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Assembly Components Replaced Calibration Required
Digital Complete Assembly Pre- & Routine Calibration
(11.2) Lithium Battery (Sect. 4.3) Pre- & Routine Calibration
Non-volatile RAM (M10/M23) Pre- & Routine Calibration
Non-volatile RAM Supply Pre- & Routine Calibration
commutator components
Reference Complete Assembly Pre- & Routine Calibration
Divider
(11.4) Reference Assembly (11.4-7) Pre- & Routine Calibration
Any set of main, guard or Pre- & Routine Calibration
LSD switch FET's
Reference Buffer Pre- & Routine Calibration
Switch Driver Flip Flops or Pre- & Routine Calibration
their preselected resistors
R79 Pre- & Routine Calibration
DC Complete Assembly DC (All Ranges) only.
Assembly 1V attenuator R73/R74 DC (1V,100mV, 10mV,
(11.5) 1mV, 100nV Ranges) only.
100mV attenuator R69/70/7 1 DC (100mV, 10mV, imV,
72/75/76 100pV Ranges) only.
100V/1000V attenuator
R8/9/25/26/46/47/64/65 DC (100V, 1000V Ranges)
88/95/98 only.
Sine Complete Assembly Specification Verification at
Source User's Discretion
(11.6)
AC Complete Assembly Routine Calibration
(11.7)
» Sense Amplitier Routine Calibration
Reference Inverter Routine Calibration
AC/DC Transfer & Integrators Routine Calibration
I/ Complete Assembly /Q
(11.8) (N.B. Internal Adjustment
required, referto Section 4.5)
+10 attenuator (R43/44) DCI
(DCT function)
Current shunts DCI
R8/9/10/79/80
(DCT function)
M8 and associated components ACI
Current Shunts
Feedback resistor R45
Standard Resistors, associated /Q
pre-selected/variable trimmer internal adjustment (Section 1.5)
resistors (2 function) Q calibration (replaced values only)
All Other Assemblies Not Listed Above Specification Verification
at User's Discretion




PREPARING THE 4705

Before any calibration is carried out, prepare the 4705 as
follows:

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

2, Cancel any MODE keys, ensure OUTPUT set to
OFF.

3. IEEE 488 Address switch:
Set to ADD 11111 (Address 31) unless the 4705 is to
be calibrated vial 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), and present the cal legend on the MODE display.

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

IEEE 488 ADDRESS

(LOCATED ON THE REAR PANEL)

SET TO: ADD 11111 (ADDRESS 31)
o
<
<

SECURITY KEYSWITCH

QLOCATED ON THE REAR PANEL)

54 321

SETTO: CAL ENABLE

CALIBRATION
ENABLE

CALIBRATION
ENABLE

©)

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

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

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

WARNING:

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

RETURNING THE 4705 TO USE

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

1L Ensure that OUTPUT OFF LED is lit.

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

3. IEEE 488 Address switch:

Restore to correct address if the 4705 is to be used
_in an IEEE 488 system.

The cal legend and calibration modes are deactivated.

SETTO: RUN

CALIBRATION
ENABLE ENABLE

RUN

CALIBRATION

SET TO: CORRECT ADDRESS
(for your system)







AUTOCAL FACILITIES

Guard Sense Spec
—Remote -

Offset Test

STD

SET

AL

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

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

CAL

The 4705 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 OUTPUT display value
(defined by the same limits as for 'SET'), and executes the
calibration. If the value initially set on the OUTPUT display is
below 2% of Full Range value, the instrument assumes that an
offset calibration is requested, and if at 2% or above, a gain
calibation is assumed.

CAL (with pre-selection)

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

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

SET

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

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

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

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

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

+0

The +0 key is used to align the ON+ and ON- zeros of all DC
voltage and current ranges, by a two part calibration on the 10V
range. It is only necessary when the ON+ and ON- zeros of the 10V
range do not coincide at the same null. Avaliable in DC function
only.

STD

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

First check +0 Alignment. The STD calibration is carried out on
either the 1V or 10V range, using the DC Low Voltage procedure.
Select STD after placing the Calibration standard value on the
OUTPUT display. Continue the routine from step (l.). Procedurally
STD differs from SET only in the use of the STD key instead of the
SET key.

Caution

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

13



GENERAL NOTES

INTERCONNECTIONS

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

SENSE AVAILABILITY AS FOLLOWS

1V 10V 100V 1000V -
1mV 10mV 100mV - Local Sense only
All current ranges - not applicable
(Local: 2-wire sense, Remote: 4-wire sense)

Local/Remote Sense

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

OUTPUT OFF DEFAULT WHEN UPRANGING

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

e ‘When upranging to the 1000V Range

e When upranging to the 100V Range;
To a voltage of 90V or more on DC
To a voltage of 75V or more on AC

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

14

GENERAL PROCEDURE

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

Calibration Routine

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

Calibration Routine (with preselection)

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
















1.2.2 Voltage

INTRODUCTION
The following routines:

DC Low voltage (100mV to 10V) and
DC High Voltage (100V to 1kV)

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

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

Caution
First read 'Notes on the use of the Null Detector' (Appendix 1), and
‘Calibration Source Zero Offsets' (Appendix 2).

1L CONNECTIONS

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

2. CALIBRATION ROUTINES

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

Notes:

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

¢ The routine assumes calibration at nominal Full Range values.
To trim the internal Master Reference Voltage on the 1V or 10V
Range, or to calibrate at a non-nominal value, refer to following
description of SET and STD keys.

