inhibits on the SSDA
transmit and receive registers. (Refer to Fig. 6.16 Waveforms D and E).

At the next (second) rising edge of the clock to M3, M3-12 changes to
Logic-1. This allows NAND M2-3 o pass 256 kHz clock pulses via
buffer M5-12to the Reference Divider Assembly to shift the serial data
string along the analog-control and stats registers. (Refer to Fig. 6.16
Waveforms D, F and I,

The 256 kHz clock at NAND M2-3 is applied to the 4-bit up-counier
clock input at M4-1, each rising edge causing the counier to increment
by 1.
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The divide-by-16 output M4-6 is applied io enable M4 at its M4-10
mnput ; the falling edge occurring at couni-16 and mcwmpnﬁng ihe
sccond counter to produce, 2t M4-11, alogic-1 cutpui. Laier, at count-
24, M4-6 changes again io Logic-1, and (ogether with M4-11 puiput,

The Logic-1 2t TP3 resets the up-counters M4 causing:

oz
1,

the covnter cuipuis 1o fall i Logic-@), inhibiting further counting;

AND M2-5 to rise

tc Logic-1, 1

setting tlip-flop M2-12 to

TAT
gives a Logic-@ from MAND M2Z-4, causing the following actiong: I e
prepare for the next ANIF STRT mput. (Refer to Fig. 6.16
a. Flip-flop M2-12 is veset o give Logic-1 at TP3. Waveforms £, B, C, B and F}.
b. The Logic-1 at TP3 seis shift register M3 o give:
i Logic-1 at M3-1, thus inhibiting DCD and CTS;
it. Logic-@ at M3- 2 disabling NAMD M2-3 and thus siopping
any further SSDA clocks.
A AN I/F STRT A}‘\[
M2-8 )
l
B END COUNT [ N
M2-L 112 /
C AN L/F LAT[H\J ;
-
-
0 256 kHz (INV) e {
M3-3/11 [) 4 3
e t1s/oco IN /
A
F SSOA CLOCK j N (
ENABLE / \
M2 -1 7 T
/ .
i 9| s
G Tx CLOCK -————
o j :
;
j/ Trigger 1 3 26k 1
7 \ TN S~ i
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FIG. 6.16 SSDA CLOCK GENERATOR WAVEFORMS
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6.4.5 SERIAL/PARALLEL CONVERTER
(Circuit Diagram 430652 Pages 11.4-4 and 11.4-5)

Serial control data wansmitied from the SSDA (Analog Interface
Assemnbly), iogether with their conirol signals (SSDA strobe and SSDA
clock), enter the Reference Divider Assembly viathe Mother Assembly.

The data and signals cross the isolation barrier through opto-isolaiors
M6, M7 and M8 into gnard.

Serial conirol and siatus data is returned out of guard o the SSDA
receiver via opto-isolaior M1,

£.4.5.1

The nominal logic levels (Logic-1 = +5V, Logic-@ = 0V} used in the
out-guard SSDA circuits, are offset at the opto-isolaior outpuis io:

Logic-1 = -10V Logic-@ = -15V
and level-shified for the in-guard circuitry to:

Logic-1=0V Logic-@ = -15V

Logic Levels

6.4.5.2 Serialin/Paraliel-Out Control-Data
Convertors

Six 8-bit serial shift registers M27, M25, M31, M19, M30 and M15
each have laichable parallel outputs. Their serial "D inpuis and "Q's”
outputs are cascaded o form a single 48-bit sexial shift register. M27
receives ‘serial data in' from M8 via the level-shifiing buffer M36-4,
and M15 passes serial data on o the Parallel-in/Serial-oui Status-Data
converiers,

6.4.5.3 Parallel-ln/Serlal-Out Status-Data
Converters

Two 8-bitserial shift regisiers M 18 and M22 each have parallel inputs.
M18 serial "Ds" input accepts serial data from M15; M18 "Q8" cutpui
is cascaded to M22 "Dis" input; and M22 "Q8" cutput delivers SERIAL
DATA OUT o buffer M11-11 and back to the SSDA via M1 opto-
isolafor.

M18 and M22 thus form a 16-bit serial shifi regisier whose 16 parallel
inputs' states can be inserted into the serial data siring.

6.4.5.4 Serial Daia Cyeiing

The serial data, crganized into five blocks of three byies (Refer io 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 shifi registers) to
siabilize before being clocked on.

After the CPU has generated two bursts of data and clock pulses, the
serial control data has shified into the correct positions in control
registers M27, M25, M31, M19, M30 and M15. So before the third
burst of three byies, the SSDA produces a strobe which writes the
control data into their parallel cutputs. Simultaneously, the sirobe also
fills the 16-bit serial regisier of M18 and M22 with the status data
present on their parallel inputs.

When the strobe ends, further ransfers between serial and parallel
registers are disabled. The new control data remains laiched in the
parallel conirol registers, and the new status data is in the serial status
register ready for shifiing ic the SSDA Rx DATA register through
guard,

The control and status bits in the registers are then circulated by three
further bursis of clock pulses, until the CPU has read both the new staus
data and all the control data that were written by the strebe. Vesification
that the returned contral data is identical fo the iransmitted data, ends
the traunsfer.

If after three attemnpts, the returned data does not maich the transmitied
daia; the CPU omits i re-irigger monostable M10 in the Reference
Diivider Assembly. M10 times out and allows the signal BARK DEL
o goto Logic-@, disabling the 48 control data outputs by 'iri-stating’ the
registers M27, M235, M31, M19, M30 and M135.

8.4.5.5 Parallel Control-Data Outpuls

and Status-Data Inputs

The daia laiched in M27, M25, M31, M19, M30 and M15 outpuis

conirol the operation of the Analog circuitry. The effects are therefore
described in the sub-sections relevant to their destinations.

Ags this is a multi-purpose converter, designed for use in more thanone
model of instrument, some of the control and status lines are not used.
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6.4.6 SAFETY MONITOR (WATCHDOG)
(Fig.6.17)

6.4.6.1 Waichdog Signals

The waichdog circuits continuonsly monitor the CFU/SSDA functional
process. Detection of a processor malfunction by the waichdog resulis
in the following actions:

a. BARK. This signal:

i, removes the drive from the primary of the High Voliage (1kV)
iransformer,

fi. disables the 400V Power Supply, and

iii. disconnects the Current Asseinbly cutput from the instrument
output terminals.

b. BARK. This is returned as a status bit to the CPU via the SSDA
to signal a failure.

¢. BARKDELAYED. This occurs47ms after BARK anddisconnects
the AC Voliage Power and Sense circuits from the instrument
output terminals.

d. BARK DELAYED. This signal disables the registers of the
serial/parallel data converters.

6.4.6.2 Effects at Power-on

The watchdog outpnts 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.

o BARK is forced active until CPU/SSDA functioning has been
verified; the latter must occur within 470ms of power-on.

o BARK is held inactive for 470ms from power-on, after which it
provides a FAIL message to the CPU.

6.4.6.3 Effects after ‘Reset’

Operation of the Reset conirol on the front panel provides a further
100ms period for the CPU/SSDA functional process to settle, during
which time the watchdog circuits must verify correct functioning
before their outpuis are reset.

6.46.4 Watchdog Trip Action

The watchdog is tripped if the system fails to transmit analog-control
updates to the analog circuitry. The updates are of two types:

o Transferof ‘Outputvalue' data viathe Analog Interface comparators,
o Transfer of analog switching daia 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 (M10-4: 18ms) to hold it in its unstable state.

If two or more pulses are missing, M10 releases the hold, and the
waichdog flip-flops ‘Bark', activating the safety circuitry, They willbe
missing if the ontput value comparators are incorrectly updated; if the
SSDA fails to generate Transmit' pulses for a period exceeding 470ms;
or if the CPU crashes.

6.4.7 WATCHDOG CIRCUITRY
6.4.7.1 OQut-Guard Watchdog

(Circuit Diagrams 430648 Pages 11.3-1 10 11.34 and
430652 Pages 114-1t0 114-6)

The CPU verifies the validity of each serial-interface iransfer by giving
the SSDA an instruction o generate a "Waichdog Enable’ rigger. This

W.DOG ENABLE SET pulse (M44-7 on page 11.3-3), triggers
watchdog-enabling monosiable M29-11 (page 11.3-1).

W.DOG ENABLE SET iriggering and retriggering extends thenatural
(470ms) unstable state of M29 indefinitely. Unless the retriggers fail,

the M29-9 output { W.DOG ENABLE ) remains at Logic-@. Absence

of W.DOG ENABLE 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 11.3-4).

During each successful processor cycle, the CPU addresses M51-9
(Digital Assembly page 1.2-2). Thertesulting low active pulses at §ms
intervals are inverted, and gated with WRT STRB to generate the

active-low signal W.DOG at M49-11.

W.DOG travels via the Mother Assembly to the Analog Interface
Assembly o be gated with the W.DOG ENABLE signal at NAND
M46 (page 11.3-4). Theresulting 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 (o be passed into
guard on the Reference Divider Assembly (Opto-coupler M9 on page
114-5).
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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 voliages):

> Opto-coupler output circuiis
Logic-1: -10VDC

o Digital CMOS circuiis
Logic-1: GOV Logic-@: -15VYDC

Logic-@: -15VDC

Level-shifter M36 carries out the interfacing between these two
levels.

The 'W.DOG' signal is opto-coupled inio gnard by M9. During normal
operation: the W.DOG in-guard positive-going pulses, at 8ms intervals,
keep re-triggering the monostable M10-4 io give a continuous Logic-
2 at M10-7. The 18ms unstable state of M10 allows for one pulse o
be absent, but if two or more pulses are missing, M 10 resets, taking
M10-7 to Logic-1.

Thelogiclevel from M19-7 is comnecied directly io the set input of flip-
flop M13-6. With the reset input to M13-4 held at Logic-@ during
normal operation, the output conditions of M13-1 and M13-2 are as
follows:
o Setinput M13-6 = Logic-@ (no fanlt);

M13-1 (Q) = Logic- - BARK not active

M13-2 (Q) = Logic-1 - BARK not active
> Setinput M13-6 = Logic-1 (malfunction);

M13-1 (Q) = Logic-1 - BARK active

M13-2(Q) = Logic-@ - BARK active
The action of M13-2 changing te Logic-@ iriggers the monostable

M10-11 which hes a relaxation time of 47ms. Afier 47ms, M10-9
output clocks flip-flop M 13-11 1o give the command BARK DEL from

M13-13 and BAEK DEL from inverter M14-12.

6.4.7.3 Power-On Reset
(Circuit Diagram 430652 Page 114-5)

When power is first applied, the build-up of the 15V supply forces shift

regisier M37 Set inputs to Logic-@, but its Reset inpuis are held at

Logic-1 by the charging action of R122/C7.

So M37 1is forced inio reset state for about 80ms:

o M37-2 imposes Logic-1 at M13-8 Set input.

o M37-1 at Logic-@ holds M10 inactive at M10-3, thus preventing
random triggering at M10-4 from ervatic W.DOG inpuis, as the
SSDA/CPU functions stari up, Q' ovipui M10-7 holds M13-6 Sei
input at Logic-1.

Also, the Reset inputs M13-4 and M13-10 are held at Logic-1 for a

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 M 13-8/M13-10, initially both at Logic-

1, force M13-13 output to Logic-1 to give active BARK DELAYED

and BARK DELAYED ouipuis.

The Set/Reset inputs M 13-6 and M13-4, also initially at Legic-1, force:

>  M13-1 1o Logic-1 (Active BARK), and

o M13-2 ic Logic-1 (Non-active BARK ).

The output states of M37 (M37-1 = Logic-@, M37-2 =Logic-1) remain

unchanged after the §0ms time constant at M37 Reset inputs, but then

M37-11 is free to be triggered from the SSDA srobe input. Two strobe

inputs mustoceur before M37-1 clocks to Logic-1 and M37-2 to Logic-
7. M13-13 now changes to Logic-@, making BARK DELAYED and
BARK DELAYED inactive, and the inhibit is removed from M10-3.
The outputs M13-1 and M13-2 remnain unchanged until M10-7 falls to
Logic-@ by the clocking action of pulses on the W.DOG inpui. This
mustoceur before M13 4 returns 1o Logic-@ (a1470ms from power-on)
for BARK to be made inactive, otherwise BARK remmains active and

BARK is set to Logic-@, producing a fail status bit which is passed to
the CPU.
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6.4.7.4 Malfuhction
(Fig 6.17)

Any malfunction which introduces one of the following conditions will
cause the watchdog to bark:

2. CPU WRT STRB fails at Logic-@.

b. MS51 on the Digital Assembly does not receive the address to
activate M51-9.

¢, 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 M10.

As well as these failures the CPU is informed, via SSDA Status byte
transfer, of certain analog malfunctions. Subsequent CPU action can
include deliberate activation of the watchdog by omitting to address
M51 as in (b) above.

6.47.8 Reset

Once the waichdog 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 waichdog circuit, FP RST, is active for 100ms
after pressing the Reset key. (M53-9 on Digital Assembly page 11.2-
2). During this period, the Reset inputs at M 13-4 and M13-10 are held
at Logic-1, allowing the correct pulse inputs from the processor and
$8DA to hold M13-6 at Logic-@, and to reset RARK DEL at M13-13
to Logic-@. The waichdog will not reset if the malfunciion persists.
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’ FiG. 6.177 WATCHDOG CIRCUITRY - SIMPLIFIED BLOCK DIAGRAM

6-29



6.5 PRECISION DIVIDER

.

SYNG 1 The out-guard circuiivy described in this section performs the foliowing

Mast 8 7
aster - e
Clocks 1.024MHz functions:

a

o Receives and laiches the demanded cutput vaiue fror the CF

- the form of 2 25-bit word.
puffersd 13-bit FOLL COUNT
ata Bus Counter
o Generaies acontinuous 13-bitup-courd from the 1.0240MHz Master
K ¥ . IS Q .
~,_EEFT 0@ R Clock (8ms count cycle).
] P> BRST 9 o o < o o 5 e o~
g?g ﬂg;?a{t MSE gﬁsﬁ BT 3 go o Compares the 13-bit couni with the 13 mosi-significant bits of the
Buifer Register Comparstor ngic SET2 25-bitword, generating 'Set’ and 'Resei’ pulses. These are wansfemred
AST 2 § into guard t(? ;trigger the "Most Significant’ JFET swiich i
\\ Reference Divider.
I SYNC 2 R TSN s o I S )
: o Compares the 12 most-significant bits of the count with the 12
(———j~ least-significant bits of the 25-bit word, generating 'Set’ and Heset’
o - W S pulses. These are transferred into guard to wigger the Least-
12-bit L3B o Significant’ JFET switch in the Reference Divider.
Data Lse sync — g
Register 12 Lines Comparator Logic RST3
The out-guard circuiiry is located on the Analogue Interface Assembly.
Wmm, P TR 7

The in-guard circvitry performs the following funciions:

FIG. 6.16 PRECISION DIVIDER CUT-GUARD CIRCUITRY - SIMPLIFIED BLOCK DIAGRAM

o Provides a Master Reference Voltage (20.6V) which is chopped by
the 'Magst Significant’ JFET swiich o generate 2 square-wavs,
whose Mark/Period ratio is conirolled by the 13 most-signif
bits of the 25-bit word., A 7-pole Bessel filter smooths the squar
wave to provide a DC voliage, whose value varies directly as
Mark/Period ratio of the MSB square-wave.

o Provides a Buffered Reference Voltage (8.83V) which is cho
by the Leasi-Significant’ JFET switch io generaie a sguare-wa

Guard Switch Guard
Elip-Flep Switch

Mark/Period ratic of the LSE square-wave,

M;En Svﬂm@h : Main . 7-Pole :
ip-Flop 7 -Pole :
and Driver Switch Bessel Filier : i

Conditions the two BC voliages produced by ihe Bes
delivering them via full 4-wire connections o ba su
the DC assembly (for DC output selections)or on ¢
{for AC outputs) as a DC "Working Reference’.

PRI
Summing
Amplifier

Bipolar
Switching

The value of this reference voltage is accurately proportional o the
value demanded by the CPU's 25-bit word. For DC outputs, with
polarity changeover swiiching, it can have values between +20V
and -20V (including zero); but as a reference for AC outpuis, iis
value lies between +0.126V and +2.79V.

1 Master DCY

Reference Reference

20.8Y jul
"1 Buffer-Divider

Offset Bias
{+3) Ampiifier

8.83V

Quasi-Sine

<~Qut guard
2} Generalor

In guard-=

LSD Swileh
Flip-Flop

3-Pole
Bessel Filier

Comparaicr (described in sub-section 9.9) the consi
advantage of comparing AC Sense against AT Reference. If AC

lead io 'DC mrnover' errors). The AC waveform is construciaed in
ten sieps by a digitally controlled switching network, Tt has been
given the name 'Cuasi-Sinewave”.

FIG. 6.18 PRECISION DIVIDER IN-GUARD CIRCUITRY - SIMPLIFIED BLOCK DIAGRAM

The in-guard circuitry is located on the Reference Divider Assernbly.
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6.5.1 PRECISION DIVID
@QMPARAT@RS
(Circuit Diagram No. 430648 Pages 11.3-1 to 11.3-4)

8.5.1.1 General

(Figs. 6.18 and 6.19)

The comparators are designed as a means of translating 2 binary word
into the accurately defined Mark/Period ratio of a square-wave. The
ratio of the square-wave's average value to its peak value subseguently
defines the division ratic 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 clock frequencies would occupy several seconds.
To filter out the resultant chopping frequency would require large and
expensive components, and forceunrealisticoperational time 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),
allowing a scan-cycling frequency as high as 125Hz to be achieved.

Both MSB and LSB comparators are scanned concurrently by the same
13-bit counter, forming two separate square-waves. These act on two
separate reference divider switches and filters to generate separate DC
voltages which are then recombined, giving the required resolution.

In summary, the two comparators translate information from the CPU
mto time-related pulses which control mark/period switching in the
reference divider. One comparator operates on the thirieen most-
significant bits of CPU data; the other deals with the twelve least-
significant bits. The comparators operate concurrently, cycling
continuously at 125Hz, taking 8ms per full count.

At the start of each ms counting period, sach comparator generates a
SET pulse to start its reference divider ‘Mark' element. Then after
precisely-measured delay times, each generates a RESET pulse to
terminate the "Mark', and start the 'Space’. At each €ms full-count, the
clock resets and continues up-counting from zero.

6.5.1.2 Comparator Operation
(Fig.6.18)

The MSB and LSB Data Buffers are periodically loaded and laiched
with binary ‘Demanded Ouiput Value' 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 pulses
SET1.SET2 and SET3 by the MSB and LSB 'Sync Logic' circuits.

FULL COUNT also generates the LOAD command. This writes the
data, currently laiched in the buffers, into working data latches which
form the 13-bitand 12-bitData Registers, updating the eartier Demanded
Output Value' which is resident in the comparator.

The MSB and LSB comparators iranslate 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 binacy 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 time 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 sync

logic. Thelatter generatesresetpulses RST1 and RST2 insynchronism
with the signal SYNC1 (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 iwelve bits over the same 8ms counting period, thus
accommodating 4096 time elements of 1954ns for each binary increment.

SYNC?2 pulses, generated in the MSB Sync Logic circuitry at half the

rate of SYNC1, synchronize the RST3 output from the LSB Sync
Logic.

6.5.2 COMPARATOR CIRCUIT ACTION

6.5.2.1 Input Data Latches

(Circuis Diagram 430648 Pages 11.3-1 and 11.3-2)

The input buffered data laiches M31 1o M34 and M37 1o M39 receive
27 data bits in four bytes from the buffered dara bus. Latches are
selected by signals REF DIV 1, 2, 3 or 4 from the memory address
decoding on the digital pch. Data is clocked to the '’ 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 remaining 3 bits from the data latches are
used for separate functions:

8. MB34-5 triggers monostable M29 (part), whose Q ontputis inverted

and buffered to provide the control UPD (OG) used in the relay
drive logic for analog switching.

b. M344 (EXT FREQ SEL) selects between the internal 16kHz
synchronizing frequency and the 16kHz output from the External
Frequency Input Buffer.

c. M34-3 (BEEP) wiggers the Becper monostable M55, which is
activated to 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 Fig 6-20 for Waveforms)

The counter consists of three 4-bit binary counters M 15, M16, M17 and
J-K flip flop M42 (half dual package). The squarewave cuipuis from
the counter are on 13 binary-coded lines, the first (least-significant)
being a 512kHzsquarewave, theothers successively divided infrequency
to the most significant output of 125Hz.

Bit 1 is provided by I-K flip flop M42, which toggles on each falling
edge of the 1.024MHz clock to give 512kHz (Q and § outpuis. These
outputs are used as follows:

a. The two complementary Q' ouiputs together provide the leasi-
significant input o the 13-bit comparator;,

b. TheQ output conirols the counting rate of M15, synchronizes M16
and M17, and is used in the gating of FULL COUNT .

Counters M 15, M16 and M17 are cascaded as a 12-bit counier and are
synchronously clocked by the 1.024MHz. M135 can count only when
its count-enable input M15-7 is set to Logic-1 by the Q cuiput of M42.

As M42 outputis at 512kHz, clocking of M15 occurs on therising edge
of alternate 1.024MHz clocks, thus giving ontputs of 256, 128, 64 and
32kHz squarewaves from M135.

Counter M16 is enabled by the carry output from M15 together with
512kHz from M42 at the count-enable pins M16-10 and M16-7
respeciively, thus giving outputs of 16, &, 4 and 2kHz squarewaves
from M16.

Counter M17 functions in a similar manner to give outputs of 1kiz,
500, 250 and 125Hz squarewaves.

The Zus-long ‘Carry’ outpui from M17 occurs at the end of the 125Hz
ouiput when all counter outputs are at Logic-1. The carry output is
NANDed with M42Q cutput to give the Igis-long logic command
FULL COUNT. The counting cycle resets and continues, siarting
from bit 1.

r* 977ns ~=f
I
BINARY COUNT 8186 \ 3189 ) 8190 ' 8191 I 0 ' 1 l 2 ’ 3
1024 MHz
1026 MHz ; ‘l
i
M&2-91
512 kHz
M15-14
256 kHz
Coriizzeaad
T
M17-1
125kHz
M17-15
CARRY
M6-11
FULL COUNT
FiIG. 6.20 13-BiT COUNTER WAVEFORMS
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6.5.2.3 13-Bit Comparator Action
{(Circuit Diagram 430648 Page 11.3-2)

The 13-bit comparaior provides a Logie-1 output at TP12 whenever 2
coincidence occurs between the following two sets of data:

a. Data set in registers M47, M48 and M49-1;
b. Daia from 13-bit counier M42, M15, M16 and M17.

Twelve exclusive-OR elemenis M25, M26, M27 and three NOR gates
of M12 are used to detect a coincidence. The data in the regisiers is
preset by the CPU, while that presenied by the 13-bit counter cycles
through every binary combination possible on 13 lines.

Two coincident inputs to zn exclusive-OR gate provide a Logic-@ to
the 12-input NOR gates M24/M23; full coincidence in bits 2 to 13 is
shown by a Logic-@ at NAND M13-6. Coincidence at bit 1 is shown
by Logic-@ at M12-13 and M12-4 (M12 acting as an exclusive-OR

M12 INPUT PINS OUTPUT PINS

6 1 912 4 13

8 ?ﬁ ‘ ? ? g Only 4 input

1 combinations
0 0 o 1 available

1 0 1 0 0

N

gate) as follows:

A BUSY signal is generated by the comparator at NAND M50-13
(TP2) when the 13-bit counter approaches full count. Biis 8 to 13 are
atLogic-1 for the period of 125ps preceding the end of the counter cycle
(see Fig.6-21). The BUSY level is applied o the M49 D-inpui 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 aresolution of 25 bits, contained in four data bytes. The time needed

for the 4-byte transfer could allow the latches to contain spurious data
uniil they were fully loaded, and an inaccurate parity could beregistered
with the counter siill running. The counter must not be interrupted, as
its full count defines the 'period’ of the mark/period ratio used to conirol
the division of the reference voltage. Itis therefore necessary io reduce
ihe Ioading time, which is achieved by double-latching the data.

When the CPU has daia to load into the input data laiches, it first
intervogates the comparaior by enabling buffers M45 using the signal
REF DIV RD. The REF BUSY signal at Logic-1 (M45-3) indicates
o the CPU that encugh time is available to load the latches (at least
125us remain before the LOAD pulse occurs). If the REF BUSY
signal is at Logic-@, the CPU waits until it returns to Logic-1 again.

When the REF BUSY signal is at 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 onme of the chip-select signals REF.DIV.1 to
REE.DIV.4 , which enables the selected buffer latches. The data is
latched by the WRT SIRB signal.

Once the full 25-bit word has been laiched 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 RD , and five of the elements of M43 buffer
the five most-significant data bits back to the CPU. If parity with the
transmitied data is confimmed, the CPU iakes no action. When the
counter times out, the FULL COUNT signal is clocked through to

M14-6by SYNC2 asthe LOAD signal, and the new datais ivansferred
into the comparator latches.

If the data latched in the buffers is not as transmitted, the CPU initiates
the FAIL 4 message procedure to the operaior.

FULL COUNT L

D ED T R OD D D D D D GO ED OO oD oD D M O 6D oD 6D O o0 CD G5 SUTEmImmmmTT ST
]

R o D D D R 2 PR TR Do OO O GO TarearonT
BUSY
1.024 MHz o D s o e o o e @ D D e
e o o @ D e oD e @ D e D e & : o
REF BUSY
T L) R D D oD D D @O e il

FIG. 6.21 BUSY WAVEFORMS

Bms —d
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6.5.2.4 ‘“Most Significant Biis' SYNC Logie

(Circuit Diagram 430648 Page 11.3-2) (Refer to Fig. 6.22 for Waveforms)

This circuit, M 14, M6, M7 and M8§, provides the following signals:
SYNC 2, LOAD, SET1, SET2, RSTI and RSTZ2.

SYNC 2 is obtained by NAND gating 1.024MF
a synchronizing pulse at half the rate of SYN’"l

Hzand SYNCliog

The LOAD pulse enables the 13-bif comparator registers, and is
generated at M14-6 at the end of the counter's full-count cuiput.

FULL COUNT sets the D input M14-2 an

d ‘ahv level is clocked,
inverted, from M14-6 by the next two SYNC 2 p

es that occur.

The inverse of LOAD is used to time the pulse SET1 by NOR- ga‘tﬁmg
atM7-4 with 1.024MHz. The M7-4 pulseis NAND-gated with SYNC

to provide SET1 from M8-1. The pulse SET2, which occurs 977ns

is obtained by gating the signal FULL COUNT with

at I @R M7-10 and then NAND- gating at M&-10 with

before SET1,
1.024MHz
SYNCI,

Reset pulse generetion (see Fig. 6.23) is inisiated by a Logic-1 level at
TP12. This can occur at any one of the 81 92 LJ

bit counter, iis actual time slot depending on T
the coincidence occurs,

The coincidence level at TP12 is NAND gated at M6-8; M6-10 being
at Logic-1 for all binary counis except 8191, The Lomc 2 at M5-8 is
NOR-gaied 2t M7-1 with 1.024 MHz, this is thenused to seleci the next
SYNC1 pulse via NAND M8-4 1o provide the pulse RST1.

The coincidence level at TP12 is used to set the D input at flip-flop

20468 Mz

T

10261MHz
= ] T i 7
SYRC 1§ i i | . b
,hL_ i ? it U '1 U;_ .....
3 {s
H i
H 1
= 1’F o 1
! i i
SYNCE . . B
L et -
=t =30 o 76ns
l' =
FOTLCoUNY L{
i
= Bms V

FULL COUNT

1026 MHz

REF BUSY

D DGR D O 2 & 6F

DR O ECOCD O GRIDE D MR @ O O O CD o Cop  CUITmomrerenmraTs:y ‘,"_»'—_-:
L

977ns ! e

pzic)

FIG. 6.22 MSB SYNC LOGIC WAVEFORBMS

e ‘JZSFS e

T D TR MDD @ D O D R
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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 ouiputis inveried at M6-6 io be NOR -gated with 1.024MHz
atM7-13. This is then used to seleci the nexi SYNC1 pulse via NAND

M8-10 to provide the pulse RST2.

The pulse-timing example given in Fig.5.23 shows the generation of

RST1 and RST2 when coincidence occurs in the comparator at
binary count = 0 (waveforins in continuous lines).

Coincidence occuring at binary count 1 causes RST1 and RST2 to

incrementin time by 977ns withrespectto the SET1 and SET?2 pulses
(waveforms in broken lines).

RST1 and RST2 are generated with the same relationship in time to
the comparator coincidence when the latter occurs in any binary count

time slot from O 10 §190 (inclusive).

Note that as the comparator word incremenis in value, RST1 and RST2
increment in time after SET1 and SET2, which remain stationary

with respect to FULL COUNT and LOAD. RST1 and RST2 are
inhibited when coincidence oceurs 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-@
and NAND M6-10, preventing RST1 being generated; and by flip-
flop M14-5 output going to Logic-@ for the period of the Isad pulse,

inhibiting RST2 .

977ns

1026 MRz 1
SYMC 1 ﬂ

|
I

L1 | |

i

SYRLZ ﬁ

]
U

LQaD g ! E

e ——)

FULL COUNT

TRIZ COMPARATOR (OINCIOENCE

HT-1

R
3] e, B
‘ | B
i 5 o e S =
M16-9 E , _____ E _____ - g
1 i
' |
| | .
| ﬂ Pmaum?
A7-13 - T T T T e
| i
i |

BINARY [QUNT
«819%

=819t 50 o2

END OF (0UN7[R-==@ NEXT COUNTER —
CYCLe i CveLe

FIG. 5,,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 sn identical manner to the 13-bitcomparator previously
described. Twelve exclusive-OR gates, M19, M20 and M21, receive
the 12-bit binary outpui from the common counter and compare these
bits with the data in the data registers.

The leasi-significant bit changes at a raie of 256kHz, and the mosi-
significant bit at 125Hz. Coincidence cecurring in any of the 4096
binary-count time slois available in the comparator cycle is shown as
a Logic-@ at TPS for a period of 1954ns.

6.5.2.8 ‘Least Significant Bits' SYNC Logic

(Refer to Fig. 6.24 for Waveforms)

The timing of SET3 is controlled by the FULL COUNT pulse from
the 13-bit counter. The inverted FULL COUNT at M43-6 is gated
with the inveried SYNC 2 from M43-11 1o give, at M46-1, SET3.

The comparator coincidence logic level is inverted to Logic-© at M 12-
1; M12-2 being at Logic-@ except when FULL COUNT is low. The
waveform at M12-1 lasis for 1954ns and therefore allows two

consecutive SYNC 2 pulses to be gated to Md64 (RST3 ).

This condition exists for all RST3 timings excapt at the binary count
of 4095; in this instance, the FULL COUNT pulse occurs afier the
gating of the first SYNG 2 pulse, sets M12-2to Logic-1 and so prevenis
the second pulse appearing at RS13 . In practice, the second pulse of

RST3 has no operational significance.

|

}

1026 Mz

195Lns \’l

v
=
=
|
ol

FULL COUNT !

o

TPS (OMPARATOR COINCIDENCE {BINARY 0}

BST3

COMPARATOR COINCIDENCE
™5 (BINARY £095]

v
™
=
w

|

o]
v
=
ws

=L096 BINARY (OUNT =4095

FIG. 6.24 LSB SET/RESET PULSE GENERATION
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6.5.3 REFERENCES and REFERENCE DIVIDER

(Circuit Diagrams 430652 Pages 11 4-1 to 114-6)
(Refer also to Fig. 6.19)

The set and reset pulses from the precision divider comparators control
the timing of JFET switches, which in turn chop the Master Reference
voltages.

The chopped references are filtered to generate two voltages whose
levels are proporticnal to the MSB and LSB squarewaves' marl:period
ratio (duty cycle). These MSB and LSB voltages are condiiioned, and
transferred to the AC Assembly by full 4-wire sensed connection where
they are summed at a star-point to generate a Working Reference:
REF+Ve¢'. The cutput voltage increments at high resolution (0.03ppm:
approx. 0.6uVY), with a maximum possible range of adjustment of §-
20V.

The high resolution associated with the full 13-bit count and a 20V
reference is advantageous for DC outputs. Such resclution, however,
is not strictly necessary for the accuracies associated with AC outputs;
and also the 1V Range is the basic AC range, all otherranges employing
either attenuation or amplification.

For AC outputs, therefore, the working reference is reduced to arange
from 0.126V 1o 2.79V by sofiware. This resulis in a reduction of the
maximum mark:psriod ratio of the chopping waveform io about 0.14.

6.5.4 MASTER REFERENCE

(Reference PCEB Assembly on Circuit Diggram DC430652
Page 114-1)

The Master Reference determines the fundamental long- and short-
term stability of the whole calibrator. Ttis a separate PCB, mounted on
the Reference Divider Assembly, which generates an ulira-stable
output voliage of approximately 20.6V.

This PCB module is assembled, pre-conditioned and tested by Datron
Instrumenis as 2 single entity, and there is therefore no method of
repairing or testing it withoui specialized test equipment and processes.
If a fault is suspecied on the Reference PCB Assembly , contact your
nearest Datron Service Cenier.

6.5.5 REFERENCE BUFFER-DIVIDER
(Circuit Diagram 430652 Page 114-2)

R80 and R81 drop the 20.6V Master Reference voltage (V Ref) to
+8.83VY. M23/Q40 is a voliage-follower providing +8.83V with
respect to Common-4 at the star-point TP11 to supply the Least-
Significant Digit switch.
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6.5.6 LEAST-SIGNIFICANT-RIGITS SWITCHING

(Fig6.26)

6.5.6.1 Swiich Driver

SET3? and RST3 pulses from the LSB Comparator in the Analog
Interface Assembly are transferred into guard via pulse transformers T1
and T2, whose cenire-tapped secondaries zre balanced about Common-
4 0V (T1) and +9V (T2).

Q5—Q8.form a fast bistable using emitier-coupled logie, to switch TP1
between +9V (mark) and +20V (space). During the "Mask" time afier
SET3 pulse, (329 and Q30 are switched ON, comneciing LKA ic
+OV Ref. (31-04 have the same bistable action as Q5-0Q8, swiiching
{31 off during the "Mark" period by -11V at TP2, thus disconnecting
LKA from Common-4 (§V). During the "Space" time after RST3
pulse, Q29 and Q30 disconnect LKA from +9V Ref, and Q1-04 swiich
31 on, comnecting LKA to Common-4 (0V). Fig.6.26 illusirates this
action.

8.5.8.2 JFET Swiich and 3-Pole Filter

The combined action of the swiich FETs alternaiely provides charging
current for the 3-pole filier {(during "mark") and discharging current
(during 'space’). Tweo JFETS in parallel (Q29 and (Q30) are necessary
o equalize the charging and discharging time-constants by maiching
the "ON" resistances, This preserves linearity of the filier ouiput
voliage over the full range of marl/period ratios applied via the set and
reset pulses.

The 3-pole filter has the advantage of not being in series with the DC
ouiput signal. The 125Hz ripple content is reduced to a level which is
acceptable within the overall instrument specification. The filter
output is buffered by voltage-followar M16.

a

TP +9V
+20V jﬁ
e |
OFF j&?ﬁq—
[ r‘b
LI
TP2 |
?
oV —b

— T
SET 3 y
BmS Fixed Period
RST 3 @—y—a Position is value-dependant
+ 20V —
TPY o | e
+9V —
OV——s
TP2 o | e
-1V L
+ 9V —
LKA o |
0V —-

FIG. 6.26 ACTION OF LSD SWITCH
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6.5.6.3 Offset

Bias Amplifler
M20 performs a dual role:
a. lis gain js set to 1/3 by R65/R64

b. Iisouiputislevel-shifted to provide en offset bias for summing (this
allows the summed output to have a negative zero offset).

Also asmall thermal coefficient zero correction is factory-preset (ID10/
R835).

M20 transfer function is approximately as shown.

Theactual values are as set digitally in software, affecting the mark:period
ratio of the J-FET swiiches, using stored calibration constants.

6.5.7 MOST-SIGNIFICANT-DIGITS
SWITCHING
(Circuit Diggram No. 430652 Page 11.4-1)

The large reference voliage (20.6V) and the need for higher resolution
makes the MSB Switching circuitry more complex than for LSE; but
the principle is the same: the set and reset pulse-timing adjusts the
mark:period ratio of the square wave fed to the filter,

The arrangement used for the MSB swiiching satisfies two
essential requirernents:

a. Thecharge and discharge pathresistances for the 7-p(ﬂe filter must
be closely matched.

b. The leakage current of the path swiiched off must be minimal.

Requirement (a) demands that the matched devices used in both paths
are of the same type (P-channel JFETs have approximaiely 10 times the
"on" resistance of N-channel types). But without the voltage standoff
and leakage current shunt created by the guard swiich, the pinch-off
gatevoltage for one of the paihs 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.

+27.5V_L

TP8 Vokage
{3V Span)

+24.8Y

ov

TP6 Vohage
8V Span)

T
+9V
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6.5.8 MAIN and GUARD SWITCHES
{Circuir Diagram 430652 Page 11 4-1 and Fig. 6.27)

Referic Fig. 627, in which only the Space to Mark (SET) state ivansfer
a-b-c is showmn.

The Mark to Space (RESET) transfer is symmeirical ¢-b-a.

The swiich driver flip-flops establish the voliage shown 2t TP3, TP4
and TP5 as conivolled by the set and reset pulses. Thedrivers ar

'S
fastbisiables, butnote that 319 and Q20 are included in the main swiich
driver as a level-shifter for Q32/(335.

6.5.8.1 Swiich Timing
(Fig.6.27)

SET1 pulseisdelayedby 0.5ps after SE SET2 pulse,and RETZ isdelayed
by 0.5us after RST1

SET2 and BST2 pulses control the timing of Q36, 33, Q34 and Q37
in the main swiich (TP4 and TP5).

SET1 and RST1 pulses turn Q35 and Q32 on and off (TP3). Because
of the 0.5us delays, Q35 and Q32 conductonly during the time that Q36
and Q33 are also conducting.

. -6V
+316V Vref -1 +20 6V e 1Y
i} T{‘TPS 20 GVT P39 (i ¢ ¢ {c}
*} ‘2 auas 0% {*J[ i ) ” §
p:nj 1 !
L_i T ok —2 ok
\,__mj\% 60V S[ M——j@
Vref 20%V< /037, 5206V { ![
IC—QOFF ofjij x:,cfﬁix O F feo
a3bod g gLJ
0V 3t b dempy LSl
[ To .
3 ol T-pote ’“’““"3’3.9—‘:
"4 ov filter ‘\{;7/]
; ) .
Big : d 20 6V
Q37
r_ {E\! W@F
1 f%mzé; % 5
< | S
P4 J ﬂﬂ
oy i - L
v v v
$FT 2 |
SET 1 W
ov
8 L
-1V
+ 31 6V
PS5 L
+206V
+20 6V
TP3
-1y
LKS
Switeh Ouiput
0V o 0 Sus
{a) Filter discharging through (b} Filter charging {hrough ic] Fidlter charging through
036 and Q37 33 and 336 only 033,036,632 aond 035
FIG. 6.27 ACTION OF MAIN AND GUARD SWITCHES (MSD)

6-40



6.5.8.2 Fllier Discharge Path
In Fig. 6.27(a) the swiiches ate in "space" state:

Q37 and Q34 are turned on by TP4 a1 OV, o provide
the filter discharge path.

033 and Q36 are wmed off by TP5 at +31.6V

Q32 and Q35 are turned off by TP3 a1 -11V

The filter discharges via resistor R79 and FETs Q34 and Q37. During
both Mark and Space periods, R79 (78.7kOhms) is 2 major determinant
of the 7-pole filter charge and discharge currents. Because in 'space’
staie the 'On' resistances of (334 and Q37 (3€2-5€) each) are very small
in comparison, the potential at link B can be regarded as zero when
considering the effects of the other switching voltages.

Reverse leakage currents in JFET junctions are normally of the order
of a few picoamps unless the junction voltages are much in excess of
20V. To control leakage cffects from the four JFETs which are turned
off, the cathode of diode D20 is connected to the common junction of
the four devices. Iis anode is returned to the junction of R125 and R126,
close to +10V.

The reverse leakage characteristics for a J108 FET (Q35 and Q32) are
generally several times heavier than for a J174 (Q36 and (333). This
means that in this switch, the leakage currents via Q35 and Q32 out of
the common junction are 4-5 times greater than those entering via (36
and Q33.

The net leakage out of the junction holds D20 slightly in forward bias,
so that its cathode cannot rise above about +10.3V when the four FETs
are furned 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 buffer FETs' own leakages on the voltage at the filter input
can be regarded as negligible, because (33 leakage cuirents wwards
LKR are virtuelly balanced by those away via (J32.

6.5.8.3 Filter Charge Path

To preserve linearity over the fullrange of Mark:Period ratios, the filter
charging path time constant must closely match that of the discharge
path. Q35 and Q32 are faciory-selected to form a2 maiched 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 higher, of the
order of 30£2-400)). Nevertheless, to avoid high voliages being
developed across 35/Q32 when changing between states (causing
excessive leakage), P-channel FETs are employed. Q36/Q33 are
switched on before (and switched off after) §35/332.

Fig.6.27(b)showsthis intermediate state after SETZ andbefore SET1,

and Fig.6.27(c) illustrates the fully-conducting state after SET1. Note
that for descriptive purposes, the second siep on LKB waveform is
heavily exaggerated, and is not readily viewed on an oscilloscope. The
slightly longer charging time-constant during this half micro-second,
due io the higher resistance of Q36/Q33, is not sufficient to disturb the
linearity of the filter in excess of specification.

Thevoliage between TP4 and LKB during 'mark’ state is some 31 volts.
In the absence of D19, an adverse voltage distribuiion could cause
excessive reverse leakage in Q37. D19 controls the disiribution by
limiting the voltage at its cathode to about +10V, constraining Q37
source-gate voltage to a tolerable 20.5V.

6.5.9 7-POLEFILTER
(Circuit Diagram 430652 Page 114-1)

M26,M28,M32, 341 and Q42, together with associated capacitors and
resistors, form a 7-pole Bessel filter in three active elements; providing
approximately 135dB of atienuation at the 125Hz switching frequency
and increasing at a rate of 140dB/decade. This allows sufficient
bandwidih to avoid excessive setiling time while reducing the output
ripple to within inswument specification. Q41 and Q42 source-
followers provide input bias currents for M26 and M28 from the 15V
supplies, and buffer the line from bias-current effects. M32 bias-
current effecis are msignificant.

The +Ve SUMMING AMP' filter output DC voltage (TP13), is fed to
a buffer amplifier for subsequent summing with the output from the
Least-Significant Switch offset-bias amplifier. R101 and C51 prevent
any spike remnants from the chopper-stabilized buffer amplifier being
fed back into the 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 cutput
from the 7-polefilter (this is proportional io the Mark/Period ratio of the
13 most-significant bits of the binary word which defines the instrument
output value demand).

M33 is a high-gain, chopper-stabilized integraior with a bandwidih of
approximately 10Hz, and Q44 provides additional bandwidth for
rejection of HF common-mode noise.

M35, D14, D15, Q48 and Q49 generaie boot-sirapped 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 outpui

Hi G/P' is delivered to the DC assembly via RL2 for positive DC
outputs, or via RL1 if the output is to be negative. For AC outputs, it
is always delivered to the AC assembly viaRL2 (RL1 being permanently
de-energized for AC ranges). The ouvtput is sensed either in the DC or
AC assembly to account for the volis-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 comparaior, the filter ouiput voltage is
approximaiely +3.2mV, 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 AMPE" Buffer

M38, M39 and Q51 buffer the -Ve SUMMING AMP' voliage cuiput
from the Offset Bias Amplifier derived from the 3-pole filter (this is
proportional 1o the Mark/Period ratio of the 12 least-significant bits of
the binary word which defines the instrument output value demand).

The dynamic range of the filter output voliage was originally defined
by the Reference Buffer (8.83V) for efficient operation of the FET
switching circuimry.

It was scaled in the Offser Bias Amplifier 1o give +27.5V for an LSB
comparator count of zerc (from approx. +1.1mV at TP6), and +24.5V
for a full count of 4095 (from +8.83V at TP6). Itnow needs to be scaled
down so that it has correct proportionality to the +Ye SUMMING
AMP' dynamic range.