DC AUTOCAL FACILITIES

CAL

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

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

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

SET

The SET key allows calibration to any value in the selected Range
(e.g. at a standard cell voltage). Press SET after operation (k.) and
before operation (1.). The SET LED lights green and the OUTPUT
display reading also appears on the MODE display. Continue the
routine but note that on pressing CAL (step (n.)) the MODE display
clears as its value is transferred to the OUTPUT display. The SET
LED goes off.

Caution

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

STD

The STD key allows a user to trim the value of the internal Master
Reference voltage. STD calibration in DC mode effectively changes
the gain of all voltage and current ranges in the same ratio. It does
not affect values of AC or Ohms functions. STD calibration can be
carried out on either 1V or 10V Ranges and differs from the SET
procedure only in the use of the STD key instead of the SET key.

+0
DO NOT USE - refer to earlier £0 Alignment routine.






























































































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.

21 INTRODUCTION

2.1.1 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 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 identities of the assemblies involved in the failure are given
beneath the fault 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 aspects, the diagnostic guides include references to
relevant parts of this publication.

212 Effects of Protective Measures on Diagnosis

2121 Protective Suppression of Fault Conditions

The 4705 incorporates built-in protection in hardware and software.
To minimize damage, protective circuitry acts immediately, backed
up by a pre-programed CPU response to detected failure symptoms.
If possible the CPU 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.

21222 FAIL 5 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 to external
circuitry. To protect against this, the instrument is programmed to
default to FAIL 5 state as rapidly as possible after its initial response
to the failure symptoms. The CPU switches Output OFF and trips
the safety monitor (Watchdog). If the conditions of the original
failure message have been removed the display changes to FAIL 5.

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

2123 To Observe the Original Failure Message

Two procedures can be used:

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

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

Then select the appropriate diagnostic guide in Section 2.2.

2.13 FAIL 6
FAIL 6 reports two types of NV RAM failure.

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

b. Limits check of the calibration constants.
Values are checked when read from the NV RAM at every
OUTPUT change. When a Fail 6 occurs the output remains on
and the stored gain or zero correction value is defaulted to X1 or
x0 respectively.
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223 FAIL 3 (Control Data Corrupted)

224 FAIL 4 (Precision Divider Fault)

INITIAL ACTION

No immediate action required.

FAULT CONDITION

—

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

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

FURTHER INFORMATION IN THIS HANDBOOK

Technical descriptions: Section 64.

INITIAL ACTION

No immediate action required.

FAULT CONDITION

—

Precision divider fault.
2. CPU has detected errors in the most-significant data bits set in
the precision divider input data latches, and generated FAIL 4

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

POSSIBLE FAULT LOCATION

e Analog Interface Assembly (page 11.3-1).

FURTHER INFORMATION IN THIS HANDBOOK

Technical description: Section 6.5.2.3.




225 FAIL 5 (Safety Circuits 'Watchdog' Tripped)

INITIAL ACTION

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

Stage 1: Press Safety Reset.

Stage 2: Carry out self-test sequence (Section 2.3).
Stage 3: Set Output ON.

Stage 4: Proceed with careful use.

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

FAULT CONDITION

18mS monostable (M 10 in reference divider) has been deprived of at
least two trigger pulses and has timed out, activating "BARK" and
"BARK DELAYED" (BARK +47mS) signals from MI13 in the
reference divider assembly.

Summary of "BARK" effects:

Removes the drive from the High Voltage (1kV) transformer.
Disables the 400V Power Supply.

BARK status message sent to CPU signalling a failure.

CPU starts controlled shut-down.

Eal o B

Summary of "BARK DELAYED" effects:

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

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

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

POSSIBLE FAULT LOCATIONS

e Digital Assembly (No gated WRT STRB pulses at J2/J3-29)
(page 11.2-1).

»  Analog Interface Assembly (No SSDA strobe pulses; or
Watchdog disabled) (page 11.3-1).

e Reference Divider Assembly (Incorrect functioning of Watchdog
setup circuitry) (page 11.4-1).

NB.

The Watchdog is designed primarily to ensure that CPU
malfunctions do not set up dangerous conditions in the analog
circuitry.

FURTHER INFORMATION IN THIS HANDBOOK

Technical description: Section 6.4.










2.2.10 Error EF
(External Frequency selected but not detected)

INITIAL ACTION

»  If External Frequency Lock is not required:
Ensure external frequency selection switch (S53)is set to OFF.

»  If External Frequency Lock reference is required:

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

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

FAULT CONDITION

e The external reference signal detector has set 'EXT REF ST to
Logic @. :

POSSIBLE FAULT LOCATIONS

External circuit.

Interconnection Assembly (page 11.17-2).

Mother Assembly (page 11.16-4).
Analog Interface Assembly (page 11.34).

FURTHER INFORMATION IN THIS HANDBOOK

Technical descriptions:
External Frequency Lock: Section 8.3.
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23 SELF-TEST SEQUENCE

23.1 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.

232 Stage 1 (Fig. 2.1)

Entry into Stage 1 is selected automatically whenever the TEST key
is pressed for the first time (the test is not allowed if OUTPUT ON,
ERROR or SPEC are selected or when in remote control). Indication
of test mode is given by the LED in the TEST key being lit. The
full sequence of Stage 1 must be completed before exit from the test
mode can be made. The tests performed in Stage 1 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 Safety Reset LED flashes and the buzzer sounds
continuously. It is necessary for the operator to reset the safety
monitor by pressing the Safety Reset key, after which the
SAFEtY display is replaced by the 'running' message, and the
test sequence continues.