R99 and R100 attennate the '-Ve SUMMING AMP' input voliage by a
factor of 0.8545 x 10, At zero count, +27.5V is reduced 10 +23.5mV,
and at full count +24.5V reduces to +20.9mV. These are the extremes
of voltage developed at the buffer output.

The whole amplifier acts as a voltage-follower, but without bootstrapped
supplies (the small input voltage dynamic range of approx. 2.5mV does
not warrant it). Otherwise the circuit is identical io the '+Ve SUMMING
AMP'. M39/Q52 provide the output drive, buffering the output of M38
and Q51.

The output 'Lo O/F' is delivered to the DC assembly via RL2 for
positive DC outputs, or via RL1 if the output is io be negative. For AC
outpuis, it is always delivered o the AC assembly via RL2 (RL1 being
permanently de-energized for AC ranges).

The feedback voltage, sensed in the DC or AC assembly, isretumed via
the appropriate relay, and applied to the inverting input of the whole
buffer via R127.

6.5.10.3 Summing

On the DC or AC assembly, the outputs from the two buffers are
sommed by defining the Lo O/F' level as 'Reference Common'
(Common-1 for DC, Common-2C for AC), and the 'Hi O/P' level as
'REF+Ve'. Thus ai any instant, the voliage developed as REF+Ve' with
respect to 'Reference Commen' will always be 'Hi O/P' minus Lo G/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
exiremes:

With an overall 25-bit count of zere in the comparators, REF+-Ve
is +3.2mV minws +23.5mV, a negative overlap of 20.3mV.

At overall full count, REF+Ve is +20.6V minus +20.9mV,
approximately +20.58Y. ’

€.5.10.4 Blpolar Reference Switching

Relays RL1 and RL2 are used in DC ranges for polarity reversal,
However, this is not necessary for AC operation, for which RL1 is un-
energized, and RL2 is energized, outpuis from the summing buffers
being fed io the AC assembly via RL2.

6.5.10.5 DC and AC References

For DC operation, the summed DC reference is applied to the Error
Amplifier directly (refer io page 11 .5-1), but for AC operation, the DC
reference is applied io a voliage divider which is used to provide a
'‘Quasi-sinewave' AC reference signal. The generation of this signal is
described in Section 6.6,
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6.6 AC REFEREN

6.6.1 AC-to-AC SENSE/REF
COMPARISON

In the Sense/Reference comparator, aconsiderable 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
turnover' errors). 1The AC waveform used as reference is consiructed
in ten steps by a digitally conirolled switching network, based on the
DC reference as its peak value. It has been given the name 'Quasi-
Sinewave",

Todrive 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 Qutput-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 1V Range there is neither amplification nor aitenuation in the
Cutput-Sense loop. The quasi-sinewaveis designed so that withthe 1V
Range selected, its RMS value is equal to the voltage demanded on the
front panel QUTPUT display, (with small, controlled adjustments for
calibration).

On higher ranges, decades of amplification are switched in io set the
output to the demanded voltage. Switched decades of attenuation
reduce ihe sensed sinewave back to the 1V-Range level for comparison
with the quasi-sinewave.

For millivolt ranges, the instnunent output terminals are not within the
output/sense loop. Instead, the AC 1V output from the 1V buffer is
sensed internally and applied w the comparaior to complete the loop.
The AC 1V signal is reduced to the selected millivoli range levels at the
terminals by precise, passive, decade attenuaiors.

On current ranges, the current reference is derived from either the
closed 1V or 10V Range Output/Sense loop.

Therefore on all ranges the Ouiput/Sense loop gain is driven io a
magnitude of 1, so that the VCA and the comparator both operate at 1V
Range levels,

6.6.2 DC REFERENCE - SCALING for AC

The Reference Divider hardware is commeon to both DC and AC
outputs. On DC ranges, the basic voliage range is the 10V Range, with
100% overrange at Full Scale. In these cases the full span of reference
valuesisemployed, generating the resolutionnecessary 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 dynamicrange in thereference
circuits. So for AC outpuis the 1V Range is the basic range, and the
software scales its demanded value accordingly.

The sensed output is compared against the quasi-sinewave, whose
characteristics maich those of the sensed sinewave. To construct the
quasi-sinewave, the DC reference voltage needs 1o be set as iis peak
value.

The software imposes the scaling factors which establish thereference
voliage at the peak value of the quasi-sinewave. Thus the full span of
the 25-bit comparaior, 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 voliage
for AC is slightly greater than 2.8V, and the minimum is slighily less
than 125mV. This overlaps the peak voltages of the quasi-sinewaves
corresponding o the maximum and minimum values of sensed output;
giving 2 margin for accuraie calibration from digital gain factors held
in the non-volatile calibration memory.
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6.6.3 DC REFERENCE - VOLTAGE
VALUES for AC

As mentioned earlier, the DC Reference is used to establish the
amplimde of the quasi-sinewave. When the 1V AC Range is selected,
the reference is set o 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 QUTPUT display selections; between 125.7mV (for
0.9V seleciion) and 2.79V (for 1.999999V seleciion), plus or minus any
user-calibration correciions.

On higher and lower AC ranges, analog range swiiching 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 400844 page 11.7-2)

The quasi-smewave is derived by a specific form of D-A converter,
selecting voltages from a divider neiwork. Because negative values are
required, the divider is sirung between positive and negative reference
voltages. The unity-gain Reference Inverier generates the negative
reference 'REF-Ve' by inveriing 'REF+Ve'.

M1, M2 and Q1 perform the inversion. M2 generates the bandwidih
necessary for amplitude switching operations, while chopper-stabilized
integrator M1 removes DC offsets, always referring the inverier output
o 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 viaR1,C4, R4 and C5. Q1
provides the output drive 1o the guasi-sinewave generaior.

6.6.5 QUASI-SINEWAVE GENERATOR
(Circuit Diagram 400844 page 11.7-3)

The SYNC @ input to M11-15 RESET, if set to Logic-1, would disable
the Quasi-sinewave sequence counter M11. The facility is notrequired
in this application so I7-49 is unconnected on the Mother assembly
(Circuit Diagram 430604 Page 11.16-2). M11-15 is thus pulled down
0 logic-© by R40 o enable the quasi-sinewave for both AC Voliage
and AC Current functions.

The quasi-sinewave is generated at a frequency determined by the
Frequency Synthesizer 100Hz-4kHz outpui (para 8.1.3.3 describes the
synthesis), clocking the decade counter M11via J7-50. This continuously
recycles M1l in ascending count through Q, 10 Q,, tenclocks constituting
one cycle of the quasi-sinewave, so the quasi-sinewave runs ai a
frequency of between 10Hz and 400Hz. The carry C of M11 returns

to the Synthesizer via J7-51 to be selected as the reference frequency
for the 100Hz (10-330Hz) frequency range.

With increase of frequency range, the difference between the frequencies
of cutput 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, o 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 conirols
the timing of the quasi-sinewave switches M8 and M14. Using the
same clocks, M11 and M10 transit times prevent the data from arriving
at M9 D' inputs uniil the data already established there by the previous
clock pulse has been latched at its cutputs. Thus data ripples through
M11 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 arrangementof the
connections between M11 ouiputs and M9 data inputs, combines
appropriate outpuis sc as o correct the switching pattern. The table in
Fig. 6.28 demonstrates the rotation of 1 clock period; the quasi-
sinewave steps being labelled at M9 inpuis and outputs,

The quasi-sinewave is output to the ransfer switching input to the Sig/
Refcomparator at M16-1. The action of the transfer switch is described
in Section 9.5.

A second ouiput is filtered and fed back as compensation to the
Reference Invertor as described earlier (para 6.6.4).
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=,
Step 0 i 2 3 4 5 6 7 8 9
M11 Output at
Logic-1: Qg Qp Q Qo Q4 Q4 Qs Qg Qs Qg
#10 Ouiput pin
at Logic-1: 4 11 - 11 4 10 3 - 3 10
#9 Output pin
at Logic-1: 04 O4 Os Q4 Q4 Q2 Os Qs (o7} Q2
Switch Energized
M8 pin: 5 6 13 6 5 - - - - -
M14 pin: - - - - - 5 6 13 6 5
Step Voltage
fed to M16-1: | +0.42 | +1.16 | +1.307 | +1.16 | +0.42 | -0.42 | -1.16 | -1.397 | -i.16 | -0.42
RAEF+Ve
2
1 3
o 4 0
5 9
6 8
7
FIG. 6.28 QUASESINEWAVE GENERATION
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6.7 POWER SUPPLIES

The circuits described in this section perform the following functions:

o Line power switching, fusing, filtering, voltage selection and
transformation.

o Main digital supply generation and distribution (Outguard).
o Display voltage supply generation.

In-guard stabilized supply generation for Common-2 and Common-
4 circuitry.

A simplified power-distribution block diagram appears at Fig. 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).

6.7.1 LINE POWER DISTRIBUTION

(Circuit Diagram 430830 Page 11.17-2)
(Fig.6.29)

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, filier and line voliage selector pcb. (For details
of fuse values and operating voltage selection refer o 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 sransformer secondaries are electrosiatically decoupled from
the primaries by 2 ground screen between the windings. The secondaries
which supply the Common-2 and Common-4 m-guard circuits are
decoupled by an additional screen which is connected to the instrument
guard.

S e
Qui-Guard
Power Oév;—Ggard
Supply ireutis
Nerorerre o
In-Guard
Voltage In-Guard
Selector ‘ gg;’;; Circuits
+22V \ )
Lf/?‘ F? ooy Powesr )
Li owor 'S i
Transformer Supply Amplifier Heatsinks
ON
Power
Switch g
High Voltage [}
Fan Transformer |
\_ FlIG. 6.29 POWER DISTRIBUTION SIMPLIFIED BLOCK DIAGRAM J
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6.7.2 OUT-GUARD POWER SUPPLIES
(Circuit Diagram 400996 Page 11.10-1)

8.7.2.1 Digital Maln Supply

This circuit provides:
> +8V unregulated supply for the Front and Digital assemblies.

o +5V regulated supply for cui-guard digital circuits.

6.7.2.2 +8V Unregulated Supply

This is taken direcily from full-wave rectifier D101, D102 via fuse
F101 (vated at 4A).

6.7.2.3 +5Y Regulated Supply

The ouiput voliage is conirolled by series regulaior 102, Q103. Load
current is sensed by R1 in the base-emiiter circuit of Q101, which
provides short circuit current limiting by tuming on and thereby
reducing the base drive in Q102 and (3103 if the load current exceeds
approximately 2A. The 2.45V zener D104 provides the reference
voliage for comparator U101 at U101-3. The output voliage is sensed
between the +5V and DIG COMMON rails on the Mother assembly,
and divided down io reference potential at U101-2. R106 and R109
ensure thai regulation persists even if the sense links are disconnected.

U101 output drives current sink Q104 whose collector current conirols
Q102 and Q103 conduction. If the +5V rail voliage falls due io loading,
Q104 collector currentincreases, increasing (3102 and 3103 conduction
to restore the rail voltage. Zener D103 prevents the positive excursion
of the +5V rail in the event of regulator breakdown. Zener D103
resizicts positive excursions of Q104 base voliage, and hence the
maximum base current in Q102 and Q103. C102 and C103 give a
controlled fast response to reduce the effects of transients on the +5V
rail.

PTC thermistor R112 protects the power supply from high ground-
leakage currenis, notably in the external circuits of the IEEE 488 bus
system, R112 presents aminimum of 8002 between the digital common
line and ground; this resistance increasing with increasing ground-
leakage current.

6.7.2.6 Dlsplay Supply

The vacuum fluorescent displays on the Front Panel Assembly require
alow-voltage (6.7V rms typical) AC filament supply centred around -
24V with respect to Digital Common. This AC supply is generated
from -VFIL_HI(-20V) and - VFIL_LO (-28V) by U110 on the Display
Assembly (Circuit Diagram 400993 Page 11.1-2) .

-VFIL_Hi and -VFIL_LO aze generated from asplit secondary winding
on the line transformer by 25V positive voltage regulator U102 and 8V
negative voltage regulator U103 respsctively. The positive output of
U102 is connectied to the +5V out-gnard supply so that its negative
cutput sits at -20V and the negative cuiput of U103 sits at -28Y.

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 Section4.9.

6.7.3 IN-GUARD POWER SUPPLIES
(Circuit Diagram 430554 Pages 11.11-1 and 11.11-2)

6.7.3.1 In-Guard Common-2 Supplies
The general 15V supply for the analog circuitry is provided by three
integrated-cirvcuit regulators (page 11.11-1) as follows:

o 415V from M2
Becanse of the high current isken from this supply, the regulator
power dissipation is shared. The rectifier ouiput is first regulated
to +18.5V by Q1, Q3 and D9; and then to +15V by M2.

o =15V from M1
This is a mirror image of the positive supply.

e 10V from Mé
Derived from the -15V supply.

The supply is protecied by 3.15 A fuses F3 and F4 at the bridge rectifier
output.

The 8V supply for the Sine-Source assembly is provided by two
integraied-circuit regulators M8 and M9 (page 11.11-2). The supply is
protected by 1A fuses F5 and F6 at the bridge rectifier output. Chokes
L7 and L9 attenuate HF wransients on the AC input.

8.7.3.2 122V Current Option Supply

This provides +22V and -22V unregulated power cuiputs to the PS/I
Heatsink assembly. Both supplies are protecied ai 4 A by fuses F1 and
F2. The 22V common return is maintained close to the common-2
return potential by resistor R1.
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6.7.3.3 Reference Divider Common-4 Supplies
(Circuit Diagram 430554 Pages 11.11-2)

This circuit provides +36V, +15V and -15V regulated outpuss to the
Reference Divider in-guard circuiis, The +36V supply is also used to
power the +20V Master DC Reference.

Two secondary windings of the line transformer are used, and inter-
supply transients are reduced by the special coupling arrangements of
commen-mode choke L10. The rectified output from bridge W4 is
series-regulated by M3 to produce the +36V supply. R2/R3 sense the
output voltage.

D11 and M4 reduce the +36V 1o generate the +15V regulated supply.

The -15V supply is provided by bridge W3 and regulaior M7.

6.7.3.4 138V Common-2 Supply
(Circuit Diagrams 430653 Page [11.12-1 and 430604
Page 11.16-5)

The £38Y regulated supply is used for two purposes:
> to power the 10V Amplifier in the Power Amplifier assembly;

°  io provide a lower posiiive source voltage to reduce dissipation on
the Power Amplifier assembly, when negaiive voltages ave being
output on the 100V DC Range (vefer 1o sub-section 7.8.34).

It is plugged into the Mother assembly in the rear commpartment next 1o
the Heatsinks.

Themains (line) wensformer 40VRMS secondary centre tap is referred
io Comunon-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 reciified, filiered and smoothed on
the Mother assembly before being passed to the regulator at approx.
50VDC.

On the 238V Power Supply assembly the cutput voltage is controlled
by series regulators Q2 and Q1. 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 M1, which is powered by a local shunt regulator D8/
R16/C8. The 2.45V reference for the comparator is derived by D6/R23
from the comparator supply.

M1 outpui drives Q8 whose collecior voltage controls Q6 and hence G2
conduction. If the +38V rail voliage falls due to loading, Q8 collecior
veliage rises, increasing Q5 and Q6 conduction to resiore the rail
voliage.

Load current is sensed by R24 in the base-emitter circuit of Q5, which
is normally cuioff unless the load current exceeds 170mA. Atthispoint
Q5 conducis and pulls down the base of (06, sefting a hard current limit

Zener dicde D2 turms Q5 hard on in the event of an ontpnt short circuit,
providing a rapid reponse to caiasirophic failure in the power amplifier
circuiiry. As the ouiput voltage falls below +22V, D2 airests the fall
on Q5 base, swiiching Q3 hard on and turning Q6 and Q2 off. This
leaves D2, R8 and R controlling the output current, which falls to less
than S00pA.

When the load is removed, the conduciion of Q5 via R26/R25 is
nsufficient to hold Q6 cut off, especiaily as (8 is also cut off by the
comparaior. So Q2 is allowed o conduct, the owiput voltage rises until
first D2, and then Q3, cut off and the output voltage is vestored 1o
comparator control.

The 38V output is taken through wired-in: fuses F1 and FZ, These
merely proteci the PCB wacking in the event of an cutput short-circuit.

The output voliages are proiecied from reverse polarity by D1 and D2
on the Mother assembly.

6.7.3.5 +38Y Supply Fallure
(Cireuit Dicgram 430618 Page 11.94)

The 38V ouiput voltege is monitored in the Power Amplifier assembly.
The monitor is described in Section 7, para 7.8.6.3.

8.7.3.6 400V Commen-2 Supply

This is described in Section 7, paras 7.8.5 and 7.8.6 4.
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SECTION 7

When DC Voltage Function is selecied, a relay (RL2) on the
Reference Divider assembly feeds the output of the sumuning
amplifier into the DC assembly as DC Ref (Hi and Lo), the value
of which represents the demanded ouiput voliage and polarity.
The DC Voltage circuiixy selects the reguired range, from
switching data wansmitied into guard via the Serial Data Link.
The selecied range circuit generates the demanded voliage at the
ouiput terminals. Output switching and protection are provided.

7.1.2 DC VOLTAGE SYSTEM BLOCK
DIAGRAM

The DC Voliage Amplitude Conirol System is briefly described
in Section 5, and illustrated in the Block diagram of Fig. 5.3,
DC Voltage Ranges up to 100V are described inSection 5 .6, and
the DC 1000V Range in Section 5.8.1; at block diagram level.

ey, ﬂ

1.3 CIRCUIT OPERATION

The circuits described in ihis section perform the following
functions:

o  Buffer the DC Ref voliage (-20V to +20V) and provide
outpui voliages to the instroment terminals, on the 10V DC
Range.

o Amplily the DC Ref voltage providing output voliages:

200V o 4200V om 100V Range
-1100V o +1100V  on 1000V Range

o Attenuate the DC Ref voliage and provide output voliages
between -2V and +2V on the 1V DC Range.

o Further attenuate the 1V Range voliages and provide output
voliages:

-200mV o +200mV on 100mV Range
-20mV to  +20mY  on 10mV Range
-2mVY o +2mVY on 1mV Range
-200pY 1o 42000V on  100uV Range.

°  On the 10V Range, sense the output voltage (at the load in
Remote Sense), making continucus, direct comparisons in a
closed negative-feedback loop with the DC Ref voltage input
from the Precision Divider. The comparison generates an
‘error’ voliage which corrects the output voltage.

CONTROL SYSTEM

> On the 1V Range, sense the output voltage at 1V Range
levels, comparing the sensed voliage with the aitenuated DC
Ref imput, and correcting the ouiput as on the 10V Range.

o Onthe 100V Range, sense the output voliage at 100V levels,
and reduce the sensed voliage to 10V levels. Compare the
atienuated voliage with the DC Ref input from the Reference
Divider and correct the output voliage as on the 10V Range.

o Onrangesbelow 1V; sense the 1V Buffer cutpuiat 1V Range
levels, correcting its ouiput as on the 1V Range.

o On the 1000V Range, provide a VCA drive from the Esror
Arnplifier to 2 DC Modulator for the high voltage amplification
circuits. Atlenuate the sensed output voliage, comparing the
atienuated voliage with the DC Ref input at 10V Range
levels, and correcting the ouiput as on the 10V Range.

o Provide switching of DC Voltage Output, Range, Guard and
Sense, under the conitol of signals from the Analog Conirol
Interface.

o Sense excess currenis in the owipui circuit, providing a
LIM ST siatus signal io the CPU via the Analog Control
Interface.

o SenseHigh Voliage Staie (at approx. >130V) on the PHE (T+)
outpui Hne, providing a FIV ST signsl o the CPU via the
Amnalog Control Interface.

Many of the circnits described in this section are locaied on the
DC PCB assembly. The major exceptions are as follows:

10V Range Buffer stage - Power Amplifier
assembly.

100V Amplifier - Power Amplifier
assembly and Heatsink
assemblies.

LF and HF wansformer
assemblies and the High

1000V Range output circuits

)

Voltage assembly.
Function Switching - CumentfOhms assembly.
Cutpui Filtering - Terminal Board assembly.
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7.2 LOW VOLTAC

(Fig.7.1)

The 10V range isregarded as the basic DC range of the instrument,
because it uses the full 20V Reference, suffering no overall
voltage attenuationnor amplification in s outpui 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 factor complicaies
the routing of its signals,

The 1V range loop is more divect; iis buffer is located on the DC
assembly, and there are fewer circuit elements to describe in its
path. Forreasons of simplicity, therefore, the 1V range is chosen
for this description of the basic DC cuiput loop.

The descriptions in Section 7.2.1 and Section 7.3 concentraic on
the signal path of the 1V Range loop; from the polarity switch in
the Precision Divider, outto the 'Power’ terminals, and back io the
‘Sense’ input of the Error Amplifier.

For descriptions of the alterations to the 1V loop io accommodate
the other DC voliage ranges, refer io the following sub-sections:

100mV Range 74
100wV 1o 10mYVY Ranges 7.5
10V Range 7.6
100V Range 7.8
1kV Range 7.9

b+

On the circuit diagrams in Section 11, all relay coniacis are shown
with their relays in the unactivaied condition .

7.2.1 1V RANGE SUMMARY

The low voltage loop and routing are illustrated in the simplified
diagram of Fig. 7.1. Swiiching contacts are shown in positions
set for the 1V Range.

DC Refisvariable between -20V and +20V referved to common-
1, and the 1V aiienvator provides voliages between -2V and +2V.,
The Brror Amplifier and 1V Buffer are connected to form a
voliage-follower when I+ is connected to Hi (in either local or
remote sense).

The ouiput from the 1V Buffer is connected directly to the I+
terminal via power switching, the sense feedback returning from
the Hi terminal, via sense swiiching, to the Error Amplifier
mverting input. The sensed cutput voltage is adjusted by the
feedback uniil it equals the aitenuated DC Ref Value, i.e. for zero
differential input to the Error Amplifier.
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7.3 DC1V LOGP

7.3.1 REFERENCE DIVIDER
ASSEMBLY
(Circuit diagram 430652 Page 11 4-3)
For positive outputs, the positive DC Reference PHI(REF),
PLO(REF), SHI(REF) and SLO(REF) pass via energized relay
RLZ2, to be ocuiput as & 4-wire sensed conneciion into the DT
assembly. The four lines are routed out at J4 pins 2, 10, 11 and
12 into the Mother assembly. For negative cuiputs, energized
relay RL1 configures the lines to give a negative DC reference.

7.3.2 DC ASSEMBLY
(Circuit diagram 430536 Page 11.5-1)

The DC Reference enters at J5 pins 1, 2, 3 and 4. On DC Voltage
ranges, RL18 onnects the power and sense lines to the two star-
points TP2 and TP3. TP3 is the signal Common-1 point, io which
all instrument DC voltage sense inputs are referred.

Forthe 1V and lower ranges, RL16-5/4 connects the output of the
1V attenuator to the non-inveriing input of the Error Amplifier.
(On the 10V and higher ranges, RL16-8/9 connects the full DC
Reference to the Error Amplifier.)

7.3.3 ERROR AMPLIFIER

TheDC Ref Voliage from the Reference Divider is applied to two
amplifiers: M21 is a high-gain chopper-siabilized integraior of
approximately 10Hz bandwidth, Q5 provides additional
bandwidth for rejection of HF commen-mode noise. M20
provides additional gain and output drive, through a iransient-
suppressing dicde clamp circuit.

The whole amplifier is bootsivapped by M22, D48, D49, Q6, Q7
and Q10. Q8/Q9 provide 1.4mA constant-current drives for D48/
1349 over the range of BS-Common variation (-20V to +20V on
the 10V and higher ranges). Power for the bootstrapped amplifier
is obtained originally from the +38V supply; used also to power
the 10V Buffer in the PA assembly, referred o Common-2.

Extensive screening and filtering is used to eliminate the effects
of the chopping spikes at inputs and cutput of M21.

7.3.4 1Y BUFFER

Onthe 1V and lower ranges the error amplifier output is applied
to the 1V Buffer, via the closed contacis 10/11 of energized relay
RL16. A current amplifier M23 is chosen, as the buffer has to
drive the external load directly via the output switching, output
lines and external leads. It also drives the 100mV Attenuator on
the 100uV - 100mV ranges.

M23 is powered by a separate, individually filtered, 8V supply
(refer to pages 11.5-4 and 11.11-2). Iis input and output are
protected by back-to-back zener diodes.

The ouiput from the 1V buffer is connected, via contacts 12/7 of
energized relay RL3, to the '1V+10V+100V' PHI(DCV) siar
point.

7.3.5 RANGE SWITCHING

On the 1V and 10V ranges the 1V+10V+100V star point is
decoupled to Cormmon-2A by C28 via contacts 2/3 of energized
relay RLA.

Relay RLS is energized on the 1V and 10V ranges; and after
passing through the back-io-back contacis RL5-8/9, which cancel
their own thermal EMFs, the 1V+10V+100V signal is renamed
PHI(DCVY,

7.3.6 OUTPUT SWITCHING
(Circuit Diagram 430536 Page 11.5-2)

The PHI(DCV) output and other comnections from the Range
relays(Page 11.5-1 ) 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. If Option 40 or 50 is
fitted, function changes switch the terminal lines on the Current/
Ohms assembly. If neither Option 40 nor 50 is fitted, a Current/
Ohms Link PCB (Part No. 410288) is fitted in place of the
Current/Ohins assembly. This PCB provides direct connections
for the signals, on their route to the instrument terminals (para
738.1.)

7.36.1 DCV/ACY Switching

For DC wvoltage ranges, relays RL10 and RL11 are energized.
The PHI(DCV) line from the range relays passes via RL10
contacts, TP8, 1A fuse F6, and RL15 coniacts (if cutput is set
ON); 1o the PHI(V) line at J5-19. For DC voliage outputs, the four
ACYV lines at J5-25/26/29/30 are disconnected by relays in the
AC assembly.

In Remote Sense, the power return line PLO(DCYV) is linked via
RL11 contacts, 1A fuses F4 and F3, relay RL14 and RL15
contacts to J5-23 as PLO(Y). PLOMDCY) is held close to
Common-2A by R56/C30 (page 11 .5-1), being protecied against
excessive departure from Common-2 A 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 (page 11.5-2).

7.3.6.2 OCutput On/Off.

Because the DCV and ACV lines are separately switched, a
single independent 4-pole relay RL1S can be used 1o set output
on and off, Thus the lines at J5-19/20/23/24 carry either DCV or
ACYV signals o and from the output terminals.

Where ACVY and DCV join, the power lines change their names
to PHI(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 external
loads can only be connected from the Hi and Lo terminals (arelay
on the Mother assembly disconnects the I+ terminal). Relay
contacts RL14-9/8 connect PHI(DCV) to SHI(DCV), and RL14-
3/2 connect PLO(DCV) to SLO(DCV). Relay contact RL14-5/
4 is oper, severing the connection to the I- terminal.

In Remote Sense relay RL14 is energized, removing the
connections between the power and sense lines, and RL14-5/4
reinstates the link from PLO(DCV) o the I- terminal. This gives
full 4-wire sensing at the external load.

7.3.6.4 Remote Guard Switching

The front panel 'Guard’ terminals are permanently connected to
the internal guard shields via J5-15/16 and J5-11/12. With
'Remote Guard' selected, 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
internal and external guard circuits; C62 reducing HF noise on
the millivoltranges. With Remote Guard off, RL17 connects the
guards to PLO(V) via PTC thermistor R97, which also assists in
reducing millivolt noise.

7.3.7 QUTPUT PROTECTION

Two circuits are described in the following paragraphs:

TheDC Overcurrent Detector, sensing the current flowing in
the PLO(DCYV) retumn line and sending a signal to the status-
reporting logic if the DC current exceeds approx. 28.5mA.

Onthe 100V and 1kV DCranges the LIM DET signalis sent,

but on the 10V DC and lower ranges the 'LIM ST signal is
made active,

o TheOvervoliage Detector provides an indication to the CPU
that the output voliage is in 'High Voliage State', ie. the
‘HV ST’ signal is activated if the output DC or peak AC
voliage is greater than 110V, If the instrument has not been
programmed intc High Voliage State, then an anomaly
exists, and remedial action is taken by the CPU.

The resulis of activating the overcurrent detecior are described
later in sub-section 7.12.7.

7.3.7.1 DC Overcurrent Detection

On DC voltage ranges of 1V 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). On 100mV and lower ranges R56 is shorted out
byrelays RL2-5/4 (page 11.5-1),R1.11-2/5and 11/8, and RL14-
23 (page 11.5-2).

M13 is an open-collector comparator wired to detect excessive
voliages across R30/R36 (R31 is the common bias resisior).
Diodes D17 and D18 set the reference potental at M13-3 (for
positive outpuis) to approx. +285mV; and at M13-6 (negative
outputs) to approx. -285mV. Under normal operation, when the
output current is less than 25mA, both halves of M13 are held in
the open-collector state.

When the output current through R56 exceeds approximately
28.5mA, the voltage across it exceeds 285mV and one of the
halves of M13 switches its output to the negative rail (analog
logic-@). Diode D52 conducts, pulling M10-6 and M10-9 1o
logic-@:

LIM DET Activation:
Cnithe 10V and lower DCranges, M10-5 is permanently held
atlogic-1 disabling M10-6, so the overcurrent signal has no
effect on M10-4, which is held at logic-1 and D3 remains in
reverse bias. The LIM DET signal is not activaied.

On the 100VDC or 1kVDC range, M10-6is enabled by M10-
5 atlogic-@, so the overcurrent signal sets M10-4 1o logic-0
and LIM DET is activated at logic-1.

LIM ST Activation:
In this case the effect of the 100VDC and 1kVDC signals is
reversed, and M10-9 is sensitized to the DC overcurrent
signal only on the 10V and 1V ranges, when M10-8 is at
logic-@. For excessive DC output currents, M10-10 sets D9
cathode to logic-@ pulling the LIM ST line to its logic-@
active state.

The AC 1kVY Overcurrent Detector receives no input on DC
ranges, as no current 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 voliage
level on the PHI(V) line (TP8) is monitored and compared
against areference. Thedetecior senses DC levels for XC voltage
outputs, or peak levels for AC voliage outpuis.

M17 is a dual comparator whose hysteresis is set to 21,22V, As
long as the voltage on the PHI(V) line remains within approx.
£125V, the division ratio of M16 keeps the input to M17-5/9
within the £1.22V hysteresis, and M17-12/7 remains at logic-1
(oV).

The PHI(V) voliage at TP8 is applied via R83 and R62 to M16-
2, which is referred to Common-2B, M16-3 being connecied
directly to this common. Resistors R61 and R68 apply feedback
o M16, setting its gain 10 -0.0098. C29, C31 and R63 ensure that
any ransient switching spikes do not activate the comparator.
The output from M16-6 is compared with £1.22V in comparator
M17.

The open-collector comparator M17 is wired to detect excessive
voltages at M16 output (R69 is the common bias resistor).
Diodes D26 and D27 set the reference potential at M17-10 (for
positive outpuis) to +1.22V, and at M17-4 (negative outputs) to
-1.22V. Under normal operation in low voltage state, the output
voltage lies between -110V and +110V, and M16 output is
between -1.07V and +1.07V. Both halves of M17 are thus held
in the open-collector siate.

If the DC PHI(V) voltage exceeds 125V (or for an AC peak
corresponding o a sinewave RMS exceeding 90V), either M17-
7 or M17-12 pulls towards logic-@. Current source Q2 permits
only 3mA io flow in M17 output cireuit, so the voltage input to
D6 cathode and M12-11 (B wrigger) suffers a negative-going
wigger edge.
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a. Effect of Overvoltage on DC Voltage Ranges

For DC outputs the '‘Q' cutput of M12 is permanently held at
logic-1 by DC FNCT at Mi12-13 sei io logic-@, so the effecs
of the negative-going transition at M12-11 is suppressed.
However, diode D6 conducis, pulling the HY ST line at J5-
105 to logic-@@ (-15V). This is passed ¢ the CPU, via the
status regisier in the reference divider and the serial data
interface.

The CPU is now aware thai the DC output voltage exceeds
110V. The CPU has to make a decision, as io whether the
programimed output voltage and the detected siate are
compatible. If High Voltage staie has not been commanded,
a fault is assumed and FAIL 2 message is presented on the
MODE display.

b. Effect of Overvoltage om AC Voltage Ranges

For AC outputs the DC FNCT signal is inactive atlogic-1, so
M12-13 atlogic-1 removes the reset. Monostable M12 is set
10 produce a logic-1 at its § outpui (M12-9) unless its B
mmput at M12-11 is edge-triggered negatively. In Low
Voliage State' conditions no trigger is given, so M12-9
remains at logic-1, D7 and D6 are reverse-biassed and the
HYV ST line remains at the logic-1 level of 0V.

When thecomparator output switches to logic-@, D6 conducts
instantaneously to obtain the earliest possible reaction io the
overvoltage. But as this is a pealt value, the HV ST signal
would revert to logic-1 without monostable M12. M12
produces a logic-@ (-15V) pulse of 140ms duration, which
forward-biasses D7, and the HY ST line transmits a logic-@
pulse of 140ms duration. Successive positive or negative
peaks of overvoliage retrigger the monostable, maintaining

its § output (and thus the HY ST signal) at logic-@.

7.3.8 ROUTING to the TERMINALS

The power and sense lines from J5-20/24 connect to the model
4600 analog bus via relays RL2 and RL3. When the 10A range
is selecied, these relays are closed and the front panel terminals
isolated using relays on the Current/Ohims Assembly. Four wire
sense is used, and the 4808 drives the analog bus with & -10V to
+10V signal that the 4600 will convert io & -10A 10 +10A signal.
The4808 guard is wansferred w the analog bus by the changeover
relay RL4. The analog bus also coniains a grounded signal
ANARBUSON which is used by the 4600 to detect that the 4808
is connected ic the analog bus.

7.3.8.1 Current, Ohms or Current/Ohims
Assembly

(Circuit Diagram 401008 page 11.8-6, Circuit
Diagram 401047 page 11.8-8 or Circuit Diagram
430614 page 11.8-1 respectively)

With avoltage range selecied, relays RLE and RLY on the Current
or Current/Ohms assembly are un-energized as shown. On the
Ohms or Current/Ohms assembly, relays RL24 and RL2S are
also un-energized. Voliage Ouiput relay RL23 is energized,;
connecting PHI(VY) to J8-8/9 as PHI', and PLO(V) 10 J8-16/17 as
‘PLO

PHI and PLO pass into the Mother assembly via at J8-25 and J8-
29 respectively.

If no Current, Ohms or Current/Ohms assembly is fitted, a Link
PCRB (Pari No. 410288) is fitied in its place. This shorts:

J8-25 [PHI(V)] 1w J8-8/9 [PHI],
J8-29 [PLO(V)] o J8-16/17{PLO].

These connections do not invelve any swiiching.

7.3.8.2 Mother Assembly
(Circuit Diagram 430604 page 11.16-1)

PHI and PLO enter at J8-8/9 and J8-16/17 respeciively.

PLG passes through the common mode choke L1 via J23-3 and
then J26-4 as 'I-' to the Terminal Board assembly.

PHI is switched by relay RL1. If Remoie Sense is not selected,
RL1 is un-energized as shown; disconnecting PHI from the I+
terminal circuit, and shorting it to the sense SHI input line. When
in Remote Sense, RL1 is energized and PHI passes through the
common mode choke L1 via J23-1 and J26-1, and as T+ to the
Terminal Board assembly.

7.3.8.3 Terminal Board Assembly
(Circuit Diagram 400995 page 11.17-3)

I+ and I- are filiered and passed to the front panel terminals.
Ferrite bead E1 and C2 protect the intemal circuitcy from the
effects of HF pickup in the external circuit.

7.3.8 1V LOOP - OUTRPUT SENSING

7.3.8.1 Terminal Board Assembly

(Circuit Diagram 400995 page 11.17-3)

If Remote Sense is selected, the front panel sense terminals Hi
and Lo are connected externally io I+ and I- respectively at the
load. The sensed voliage is filtered by E2 and C3 to reject
external HF pickup. Except on the 1000V Range, 2 signal (R-,
'R+") criginates as "TERM FILTER' in the Reference Divider to
energizerelay K1, which introduces capacitor C1 to zugment this
HF rejection.
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7.38.2 Mother Assembly
(Circuit Diagram 430604 page 11.16-1)

Lo passes through the common mode choke and directly to the
Current assembly at J8-18 as SLO.

Hi also passes through the choke and enters the Current assembly
as SHI at J8-10. However, if Remote Sense is not selected, it is
shorted to PHI by relay RL1 for two-wire connection. RL1 is
energized from the REM SENSE +ve and -ve lines from the DC
assembly.

7.3.9.3 Current Assembly; Ohms Assembly or
Current/Ohms Assembly
(Circuit Diagram 401008 page 11.8-6;
Circuit Diagram 401047 page 11.8-8 or
Circuit Diagram 430614 page 11.8-1 respectively)

With avoltage range selected, relays RL8 and RL9 on the Current
or Current/Ohms assembly are un-energized as shown. On the
Ohms or Current/Ohms assembly, relays R1L24 and RL2S5 are
also un-energized. R1.23 is energized; connecting SHI into the
Mother assembly as 'SHI(V)' via J8-26, and connecting SLO via
J8-30 as 'SLO(V).

If no Current, Ohms or Current/Ohms assembly is fitted, a Link
PCB shorts:

J8-10 [SHI]
J8-18 [SLO}

o J8-26 [SHI(V)],
to 18-30 [SLO(V)].

The connections involve no switching.

7.39.4 DC Assembly
(Circuit diagram 430536 Page 11.5-2)

In normal 4-wire operation (Remote Sense selected) with
QUTPUT 'ON’ on the 1V and 10V Ranges, relays RL10, RL11,
RL14 and RL15 are energized.

SHI(V) enters from the Mother assembly at 15-20 and is passed
directly through RL15 and RL10 contacts, 1A fuse F2, and to the
range relays as SHI(DCV).

SLO(V) wavels via RL15 and RL11 contacts to the range relays
as SLO(DCV).

With Remote Sense not selected, relay RL14 is unenergized.
RL14-9/8 short SHI(V) to the power Hi output PHI(V).
RL14-273 short SLO(V) to the power Lo output PLO(V).

Refer to Page 11.5-1.

SLO@MDCYV) is referred to Reference Common-1. SHI(DCV)
passes to the contacts 8/9/10/11 of energized 1V+10V range
relay RLA, 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 sirictly 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 Section 7.11 where the relay logic is detailed.

7.4 100mV RANGE

The 1V Attermator and 1V Buffer are connecied into the circuit
as for the 1V range. Relays RL.1 and RL2 are energized. The
outpui from the 1V buffer is connected to the star point at TPS by
R1.1-7/12, and RL2-5/4 connects the Common-2 star point, at the
base of the 100mV Attenuator, io Reference Common-1. Thus
the 100mV Attenuator is connected across the 1V Buffer cutput.

The TP5 starpoint is connected direcily to the Error Amplifier
inverting input via RL2-9/8 and R77, completing the sense
feedback. The Error Amplifier adjusts the voliage at TPS until
the error is reduced o zero; the TP5 voltage thus converges to that
of the attenuated DC Ref at RL16-4.

The output of the 100mV 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
voltageresolution is available, so that the 100mV rangeresohition
remains at 7'/2 digits. This is reflected in the resolution of the
OUTPUT display on the instrument front panel.

The 100mV Attenuator output passes through RL2-2/3/10/11 to
join the PHI(DCV) line. On ranges below 1V the Remote Sense
relay RL14 (page 11.5-2) cannot be energized; so with DC
Voltage and Output ON selected, the 100mV range output is
routed via RL14-9/8 and the SHI(V) line on towards the Hi
terminal on the front panel for 2-wire connection.

The other commection to the load returns 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 conneci the SLO(V) line to the PLO(DCV) line, and
through the overcurreni sense resistor R36 to Common-2A.
However, no overcurrent sensing is available on ranges below
1V, as R56 is shorted by the RL2-5/4 connection between
Common-1 and Common-2A atthebaseofthe 100mV Attenuator,
and the contacts of the energized RL11 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 Section 7.11 where the relay logic is detailed.
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7.5 100pY - 10mV RANGES

These ranges use the same relay settings as 100mV Range, so the
ouiput voliages remain at 1/100 of the DC Ref voliages. The
differences lic in the spans of DC Ref voltages used.

To achieve the correct DC Ref span, the appropriaie scaling is
computied digiially and the 4-byie binary words sei in the 13-bit
and 12-bit comparaior laiches of the Analog Interface. The DC
Ref spans are scaled as follows:

10mV Range - -2V io+2V
ImV Range - -200m¥ to +200mV
100pV Range - -20mV o +20mV

Because of this scaling, the resolution available on these ranges
is reduced in proportion to the scaling ratio. The displayed ocutput
resolution is eutcmatically adjusted according torange selection:

10V, 1V and 100mY Ranges - 7'/ digiis

10mV Range - 6 digiis
1mV Range - 54 digits
1001V Range - 41 digits

7.6 DC 10V L

O

7.6.1 DC REF. and ERROR AMPLIFIER
(Circuis diagram 430536 Page 11.5-1)

The DC Refsignalis derived as for the 1V range, entering the DC
assembly at the same pins: J3 pins 1, 2, 3 and 4. RelayRL18 again
connects the power and sense lines to the two star-poinis TP2 and
TF3, TP3 being the signal Common-1 point.

On this range, RL16-8/9 connecis full DC Ref o the nen-
inverting input of the Error Amplifier, which operates as for the
1V range, except thai the span of voltages is now the full -20V io
+20V.

7.6.2 DC +2 ERROR BUFFER M14
(Circuit diagram 430536 Page 11.5-1)

The Error Amplifier output is blocked from the 1V Buffer by the
open contacts 10/11 of RL16. Instead, it is commecied by RL6-6/
4 as input 1o Mi4,

For the 10V and 100V ranges, M 14 is connected as an inverting
+2 line buffer by the un-energized relay RLS-6/4 and 11/13. For
the 10V ramge, M14 ocutput passes o the Power Amplifier
assembly via I5-73 and the Mother assembly.

7.6.3 10V BUFFER (Power Amplifier
Assembly)
(Circuit Diagram 430618 pages 11.9-1 and 11.9-2)

The discrete, complementary, 10V Range buffer-amplifier is a
dual-purpose circuit, generating power to the cutput 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 thermally-shielding Chassis assembly,
and dissipated by forced-air cooling from the fan. Its cutputis fed
back to the DC or AC assembly for range and output switching,
as the 'DC10V+100V' signal,

The ouiput from the line buffer M14 on the DC assembly (the
signal 'DC 10V+100V+1kV ERROR") enters the PA assembly at
J9-40, passing to the input of the 10V Power Amplifier via DC/
AC selector relay RLA-11/13 and 10V selector RL3-9/13. The
signal is attenuated by R171 and R124 in aratio 0£4.17:1. Soa
positive full range DC Ref signal of +10V from the Reference
Divider appears at J9-40 as -5V, and is further aitenuated by
R171/R124 10 approximately -1.2V across R124, which refers it
o Common-2B. The araplifier is best regarded as having
separate DC and AC paths.

78631 DC Path

The DC path is blocked by C56; M17 is the DC mpui buffer,
connecied as an integrator with diede clamping, M19 operates as
an inverier in open loop, so applies high DC gain io the output
from M17 on M19-2, referred to Common-2C by R112.

The output from M12 drives both halves of the symmetrical,
inverting, discrete power amplifier through current-limiters (21
and 24, and is buffered by emitter-followers 22 and (Q23.
Common-emitter devices (327 and Q29 form avoliage amplifier,
driving the complementary cutput stage Q32 and Q33. Resistors
R119 and R120 set the gain of the discreie stages 10 approx. 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
R123.

For DC range selections. the DC error signal is applied at M17-
2,is amplified by 10 and cutput at TP11 via thelow DCresistance
of LE. The forward voltage gain, from the output of the Error
Amplifier to the output of the 10V Buffer, is thus of the order of
1.2. This is more than sufficient to support the specified output
current, when 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 M17-3.
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7.6.3.2 AC Path

The AC path is blocked by the integrator M17, 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 itme constants being selected to allow overall instrument
output operation over the full frequency range of 10Hz to 1MHz.

7.6.3.3 Overload Detection

The 10V FLAG line, connected to D71 cathode, is pulled up to
0V (in-guardlogic-1) by 7.2k€2 (See page 11 .9-5 -R154 inparallel
with R38). An Error OL message results from this line being
driven to logic-@ 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 fransient currents.