2. Calibration Memory Test. The contents of the non-volatile
calibration RAM are checked for validity. Failure results in the
message 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.

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

TEST KEY .
PRESS

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

ENABLE TEST
LED. START
STAGE 1

TEST SAFETY MONITOR, FAL

PASS

DISPLAY 'SAFELY":-
Buzzer sounds
Reset LED flashes

SAFETY RESET
KEY PRESSED

RESET SAFETY MONITOR, FAL

INHIBITTEST

DISPLAY UNCHANGED

DISPLAY UNCHANGED

 TEST CALIBRATION MEMORY) AL FAIL 6
PASS

4

START OVERVOLTAGE
DETECTION TESTS
DC TEST
POWER TO 110V
IS DETECTOR SET?

= FAIL 2

AC TEST
POWER TO 120V
IS DETECTOR SET? NO FAlL 2

YES

a

END OVERVOLTAGE TEST,

DISPLAY PASS

DISPLAY LAST
YES MESSAGE FAIL 7 ]

GO TO
STAGE 2

FIG. 2.1 SELF TEST SEQUENCE STAGE 1

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

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

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

242 Reasons For Fusing
The fuses in the calibrator fall into two groups:
a. Clip-in anti-surge fuses in the Power Supplies and Mother Board protect the power source from damage.

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

243 Locating a Blown Fuse

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

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

Table 2.1 (overleaf) lists their locations.
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34 GENERAL ACCESS

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

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

341 TOP COVER (11.18-2 Detail 10)

. Removal

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

b. Remove cover by lifting at the front.

«  Fitting

Locate cover at rear first, then reverse removal procedure.

342 BOTTOM COVER (11.18-2 Detail 10)

»  Removal

a. Invert the instrument.

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

¢. Remove cover by lifting at the front.

+  Fitting

Locate cover at rear first, then reverse removal procedure.

343 FRONT PANEL (11.184 Detail 6)
«  Remove covers 3.4.1 & 3.4.2
+  Removal

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

b. Remove Earth Connector.

¢. .Remove the Front Panel.

»  Fitting

Reverse the removal procedure, referring to Page 11.184.
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354

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

The first screen (counting from front to back) is the Ground Screen and has two securing screws. Of the six remaining screens the first five
are aluminium, single screw and interchangable. The rearmost screen is steel and not interchangable Each plate mates with a miniature

connector on the mother PCB adjacent to the side wall of the chassis.

Removal
Remove any adjacent assemblies to obtain access.
Undo securing screw/s.

Grip the plate and lift out from the chassis.

Fitting

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

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

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

Replace assemblies removed for access.

355

C.

POWER AMPLIFIER ASSEMBLY (Page 11.18-1 Detail 4)

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

Removal

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

Fold back the connectors and wires clear of the assembly.
Place the thumb of each hand under the lip of the two ejectors.

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

Remove the assembly.

Fitting

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

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

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

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

Identify and fit the five connectors J1 to J5, as shown on Page
11.18-1 Detail 4.






















Category C

Adjustment Following Replacement of PCBs

PCB Assembly

Adjustments

Procedure
(Section 4)

Pre-cal
(Sect. 1.4)

Routine cal
(Sect. 1.2)

Terminal

Capacitive Load Test

Full

Digital

Reference
Divider

DC

Capacitive Load Test

Sine Source

AC

Capacitive Load Test
Sense Amp zeros

Full

Current/Ohms
Assembly

Quiescent Current
Compliance
Resistance

AllIranges
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

AllT ranges

HF or LF
Transformer

1kV Range

Mains (line)
Transformer

Common-mode null







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

42.1 Servicing Frequency

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

4.2.2 Removal (Fig. 3.8)
a. Remove the four M3 x 10mm pozi-countersunk screws (/7) which retain the filter grille (72).

b. Remove the filter grille and reticulated foam filter.

423 Cleaning

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

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

4.2.4 Inspection

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

4.2.5 Reassembly

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

4-3







Battery Clip  Red Wire Sleove
Battery

Negative Terminal
i. Push sleeve back along the red wire to exposé the solder
joint.

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

battery.
iii. Unsolder the negative terminal of the battery from resistor :
R60 at the wrap-joint. s i g l/"
‘ wire from R60)

iv. Remove battery from battery clip

Reo

FIG. 4.1 BATTERY REPLACEMENT

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

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

4.3.2 Return to Use

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

»  Users having followed procedure 4.3.3 must now carry out Pre-calibration and full Routine Calibration in accordance with
Section 1.4 and 1.2 respectively.
433 Procedure (Calibration lost)

Follow the procedure 4.3.1 (ignore steps (d.) and (e.)) and 4.3.2.
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4.7 QUIESCENT CURRENT ADJUSTMENT - CURRENT/OHMS ASSEMBLY
(Refer to Layout Drawing No. 480614 and Page 11.8)

To allow a measurement of quiescent current in the power amplifier stage, its power supply lines are broken and a 0.1 resistor

inserted in series with each 22V supply line. The voltage developed across either of these resistors gives a current measurement.
The quiescent current is set by adjustment of R23 on the Current/Ohms Assembly.

4.7.1 Test Equipment Required
a. Digital Voltmeter (any Datron Autocal voltmeter)

b. Two 2.5-watt resistors, 0.1Q, 10%, wire wound (Welwyn W21 or equivalent)

4.7.2 Initial Conditions

Top cover removed.
Top ground/guard assembly removed.

4.7.3 Procedure
a. Switch the 4705 Power OFF.

b. Break the 22V supply connections to the Voltage-to-Current converter power stage by removing connector 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 P.S pcb, using one 0.1Q resistor in series with each supply line (Red and Brown wires).

d. Connect the digital voltmeter across one of the 0.1€2 resistors fitted in step (c.).
e. Switch 4705 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 I/Q assembly for a digital voltmeter reading of 10mV +1mV (equivalent to 100mA through a
0.1€Q resistor).

g. Switch 4705 Power OFF.

h. Disconnect and remove both 0.1Q resistors and the digital voltmeter from J1. Reconnect J1 to the In-guard Power
Supply pcb pins.

4.7.4 Return to Use

Refit top ground/guard assembly and Top cover.
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5.1 BLOCK DIAGRAMS

511 SIMPLIFIED BLOCK DIAGRAM

Figure 5.1 illustrates the general functions and signal flow within
the 4705.

51.2 GENERAL DESCRIPTION

The Datron 4705 Autocal Multifunction Calibrator is an
accurate DC or Sinewave AC voltage source, whose output
amplitude (and frequency for AC) are determined by user inputs
(within the specifications detailed in the User's Handbook).

DC Voltage The maximum DC or RMS AC output voltage
available from the 4705 is 1100V.

Current and Resistance The 4705 provides outputs of DC and
AC current; and has eight accurately defined resistance values, in
decades.

For DC and AC amplitude control, an adjustable precision reference
is derived from pre-conditioned zener diodes.

For AC outputs, the calibrator frequency is synthesized using a
crystal-controlled oscillator as a frequency reference.
513 FUNCTIONAL BLOCK DIAGRAMS

Figures 5.2 (Digital, Control and References), 5.3 (DC/Q) and 54
(AC) break the main functional divisions into smaller blocks.

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

5.2 INPUTS

The microprocessor accepts inputs from two main sources:
« The front panel keyboard provides local control inputs.

» The IEEE 488 bus system provides remote control inputs.

5.3 DIGITAL OUTPUTS

The microprocessor system outputs digital information to five main
areas:

* The front panel displays provide local outputs for monitoring
and control.

+ The IEEE 488 bus system provides remote outputs.

» The precision reference generator produces an accurate DC
reference for output-amplitude control. Sensed DC outputs are
scaled and compared against the DC reference directly. Sensed
AC outputs are scaled and compared against a 'quasi-sinewave'
reference, whose peak value is set by the DC reference.

» The frequency synthesizer and sinewave oscillator together
determine the frequency and purity of the AC output sinewave

signal.

* Various decoders control function and range selection, internal
processes and status monitoring.
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6.1.2 CENTRAL PROCESSOR and
PROCESSOR MEMORY
(Circuit Diagram 430559 Pages 11.2-2 and 11.2-3)

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

6.1.2.1 Memory

The memory can be split into four main areas, the microprocessor
RAM not being used:

o Program Memory (M18, M19, M20 and M21) defines and
controls the operational functions of the whole instrument
system.

o 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.

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

» Volatile Operating Memory (M22) - used for volatile data
storage such as display images, computation results and present
output value. This memory is also used for scratch pad
operations.

Separate memory is used for special purposes, such as the Display
Image RAM MI16 (which is synchronously loaded but
asynchronously read); the storage areas in the IEEE 488 GPIA (M29)
and the Keyboard Interface (M6 on Front Assembly); and the
Memory Address decoder PROM (M3). These are described in later
sub-sections.

6.1.22  Central Processing Unit
(Circuit Diagram 430559 Page 11.2-2)

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

6.1.23 Address and Data Lines

Address lines Ajs.;; are decoded as chip-select signals for the
RAM/ROM circuit, lines Aj3.g are connected to the instrument
address bus. Data lines Dy are linked via programming plug JL1 to
the instrument data bus.

6124 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 MR
reduces it to approx. 680kHz as MEMCLK for the IEEE 488
interface; and for the Analogue-Interface and Front assemblies.

6.12.5 NMI

The internal switch S1 provides a non-maskable hardware interrupt
which has two functions.

«  With the external CALIBRATION switch set to RUN, NMI
initializes the processor system.

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

6126 IRQ

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

+ RTC IRQ is a real-time clock occuring every 8ms to provide
timing information for the processor's monitoring facility.

+ KYBD IRQ occurs each time a front panel key is pressed.
(Not Safety Reset).

« 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-@ on pin 4, M34 stores its register contents in
stack RAM, and vectors to IRQ service addresses FFF8 and FFF9,
saving the current processor environment.

The IRQ Service Routine addresses M51 and M52, setting Logic-@
at M52-9 which enables the tristate buffers M36 and M37 (at M36-1
and 15, M37-15). This sets IRQ data bits Ds, Dg and D; on the data
bus so that the processor can identify the source of the IRQ and
select the appropriate sub-routine to service the interrupt request.

The IRQ inputs are released as part of the service sub-routine, and
after its completion, the processor recovers its environment from
stack RAM and proceeds with the interrupted 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 to FFFA and
FFFB, whose contents cause the 6802 to re-initialize the system.