Overload detecior Q31 reaches Vbe threshold when the DC
current value in R139 and R141 exceeds approximately 35mA.
Similarly, Q34 detects currents in R 147 and R 149. Ineither case,
(334 conducts, pulling diode D71 cathode down to -15.7V. This
drives the 10V FLAG line to logic-@, so the stafus message is
returned 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 guaranieed.

During AC operation, relay RL8 is energized, the filierisremoved,
and the Overload Detector is adjusted to operaie as a peak current
detector. R172/R141 and R173/R147 cause the {0V FLAG o
activate for RMS values of cutput sinewave current in excess of
approximately 80mA.

7.6.3.4 GOverload Limiting

If the DC output current increases w approximalely 39mA, the
current in either R139 or R149 causes the Vbe threshold of Q28
or Q30 to be exceeded, shunting the base curremt of the
corresponding voliage amplifier. Thus the ouiput drive to the
final stage is limited.

In AC operation, if the RMS output current increases to
approximately 100mA, the peaks of current cause the Vbe
threshold of Q28 or Q30 to be exceeded. The output drive io the
final stage is limited at this level.

7.68.3.5 OQuiput 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 resisior
stabilizes the amplifier when driving capacitive loads.

7.6.3.6 10V Buffer Output
For DC and AC 10V ranges, relay RL3 is energized.

For DC, R1LAisun-energized, so the 10V Buffer cutput passes via
RL3-8/4 and R1A-4/6 asthe 'DC 10V +100V'signal, J19-19/20 10
the Mother assembly, and thence to the DC assembly.

For AC, R1L4 is energized, diverting the 10V Buffer output via
RILA4/8 as the 'AC 10V+100V" signal, and out at J19-15/16 via
the Mother assembly to the AC assembly.

7.8.3.7 10V Amplifier Power Supplies

M17 and M19 are supplied from+15V Common-2 A rails, but the
discrete amplifier receives power from the £38V supply, which
is also used for the Error Amplifier on the DC assembly.

7.6.4 RANGE SWITCHING (DC Assembly)
(Circuit Diagram 430536 Page 11.5-1)

The DC 10V+100V 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 R14 is energized, shorting the high
voltage resistor R67, so the signal goes directly through the
1Amp fuse F1 io the 1V+10V+100V star-poini.

7.6.5 REMAINDER OF THE 10V LOOP

From this point, the 10V range loop follows the same path as the
1V loop, both outwards to the I+ and I- terminals and back to the
Error Amplifier inverting (sense) input. Of course, on the 10V
range, the returning sense signal is compared with the full
DC Ref voliage, rather than the attenuated DC Ref for the 1V
range. (Refer to sub-section 7.3; from para. 7.3.6 onwards).




The instrument includes two high voliage DC ranges. The 100V
ranges extends from -200V 1o +-200V full scale, the 1000V range
from -1100V to +1100V full scale.

The simplified block diagram of Fig. 7 2illustrates the high voltage
BC circuit arrangement and signal flow. Details of the 100V and
1000V ranges are described in Sub-secis. 7.8 and 7.9.

7.7.1 HIGH YVOLTAGE DELIVERY

Both ranges employ the same referencing arrangement used for
the 10V DC Range, bui the techniques necessary 1o generaie high
voltages differ from those in the low voliage loops:

o For the 100V Range, a VMOS circuit amplifies the +20V
Reference directly, as a DC signal, powered from a separaie
+400V supply. The 100V range voliages are passed back via
the range switching circuitry in the DC assembly to be output
from the instrument as for the low voltage ranges.

o For the 1000V Range, the DC reference is first converied io
a 16kHz AC signal, amplified in the same 100V amplifier,
then stepped up to 1300V range voliages through a separaie
iransformer. Subseguent high voliage rectification, filtering
and polarity-switching converis the AC ouiput from the
wransformer secondary mio a DC volisge. A separate line
conveys the 1kV range voliage back to the DC assembly for
range switching and output from the instrument.

7.7.2 HIGH VOLTAGE SENSING

A guarded high-voliage switched precision aftenuaior reduces
the DC sense voliage from the Hi and Lo terminals to Reference
levels. The attenuated sense voliage is compared with the
DC Ref voltage, their difference being used as an error signal io
correct the range output level.
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7.8 100V RANGE

7.8.1 INTRODUCTION

The '10V+100V+1000V DC ERROR' signal, generated by the
+2 DC Eror Buffer in the DC assembly, enters the Power
Amplifier as for the 10VDC range; but the 10V Amplifier is
bypassed for the high voliage ranges.

On the 100V range, the signal is swiiched directly into the 100V
Amplifier, where it is scaled up by a factor of -20, the amplifier
ouiput being delivered via the DC 10V+100V' line o the
PHI(DCYV) line on the DC assembly. Thereafter the output is
transferred to the instrument terminals as for the 10V range.

7.8.2 100V RANGE POWER ROUTING

7.8.2.1 DC Reference and Error Amplifier

(Circuit diagram 430536 Page 11.5-1)

The DC Refsignalis derived as for the 1V range, entering the DC
assembly at the same pins: J5pins 1, 2, 3and 4. RelayR1L18 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 100V range, RL16-8/9 connects the full DC Reference to
the non-inverting input of the Error Amplifier, which operates as

for the 1V range, except that the span of voltages is now the full
-20V 1o 420V,

7.8.2.2 DC +2 Error Buffer Mi14

The Ervor Amplifier cutput is blocked from the 1V Buffer by the
open contacts 10/11 of RL16. Instead, it is connected by RL6-6/
4 as input 1o M14,

For the 10V and 100V ranges, M14 is connecied as an inverting
+2 line buffer by the un-energized relay RL6-6/4 and 11/13. For
the 100V 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 Diagram 430618 page 11.9-2 and 11.9-3;
and Circuit Diagram 430536 page 11.5-1)

'DC Exror' enters the Power Amplifier assembly at J9-40 (refer io
page 11.9-2). Relay RL3 is un-energized, shoriing the 10V
Amplifier input; and RL4 is un-energized, routing the DC Esror
signal to the 100V 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 1o the power amplifiers in the
positive and negative heat sinks, via J3-12 and J3-11. 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 11.9-2), and
onto the 'DC 10V +100V’ line via RL4-4/6, R174 and J9-19/20.

On the DC assembly (page 11.5-1), the signal is routed (o the
PHI(DCV) line as for the 10V range.

7.8.3 100V AMPLIFIER
(Circuit Diagram 430618 page 11.9-3)
The 100V amplifier is in three stages:

o Gain Stage: this is similar to the firsi stage of the 10V
amplifier, but with a different distribution of gain.

o Driver Stage: providing most 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 inputresistors R74/R71 and the feedback resistor R88.

The 100V amplifier is also used for 100V 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 o Gain and Driver Stages

(Circuit Diagram 430618 pages 11.9-2 and 11.9-3)

The DC ERROR signal enters the PA assembly at J9-40, passing
to the input of the 100V Power Amplifier via relays RLA-11/13
and RL2-8/4. It is referred to common 2B by developing a
voltage across R72.

7.8.3.2 DC Offset Correction

M10is the DC offset integrator, with diode clamping. It provides
2 DCinput to the non-inverting inputof the voltage gain amplifier
M8, conirolling its DC offset. This is similar to the arrangement
i the 10V Amplifier.
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Voltage Regulator M21 sets its pin 1 to +12V. Cormmon-emitier
buffer Q10 drives the capaciiance of Q8 source-gate from the
outpui of M8, forming a cascode current generator, The drain of

- p-channel MOSFET 8 passes the signal current to the mirror
Q12/0011 ai voltages close io the negative 400V rail.

The curreni-raisror output iransistor Q11 is also in cascode with
its associated MOSFET Q9. Emiiter resistor R53 defines the
current in 9, the ratic R52/R33 seiting the mirror's current gain.

MOSFETSs are inherently capacitive, so measures are faken o
nullify the effecis, on slew rate, of the capaciiive currenis
beiween 09 elecivodes. The cascode arrangement ensures that
any sowrce-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 curreriis between anii-phase

electrodes which normally pass inio the input circuit, In this

arvangement, Q13 diverts these currents back o the cascode

current, while maintaining a standing bias of about 4 volis

between gate and scurcz, These measures minimize thereduction
of (39 operating bendwidth,

R51 and D42 provide Q13 operating biss, and D51 protects the
bias circuit. The high-power resistor R49 refers the bias cireuit
o Common-2, and 26 siabilizes the bass-emitier bias of Q13.
Zener diode D39 protects the MOSFET from scurce-gate voliage
breakdown.

7.8.23.4 Driver Regulator

At Full Scale on the 100V AC range, the outpus from the driver
is 200V RMS. This requires (39 drain to provide a peak-to-peak
voltage swing spproaching 600 Volis, as there is no voltage gain
in the heaisink power amplifiers. The positive supply which
pravides Q9 current therefore needs special regulation.

The 2400 volt supply is at this point unregulated, so can coniain
line ripple and level vadations, this noise level being cridcal 10
the output performance. To define a stable supply voltage, a BC
resforation circuit is employed as a rough detector, maintaining
alevel about 5V below the mosinegative excursions of theripple.

proxim ai:e'iy it
C59 is divided by
c%mmpav BCTOSS 1

{Q0V(2)B linevoliage

vides a guiet, low-

Zener diodes D60 and D61 divide the voltage across C49 and
€59, sothai thekr breakdown veltages are notexcesded. The 10V
zener D54 protecis the TMOS gate/source fromexcessivevoliages.

The opio-coupler M 16 permits the 400V supply to be switched
off, allowing D56 1o assume forward bias, thus conmeciing the
rail 1o the +38V supply. This facility is made available to reduce
the voliage across R65, and hence its continuous power loading,
when the Instrumens is delivering a DC ouipnt of negative
polarity. M16 is mmed off for AC zad positive DC outputs, by
the POSITIVE' signal from the processor being set to logic-1
(QV). Thus M16-6 is isolated from M16-5, end the 400V rail out
of theregulator remains @meitgizedg For negative DC outputs, the
cathode of the LED in M16 is pulled to logic-@ (the POSITIVE
signal being set 10 -15V on MM_S - seg page 11.8-5Y; the LED
emits, and M16-6/5 shoris out D54 turning Q20 off. The total
supply voltage for negative cutputs is then limived 1o 438Y.

At HF, inductor L6 appears 28 a current source, increasing the
impedance of QP drain load with frequency to compensate for
capacitive loading. Ithas the advantage of not increasing the net
power dissipate d w the siage: any aciive current source would
have sigrificant suiput capacitance. The 12-wait resisior R65 is
the main resistive drain load for QQ'

7.8.3.5 Driver Cutput

The driver develops its suiput voltage, which can involve peak-
w-peak AC swings of up 1o 600V, across the load resisior R63.
Zener diode D41 is included 1o clamp the cuiput in the evens of
the heatsinks being disconnecied. This 1s normally held below
avalenche by the current passing through a series bias buffer (Q8)
in the Positive Heatsink assembly, via J3-11 and J3-12,

The main frequency compensation is performmed by C12. This
could have besn connecied to the drain of Q9, but the cutput line
slew rate is sensitive io capacitive loading. Instead itis connected
via J2-7, w 2 low impedance point in the Negative Heatsink
assembly which follows the driver output voliage swing.
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7.8.4 100V POWER AMPLIFIER

{Circuir Diagrams 430637 page 11.13-1 and Circuit Diagram 430539 page 11.13-2)

The 100V power amplifier stage is split beiween the Positive and
Negative Heaisink assemblies. The driver oviput voltage is
connected into the Positive assembly, and the frequemcy
compensaticn feedback is derived in the Negative assembly.

The whole circuit is a complementary, single-ended push-puli
amplifier with unity voltage gain. To achieve the full 300V peak
voliage output, two MOSFET source-followers are connecied in
cascode, for each polarity, in a totempole arrangement.

To obtain the required peak current levels, each source-follower
consists of two MOSFETs in paraliel. In all, therefore, eight
MOSFET devices are used.

On 100V ranges, the output currents are such as to bias the
amplifier in class A, but on 1000V ranges the output currents
impose class AB conditons. Crossover distortion is minimized
by a regulated bias, generated by a Vgs multiplier (M1 in the
Positive Heatsink assembly).

Power for the amplifier is provided by the same +400V supply
that serves the driver circuit. To minimize internal temperature
by improving efficiency, 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 transruitted.

7.84.1 Positive Heatsink Assembly
{Circuit Diagrom 430637 Page 11.13-1)

N-channel MOSFETs Q1 and Q2 are connected in parallel, as are
23 and Q4. All devices are matched for power dissipation and
threshold voltage for an even dissipation of approximately 400W
beiween the two heatsinks. All gate-source potentials are limited
by 10V zeners.

The input voliage from the driver is present at J3-11 and J3-12.
Most of the driver load current passes through the bias buffer 38,
and the voltage developed across Q8/R21 is applied io the bias
conirol R10. The Vgs multiplier M1/0Q8 acts as 2 high gain shunt
regulaior, generating a bias of between 5V and 9V, set by R10.
The regulator's own bias chain of (39, D8, and QS5 (which is
connected as a diode) responds to the temperature of the heatsink
to compensate for the temperature coefficients of the MOSFETs.

The 'DRIVE-' voltage at J3-11 is transferred direcily 1o the
negative heatsink input via J1-7 (Circuit Diagram 430539 page
11.13-2).

The 'DRIVE+ voltage at J3-12 is buffered by (7 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.

Theseries gateresisiors RS and RS, together with their associated
drain- gate capacitances, form the dominant pole of the amplifier.
Damping resistor R19 with ferrite bead FB1, prevent local
oscillations in emitter-follower Q7.

Q1 and Q2 act as buffers io provide abootsirapped supply for the
output devices (93 and (4, splitting the overall power dissipation

to four points of application to the heatsink. The gates of Q1 and
032 receive their drive from the output line, obtained via the
divider R16/R22/R23/R15. Capacitors C10 and C13 decouple
eny noise on the 400V rail; C11 and C12 correct any lag which
may be generaied by C10 and C13. C5 and C6 conivol the
division ratio ai HF, swamping any stray capacitance.

The drains of Q3 and Q4 are shoried together, and connected via
J1-5by 2 10nF capaciior io the corresponding point in the Negative
Heatsink, completing an AC booistzap(BS). The gates of Q3/Q4
(J1-1)and Q1/(32 (J1-4) 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 the
screen of the input connection.

7.8.4.2 MNegative Heatsink Assembly
(Circuit Diagram 430539 Page 11.13-2)

This is virtually a mirror image of the Positive Heatsink circuit.
However, because the P-channel MOSFETSs are operating closer
fo their maximum voltage rating, they are further protected by
Zener diodes which limit their drain-gate potentials.

The HF swamp capacitors are not required, as the whole circuit
is AC-booiswrapped to comresponding points in the Positive
Heatsink assembly, via C1, C2 and C4.

HF compensation for the driver and oufput stages is derived at
low impedance from the junction of RZ and D12. Tt feeds back
via J2-7 to the driver output circuit, through C12 in the Power
Amplifier assembly, 1o aveid capacitively loading the driver
output line.

7.8.4.3 Over-Temperature Detection

The two NTC thermistoss in each heatsink circuit are part of a
bridge network which detects excessive temperatures on the
heatsinks, The action of the bridge 1s describedin Section 7.12.9.

7.8.4.4 100V Gutput Conneciion

DANGER!

FORGUARDINGPURPOSES, THEOUTPUT FROM THE
HEATSINKS IS TRANSMITTED BACK TO J3-$ OF THE
POWER AMPLIFIER ASSEMBLY ALONGTHE SCREEN
OF THE INPUT CABLE. THE VOLTAGES ON THIS
SCREEN ARE POTENTIALLY LETHAL. UTMOST
CAUTION SHOULD BE EXERCISED WHEN WORKING
1IN THEIR VICINITY.

7.8.4.85 Heatlsink Removal

The 100V Amplifier can work with the heatsinks removed,
because of the clamp dicde (D41 on page 17.9-3) in series with
the driver load. If they ave removed, however, J3-9 and I3-11 in
the disconnected socket of J3 musi be connected ogether, o
maintain the feedback. In this condition, the gain falls due w©
loading of the driver by resistors in the DC or AC assembly.
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negaiive DC
supply is generated on the separate 38V Power Supply
assembly (Circuit Diagram 430653 page 11.12-1). Partof
the supply circuit is simated on the Mother Assembly.

o 400V Povwer Supply.
The 100V Power Amplifier used for the 100V and 1000V
ranges, for both DC and AC outpuis. The line wansformer
secondary ouiput is rectified and smoothed on the Mother
assembly, and themainregulator circuitry for the driver siage
is coniained on the Power Supply / Current Heaisink. The
power ouiputstageofthe 100V Amplifier receivesunvegulated
400V supply. Bxiensive protection is incorporsied.

7.8.5.1 138Y Supply

{Circuit Diagram 430653 Page 11.12-1)

Comimon-2 on the Mother assembly after passing through the
138V Power Supply assembly. This secondary also provides an
AC ouiput for the 'Comumon Mode MNull' balancing cireuit.

A single bridge rectifier on the Mother assembly provides both
positive end negeative raw supplies for the foldback regulator in
the ¥38V Power Supply assembly. The 238V supply circuit is
described in Seciion 6.7, para 6.7.3 4.

7.8.5.2 400V Transformation/ Rectificalion
{Circuit Diagram 430604 Page 11 .16-5)

The mains (line) transformer secondary cenive tap is referred o
Common-2 on the Mother assembly. The secondary is swiiched
with the secondary for the 38V supply, i allow a lower voltage
io drive the 160V power amplifier for servicing purposes. Under
operational conditions in the 4708, this swich, which is situated
prominently on the Mains Transformer asserbly, is set o the
400V position.

A single bridge vectifier on the Mother assembly uses series
diodes o achieve the high pesk inverse voliage performance
required for the 400V supply.

Afier smoothing, and part-loading by ableeder resistor chain (the
bleeder resistors also balance the voltages across the capeciiors);
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 M1
and M2 are conducting, allowing their opto-transistors o be
energized. As the circuits for both polarities are otherwise
symmetrical, only the positive circuit is described.

=4

Under normal oper Power Amplifier supply
current is drawn through the P-charmel MOSFET Q9, which is
held in conduction by R§, R12 and D2. The current is sensed by
the parallel combination of resistors R17 and R32. Althoughthe
peaks of the current taken by the power amplifier can reach 144,
the mean value is less than 0.5A. Ripple currenis 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 spproximately 0.5A (in particular
for outpui sheori-circuiis); the voliage sensed across R17/R32,
subsequenily divided by the aitenuator R10/R9, excesds the
ihreshold of Q4/D7. Q4 condncis to pass curvent into RS,
reducing the drive o Q9 gaie, so the +400V(2)B voliage 2t DS
anode falls. When the voltage dropped by Q9 rises 1o 56V, zener
D35 conducts and pulls Q4 base down, further reducing ihe drive
10 Q9 gate. This curmulative action is slowed only by the time
consiant of the combination R34/C15, so that both voliage and
current on the ~400V(2)B line are simulianeously closed down.

With e persisient 400V overload, the circuit canmot recover
natrally from this foldback’ mode. However, the 400V voliage
is monitored. If the 400V menitor senses & failure, a stams bit is
passed back to the CPU viathe $SDA serial link. The CPUmakes
three aitempts o reinsiate correct operation by removing the PA
biss while restarting the supply via te 400V enable line. If after
the third attempt the voliage does not recover, the CPU assumes
that a hardware fault is preseny, so displays the TAIL 7' message.

7.6.5.4 100V Current Sense and 1kY
Overvolis Detector
(Circuit Diagram 430618 Page 11.9-6)

This detecior circnitry is used only for AC High Voltage ranges,
and is described with the AC Voliage Amplitude Conivel system
in Section 9. However, as the 400V supplies pass through the
circuit for DT high voltage ranges, it is menticned at this point.

The 400V(2)B lines enter the Power Amplifier assembly from
the PS/I Heaisink ai J1-8/6 and are filtered by L1 and 1.2 before
being applied acioss two neon lamps LP1 and LP3. These lamps
are visible from the top and rear of the instrument when the PA
board is exposed, indicating that a dangerous voltage is present.

The 400V (2)B lines pass on to power the driver stage of the 1060V
amplifier, where the voltage is regulated as described in sect.
7.8.34. The 400V (2)C lines supply the power amplifier in the
Positive and Negative Heatsinks.

On 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.) On the AC 1000V Range, the
voltage applied to the primary of the step-up transformer is fed
via aresistor to the deiector at M2-5/9. The '100V AC' line is set
io logic-@ (-15V) only when the 100V AC range is selected.
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7.8.6 POWER AMPLIFIER POWER SUPPLY MONITORS

(Cirenit Diggram 430618 Page 11.9-4)

All three power supply voliages: 15V, £38V, and +400V; are
monitored using similar comparaiors to initiate individual FATL
messages. In addition, if either the 2400V or the 215V monitor
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 D5, D6, D15 and D16 (the £38V supply
being ballasted by R1 and R15) to provide the V+ and V- supply
to the Quad op-amp M3. Innine of the possible sixteen states of
failure of these two supplies, power will siill be applied to the
comparators. The maximum values of V+ and V- are limited to
+16V and -16V by zener diodes D7 and D14.

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 1o the non-inverting input of M3c. The +15V 10 -15V
supply is divided by R29/R30/R33, generating a volitage +2.50V
above the -15V rail at the inveriing input 1o M3¢ under normal
operating conditions, Thus the output at M3¢-7 remains at the
negative (V-) rail, holding D28 in forward bias, and the 15V(2)
FATL lins at J9-108 is held at Logic-@ (-15V).

If the voltage between the +15V supply rails falls to less than
29.4Y, the voliage across R30/R33 falls io less than the reference
2.45V. The cutput at M3¢-7 changes state i the V-+rail, reverse-
biassing D28, so the 15V (2) FAIL line is pulled to logic-1 (0V)
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-S on page 11.4-4). During each control
data transfer, the SSDA alsc passes the condition of the status
regisiers back across guard o be read by the CPU., When the
15V (2) FAIL line switches to logic-1 due (0 2 15V failure, this
is detected by the CPU which produces the FAIL 9 message on
the MODE display.

The £15V moniior output line also gives an input to the 400V
enable logic (Section 7.12.5). The effect of 2 £15V failure is 1o
disable the 400V (2)B regulated supply via D26 conduction and
71-3 at logie-1.

7.8.6.3 +38Y Monitor

The action is similar to the 15V monitor, but because of the
higher voliage, the divider between the +38V and -38V lines is
balanced by two 10k} droppers in each line. Without Q5, the
245V zener bias current would affect the sensing level. By
employing Q5 as a voltage follower, D25 bias current can pass
directly to the V- rail and still be referred to the R25/R26 junction.
The Vbedrops in Q3 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 71562 of R25/R32 is
approximately 2.62V, in excess of the 2.45V of D25.

Ifthe 76V beitween the +38V and -38V rails falls below 71V, the
voliage 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 iwo 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 a
normal operating voltage of +3.27V (referred to common-2C)
and applied © the inverting input at M3d-13, thus seiting the
output at M3d-14 i the -V rail voltage. D20 is reverse-biassed
so the 400V (2) FAIL voliage is pulled to logic-@ (-15V) by R7.

If the +400V supply fails by falling below 4300V, the voliage
across R16 falls below the +2.45V reference and the M34d-14
output switches to the +V rail voliage. D20 conducts, pulling the
400V (2) FAIL line at J9-106 to logic-1.

In normal 400V operation R31 is shorted by the 400V/50V
switch on the Mains (line) transformer, via the Lo SUPPLY A’
and Lo SUPPLY B’ lines. When the switch is set to 50V, the
Lo SUPPLY A line is connected 1o -15V, effectively disabling
the monitor ouiput by holding the 400V(2) FAIL line at logic-@.

The output line gives an input via D3 1o the 400V enable logic
(described in Sub-section 7.12.5). Tts effect is as for a £15V
failure.




7.9 1000V RANGE

7.9.1 INTRODUCTION

7.9.1.1 Power Signal Processing
Method

The 1000V DC Range obtains its high voltages by using the 100V
power amplifier o drive an AC signal info 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 '10V+100V+1000V DC ERROR ' signal is pre-conditioned
by the VCA Drive circuitry in the DC assembly, before it enters

- the Power Amplifier. The 10V Amplifier is bypassed.

High AC Voltage Generation

The modulated 16kHz signal is passed from the DC modulator
into the 100V Amplifier, where itis 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 Vgltage assembly:

° A constant-current source acts as a shunt to sustain the
current drawn from the high-voltage secondary winding
through the bridgerectifier. Polarity is switched withrespect
to common-2 via the LC-filtered 238V common-2 supplies.
Positive polarity output is referred to -38V at zero ouiput, to
overlap with negative polarity output referred io +-38V. The
overlap allows digital calibration constants to be used o align
zero voltage output in both polarities to the same calibrased
ZE10.

o The main output filter is placed in the output line. Thisis a
low-pass filter with a high rejection at 16kXz, reducing the
ripple voliage 1o within specification limits.

o Theoutput voliage is fed out through the Range swiichon the
DC assembly, where itis subject to Remote Sense and Ourput
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 7.3.7.2
for the 1V Range.

»  Theexternal current is sunk into common-2 via the overcurrent
detector, which warns the control processor when the output
current exceeds approximately 28.5mA (seepara7.3.7.1). On
the 1000V range the processor will switch the output off on
receiptof the overcurrentsignal from the overcurrent detector.

7.8.1.2 SenselLoop
Sense Attenuation

The sensed output voltage from the Hi and Lo terminals is
reduced down o 'DC Ref levels by a guarded precision atienuator
onthe DC assembly, and then applied to the inverting input of the
Error Amplifier:

»  TheLoterminal and Sense Aitenuator Lo are bothreferred to
Common-1 (DC Ref Lo). The attenuator is dual-purpose,
being used for both 100V and 1000V ranges. The Hi sense
voltage is divided in the Sense Attenuators by 10 (100V
Range) or 60 (1000V Range).

> The attenuated output is compared against DC Ref Hi in the
Error Amplifier, modifying its output to the VCA Drive.

o The 10V Bootsirap, in additon to supplying the Error
Amplifier, also buffers DC Ref Hi as reference for the VCA
Drive circuit.

Error Conditioning

The bipolar DC ervor voliage between the buffered DC Ref Hi
and the Error Amplifier output is converted by a swiiched
precision rectifier in the 'VCA Drive', 1o provide a suitable
unipolar conirol signal for the DC modulator. The buffered
ouiput from the reciifier becomes the '10V+100V+1000V DC
ERROR' signal which adjusts the amplitude of the 1000V Range
outpuis.

Loop Action and Reference Scaling

The Sense loop thus siabilizes the 1000V Range DC ouiput to a
value which is 60 times the DC Ref voltage, this value being
determined by the division ratio of the precision sense attenuator.
The DC Ref voliage 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

7.9.2.7 DC Reference and Error Amplifier
{Circuit diagram 430536 Page 11.5-1)

The DC Refsignal is derived as for the 1V range, entering the DC
assembly at the same pins: J5 pins 1,2, 3and 4. RelayRL18 again
connects the power and sense lines to the two star-points TP2 and
TP3, the laiter being the signal Commeon-1 point.

On the 1000V range, RL16-8/9 connects the full BC Reference
to the non-inverting input of the Error Amplifier, which operates
asforthe 1V range, except that the span of voltages is now the full
-20V to +20V.

The Error Amplifier cutput is blocked from the 1V Buffer by the
open contacts 18/11 of RL16. Instead, it passes as input to M15-
5. The error signal is conditioned by the VCA Drive circuit M15/
M14 and passed tothe line buffer atM14-5. Forthe 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 Amplifier Routing
{Circuit Diagrams.: 430618 pages 11.9-2 and
11.9-3)

'DC Error' enters the Power Amplifier assembly at J9-40 (refer to
pagell.9-2). Relay RL3-9/11/13 remains un-energized, shorting
across the 10V Amplifier input. The DC Ervor signal istouted via
link LK.W and TP14 to the 1kV DC Modulator at R78. Therouie
to the 100V Amplifier input as signal '100V I/P' via R1L.4-11/13
is blocked by the open contacis 8/4 of unenergized relay R12
(page 11.9-3).

The output from the modulaior is 2 16kHz AC signal at TP15
whose amplitude is determined by the value of the DC Emor
signal. With RL1 unenergized on the 1%V DC Range, this AC
signal passes via RL1-11/13 contacts 1o the '1kV ERROR O/
line.

Contacts RL2-6/4 (page 11.9-3) apply the signal to the Gain
Stage, which provides drive 1o the power amplifiers in the
positive and negative heat sinks, via J3-12 and J3-11. The single-
ended output from the heaisinks at J3-2 passes via the QUTPUT
line to the 1kV ENABLE relay contacts RL6-8/9 (page 11.9-2).
RLé6isenergized, and RL7 is unenergized on the DC 1kV Range,
so the OUTPUT line is connected io J5-3 (PA assembly) and out
as a direct link to the High Frequency Transformer assembly.

7.9.2.3 High Voltage Assembly - Houting
{Circuit Dicgram 430537 page 11.14-1)

The high voltage output from the secondary of the HF ransformer
is input to the High Voltage assembly between J2-1/2 and J2-8/
9. Afierrectification, polarity switching and filtering, the DC 1kV
signal is ouiput via J1-2/3 to pin L on the Mother assembly,
where itis again filtered before passing to the DC assembly on I5-
33/34.

7.9.2.4 DC Assembly - Power and
Sense Routing
(Circuit Diagram 430536 page 11.5-1)

On the DC assembly, the DC 1kV signallineis fused at 1A by F5,
and the signal isrouted through R1L.7-5/4. At this point the voltage
is also used to energize the attenuaior 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 1V range. The curmrent returning from the I-
terminal is sunk into common-2 via the overcurrent detector RS6
{see para7.3.7.1).

SHI(DCYV) is range switched on io the HY attenuator R17 etc. by
RL7-8/9, thereduced voltage being taken off through RLS-10/11
and applied to the inverting input of the Error Amplifier.
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7.9.3 VCA DRIVE CIRCUITRY
(Circuit Diagram 430536 page 11.5-1)

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 cutput at M20-6, the bootstrap common BS at TP1,
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 acis as a bipolar-unipolar switch which
adapts the bi-polar action of the Error Amplifier to the unipolar
sensitivity of the DC modulator:

e With the front panel Output on+ LED lit, the POSITIVE
control signal is at logic-1 (0V). FET Q1 conducts, setting
the M15-3 non-inverting input to zero volts, so the amplifier
inverts the input at M15-2.

o Alternatively, if the QOutput on- LED is lit the POSITIVE
signalis atlogic-@(-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
ioop.

Forthe 1000V range, the second M 14 stage is connected as anon-
inverting line buffer by contacts 8/4 and 9/13 of activated relay
RL6. The output from M14-7 passes io the Power Amplifier
assembly via J5-73 and the Mother assembly.

7.9.3.1 Action of YCA Drive Circuitry

If auser increases a positive OUTPUT display value, the positive
DC Ref Hi voltage will increase (this is a demand to increase a
posiiive ouiput voltage). The polarity switch inverts the positive
input from M15-7, so M15-1 feeds a negative output to M14.
This is inverted at M14-1 and then buffered by voliage follower
action at M14-7. It is passed via the Mother assembly to the DC
modulator on the Power Amplifier 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
POSITIVE signal is at logic-@ (-15V), so the output from M15-
7is notinverted andremains negative as for positive outputs. The
action of M14 is not altered, so an increasing positive signal is
sent fo 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 afier rectification of the step-up
transformer output, by the polarity switch in the High Voltage
assembly.

7.94 DC MODULATOR
7.9.4.1 16kHz Derivation

(Circuit Diagrams:430648 page 11.3-2; 430652
page 114-5; 430618 pages 11.9-5/11.9-2)

The 13-bit counter in the Analogue Interface generates 16kHz at
pin 14 of M16 (page 1/.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 =0V and
logic-@ = -15V, enters the Power Amplifier assembly on J9-61
(page 11.9-5).

Providing the 1KV range is selected, and the PA CLAMP' signal
is at logic-@ (-15V), the full 15V p-p squarewave passes via M6-
4 and M9-10 io inverter Q41 (page 11.9-2).

7.9.4.2 DC Error Sigha! Processing
(Circuit Diagram 430618 page 11.9-2)

The modulator operates by alternately 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 alternates between logic-
1 (0V) and logic-@ (-15V). Afier inversion in Q41, the signal at
its collector swiiches between the +15V and -15V rails. Positive
half-cycles of the MOD DRIVE signal make (41 conduct,
switching Q40 off and Q39 on, so the DC Ermor 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 amplitade depends on the difference
between the conditioned output voliage and the DC Ref Value,
but is limited to +12V by D75.

The filter reduces the 32kHz and higher harmonic content of the
squarewave, while passing 16kHz with little distordon. Its
output is buffered by source-follower 42, before being AC-
coupled to the 100V Amplifier by 2 high pass filter (formed
mainly by C86 with the approx. 400€2 input resistance of the
amplifier).

The near-sinusoidal 16kHz signal input to the 100V Amplifier
has an amplitude which is preportional to the value of the
DC Error signal, so it acts as an AC analog of the difference
between the normalized instrument DC output voltage and the
value of the DC Ref voltage. Itis based on a mean of 0V, and is
passed as the '1kV ERROR O/P'signal viaRL1-11/13 and RL2-
6/4 into the Gain Stage of the 100V Amplifier (page 11.9-3).

7-17



7.9.5 100V AMPLIFIER

(Circuis Diagram 430618 page i1.9-3 - For

description refer to Subsections 7.8.3 and 7.8.4)
This operates as for the 100V range, but in this case the DC path
simply maintains the zero offset of the AC signel, which is
amplified along the AC path. The cutput signal 'QUTPUT' is
fedfrom J3-9torelay RL6 contacts (page 11.9-2) for application
to the step-up transformer.

7.9.6 ‘1kV ENABLE' RELAY RLS&
{Circuit Diagram 430618 page 11.9-2)
Relay RL6 allows the QUTPUT signal from the 100V Amplifier

to energize the HF step-up transformer, providing the following
conditions are met:

o The 1kV Signal is at Logic-@:
This is a processor-controlled signal, sei to logic-D when
the instrument output is switched on, in the 1000V range.

o The Watchdeg has NOT 'Barked’.

o The'lkV ENABLE' Switch S1 on the Power Amplifier
assembly Is set to '"ENABLE'.
S1 is situated below the left-hand ejector lever (viewed
from the froni of the instrument), facing the rear. [t allows
the high voltage o 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 RL7.

7.8.7 LF/HF TRANSFORMER
SELECTION ‘

The two fransformers are separately located, their secondaries
being comnected imto the High Voltage assembly. The HF
transformer is selecied when RL7 is unenergized, its primary
being returned to Common-2C. RL7is energized toselecithe LF
transformer.

For the 16kHz signal used with the 1000V DC Range, the HF
teansformer is selected by RL7 being unenergized.

7.9.8 HIGH VOLTAGE TRANSFORMER
AND RECTIFIER
(Circuit Diagram No. 430537 page 11.14-1).

For the 1000V DC Range, the HF transformer gives astepupratio
of 1:6.17. This ratic generates secondary voltage outputs large
enough to provide DC outputs from the instrument of 1100V,
The AC relays RL2 and RL3 in the High Voltage assembly
remain un-energized for the 1000V DC range, but the DC relay
RLAisenergized, applying the HF ransformer secondary voltage
io the rectifier bridge via R1L4-5/4 and RLA-2/3.

The rectifier bridge uses two series diodes in each arm. Each
diode is current-rated at 1A, with a p.iv. of 1.5kV.

N.B. The wransformer secondary and bridge rectifier are not
direcdy referred to any comunon. This allows the rectifier output
10 float so that it may be used for either polarity.
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7.9.9 CONSTANT-CURRENT
ASSEMBLY
(Circuit Diagram 430563 page 11.14-2).

7.9.9.1 Constant-Current Source.

Q1-12 form a series Darlington chain, connected across the
bridge rectifier output as a constant-current source, having two
functions:

o It maintains conduction in diode bridge D56-D63 under no-
load conditions.

o At higher voltages, D15-D17 limit Q11 base voltage o
+2.4V, limiting the series current in R11, with Q13 pinched
off. Atlowervoltages Q13 conducts, shunting R11 with 170-
180£2 (R10 plus Q13 "On' resistance which falls to approx
125€3), and increasing the discharge curvent. The approximate
shape of the overall characteristic is shown in Fig. 7.3.

NB: Note that the minimum voltage applied across the constant-
current scurce is 38V. Even at zero cuiput voliage and cuirent,
the diode bridge generates 38V o back off the positive or
negative 38V connected io RL3.

7.9.9.2 Overvolt

f =
@ Defection

Zener diedes D1 - D13 form 2 series Ch&il. across ’dﬂe High
Voltage supply. When the voliage exceeds
conducts, lifting D13 cathode and diiving opto-
collecior feﬂs frning on Q14, whose collecio

provide a 'LIM DE”‘ logic-1 (OV) output at pin 5
travels from the High Voliage assembly ai J1-14, via the Mot

assembly, to the Power

ﬁﬂ“ﬂpl..m, T assernbly at JO

The operation of the LIM DET circuitry and subsegueni action is
described in Section 7.12.
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7.8.10 POLARITY S

(Circuitr Diagrom 43053
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Double-pole relay RLS performs the polarity-reversal. With
RL3 un-energized as shown the output filier is connected w0
rectifier positive, and the -38Y Common-2 supply is connecied
to reciifier negative, During zero calibration, the -38V is backed
off to give a tiue zero output by an output from the rectifier.

Relay RL3 is controlled by the Exclusive-NOR gate M4-2, under
the influence of the CPU's POSITIVE' and 'PA CLAMP ON'
signals from the serial data-link parailel output registers. When
negative outpuis are selected, providing the PA is not clamped;
RL5 is energized, the outpwt filier is connected (o rectifier
negative, and the +38Y Common-2 supply is conmecied to
rectifier positive. Again, the +38Y 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 FILTERING

The high voltage output is filiered in three stages:

a. L3, R1, C1 and C2 together form a 2-pole low-pass filter,
which attenuates 16kHz by approximately 30dB and 32kHz
by approximately 42dB.

b. 14, L5 and their associated capacitors form a 5-pole filter
with elliptical characteristics, aitenuaiing by at least 60dB
above 16kHz.

¢. The final stage is formed by R10, with C1, R84 and R85 on
the Mother assembly (Circuit Diagram 430604 page
11.16-1). Thisprovides further attenuation of approximately
30dB at 16kHz and 36dB at 32kHz.

7.9.12 1kv DC OVERCURRENT

The overcurrent detecior on the DC assembly operates on the
1000V Rangeidentically asonthe 1V Range. Refertopara7.3.7.1.

7.9.13 1kV and 100V SENSE
ATTENUATION
{Cirewir Diagram 430536 page 11.5-1)

Both ranges' output voliages ave sensed on the SHI(DCV) line
and reduced to 10V Range levels in the same guarded attenmator.

e 1000V Range output is devel@p@ﬁ‘ across the fll attenuator
-8/9 contacts, and the guerd chain is driven from the
DC 1LV line via RL7-5/4.

ouipuieniers the attenuaioy ai the tapping between R85
via RLE-9/8 contacts, the corresponding guard voliage
vlied to the Guard chain via RLE4/Z.

ooV
2101

’be'mg ey

The output tapping is cominen §o both ranges, taken at the
S00kC/100%LY junctdon of Ri01. Thus the 1000V DC Range
voliages are attenuated by 60:1, the 100V DC Range voliages by
10:1. The reduced output from the Sense attenuator is applied to
the inverting mput of the Error Amplifier.

Each junction batween adjacent elements of the attenuaior has its
own guard screen. To climinate leakage while providing an
effective guard, a separate attenuaior sieps the power ocuiput
volizge on the PHI(DCVY) down to the correct voliage for each
junction’s guard screen.

The Sense autemuator sinks inte Common-1, the ‘reference’
common to which the Error Amplifier and the 10V/1V aitenuator
are also referred. The guard attenuaior sinks into Common-2, the
general analog power common.
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7.10 LOGIC C

Two main aspects of analog control functions can be considered:

2. The effects of the conirols on the analog circuitry, which are
discussed elsewhere in the descriptions of the relevant circuits;

b. The methods of implementing the conirol logic, which have
been developed to use the minimum number of confrol
signals. It is also vequired to dissipaie as little energy as
possible inside the heat-shielding chassis assembly, to avoid
iemperaivre effects on the accuracy of the analog circuiis
themselves.

7.10.1 LOGIC LEVELS

In general, the analog control logic operates between 0V and -
15V, with Logic-1 = 0V, and Logic-@ = -15V. These levels are
set originally at the serial/parallel control data latches in the
Reference Divider assembly as outpuis from the serial data link,
and are accepted by the parallel/serial status data latches as inpuis
io the link back to the CPU. Some special control signals are
passed into guard viaopie-isolators, also in the Reference Divider,
operating between -10V and -15V. These are subsequenily
adjusied to the normal control logic levels.

7.10.2 HEAT REDUCTION

Two methods are used io ensure that the energy dissipated by the
relays is minimized:

o Use of bistable laiching relays.
o Use of an "Updaie’ signal;

7.10.2.1 Updete Conslderations

Forsome heai-serisitive environments within the chassis assernbly,
polarized bistable laiching relays are used which only require
actuaiion, and hold on without a solencid supply. Where relays
need hold-on energization, they are usually tied to 0V or +15V on
one side, and conirolled on the other by the uncommitied collector
of an inverting Darlington driver. Thus when the input ¢o the
driver is logic-1, the relay is held energized by its -15V output;
and when the driver input is logic-@, its output is high impedance,
releasing the relay.

ONTROL OF DC OUTPUTS

For some relays it is necessary o hold the full actuating voltage
across the solenoid for the whole time that it is energized. But
where periodic updating will not cause difficultics, arelay isheld
on between OV and -15V, raising the 0V side to +15V to actuate
it during an update,. Such relays have a secure hold-on voltage
of approximately 12V, but require 20V or more to pull them in.

Atmtervals of 40ms (typically - depending on the priorities of the
CPU's programy), the CPU generates a data iransfer 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
114-5). This serves two purposes:

o Ti is mainly provided tc ensure no delay in iransferring
important status data back o the CPU;

o Itis available when it is required to updaie the analog state of
the instrinent functions, as demanded by reversionary modes
O user inputs.

Afier passing into guard, the update signal is named 'UPD(IG)’
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7.11 DC ASSEMBLY RELAY DRIVES AND LOGIC

7.11.1 INTRODUCTION

(Circuit Diagrams 430536 page 11.5-3 and 430668
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 fasiest response, the ouiput relay
RL13 is not latched, but can irip out quickly if the power supply
fails, removing any output voltage from the terminals.

The rest of the relays are latched, allowing hold-on without
power, to reduce the internal temperature at their contacts. As
they are polarized they require a bipolar actuating drive, which is
provided by Tristaie’ relay drivers and a bias amplifier.

7.711.1.1 Laiched Bistabie Relays
(Circuit Diagram 430536 page 11.5-3).
As canbe seen from thecircnitdiagramonpage 11.5-3, therelays
stiung out between the output of their biss amplifier (-7.5V
approx. at M 1-2) and the drive cuipuis from the Clamp assembly.

a frequency-compensated voliage

m[,

g of attenuaior R4/R5, to hold on

d reiays operate in the sa Ru
iveron pzzml deies atlogic-1 {OV),1
function; for a howc—ﬁa 13% 5
e analog cireuit & 5
shown in their deselacied staie, eguivaler M-
onventionsl non- iamhmmel’w} F@r consistency, inthe

statecfac
enalog desmph@;ﬁ relays ave referred (o as being ‘energized or

Tn@ ete’ Relay Drivers
Cirenit Diagram 430668 page 7-23).

Therelay drivers (31, M2, M3 on the Clamp assembly) are octal
Tristate’ buffers. Each chip is served by two inveried enable
inpuis on pins 1 and 19 (four buffers - half the chip - per enabling
input).

Whenever a swiiching command has been received, the CPU
performs a conivol data wansfer and the UPDAG) line from J5-
104 is pulsed to -15V for 50ms.