6128 Read-Write Line R'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. The
R/W signal is passed only to the SSDA on the Analogue Interface
assembly, and to the IEEE 488 GPIA (M29). All other devices
which require read-write control, operate from the RD STRB and
WRT STRB signals generated from R/W by M49/50.
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4 )
A 32kHz Clock
'Previous' Display Block 4++‘This‘ Display Block
B 2kHz Scan Enable
M30-10/12 . [f&—— 62.5usec ——»
Inter-digit strobe and M41B Clock
YDisplay Block-increment Trigger
) - W
D Data Loading Strobe
M30-14 le— 30psec
M32-2/14
£ RAM Data Bus Previous Block This Block This Block
OUTPUT Display Data MODE Display Data OUTPUT Display Data
F Helding Latch Previous Block This Block
pu MODE Display Data MODE Display Data
G M42/43 Gate Outputs Previous Block Segments Blanked This Block
OUTPUT Display Data OUTPUT Display Data
H M45/46 Gate Outputs Previous Block Segments Blanked This Block
MODE Display Data MODE Display Data
\ FIG. 6.12 DISPLAY TIMING WAVEFORMS y
6.34.5 Display Segment Drive

(Circuit Diagram 430558 Page 11.1-2)

The strobed segment signals from the Digital Assembly are input
to the Front Assembly on J1 pins 67-75 (MODE display) and J1
pins 82-90 (OUTPUT display). These are already synchronized to
their blocks by the 4-bit block scan MUX Aj o within the Digital
assembly.

For each block in sequence, the appropriate segment bit-pattern is
set at the input to the segment drivers. For bits at Logic-1, the
rise is passed through line capacitors to reverse-bias the DC
restoration diodes and forward bias their driver-transistor bases.
The segment cathodes are pulled down to -170V by the resultant
collector currents, from their quiescent -70V. The correct block
anode is simultaneously lifted from -70V to +5V by its anode
driver transistor, striking the gas discharge and displaying its digit.
For bits at Logic-@ the cathode drivers remain cut off.

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

The cathode driver emitter resistors control the segment cathode
currents for uniform brilliance of all segments.

During change-over between blocks, all segment inputs at Logic-1
are returned to Logic-@ by the inter-digit blanking strobes
M42/43/45/46 on the Digital assembly. This turns 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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FIG. 6.14 SERIAL DATA LINK - SIMPLIFIED FUNCTIONAL BLOCK DIAGRAM
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The divide-by-16 output M4-6 is applied to enable M4 at its M4-10
input ; the falling edge occurring at count-16 and incrementing the
second counter to produce, at M4-11, a Logic-1 output. Later, at
count-24, M4-6 changes again to Logic-1, and together with M4-11
output, gives a Logic-@ from NAND M2-4, causing the following
actions:

a. Flip-flop M2-12 is reset to give Logic-1 at TP3.
b. The Logic-1 at TP3 sets shift register M3 to give:

i. Logic-1 at M3-1, thus inhibiting DCD and CTS;

iil. Logic-® at M3-12, disabling NAND M2-3 and thus
stopping any further SSDA clocks.

c; The Logic-1 at TP3 resets the up-counters M4 causing:

i. the counter outputs to fall to Logic-@, inhibiting further
counting;

fi. NAND M2-5 to rise to Logic-1, re-setting flip-flop M2-12
to prepare for the next AN I/F STRT input.

(Refer to Fig. 6.16 Waveforms I, B, C, E and F).
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6.4.6.2 Effects at Power-on

The watchdog outputs are manipulated by the power-on reset circuits
as follows:

+ BARK DELAYED and BARK DELAYED are held active for
80ms from power-on and then are allowed revert to the inactive
state only after two SSDA strobes have been detected.

« BARK is forced active until CPU/SSDA functioning has been
verified; the latter must occur within 470ms of power-on.

« BARK is held inactive for 470ms from power-on, after which it
provides a FAIL message to the CPU.

6.4.63 Effects after 'Reset’

Operation of the Reset control 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 outputs are reset.

64.64  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:

» Transfer of 'Output value' data via the Analog Interface
comparators,

» Transfer of analog switching data via the SSDA every 40ms.

The CPU generates pulses at 8ms intervals to verify that the correct
output value has been latched into the Analog Interface comparators.
These pulses are allowed to pass into guard only if the SSDA
verifies that the analog switching data is being transferred normally
at 40ms intervals. Once in guard, the pulses prevent the watchdog
flip-flops from generating their four BARK output signals, by re-
triggering a monostable (M10-4: 18ms) to hold it in its unstable
state.

If two or more pulses are missing, M10 releases the hold, and the
watchdog flip-flops 'Bark’, activating the safety circuitry. They will
be missing if the output value comparators are incorrectly updated; if
the SSDA fails to generate "Transmit' pulses for a period exceeding
470ms; or if the CPU crashes.

6.4.7 WATCHDOG CIRCUITRY

6.4.7.1  Out-Guard Watchdog
(Circuit Diagrams 430648 Section 11.3
and 430652 Section 11.4)

The CPU verifies the validity of each serial-interface transfer by
giving the SSDA an instruction to generate a 'Watchdog Enable’
trigger. This 'W.DOG ENBL SET' pulse (M44-7 on page 11.3-3),
triggers watchdog-enabling monostable M29-11 (page 11.3-1).

W.DOG ENBL SET triggering and retriggering extends the natural
(470ms) unstable state of M29 indefinitely. Unless the retriggers
fail, the M29-9 output (W. DOG ENABLE) remains at Logic-@.
Absence of W.DOG ENBL SET retriggers, for longer than 470ms,
allows M29-9 to restabilize to Logic-1.

W.DOG ENABLE is inverted at M43-3 and applied to NAND gate
M46-12 (page 11.34).

During each successful processor cycle, the CPU addresses M51-9
(Digital Assembly page 11.2-2). The resulting low active pulses at
8ms intervals are inverted, and gated with WRT STRB to generate
the active-low signal W.DOG at M49-11.

W.DOG travels via the Mother Assembly to the Analog Interface
Assembly to be gated with the W.DOG ENABLE signal at NAND
M46 (page 11.3-4). The resulting signal at M46-13, W.DOG,
consists of positive-going pulses at 8ms intervals when the
CPU/SSDA system is working normally, or a Logic-1 level if the
SSDA fails.

The W.DOG signal travels via the Mother Assembly to be passed

into guard on the Reference Divider Assembly (Opto-coupler M9 on
page 11.4-5).
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6.5.23  13-Bit Comparator Action

(Circuit Diagram 430648 Page 11.3-2)

The 13-bit comparator provides a Logic-1 output at TP12 whenever a
coincidence occurs between the following two sets of data:

a. Data set in registers M47, M48 and M49-1;

b. Data from 13-bit counter M42, M15, M16 and M17.

Twelve exclusive-OR elements M25, M26, M27 and three NOR
gates of M12 are used to detect a coincidence. The data in the
registers is preset by the CPU, while that presented by the 13-bit
counter cycles through every binary combination possible on 13
lines.

Two coincident inputs to an 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 gate) as follows:

,
M12 INPUT PINS OUTPUT PINS
6 11 9/12 4 13
g 1 ‘1) ? g Only 4 input

combinations

1 0 0 0 1 available
1 0 1 0 0

\ J

A BUSY signal is generated by the comparator at NAND M50-13
(TP2) when the 13-bit counter approaches full count. Bits 8 to 13
are at Logic-1 for the period of 125us preceding the end of the
counter cycle (see Fig. 6-21). The BUSY level is applied to the
M49 D-input at pin 9 and is synchronously clocked through as the
signal REF BUSY to buffer M45-2 by 1.024MHz.

As described earlier, the demanded output value is defined by the
CPU to a resolution of 25 bits, contained in four data bytes. The
time needed for the 4-byte transfer could allow the latches to contain

spurious data until they were fully loaded, and an inaccurate parity
could be registered with the counter still running. The counter must
not be interrupted, as its full count defines the 'period’ of the mark-to-
period ratio used to control the division of the reference voltage. Itis
therefore necessary to reduce the loading time, and this is achieved by
double-latching the data.

When the CPU has data to load into the input data latches, it first
interrogates the comparator by enabling buffers M45 using the signal
REV DIV RD. The REF BUSY signal at Logic-1 (M45-3) indicates
to the CPU that enough time is available to load the latches (at least
125ps remain before the LOAD pulse occurs).

If the REF BUSY signal is at Logic-@, the CPU wails 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 one of the chip-select signals REF.DIV.1
to REF.DIV.4, which enables the selected buffer latches. The data is
latched by the WRT STRB signal. : .

Once the full 25-bit word has been latched into the buffers, it is
available as a single word at the data inputs of the comparator latches
M47, M48, M49, M51 and M52. The CPU again interrogates the
comparator by REF DIV RD, and five of the elements of M45 buffer
the five most-significant data bits back to the CPU. If parity with
the transmitted data is confirmed, the CPU takes no action. When
the counter times out, the FULL COUNT signal is clocked through
to M14-6 by SYNC 2 as the LOAD signal, and the new data is
transferred into the comparator latches.

If the data laiched in the buffers is not as transmitted, the CPU
initiates the FAIL 4 message procedure to the operator.

é )
<3 8ms >
FULL COUNT L |
91s | |
S R P 125ps - .|
BUSY .
e L1111 NI R
PN e NS MR G GED ME) GED AR SER SRES GMS GES GED DEED (RED SME D SRR F
REF BUSY
\ FIG. 6.21 BUSY WAVEFORMS J
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The coincidence level at TP12 is used to set the D input at flip-flop
M14-12. This level is clocked to NAND M6-5 by the next SYNC 2
pulse. NAND input M6-4 is at Logic-1 except when LOAD is
active, thus M14-9 output is inverted at M6-6 to be NOR-gated with
1.024MHz at M7-13. This is then used to select the next SYNCI
pulse via NAND M8-10 to provide the pulse RST 2.

The pulse-timing example given in Fig.6.23 shows the generation of
RST 1 and RST 2 when coincidence occurs in the comparator at
binary count = 0 (waveforms in continuous lines).

Coincidence occuring at binary count 1 causes RST 1 and RST 2 to

RST 1 and RST 2 are generated with the same relationship in time
to the comparator coincidence when the latter occurs in any binary
count time slot from 0 to 8190 (inclusive).

Note that as the comparator word increments in value, RST 1 and
RST 2 increment in time after SET 1 and SET 2, which remain
stationary with respect to FULL COUNT and LOAD.