The switching logic places a logic-1 (0V) on the inpui of selected
drivers, and logic-@ (-15V) on those whose function is not
selecied. Because all the buffers ave non-imverting, during the
update pulse a driver selects its function by setting its ouiput
voltage 1o OV, or deselects by pulling its cutput voltage to -15V.

7.11.2 CLAMP ASSEMBLY

(Circuit Diagrams 430536 page 11.5-3 and 430668
page 7-23).

COmn the DC Relay Drive Logic circuit diagram (page 11.5-3) the
Clamp assembly is shown in block form. Also, the pcb pin
numbers correspond to the pin numbers of the buffer chips: I7, 18
and J9 being the connections to M1, M2 and M3 respeciively. For
signals crossing the block from left io right, the output of each
non-inverting buffer is drawn opposite iis input, so the function
remains unchanged 2s it crosses the block. As a further aid to
identification, the pins of any one buffer are numbered so that the
mput and output numbers add up to 20,

7.11.2.1 UPDB(IG) Distribution

As the UPDJG) signal is distributed as the enable io many
buffers, it is itself buffered before being fanned out. So the four
UPDAG) connections at the top of the block are inpuis io four
buffers (Mi1) which are permanently enabled by J7-19 at -15V.
The outputs of two of these buifers are brought oui to J7-5 and J7-
7 which are notcomecied (and not shown on the circuitdiagram).

e nput at §7-11 emerges from Clasnp assembly at J7-9 1o
ﬂi o1~ Iau,r}jé elay RL15 (2t M2-6). The
J7-3, and is reconnected as dﬁe

P

ers on the assembly (Fig. 7 4

(V-* O

w
Relay
Drivers

1 CLAMP
| ASSEMBLY

FIG. 7.4 UPD(IG) DISTRIBUTION
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7.11.2.2 Buffer Clamping
(Circuit Diagram 430668 page 11.5-5).

Some versions of the 40244 octal buffer are protected against
SCR avalanche if the outpui voltage exceeds the rail voliage, but
somearenct. Bach buffer drives arelay solenoid, and is switched
on and off by the updaie enable, Because the inductance of the
relay coil can generate a back EMF in excess of the rail voltage,
aclamp circuit guards against the possibility of SCR breakdown.

On the Clamp assembly Q1-Q4 form two power supplies, each
delivering a regulated voltage of a diode-drop less than the rail
voliage ('+-VE CLAMP and '-VE CLAMP"). A diode connected
from the buffer output o each of the clamp lines allows the ouiput
voltage to rise to, but not exceed, the rail voliage (see Fig. 7.5).

Where two parallel buffers drive tworelays, the clamp dicdes are
omitied from one buffer ouviput (e.g. M2-9 and M2-7 are joined
onthe DC assembly between J8-9 and J8-7, so both are clamped).

7.11.3 DC ASSEMBLY SWITCHING LOGIC
{Circuit Diagram 430536 page 11.5-3).

The analog-conirol signals are iransferred inio guard on the
Reference Divider assembly, and laiched as 'Q' outputs in the
Serial/Parallel Data Converter. Offset positive logic is employed
(Logic-@ = -15V, Logic-1 = 0V) for the signals entering the DC
assembly via IS from the Mother assembly. For general znalog
conirol considerations refer to Sect. 7.70.

7.11.3.1 Range Swiiching Logic

Range conirol data is input as a 3-bit code on DCRP, DCR1 and
DCEZ lines. The bit-patiem is decoded by M4 to select the
correct range relays. As the 100V, ImV, 10mV and 100mV
ranges all use the same analog circuitry, only one bit-combination
(DCR?2) is required for these four ranges. The resuling five
combinations are listed in Table 4.1, which shows the siates of
M6 'Q)' output pins znd the relays energized for each range.

Note that deselection of DC function sets each DCR2-B) io
logic-1. The M6 'Q)' outpuis all fall o logic-@, deseleciing all
rangerelaysexceptRL1, RL2, RL3 and RL16, which are selected
by DCR2 being at logic-1.

7.11.3.2 Function and Output Swiliching Logle

Output voliages pass through the DC assembly on all AC and DC
ranges. RL15 connects SHi, SLo, PHi and PLo to the instrument's
Hi, Lo, I+ and I- terminals. Four signals contzol this relay:

OFF at logic-@ when Output is selected ON,

BARK DEL at logic-@ unless the watchdog has tripped.
ACFNCT at logic-@ if AC Function is selected, or

DC FUNCT at logic-1 if DC Function is selected,

Under these conditions M4 pins 1 and 2 are set o logic-1, M4-9
is at logic-@; M4 pins 3, 4 and § are at logic-@, M4-6 is at logic-
1. So M2-2 is driven positive, and as M2.3 is biassed at about -
475V, then M2-1 goes 1o approximately -12V. Duoring the
update pulse J7-9 goes to -15V, so M2-7 goes to +15V. RL15is
thus actated by some 27V, but after the UPD(IG) pulse is
terminated, M2-7 returns 10 OV and RL1S is held on. If AC and
DC are both deselected, or if the cutpui is set to OFF, or if the
Watchdog barks; the -12V at M2-1 reverts io approximaiely

— ~
wEoLar 7Y i [;7;[ %7
AN olono
baa | >@ LTI 75Y
=
ENABLE 5
0.7V 1Y
WECLAMP g7y i \r
F1G. 7.5 TYPICAL CLAMPED BUFFER

+11.5V. ¥f the UPD(G) pulse is not present, the voliage across
RL15 falls through zero and RL15 isde-energized. Ifitispresent,
only approximately 4.5V is connecied across RL15, which is
insuificient 1o hold the relay on. Under these conditions the
imstrument terminals are disconnected from the output.

Relays RL10 and RL18 are selected when DC voliage has been
commanded, providing that the Waichdog has not barked. Wiih
DC FNCT at logic-1, M4-11/13 are at logic-@. If the Waichdog
has not barked then BARK DEL is logic-@ at M14-12. As a
result of both these conditions, M4-10 is at logic-1 and both
relays RL10 and RL18 are selected. RL10connectsthe PHI(DCV)
and SHI(DCV) line to the PHI(Y) and SHI(V) lines respectively,
RL18 cennects the DT Ref output from the Reference Divider to
the DC Error Amplifier input,

Relay RL11 connecis the power and sense Lo lines back 1o their
respective comunons. Thus when RL10 and R1L18 are selected
for DC voltage outputs, sois RL11. Butin Current Function itis
also required to tie the Local Guard to Common-2. This also is
done by selecting RL11. With Current selecied, the T FNCT
signal is at logic-@ so M3-13 is at logic-1 and RL11 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 M10-3, before selecting RL14
directly via its buffer. RL14 removes the local sense short
between the power and sense lines atboth Hi and Lo signal levels,
ForCurrent Function this has negligible effect on the DC assembly,
but the REM SENSE '+ and ‘- signals are also passed cut to RL1
on the Mother assembly (Circuit Diggram 430604 page 11.16-
1). Although remoie 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. RL1 on the Mother assembly is
energized to do this. (For Local Sense on voltage ranges, RL1
routes the power Hi line io the Hi terminal instead of I+). REM
GU selects the Remote Guard relay RL17 via its buffer.

The HIGH I LIMIT and AC 1kV RANGE signals are concemed
with the AC 1kV Overcwrent Detecior circuit. The signals
operate theirrelays RL12 and RL13 directly through their buffers.
Section © discusses their effects. The effects of contral signals
‘16VDC, "100VDC, 'DC FNCT ' and 'POSITIVE' are discussed
in the descriptions of the analog circuitry at their destinations.
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7.12 PA ASSEME

(Circuit Diagrams 430618 Pages 11.9-4 and 11.9-5)

The CMOS logic operates between the levels 0V and -15V, with
logic-1 = 0V, and logic-@Z = -15V. Relays are tied to +15V on
one side, and controlled on the other by the uncommitted collector
of an inverting Darlington driver. Thus when the input to the
driver is at logic-1, the relay is energized by 15V; and when it is
at logic-@, its output is high impedance, releasing the relay.

7.12.1 DC RANGE SWITCHING
(Page 11.9-5)

The three inputs DCR@, DCR1 and DCR2 carry the DC range
switching information, and are decoded by M7a as follows:

M7a inputs M72 outputs
E B A Q2 Qt Qg

Range

Select DCR2 DCR1 DCRG

1000V 0 0 ] 0 0 1
100V 0 0 1 o 1 0
10V 0 1 0 i 0 0
v o] i i 0 0 0
100mY 1 0 0 0 0 0
10mV 1 0 0 0 0 0
1mV i 0 ) 0 0 0
100pV i 0 0 0 ] 0
Deselect DC 4 i 1 0 0 0

7.12.2 AC RANGE SWITCHING
(Page 11.9-5)

The three inpuis ACR@, ACR1 and ACRZ carry the AC range
switching information, and are decoded by M7b as follows:

M7b Inputs M7b outputs
E 8 A Q2 Q1 eg

Range

Select ACR2 ACR1 ACRO

1000V 0 (o) 0 0 e i
100V 0 0 i 0 i (o)
10V 0 i 0 i 0 0
Vv 0 i i 0 o 0
100mY 1 0 0 v} ] 0
10mVY i 0 i 0 0 0
imY i i 0 0 0 0

7.12.3 FUNCTION AND RANGE LOGIC

DCV Logle

When un-energized, relay RL4 selects the BC ERROR signal in
preference to the AC 1V signal, as input to the Power Amplifier
when DC Voltage function is selected. When un-energized,
Relay RL8 reduces the permissible overload on the output of the
10V Amplifier, also when DC Voliage is selected.

When 'DC' is selected on the front panel, both DC FNCT (19-70)
and] FNCT (J9-72) signals ave atlogic-1. Under these conditions
both inputs to NAND M6-12/13 are ai logic-1, so M6-11 is at
logic-@ and both relays RLA and RLS are un-energized. For all
other function selections DC FNCT is ai logic-@, so M6-11 is at
Iogic-1 to energize both relays.

3LY LOGIC AND RELAY DRIVES

AC & DC 18V Range Logic

On the DC 10V Range only, the input to M6-1 is logic-@; and on
the AC 10V Range only, the input io M6-2 is logic-@. Logic-1
occurs at M6-3 io operate relay RL3 only when either the AC or
DC 10V range is commanded.

AC & DC 160V 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
operaies only when the AC or DC 100V 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 100V Range Logic

The decoded DC 100V Range signal at M7a-5 is also connected
to the cathode of D3 1. Onotherranges the diode conducts to pull
the DC INPUT CLAMP signal 1o logic-@ (Off), but on the DC
100V Range D31 releases the line so that the PA CLAMP ON
signal can set it to logic-1 (On).

AC & DC 1000V Range Logic

ThelkV signal enters the Power Amplifier at J9-32. Itis atlogic-
@ only when AC or DC 1000V Range is commanded by the CPU,
with the OUTPUT set ON. BARK enters at J9-66, and is at
logic-@ omly if the waichdog has not detected afailure {see Sect.
6). With both inputs to M4-8/9 atlogic-@ the output at M4-10 is
logic-1 which lights the internal warning LED D70. Relay RL6
is energized if the internal 1kV ENABLE switch on the PA
assembly is set to its normal operating position of ENABLE.
This allows the AC drive to be passed io the siep-up transformers
(16kHz signal in the case of the DC 1kV Range, to the HF
transformer).

For other ranges, or if the waichdog barks, RL6 is de-energized,
removing the AC drive to the step-up iransformers. LED D70 is
also de-energized.

AC 1800V Range Logic

The input to M13-3 is logic-1 to energize relay RL1 only when
the AC 1000V range is commanded. A'AC 1kV RANGE'signal
is also passed to the DC assembly to select the overload sense
Tesistor.

DC 1000V Range Logic

Although the combination of the universal 1kV Range signal and
the AC 1kV signal is used to define the DC 1%V cireuitry, two
extra facilities are required for the DC 1kV Range. The 16kHz
REF FREQ signal has to be switched to 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 berestored to +400V for the AC signals on the 1kV Range. For
these applications the decoded DC 1kV signal at M72-4 is used
as input to M4-6 and M6-6.

(Continued overleaf)
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The REF FREQ signal enters at J9-61 and is enabled at M6-5 by
the 1kV Range decode on M6-6. Provided that the PA CLAMP
ON signal is Off (ie. at logic-@), the 1 6kHz MOD DRIVE'signal
is passed o0 the 1kV DC Modulator (see page 11.9-2).

The POSITIVE signal entering at J9-41 is inpuot to M4-5 and the
1kV Range decode is input to Md-6. If 2 negative output on the
100V Range is commanded, then both inpuis are ai logic-@. The
output at M4-4 is logic-1 and M15 causes the LED in M16
conduct by pulling M16-3 io logic-@. The photo-iransistor of
M16 conducts (see page 11.9-3), placing a short cirenit between
the source and gate of 20, which turns off the +400V supply
the 100V Amplifier driver stage. Q9 conduction causes D56 to
conduct, so for negative outpuis on the 100V Range the positive
rail for the driver is sourced from the +38V supply.

On the DC 1KV Range the +400V supply is required 1o deal with
the AC signal being araplified, so M4-6 ai logic-1 inhibits the
disabling photo-coupler; M13-15 being open-collector. The
same inhibition resulis for positive outpuis on the DC 100V
Range (when the +400V is needed o power the driver stage) by
M4-5 at logic-1.

7.12.4 "PA CLAMP ON SIGNAL

PA CLAMP ON is applied before the 1kV DC conirol loop is
broken by the 1%V line, and released when the Ioop is restored
1tis also required on eniry into and exit from the 100V DC Range
Other ranges are 'don't care' siates.

=N

7.12.4.1 DC 1000V Range Clamp

)

When the DC 1000V Range is selected, but Cutput is set OFF, the
drive is removed from the input io the step-up iransformer. The
High Voliage assembly polarity relay RLS, inthe positive position,
connects -38V to the base of the Constant Current chain at Pin 2.
The other end of the chain is connecied, via the instrument oulpul
lines, o the head of the 1kV sense astenuatoron the DC assembly.
The aitenuator cuiput is fed 1o the inverting input of the Emor
Amplifier.

Under these conditions, the Brror Amplifier ‘sees’ a negative
voltage at the Cutput terminals, and would drive heavily mto
saturation on its positive side to correct the output. This would
occur regardless of the size of the positive DC Ref voliage being
applied on iis non-inverting input. When the positive Qutput was
reset io On, the power circuitry could generate a massive swing
which would result in catastrophic failure. A gsimilar (but
polarity-reversed)effect could be present fornegative DC Cuiput
selections.

This excess loop gain is removed by reversing the position of the
polarity switch during the time that the output is turned 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 Voliage assembly, M2-4 feeds the driver for the
polarity changeoverrelay RLS. The inputs at M4-5 and M4-6 are
POSITIVE and PA CLAMP ON respectively.

The required reversal conditions are satisfied as shown:

Selected ‘POSITIVE" PA f2-4 RLS Nominat
Commands CLAMP Siate Slate  Ouiput
O Polarity
YE-O/P ON 2 5] 1 Energized  -ve
YEO/P OFF O 1 2  Un-energized +ve
+YE-C/P ON i © @ Un-ensrgized +ve
SYE O/ OFF 1 1 i Energize: Ve

The PA CLAMP ON signa! at logic-1 also disables the 16kHz
MOD DRIVE signal to the DC Modulator.

7.12.5 400V ENABLE’ LOGIC

The 400V(2) OFF signel from the CPU is normally at logic-@
for voliage ranges; but afier a FATL 7' message indicates 2 400V
supply failure, it is toggled three times, attempting o restore the
supply.

Thus in normal operation, BARK is logic-% and the PSI OFF
signal from M11-4, also logic-@, is inpui to M1-1/6 (page 11 .9-
4). M1 consisis of six mverting drivers, each with uncommitted-
collecior output (as used for the relay drivers). M1-1 atlogic-@
allows M1-2 to be puiled to logic-1 by AM1-1/2, or i logic-@ by
M1-14. In the lower chain with four nversions, M1-14 is also
open-collecior, if a 4C0V or 15V failure has not been deiected by
the monitors.

Thus for normal operation M1-2 is pulled to logic-1 and the
'ENABLE 400V - line from M1-15 is beld at logic-@ (-15V),
With the 'ENABLE 400V line it energizes the opin-isclator
LEDs i the 400V power supply (PS/ heaisink page 17.13-3}.

A failure of either the 400V or 15V supply pulls M1-3 o logic-
1, dizabling the 400V supply by setiing the ENABLE 400V - line
to logic-1. If the +15V or -15V rail collapses, the opio-isolator
curzent is cut off in any case, due to zeney D24,

7.12.8 ‘BIAS OFF LOGIC

On the 160V or 1000V ranges, after receiving a 400V FAIL
signal from the monitor, the CPU attempts three times fo restore
the 400V supply. The foldback cuerent limiting for the supply (in
the P5/T heaisink) prevents reinstatement if an overload 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-@
(-15V), cutting off Q10 (page 171.9-3) and removing the output
drive.

The three attempts are made by toggling the 400V(2) OFF line
(described in sub-section 7.12.5). Each time the supply is
enabled, R6 and C1 hold the BIAS OFF signal at logic-@ for
about 1ms to allow the supply to build up before the load is
reapplied.

Adfter three unsuccessful attempis, the CPU assumes a permanent
hardware fauli 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 thai certain limiis have been exceeded. The
LIM STsignal entering the Reference Dividerai J4-76 (page 1 1 4-
4) can be activated o logic-@ 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 cutput from the Power Amplifier at J9-67
(page 11.9-5) can result from the LIM DET signal seiting the
latch M5a. LIM DET is associated with the high voltage ranges,
and can be activaied by:

o DC Assembly (page 11.5-1/2)
AC 1kV Overcurrent Detector
DC Overcurrent Detector {100V & 1000V DC ranges)

o High Voltage Assembly (Constant Current Source)
DC 1kV Overvoltage Detector

o Power Amplifier Assembly
AC 100V Overcurrent Detector
AC 1000V Overvoltage Deiecior

(These two combine 10 generate the 100V FLAG, which is
NORed with ‘DC FNCT' before becoming LIM DET.)

NOT106V FLAG isinitiated by the AC 100V Overload Detecior
or AC 1000V Gvervoltage Detector (page 11.9-6), whenever the
400V supply current peaks are excessive, or the AC 1kV Range
drive voltage to the primary of the step-up transformer is excessive.

The LIM DET logic-1 is immediately iransferred via M12-3 as
the signal T LIM 100V AMP' io the gate of Q14 (page 11.9-3).
Q14 conduction reduces the 100V amplifier input to zero, so if
the overload is external the LIM DET signal should revert to
logic-@.

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 activaies LIM ST via M4-3 o
inform the CPU. Ttalso reinforces and laichesT LIM 100V AMP.
TIM ST is also activated if the overload signal 10V FLAG from
the 10V Amplifier is at logic-@ when in AC 10V Range.

Other detectors which can provide the LIM ST signal are:

o DC Assembly (page 11.5-1/2)
DC Overcurrent Detector (1V & 10V DC ranges)

» Sine-Source Assembly (Constant Current Source)
AC 1V Buffer Overcurrent Detector

¢ Current/Ohms Assembly
DC and AC Current ranges Overvoltage Detector

7.12.7.3 CPU Response

On receipt of the LIM ST signal, the CPU initiates a series of
clock pulses on the TLIM RST’ line via the SSDA and Reference
Divider, so that M5a can be reset as soon as the LIM DET signal
clears to logic-@, M5a'D' input being strapped to logic-@ (-15V).
The CPU also displays the 'Emor OL' message.

If the LIM DET line has cleared to logic-@, the 100V Amplifier
input is reinstated by M5a being reset. Furthermore, if the
overload was temporary, the LIM DET line remains at logic-@J,
and normal operation resumes. The CPU is informed by LIM ST
at logic-1, so the I LIM RST pulses are discontinued, and the
Error message is removed.

For apersistent overload, the deteciors operaie again —the cycle
repeating until user action is taken to remove the overload. The
Error message continues to be displayed. If the overload is an
internal fault, it is likely that another protection circuit will have
detected it and taken its own action.

7~

AC 100V

“AC 1000V
Qver-Volta;

Limik-Detset
Laish

BC 160V & 1600V
Qver-Curr:
AG 1600V
Over-Current

FiG. 7.6 LIM ST SIGNAL ORIGINS .

BC 1¥/10V Ranges
Over-Current Detosior

AC 1V Buffer
Qvar-Cuirent Dotester

BC & AC Current Ranges
Over-Yoltage Deotestor
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7.12.8 'LE, LF and “1kV GAIN'

These are signals used o control the gain and compensation of
the AC 1%V amplifiers, (Refer to section 9.7).

The LF signal is set to logic-1 by the CPU via the SSDA serial
link and Reference Divider laiches, when the AC 1000V range
and the 100Hz or 1kHz frequency ranges are selecied. I is
inveried as 'LF' at M11-12, and then inverted as buffered 'L 2t
M11-10.

TREQRD' is also CPU-conirolled. i is set io logic-1 when
either the 1kHz or 100kHz frequency range is selected.

TEF' and FREQ RZ' are combined at M5&-10 o give ihe
"1kV GAIN' signal, which is at logic-@ only when the 100kHz
rangeis selected. (The sofiware prevents the 1MHz range being
selecied on the 1000V range).

7.12.9 THERMISTOR COMPARATOR

Two NTC thermistors situated in different positions on ecach PA
heatsink are part of a bridge network which detects excessive
teimperaiures on the heatsinks.

The reference arm of the bridge is formed by R165 and AN9-7/
10 in parallel, both in series with ANS-6/11.

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 reference arm junction with that at the junction of
one of the sections (TEMP +R/-R/+F/-F).

At 25°C each thermistor resistance is 10k€Q. The bridge is
unbalanced in favowr of open-collector ouiputs from the four
comparators, pulled up to Common-2 by AN2-3/4 and AN2-5/6.
36 is therefore cut off, and the ' OVERTEMP' signal at J9-31 is
at logic-@ (-15V).

If one of the chip temperatures exceeds 100°C, i thermistor
resistance falls to the extent that the bias on its null detector is
reversed. The null detecior output is iaken low to -15V, Q36
conducts and the OVERTEMP signal goes io logic-1.

The OVERTEMP status signal is passed o one of the Reference
Divider status registers, (page 17.4-4), where for safety reasons
it is pulled-up by a 1MQ section of AN2. The CPUreacts to the
logic-@ signal by displaying the 'FAIL 1' message, and forcing a
TECOVETY Sequence:

QUTPUT OFF

Reference Divider ramp io zero
Remoie Sense OFF

Analog Control 'OFF bit set
Analog Contrel "1kV' line disabled
Display and Keyboard locked

After approximately 1 minute, the CPU defaults the instrument
to the normal ‘OUTPUT OFF state in the selecied ranges with
cuiput set io zero. The FAIL 1 message is removed, and the user
is at liberty io 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-@). If the Power Amplifier is
removed, no over-temperaure information is available from the
heatsinks, In this event, the OVERTEMP signal rises to logic-1,
indicating feilure,
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8.1 DIGITAL FREQUENCY SYNTHESIZER

(Fig.8.1)

8.1.1 GENERAL

Users normatly set the operating frequency by a combination of
TREQUENCY RANGE' end FREQUENCY' display selections.
These are memorized by the CPU and iranslated into two binary
conirel words:

FREQR,
A three-bit word, five of whose codes represent the five
frequency ranges.

FREQ, '
Anine-bit word whose value 'n' defines the chosen frequency
with respect to the selected frequency range.

Users can select a frequency by means other than pressing 2
FREQUENCY RANGE key and setting a2 frequency on the
display; for example by using 'Store’ or the IEEE 488 digital
mtierface. 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 Conwrol 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, FRE(J, , effectively
mubiplies the 8kHz reference by a facior 'n to determine the
frequency of a Voltage Controlled Oscillator (VCC). The VCO
frequency (signal 'VCO G/P") is input into a series of frequency
dividers, whose ratios are set by FREQ R, ;. The division ratios
are chosen so as o make the dividers generate the Frequency
Synthesizer cuiput signal (SYNTH O/F") 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 muned by selection of circuit constants using the
combination of FREQ R, ' and FREQ, ;'

'SYNTH O/F acts as the reference in the phase comparator of a
Phase-Locked Loop, controlling the frequency of the main
Quadrature Sinewave Oscillator 1o an accuracy determined by
the crystal oscillator.
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8.1.2 VOLTAGE CONTROLLED OSCILLATOR
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Generation of 18kiHz Reference
(Circuit Diggrams 430648 page 11.3-2,
430652 page 11.4-5 and 430446 page 11.6-4)

The 16kHz (INT) signal originates at M16-14 in the Analog
Interface (page 11.3-2) and is buffered as '16kHz({DC) (page
11.3-1). Onthe Reference Divider at J4-104, it passes into guacd
via opto-isolator M3 (page 11.4-5), gaiing with
DISABLE REF FREQUENCY and "BARK'inM24, filtered by
R86/C38 1o reduce harmenics from the transmission path, and is
sent via the Mother Assembly o J6-53 on the Sine-Source
Assembly (page 11.6-4).

Schimisi-trigger M14 inverts the 16kHz into & symrneirical
squarewave, which is then applied as clock 1o M13a, g bistable
comnected o divide by two. The resulting 8kHz squarewave is
taken as the reference frequency for phase comparator M12.
Note that in this configuraticn the SIG input of M12 is used for
thereference, and the divided VCO cuiput signal is applied to the
REF input. This is necessary o provide the correct senss in the
phaseconirol element M50, because of the inversion of integrator
MI1L.

8.1.2.2 Sguarewave Generation by the VCO

The VCO is a discrete-component ECL relaxation oscilletor
generating anoutputof frequency ‘n' x 8kHz. lts natural frequency
is dependent on:

o the value of capacitor C2 (or C2 plus one of C3 - C6),

o the value of its continuous discharge current through the
phase conirol element (current mirror M50), and

e the value of iis cherging current through (2 on aliernate half
cycles (4.7mA).

Consider C2 fully discharged. Q4 is off; so all the 4. 7mA from
(36 passes through Q5. The collestor voltage of Q4 is close 1o the
positive rail, buffered by Q7 and R9 io hold Q5 on. Also, as Q3
is turned off by Q4 collector voliage, Q2 is twmed on by its
emitier, passing 4.7mA inio C2 and the current mirror M50,

Capacitor C2 charges unill Q4 wrns on. Cumulative Schimitt
action passes the fall at Q4 collecior to the base of S, ensuring
arapid transition between siates; so the4.7mA is transferred from
Q5 e Q4. Q3 wrns o, its emitter falling quickly 1o cut Q2 off,
so the charging path 1o C2 eic. is interrupted.

M50 continues 1o discharge C2, whose voltage falis slowly uniil
4 starts to cut off again. The cumulative action is repeated io
turn Q2 on, recharging C2. The cycle of charge and discharge
continues, generating "VCO O/F' squarewaves at buffer Q12
emitier.

8.1.2.3 Coarse Freguency Controf
{Circuit Diggram 430446 Page 11.64, and Fig. 8.2)

At any time, only one of the capacitors C3, C4, CS and Cé can be
connected in parallel with C2, by conduction of its associated
ransistor. This splits the frequency range of the VCO into five
bands, governed by the four most-significant bits of the frequency

- conirel word FREQ,  acting on M8. The associaticn is shown

in Table 8.7; note that the YCO frequency bands quoted in the
table are correct only because the VCO is under the fine conivol
of comparator M12, within the phase-locked locp.




FREQ,, M8 O/Ps YCo
bits Range of at C2-Cs Frequensy
8 76 5| 'n' Values | Logle-1 | Selection | Band (kiHz)

0000 101031 X
0000 | 321063 X

C2&C6 80 to 248
. C2&C5 | 25610504
0000 640127 Hop C2aC4 ) 5120 1018
0000 12810258 s C2&C3 | 1024 10 2040
0000 | 25610500 NONE C2only | 2048 to 4000

TABLE 8.1 COARSE FREQUENCY CONTROL

8.1.2.4 Fine Frequency Contro!
(Circuit Diagram 430446 Page 11.6-4, and Fig.8.2)

In the following description, capacitors C3, C4, C5 and C6 ave
ignored, but references to C2 should be read as including the
appropriate additional capaciior.

The VCO outputis 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 FREQ, ;, the VCO output
frequency is always divided by ' before being applied to the
REF inpui of the comparator. The output from the comparaior
will only be zero if the frequency fed back to M12-6 is 8kHz (le.
the VCO frequency is n x 8kHz), and in phase wiith the 8kHz
REF FREQ at M12-3 (TP14).

The output from M12 is integrated by M11 to drive a DC current
into the current mirror M50, which has a gain of twao, its ouiput
current being drawn from the charge on C2. Dwring the half-
cycles of the VCO oscillation when C2 is being charged, the
mirrer obtains its current from Q2 conduction.

The phase conirol loop seeks to phase-lock the two mnputs to the
comparator. If they are in phase, the comperator cutput is athigh
impedance ('TRISTATE"). In this condition ithe iniegrator
capacitors C16 and C18 have no charge or discharge path, so
MI11’s exivemely high gain maintains their charge, and thus the
voltage at TP6. M11 supplies the input current for M50, 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, theloopmaintains VCO oscillations
atn x 8kHz, and the feedback dividers reduce this frequency by
a factor of 'n’ to 8kHz.

Any disturbance in the loop will generate correciions o restore
zero phase difference at the inputis of M12. Frequency deviations
are therefore detected at an early stage as phase changes giving
a measure of 'phase advance' correction.

8.1.2.5 CINHIBIT (VGO Off)

The VCO can be switched off by 2 logic-1 of OV at the base of
Q11 (INHIBIT signal). This originates in the CPU system,
setting FREQ R, 5 ©0de 1o 111 (a non-existent 'R7' range) when
AC functions are desel@cﬁed Tt also reseis the +2 flip-flop M13a,
sothatno reference frequency is passed into the phase comparator.

8.1.2.6 VYCO Supply Rall Protection

To prevent VCO oscillations appearing on the 15V power rails,
which also supply the integrator M 11 and current mirror M50, the
positive rail is heavily decoupled, regulated by 08, and all
devices whose currents are likely to disturb the rails are supplied
through constant current sources (Q1, Q6, Q9 and Q13).

8.1.2.7 YCO Cuiput

The VCO, M11 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 +0V and -15V. The VCO
output from Q12 emitier is therefore limited by D1 to logic
supply levels. Are-conversionback to 15V levelsis accomplished
at the input io the integraior M11, as TP31 pulses are negative at
M11 input.

D1 is a Schottky hot carrier diode of reverse capaciiance approx.
2pF. This avoids distorting the high frequency output squarewaves
(for 1MHz output, the VCO oscillates at 4MHz).

The output is fed through R12 to aveid loading the VCO, and as
"VCO OfP 1o the frequency dividers at M5-9 (page 11.6-5).

8.1.2 FREQUENCY RANGE DIVi
(Fig 8.3)

As meniioned 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 OfF) is
input io a series of frequency dividers, whose ratios are set by
FREQ R, so as to make the dividers generate the selecied
frequency as'SYNTH O/F. FREQR,  is a three-bit word, five
of whose codes represent the five frequency ranges.

DERS

A second purpose is o 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 muliiple of the Quasi-Sine frequency, excepton
the 100Hz frequency range, where they are both at the same
freguency. Thus the divider ratios are also chosen to generate the
correct frequencies for the guasi-sinewave clock, for each
frequency range selected.

8.1.3.1 Divider Ratios

(Cireuit Diggram 430446 Page 11.6-5)

Binary/BCD Divider M5 is set for binary division by fixing M5-
2 and M5-10 at Logic-@. Conversely, M1 is set for decimal
division by fixing M1-2 and M1-10 at Logic-1.

BCD counter M2 is set to count vp, by fixing M2-10 at Logic-1.
TisCARRY QUT signal atM2-7 is at 1/10 of its clock frequency,

and its Q1 cutputon M2-6 is at halfits clock frequency. Flip-flop
M4a is connecied to divide its clocks by two.

Muliiplexer M6 selects the appropriaie source frequency to clock
the Quasi-Sinewave generator. In particular, on the 100Hz
Rangeitselecisthe CARRY OUT from M2, which is subsequently
divided by 10 in the quasi-sinewave counter, and returned via
J6-31 to be used as SYNTH O/P.
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8.1.3.2 Ratlo Selection by Frequency Range
{Fig. 8.3 and Table 8.2)

The frequency range selection word FREQ R, , is decoded by
M29 inw fiverange lines K . These lines perform the following
functions:

a. Switchranges in the quadrature sinewave oscillator by relays
RL1-RL3 selection of integrator capacitors (page 11.6-1);

b, Switchranges in ithe Cosine Squarer output filter (page 11.6-
2)

c. Adjust the division ratios of Frequency Range Dividers M5
and M1 {page 11.6-5) for range R, (1MHz Range),

d. Selectappropriate outputs from the Frequency Range Dividers
{(page 11.6-5}; and

€. The INHIBIT line turns off the VCO for non-AC functions.

Functions {a) and (b) are described later in Section 8.2, In this
description we ave concerned mainly with functions (¢) and (d).

Table 8.2 shows how freguency range switching derives the
synthesizer output frequencies by selecting the appropriate outputs
from the dividers. Note that except for the IMHz Range R, the
ratios of individual dividers are not altered.

On the 100Hz Range R the overall division raiio of 8000 is
achieved as for the 1kHz Range, bui with a further division by 10
in the quasi-sinewave counter M11 on the AC Assembly.

On the IMHz Range, R, the divisionratic of M35 is changed from
8to4. The DP, inputs M5-5 and M5-6 are primed to Logic-1 and
Logic-{ respectively, whereas on all other ranges the priming is
reversed. Range R, also aliers the division ratic of M1 from 10
0 25, by changing its priming bit-pattern, to correct the quasi-
sinewave frequency; but as the synthesizer output is taken
through M10-4/3 from M35 output, the adjustment to M1 does not
affect the SYNTH O/P frequency.

N
Noto: Fer fraquoencies (1) to {i6) mior o table 4.7.4
) {2 (1% (i8)
VO P +6 +10 421 44] 430 =10 Quasi-Binswave
% BkHz) (g NSNS S V.1 T, NOU——,, S Y - . S — {Sdlected {Quasi-Sina - O
hiHz Rangs) iz Pange) by "1} Counter) Frequoncy
(@)
+10 S
R 1004z >
FREQR, O £ 5 1z
Frequoncy IR » 10kHz
FREQR; Qe Range
Daroder
Ra 100kHz,
SN N SO
ﬁ 1 : SYNTH OR
INKIBIT ()
\_ FIG. 8.3 FREQUENCY DIVIDERS BLOCK DIAGRAM )
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FREQ. FREQUENCY VCO QUTRUT OVERALL RELEVAMT DIVIDER QUASI-SINE SYNTHESIZER
RANGE DISPLAY {nx BkHz) DIVISION RATIOS CLOCK OUTPUT
RATIO FREQUENCIES
MS Y]] M2 MII°
Hz KHz {AC PCB) (J8-50)° (J6-52}
Hz Hz
100Hz 10-63 80-504 ) 10 10 0 100-630 10-63
(RO) 54127 §12-1016 8000 8 10 10 10 6401270 64127
128-330 1024-2640 8 10 10 10 1280-3300 128-330
kHz Hz
TkHz 0.30k-0.63k 240-504 8 10 10 15-3.15 300-630
(R1) 0.64k-1.27k 5121016 800 8 10 10 1.6-3.175 6401270
1.28k-3.30k 1024-2640 8 10 10 1.28-3.3 1280-3300
kiHz kHz
10kHz 3.0k-6.3k 240-504 8 10 15-318 3.0-63
(R2) 6.4k-12. 7k 512-1016 80 8 10 16-3175 6.412.7
12.8k-33.0k 1024-2640 8 0 1.28-3.3 12.8-33.0
kHz kHz
100kHz 30k-63k 240-504 8 15-315 30-63
R3) 64k-127k 512-1016 8 16-3175 64127
128%-330k 10242646 8 8 1.28-3.3 128-330
’ !
Mz kHz kHz
{R4Y 0.300-1.00M 1200-4000 4 4 1.2-40 200-1000

* Quasi-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.

TABLE 8.2 SYNTHESIZER OUTPUT - DIVISION RATIOS
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8.1.3.3 Frequency Synthesis for the Quasi-
Sinewave Generator
(Fig.8.3 and Table 8.3)

The 100Hz frequency range uses the quasi-sinewave counter as
adivider in deriving its SYNTH O/P frequency. Althoughnota
direct compenent of the frequency of the SYNTH O/P signal on
otherranges, thequasi-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 onthe 1 MHzrange), 1o limit errors due to high harmonics.
The 1MHz frequency range contains only one frequency band,
but the other four ranges are each divided into three bands,
corresponding to the three most significant bits of the frequency
word FREQ, .

Table 8.3 llustrates the way that the three bands affect the quasi-
sine frequencies. Note thatdivisionratios of 2, 4 or 10, by M2 and
Mda, are selected by FREQ,, FREQ, and FREQ, at M6 pins 11,
10 and 9 respeciively. Frequency range R, at M7-2 ensures that
on the 100Hz range, the divide-by-10 ouiput of M2 is always
sclecied, regardless of the state of these three bits.

To ensure that the Divide-by-2 outputs of M2 and M4a are locked
into the correct phase for quasi-sinewave generation, a
synchronizing signal '"CHOP LOCK' is derived from the quasi-
sinewave counter ‘Q,, output, entering at J6-75. Following DC-
restoration from 8V supplies to the nonmal 0V/-15V logic supplies
by C20/D3/R15/M7, the signal is applied to M4a SET input, and
M2 RESET input.

For all frequencyranges, the '100-5kHz' quasi-sinewave generator
clock is passed to the AC Assembly via J6-50 and the Mother
Assembly. This outputislevel-shifted by Q42, to the 8V supplies
which are used in the quasi-sinewave generator circuitry.

The quasi-sinewave generator reset signal 'SYNC_(IG)' (which
was transferred into Guard by M2 on the Reference Divider), is
inputto 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.

FREQUENCIES SYNTHESIZED IN SINE-SOURCE ASSEMBLY
FREQ. FREGUENCY DIVIDER RATIOS for OVERALL QUASH-SINE QUASH-SINE
RANGE DIspPLAY YCO QUTPUT QUASH-SINEWAVE DIVISION CLOCK FREQUENCY QUTPUT
in % BltHz) RS M1 M2 Méa BATIO FREQUENCY & J7-51) FREQUENCY
Hz kiHz {(J7-50) Hz Hz
Hz
W00 10-83 B0-804 8 e 10 slay] 100-630 10-83 10-62
(R®) 64127 %12-1016 8 16 10 - 200 8401270 64127 64127
128-230 1024-2640 g W wn - 820 1280-3300 128-330 128-320
kHz
iz 0.30%-0.634 240-504 8 0 2 - 160 1.5-3.15 150-315 0.30k-0.63%
[I=3]] 0.685-1.27k 512-1016 8 1w 2 2 320 1.6-3375 160-317.5 0.64k-1.274
1.28%-3.30% 1024-2640 8 i0 30 - 800 1.28-3.3 128-330 1.28k-3.30%
kHz
1CkHz 3.0%-6.3k 240-504 a 10 2 - 180 1.5-3.15 150-315 3.0k-8.3k
{R2) 6.4k-12.7k 5121016 8 i0 2 2 320 1.6-3175% 180-317.5 6.4k-12,7%
12.8%-33.0k 1024-2640 8 i 10 - 800 1.268-3.3 128-3230 12.8k-33.0k
&Hz
100k Hz 30k-63k 240-504 8 W 2 - 180 1.5-315 150-315 30%-83k
{A3) B4k-127k 512-1016 B 0 2 2 320 1.6-3.175 160-317.5 B4k-127%
128k-330x 1024-2640 8 0 10 — 800 1.28-3.3 128-330 128k-330k
RAHz kHz
{Ra) 0.30M-1.00M 1200-4000 4 25 10 — 1000 1.2-4.0 120-400 0.30M-1.00M

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 io be found in the divider circuitry. In part, it
duplicates figures from tables 8.2 and 8.3.

FREQ. FREQUENCY VCO 1 f2 3 f4 £5° f6
RANGE DISPLAY DIVISOR VCO OUTPUT M5 OUTPUT M1 OUTPUT M2 OUTPUT M6 OUTPUT (M6-3) J6-51 INPUT
{NOM) {nx 8kHz} {f1-8) {f2-10) {310} Hz (£5+10}
- H
Hz n khz kHz kHz Hz M6 Input Channels and Division Ratios :
Xg {£3-2) X, {f3=4) X, 5 (3=100
100Hz 10-63 10-63 80-504 10-63 1.0-6.3 100-630 100-630 [ 10-63 ;
R@) 64-127 64-127 512-1016 64-127 6.4-12.7 640-1270 640-1270 C 64—127£
128-330 128-330 1024-2640 128-330 12.8-33.0 1280-3300 1280-3300 C128-330_]
kHz 0.30k-0.63k 30-63 240-504 3063 30-6.3 { 100-630 ] 1500-3150 150-315
RN 0.64k-1.27k 64127 512-1016 64-127 6.4-12.7 { 640-1270] 1600-3175 160-317.5
1.28k-3.30k 128-330 1024-2640 128-330 12.8-33.0 {1280-3300] 1280-3300 128-330
10kHz 3.0k-6.3k 30-63 240-504 30-63 C 3063 ] 100-630 1500-3150 150-315
{R2) 6.4k-12.7k 64-127 512-1016 64-127 [ 6412737 640-1270 1600-3175 160-317.5
12.8k-33.0k .128-330 1024-2640 128-330 {(12.8-33.0] 1280-3300 1280-3300 128-330
100kHz 30k-63k 30-63 240-504 C 3063 J 3.0-6.3 100-630 1500-3150 150-315
(R3) 641127k 64127 512-1016 C 641271 6.4-12.7 640-1270 1600-3175 160-317.5
128k-330k 128-330 1024-2640 [128-3307] 12.8-33.0 1280-3300 . 1280-3300 128-330
i
f1-4) (f2-25) t3-10)
Hz n «Hz kHz kHz Hz Hz
MRz
{R4) 0.30M-1.00M 150-500 1200-3000 { 30010007 12-40 1200-4000 1200-4000 120-400

TABLE 8.4 SYNTHESIZER DIVIDERS - FREQUENCY ANALYSIS
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8.2 QUADRATURE SINEWAVE OSCILLATOR

FREQUENCY CONTROL LOOP

-

QUTPUT AMPLITUDE CONTROL LOOP

~

I+

Synthesized Quadrature
Freguency C Phase Sinewave
Compr Oseillator

|

f

Quasi-Sinewave
Reference

Output
w YCA N (= T

Conditioning {power)

Qutput Value Local or

Mean-Square Remote

Error Sensing
AC40-AC Sense i

Mean-Square == Conditioning @z@

Comparator {sense)

o

FIG. 8.4 THE QUADRATURE SINEWAVE OSCILLATOR AND ITS SYSTEM ENVIRONMENT

J

PURPOSE and ENVIRONMENT
(Fig.8.4)

The purpose of the oscillator is to define the amplitude-siability,
purity and frequency of the sinuscidal output of the instrument on
all ranges. Its output is of sufficient constant amplitude to drive
the subsequent signal-conditioning circuitry.

8.2.1

After originating in the oscillaior, the sinewave amplitude is
accurately defined in two outpui- sense loops, using a low-
distortion VCA as control element. The sinewave is set close 1o
its demanded value by analog conditioning in the output circuits.

Theoutpuivoltage is sensed, attenmated 1o its 1V Range equivalent,
then its mean-square value is compared againsi that of the guasi-
sinewave reference. The difference is converied into a DC error
voltage which corrects the output by adjusting the VCA gain.

As the purity and amplitude-stability of the output sinewave
depend substantially vpon its source, a high quality oscillator is
necessary. A 'quadrature’ (dual-integrator) circuit is chosen for
two main reasons:

o This arrangement allows extensive phase enmd amplitude
conirols to be applied, 1o establish the required high
specification.

o Its natural frequency can be easily programmed by electrical
selection of its component values.

The oscillator is approximately tuned by selection of circuit
constants using the twoe CPU-derived binary words 'FREQR,
and 'FREQ, ;. These alsc accurately define the crystal-sourced
frequency of the Digital Frequency Synthesizer output, to which
theoscillator is phase-locked. Thus the output sinewave frequency
accuracy is held to 100ppm.