RST 1 and RST 2 are inhibited when coincidence occurs at binary
count 8191 to allow for the re-loading of the input registers at the
end of the counter cycle. The inhibit is performed by the level of
FULL COUNT going to Logic-@ and NAND M6-10, preventing

increment in time by 977ns with respect to the SET 1 and SET 2
pulses (waveforms in broken lines).

RST 1 being generated; and by flip-flop M14-5 output going to
Logic-@ for the period of the load pulse, inhibiting RST 2.

4 N
977ns.
1026 MHz —L__ l l_ l._
o n o ninn
| . | |
ST ” 1_] U U ]J-
L0A0 r__j
FULLCOUNT
- !
TP12 COMPARATOR COINCIDENCE - —-—-:T:--—--l
|
M7-1 ,—T—- —— - —{—-—-: - -'L
3
. T
M16-9 “
M7-13 '
o |
BINARY COUNT ' vos "
END OcFchLOEUWER_‘i NEXT_ COUNTER ———
\ FIG. 6.23 MSB SET/RESET PULSE GENERATION y
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6.5.3 REFERENCES and REFERENCE DIVIDER
(Circuit Diagrams 430652 Section 11.4)
(Refer also to Fig. 6.19)

The set and reset pulses from the precision 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 proportional to the MSB and LSB squarewaves'
mark:period ratio (duty cycle). These MSB and LSB voltages are
conditioned, and transferred to the AC Assembly by full 4-wire
sensed connection where they are summed at a star-point to generate
a Working Reference: 'REF+Ve'. The output voltage increments at
high resolution (0.03ppm: approx. 0.6uV), with a maximum
possible range of adjustment of 0-20V.

The high resolution associated with the full 13-bit count and a 20V
reference is advantageous for DC outputs. Such resolution, however,
is not strictly necessary for the accuracies associated with AC
outputs; and also the 1V Range is the basic AC range, all other
ranges employing either attenuation or amplification.

For AC outputs, therefore, the working reference is reduced to arange
from 0.126V to 2.79V by software. This results in a reduction of
the maximum mark:period ratio of the chopping waveform to about
0.14.

6.54 MASTER REFERENCE
(Circuit Diagram 430452 page 114-7)
(Refer also to Fig. 6.25)

The Master Reference determines the fundamental long and short-
term stability of the whole calibrator. It is a separate pcb mounted
on the Reference Divider assembly.

(Refer to the Layout Drawing facing Page 11.4-7)

The basic ciruit shown in Fig. 6.25 acts as a constant-current
generator for a zener reference.

The random character of zener drift in the short-to-medium term may
in the long term be regarded as averaging to zero. The averaging
action of the eight zener diodes (shown on Page 11.4-7) reduces the
short and medium term variations (due to drift and noise) by a factor
of V8, which is effectively three times as stable as a single zener
diode.

The diodes and resistors are selected and matched for near-zero
temperature coefficient; the overall instrument values are shown
together with the stability and accuracy specifications in Section 6 of
the User's Handbook.

At manufacture, the zener operating current is adjusted for zero
temperature coefficient, by selectively removing links TLA1-5 and
TLB1-5.

The zener voltage of +24.5V at TP3 and TP4, with respect to
Common-R1, is reduced by R24/R25/R26 to +20.6V. This is an
approximate value, but it has high temperature and time stability.
Correction constants for the Absolute Reference voltage values are
stored in non-volatile memory, and applied to affect the Mark/Period
ratio of the JFET Reference Divider switching squarewave. During
instrument recalibration, these constants are updated.

FIG. 6.25
\ BASIC REFERENCE CIRCUIT

M2 buffers the +20.6V for transmission, at the same value, to the
'‘Most Significant' Switch in the Reference Divider. Delivery is by
sensed connection, the Reference Common-R1 being connected to
the Reference Divider Common-4 by a low- resistance wire link from
pin A.

6.5.4.1  Buffer M2 - Temperature Compensation
(Circuit Diagram 430452 Page 114-7)

At manufacture, the temperature compensation applied to M2 is
adjusted by R29 (SET TC SLOPE). This adjustment requires
specialized test equipment and should not be attempted by users. Ifa
fault is suspected on the Reference PCB Assembly (400452), contact
your Datron Service Center.

6.5.5 REFERENCE BUFFER-DIVIDER
(Circuit Diagram 430652 Page 11.4-2)

R80 and R81 drop the 20.6V Master Reference voltage (V Ref) to
+8.83V. M23/Q40 is a voltage-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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6.5.6.3  Offset Bias Amplifier
M20 performs a dual role:
a. Its gain is set to 1/3 by R65/R64

b. Its output is level-shifted to provide an offset bias for summing
(this allows the summed output to have a negative zero offsct).

Also a small thermal coefficient zero correction is factory-preset

(D10/R8S).
M20 transfer function is approximately as shown.
The actual values are as set digitally in software, affecting the

mark:period ratio of the J-FET switches, using stored calibration
constants.

+27.5V —

TP8 Voltage
(3V Span)

+24.5V \
ov TP6 Voltage +9V
(9V Span)

6.5.7 MOST-SIGNIFICANT-DIGITS SWITCHING
(Circuit Diagram No. 430652 Page 114-1)

The large reference voltage (20.6V) and the need for higher resolution
makes the MSB Switching circuitry more complex than for LSB;
but the principle is the same: the set and reset pulse-timing adjusts
the mark:period ratio of the squarc wave fed to the filter.