8.2.2 SIMPLE QUADRATURE OSCILLATOR

8.2.2.1 Baslic Clrcuit

(Fig.8.5)
The circuit consists of two RC integrators and an inverter,
connected in a positive feedback loop. The nominal phase-shift

around the loop is 360° (actually 720°: 270° in each integrator,
180° in the inverter).

Assuming perfectintegrators, matched components and an inverter
gain of exactly -1, this circuit will undergo stable oscillation at a
frequency given by:

w = 1/R.C

{nvarier integrator Integrator

O o
-Acoswit Asinwt

MF?@Q 8.5 BASIC QUADRATURE OSCILLATOR Y.

8.2.2.2 Inadequacies of the Basic Circult

(Figs. 8.5 and 8.6)

For anunrefined 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. 8.5
clearly does not satisfy these conditions. Without some attempt
to control gain and phase, the loop would be either over- orunder-
damped, so oscillations would either die away or increase in
amplitude until limited by the supply rails.

4 N

GAIN({dB)
o

Frequency

PHASE3

60°

FIG. 8.6 GAIN AND PHASE RESPONSE
N OF PRACTICAL CIRCUIT Y.

8.2.3 PRACTICAL QUADRATURE OSCILLATOR

(Fig. 8.7)

The methiod chosen io refine the simple circuit corrects the loop
phase-shift to exactly 360" using 2 feedback signal. Furthermore,
it is arranged that this signal is correct only at s given output

amplitude, so the mplimde of stable oscillation is defined.
In Fig. 8.7 the comrection circuit is added.

8.2.3.1

The loop phase is corrected by introducing a small cosine term
(B.cosmt) to be surmnmed with the sine feedback (A sindt) at the
input to the inverter. The resultant output of the inverter is thus
given by:

Phase Correction

V{t) = -(A.sinet + B.cosat)
= Msinf@t+¢) - 7
where M = J(A24+ B9
and sing = B/M;
cos¢ = AM.

Hence (0]
and for B«A: L]

tan™ (B/A).
B& e 2

wow

The & 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 coswiby the DC amplitude error (A1), asdescribedopposite.
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8.2.3.2 Constant Amplitude Controf

The above method of phase correction plays its part in controlling
the ouiput amplitude. With both sine and cosine terms available,
a DC analog of the sinusoidal cutput amplitude can be obtained
utilizing the identity:

sinfwt + cos?at = 1.

Equal-amplitude sine and cosine cutpuis are squared in 4-quad-
rant multipliers. Their squares are summed to generate ampli-
ude feedback in the form:

A sinwt + A%.cos’ot
= AX(sinfot + cos?wt)
= A?

This method therefore expresses the square of the output amplitude
as a DC current analog, from which is subtracied a constant DC
reference current T,

The difference current "A’-IREE' is taken as the amplitude error,
which defines the fraction B’ of the cosine term 1o be fed back to
the inverter as ‘B.coswi'.

In a perfect 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 simultanecusly. 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 sinwt
e A
A sinet vy
L

.S,
s

N T&
Beoswt v |

\/ A LOSWL

prmeet

i
|
] Alcos’wt
| .

AE"KREF ~ALoswt

i
Differential |
4.Quadrant Multipliers |

f A sinwt
|

' Asinet
!
Amplitude |
Detector 0

A FIG. 8.7 CORRECTED QUADRATURE OSCILLATOR j
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8.2.4 FREQUENCY CONTROL

Section 8.1 describes frequency generation in the Frequency
Synthesizer. Binary control words computed by the CPU represent
user-seleciions of FREQUENCY RANGE and FREQUENCY.
These adjust frequency division ratios in the feedback circuit of

a phase-locked loop, and division ratios in subsequent frequency
dividers, to set the Synthesizer cutput signal ' SYNTH O/P' to the
selected frequency. Stability and accuracy are assured by a
crystal-sourced reference of 16kHz.

8.2.4.1

The Sinewave Oscillator is already approximately nmned to the
selected frequency by the two binary control words, which select
from weighted values of integration capacitance and resistance:

Coarse Adjustment

*  Frequency ranges are selected by control word FREQR, ,
which controls relays 1o change the values of integrator
capacitance.

»  Frequencies within a range are selected by the control word
FREQ, ,, which controls FETs to change the values of
integrator resistance.

8.2.4.2 Fine Adjustment
(Fig.8.8)

Theoscillator's output is converted into a squarewave and applied
as 'signal’ to the phase comparator of a second phase-locked loop.
The Synthesizer output signal'SYNTH O/P'is input as reference
frequency to the same comparator. The diiference is integrated
to produce a DC phase error signal, which is applied io control the
gain of the inverter stage of the oscillator.

Tt can be shown that the actual operating frequency is 2 function
of the inverier gain. In the frequency domain, the oscillator loop
transfer function is given by:

G x (m/s) X (m’/s)

where G is the inverter gain,
o, is the unity-gain frequency
s = j.w, where @ is the actual frequency of operation.

For stable oscillation, the loop iransfer function must equal 1/0.
Hence G.ofs® = 1/0
Therefore G.w? = P& = -1.0°
and © = -@,.G"7

Thus by adjusting the gain of the inverier, the phase error signal
from the comparator exerts fine control of the oscillator frequency.
This phase-locks the oscillator to the Frequency Synthesizer.

Sine to N
Square
Coarse
A.sinwt @ Freguency
Conzrol
Phase @
Compr. Fine Freguency
SYNTH: o/F Control Voltage Integrators
Inverter
Bcoswt v
- Acoswt A.sinot
Amplitude and Phase
Control Circuitry
\ FIG. 8.8 FINE FREQUENCY CONTROL Y,

8.25 OSCILLATOR OUTPUT

The A.sinwt signal is inveried and buffered out to provide the
drive to the outputloop VCA. Thebuffer feedback resistors are
positive TC thermisiors which compensate for the TC of the
VCA input FET's (refer to section 9).

8-12



QUADRATURE OSCILLATOR CIRCUIT DESCRIPTION

8.2.6 MAININTEGRATORS
(Circuit Diagram 430446 page 11.6-1)

The cascaded integraiors consist of M 19 and M30 together with
their input resistors and feedback capacitors. Both circuits ars

identical in operation, although some slight differences in
implementation exist. Adjustmenis © the natural oscitlet

frequency are made by swiiching the integrator thine co

P

8.2.6.1 Fregquency Range Swiiching

& &

The Laedback capacitors are selected by the binary control word
FREQ,, ;- Thisisdecodediniofivelines 2 {pageli g-5yeach
Iepffesemmg a frequency range. The capaciiors for R, (IMHz)
are fixed, one other set being added in parallel when s vange is
selecied. Relays RL1 to RL8 perform the swiiching.

8.2.86.2 Freguency Incraim

ary-weighted
Iadder nemwsw Lhe mal inpu
patiern of FET conduction.

dmg on the
1ed on ay its
corresponding binary digit in Lhe fmruency control word
FREQ, , (appearing as A, end B

o

o5 3 the FET gates).

The leasi-significant bits, representing low frequencies, conirol
the highest-value resistors at the base of the The most-
significant bits, which represent the highest

the lowest-value resisiors at the top.

Any user-selected frequency in a given frequency range is thus
represented by a bii-paiternin the conirol word, which isrepeased
inthe FET conduction pailem and resisiance selection ai the input
of both integrators.

Emitter-followers at the outputs of the integraior cperational
amplifiers allow the high slew-rates necessary io bs achieved, by
buffering sny loading effects. The diods clampnetworks between
cutput and input prevent laich-upby imposing unity-gain feedback
when ouiput pealks exceed approximately 5V,

Slew Rate and Protection

8.2.6.4 Output Ofiset Conirel

The amplitude detector circuit squares the outputs from both
integrators. Itis therefore important that their DC offsetvoltages
are not included in the squaring computation.

The ‘Cosine’ offset is removed by adjustment of RS0 at the non-
inverting input of M30, and the 'Sine’ offset by R49 at the input
of inverier M15. This latter adjustment removes the combined
offsets of M15 and M19. (At manufaciure, and after any
replacement of major board components, the controls are
iteratively adjusted for minimom AC fundamental component in
the DC amplitude control signal 'V ' at link 'B'.)

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 TOB case is grounded.

As mentioned earlier, its DC nput off
i the sine DC offsai,

et is adjusted by R49 1o

& -.

8.2.7.7 Galn Control
The inverter has three inpuis:

a. Ashmat Tom the second integrator, the basic oscillator
feedback loop.

b. B.coswtf from the Amplitude correction loop.

c. FREQ ERROR', a2 DC current which aliers the inverter's
input resisiznce (and hence its gain) by conwolling FET
conduction, phasa-locking the oscillator to the synihesizer

outpui frequency (refer io para 8.24.2).

Inpuis {a) and (b) [A.sinwt and B.cosmt] are surnmed as cuirents

i the inverting input. The amplitude of the B.coswt signal is
determined by the action of the amplitude conirol Ioop, described
in sections 8.2.8 and 8.2.9.

FXI

®,

““j

Input (¢) conizols the gain of the inverter. The A.sinwt is applied
via two input resistors R28 and R41 in series. R28 is shunted by
thetwo 'ﬂ‘”s of (329, whose ‘dﬂe SOUF —d‘fai-_’! resistance is altered
by the FREQ ERROR' current via cwrent-mirrers M16 and
M1E.

o

Two FETSs in series are requived for the amplitude Jevels reached
by Asinot. R411is sd ected 1o account for differing ‘on' resistances
of different baiches of FETs. This input circuit is ascaled-down
version of that employed for the VCA i the main output loop,
details of which appesar in Section 2. A description of the action
of the fregquency tracking loop follows at para 8.2.7.2.

9
B
N

. Freguency Tracking - General

cil o

As stated in para 8.2 4.2, the oscillaior’s output is applied io the
comparator of a phase-lecked loop. The Synthesizer cuiput is
input as reference frequency io the same comparator. The phase-
difference pulse train from the comparator is integraied io produce
aDC phase error signal, whichis applied io conirol the gain of the
inverter stage of the oscillator. This exerts fine contro] of the
oscillator frequency, wacking the Synthesizer frequency.




8.2.7.3 Tracking Comparator
(Circuit Diagram 430844 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 o the AC
Asserbly via J6-45 and J7-45.

Onthe AC Assembly, the sinewave is converied into asquarewave
by Schmitt bistable 932/Q33, and level-shifted o logic supply
levels of OV 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 comparaior input at M30-6.

The slower zero-crossings at the lowest frequencies could be
susceptible to HF noise, so this is filiered, on the 100Hz frequency
range only, by Q27 and C48.

The 'SYNTH O/P' squarewave, at the demanded frequency, is
iransmitied from the Sine-source Assembly at low (1V Full
Range)level. This holds the maximum slew rate to a value which
avoids inducing interference in other internal 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 sieering is used between Q32 and 33, and
between (20 and Q21. Also, a constant current source (22
provides 23 emitter curreni. These measures prevent the fast
switching edges in the schumniit and amplifier cirenits from injecting
spikes into the supply rails.

Phase-comparator ontput M30-5 consists of positive pulses (0V)
when the oscillator lags the synthesizer, ornegative (-15V) when
the oscillator leads. When boih are in phase, M30-5 is at high
impedance,

Atintegrator M31 inpug, zener diode D30holds the non-inverting
input at -6.4Y; so for in-phase signals into the comparator, the
mverting input secks the same level., The integraior tends 1o hold
its voltage level (with very slight drift due to capaciior leakage
but limited to -9.8V by D32/D33). When the oscillator ouipul
lags the synthesizer output, the positive-going comparator pulses
are integrated io drive M31-6 slowly more negative. When the
phase of the oscillator leads, the integrator suiput becomes mors
positive.

The phase control loop seeks to phase-lock the twe inputs to the
comparator. If they are in phase, the comparaior output is athigh
impedance (TRISTATE"). In this condition the integraior
capacitors C53 and C356 have no charge or discharge path, so
M31’s extremely high gain maintains a constant charge on the
capacitors. The constant voliage on (37 base mainiains 2
constant 'FREQ ERROR' current.,

Q37 appears io be an open-collector amplifier. However, iis
collector current passes via J7-44 and J6-44, 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 mirrers continve o draw the
same output current from the AN4 bias network for 329, so the
frequency of the dual-integrator oscillator remains constant,
Thus the loop stabilizes only when the oscillator frequency is in
phase with (end therefore at the same frequency as) the Frequency
Synthesizer output. '

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
outpui from the oscillator is at the synthesizer frequency.

Any disturbance in the loop will generaie 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 ideniity
'sinfwitcos’wt = 1' o convert AC cuiput signals from the
oscillator into a representative DC signal.

Squaring Asinwt and Acoswt:
A%sinPwi = (A? - A’cos2wi)/2,
AlcosPwt = (A% 4+ A’cos2wi)/2,

The AC waveforms of Alcos2wt and A2sinZwi are mverted
versions of each other, at iwice the original frequency, and both
are symmetrical about the DC mean value of A%/2.

By summing the two, the AC waveforms are eliminated, leaving
& DC signal, A, representing the sguare of the amplitude.

In the Amplitude Detecior, the Vsin and Yeos outpuis from the
oscillator ave squared electronically and summed as a differential
current I2. This is compared with a constant DC reference current
. PR N . ST EPR :
Lo generale the error current (1 ~Lgp) which is used io ﬁd@nve
an amnplimde error voltage 'V . This is filtered and passed to the
Amplitude Control circuits {page 71.6-1).
¥, is driven 1o zexc by the action of the amplitude conirol loop,
sothatl2-1 = 0, andthus P=1 . Theloop therefore stabilizes
only when the two are equal, and at a constant amplitude.

FIG. 8.8
SUNMING A-girrvwt with Acosw?

8-14



8.2.8.1 Sguaring Circult Inputs

{Circuit Diagram 430446 Page 11.6-1)
Yeos end Vsin are squared independently ina p@ ir of differential
four-Quadrant muliipliers, each with two identical differential

The Sine Squarer reccives Vsinwt from the second integrator
W30 (Q44 emitier), and -Vsinwt from the main

As +Vcoswtis the only natural cosine output from the osciliaior,
he -Yeoswisignal is derived by inversionin M3 1. These areboth
fed as inpuis to the Cosine Squarer.

8.28.2 Cosine Sguarer
(Circuit Diagram 430446 Page 11.6-2)

Isolating the Cosine circuit alone as an example, there are two
differential inpuis. Oneis applied across M34 pins 13 aad 16, and
the other across pins 6 and 10.

The muliiplying action of the squaring circuiiry relics on the
exponential transconductance between a iransistor's base voliage

1d its emitier-collector current:

2

I, is proportional to  exp

so V,, is proportional to  Lm
The difference between the currenis
collectors is line ly proporiional to Veo L emi
resistors AN15). Thecurrenis eve drawn From i;he supply through
355 (whichis comnmnecied as two mnaiched diodes), but because of
the exponential twansconduciance, Q55 base-emiiter voliages
mcrease logarithmicelly with increase of emiiter current.
Therefore the differential voliage a2t Q56 and Q57 bases due io
55 emitter currents is logavithmic:

%
The difference between the currents in M34-2 and M34-7
collectors is 2iso linearly proportional to Yeoswt (due to other

M34 emiiter resistors AN15)., But each collector current is
divided between the two halves of the dusl wansistor in its
collector circuit, regulaied both by the dual transisior's exponential
transconductance, and by its logarithmic differential base voliage.

s \ is T
qoss” ¥ st-s) is proporiionsl to Ln(V.coswt)

The combined effect of these two factors is similar to the
mathematical operation of multiplying by adding logarithms: 2
term is produced in each Q56 and Q57 collecior current,
proportional to the linear product of the iwo 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 AN15-7/8 and AN16-9/10 is proportional
to:

Yeoswt x Veoswt

The inpuis are egual, so the differential output current is
proportional to VZcos?wi,
8.2.8.3 Sine Sguarer

The Sine Squarer behaves in the same way, producing adifferential
current in its collector loads proportonal 10 Visin?wt,

8.2.84 Cos’ Sin®andl,

In this application, the currenis ir@m both Sine and Cosine
Squearers are combined in common loads. The voltagesdeveloped
across theloads will mefefer@ also differ by an amount proportional
to the expression VZeos*wt + V2gin*wi. Thusif areference current
was not superimposed, cmduEﬂL,mg the well-known identity 'sin’
=1',2DC voliage would exist between TFS snd TP10 (TPY

e SUMMINE

KV (cos?wt + sindwi) = KV?

where 'K is a constant af constant temperaiure, dependent upon
ideniical civeuit values in both squarers, and V' is the amplitude
of both sine and cosine outpuss from the oscillaior.

However, a reference current is superimposed. The DC current
I 15 drawn through the Tkohm load AN13 by MAD (pin 2),
reducing the positive value of TP voltage to (KV*-KV__ ) with
respect 10 TP10. (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 amplitde is determined at
manufaciure). W34 is connected as a diode 1o compensate for
M40 V_ temperaiure drift,

Voltage K(V*- V) is apphed io the input of M352, the unity-
gain Suraming Amplifier. 352 is commected to remove any
common mode present af its input, so at TP1L, K(V?2- V) is
referred o comnon 24. At this point it can berecognized as the
Amplhimde Error Voltage. Moreover, the amplitude joop adjusts
the oscillaior outpuis to drive the error voltage o zeso, so the

action of the loop also drives V7 to equal V.

= £

8.2.8.5 Fllterlng

Because components cannct be maiched exactly, some small
differences can exist between the sin? and cos? wrms. Such
differences appearin V  as the fundamental and second harmonics
of the oscillator frequency. These are limited by filiering in the
filter formed by M35b and its associated circuit.

It would be possible 1o set 2 single low-pass bandwidih for all
ranges, but as this would need to filter down to 20Hz for the
100Hz range, it would also impose incenveniently long setiling
times for the higher frequency ranges. The low-pass bandwidih
of the filter is therefore switched between frequency ranges by
the R, , signals decoded from FREQR,  in the synihesizer (page
11.6-5).

The frequency range signals select the appropriate feedback
compenents, by conduction of only one FET from Q47-0Q52 per
range. ((Q48 is not used).

The filter output is the oscillaior amplitude DC error signal 'V,
limited to 2 maximum of approximately 6V by the action of back-
to-back clamp diodes D24 and D25. V ; passes via link B to the
'Amplitude Control' circuitry {(see page 11.6-1). Thevalueof V
determines the fraction, and its polarity the phase, of the V.coswt
signal which is to be added 1o V.sinwt at M15 input.
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8.2.9 AMPLITUD
(Circuit Diagram 430446 Page 11.6-1)

Before describing the control circuitry, it is useful io 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 effecied by controlling the gain of the inverter stage of the
oscillator. (Inputresistance of M15 is changed by adjusting
the conduction of FETs (329.)

b. Phase control io establish exactly 360° loop phase-shift by
njecting a small amount of Vcosotinio the oscillator inverter
input (via R29).

¢. Amplitude control by adjusting the sense and amplimde of
V.coswt added o V.sin®t, 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 adjusied by
varying the attenuation of its inpui signal, using FETs Q41

and Q41,.)

Araplitude error is corrected by adding a controlled fraction of
either Veoswt or -Veosot to the Vsinwt feedback being applied
o the main inverter M15. A push-pull conivol circuitis employved
in order to adjust both amplitude and sense. Veosetis input from
Q31 emitter toR71, and its inverse is inpui to R70 from the ougput
of M31, (which also provides the -Veoset input for the cosine
squarer).

E CONTROL IMPLEMENTATION

8.2.9.1 V.coswet Amplifier - M23

M23 is connected as 2 summing VCA, with a fixed fesdback
resistor RS3. Vcoswt and -Veosmt are applied to opposite ends
of its balanced input resistor chain R71, R65, R64 and R70. The
center of the chain is the virtual ground of MZ23, so if the 'on’
tesistances of (41 and Q41 are equal, the balance is not
disturbed and M23 output voltage is zero.

When the Loop-gain Error is zero (V, = 0V), the static conditions
set approx. -3V bias on both FETs (depletion mode) to reduce
crossover distortion. The FET gates are also bootstrapped by
M24 and M25 o half the AC voltage between source and drain.

The DC conditions are:

Q41 Q46emitier - -0.75V

M26 1 - 150uA
M26T - 300pA
Q4L v, - -1.5V
41, M32-6 - 0V
Q45 emitter - -0.75V
M27T, - 150uA
M271 - 300uA
Q41 vV - -1.5V
Amplitude Error:
M23-6 - ZEYTO

The Amplitude Error adjusts the 'on’ resisiance of Q41_and Q41
differentially, due to the inverter M32 in the side feeding Q41,.
In the case of 2 positive Y of about 0.5V:

41, Qdbeminer - -0.25V

M261 - 50nA

M261 - 100uA

Q41 'V_E_a - -B.5V {more conduction)
Q41 M3z-6 - D5V

45 emmitter - -1.25V

M2Z71 - 250ub

M277F - 500pA

41, Vgﬁ - -2.5V (less conduction)

The output voltage at M23-6 is in the same phase as Ycosmt,
increasing with larger amplitude ervor.

For 2negative V ;, M23-6 ontput voltage assumes the same phase
as the -Yecoswt signal, increasing with larger amplitude error.

Transistors Q45 and Q46 act as voliage-io-current converiers 10
drive the %2’ current mirrers 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, breskdown.

M23 puiput (now recognized as B.coswt’) 1s summed with the
basic oscillaior feedback (Vsinwi) at the main inverter input
(M15-5). When the amplitude is correct, and the loop phase is
exactly 360°, 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’ gutput
current is not equal io the reference curent, V, is not zero, and
asmall amount of cos component is fed into the loop. This adjusts
the loop phase and gain (¢ correct the oscillator amplitde.
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8.3 EXTE

The External Frequency Lock allows the instrument cutput io be
synchronized with an extemnal reference frequency of either
1MHz or 10MHz (2 iclerance of £1% on these frequencies is
specified).

NAL FREQUENCY LOCK

The main use envisaged for this facility is for 2 user 1o improve
onthe+100ppm frequency accuracy of the insirument, by locking
the internal frequency synthesizer to a cusiomer's own frequency
standard.

—

Dotsct Mass
1MHZOMHZ ‘EXT REF 8T
tnput EXT FREG SEL
DG Isolai o
soEiion Fos§ gs*gg{g
Floar Panel jsa.1 ‘ (?2‘%\‘,135‘},‘;"‘)2’ (20kHz) dekHzINTY )
Input - Fe - 6 I up © SELECT || 16kHz(OG)
(1MHz/ N | > LEC
10Mhz)  se32 Pulse Line EXT
Transformer Recsiver : ! J
Fos Fo+6.25/ Fo+52.5/
(ngﬁg, Fo:62.5 Fo+525
Soontiz) (180kHz)  "iBKMz{EXTY
b Fi2.8.10 EXTERNAL FREQUENCY LOCK - BLOCK DIAGRAM .

o

352
*5\/\[ {Rear Panal) Data

8.3.1 INTRODUCTION

The cutput sinewave frequency is synihesized in the Sine-Source
assembly, normally synchronized w an internelly-generated
reference frequency of 16kHz. To lock the output 10 an external
reference, it is necessary only to divide the frequency of the
reference down to 16kHz and use this instead of the internal
reference. The circuity described in this sub-section is shown in
block form in Fig. 8.70 and carries out the following functions:

¢ Isclates, limits and buffers the input reference signal to TTL
levels.

o Divides the input frequency Fe' by 5 and then by 10 (Fig.
8.10).

o Detects whether the Fe is 1MHz or 10MHz; from this it seis
the selector o choose either its +35 or +50 input, o give an
cuiput of 200kHz. The detecior sets the status signal "TEXT
REF ST 1o Logic-1 whenever either of the two signals is
present.

o Divides the selector cutput by 10, then multiplies by 8 in a
phase-locked loop, finally dividing by 10 again o 16kHz o
give the signal '16kHz(EXT).

o Selects either '16kHz(INT) or '16kHz(EXT)' in response 1o
the position of the Rear Panel switch $53, and to the presence
of a 1IMHz or 10MHz External Reference signal. The
selected signal '16kHz(0OGY is wansferred into guard by
opto-isolator M3 on the Reference Divider assembly, and
thence as 'REF FREQ' to the digital frequency synihesizer on
the Sine Source assembly.

8.3.2 EXT REF SIGNAL INPUT
(Circuit Diggrams: 430830 Page 11.17-2;
430604 Page 11.16-4; 430648 Page [1.34.)

The Exiernal Reference signal of 1MHz or 10MHz enters the
instrument viapins 1 (Hi) and 2 (Lo)of Rear-Panel connector J33
on the Interconnection assembly (page 11.17-2). Itis iransferred
via J18 and J3 on the Moiher assembly {page [1.16-4) to the
butfer input circuit on the Analog Interface assembly (page [1.3-
4).

€59 and R1 remove any DC components of the signal; and R15,
D1 and D2 limit iis excursions to approximaiely 0.7V before it
is applied to the pulse transformer T1.

The output frorm T1 drives line receiver M9, C62 sefting the DC
offset 10 zero, and R16 providing some noise-immunity.
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8.3.3 DIVISION CHAIN
8.3.3.1 °+5 and +10° Counters M11

The line receiver output at TP24 clocks the +5 section of Mil
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 M 11. This section (and the other two
+10 counters M28) is connected as a 'bi-quinary' divider o
establish a symmetrical mark/spaceraiic. The frequency atM11-
13 is either 20kHz (for IMHz input) or 200kHz (10MHz input).
The outputs from both counters are fed to the dual 4 into 1 line
selector M18, which always chooses the 200kHz signal.

8.3.3.2 'EXT FREQ SEL’

When 53 onthe rear panel is closed to select External Reference,
+5V from $53 enters the Digital assembly a1 J2-25 (page 11.2-2),
seiting line D2 on the Daia bus 1o Logic-1 each time that M36 is
enabled by any IR (ie. every 8ms in response to the internal
signal RTCIRQ para 6.4 .2.6). The CPU passes the information
to the External Reference Buffer on the Analog Interface assembly
via the Precision Divider Input Data Latches. The state of 853 is
repeated at M34-4 (page 11.3-1) and inpui to M18-2 (B) 1o set
M13B outputs.

8.3.3.3 1MHZ/10MHz Detector M10

The state of the other input to M18 at M18-14 'A’ depends on the
frequency of the external reference signal at TP24, which isused
io clock M10-2 'B'. Each positive-going edge triggers the first
(330ns) monostable, initially setiing M10-13 wo Logic-1 (Fig.
8.11).

If the frequency is 1MHz, M10-13 times oui andreturmns to Logic-
@ before the next 1MHz trigger arrives, thus providing a train of
negative-going wriggers for the second (5.7us) monostable at
M10-9. The first negative-going edge seis M10-12 o Logic-@,
but in this case each succeeding refrigger arrives before the
monostable has timed out, and so M10-12 remains at Logic-@.
The output from M10-12 drives M18 conirol input M18-14 (A).

If the frequency is 10MHz, M10-13 (330ns) cannot time out
before the nexiretrigger arrives at M 10-2, so it remains at Logic-
1. No negative edges appear at M10-9 io irigger M10-12 1o
Logic-@, so the conirol input to M18-14 remains at Logic-1 as
shown in Fig 8.11.

Tlespenss to 13z hput

§A10-2: B input

row |
\

M10-8: A input

M10-4: G
W63

Mi0-12: @
M46-9 / Mi8-14

M46-10
'EAT REF 8T

FIG. 8.7 18H=/10/Hz DETECTOR WAVEFORMS

ongo te 19z input

o }m A

MiG-13: Q
M10-9 A input

1
I

Mio12 @
MA46-9 7 MiB-14

M48-10
'EXT REF ST
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8.3.3.4 W18 Frequency Selections

The input sources to M18-10/11/12/13 are switched 1o M18-9
according 1o the following tsble. The ifalicized frequencies canmot
be obtained because it is frequency which controls the A input
o M12:

Reference MI18-13
Freguenay Fregquensy
1Mz S0kHz
T0MHzZ 200kHz
No Input,
or 10MHz (and %] i M18-11 (2C1) ov oV
Mot Selected)
Tz (and %] 1%4] kM18-11 (2C0) oV ov
Mot Selected)

8.3.3.5 Further Division of M18 Ouiput

The 200kHz cuiput 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); =8 (PLL); 10 (M28-13).
The x10dividers are connecied as bi-quinary counters ipmainiain
the symmeirical squarewave.

8.3.3.6 PLL Freguency Multiniier

The Phase-Locked Loop is formed by M30 and M353. The VCO

oscillates at a frequency which when divided by 8 (M53-11)
phase-locks o the 20kHz present at TP25. At this frequency
(160kHz) the error voltage across C30 is a very low amplitude
ripple balanced about OV DC.

The loop can beregarded as asimplified versionof the symhesuer
YCO, described in para 8.1.24. The VCO output is low-pass
filtered, then buffered and inverted by Q1 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 Exiernal Reference frequency at
TP27. It is passed into the same selector (M 18) which carries out
the 1MHz/10MHz and INT/EXT selection of the divided signal
input. The 16kHz (INT) signal is also applied to M 18, Inthiscase
the other half of the dual selector is employed.

The 16kHz(EXT)REF signal from TP27 is input via M18-3 and
M18-4, while the 16kHz(INT) signal goes tc M18-5 and M 18-6.
Switching between 1MHz and 10MHz (M 18-14) has no effect, as
the output at M18-7 selecis shorted input lines. The INT/EXT
switching by EXT FREQ SEL (M18-2) selecis between the two
pairs of shorted inputs to give the 16kHz (OG) ovtput from M18-
7. This is buffered via M5-6, J3-104 (page 11 .3 - 1 ) and the Mother
assembly to the Sine Source assembly at J6-53 (page 11.6-4).

8.3.5 'EXT REF ST (M46)

¥f no external reference signal is present, both M10 monosiables
remain permenently in their relaned (tumed-out) staie. Thus
M10-4 and M10-12 are at Logic-1, bothinputs to NAND M46 are
Logic-1, s its output (EXT REF ST) is at Logic-. For signal
frequencies of 1MHz or 10MHz one of the inputs to M46 is at
Logic-@, so BEXT REF ST goes o Logic-1.

M46 ourput is renrned 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
zlso knows when 853 is selected, and issues the Frror EF
message on the MODE Display if $53 is selected but no external
yeference signal is present. This wamns the vser that with the
external reference facility selecied, 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 inswumentontput frequency.
The output is thus vnlocked both from the user's sync source and
from the mtemal crystal oscillator. This is normally because no
external reference has been connected 1o 33 on the rear panel!
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ITRODUCTI(

This complex sysiem generates the whole range of AC voliage
ouipuis, as defined by ifs inpuis. For the Al

Current function, an

tageamplimdeloopon

the 1V or 10V range o act as an accurate reference. Thus the
following description applies also o the generation of that

Constant-Amplitude Quiput-drive Sinewave Conditioned
Sinewave {1V-Roangs RMS levels) Output to Load
Acewate
Frequency
g:eDQTmnﬂ/ Sinewave v Quiput Conditioning EOEO
- o L N eeny
Synihesizer) seurce ls%f ‘ {Range Scaling l?ac)
Singarmve VCA £N W Buier i
Phase Syne e E
Fine | Coarse
Oscillator Amplitude \ Amplitude I
Amplitude Control Satiing
Control Approz.
1G00pom FS |
. Resoiution
10-bit
abC ., ‘
Approxt. ppm FS I
Resolution | l
i E
Gain Geror s Hina«:a
Compensat < ; witching
peneaten y\j C"H (via S8DA) ﬂ
Vi Compensated
_— - J{Z\F 2} Mean-sguare !
Accurato 10-Bre i Error (DC)
o Voliage DAC i
Refarenge Meza-squars
— Esvor {DC)
tiram L AA - K
Referente Amlifisr
Dividies) Eeror Amplifise i
. Comparator
Quasi-Sing
Fivose Syne. Sequsnca&]Sym ﬁ
— N ¥
Qussi-sinewve Sine/Quasi-Sine Sense Conditioning
Source Mean-square (Range Sealing eic) —0
Appron. Tppm FS Comparater & Hi
Resolution
Reference Quasi-Sincwave Sensed Sinewave Sensed Sinewave
{1V-Range RIS levals) {IV-Rznge RRAS levels) {Qutput levels)
FIG. 8.1 OUTPUT AMPLITUDE CONTROL SYSTEM
Feature of Outpws  Cowtrolling Element Conirolling Input to Loop
Frequency: Frequency Synthesizer (Crystal-Sourced Constant-amplitude sinewave from Quadratore Oscillator
P
Sinmewave Purity:  Quadrature Oscillator Constant-amplitude sinewave
Voltage Range: Processor, via SSDA and Conivol Laiches Ranging Signals
Coarse Amplitude: Reference Divider

Fine Amplitude:

Reference Divider and Quasi-sinewave Generator

Accurate DC Reference Voltage
(Resolution reduced to gpprox. 1000ppm FS by 10-bit DAC)
Quasi-sine RMS value at resclution of approx. 1ppm FS
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9.2 AC VOLTAGE AM

(Fig.9.1)

The system elements are described individually in the five sub-
sections from 9.3 (0 9.7. The system block diagrarm at Fig. 8.4
throws clear of the handbook, so that it can be used for reference
when reading these descriptions.

9.2.1 FREQUENCY/WAVESHAPE
CONTROL

Sinewave sourcing is the subject of sub-sections 8.1 (Frequency
Synthesizer) and 8.2 (Quadraiure Oscillaior). The resuli is 2
high-purity sinewave of constant 1.9V amplitvde, input to the
VCA.

@1)

2.2 OUTP

The microprocessor pa
imio guard via

proportional o the valu
dlsplay, as described in sub

conirol element (m VCA; o o
range, minimizing ntroduced 4
high purity of the output sinewave. T
mﬂplm,de comiro]l is described in

8.2.4.1

The oui:put amplitade is controlled within the cosrse i
by an 'ervor’ loop. The cutput is sensed at the load §
conneciions, of at an internal point in the forward pat!
-wire cormection is selected (or imposed).

The sensed output is reduced to 1V Range RMS levels by the
Sense Conditioning cireuiry (as described in sub- secswm Qﬂ'
and 9.6), end its mean-square value i § compared with tha
Reference Quasi-sinewave, The difference bstween
values is expressed as a DC error, and fed to control the

the VCA,

PLITUDE CONTROL SYSTEM - BLOCK D

Because the coarse amplimde conirol adjusts the exror loop gain,
and the error itself resulis from comparison with an amplitude
analog, the gainof the error loop would not naturally be constant.
Compensation is therefore applied 1o the efror to reduce the loop
gain in synchronism with increasing increments 0f CORrse
amplitude. (The Brmor Amplifier feadback resisiance is reduced
by a second DAC in siep with the coarse amplituds ADC. The
result is that the loop gain, and therefore the loop dynarics, are
virtually linear.)

Details of VCA operation and error compensation are described
in sub-seciion 9.3.

volia age
3 ﬂﬂ@ DC L

]
e are botd

195i-sinewave zreqm"cy The comparison 58
once every ten quesi-sinewave psriods.




9.2 YVOLTAGE CONTROLLED AWM

(Circuit Diagram 430446, page 11.6-3)

The circuits described in this section perform the following
functions:

o Modify the cutput of the Sine Source by coarsely iracking the
gain of the cutput amplitude to the requested @umm voliage,
providing siepped coverage of the nsirument's dynamic
range.

o Provide smooth adjusiment of gain, within the coarse steps,
in vesponse io eror signals from the Sine/Quasi-Sine
Comparator.

> Impose the seitling rate of the wrue analog DT reference
voltage on both the coarse gain adjustment and the mean-
square exvor (AC AMPL ERROR) scaling.

© Sense excess currents in the ouiput buffer, providing a
LIM ST signal to the CPU via the analog conirol interface.

All the civeniis described in this section are locaied ou the Sine

Source Assembly. Onthe circuitdiagram, iwo voltage-controlled

amplifiers are shownn:

o The 1 Volt Buffer (M45, M46 and the discrete ouiput
amplifier). lis input resistance is conirolled by the DAC
M43,

o The main VCA R M48/Q88, whose input resistance is
determined by the FET chain Q76 and Q77.

For a general description of the Ouiput Amplitnde Conirol

System refer 1o sub-sections 9.1 and 9.2.

PLIFIERS

Inewave input
in is controlled

ing the sensed
sinewave ouiput of ¢ inent with the re E TENce guasi-
sinewave,

The 1 Voli Buifer is ncluded in the output signal path on all
voliage and current ranges. It also acts ag a VCA, since its input
resistance is controlled by its 10-bit Digital-io-Analog Converter.
The DAC receives its binary input from an Analog-to-Digital
Converter, whose numerical oviput iwacks the user's output
demand, in increments of size approximately 1000ppm of full
scale.

Ttis alsonecessary toensure that the rate of coarse gain adjustment
tracks the setiling-timne characieristics of the DC Reference filter.
To achieve this, the ADC is conirolled by the level of the DC
Reference voliage. The filtered reference’s seitling time is thus
mmposed on the ADC digital ouiput, and hence on the 1V Buffer
gain adjusiments.

For reasons given in sub-section 9.1, it is also necessary to
compensate the ouiput 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 Errox
Amplifier. This increments the outpui-amplitude error loop gain,
modifying the AC AMPL ERROR signal whichoriginaied in the
mean-square comparator.

The wacking ADT and its DACs ensure that the loop has the
fastest possible setiling time for any selected frequency.

A
o ;
—1-_{: WV range
omp
—AA %8
Do A _l
AC AMPL ERROR
% 16kHz CLK COUNTER
down
+ 7V @ o
’rcojmmmom —
I LADDER ——
Raf + 0_*2___‘1
]
Y ' - FIG. 9.2 VCA - BLOCK DIAGRAM )
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0.3.1 VCA AND 1V BUFFER

The VCA and 1V Buffer combine in cascade o modify the
amplitude of the sinewave outpui from the sine oscillator,
accurately covering the instrument's dynamic range (see Section
9.1 and 9.2). The eventual output from the 1V Buffer (AC 1V
FR) forms the instrument's basic 1V AC range.

The YCA gain is adjusied by the 'AC AMPL ERROR' signal,
scaled by M41 and M42. The coarse gain scaling of the 1V buffer
derives from the DC Reference voliage Ref+

Maln Voltage-conirolled Amplifier
{Circuit Diagram 430446 Pag

The Sine Oscillator output from +2 buffer MAT (page 11.6-1) is
emitier-followed by Q75 to the VCA FET input chain Q76/Q77
{page 11.6-3). These dual FETs are enclosed with M47 PTC
feedback resisiors R136 and R137, in a metal heatsink. The

{1 FETs Q?é/@/! (P\ within 1%) form th
£ 101 nput-cifset amplifier b

9.3.1.1

I8 (0N) _

The buifer consisis of 2 voliage follower w i‘ah hard cuorr
limiting. Ampliﬁe s M[s.) andt

vi46 buffer the Class A power
i

siage fror the cepacitance of the input DAC. m“ first bufler
Mﬁi} as extremnely high DC ’Lm milmg @ff 2t HF due o the

ack of C108. Iis ss of M

6.

{aﬂ
8 S
U“‘ ¥

& S rat k!

A46 conirols the buffer's AC performance; C112 ensures that the
non-inverting mput appeers as 2 virmal AC gmu nd at HF,
allowing source-follower Q74 1o develop the AC fnput across

R15%.

The discrete outputl siage provides class A current amplification,
avoiding any cross-ovey distortion particularly s HF. %WU
ransistor 93 is provi 1 and quiescent currents, fom

constani-current source 94 (70mA) and consiani-current sinlc
Q86 (140mA). Refer to Fig. 93.

Wit zero input condivions Q94 is saiurated, imiting the quiescent
current at 70mA. Only the small bias current for Q92 flows in
R144, 5o the output voliage is just +Vb.

The input sigmj to $92 contrels 93, allowing 2 small signal
ansistor with good HF performance io adjust the large output
CUITEents ﬂ@wmg inR144.

Voltage amplifier Q92 conduction falls during posiive hati-
cycles of input, reducing 93 conduction. The quisscent current
stil] flows in (94, but part is now diverted through the ouiput
civenit via R144, R112 and L7.

During negative half-cycles of input; (392 conduction increases,
so 093 conducts more heavily, drawing its extra (load) current
through R144, and its quiescent current from 094, The emitter
of (392 also atfeinpis 10 go negative, drawing curreni directly
e combined cur renis flow into the current sink,

sscent - 70z

To Current
Detector

External
Load
B .
= =
S
(2 v
o
-ve
L G 9.3 1 FRER = OU ”TQJ;'* TAGE J

94



9.3.1.3 Current Detector

Except for a small bias current, all output cwrrent from the
discrete buffer stage flows in R144, sc the current level can be
detected by sensing the differential voliage across it. This sense
voliage rides on the output voltage; thus to capture it, the current
detector is bootstrapped to the AC 1V output.

High-speed dual comparator M49 forms the basis of the Current
Detector circuit. Its supplies are bootstrapped via TP29 io the
Junctionof R 144 and R112 in the 1V Buffer ouipui. Q82 and Q84
provide constant current drive io 6.2V Zeners D40 and D41, with
Q83 and Q85 providing the regulation for the bootisirapped rails
at TP35 and TP36.

The comparator laiching levels are set by dividers R151/R152
and R153/R154, their values allowing for bias current ervor in
R144. The comparator's output is open-cellector when the peak
voliage across R144 is less than the positive or negative latch
level, Line drivers Q90 and (391 are cut off, so the LIM ST line
atJ6-70is pulled to +15V by AN2 in the Reference Divider (page
11.44).

When the level is exceeded in either polarity, then either Md9a or
MA9b output goes negative. This wrns Q50 and Q91 on, pulling
the LIM ST line io -15Y (in-guard logic-0). The signal is passed
to the CPU via the serial daia link.

This limit is set much lower than the hard current limit of the
buffer. If exceeded, the instrument displays 'Error OL', described
i Section 2 (Fauli Diagnosis). Inoverload at 35-40mA, a built-
in margin of safety allows the instrument o meet most of its
specifications.

8.3.2 ADC - DAC TRACKING

As mentioned earlier, it is necessary 1o wack the coarse gain
stepping raie to the seitling time imposed by the DC Reference
filtering. A iracking Analog-io-Diglial Converter (ATXC) is used
i synchronize stepping, ensuring the fastest possible setiling
iime a! the selected frequency.

Te set cirenit conditions for the required output within a range,
the gain of the main YCA is set in response fo fine amplitude
information, in the form of an ervor signal from the Sine/Guasi-
Sine comparaior. For constant cuiput amplitude loop gain, the
error loop gain also needs to track the coarse amplitude siepping.

For an outline of the Outpur Amplitude Conirol Sysiem, refer o
the descriptions in sub-sections 9.7 and 9.2.

9.3.2.1 Use of 'REF+’
{Circuit Diagram 430446 page 11.6-3)

The ADC requires a voltage input which iracks the value of
instrument AC output demanded by the user, with senling times
imposed by the Reference filter. The DC 'REF+ voliage exhibits
ihese characteristics, 5o 15 used in this circuii o determine the
numerical value of the ADC binary ouiput.

'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 ai 9% of Full Range, through +1.397V at
Full Range, to +-2.794V at Full Scale.

REF+ is input io ihe Sine-Sowurce assembly at J6-57 and 16-56,
then applied to amplifier Mi41b, which is connected to remove
any common mede present ai its input. Thus at TP47, M41b
output is referred to Common-2A.

Capacitors €99, C130 and C131 filter any HF pickup from the
reference voltage, and M41b scales up the DC voltage levels by
a factor of 2.43, 10:

9% of Full Range: -0.306V,
Full Range: -3.395Y,
Full Scale: -6.789V.

A fixed positive version of this Full Scale value is also generated
(Q66/D230/D31) as a reference for the racking ADC M38 at
M38-27.

9.3.2.2 Tracking ADC M38
{Fig.94)

M38is 2 'Systern DAC which can be employed either in ' READ
or " WRITE mode. WRITE mode is not used for this function.

In READ mede the binary count can be cutput continuously from
ihe tznpins DB, . An internal 10-bit counier is clocked at 16kHz
mio pin 9 via level shifters Q33 and Q54. The counter can be
contrelled by two level-sensitive inputs: CONT 1 and CONT 2
(logic-1 = +5V; logic-@ = OV} as follows:

CONT 1 CONT2 Effect on Count

7] @ niot used
7] i Incremented
i %) Diecremented
i 1 Frozen

An iniernal 1282 reference resistor and swiiched resistor ladder
form a divider between pin 27 (V) and pin 1 (R}, Their
junction is brought out io pin 2 (QUT 1). (See Figs. 9.4 and 9.5.)

The ladder is switched by the 10-bit counter. At zero count it is
open-circuii; as the count is increased the ladder resistance
reduces in inverse proportion, uniil at full count of 21 - 1
(corresponding to the instrument Full Scale output), iireaches its
minimum of 12k€,

At Full Scale (FS) the M41b output voliage is -6.789V, inio R,
and the fixed reference into V., is the positive version of this
input, so at IS the OUT 1 voliage is balanced at zero.

For instrument ouiput values below FS, the negative M41b
output voliage is linearly reduced, so that the OUT 1 voltage
tends o increase positively. By feeding an extemnal comparator
which drives the CONT 1 and CONT 2 counter controls, the OUT
1 voliage is used io provide auiomatic control of the count itself.
In the case of a reduced output demand, a lower count is required
to increase the resisiance of the ladder, resetting OUT 1 to the
zero balance.
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9.3.2.3 Window Comparator

M37 is ahigh-speed dual comparator, which accepts OUT 1 asits
input veltage, and controls the M38 counter via its CONT 1 and
CONT 2inpuis. The'Counter Freeze' conditionof M38, resulting
from both CONT inputs being at logic-1, allows hysteresis bias
io be applied the comparator to create 2 Dead Band' window.

Each of the two outpuis 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 (uncommitisd-collector).

M37a is connected as a non-inverting device, but M37b inveris
its input. OUT 1 is input to both circuits. Both inputs are biassed
by approximately 15mV to generate the dead-band hysteresis:
M37a by RO6/R98, R37b by R100/R101.

9.3.2.4 Action for 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
(368 are both cut off by -15V on their gates, so CONT 1 and
CONT 2 zre 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
R100, increasing the bias on M37b. The bias on M37a is also
increased by Q69 being cutoff, placing AN11 and R97 in parallel
with R96. The Freeze' window is therefore widened, 1o improve
the comparator's noise rejection. (Refer to Fig. 9.6.)

9.3.2.5 Action when OUT 1 Voltage Changes

When auser demands anew (greater ) ouipul from the insirument,
REF+ increases as the Reference filier seitles, and the QUT 1
voliage becomes more negative, The bias on M37bis eroded and
finally exceeded, so M37-7 is placed at high impedance, pulled
up to Common-2C by AN13. Q67 conducis setiing CONT 1 w0
logic-@, which increments the counti to step up the gain in the 1V
Buffer. .

Simultanecusly, M36-12 is set to OV (in guard logic-1). M36-10
rises from -15V to OV, switching K99 to shunt R101 nstead of
shunting R100. Q69 conducts, switching R97 to shunt R98
insiead of shunting R96. The bias levels shift back o 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
havefallentologic-@, decrementing the counter and reducing the
1V Buifer gain. The effect on the comparator bias would be the
same as for the incrementing case.

As the counter changes its numerical value, M38's intemal
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 1V Buffer gain remains constant.

Thus the OUT 1 voltage remains close to zerc as the comparator
and tracking ADC have a sensitive response to the variations of
REF+; butonce settled, the wider hysteresis window prevents the
comparator from responding to noise.

OUT 9
Narfgw ™ Window
dynarmic wider when
Froaze [ 2 e A OUT 1 sstied
window at zern

FiG. 8.6 WINDOW COMPARATOR ACTION

9.3.2.6 10-bit Dighal-to-Analog Converters

M42 and M43 binary inputs are identically connected, so they
both behave in the same way:

For low counts the resistance between Vin and O/P 1 is large, and
small between Vin and O/P 2. The condition is incremeritally
reversed as the count increases to high values.

M43

As wehave seen; an increase in user output demand increases the
DC Reference voltage REF+, so a higher ADC count results.
This reduces the resistance beiween M43 pin 15 (Vin) and pin 1
(OfP 1), and increases the resisiance beiween Vin and O/F 2;
increasing the gain of the 1V Buffer and thus increasing the
instrument output. This is the stepped coarse gain adjustment
referred 1o in sub-section 9.2.

M4z

M42 has adifferent function. The fine adjusiinent of cutput value
is incorporated in the 'Gain Error Loop', in which the output
sinewave and quasi-sinewave are compared. This comparison
generaies the 'AC AMPL ERROR, to be used in controlling the
VCA gain.

The error loop thus also passes through the 1V Buffer, and the
effect of an increase in ADC count would be io increase the error
loop gain, possibly overloading the VCA input FETs. This is
prevenied by reducing the gain of the error amplifier M41a, using
M42 1o track the steps of the coarse gain adjusiment.

With an increase of the ADC count, M4 1a 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 virmally constant over the full
span of coarse gain adjustment.
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9.4 AC LOW VOLTAGE LOOP

The circuits described in this section perform the following

funciions:

> Comneci the VCA (1V buffer) output to the insirument’s

terminals to provide the AC 1V Range: 0,09V to 2V,

o Amplify the VC A output voltages and connect (o the terminals
for the AC 10V Range: 0.9V to 20V,

o Passively attenuate the basic AC

~

the millivoli range outpuis:
OImV to 200mV onthe AC 100mVY Range
0.9mV to 20mV onthe AC I0mV Range

pY to ZmV

onthe AC ImV Range

i Vrangevoltages to provide

o Sense the voltages at the output terminals (or at the load in
Remote Sense) and scale the signal to the 1V RMS Full-
Range level for comparison with the quasi-sinewave.

o Provide swiiching of AC voliage ouiput, Range, Guard and
Sense, under the control of signals from the Analog Conirol

o Detsctexcess currents in the outpni cirenit, providing asiams
signal o the CPU via the Analog Contrel Inierface.

o Detectexcess voltages on the PHI (I+) output line, providing
a status signal io the CPU via the Analog Control Interface.

o Swiich the generated 10V range to the model 4600 analog
conirol bus, as described in section 7.3.8. For clarity, these
comnections have been omitted from Fig 9.7

The circuits in this section are located as follows:

Millivolt attenuator & sensing: AC Assembly.
Power amplificaiion:

Output control:

Outpui Terminals:

Power Amplifier Assembly.
DC Assembly.

Mother Assembly and
Terminal Board.

A simplified block diagram of the low voltage loop and routing

appears in Fig. 9.7.
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0.4.1 GENERAL

The following description follows the 1V range path from the
VCA buffer to the Sine/Quasi-Sine Comparaior (at the input of
the transfer switch M16}, The 10V and millivolis outpuis and
sense conditioning are ncluded, the ouipuis alsc being sourced
from the 1V Buffer,

Cn the circuit diagrams, the relay contacts are shown in the un-
activated condition.

For High Voliage ouiput and High Voltage sense attermation
refer 1o Sections 8.5 and 9.6.

9.4.2 1V LOOP - POWER DELIVERY

9.4.21 Sine-Source Assembily

(Circuit dicgram 430446 Page 11.6-3)

The 1V Buffer (page 11.6-3) is described in sub-section 9.3, as
partof the output arnplitude contvol circuitry. Its outputsinewave,
signal 'AC 1V ranging between 0.09V and 2V RMS is fed outof
the Sine-Source assembly on J6-41, viz the Mother assembly,
and input to the AC assembly on J7-41 (page 11.7-1).

9.4.2.2 AC Assembly
{Circuit diagram 400844 Page 11.7-1)

With the 1V Range selected, relays RL7 (1V) and RL19 (1kV)
are energized, but relays RLA, 5, 6, 17, 18 and 20 are not.
Therefore the AC 1V signal is passed dizectly out of the AC
assembly via RL7, fuse F1, RL19 and fuse F2 to become the
Power-Hi signal PHI(ACVY at J7-27.

The power common PLO(ACYY is sowurced from the in-guard
Comimon-2 supply at the star-point Comimon-2B, passing out via
the energized contacts of AC Voltage selecior relay RL10, to J7-
3L

PHI(ACY) and PLO(ACY ) travel via the Mother assembly to the
DC assembly at J5-25 and J5-29 respectively (Page 11.5-2).

9.4.2.3 DC Assembly
(Circuit diagram 430536 Page 11.5-2)
Qutput Switching
The PHI and PLO (ACY) commeciions are passed io the instrument
cuiputierminals via severalrelay contacts whichprovide swisching

for Remote or Local Sense, Remote or Local Guard, and Ouiput
Or/Off.

If Option 40 or 50 is fitted, the terminal lines are swiiched for
function changes on the Current/Ohms assembly. When neither
Option40nor Option 50is fitted, 2 Current/Chms Link PCB {(Fart
MNo. 410288) is fitted in place of the Curreny/Ohms sssembly.
This PCE provides divect conmections for the signals, on their
route 1o the instrument ierminals,

ACV/DCV Swiiching

For ACvoliage ouiputs, relays RL10 and RL11 are un-energized.
The PHI(ACY) line for the 1V range bypasses the 1kV Range
current sensing resistors R107 and R 108, via contact
un-energizedrelay RL13. li thenpasses direct
6, and RL.15 contacts (if cutput is set ON); to the PE
J5-18.
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linked from J5-29, via 1A fuses F4 and F3, RL14 2nd R
confacts to becorme PLO(Y) at I5-23.
(For DC voltage ouiputs, the four ACV lines at J5-25/26/29/30
are disconnected by the Range relays and the ACVY relay RLL10in
the AC assembly).

9.4.2.4 Connections to the Terminals

{Section 7)
The PEI(V) and PLO(V) lines are rouied to the I+ and I-
terminals on the front panel exactly as for DC 1V Range ouipuis.

Descriptions of the processing and routing can be found in the
following sub-sections of Section 7:

Quiput On/OFT: 7362
Remote Sense: 7363
Remote Guard: 7364

Overvoltage Detection: 7.3.72
Outpusi to Terminals: 738

SENSING

The SHI(V) and SLO(V) lines are routed from the Hi and Lo
rerminals on the front panel exacily as for DC 1V Range outputs.
The processing and routing back io the DT assembly is described
in Section 7, sub-sections 7.3.9.1 10 7.3.8.3.

€.4.3.7 DC Assembly

(Circuit dingram 430536 Page 11.5-2)
In normal 4-wire operation (Remote Sense selecied) with
CUTPUT 'CN' on the AC 1V Range, relays RL14 and 15 are
energized; RL10 and 11 are un-energized.

ST(V) enters from the Mother assembly at J5-20, passing
direcily through RL15 contacts, TP9 and R98, o J5-26 as
SHI(ACY),

SLO{V) iravels via RL15 contacis and

SLO(ACY.

With Remote Sense not selecied, relay RL14 is unensrgized:
RL14-9/8 short SHI(V) to the power Hi ouiput P i
RL14-2/3 short SLO(V) to the power Lo cutput PLO(V).

SHI(ACY) and SLO(ACTV) are routed from J53-26 and J3-30 via

the Mother assembly o the AT assembly.




9.4.3.2 AC Assembly
(Circuit diagram 430844 Page 11.7-1)

SLO(ACY) passes via the energized contact of the AC Voliage
selector relay RL1Q, to be referred 1o the Sine/Quasi-Sine
comparator iransfer switch commen 'SIG LO

Withthe1V Rangeselected, relay RL19 (1 kV ) contacis are closed,
so SHI(ACV) appears at RL19-11 as 'SENSE Hi'.
(Refer io the circuit diagram on page 11.7-2.)

With the 1V Range selected, relay RLS (1V) is energized, thus
SENSE Hi is applied io the non-inveriing mput of the Sense
Amplifier via R126. RL14 is un-energized as shown, so the
inverting input via R115 is referred to SIG LO.

RL3 (100V+1kV) is energized, connecting the Sense Amplifier
output to the Sine/(Juasi-Sine comparator ransfer switch M16-
11(page 11.7-3). The amplifieris described in sub-section 9.4 4.

8.4.4 AC 1V SENSE AMPLIFIER
(Circuit Diagram 430844 page 11.7-2)

The same armplifier is used on the 10V, 1V, 100mY, 180mV and
1mV AC Ranges. Iis main purpose is to buffer the sense voliage,
providing 2 high impedance input, low DC offset and flat frequency
Tesponse.

On the AC 1V and millivolt ranges it is connected as a voliage-
follower, sensing always being cacried out at the 1V level. The
1V Range sense signal originates at the load in remote sense, or
i the DC assembly in local sense.

For the millivelt ranges the 'AC 1V’ drive signal to the millivelt
attenuaiors is sensed directly (see sub-section 94.5).

On the AC 10V range an inverting configuration is employed.
The circuit divides by 10, scaling the sense signal down to 1V
range levels, for input to the Sine/(uasi-Sine comparator.

Separais arrangements are made for attenuation and scaling on
the 100V and 1%V AC ranges. These are describedin Section 9.6,

9.4.4.1

A discrete amplifier is used to provide the required slew raie up
io 1MHz, all ime constants being set well above 1MHz, with the
first pole above SMHz. Itis configured o iis follower circuit

by relay switching.

General Arrangement

Relays RL8, RL12 and RL3 are all energized on the 1V range.
RelaysRL11,RL13,RL14, REL15 and RL16vemainun-energized
a5 shown in the diagram.

Dual TFET (41 is a unity gain bufier in totem pole configuration.
It drives the input protection dicdes D37-D40, D44-D47; the
scresn on Q40 inverting input; and the bootsirap buffer 346, The
total inpus capacitance is thus reduced to 1-1.5pF.

The differential input amnplifier, dual FET Q40, has low input
capacitance and low input current. 36 provides constani-
current drive to Q40 and the booistrapped followers (38/0Q39.
R107 permits initial DC input-offset cancellation. The stage gain
is low.

Emiuter-followers Q34 and Q335 buffer the high-impedance low-
gain FET stage, driving a differential signal into the high gain
voltage amplifier 929/Q30. This arrangement has the advantage
of placing 2ll the gain in one stage. The single-ended drive to (31
output stage is taken from (30 collector.

Q24 and Q25 form a current mirror to equallize the collector
currenis of Q29 and Q30, preveniing signal injection into the
sense amplifier power rails.

L6 and L7 isolate the amplifier power rails from the 15V supply
at HF. C50 is the main frequency-response compensation
capacitor, providing smooth roll-off, with unity gain at around
SMHz.

On the 1V Range, the output from Q31 is reiurned at low
impedance, as 100% negaiive feedback to the amplifier input, via
the closed contacts of RL12-8/14.




9.4.5 WMILLIVOLT LOOP
(Circuit Diagrom 400844 pages 11.7-1 and 11.7-2}

The basic 1V loop is exiended by inserting 2 swiiched, passive,
attenuator network. The switching circuit connects the selected
millivelt output via RLA-13/9 and RL19-11/8 direcily w0
SHI(ACV) line, not 'PHI'. Thus only the iwo froni panel Sense
Hi and Lo terminals are used to connect io the load.

he
ine

The software forces Remote Sense OFF in the millivoi ranges,

Except for a series resistor (R154) on the ImV range, the AC 1V
signalis connecied directly to the inputof the Sense Amplifiervi
RL11-4/5 st R1L8-13. The amplifier civcuit remains permanently
in its non-inverting configuration for all three millivoli ranges, so
local sensing is carried out at 1V range levels.

Thus the output value at the terminals depends on both the
calibrated value of the AC 1V signal and the division ratic of the
aitenuator. In addition to the 1V range calibration, each millivolt
rangeis also'Autocalibrated separately (refer io User’sHandbook
Seciion 8).

oute by contacis
io the attenuaior

The AC 1V signalisdiv
13/11 of un-energized relay
network.

rerted from its 1V rax ge
RL7, and applied ©

The fixted chain ('Forri ed by R120 n series with the parallel
combingtion of R112B and R110) is permanently connecied
between RL7-11 and the Common-2 star-point. Three levels of
atfenuation are achieved by switching R112A and R118. Relay
RLS is energized for the 10mV range only, RLS for the 100mV
range.

The three arrangements are shown in Fig. 9.8,

Onthe ImV range, the series resistor R154 is connected between
RL7-11 and the Sense Amplifier input via RL11-5, bui it is
shorted on the 10mV and 100mV ranges by the closed contacis
of RLS and RL6 respectively.

Relay R14 is energized on all millivolt ranges. The attenuator
ouiputis passedoviviaRLA-8/0 and RL19-11/8 1o the SHI(ACY)
line. C89 defines the specified bandwidth, filiering noise at HF.
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8.4.6 10V LOCP
(Circuit Diagrams: 430446 page 11.6-3, 430618 page
11.9-] and 11.9-2; and 400844 page 11.7-1)

As noted in sub-section 8.4.1, the 1V Buffer is part of the power
delivery system for all ranges. Cn the 10V range its ouiput (AC
1V) passes viaJ6-41 from the Sine-Source assembly and inio the
Power Amplifier assembly (PA) at J9-36 (page 11.9-2).

The AC1V signal is amplified by a factor of 10 in the inverting
10V Power Amplifier, whose output is placed on the 'AC
10V-+-100V" line. This 10V range signel retums to the AC
assemmbly at relay contacts REL17-13/4. It passes through RL19-
2/5 to the PHI(ACYV) line at I7-27.

The 10V range outpuis then follow the same route (to and from
the output terminals) as the 1V signals, Whether in Remote Sense
- or not, the sensed voltages return via the SHI(ACYV) line to the
same Sense Amplifier used for 1V range signals.

With 10V range selected, the sense amplifier has an inverting
gain of 0.1, returning the signal o the 1V Range levels required
by the Sine/Quasi-Sine comparator.

9.4.7 10V POWER AMPLIFIER
(Circuit Diagram 430618 page 11.9-2)

The AT 1V signal enters the PA assembly at J9-36, passing to the
inputof the 10V Amplifier viarelays RLA-8/13 and RL3-9/13. Tt
is referred to Comumeoen-2B by developing a voliage across R124.

The amplifier has already been described for the DC 10V Range;
in this text, the effects on the 10V AC Range of its separate DC
and AC paihs ave considered balow.

9.4.7.1 DC Path

The DC path is blocked by €56; M17 is the DC input amplifier,
conmected as an integrator with dicde clamping. M19 operates as
an inverier in open loop, £o applies high DT gain w the output
from M17 on M19-2.

The output from M19 drives both halves of the syrmumetrical,
inverting, discrete power amplifier through current-limiters Q21
and Q24, and is buffered by emitter-followers Q22 and Q23.
Common-emitters (27 and Q29 form a voliage 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 1o 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 amplifier, referring the output to Common-2A at M17-
3.

9.47.2 AC Path

The AC path is blocked by the integrator M17, but is applied to
the non-inveriing inpui of M19 through the coupling capacitor
C56. M19 operates in open loop, applying its ouiput to the
discreie power amplifier (see 9.4.7.1 above).

The amplifier AC gain is also set to 10 by R122 and R123, the
circnit tme constants being selected to allow overall instrament
ouiput operstion over the full frequency range of 10Hz to 1MHz.

8.4.7.3 Power Sugplies

M17 and M19 are supplied from 215V common-2A rails, but the
discreie amplifier receives power from the £38V supply.

9.4.7.4 Overload Detection

The 10V FLAG line, connected o TP12, is pulled up to OV (in-
guard logic-1) in the Reference Divider assembly (page 11 4-4)
by ANZ-9/1 (1M£2). The Error OL message results from this line
being driven 1o logic-@.

RL8 is energized for the AC 10V Range, so overload detector
Q31 reaches Vhe threshold on cutput current peaks, when the
RMS value in R139/R172 and R141 exceeds approximately
80mA. Similarly, Q34 detects peak currents in R147 and R149/
R173. In either case, the conduction of (34 pulls TP12 down to
-15.7V. The 10V FLAG line is driven o logic-@, so the status
message isreurmned to the CPU via the SSD A serial interface, and
the Error OL message is displayed.

This does not preclude further increase in ontput current, but the
accuracy specification is not guaranised.

9.4.7.5 OCverload Limiting

If the RMS output current increases to approximately 100mA,
the peaks of current cause the Vbe threshold of (28 or G30 10 be
exceeded, shunting the base current of the correspending voliage
amplifier, This hard-limits the output drive to the final stage.

9.4.7.6 Output Protection

The cutput current passes through the combination of R144 and
L8. At low frequencies the inducior provides a low ouiput
impedance, whereas at high frequencies the resistor stabilizes the
amplifier when driving capacitive loads.
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9.4.8 10V SENSE AMPLIFIER
(Circuit Diogram 400844 page 11.7-2)
General

A common sense amplifier is used for the 10

'ﬂV 100mY
10mV and 1V Ranges. Fis main purpose is to buffer the sense
voliage, providing a high impedance inpui, low DC offsei and flai
frequency response,

The operation of the Sense Amplifier f
'“snges is described mpay
a voliage-follower.

The AC millivol ranges' outpuis are simply the AC 1V range
after passive attenuation; these levels are notsensed directly. The
AC 1V signal is sensed before aitenuation.

On the 10V range an inverting configuraiion is employed. The
circuit divides by 10, scaling the sense signal down to 1V range
levels, for input to the Sine/Quasi-Sine comparaior.

Separaie arrangemenis are made for atienaation and scaling on
the 100V and 1k V ranges. These are described in sub-section 9.6.

9.4.8.2 10V Range

On the 10V Range, relays RI
R»iayS ;\m RL1 L RL12 5
energized zs shown in the dw gram.

The 'SENSE HI signal is routed 1o
ier Lmov gﬁ L?Y; osed contacts

is I@f @J [ QV“ LO

The output from Q31 is returned via R121 23 nega Lwe feedback
to the amplifier input, the contacts of RL1 2—8/14 being open.

Thus the circuit is configured as an inverting amplifier, resisiors
R115 and R121 scaling the sense signal down by a facior of 10.
Extensive screening is employed at the amplifier's virtual ground,
booistrapped by buffers Q46 md Q41 1o follow the virtual-
common potential, This reduces the input capacitance, which is
further compensated by feedback capacitor C60.

The instroment includes two high voltage AC ranges. The 100V
ranges exiends from 9V 10 200V full scele, the 1000V range from
90V 10 1100V full scale.

Circuit Diagrams 400844 page 11.7-1 and 430618 page 11.9-1
wogether illusiraie the high voliage AC ¢ir w-l‘ arrangement and
mdicate signal flow. The details of the 100V and 1000V ranges
ave described in sub-sections 9.6 and 9.7.

P AR GARFRIA WF A RS nY E='u
9.5, ACHIGHE VOLTAGE DELIVE!
Both ranges eraploy the same precision sinewave oscillator and
VCA arrangement used for the 1V AC Range, bui the tech:ﬁquﬁs
necessary (o generate high voliages differ from those in the low
voltage loops:

> On the 180V range, the AC 1V signal is swiched directly
into the 100V Amplifier, where it is scaled up by 2 facior of
100, ihe amplifier output being delivered via the 'AC

10V +100V line to the PHI(ACY) line cm the AC assembly,

o Forthe 1000V range the DC Referenceis scaledin software,
so that the AC 1V signal Full Scale value represents 1100V
output. The signal is routed through exira sta gm of
amplification before being applied to the 100V Am p fier
whose cutpnincw drives one of two 1:6 step-up transformer
(LF or HF). The power-amplifier gain on the 1000V '"ange
is controlled by feedback from the wensformer secondary,
into the input of the 1000V Brror Amplifier. The 'AC 1KV’
line wansfers the wansformer output to the AC sssembly,
where it is switched onto the PHILACYV) line.

(ﬁn

= A A AR
wdes AL

)

Cuarded high-volt
voltage Hem the

S 50 '1“/ Range levels. The
nihe quasmmewaw voliage,
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§.6 AC 100V RANGE

9.6.1 INTRODUCTION

{Circuit Diagram 430618 page 11.9-1)
The AC 1V signal, generated by the 1V Buffer in the Sine-Scurce
assembly, enters the Power Amplifier as for the 10V range; but
the 10V Amplifier is bypassed for the high volisge ranges.

~

On the 100V range, the signal is switched directly into the 100V
Amplifier, where it is scaled up by a factor of 100, ihe amplifie
output being delivered via the 'AC 10V-+100V' line o i
PHI(ACY) line on the AC assembly. Thereafier the output is
transferred to the mstrument terminals as for the 10V range.

i

@

9.6.2 AC 100V RANGE POWER
ROUTING

(Circuit Diagrams: 430618 pages 11.9-2 and 11.9-3;
400844 page 11.7-1)

'AC 1V’ enters the Power Amplifier assembly at 19-36 (page
11.9-2). Relay RL3 isun-energized, shorting the 10V Amplifier
input; and RLA isenergized, routing the AC 1V signalto the 100V
Amplifier as '100V I/P' (page 11.9-3).

Relay contacts RL2Z-8/4 apply the signal to the Gain Stage, which
provides drive io the power amplifiers in the positive andnegaiive
heat sinks, via J3-12 and J3-11. The single-ended output from the
heatsinks at J3-9 passes viaR89, L7 andrelay RL2-13/9, 1o RL3-
6 (page 11.9-2), and onto the 'AC 10V+100V' line via R1A-4/8.

On the AC assembly (page 11.7-1), the signal is rouied o the
PHI(ACY) line as for the 10V range.

9.6.3 100V AMPLIFIER

FalE R

The AT 1V signal eniers the PA assembly 21 J9-36, passing to the
input of the 100V Power Amplifier via closed relays RL4-9/13
and RL2-8/4. Ii is veferved to Common-2B by developing &
voliage across R72.

The 100V Amplifier is described in Secrion 7.8, which deals with
the 100V DT oniputs.

The description is sub-divided as follows:

7.8.3 100V Amplifiev Introduction
7831 Inputio Gain and Driver Stages
7832 DC Offses Correction

7833 Signal Processing

7.834  Driver Regulator

7835  Driver Output

7.8.4 100V Power Amplifier
7.84.1  Posisive Heatsink Assembly
7.84.2 Negative Heaisink Assembly
7843 Over-Temperature Detection
7844 100V Ouipus Connection
7845  Heatsink Removal
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8.6.4 POWER SUPPLIES
PROTECTION

The power supplies and pro
also described in Section 7

The description is sub-divided as follows:

7.8.5 Power Supplies and Protection I ﬁﬂ“@dwﬁ@m
785.01 £38V Supply (The 38V supply cire s also

described in Seciion 6.7, cw”’?

7852 2400V Transformation fmd Rect Eﬂcai.iom
7853 400V Currens Control
7854 100V Curvent Sense and 18V Overvolis Deizcior

{This detector circuitry is used only for AC High
Voliage ranges, and is therefore described in
sub-seciions 9.64.1 and 9.7.6.1 below).

7.8.6 PA Power Supply Moniiors
7861  Comparator Supply Proieciion
7.8.6.2 LISV Monitor

7.846.3 38V Monitor

7864 X400V Monitor

100V Current Sens
(Civcuit Dingram 43061 8 Page 118-6)
The 400Y(2)B lines enter the Pow
the P/l Heaisink at J1-8/6 and are filiered by L1 md
being applied across two neon lamps LPT and
are visible from the top and rear of the st
board is exposed, indicaiing that a dang

miplifier assembly from

ument wher

The 400V(2)B lines continue on to power the driver siage of the
100V amplifier, where the voliags is regulated as described in

s is used as an dalog of U‘(“ Ioad Biaced on the
(un the 1000V range, any overload is sensed by a
series deiector in the DO assembly.)

T’iﬁe 100V AC' line is set io logic-1 (0V) only when the 100V
rEnge is seieci[ecl Driver Q7 pinches off the FET switch 06,
g ; m R37, thus allowing theoverload detecior

to opsrate .ﬂ_z@m&ﬂ use, links LEB and LKC are not connecied.
Their test o allow the curreni mirtors Q1 and Q32 1o be
level-shifters 2 and Q4.

e,

Ut current

v the heatsinks passes
ination of R34 and D27, the negative
ugh R“) cmd D4, As both positive and negaiive
circuits are symmemoaL only the posiiive circuit is described.

Current smirror (3 diverts approx. 1.8% of the positive supply
current into the level-shifier Q4, R36 and mio the commonreisior
R37. Similarly Q1 draws current oug of R37. Under no terminal
load condiiions these two currents are balanced, even if the
oufput voltage is high.

Any AC output load current from the power amplifier is reflected
by ripple currents in both positive and negative supplies. Thenet
mstantanecus current flowing in R37 alternates in synchronism
with the ouiput cyeles, its amplitude increasing as the load
current increases. So the amplitude of the altemating voliage
across R37 is an analog of the output load cusrent, and can be
compared against a scaled reference voltage.

med from the two halves of M2 and
ied 1o both halves. The outputs at
Z omrnitied. Hachhalfis biassed by 245V
& cotrsct nmaﬂ@u pr m’iﬂed by the reference zeners D9 and
\ hie 400V Monitor civeuit. Unless any V(ﬂmﬁep ak across
R37 exceeds this level, both M2 ounipuis se pelied to 0V by
R20.

The 100V FLAG' Hne (TP2) therefore remains at logic-1.

Any peak greater than 2.45V overcomes the bias on one half,
causing its ouiput ic fall n.@ -15V, resuliing in the 100V FLAG
ine being pulled to logic-#. This signal seis limii detector laic
iSa (page {1.9-5), as desc m@d mpare7.02.7.1.

o

0

[

g7

Q/:u

(Circuis ﬂwﬂrc} w 43081 é’page £1.9-1;

1, genera c.ucdb'r the 1

er in the Sine-Source

m" the 10V renge; but
2ZE TANZES.

e 1000V range, the signal is swiiched via the 1kV x2

Amplifier and 1kV Brror Amplifier, before being applied o the
100V Amplifier

The 100V Ampiifisr cuiput is stepped up to 1000V Range levels
by one of two (LF or HF) tansformers, whose secondary voltage
is delivered via the 'AC 1%V 'line to the PHI(ACV ) line on the AC
assembly. Thereafier the output is wansferred to the nstrument
terminals as for the 10V range.
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9.7.2 1000V RANGE POWER ROUTING

(Circuit Diagrams: 430618 pages 11.9-2 and 11.9-3;
400844 page 11.7-1; 430537 page 11.14-1)

'AC 1V enters the Power Amplifier assembly at J9-36 (page 11.9-
2). Relay RL3 isun-energized, shorting the 10V Amplifier input;
and RL1 is energized, routing the AC 1V signal to the 1000V
Amplifier chain.

Energized relay contacts RL1-8/4 apply the signal to the Gain x2
Stage, whose output is surmmed with error feedback, providing
drive to the 1kV Error Amplifier,

The 1kV Error Amplifier output is passed as '1kV ERROR O/
via relay RL1-9/13 to the 100V Amplifier (page 11.9-3). Ttis
mput through the contacts of un-energized relay RL2-6/4.

The output from the heatsink at 13-9 is transferred directly, as the

'OUTPUT signal, to the '1kV ENABLE' relay contacts RL&-8
and RL6-9 (page 11.9-2). Relay RL7 determines whether the LF
or HF transformer assembly is to be used, the OUTPUT signal
being applied to the appropriate primary winding.

The secondaries of both transformers are connected into the High
Voliage assembly (page 11.14-1). Relay RL2 or RL3 selects the
appropriate output o be passed on to the AC assembly, via J1-28
and J1-22, as the AC 1kV signal.

The AC 1KV signalis also applied as thenegative 'Error' feedback
to the 1000V amplifier system. lipasses thronghR138 end R155
on the PA assembly (pages 11.9-1 and 11.9-2), to be swrnmed at
the inverting input of M18a-2, A single net inversion is present
around this loop.

Cn the AC assembly (page 11.7-1), the AC 1kV signal is rowied
by the contacis of energized relay RL20, and through fuse F2 o
the PHI(ACV) line at J7-27.

9.7.3 1kV POWER AMPLIFIER
(Circuit Diagram 430618 page 11.9-1)
Amplification to a maximum of 1100V is in four stages:

1. Gaim x2 Stage: the AC 1V signal is HF-boosied and
amplified. For the 1600V range the DC Reference is scaled
in sofiware, so that the AC 1V signal Full Scale value
represenis 1100V ouiput,

2. BkV Error Amplifier: the Gain x2 Stage outputis summed
with error feedback from the secondery of the siep-up
transformer.

3. 100V Amplifier: possessing a gain of 100, the output from
its heatsinks drives one of two (LF or HF) step-up
transformers.

4. Step-up Transformer: aratio of 1:6.5 (LF) or 1:6.17 (HF)
allows sufficient gain in the system to provide a maximum
RMS output of 1100V,

The frequency response of the amplifier is matched to the step-
up transformer in use. The 'LF signal into the amplifier is at
logic-1 (0V) only when the 1kV range, and either the 100Hz or
the 1kHz frequency renge, is selected.

9.7.3.1 Galn x2 Stage

(Circuit Diagram 430618 page 11.9-2)

The AC 1V signal is routed via relay RL1-8/4 to be developed
across resistor R160. Itis filtered by R162/C30 and applied to the
non-inverting input of M15.

The feedback divider generates the x2 gain in M15; R159 and
C67 providing HF %ift 1o compensate the step-up wansformer
responses. FET Q35 adds C68 on the 100Hz and 1kHz frequency
ranges, activated by the LF signal at logic-1, © boost the 1ift.

Cutput frorm the x2 stage is applied io the 1kV Error Amplifier via
its input resistors R156/R93.

8.7.3.2 1kV¥Y Error Amplifier

The input resistance to M18a is split between R156 and RS5 to
allow the saturation detector o reduce the gain in the event of
transformer saturation.

At the inverting input of M18a the signal input is summed with
the AC 1kV negative feedback signal, output from the selecied
wansformer secondary. The resulting ervor signal is amplified by
the two stages of M18.

On the 100kHz frequency range, the maximum voltage available
from the instrument is 750V, A tapping on the HF step-up
ransformer secondary reduces the maximum cutput io this level.
Thesignal '1kY GAIN' is thus set o logic-P only on the 100kHz
range, cuiting off FET Q19 and restoring adequate loop gain.

The second stage, M18b, adjusis the bandpass of the amplifier to
match the selected siep-up transformer:

100Hz and 1kHz ranges:
326 cormects C58 and R126 across the mput resisior R97;
relay RLS shoris R4, comecting C34 md R93 directly
across the feedback resistor R92, alsa shorting C38 in the
output line.

10kHz and 100kHz ranges:
Q26 connects C57 and R125 across the input resistor R97;
relay RL5 shorts R47, connecting €33 and R94 direcily
across the feedback resisior 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 outpui drives the
100V Amplifier via RL1-8/13 as the '1kV ERROR O/P’ signal.
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9.7.4 100V AMPLIFIER

This operates as for the 100V range, butits output signal ' GUTPUT
is fed directly to relay RL6 contacis for application tc the step-up
iransformer.

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 100V Amplifier Introduciicn
7.83.1  Input to Gain and Driver Stages
7.83.2 DC Offset Correction

7833  Signal Processing

7834  Driver Regulator

7835  Driver Output

784 100V Power Amplifier
7.84.1  Positive Heatsink Assembly
7.84.2 Negative Heatsink Assembly
7843  Over-Temperature Detection
7844 100V Qutput Connecrion
7845  Heatsink Removal

9.7.5 STEP-UP TRANSFORMER
CIRCUITRY

8.7.5.1 "ikV ENABLE' Relay RL&

Relay RL6 allows the OUTPUT signal from the 100V Amplifier
o energize a siep-up wansformer, providing the following
conditions are met:

The 1kV signal is at logic-@:
This is a processor-conirolled signal, set io logic-@ when the
mstrument AC output is swiiched on, in the 1000V range.

The watchdog has not 'Barked’.

On the PA assembly, the *1kV ENABLE' switch $1 fs set
to 'ENABLE'.

51 is situated below the lefi-hand ejecior lever (viewed from
the front of the instrument), facing the rear of the instrument.
It allows the high voliage to be swiched off for servicing
purposes. A red LED glows when all other conditions are
mer.

When RL6 is closed, the QUTPUT signal from the 100V Ampli-
fier is switched through to the comacts of RL7.

9.7.8.2 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 10kHz and
100kHz frequency ranges, and to the LF wansformer for the
100Hz and 1kHz 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 isenergized io select the LF
wansformer, whose primary current is sensed by the Saturation
Detector.

9.7.5.3 Saturation Detector

To obtain the required performance, the LF iransformer core is
constructed from a material with high remanence. It is possible
for the 1kV range to be deselected when the core is magnetized,
and subsequently reselected in the same sense, with resultant
saturafion.

The Saturation Detector circuitis activated by sensing any excess
primary current in R114, associated with the loss of reactance. It
progressively removes the signal input to M18b during half
cycles of the appropriate sense until the core recovers, then
automatically retums to its guiescent mode.

The dual amplifier M20is biassed by R115-R118 to approximately
1V on each input. Under normal operating conditions, the
unsanirated core reactance holds R114 current down, so ihe
voltage developed across R114 is insufficient to overcome the
bias. The cutpui from both amplifiers is of negative polarity, both
diodes D58 and D59 are reverse-biassed, and FET Q18 is cut off
by its gaie being pulled down 1o -15V.

When the core saturates, the current in R114 rises rapidly and its
voliage exceeds the bias on one of the detector amplifiers. One
diode conducts, forcing 18 inte conduction; so the signal Teed
te M18ais shorted, the current in the iransformer core is reduced
1o zero, and Q18 is cut off again.

On 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 inaciive.
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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:

7.85 Fower Supplies and Protection Introductiosn

7851 +38V Supply (The 38V supply circuit is more fully
described in Section 6.7, para 6.7.3.4.)

7852 2400V Transformation and Rectification

7853 400V Current Control

7854 100V Current Sense and 1kV Overvolts Detector
(This detector circuitry is used only for AC High
Voltage ranges, and is therefore described in sub-
sections 9.64.1, and 9.7 6.1 below).

7.8.6 PA Power Supply Monitors
7.8.6.1 Comparator Supply Protection
7.8.6.2 %15V Monitor

7.8.63  +£38V Monitor

7864 400V Monitor

9.76.1 AC 1kV Overvoltage Detector

(Circuit diegram 430618 Page 11.9-6)

Onthe 1000V Range the primary voltage of the step-up transformer
in use is fed as 'AC OVERVOLTAGE DRIVE' from RL6-4/13
(rage 11.9-2),viaR176 and ascreenedlead, to the M2 comparator
. Input(page 11.9.6). (Theoperation of the comparator 1s described
for the 100V Current Sense application inSection 9.6, para 9.6 4.)
On the 1000V Range, Q6 shorts the 100V overcumrent sense

resistor R37; Q6 gate is driven by 100V AC ai logic-1.

The HF (1:6.17) step-up wansformer primary voltage is divided
by R176 and R180 (i.e. by 1/116), but for the LF (1:6.6)
ransformer R181 shunts R180 (increasing the division ratio to 1/
124.5), activated by the LF signal and Q43. The result is that
overvoliage is detected on the HF wansformer primary at
approximaiely 305V, but on the LF transformer primery at
approximately 285Y. Taking the step-up ratios into account, the
1V Overvolts Detector trips at LF or HF for the same secondary
voltage: approxtimately 1880V peal, 1330V RMS. This in fuem
activates the 100V FLAG signal as on the 100V Range.

9.7.8.2 AT 1kVY Overcurrent Detector
(Circuit Diagram 430536 Page 11.5-2)

For the AC 1000V range, so as to protect the step-up transformers,
overloads are detected direcily in the output lines io the terminals,
For this range only, resistance is inserted i the PHI(ACV) line
in the DC assembly. The voliage across the resistance isrectified
and compared against areference. If the voltage is excessive, the
comparator generaies a LIM DET signal. Athigher frequencies,
where the iniernal and external connections to the load will draw
extra capacitive current, part of the resistance is short circuited.

The'AC 1kV RANGE'signal enters at J5-102(page 11 .5-3). This
is at logic-1 w energize relay RL13, only if the 1000V range is
selected. RL13 removes the short from R107 and R108.

The 'HIGH I LIMIT signal enters at J5-98 (also onpage 11.5-3).
When the 1000V range is selecied, this is at logic-1 only for the
10kHz and 100kHz 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 currenis
taken by the capacitance of the internal 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 voliage is limited to 10V by D31, and resistor
R84 sets the iwip current level for the opto-isolator M19.

The isolator operates from the 5 volis between - 10V and -15V, In
normal operation M19 ouiput 2t M19-6 is open-collector so Q4
does not conduct. When the outpui current is sufficient to irip
M19, Q4 emiuier is pulled low and so (4 conducts, its collector
current being drawn through R79.

M18is 2 switch which underno-overload conditions is biassed by
R79 10 +15V; and with its ouipui at -15V, its non-inverdng input
is set 10 approx. -2V. When Q4 conducts, its collector is pulled
down close 1o the -15V rail voltage. This is applied to the
inverting input of M18, whose outputreverses io +15V providing
& posiiive trigger edge to M12-4.

For AC outputs the DC FNCT signal is inactive at logic-1, M12-
3 atlogic-1 removes the reset which is present for all DC voltage
ranges. Monostable M12 is set 1o produce a logic-@ at its Q
ougput {(M12-6) unless its A input at M12-4 is edge-wriggered
positively. In normal conditions no trigger is given, so M12-6
remains at logic-@, D10 is unbiassed and the LIM DET line
remains at the logic-@ level of 15V,

When M18 output reverses to +15V, M12-6 produces a logic-1
(0V) pulse of 1ms duration, which forward-biasses D10, so the
LIM DET line transmits a logic-1 pulse of lms duration.
Successive positive or negative peaks of overcurrentretrigger the
monostable, maintaining its Q output (and thus the LIM DET
signal) at logic-1.
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(o

LTAGE SENSING
(Circuit Diggram 400844 Pages 11.7-1 and 11.7-2)

The SHI(ACY) signal, returned from the terminals via the
Current and Output Control assemblies, enters the AC assembly
asforthe 10V range; butithe 1V/10V Sense Amplifier is bypassed
for the high voliage ranges.

9.8 AC HIGH V¢

{"h
Gt/

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. Bach attenuator is a separate
resistor chain which acts as the input resistor to the nverting
amplifier M32. The output of the amplifier is passed w the
Comparator Transfer switch.

9.8.1 100V SENSE AMPLIFIER

The SHI(ACYV) signal passes through the contacts of energized
relays RL19 and RL15, and is applied via the four pins of J1 inio
the 100V attenuator chain. The attenuator consists of four 25k£2
0.1% resistors in series. To eliminate leakage, each junction
between the resistors is guarded, the guards being taken o
equivalent voltage points on a chain of four capacitors, C64
C67. The capacitive chain is also driven from the sense signal.
The attenuator acis as the nput resistor for the 100V/1G00V
Sense Amplifier M32.

Relay RIL13 is un-energized on this range, so R124 acis alone as
the feedback resistor, producing an amplifier gain of 1/100. The
sense signals are thus reduced to 1V range levels. The amplifier
output is routed through the contacts of un-energized relay RL3
as the comparator 'SIG' input, to wansfer swich M16-11 (page
11.7-3).

9.86.2 1000V SENSE AMPLIFIER

The SHI(ACV)signal is blocked by the contacts of un-energized
relay RL15, but RL16 is energized, applying SHI(ACV) as the
'1kV SENSE' signal via link LK1 into the 1000V atienuator
chain. The chain has ten 50k£2 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 1o 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 o 1V range levels (the 1000V
range FS voliage is 1100V the equivalent 1V range FS voltage
is 2V). The amplifier output passes o the wansfer swiich as on
the 100V range.
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9.9 SINE/QUASI-SINE RMS COMPARATOR

Output-drive Sinewave

-Arnplitude
C@nsgz\;wﬁ\gnﬁu@e {1v-Range RMS levals)
VCA
Accurate Sinewave ¢ (RMS Output Loop
Frequency Sourcing 2= Control Element)
-
From & Sinewave
Synthesizer Phase Sync. BRS Quiput-

@ ! Error Signal To remainder of RMS

Output Control Loop

Loop Gain
Error
mpensation
Ouasi-Sine Comparator Compe
uasi-
Sequence Sync.
Phase Sync. 9 v
Master Reference Sine/Quasi-Sing
& Cuasi-sinewava Mean-square U
. [
Sourcing Comparator [
Accurate t]
RMS Congro !

@
RN
The VCA acis a3 the conwo! element of Fine Amphlnd The Comparaior ouiputis the DT ervor voltege resulting from the

v

125 of the two inputs, As
RS level) is edjusted, the
ui epproaches thatof the
refevence, and the ervor voliage is driven towards zero. The
ou‘}am:m ue siabilizes when the RMS values of the two inputs are

Conirol Loop, having varisble
the output value,

The main purpose of the comperstor, in conjunction with
coarse amplitude conirol, is to cause the ovipur RMS velue o
wack the value set on the front panel OUTPUT display. I

generaies 2 DC ervor voliage which edjusts the VT A gain,

The buffered DT ervor signal output Fom the comparator is
adjusted in approximately 1800ppm FS$ steps by the action of the
Coarse Amplitude DAC, o give 2 virmally constant loop gain.
The effects are described in sub-section 9.3.

Becauseitis partof the fine amplitude control loop, the comparaior
also corrects output RMS changes due 1o loading and other
disturbances, within the instrument specification.

The Comparator recsives two analog inpuis:

a. Thereference quasi-sinewave whose RMS value is set by the
value on the OUTPUT Display, and is also modified by
siored calibration data (sub-section 6.6).

b. The sensed and conditioned cutput sinewave, which is

compared against the reference quasi-sinewave (sub-sections
94 and 9.5).
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9.8.2 IMPLEMENTATION

Both inputs are scaled to 1V Range levels and compared in an
Integration/Sample-and-Hold system. They are sequentially
steered through a common squaring cireuit into separate REF'
(Reference?) and 'SIG’ (Reference? minus Sense?) averaging
integrators.

A capacitor and voltage follower samples and holds the setiled
REF integrator voltage. Tt generates a DC 'REF? signal which is
subtracied from the AC 'SIG* signal. The resultis applied to the
SIG integrator, then another sample-and-hold circuit generaies
the '"AC ERROR!' signal from the integrator's ouiput.

'AC ERROR!' is thus a DC analog of the difference between the
‘mean-square’ values of the two inputs. Itis buffered and applied
to the VCA via the Error Amplifier.

8.9.3 METHOD OF COMPARISON
(Figs. 9.10 and 9.11)

The comparator is based on a ten-state recycling sequence of
squaring, integration, sampling and subiraction. Operation and
accuracy rely heavily on synchronization between sine and
quasi-sine.

Atrelevant points in the following description, reference is made
o a specific output frequency of 500Hz (1kHz Range), as an
examgple to clanify the following points:

a. As the ouiput sinewave frequency is varied, the quasi-
sinewave wracks an exact sub-multiple of its frequency;
except on the 100Hz Range, where both are at the same
frequency. Inour example at SO0Hz, the quasi-sinewave has
half the cutput frequency. The various relationships between
outputand quasi-sinewave frequencies for different frequency
ranges are detailed in Section 8, Table 8.3.

b. The duration of each comparison cycle is always equal to ten
guasi-sinewave periods (here 40ms), and each of the 'C’
periods persists for one quasi-sinewave period (for S500Hz
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.

‘Sense’

Sinewave

SIG

SIG
SWITCH

‘Reference’
Quasi-

Sinewave flsig)?, tiret)?

REF

REF

SWITCH ? ‘L

DC SUBTRACT Squarer Z

+

SIG Lo RMS Lo
S ; REF 2C %
®
2C

\ ; SIG ref?
pre

E DC SUBTRACT
\

Voitage-to-Current
\ Converter

e ©
O - N O
SIG SIG
INTEGRATE SAMPLE I\ ‘AC ERROR’
2C

)
-0 @

REF REF -
INTEGRATE SAMPLE

2C

FiG. 9.10 SINE/QUASI-SINE COMPARATOR - BLOCK DIAGRAM

9-20



8.8.3.1 The Comparator Sequence

(Figs.9.10 and 9.11)

The table in Fig. 9.1 shows the conduction patterns of the
switches in the block diagram of Fig. 9.7¢, within a complete
sequence cycle. The cycle is broadly divided into iwo similar
patterns ('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 C1, C2 and C3

a. REF SWITCH is closed to input the quasi-sinewave to the
squarer.

b. REF INTEGRATE sieers the squarer output current into the
Reference Integrator.

¢. DC SUBTRACT allows Iref? to be drawn from the summing
Jjunction.

d. RMS Lo hasbeen connecied to common 2C since the start of
C% in the previous period, in preparation for REF squaring.

The guasi-sinewave is squared, and the resuli is owiput as a

current (at twice the input frequency) into the summing junction.

The DC current Iref? is subtracied ai the junction, and the residue

goes 1o charge the Reference Integrator capacitor.

(Noie that every time that OUTPUT OFF is selecied, REF and
SIG integrator capacitms ave discharged, driving both

'AC ERROR and Tref® to zero. During the first REF integration
when QUTPUT ON is nexi selecied, Fref? remains ai zere so the

integrator capacitors start charging from zero.)

REF S“TE CH is opened, removing the Input (o the squarey.
SUBTRACT is opened, subiraction ceases.

CSU VRAC’“ closes i nput 2 hard zers to the squarer.
iR E INTEGRATE remains closed, allowing the squarer and
integrator io setile,

RMS Lo remzins connected o Common-2C wntil the
integraior has setiled.

il

The REF integraior remains in it integrasing (on) condition
during pericd C4, to ensure that any energy stored in the squarer
during C1 to C3 is acquire

DC subiraction during pericd C4 would generate an ervor, as full
subtraction was already applied during period C1.
DC SUBTRACT is therefore tumed off by wansferring the
source of Iref? from the summing junction to Common-2.

Peried C5

a. REFINTEGRATE opens, siopping the integrator action.

b. SAMPLE closure forces the squarer output to a hard zero, o

. 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
8IG Lo in preparation for SIG squaring,

COMPARATOR CYCLING PERIODS
¥ indicates that clc|c|jc|cjcicj|cicic
switch is closed 1121341567818

REFERENCE SENSE (SIG)

STATES PATTERN PATTERN
(a) Squarer input quasi-sing | zero sine i zero
{b) REFSWITCH X OX X
(¢y REFINTEGRATE | X X X X
(d) REF SAMPLE X
() SIG SWITCH X X X
() SIGINTEGRATE X X X X
(g) SIG SAMPLE X
(n) DCSUBTRACT X X X X X X
() DCSUBTRACT FE XX
(k) REF SWITCH b X
() REF SWITCH COMMON-2C SIGLO 2C

ARATOR -

Asthe sampling capacitor chenges its cherge, its voliage-follower

‘drives the voltage-io-current converter (o change the DC

subiraction curreni. The new Iref? is sowreed from Commen-2
during this period, but during the next SIG and REF iniegration
periods, it will be subiracted from the squarer cutput current ai the
swnming junctiosn.

Periods C6 to CZ
As can be seen from Fig. 971, the closure pattern is repeated for
S1G squaring, integration and sampling. The SIG circuit action

nRE

is identical to REF, except that:

2. the squarer input is now the sensed sinewave.

b. the subiraction current has been set to a new value during
period C5. This dees not change again until period C5 of the
next cycle.

¢. During peried C@, the 'AC ERROR' output from the SIG
sample-and-hold voliage follower is changed, updating the
VCA gain via the Error Buffer and Error Amplifier.

d. RMS Lo was switched from Common-2C o SIG Lo during
period C5 in preparation for SIG sguaring. It remains
connected 1o SIG Lo during the squaring pericds C6, C7 and
C8, and also during period C9 for the Sig Integrator settling.
At Period C@ itis reconnected to Common-2C in preparation
for REP squaring.
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9.9.3.2 Comparator Action

The sequence described in 9.9.3.1 is necessarily simplified.
When a new output demand changes the amplimde of the quasi-
sinewave, a few sequence cycles are required to stabilize the
conditions of the Ref integraior, Sig integrator, subtraction
current and AC ERROR output. The circuitmust also respond to
demands for reduced output in addition to those for increases.

The comparator forms part of the cutput amplitude control loop,
ultimaiely affecting the ouiput voliage and hence the sensed
voltage input to the squarer as ‘SIG'. As the sequence recycles,
the mean-square value of the SIG inpui sinewave will approach
that of the REF quasi-sinewave, and as it does so the AC ERROR
output must approach a steady-state value.

Thesquarer output current has an AC component inits waveform,
but Iref? being subtracted at the summing junction is a DC
current. In the setiled condition, Iref? is driven on successive
cycles to balance the quasi-sinewave REF? AC current (being
applied to its integrator) about zero. The final level of Iref?is just
sufficient to be self-sustaining.

Meanwhile, the sensed SIG? current approaches the REF? value,
and the same Iref 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) is at the correct level
just to generate a self-sustaining 'AC ERROR'.

In the comparator, Iref? is subiracied from both SIG? and REF?
curenis. This maintains the AC AMPL ERROR as an analog of
the difference between the quasi-sinewave and the cutpuisinewave
mean-square voltages (when the latter is reduced by sense
conditioning o 1V Range levels). Thus when the sensed SIG
inputvoltage approaches the quasi-sinewave REF voltage (mean-
square values), the AC ERROR approaches stability and the
system seitles.

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 2
bias current is superimposed on the subtraction current. These
factors will be discussed later during the circuit analysis.

9.8.4 COMPARATOR CONTROL
LOGIC

{Circuit Diagram 400844 page 11.7-3)

The Comparator operating cycle originates atM 15, whichis a 10-
bit sequencing counter, clocked at the quasi-sinewave frequency
by the carry-out from M11-12.

The SYNC @ input to M15 RESET is a decoded address, whose
function atlogic-1 is o disable counters M 11 and M 15, inhibiting
operation of the comparator and generation of the quasi-sinewave,
In this instrument, SYNC @ is held permanenily at logic-@,
enabling both quasi-sinewave and comparator for AC Voliage
and Current functions.

The clock continuously recycles M15 in ascending count through
Q, 10 Q,, ten clocks (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-@ (-8V).

With increase of frequency range, the difference between the
frequencies of sensed sinewave and reference quasi-sinewave
increases in decade steps.” As the comparisor is perforined 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 comparator, the zero crossings of the quasi-sinewave
are synchronized o occur coincident with a sinewave zero
crossing, and all comparator state changes are also synchronized
to sinewave Zero-crossings.

Synchronization is achieved by clocking M17 so that all the
analog switching data changes simultaneously. Thus data is
latched from M17 D’ inputs to its permanenily-enabled outputs,
one complete quasi-sinewave period after it was clocked through
M15. This ensures that the wansit times of M15, M18 and M20
do not affect synchronism with the guasi-sinewave zero-crossing.

The data is thus strobed through M15 and M17, being delayed by
one clock period. This does not affect the operation of the
comparator, although it must be aceounted for when observing
waveforms on an oscilloscops.

The sequence, as described earlier in sub-section 9.9.3, begins
with REF SWITCH connecting the quasi-sinewave o the squarer
input during period C1. The logical origin of the comparator
switch state during C1 corresponds to M15-2 (Q1 output) at
logic-1; but because of the datadelay 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 illusirated
in Fig.9.13. Tohighlight ihe daiadelay, the main waveforms are
grouped inio two blocks: 'REF' and 'SIG', each headed by the
siates of the comparator cycle. Line (5) shows which of M15(Q)
cuiputs is at logic-1 during each of the states, 1t can be seen that
the effects of M15 cuiput siaies are delayed by 1 clock period, in
the translation to comparator states.

9.9.5.1 Squarer Comimons Swhching
['REF’ and 'SIG’ waveforms (d) and (k)]

Waveform(c)shows the variation of M15-12 (Cout). Waveforms
(d) and (k) are the direct results of Cout inputs to M17 after the
ranslation by one clock shift (note the inversion at M20-10).

During states C@ to C4, waveform (d) at logic-1 connecis the
squarer common (RMS Lo) to Common-2 at M16-4 for quasi-
sinewave squaring; whereas during states C5 10 C9, waveform (k)
connects RMS Lo o SIG Lo at M16-8 for sensed sinewave
squaring. In both cases, the appropriate comumon is connected
oneperiod ahead ofthe squarer input, and disconnected at the end
of the integrator settling time.

6.9.5.2 Sguarer Input Switching
['REF SW’ and 'SIG SW’ waveforms (e) and (1)]
M15 outputs Q1 1o Q3 are 'OR' gated at M 18-6 and applied as D2

imputtoM17. Theresultis to generaie the REF SW waveform (e)
at M17-7.

REF 8W connects the quasi-sinewave as input io the squarer by
M16-13 only during states C1 10 C3.

Similarly, SIG 3W waveform (1), logically derived from M153
outputs 36 to (8, is at logic-1 only during siates C6 1o C§,
inputting the sensed sinewave as input io the squarer by M16-12.

9.9.5.3 Integration and Sample Switching
[INT and ‘SAMPLE waveforms (f) and (4)]

At any instani, the comparator is either sampling or integrating.
TheINT wavelornm is thus the inverse of the SAMPLE waveform.

SAMPLE

M15 ourpuis QO and Q5 are "OR’ gated at M18-9 and applied as
D3 input to M17. The vesult is fo generate the SAMPLE
waveforme (k) at M17-10.

Therefore, for C@ and C5 only, SAMPLE provides two enabling
inputs 1o AND gates M13 at M13-2 and M13-5. It also places a
hard zero on the squarer output by M7-5 (page {1.7-4) when this
is disconmected from both integrator inpuis. With both input and
ouiput at zexo volis, any offsets areremoved in preparation for the
subsequent squaring and integration sequence.

INT

The 'SAMPLE' cuiput of M18-9 is inverted at M20-4, applying
logic-1 to the D1 input of M17 for the whole of the cycle except
for C@ and C5. The INT output at M17-5 is waveform (f), which
enables M13-1 and M13-13.

REF INT

INT is'AND-gated with REF waveform(d)atM13-11 1o generate
the 'REF INT' waveform (g), which is at logic-1 only during
periods C1 1o C4, Dhwring this time M7-12 (page 11.74) atlogic-
1 connects the squarer output to the REF Integraior input.

SIG INT

INTis'AND-gated with SIGwavejorm (k) atM13-10 1o generate
the 'SIG INT' waveform (m), which is at logic-1 only during
periods C6 1o €. During this time M7-6 (page 11.7-4) at logic-
1 connects the sguarer output to the SIG Integrator input.

REF SAM

'SAMPLE' is 'AND-gated' with SIG waveform (k) at M13-4 10
generate the 'REF SAM' waveform (j), which is at logic-1 only
during state C5. During ihis time driver M6-1 at logic-1 causes
FET Q210 conduct (page [ 1.74), connecting the REF Integrator
outpwt to the REF Sample-and-Heold input.

SIG SAM

'SAMPLE' is "AND-gated’ with REF waveform (d) at M13-3 to
generate the 'SIG SAM' waveform (n) which is at logic-1 only
during state CP. During this iime driver M6-7 at logic 1 causes
FET Q3 io conduct (page 11.7-4), connecting the SIG Integrator
output 1o the SIG Sample-and-Hold input.
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8.9.5.4 DC Subtraction
['DC SUBTRACT OFF waveform (p)]

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 aNAND gate is used. Forloading
purposes two elements of M20 are connected in parallel: REF
SW and SIG SW are combined as waveform {p) at M20-3 and
M20-11.

Squarer Input Short

When at logic-1 during C4-C5 and C9-C@, M7-13 places a hard
short between RMS Hi and RMS Lo; otherwise the short is
released.

Subtraction Current Control

During C1 to C3 and C6 1o C8, DC SUBTRACT OFF at logic-
@ cuts off D8 (page 11.7-4), allowing Q6 1o draw subiraction
current through D6, D5 and R54. When at logic-1, D8 conducis
and sets D35 and D6 in reverse bias, diverting the subltraction
current.

(@ M1112 M16/M17 Clocks
b} M15 output at logic-t
c) M15-12 (Cout}
|
Compareea: BEF Cyolo I co } 8 | c2 c3 | ca | cs c6 c? c8 co | co |
(8} M1715 (05)  REF — Squarer Commen = COMMON 2C L f !
le) Mi7:7 {02) REF SW [ Quasi-sine input to Squarer L J
h MI750) T w1 ] T 1 f T 1 f
gl M13-1 REF INT
© [ Quasi-sine {squared) being integrated ’ N
th} \M17-10 (03) SAMPLE [ squarer L [squarer | [ Sauarer |
O/ Zare OfF Zero O/ Zero
! |
i) MI3-4 REF SAM REF sample-and-hoid inpar isolated l REF Int, ‘ REF sample-and-hotd inpui isolated
keing sampled
|
Compmsanor S0 Cyele | cs | co c cz c3 | ca | c5 | cs c7 | ce | co | cg |
) MI1742104)  SIG ] T Squarer Common = SIG Lo |
I MiI7-2 (09) SIG Sw 1 I Sinewave iNput to sguarer L
1 Mi7-5 (01 INT INT 1 | INT L INT I
{m) M13-10 SIG INT ﬁ ! !
3 Sinewave (squared) baing integrated 1
hh M17-10 (03) SAMPLE i Squarer B Squarer i i Squarer H
O/P Zero O/P Zera O/P Zero
I
() MI13-3 SIG SAM SIG sample-and-hold input isclated SIG Int. !
being sampled
I
ip} M20-3 DC SUBTRACT OFF Squarer I/P Zero Subtraction applied i Squarer /P Zero Subtraction appiied l Squarer /P Zero i
FIG. 8.18 COMPARATOR TIMING LOGIC

A
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8.8.6 SQUARE LAW DETECTOR CIRCUIT

(Circuit Diagram 400844 Page 11.7-4 and DC400842 Page 11.7-8 )

The basic action of the squaring circuiiry is the same as is used
for sin® and cos? in the Sinewave Oscillator amplimde loop, but
there are some differences in detail (refer to sub-section 8.2).

The Square deiecior is biassed i such a way that it is permanenily
wrned on, to improve bandwidih and permit conwwol of gain
scaling. Tis differential outpuivoliage atQ109 end Q1 10 colleciors
is proportional io the square of its input voliage, divided by the
bias voliage. The bias is derived from the DC version of the
demanded signallevel REF+ve, the DC oufput from the reference
divider.

Thus the transfer proportionality of the signal magnitude is given
by:
Vout is properiional o Vin? / Vbias

but as Vbias is derived from REF+ve,
Vin / Vbias is a constant: k&,

and the instantaneous squarer gain is:

kVin? )
d(Vour) _ © Vin _
d(Vin) d(Vin)

Thus the basic gain equation has no amplitude or frequency
cOMponents, so is constant over a2 wide bandwidth and dynamic
range. The squarer therefore has a fast response at all signal
levels.

The bias is applied as curvenis io Q116 and 117 emitter circuiis.
The transistors in the array of W22 are all used as current
generators.

§.8.5.1 Blas Control

The input to Reference Amplifier M24 is the positive DC
REF +ve voltage, which varies between approximately 0.14V
and 2.8V, depending on the ourput value selection.

M24 output voliage rises until M22-9 pulls enough current
through R5Q o reduce M24-3 w zero. The other transistors in
M22 act as current mirrors, so their collecior currents are defined
by the REF +ve voltage and the resistance of R50.

Thus bias current is applied to Q116 and Q117 indirect proportion
to the REF +ve voltage, which is an accurate analog of the
demanded outpui value.

9.9.6.2 Current Driver

The 'SIG* and 'REF? current cutputs from the square detector
develop a differential voltage input between the collectors of
Q109 and Q110, io the current driver M103., This amplifier
generates a single-ended current drive to the integrators.

M103-7 drives current out through R113 and R118 to the
mtegrators while M103-1 cupplies voltage feedback to maintain
TPS node at very near common 2 potential while maintaining
high output impedance to the integrators.

_ Differential inpui variations between the colleciors of Q110

and Q109, due 1o 'SIG* and REF? outpuis from the Square
Detector are trenslated to single ended curvents into and out
of the junction at TP9. The current difference passes through
R118 o R148 dwring SIG INT states, and to R149 during
REF INT staies.

At other times, when both of the integrator inpui switches
M7-23/9 and M7-11/10 are open, the 'SAMPLE' waveform
closes M7-4/3 to pass any difference current to Common-2C.
(During the SAMPLE pericds, 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 R118, R148 and R149 are of very low value
compared with the output impedance at TP9, so the driver
compliance is high.

$.86.3 Outpul Amplitude Loop
- LF Gain Reduction

On the 100Hz Frequency range the gain around the output
amplitude loop needs to be less than on other ranges. This
compensaie for the longer integration times at lower
frequencies.

Adjustment is in two siages, using dual open-collecior
comparator M105:

a. Kor 100Hz Range selection
The'100Hz' logic signal input to M105-2 is derived in the
frequency systhesizer and is at Jogic-1 when 100Hz
rangeisselected. M105-1ispulledupby R115and 3108
conducis comnecting R116 across R113, reducing the
gain of the M103 voliage w current converter.

‘?—;

For frequency selections below 32Hz
The ">31Hz' signal input to M21 ig also generated in the
Synthesizer.

Similar comparator action provides further loop gain
reduction for frequencies of 31 Hz and below. Both Q107
and Q108 are on o switch inboth R116 and R116 across
R113.
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9.9.7 GENERATION OF THE DC SUBTRACTION CURRENT

9.9.7.1

The integrator circuit is very basic. Feedback for M12 is by C25,
but the input resistance is formed by R149, R35 and the output
impedance of the Current Driver, which is heavily predominant.
The current from the driver is virtually unaffected by R35 and
R149.

M7-11/10 conducts for periods C1 to C4 (REF INT). During C1
to C3 the REF SW waveform inputs the quasi-sinewave to the
squarer, and during C4 the squarer settles to its zero input.

"REF' Integration

The REF output from the driver is an AC current, which for a
constantquasi-sinewave amplitude is integrally charge-balanced
about zero due to the DC subiraction, at twice the quasi-sinewave
frequency. C25 therefore receives equal positive and negative
charge during each cycle of quasi-sinewave, so the mean voltage
at M12-1 does not change.

Adischargepath for C25 is provided by Q5/R30. The TINT HOLD'
signal at J7-46islogic-1 when the instrument is in QUTPUT OFF'
condition, discharging both REF and SIG integrators. Forsolong
as the output remains 'ON', the INT HOLD signal stays at logic-
@, and the integrators are never discharged other than by the
action of their inputs,

9.9.7.2 °'REF Sample-and-Hald

Q2 conducts during each 'REF SAM' period, when the charge on
C25 has settled for the cycle. M12 drives C12 to the voltage on
€25, and the voltage follower M4 passes the same voliage as
‘REF ERROR' on to the REF V io I Converter.

Q2,C12 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 201 Y during the 'Hold' part of the
¢ycle when Q2 is not conducting.

9.9.7.3 'BEF Vtio i Converter

The circuitof M19 and Q6 converts the DC voliage 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 10 the non-inverting input of M19. A second
inputresults from the DC bias current drawn by M22-14, defined
by the 'REF+ve' voltage and the two resistors AN2-10/7 and
R141.

M19 drives FET Q6, which draws current via Q110 emitter, R54,
D5 and D6. The current is sunk into Commen-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 Q110 emitter for three main reasons:

2. The Current Driver input bias is removed, allowing a zero-
offset reference.

b. Theecontrolbias for the squarer is compensated at the earliest
opportunity, reducing the required dynamic range of the
driver.

e, Q110emitter voltage remains virtually constant for all squarer
inputs.

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 during times when a quasi-sinewave or
sensed sinewave is being input to the Square Detector. Thus for
periods C1 to C3 and C6 1o C8, diode D8 is held in reverse bias
by the signal 'DC SUBTRACT OFF at logic-@. During periods
C4, CS, C9 and C@, the signal is at logic-1, so D8 conducts and
reverse-biases DS and D6. The subtraction current passed by Q6
is then diverted through D8 from M20-11/3, the
'DC SUBTRACT OFF parallel NOR gates' output being at logic-
1(page 11.7-3).

‘When an operator selecis a different output value, the resultis 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 M12. The DC subtraction current change takes place
over afew comparator cycles until balance is restored, when C25
and C12 will have charged to a new voltage.
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9.9.8 'AC ERROR’ SIGNAL GENERATION

9.9.8.1

The SIGNAL Integration and Sample-and-Hold circuiwy 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 Integrator.

Integration and Sampling Circuit

The difference lies in the timing. Switch M7-6 allows current to
pass into the SIG integrator only during periods C6 to C9, soitis
the SIGNAL (sensed sinewave)® current minus the (DC REF)?
subtraction current which is mtegrared.

The integrator voltage is sampled and output as the'AC ERRCOR'
DC voltage (sub-sections 9.2.4 and 9.9.2), into the ourput
amplitude control loop.

9.9.8.2 Output Amplitude Loop Action
Consider the case of 'GUTPUT 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
R335 during periods C1-C4, but because Q5 is conducting, the
REF integrator capacitor C25 is discharged. Thus the DC
subtraction current s effectively zero (itis actually sufficient
to cancel the DC current in R35 due to the squarer bias).

¢. 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. ‘

n
Vil

During the first comparator cycle, this appears as avoliage at TP9
thus:

Quasi-Sinewave Input

(Quasi-Sinewave)?

Zero Reference

LI
The standing bias on the Ref. V 1o I Converter has immediately
set the (quasi-sinewave)® to an approximate zero mean.

The (quasi-sinewave)? 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)? 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 subiraction 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 ' voliageis 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
currentin R35, whose mean level begins to offset the effect of the
subtraction current on the SIG integrator.

After afew comparator cycles, the AC SIG? mean current and the
DC subtraction current are equal and opposite, so the current fed
through R335 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 (SIG?
current being at twice the output frequency), so the AC ERROR
voltage stabilizes.

Fig. 9.14 illusirates three stages in the process of increasing
output from zero; observing the current in R35 (je. the voltage at
TF9), 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 staris to charge C25.
During period C6 anon-zero subtraction current is applied to the
SIG integrator, resulting in a non-zero value of 'AC ERROR,
starting at C@ as the integraior voltage is sampled. This causes
the instrument sinewave output to rise from zero.

Stage 2.

On the next cycle the subtraction current imposes a positive shift
on the R35 waveform during C1-C3 and C6-C8. The squared
quasi-sinewave does not change in amplifude, but 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 resulis, as the AC input to the SIG integrator is
more equally balanced about zero.

Stage 3.

In this staie 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.
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9.9.8.3 °'AC ERROR' V-to-l Converter

(Circuit Diagran 400844 page 11.7-6)

To avoid noise pick-up, the AC ERROR voliageis converted inio
a current, for transmission to the Error Amplifier on the Sine-
Source Assembly. One half of M3 is used as a unity-gain
inverting buffer, and the other as a voltage-to-current converter.
The relay RL1 is not fitted, so M3-7 is linked directly to the test
switch 81 NORM' terminal.

At M3-7 the DC 'AC ERROR' voltage is inverted and used to
drive the current converter via AN1-3/12.

The current in AN1-4/13 is mirrored by the current in AN1-11/
6 (AC AMPL ERROR), which is sourced in the Sine-Source
Assembly by Md1a, the Error Amplifier (Circuit Diagram 430446
page 11.6-3).

Asthe AC ERROR signal DC voltage is varied by the comparator,
the current in M4 1a input resistance also varies, and is converted
into a varying voltage at M41a-1. This voltage is used o conirol
the main voltage-controlled amplifier M48 via Q71.

For further information about the VCA, refer to Section 9.3.

r’

Stage 1 Fust Cycle

TP
ov

AC ERROR
ov

bco | a1 | c2 | c3 | ca

. N

QUTPUT

Stage 2. Second Cycie

P9

AC ERROR:

ov

OUTPUT.

-

Stage 3. Steady-State

TPY:

AC ERROR:
ov

Stable Value

.9

OUTPUT }

FIG. 8.14 THREE STAGES OF QUTPUT BUILD-UP FROM ZERO
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9.10LOGIC CONTROL OF AC OUTPUTS

The general aspects of analog control functions are discussed
earlier in sub-section 7.10, subdivided as follows:

7.10.1  Laogic Levels

7.10.2  Heat Reduction
7.102.1 Update Considerations

The AC signals are routed through the DC assembly on their way
to the terminals and back; for the 10V, 100V and 1000V ranges
they are amplified in the Power Amplifier assembly. The signals
are subject to digital controls incorporated in those assemblies.

Descriptions of the controls in the DC and PA assemblies are
indexed in sub-sections 9.10.1 and 9.10.2, below.

9.10.1 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 affected 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
LIMIT' and 'AC 1kV RANGE' Logic.

As these two signals are activated only on the AC 1kV Range,
their effects are described in sub-section ©.7.6 (but reference is
also made to relays 12 and 13 in parqe 94.2.3).

7.11.1  Introduction : .
7.11.1.1 Latched Bistable Relays
7.11.1.2 Tristate’ Relay Drivers

7012  Clamp Assembly
7.11.2.1 UPD(IG) Distribution
7.11.2.2 Buffer Clamping

7.11.3  DC Assembly Switching Logic
7.113.1 DC Range Switching Logic
7.113.2 Function and Output Switching Logic

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
7.125  '400V ENABLE' Logic
7.12.6 'BIAS OFF’ Logic

7.12.7 LIM ST Logic
7.12.7.1 'LIM DET’

7.12.7.2 'LIM ST’ Generation
7.12.73 CPU Response

7.12.8 'LF','LF ' and '1kV GAIN'
7.12.9  Thermistor Comparator
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9.10.3 AC ASSEMBLY LOGIC AND RELAY DRIVES

(Circuit Diagrams 400844 Page 11.7-5)

The analog control signals are transferred into guard on the
Reference Divider assembly, and laiched as 'Q' outputs in the
Serial/Parallel Data Converier. Offset positive logic is used:

logic-@ = -15V, logic-1 =0V,

The signals enter the AC assembly via J7 from the Mother
assembly.

M28 and M29 are inverting, open-collector Darlington drivers.
The relay-drive logic places a logic-1 (0V) on the nput of the
selected drivers and logic-d (-15V) on those not required. A
selected driver operates its relay by pulling its cutput to -14V.

Whenever a swiiching command has been received, the CPU
performs a conirol-data iransfer and the UPD(IG) line from J7-
33 is pulsed to logic-@ for 50ms. Q19 is tuned on, applying
+15V to the relays conmecied io its collector. The selecied relays
are thus energized by 30V, but afier the UPD(IG) pulse hasended
Q19 wirns off, and they are held on by the -12.6V beiween -1.4V
atthe cathode of D20 and -14V at the selected driver output. This
method reduces the heat, generated locally by energized relay
solenoids, in the relay contacts.

FETs 42 and Q43 damp the coils of RL12 and RL13; diodes
D59 and D60 isolate parts of the printed circuit io these relays,
which are sensitive to power-comimon breakthrough when they
are deselected. 155 and D56 are overswing diodes.

8.18.3.1 Range Switching
(Page 11.7-5)

Range control data is input as a 3-bit code on ACR,, ACR and
ACR, lines. The bit-pattern is decoded o '1 of 8" by M25,
energize the correcirelays for the selected range. In thisinsizument
only eight of the M25 'Q)’ outpuis are connected. The resulting
variants are listed in Table 9.1 against range selections.

€.10.3.2 AC FNCT and I FNCT Logic
(Page 11.7-5)

In addition to its primary function of controlling AC Voliage
range switching, the AC assembly logic also needs to respond to
AC Current range seleciions if Option 40 is fiited; because the
AC voltage reference for the Current assembly is generated by
the Voltage circuitry. For this purpose the two signals AC FNCT
and I ENCT are used.

AT ENCT isatlogic-@ only when AC Voliageoutputiis selected,

holding M25-11 'D' input at logic-@, and energizing relays RL2
and RL10. This connects the star-point at Common-2B to the
PLO(ACV) line (J7-31) and SIG LO to the SLO(ACV ) line (J7-
32)(page 11.7-1). Thebit-paiterns controlling the voltagerange
switching are shown on Table 9.1,

ITENCT is at logic-3 only when Current ouiput is selected,
holding M25-11'D' input ai logic-@, and energizing relays RL2
and RL9, Thisconnects the ACI REF lines (J7-69 10 J7-72) to the
ACV lines (page 11.7-1). The 10V range output is used as
reference for the 100mA, 10mA and 1mA Currentranges, but the
1V range ouiput is used for the 100pA and 1A ranges. The bit-
patterns controlling the current range switching are also shown
onTable 9.1.

The signals AC FNCT and I FNCT are never at logic-@ at the
same time in normal operation. The only time they are ai logic-
1 together is when all cutputs from the Conirol Datalatches in the
Reference Divider are Tristated. 'DCI ensures that RL2 and
RL9 cannot be energized by selection of DC Current ranges.

9.10.3.3 "AC Zergo'

For zero cuiput, thelines from the voltage generators io thel+and
1- terminals ave disconnecied by deselection of the ranges, and a
hard short is placed across the ontput lines by RL18.

The ACR, codeis'l,1,1". Thisseis M25-4 tologic-1 (energizing
relay RL18) and all other M25 range ouipuis o logic-@ (the
resuliani bit-pattern is shown in Table 9.1). Thus all ranges are
deselected, but relays RL2 (ACV and ACI), RL3 (AC Low
Yoliage Outpui), RL10(ACV)and RL19 @kV)remain energized.
Relay RL18 connecis the PLO(ACYV) star-point of Common-2B
io the PHI(ACYV) line.

9.10.3.4 ‘BARK DELAYED'

The BARK' signal dees not affect the AC assembly relays.
However, if the Waichdog is activated, the CPU imposes
QOUTPUT OFF conditions and forces the Precision BC Reference
10 ramp down 1o zero, so the PHI REF voltage also falls to zero.

All outputs from the Control Daia laiches in the Reference
Divider (page 11 4-4) are Tristated’ by the BARK DELAYED'
signal. This allows the pull-up resistors (AN4 and ANS) i
become effective.

The ACFNCT and IFNCT are pulled to logic-1, and the
ACR,  codeis '1,1,1'. This imposes 'AC Zero' conditions on the
analog circuit, but RL2, RLY and RL10 are also de-energized. So
the DC precision reference is disconnected from the input to the
quasi-sinewave generator; the ACI(REF) is disconnected 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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Function Range Range Code M25 Output Relays Energized [° =Energized]
at Logic-1
Note [ 1: ACR; 4
ACR, ACR, ACR, Q Pin 8 9 0N 12 13 18 15 8 17 18 19 20
AC 1000V 0 4] Q Qg 3 B B o o
Volts
100V s} 4] i [a)} 14 5 ° o °
{ARCFNCT | OV ¢ 1 V] Qz 2 ° - o o
at
toge-B. | 4y o 1 1 az 15 . . . s
FNeT | 0omv |1 o 0© 04 1 o e s -
at
Logic1) 10mv 1 0 i o] ] e ¢ e .
v 1 1 0 Qs 7 - a N o
Any 1 i 1 Q7 4 o B a
AC
Current 100uA 4] i 1 [k} 5 s s - N
14
{BC FRCT
at
Logic-1,
TmA
IFNCT | 10ma 0 1 o az 2 o ° o °
at 100mA
Logic-@}

Nete[1] In normal opsration,unless the SAFELY

message is displayed; either AC FNCT or | FNCT,
but not both, will be at Logie-@.

TABLE 9.1 AC ASSEMBLY SWITCHING LOGIC
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SECTION 10 CURRENT OUTPUTS AND RESISTANCE

10.1 DC AND AC CURRENT

The circuiis described in this sub-section perform the following
functions:

o Divide the DC reference voltage by 10 to (-2V to +2V).

o Generate 2 DC output current whose value varies directly as
the reduced value of the DC reference Voliage.

o Convert the ACI Reference Voliage into an AC reference
current, having 2 high-impedance source.

°  Generate an output current whose value varies directly as the
value of the AC reference current.

o Provide switching of the DC or AC Current Range and
Output, under the control of the Analog Control Interface.

o Senseexcess output (compliance) voliage, providing a status
signal to the CPU via the Analog Conirol Interface.

The veliage-to-current converter is located on the Current or
Current/Ohms assembly, providing five DC and five AC ranges
of current cutput. The full range values are 1A, 100mA, 10mA,
1mA and 100 A, extending to 100% overrange, for bothDC and
AC Current. The output is drawn from the instrument I+ and I-
terminals; the Hi and Lo terminals not being used.

10.1.1 VOLTAGE-TO-CURRENT
CONVERTER

-~ Fig. 10.1 shows the basic arrangemeni. A DC or AC reference

voliage is developed across R1 between the ouiput and the
inverting input of the high-gain amplifier. Iis cutpui conmects o
its other input by a 'shunt’ network, part of which caities the
outpui current.

The combined feedback forces the differential inputio zero, This
adjusts the current in the positive feedback path until the full
value of the reference develops across the path. For example in
Fig.10.1 no current flows in R2, so all of VRef is develops across
Rs. The values of VRef and 'shunt' Rs determine the current
flowing in the external circuit. Rsis switched to select therange,
and VRef is varied io set the output current within the range.

Q O
V Ref s
R
¥ h
ov
+
<2 oy T Vs (= V Ref) —
R2 [ Rs
External
Load

v,

FIG. 10.1 BASIC
VOLTAGE-TO-CURRENT CONVERTER

10.1.2 AC CURRENT GENERATOR

(Circuit Diagrams 430614 Page 11.8-1 and
430540 Page 11.13-3)

Because a return path is needed for the output current, a
‘compliance'signal voltage appears betweenthe I+-and I- terminals.
The magnitude of this voliage is specified inthe User's Handbook,
and the specification is met by floating the input fo the ouiput
amplifier.

On the DC ranges the floating DC reference 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, o 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 siage is followed by a range-swiichable current
amplifier (the laiier is the voltage-to-current converier for DC
ranges). The combination is simplified at Fig. 10.2.

In the figure, the AC Reference voltage is applied via iwo
resistors R1 and R3 to both inputs of the firststage. [tis arranged
for the resisior values to conform io:

RZ _ R4

RT ° RY
so the ouiput impedance of the stage is virtually infinite, and its
output ‘floats'.

The second stage is a current amplifier, receiving the cutpui
current of the fixed siage o generate a voliage across R5. This
voliage is repeaied across R6, whose value is range-swiiched.
Any resistor Rs does not affect the outpul, carrying no current.
The current amplifier supplies are booisizapped 1o improve
common mode rejection.

ACY to ACH Current
Converter Amplifier

RI R2

R4

RT "R3

R2 _ R4] _ Floating
= output

FiG. 16.2 AC CURRENT GENERATION
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10.1.3 DC AND AC REFERENCE -
SOURCING AND SCALING

The DC output currents are bipolar, direcily controlled within
each range by the +20V reference voltage (REF) from the
Reference Divider. On DC ranges, REF is divided by 10 in the
input attenuator, For the ImA,10mA and 100mA ranges, the
12V full scale span is available across the selected range shunt.

To optimize component choice and minimize the relay count,
software further divides the DC reference by 10 for the other two
ranges. On the 1A Range a full scale span of £200mV can be
applied across its 0.12 shunt, and for the 100uA Range the
+200mV can be applied across the combined shunt resistance of
1000<2 assigned to the ImA Range.

The AC output currents are controlled within eachrange by the
value and frequency of the ACI(REF) voltage. This reference
voltage is generated by the circuitry used for AC voltage ranges:
the 10V Range for the 1mA, 10mA and 100mA ranges; but the
1V Range for the 100pA and 1A ranges. Thus the same shunt
values and switching relays can be used for both AC and DC
current outpuis. The highest frequency available is Skiiz.

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 DC reference for the whole
instrument. It is sourced in the Reference Divider on 14-9/10/11/
12 (page 11 4-3) as a 4-wire output, which enters the Current/
Ohms assembly from the Mother assembly on J8-1/2/3/4 (page
11.8-1). Relay RL7 is activated for DC Current Ranges, 5o the
PHI(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, end applied between the inverting input of the V-1
converter and the output of the Dearlingions on the PS/I heaisink
at J19-7 (ome of the relay contacts RL1-2/3 or RL1-10/11 is
always made).

10.1.5 AC CURRENT REFERENCE
"PHI (AC! REF)
(Circuit Diagrams 400844 Page 11.7-1.and
430614 Page 11.8-1)

On the 1001 A and 1 A ranges, the AC 1V Range cirouit provides
the 2V RMS Full Scalereference; onthe imA, 10mA and 100mA
ranges the AC 10V Range circuit provides 20V RMS at Full
Scale.

On the AC assembly (Page 11.7-1), for T function, RL9 is
energized and RL10 is not. The reference voltage for the current
generator is derived from the PHI (ACY) and PLO (ACV)
signals; and sensed a1 the input to the Current or Current/Ohms
assembly. The sensed ACI REF is returned to the appropriate
connections on the 1V/IOV 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 voliagh by 10, so
the RMS voliage applied to R43 is the same as the DC voltage
applied for corresponding ranges and output settings.

10.1.6 RANGE SELECTION

Fig. 103 showstwo Range configurations of the current amplifier.
Tn each case V Ref is 10% of the reference voltage. The polarity
of the solenoid current of bistable latching relay RL1 determines
which state is selected. Solenoid current is not required for hold-
on, only to change state.

The voltage across the I+ and I- terminals is fully compliant up
to 3V DC or RMS. Each range has resistance in series with the
I+ terminal to enhance stability for reactive loads.

10.1.6.1 1A Range
(Refer to Fig. 103a)

Relay RL1 closes contacts 8/9, 11/10 and opens contacts 2/3.
RelaysRL2,3,4, and 5 arenot energized. The only output current
path passes through the 0.1 shunt R80. Thus in the positive
feedback path all of VRef is developed across R80, and no current
flows in R79, R8, R9 or R10. As V Ref is scaled to 100mV DC
or RMS Full Range, the full range output current in R80 is:
100mV/0.102 = 1A,

10.1.6.2 100mA, 10mA, and 1mA Ranges
{Refer to Fig. 10.3b)

Relay RL1 is activated so that contact RL1-3/2 is closed, contacts
RL1-10/11 and 8/9 are open. One relay from RL2, 3 and 4 is
energized by range, RLS is also energized on the 10mA and
100mA ranges for extra HF filtering. Al currenis now avoid the
0.1£2 shunt, passing instead through the 10€2 shunt R79. R79 is
mounted with R80 on a separate hesisink assembly, plugged into
the main Current or CurrentfOhms assembly (refer to the Layout
Drawing, page 11.8-1 for altemative versions).

On the 100mA range, VRef is scaled 1o 1V DC or RMS Full
Range, 50 the full range current flowing through R79 to the I+
terminal vig RL3-14/8 is: 1V/1082 = 100mA.

For the 10mA renge, R8 (90.0003) is included in the current path,
8o the full range cutput current is reduced to 10mA., 900.002 (R9)
is added on the 1mA range.

10.1.6.3 100uA Range
(Refer to Fig. 10.3b)

The hardware is switched as for the 1mA range, but either the DC
REF voltage is scaled in software to 1V full range, or the ACI
RER voltage is obtained, as for the 1A range, from the AC 1V
range circuitry. Thus YRef is scaled to 100mV DC or RMS Full
Range, and the full range output current is 1I00pA.

10.1.6.4 10A Range

The 10A range can be selected only if a Model 4600 amplifier is
connecied to the instrument by the digital and analog conircl
busses. The 4600 converts an input voltage to an cutput current,
so operation of the 4808 in 10A range is more appropriate to the
discussion of DC and AC Voltage (sections 6.1 .9 and 7.3.8).
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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 (TP3) 1o the
ouipui, and Lo (TP4) to the inveriing inpus through R44,

The conversion amplifier is in two sections: avoliage preamplifier
onthe Curreni assembly ( page 1 1.8-6) or Currens/Ohms assembly
(page 11.8-1), and a power amplifier on the PS/1 Heaisink
assembly (page 11.13-3). Thelatieris also drawn, for convenience,
on page 11.8-1 and page 11.8-6.

The whole amplifier is also used as the Current Amplifier for AC
output currents. In that case it is preceded by the AC preamplifier
M8 (sub-section 10.1.9).

18.1.7.1 Voltage Preamplifier

M3, M4 and 6 form a high-gain, chopper-stabilized voliage
amplifier. M3, itself a chopper-siabilized amplifier of high gain
and approximately 10Hz bandwidth, trims the input offset of Q6,
which provides the bandwidth necessary to pass the signal
frequencies and reject common-mode noise.

M4 contributes additional gain and drives the high-currens output
stage via link TLE. Its load, consisting of R26, R23 and R28
shunted by Q7 in the Heatsink assembly, is supplied with a
constant current by Q9, D6 and Q11. Additionel frequency
compensation is provided by C43 and R81.

The supplies to Q6 and M3 are bootstrapped by M7 for common-
mode rejection, also linearizing the preamplifier's dynamic
response. Extensive screening and filtering is employed to
eliminate the effects of the chopping spikes 2t the inputs and
cutput of M3.

10.1.7.2 High Current Output Stage
(Circuis Diagram 430614 Page 11.8-1 or 401008
page 11.8-6, and Circuit Diagram 430540 Page
£1.13-3)

The main current amiplifier and iemperatre-sensing driver load
(Q7) are locaied on the PS/I Heatsink assembly. The quiescent
current "SET L adjustment is situated on the Curvent or Current/
Ohms assembly.

10.1.7.3 Temperature Compensation

Transistor 7, thermally attached to the heatsink and in parallel
withR26, R23 and R28 on the Current or Current/Ohms assembly,
acis as the load for the preamp buffer. As theheatsink temperature
increases, Q)7 conduction increases, reducing the drive to the
current amplifier. This compensates for increased inirinsic
quiescent current in the two Darlington output devices.

10.1.7.4 Culescent Current Adjustment

FET Q2 acts as constant 1.4mA ballass for the 3.3V zener diode
D6, which sets the voltage across R27 to approx. 2.6V. This
establishes the collector current in 11, generating a constant
current in the buffer load.

The voltage across the load is supplied to the PS/I heatsink as
drive for the high-current amplifier. The tapping at J8-110 sets
the base conduction level of Q7 on the heatsink, which in tum seis
the level of its collecior conduction, adjustable by R23, This
therefore adjusts the guiescent current in the ontput devices Q1
and (32.
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10.1.7.5 Power Amplifier

Darlington emitter-followers Q1 and Q2 form the power output
amplifier, current-limited by Q5 and Q6. The bias is set 0
provide some 100mA of quiescent current, which reduces the
outputresisiance of the stage, improving the dynamicresponse of
the output current. This also suppresses any tendency for the
drive from the preamp buffer o fluctuate for cuiput currents
around zero; as the drive voltagemust 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 AC VOLTAGE-TO-CURRENT
CONVERSION

10.1.8.1 AC Voltage-to-Current Converter Ma
(Circuit Diagram 430614 Pagell.8-1 or 401008
page 11.8-6)

The reference voliage PHI(ACT REF) is applied o the inverting
input of M8 via resistor R45, with R46 as feedback resistor.
Similarly R47 and R48 are connected on the non-inveriing side.
The 18M&resisiors R82 and R83 shunt R47 io allow compliance
adjustment by R31. R86 refers the inpui to Common-11, themain
'signal’ common.

10.1.8.2 Current Amplifier

The output AC current from the converter, flowing through R48
io restore M8 input virmal-common, passes via R85 into the
Current Amplifier feedback resistor R43. ligenerates arefersnce
AC voliage between ihe ouiput of the whole Current Amplifier
and its inverting input. This is reflected on its non-inveriing side
by the curreni flowing through the range-switched output shumts'.

The whole amplifier is alsc used as the Voltage-to-Current
Converter for DC output currenis (sub-section 10.1.8). The
Preamplifier and Outpus sections have the same operation as in
the DC case.

10.1.9 OUTPUT PROTECTION

Diodes 18 and D19 are 5V, 5 Watt zeners, placing an absolute
Timit 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 io drive current into open
circuit (e.g. by discommecting from a load with OUTPUT ON). In
this case D18 and D19 protect any voliage-sensitive load by
limiting the output voltage to 5V. But before the voliage reaches
this limit, the overvoliage protection circuit generates the LIM ST
signal.

10.1.8.1 Guard Buffers

M1 guards out the leakage of D18 and D19 in normal operation,
and protecis 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 acis as a
buffer for guards around the amplifier input, thus preventing any
commen-mode disturbances from affecting the performance of
the main amplifiex.

10.1.9.2 Overvoltage Detection

The cutput guard buffer M1 drives the overvoltage detection
circuit, M15 divides the cutput voltage by two and acts as an
inverting full-wave rectifier, accommodating AC and both
polarties of DC. The full-wave reciified voltage at M15-14 thus
increases negaiively as the cutput voliage increases, charging
32 to its mean value at M15-10. M15-9 is biassed 10 -2.2V, so
M15-8 reverse biasses D10 unless the terminal voliage exceeds
4.8V RMS, when M15-8 swings (o the negative rail and pulls the
LIM ST line to -15V (logic-@).

The diode D10 is part of a diode-OR gate, linking LIM ST o the
LIM ST line, which enters the Reference Divider at J4-76. The
CPU receives the LIM ST siams signal via the SSDA serial
mterface, and if at logic-i presents the ‘Brror OL'messageonthe
MODE display. If in the 100mA or 1A range, the Ouiput is
trned off and the DC precision reference is ramped (o zers, 1©
limnit 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.
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10.2 RESISTANCE
10.2.1 INTRODUCTION

Eight standard resistors are mounted on the Ohms or Current/
Ohms Assembly, each being part of a combination whose total
resistance is factory-adjusted to a value close to nominal. They
ate 4-wire connected 1o the instrument terminals by range-
selection relays. Nominal values are 100, 10082, 1k£2, 10k,
100k€2, 1M, 10ME) and 100ME2.

10.2.2 RESISTOR CIRCUITE

10.2.2.1 4-Wire Connection Symmetry.
(Circuit Diagram No. 430614 Page 11.8-3 or
401047 page 11.3-8).

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 the 'QQ OUTPUT' relays RL24 and RL25. This
ensures that both sides of each resisior connect to the front panel
terminals through the samenumber of similar thermal connections.

To achieve the low leakage required for the Megohm ranges,
particularly for the 100M{2 range, a further relay RL17 is used io
isolate the parallel leakage paths of the lower range circuits.

The use oflaiching relays eliminates the heating effect from their
solenoids. But it is important that all non-thermal relay coniacis
are made back-to-back io cancel thermal effects. Thus only the
connections to non-latching relays RL24 and RL25 actually need
to be back-to-back, although most others are.

This symmetvical, 4-wire arrangement iransfers the stability and
accuracy of each resisior to the front panel terminals.

10.2.2.2 4-Wire Junctions and Pre-get
Trimming.

RE3, R64, R65 and R72 are 4-wire resistors, so for 1002-10K 0
selections the 4-wire junction is at the standard resistor itself.
Theseresisiors are parallel-trimmed. R62,R74,R73 and R71 are
two-wire resistors. For these higher resistance values, 100K,
1MEQ, 10MC and 100ME, series wimming is used and the 4-wire
junctions enclose the series chain.

Trimming resistors are selected and adjusted in the factory, in 2
carefully-conivolled environment, against iraceable standards.

10.2.3 METHODS OF CALIB

RATION

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 QUTPUT display
does not show nominal; but 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 o
nominal. Soroutinerecalibration consists of accurately measuring

the resistor value and setting the display to vead that measured
value, without removing the Instrument covers (refer to User's
Handbook Section 8). The facior which corrects the nominal
value to the measured value is stored innon-volatile RAM on the
Digital assembly.

During recalibration, if a user enters a value cn the OUTPUT
display which is outside the span of the calibration memory, the
instrument displays "Error 6", As any resistor drift is normally
just a fraction of the span, "Ervor 6" appears only when an
erroncous value is entered, (eg. if a resistor's value has been
changed by the sivess of an overload).

10.2.3.2 Internal 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 froni panel, each resistor
combination includes an internal wrimmer (para 10.2.2.2). A
procedure for adjusiment of the trimmers is given in sub-section
1.4, but this should be limited 1o values less than about 50ppm
outside tolerance. If aresistor is found io be more than £50ppm
outside its tolerance, it is likely to be unserviceably damaged, so
itis advisable ic have such aresisior tested or replaced by an agent
of Dairon Instruments.

10.2.4 USE OF 'Remoie Sense’ KEY

10.2.4.71 4-wire/2-wire Display Values.

In © function, selection of Remote Sense mode (Key LED lit)
displays the messured value for the 4-wire connection, but 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 Q function selected, pressing the zero key on the front panel
closes the contacis of relay RL16. This provides a true 4-wire
short, the existing resistor remaining connected.

If the Rem semse LED islit, the displayed value is zero and cannot
be calibrated; but if unlit, the resistance of the short plus internal
wiring can be measured and entered on the display, using four-
wire measurement at the Hi and Lo terminals. Subssquently,
each time the ‘Zera' key is pressed in ‘€2’ function with the Rem
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 or 401008 page 11.8-6 or 401047 page 11.58-8)

The PHI, PLO, SHI and SLO connections are routed via the
Current, Ohms or Current/Ohms assernbly, and it is there that
they are switched between functions. The outpuis of the three
functions V, I and £ are swiiched by separate relays onto the
terminal lines (Fig 10.4):;

Voltage Outpuis

Relays RL8 and RL9 are de-energized as shown on pages
11.8-1 or 11.8-6 cs applicable. Relays RL24 and RL25 are de-
energized as shown on pages 11.8-3 or 11.8-8 as applicable. The
DC or AC Voliage Power and Sense connections to the DC
assembly are routed out to the I+, I-, Hi and Lo terminals via
laiching relay RL23 closed contacts.

NB  If neither Option 40 nor Option 50 is fitted, the Current/
Ohms Link pebis fitted inits place to make direct connection
from the DC assembly io the terminals (Section 3).

Current Outputs ‘

Relay RL23 contacts are laiched open, and if Option 50 (Chms
function) is fitted relays RL24 and RL25 are un-energized.
Relays RL8 and RL9 are energized to connect the cuiput from the
selected shunt to the PHI and PLO lines only.

Resistance

Relay RL23 contacts are latched open, and if Option 40 (Current
function) is fitted relays RL8 and RL9 are un-energized. Relays
RL24 and RL25 are energized to connect the selected standard
resistor to the four PHI, PLO, SHI and SLO lines, regardless of
the staie of Remote/Local switching. To avoid the intrusion of
extra thermal voltages, no additional switching is employed for
selection of 2-wire connections.

DC or AC LINES to
VOLTAGE TERMINALS
JB8-25 J8-8/9
PHI(V) O — % PHI
Js-26 |
SHI(V) &— SHI
J8-30
SLOCV) Gt SLO
J8-20 | .
PLO(VY O PLO

FiG. 10.4 ROUTING OF FUNCTIONS ON CURRENT AND/OR OHMS ASSEMBLIES
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10.4 CURRENT AND/OR OHMS ASSEMBLY ANALOG CONTR(

10.4.1 INTRODUCTION

{Cireuit Diagram 430614 Page 11.8-2 or 401008
page 11.8-7 or 401047 page 11.5-9)
10.4.1.1 Control Signals

The analog conirol signals are transferred into guard on the

Reference Divider assembly, and latched as 'Q)" outpuis in the

Serial/Parallel Data Converter. Offset posiiive logic is used:
logic-@ = -15V, logic-1 = 0V.

The signals enier the Current, Olms or Current/Ohins assembly
via I8 from the Mother assembly.

10.4.1.2 Types of Relays

Guarded Reed Relays
Relays RL2, 3,4 and 5 ar
on by 15V.

e guerded reed relays activated and held

24Y Relays
Relays RL 8, 9, 24 and 25 are 24V relays, activated during the
50ms UPTXIG) pulse by approx. 30V, but held on by 15V.

Polarized Relays

Relays RL1, 7,10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 23 and 26

are 6V latching relays, activated by approx. 7.5V between M10-

13 at -7.5V and either 0V or -153V from the drive output of the

ci!am} aJsc,mm\ty These relays, sirung out between the output of
r {M10) and the Clamp assembly, are activated

sy during the 50ms UPD(IC) pulse. They are polarized bistable

relays, which require no hold-on power.

3%

10.4,

4.2 LATCHING RELA
CLAWMPING
The Ohms and DX

C Current civcuitry is mainly controlled by low-
thermal relays, many contacis being fited ’39 ck- cioreduce
tempez'atm’e effects. For the fastest response, the @uipu relays

8.9, 24 and 25 are not latched, but can wip out quickly if the
power supply fails, removing any sensitive circvity from the

terminals.

el

All the other Ohms relays, the AC/DT Current changeover
relays, 1A Range relay, and Volizge ouniput relay are latched;
allowing hold-on withont power, to minimize the imternal
temperaiure af their contacis. As they are polarized they need
bipolar actuating drive, which is provided by Trisiate' relay
drivers and 2 bias amplifier.

10.4.2.1 Lalched Bislable Relays

As can be seen from the circuit diagrams, the relays are strung out
between the output of their bias amplifier (-7.5V at M10-13) and
the drive outpuis from the Clamp assembly.

The bias amplifier M10 is a frequency-compensated voliage
follower, buffering the tapping of atienuator AN5/R97. So one
side of eachrelay is held permanently a5 -7.5V. The relay drivers
on the Clamp assembly can provide outputs at 0V or -15V when
enabledby the UPD(IG) pulse, buireturn to iristaie when disabled.
Arelay is therefore driven to one or the other of iis bistable staies
during update, then magnetically laiched in the chosen state
when the driver outpui returns 0 open-circuit.

‘i;a im the same polarity

semse gic-1 (0V), the zelay
intches e logic-@ (-15V)

updats, th ied. For RL17 these conditions are
reversed. I;r the mzﬂug cireuit dlagm_w, the relay contacts are
shown i their deselected state, equivalent to the un-energized
staie of & mm'em;i@nai non-latching relay. In the analog
descriptions relays may bereferred to as being 'energized’ or un-
ena Lgmco,,

10.4.2.2 "Tristaie’ Relay Drivers
Cirenis Diagram 430669 Page 11.8-5).

The relay drivers (M1 and M3 on the Clamp assembly) are octal
Tristate’ buffers, Each chip is served by two inverted enable
inputs en pins 1 and 19 (four buffers - half the chip - per enabling
input).

Whenever a swiitching command has besn received, the CPU
performs aconirel data wansfer and the UPD(IG) line from J8-60
is pulsed to -15V for SC0ms.

Generally, the switching logic places a logic-1 (V) on the input
of selected drivers, and logic-@ (-15V) on those whose function
is not selected. Because all the buffers are non-inverting, during
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 RL17 (M3-15/5) performs in reverse, J13-15
being pulled to logic-@ to allow selection of the lower resistance
Tanges.
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10.4.3 CLAMP ASSEMBLY

(Circuit Diagrams 430614 Page 11.8-2
or 401008 Page 11.8-7 or 401047 Page 11.8-9;
and 430662 Page 11.6-5).

On the Current, Ohms and Current/Ohms Relay Drive Logic
circuit diagrams the Clamp assembly is shown in block form
only. Also, the peb pin numbers correspond to the pin numbers
of the buffer chips: J14 and J15 being the connections to M1 and
M3 respectively. For signals crossing the block from botiom to
top, the output of each non-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.

10.4.3.1 UPD{IG) Distribution

As the UPD(G) signal is disiribuied as the 'enable’ to 16 buffers,
itis itself buffered by M16 at M 16-3 before being fanmed out. So
the four UPD(IG) connections at the left of the block are inpuis
to four seis of four buffers.

10.4.3.2 Bufier Clamping
(Circuit Dingram 430669 Page 11.8-5).

The 40244 ocial buffer canbe sourced from several manufacturers.
Some variants are protecied against SCR avalanche if the @Lﬁpm
voltage were io exceed the rail voliage, but some are not. Eac
buffer drives its output inio the solencid of a relay, and is
switched on and off by the update enable. The seli inductance of
the solenoid can generaie back EMFs well in excess of the rail
voltage, so to guard against the possibility of catastrophic faiiure,
it was decided to provide external proisction in the form of 2
clamp cirenit,

On the Clamp assemnbly Q1, 02, Q3 and 24 form two power
supplies, each delivering aregulated voliage of 2 diode-drop less
than the rail voliage, called +VE CLAMP' and -VE CLAMP'
A diode connecied from the buffer outpui to sach of the clamp
lines allows the cutput voltage to rise o the rail voltage but not
1o exceed it (see Fig. 10.5),

10.4.2.3 BCD - Decimal Decoder M2

The function of M2 is to decode the octal Ohms Ranging signal
RE3,  with the (2 ZERO signal, providing switching information
for individualrelays. Toprovide flexibility for other applications,
the inpuis and decoded outpuis for M2 are takenout topins of J18,
the outputs being linked back o selecied pins of J13 and J14.
These connections are shown on page 11.8-2 and 11.8-9.

Refer to sub-section 10 4.6 and Table 10.3 for a discussion of the
M2 decode and resultant relay operation.

s |
sveoiame 07V |
+VE CLANMP o7V Yg 7
{ Relay

Solanoid
O IO Y
L/C{/ i

ENABIE (
° !

<. ; +0.7Y
!

WECLAWT gy |
FIG. 10.6 TYPICAL CLAMPED Bt
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10.4.4

0.4.4.1 Funection Relays

The Function relays are locaied at top right of the circuit diagram
onpage {1.8-2,11.8-7 and 11.8-9.

RLS and RLYS on page 11.8-2 or 11.8-7, when energized, select
the Current function.

RL24 and RL325 on page 11.8-2 or 11.8-9 select the Ohums
fanciion.

RILZ23 connects the Voliage ouipuis to the instriment terminals,

For the analog connections refer to sub-section 10.3.

10.4.4.2 Yoltage Ouiput

Selection of the DC or AC Voltage function at the front panel also
deselects Current and Chrns funciions in sofiware. The I FNCT
and £ FNCT signals are set io logic-1, and decoded by M17-8,
M16-16 and M16-11 io set the V OUTPUT signal o logic-1.
This activates relay RL23, connecting the voltage output lines o
the front panel terminals.

The IR, , code is '1,1,1", setiing only M6 'Q7" (pin 4) cuiput ©©
Thus t‘he Currentrangevelays RL2Z, RL3 an
un-energized. If Option 40 (Current funciicn) is filted, relays
RLE and RLS are un-energized, disconnecting the current output
and shorting it to the current comumon-I11. RL1T is latched
1A position, selecting R79

connecis the 10mA/100mA filter.

LA areall

U‘;

eference 1o RE0; and RLS

S‘“mcel NCT is atlogic-1, the DCL and ACT signals sre at logic-
7 relays R1 7 :m,;?@ aTe -Ener Wm wsr‘o Th2ctis

a:ﬁd AL refe
Biagrom /,08 4 Paﬁesh / i _i.i./-5/

In the AC assem Lly the logic-1 I FNCT signal {I7-86) ds-
energizes R1.9. This discommects the ACI REF lines (J7-69 10 17
72) from the ACY lines. Thus the voliage (6 current com
(M8 on the Curvent or Current/Ohms assembly) receives nio input

d

voltage, and so no current is generated. AC FNCT conmects the
ACY lines only for voliage ranges.

YV, 1 AND Q FUNCTION SWITCHING

10.4.4.3 Current and Ohms Functien Switching

The function selection logic is included later in the descriptions
at sub-sections 10.4.5 and 104.6.

10.4.5 CURRENT SWITCHING LOGIC
{Circuis Diagram 430614 Page 11.8-2 or 401008

Page 11.8-7)

10.4.8.1 I GUTPUT Relays BLE and RLY

Whenever a swiiching commeand has been received, the CPU
performs a control-daia iransfer and the UPD(IG) line from J&-
60 is pulsed 1o logic-@ for 50ms. Q1 and Q7 remain cut off until
the pulse arrives. The pulse turns Q1 and Q7 on, applying +15V
to the relays connecied to Q1 collector.

Any selected telays are thus energized by 30V, but after the
UPD(IG) pulse has ended they ave held on by the 13.3V between
-0.7V atthe cathode of D2 and -14V ai the selecied driver (M20)
oulput, This method reduces the local heat, generated by energized
relay solenoids, in the relay contacis.

ecoded so that RL8 and RLY
ent funciion has been selected

The TFNCT and OFF sagnm
are energized only when the C
and Ogtpm is ON,

(e

Unccz m ese conditions; if DC Current is chosen, then the DT

, 80 Mi9-10is also at logic-1 and RL7 closes its
comamstoa pply the DC Reference REF tolisvoliage-to-cusrent
converier. i AC Current is chosen; BC Tis atlo lcn{” b, 80 M9-9
goes to logicl and RL26 closes its contact. This connecis the
ouipt from its voliage-to-current converter M8 to the input of its

current amplifier,

Funstion Signals Relays Activaied
Qurrent, Ohms or Current/Ohme |AC Assembly
Assembly as appliceble
Ri8 RL24 RL22 RL7 RL28] RLS RL1O
RLe RL25  (Latching Relays - RL2 RL2
OFF BARK FTFNCT QFNCT DCl ACFNCT = Pin 1 at Logic-1)

[3le]] %] @ 4] i i i i #

ACH 1%, %] %] 1 7] i ® # *

pey 4] %] 1 1 @ i ®

ACY %8 @ 1 i 5] @ % %

Q @ %] 1 @ @ i &

TABLE 10.7 CURRENT/OHMS ASSEMBLY - FUNCTION LOGIC
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18.4.5.3 Current Range Relays R1L1,2, 3,4 and 5

M12 is a Darlingion open-collector inverting driver array. The
relay drive logic places alogic-1 (0V) on the input of the selected
drivers and logic-@ (-15V) on those not required. A selected
driver operates its relay by pulling its output to -14V,

The octal Curreni Ranging signal IR, ; is decoded by M6 i
provide four individual cutpuis for Range relays:

Range M6 Relay Reference Source
Output DC AC
14 Q2 RL1 2V o 42V 1V Range
160mA Q3 RL3 20V o +20V 10V Range
10mA Q4 RL2Z 20V o +20V 10V Range
TmA Q5 RL4A 20V o +20V 10V Range
100uA Q5 R4 2V o 42V 1V Range

The (3 and 34 decoded outputs for the 100mA and 10mA ranges
ave ORed at M17-6 10 operate RLS, which introduces HF filter
capacitor C49 on both these ranges.

RL1 is a bistable laiching relay with a single operating solenoid.
A logic-1 at pin 1 swiiches the 1A range on, and a logic-@
switches it off. Normally pin 1 is {loating on open collecior, 50
the relay remains laiched in one bistable state with iis solenoid
un-energized. During the 50ms UPDIG) pulse, non-inverting
buffer M1 onthe Clamp asserably is enabled, allowing the M6 Q2
state to change RL1 over (if programmed), before the UPDIG)
pulse ends.

10.4.5.4 Current Zero-Output

DC Current Zero

The DC Current cuiput can be continuously incremented between
its negative and positive Full-Scale cuiputs. Thus zerooutputcan
be selected by operator-adjustment of the 'REF value using the
'OUTPUT keys, or pressing the "Zero' key, which ramps REF to
zero. Thezero value is corvected during Routine Autocalibration.

AC Current Zere

For AC zero ouiput, as each range operates only between 9% and
200% of nominal, zero cannot be selecied by adjustment of the
OUTPUT keys. The AC zero is normally obtained by using the
"Zero' key which, through sofiware, disconnects the lines from
the current generator 1o the I+ and I- terminals.

The 'OFF signal is set to logic-1, and the IR, code is ‘0,8,
This sets all M6 ouiputs o logic-@, so the Current Range relays
RL2,RL3 and R1A4, and the filier relay RLS, are all un-energized,
end RL1 latches in the TA position (R79 is selected in preference
to R80).

Relays RL2 and RLY are de-energized by the OFF signal, (o
open-circuit the I+ and I- terminals, and short the current amplifier
ouiput io common-11. While seiting OFF 1o logic-1, the CPU
also forces the Precision DC Reference to ramp down o zero, 50
the AC reference voltage also falls to zero, and the current
generaior has no input. Thus the high current arnplifier is not
trying to produce an cutput curvent, and will not be damaged.

Funeiion Range Rangs Code Ri8 Output Pine Relays Aetivaied
7, 02 O3 04 O5 @7 ALti RLT RLz RL3 Ri4 BRBL5 RLB
T+ - ALe
R, | IR 2 15 1 & 4 i2- 12+
{Latching)
Yor & M/A i i 1 1 i *
100uA i %] 1 1 i * i
bCh 1mA ] 2 1 1 " “ "
or 10mA i & D i i * * °
ACH 100mA @ 1 i i * N * ¥
1A D 1 i “ *
ACI ZERO Any o @ o *

TABLE 16.2 CURRENT RANGING LOGIC
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10.4.6 RESISTANCE SWITCHING LOGIC

(Circuit Diagram No. 430614 Page 11.8-2 or 401047 Page 11.8-9).

10.4.6.1 Output Switching.

Whenever a switching command has been received, the CPU
performs a control-data transfer and the UPD(G) line from J8-
60 is pulsed to logic-@ for 50ms. Q1 and Q7 remain cut off until
the pulse arrives. The pulse turns Q1 and Q7 on, applying +15V
to the relays connected to Q1 collector,

Any selected relays are thus energized by 30V, but after the
UPD(G) 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 methodreduces thelocal heat, generated by energized
relay solenoids, in the relay contacts.

The Q 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.

(ie. If M16-9 [OFF-{) FNCT-BARK] = logic-1, RL24 and
RL25 are energized ).

10.4.6.2 Range Switching

Range conirol data is input as a 3-bit code on QR , QR and R,
lines. The bit-pattern is decoded by M2 in the Clamp assembly
w activate the correct relay(s) for the selected range. The
resulting variants are listed inTable 10.3 againstrange selections.

Relay RL17 is activated 1o connect the lower Ohms (<1M£)
ranges to the output line only when the Megohm ranges are not
activated. Thisreduces the parallelleakage (para10.2.2.1). NOR
gate M19-6 combines the signals which will activate RL17;
bearing in mind that the polarized RL.17 connections between its
driver and the -7.5V rail are the reverse of all the other latching
relays. Thus it closes iis coniacts when M19-6 is at logic-@
(-15V), not logic-1 (OV).

The signal states which cause RL17 to close its contacts are:

QFNCT - logic-1 (Ohms function not selected)
or QR2 - logic-@ (10€2, 100G, 1K€, or 10kQ2
selected)
or QZERO - logic-1 (Ohms Zero selected)
or Ji8-1 - logic-1 (Clamp assembly M2 Q4 at

logic-1 - 100k€) range selected)

10.4.6.3 Ohms Zero.

The Q FNCT and 2 ZERQ signals are NORed by M19-10 and
inverted by M17-12 so that RL16 is activated either when the
Ohms function has been selecied and the Zero Key has been
pressed, or at times when the Ohms function is not selected.

Range Range Code M2 ' Output Relays Acitivated
(QR, ) (Clamp Assembly) (All latching relays)
QR, OR, OQR,

10Q 8 © O Qo ALi3)

1000 g 2 1 Q1 RLi0 )

1kQ g 1 G Q2 RL14 )

10kQ 2 1 1 Q3 RLi2 ) Each relay selects when

100k i 2 O Q4 ALi1 ) pin 1 = Logic-1 (OV)

1MO i 3 1 Qs RL20 )

10MOQ i i B Q6 RLi9 )

10000 i 1 1 Q7 RL18 )

Q Zere (All Range relays deselectad) RL18 Relay selects when
pin 1 = Logic-1 (OV)

Ranges <1MQ (excluding Q2 Zero) RL17 Relay selects when
pin 12 = Logic-1 (0V)

TABLE 10.3 OHMS RANGING LOGIC
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10.4.7 DEFAULY AND STATUS LOGIC

10.4.7.1 'OFF

The OFF signal is combined with the TFENCT and Q FNCT
signals to ensure that when the instrument QUTPUT OFF key is
pressed, the selected function's circuitry is disconnected from the
terminals. For Current outpuis, RL8E and RL9 disconnect the
terminals from the current output; and for Resistance, RL24 and
RL235 disconnect the standard resistor.

10.4.7.2 'BARK’

The BARK signaliscombined withthe  FNCT and DC Isignals
1o ensure that when the Watchdog barks, the selected function is
disabled. For DC Current outputs, RL7 disconnects the REF
signal from the High-current V-io-1 converter; for AC Current
outputs, RL26 disconmects the drive from the AC reference V-to-
I converter to the High current amplifier; and for Resistance,
RL24 and RL235 disconnect the siandard resistor.

The effects of BARK DELAYED' follow after 47ms.

10.4.7.3 '‘BARK DELAYED®

If the Watchdog is aciivated, the BARK signal is generated, and
47ms later all ouipuis from the Conirol Data laiches in the
Reference Divider are "Tristated’ by the BARK DELAYED'
signal. On the Current, Ohms or Curreni/Ohms assembly, this
allows the pull-upresistors (A1) and pull-downresistors (AN3)
ic become effeciive. At the same time the BARK DELAYED
signal seis a -15V pulse cn the UPDIG) line for 1.5 seconds
(M41onpage 11.4-5), 10 ensure thai the laiching relays onthe DC
and Current, Ohms or Current/Ohms assemblies will respond io
the default state.

The full effect of the default is that relays RLS5, RL16, RL17 and
RL23 are activated, the remainder are not:

The Current and Ohms circuits are disconnected from the
terminals, butrelay RL23 connecis the Power and Sense lines
from the DC assembly to the terminals. However, on the DC
assembly the same default has disconnected the voliage
output from the lines.,

The Cwivent ranges are deselected, but relay RLS 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 activaied, but is also isolated from the instrument
terminals by RL24 and RL25.

As the Waichdog detects certain malfunctions in processor or
Analog Conirol izansfer 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
64.5.

10.4.7.4 "TQST"

The T/ ST line 2t J8-98 is pulled down tc - 15V (logic-{) for as
long as the Current/Ohms assembly is fitted in the instrument.
This state is passed back via the Reference Divider (J4-68) and
the SSDA serial link to the CPU (Circuit Diagram 430652 page
11 44). Thusthe CPUrecognizes that the Curvent/Ohms assembly
is fitied, and can operate the appropriaie programs.

10-12



DATRON INSTRUMENTS FAILURE REPORT.
Please complste all sections and return with your instrument.

COMMIPAIIY . cereerereurieeaecnieereeeriealeerareeeesesanrosesnneotesaanneeeenaannsaesnarnsssesssenatansasesnsbssassassnsasssnnns
DiviSION:..eeeeeeeeeeierrccereeneens Department/Mail Step ..o
User, Name: ..c..coiiiicciniciiincecenne, Telephone ..o, Extociies
SEIHAL UMD ottt strete e resie s oo st cn s semteene e enessomesaaesbusesraseansssntmannnansananeens
Datron Return Authorisation number ........cccveevvieceeenenn. Date of failure ......eceeverenieenceae.

. Fault details:

is the fault present on all ranges? Yes D No D Not Applicable
TR = = SO RS UUPOUTS PP

is the fault present on all functions?  Yas D No Not Applicable E
isthe fault:  Permanent D Intermittent D
it intermittent under what conditions does the faull re-appear ..o,

Does the instrument pass 'self test?” Yes D Mo
Any fail/error message displayed:

MNow: Yes D No D if yos describe ....vvveiceiir e

At the time of fault: Yes D No D

If Y85 AESCHIBE .ottt e et ne e encasresae R sessens

Prior to fault: Yes | Mo D

T YES BESCIIDE ..ceiceiiecireretceneeceete e rererraerssers et to s stnaesssteesssassssmsessmasesensesossansososaasosasassons

Is the instrument used on LE.E.E 488 bus? Yes D No D
Is the instrument normally enclosed in arack? Yes No
Approximate ambient 18MPErAUIS .........cccceierirerie e esrircrteenreesrtesseeseaeesnesnnressersneneesans



TERMS AND CONDITIONS

1. GENERAL

The acceptance of a guotaiion, of any goods supplied, advice given or service
rendered includes the accepiance of the following terms and conditions and no
variation of or additien o the same shall be binding upon us uniess expressly
agreed in writing by us. Any order shall be subject to our written acceptance.

2. QUOTATION

Unless previously withdrawn our quotation is open o acceptance in writing within
the period stated or where no period is stated within thirty (30) days after its date.
We resarve the right to correct any errors or omissions in our quotation. Unless
otherwise stated all quotations are firm and fixed. The prices guoted are based on
manufacture of the quantity.and iype ordered and are subject io revision when
interruptions, engineering changes or changes in quantity are caused or requasted
by the customer.

3. LIABILITY FOR DELAY

Any delivery times quoied are from the date of our writien acceptance of any order
and on receipt of all information and drawings o enable us to put the work in hand.
Where delivery is to iake place by instalments each such instalment shall constituie
a separate contract. We will use our best endeavours ie compleie delivery of the
goods or services in the period siaied but accept no liability in damages or
otherwise for failure to de so for any cause whatsoever. In all cases of delay the
delivery iime shall be exiended by reasonable period having regard 1o the cause
of delay.

4. PAYMENT

Payment shat be made net cash within thirty (30) days of delivery or in accordance
with the payment ferms set out in the quotation. Uniess specifically siated to the
conirary paymeni shall be in pounds sierling. In the event of any payment io us
being overdue we may withoui prejudice to any other right suspend delivery io you
or terminate the contract and/or charge you simple interest on overdue ameunts at
the rate of 2.5% above ihe ruling Bank of England Minimum Lending Raie. No
payment to us shall in any circumstance be ofiset against any sum owing by us io
you whether in respect of the present fransaction or oiherwise.

5. INSPECTION & TEST

All goods are fully inspecied at aur works and where practicable subjected ie our
standard iesis before despaich. |f tesis are required o be withessed by your
representative notice of this must be given atthatime of placing the order and notice
of readiness will then be given to you seven (7) days in advance of such iests being
carried out. In the avent of of any delay on your pari in attending such iests or in
carrying outinspaction by you after seven {7} days notice of readiness ihe tesis will
proceed in your absence and shall be deemed io have been made in your presence
and the inspection deemed o have besn made by you. in any event you shall be
required promptly after witnessing a isst or receiving test results of witnessed or
unwitnessed tests 1o notify us in writing of any claimed defects in the goods er of
any respect in which it is claimed that the goeeds do not conform with the contract.
Before you become entitled to reject any gosds we are to be given reasonable time
and opportunity o rectify them. You assume the responsibility that the goods
stipulated by you are sufficient and suitable for your purpose and take all steps io
ensure that the geods wili be safe and without risk 1o health whan properly used.
Any addiiional certification demanded may incur extra cost for which a spacial
quotation will be issued.

6. DELIVERY AND PACKING

All shipments are, unless otherwise specifically provided, Ex-warks which is the
address given on the invoice. An additional charge will be made for carriage and
insurance as necessary with the provision that all shipments shali be insured and
this insurance expense shall be paid by the purchaser. Where special domestic or
exp?rt packing is specified a charge will be made io cover the extra expense
involved.

FSALE

7. DAMAGE IN TRANSIT

Claims for damage in transit or loss in delivery of the goods will only be considered
if the carriers and ourselves receive notice of such damage within seven (7) days
of delivery or in the event of loss of goads in transit within fourteen (14) days of
consignment.

8. TRANSFER OF PROPERTY & RISK

Title and properiy of the goods shall pass when full payment has been received of
all sums due to us whether in respect of the present transaction or not. The riskin
the goods shall be deemed 1o have passed on delivery.

9. WARRANTY

We agree 1o correct, either by repair, or atour election, by replacement, any defecis
of material or workmanship which develop within the warranty period specified in
the sales literature or quotation after delivery io the original purchaser. All items
claimed defeciive must be promptly returned (o us carriage paid unless otherwise
arranged and will be returned 1o you free of charge. Unless otherwise agreed no
warraniy is made concerning compeonents or accessories not manufactured by us.
We will be released from all obligations under warraniy in the event of repairs or
modifications made by persons other than our own authorised service personnel
unless such repairs are made with our prior written consent.

10. PATENTS

We will indemnify you against any claim of infingement of Letters Paient,
Regisiered Design, Trade Mark or Copyrighi (published at the date of the contract)
by the use or sale of any geods supplied or service rendered by us o you and
againstall costs and damages which you may incur and for which you may become
liable in any action for such infringement. Provided always that this indemnity shall
not apply io any infringement which is due to our having followed a design or
instruction furnished or given by you or o the use of such goods or service in
association or combination with any other ariicle, maierial or service not supplied
by us. This indemnity is conditional on your giving io us the earliest possible notice
in writing of any claim being made or action threatened or brought againsi you and
on your permitiing us ai our ewn expense o conduct litigation that may ensue and
all negaiiations for 2 settlement of the claim or action. You onyour pari warrani ihat
any design or insiruction furnished or given by you shall net cause us to infringe any
Letter Paient, Registered Design, Trade Mark or Copyright in the execution of your
order.

11, DOCUMENTATION

All drawings, plans, designs, sofiware specifications, manuals and technical
documents and information supplied by us for your use or information shall remain
ai 2lf times our exclusive property and musi not be copied, reproduced, ransmitied
or cormnmunicated 1o a third party withoui our prior written consent.

12. FRUSTRATION

i any contract or any pariof it shall become impossitle of performance or otherwise
frusirated we shall be eniitled io a fair and reasonable proportion of the price in
respact of the work done up to the daie thereaf. For this purpose any monieg
previously paid by you shall be retained against the sum due o us under this
provision. We may dispose of the gocds as we think fit due allowance being made
o you for the net proceeds thereof,

13. BANKRUPTCY

if the purchaser shall become bankrupt or ingolvent, or being a Limited Company
commencs 10 be wound up or suffer 2 Receiver io be appeinied, we shall be at
liberty to treal the coniractas terminated and be relieved of further chligations. This
shail ke without prejudice to our right io claim for damages for breach of contract.

14. LEGAL INTERPRETATION

Any contract will be deemed to be made in England and shall be governed and
construed for all purposes and in alf respecis in accordance with English Law and
only the Courts of England shall have jurisdiction.



Sales and Sewvice

Datron Sales and Service Representatives Worldwide

COUNTRY and REPRESENTATIVE Telephone Telex Fax

AUSTRALIA
Scientific Devices Pty. Ltd
PO Box 63, 2 Jacks Road, 35793622 AA32742 35790971
South Oakleigh, Victoria 3167

BELGIUM
Alr-Parts International B. V.
Avenue Huart-Hamoir, 1-Box 34, 2 241 6460 2241 8130
1030 Bruxelles

BRAZIL
Sistronics Instrumentacao E Sistemas Lida
Av. Alfredo Egidio de Souza Aranha 11247558 57155 SNCS 11 5238457
75-3 & 4 Andares-Jd. Santo Antonio,
CEP (04726 Sao Paoclo

CHINA
Tianjin Zheng Huan Scientific Instruments Corp.
No. 59 Zhao Jia Chang Street, Tianjin
Hong Qiac Section, Tianjin 753732 e 22 252 625

DENMARK
Instrutek A/S,
Christiansholmsgade 75611100 0 - 75 615 658
8700 Horsens

EASTERN EUROPE
Amtest Associates Lid

Amiest House, 75-79 Guildford Sixeet, 0932 568355 928855 0932 561919
Cherisey, Surrey KT16 9AS, England

EGYPT & MIDDLE EAST
Electronic Engineers Llaison Office
PO Box 2891, 19A Aswn Street 269870 22782 e
Horriya, Heliapolis, Cairo

FINLAND
Profelec OY
PO Box 67, 00421 Helsinki 42 05664477 125225 PROFE SF 05662998

FRANCE
M. B. Electronique

606 Rue Foumy, Zi de Buc, 139568131 695414 139 565344
Post Box 31, 78530 Buc

WGT



Sales and Seyvice

COUNTRY and REPRESENTATIVE

WEST GERMANY
WAVETEK Electronics GmbH
Freisinger Stralle 34,
D-8045 Ismaning

GREECE
American Technical Enterprises SA
PO Box 3156
39, Agiou Konstantinou Sireet,
Athens 10210,

HONG KONG
Eurotherm (Far East) Lid
18/F., Gee Chang Hong Cenie,
65 Wong Chuk Hang Road, Hong Kong

INDIA
Technical Trade Links
°  Deodahar Centre, Gyani Compound,
424 Marol Maroshi Road,
Andheri (East),
Bombay 400 059

o 413, Pratap Chambers, Gurudwara Road,
Karol Bagh,
New Delhi - 110 005

INDONESIA
C. V. Schmidt Mitra Indonesia
Delta Bldg., Block A, No. 30,
JL Suryo Prancioc No 1-9,
Jakaria 10160.

IRELAND
Eure Elecironic Systerms
Unit 1, Sandyford Park,
Sandyford Ind. Est.,
Dublin 18.

ISRAEL
DAN-EL Technologies
PO Box 21362, Office 60,
Pinkas St., Tel-Aviv 61213,

ITALY (1)
Sistrel SPA
Via Pellizza da Volpedo 59
20092 Ciniselle Balsamo, Milano

ITALY(2)
Sistrel SPA
Viale Erminio Spalla 41
00142 Roma

ITALY(3)
Sistrel SPA
Via Cintia Parco S. Paclo 35
80126 Napoli

WaG2

Telephone

08996 09 49-0

5240620
5240740

8140311 (Sales)
546391 (Service)

22 6362412

6221 3807844

01952326

3453157

02 618 1893

06 504 1367

081 767 9700

Telex

5212996 WYTK D

216046 ATE GR

72449 EFELD HX
72449 EFELD HX

1179261 TTL IN

48729

342105

334543 -

625857

Fax

089967170

5249995

8733974

8700497

9122 637 6719

6221 3807847

01 952246

35441468

02 618 2440

06 504 0067

081 766 1361



Sales and Service

COUNTRY and REPRESENTATIVE

JAPAN
G & G Japan Inc
No. 406, 12-16, 4-Chome,
Hongoh, Bunkyo-ku, Tokyo

KOREA
Sama Electronics Corporation
CPO Box 9517, Seoul

MALAYSIA
Schmidt Scientific SDN BHD
13th Floor, Wisma Mirama,
Jalan Wisma Putra, P. O. Box 10592,
50718 Kuala Lumpur.

MOROCCO
Minhol SA
64 Rue El Mortada,
Casablanca 02.

NETHERLANDS
Air Parts International BY
PO Box 255, 12 Kalkovenweg,
2400 AG Alphen aan den Rijn

NEW ZEALAND
G. T. S. Engineering Ltd
5 Porters Avenue, Eden Terrace,

PO Box 9613 Néwmarket AUCKLAND

NORWAY
Morgensiierme & Co.
Olaf Helsets vei 1,
P.0. box 15 - Bogerud
N-0621 Oslo &

PORTUGAL
Decada SA
Rua Margarida,
Palla. 11, Alges
1495-Lisbon.

SAUDI ARABIA
Electronic Equipment Marketing
PO Box 3750,
Riyadh 11481,

SINGAPORE
Schmidt Sclentific (PTE) Ltd
2 Jalan Kilang Barat,
Singapore 0513

SOUTH AFRICA
Altech Instruments (Pty) Ltd
PO Box 39451, Bramley 2018

SPAIN
ESSA (Equipos y Systemas SA)
C/Apolonio Morales 13-B,
E-28036 Madrid

Telephone

38130971

2.271 2761

603 2427122

254945

1720 43221

9392464

2289490

14103420

14771650

652727233

11-444-6940

1 458 0150

Telex

2722884 ICHAIN ]

K 26375 SAMATR

30035

24064

39564

71719 MOROF N

15515

401120

23736

422033

42856

Fax

3 8159216

22712764

603 248 5143

254569

1720 20651

9392968

2289494

14101844

14785140

65 273 4750

11-444-7455

458 0298

WaGs



Sales and Service

COUNTRY and REPRESENTATIVE

SWEDEN
Ferner Electronik AB
“Jarfallavigen 186,
$-175 40 Jarfalla

SWITZERLAND
Kontron Electronic AG
Physical Address;
In der Luberzen 1,
CH-8902 Urdorf

Postal Address:
P.O. Box CH-8010 Zurich

TAIWAN
Evergo Corperation
Tth Floor - 285, Section 3
Nan King East Road,
Taipei 10567

UNITED KINGDOM
Datron Instruments Lid
Wavetek Calibration Division
Hurricane Way, Norwich Airpost,
Norwich, Norfolk NR6 6JB, England

UNITED STATES of AMERICA
Datron Instruments
cfo Wavetek BF Products Ine.
Wavetek Communication Division
5808 Churchman Bypass,
Indianapolis, Indiana 46203

Wavetek Eastern Area Sales
35 Pielawn Road, Suite 209W,
Melville, New York 11747

Waveiek Western Area Sales
9045 Balboa Avenue, San Diegp,
California 92123

Telephone

+46 758 189 90

01) 736 4111

27150283/4/5

0603 404824

(317) 787 3915

(516) 454 8440

(619) 565 9315

Telex

10312 FERNER §

822196 + KOEL CH

975173

TWX
(810) 341 3226

TWX
(910) 335 2007

Fax

+46 758 179 90

(01) 734 2448

27122466

0603 483670

(317) 788 5999

(516) 454 8446

(619) 227 6221

For customers In couniries not listed please contact DATRON INSTRUMENTS In the United Kingdom:

Datron Instruments Lid

Wavetek Calibration Division
Hurricane Way, Norwich Airpost,
Norwich, Norfolk NR6 6IB, England

WG4

0603 404824

975173

0603 483570