The arrangement used for the MSB switching satisfies two
essential requirements:

a. The charge and discharge path resistances for the 7-pole filter
must be closely matched.

b. The leakage current of the path switched off must be minimal.

Requirement (a) demands that the matched devices used in both paths
are of the same type (P-channel JFETs have approximately 10 times
the "on" resistance of N-channel types). But without the voltage
standoff and leakage current shunt created by the guard switch, the
pinch-off gate voltage for one of the paths would be high enough to
gencrate gate-leakage current in excess of requirement (b).

A description of the Main and Guard Switch action is given overleaf.
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6.5.8.2  Filter Discharge Path
In Fig. 6.27(a) the switches are in "space” state:

Q37 and Q34 are turned on by TP4 at OV, to provide the filter
discharge path.

Q33 and Q36 are turned off by TP5 at +31.6V,

Q32 and Q35 are turned off by TP3 at -11V.,

The filter discharges via resistor R79 and FETs Q34 and Q37.
During both Mark and Space periods, R79 (78.7kOhms) is a major
determinant of the 7-pole filter charge and discharge currents.
Because in 'space’ state the 'On’ resistances of Q34 and Q37 (3Q-5Q
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 effects from the four JFETs which are
turned off, the cathode of diode D20 is connected to the common
junction of the four devices. Its 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 Q33). 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
Q36 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 turned 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 Q33 leakage currents towards LKB are virtually balanced by
those away via Q32.

6.5.8.3  Filter Charge Path

To preserve lincarity over the full range of Mark:Period ratios, the
filter charging path time constant must closely match that of the
discharge path. Q35 and Q32 are factory-selected to form a matched
set with Q34 and Q37, all J108 N-channel FETs (the 'on' resistance
of P-channel FETs in a true complementary switch would be much
higher, of the order of 30Q-40€2). Nevertheless, to avoid high
voltages being developed across Q35/Q32 when changing between
states (causing excessive leakage), P-channel FETs are employed.
Q36/Q33 are switched on before (and switched off after) Q35/Q32.

Fig. 6.27(b) shows this intermediate state after SET 2 and before
SET 1, and Fig. 6.27(c) illustrates the fully-conducting state after
SET 1. Note that for descriptive purposes, the second step 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 to the higher resistance of Q36/Q33, is not
sufficient to disturb the linearity of the filter in excess of
specification. '

The voltage between TP4 and LKB during ‘'mark’ state is some 31
volts. In the absence of D19, an adverse voltage distribution could
cause cxcessive reverse leakage in Q37. DI19 controls the
distribution by limiting the voltage at its cathode to about +10V,
constraining Q37 source-gate voltage to a tolerable 20.5V.

6.5.9 7-POLE FILTER
(Circuit Diagram 430652 Page 11.4-1)

M26, M28, M32, Q41 and Q42, together with associated capacitors
and resistors, form a 7-pole Bessel filter in three active clements;
providing approximately 135dB of attenuation at the 125Hz
switching frequency and increasing at a rate of 140dB/decade. This
allows sufficient bandwidth to avoid excessive settling time while
reducing the output ripple to within instrument 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 effects are insignificant.

The '+Ve SUMMING AMP filter output DC voltage (TP13), is fed
1o 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.

6-41













Step 0 1 2 3 4 5 6 7 8 9
M11 Output at
Logic-1: Qo Qg Q4 Q2 Q3 Q4 Qs Qs Q7 Qg
M10 Output pin
at Logic-1: 4 1 - 1 4 10 3 - 3 10
M9 Output pin
at Logic-1: Oy O4 Os O4 Oy 0> O O3 Og (o7}
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 | +1.397 | +1.16 | +0.42 | -0.42 | -1.16 |-1.397 | -1.16 | -0.42

REF+Ve

REF-Ve

FIG. 6.28 QUASI-SINEWAVE GENERATION )
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7.2 LOW VOLTAGE LOOPS (Fig. 7.1)

Although the 10V range is regarded as the basic DC range of the
instrument, this is because the full 20V Reference is used, and
suffers no overall voltage attenuation nor amplification in its output
loop. However, it does require power amplification at dissipations
which preclude its positioning within the thermal shield, so its
output buffer is located on the Power Amplifier assembly. This
factor complicates the routing of its signals.

The 1V range loop is more direct; its buffer is located on the DC
assembly, and there are fewer circuit elements to describe in its path.
For reasons of simplicity, therefore, the 1V range is chosen for this
description of the basic DC output loop.

The descriptions in Section 72.1 and Section 73 concentrate on the
signal path of the 1V Range loop; from the polarity switch in the
Precision Divider, out to the 'Power' terminals, and back to the
‘Sense' input of the Error Amplifier.

For descriptions of the alterations to the 1V loop to accommodate

the other DC voltage ranges, refer to the following sub-sections:

100mV Range 74
1001V to 10mV Ranges 75
10V Range 7.6
100V Range 7.8
1kV Ranhge 79

On the circuit diagrams in Section 11, all relay contacts are shown
with their relays in the unactivated condition .

7.2.1 1V RANGE SUMMARY
The low voltage loop and routing are illustrated in the simplified

diagram of Fig. 7.1. Switching contacts are shown in positions set
for the 1V Range.

DC Ref is variable between -20V and +20V referred to common-1,
and the 1V attenuator provides voltages between -2V and +2V. The
Error Amplifier and 1V Buffer are connected to form a voltage-
follower when I+ is connected to Hi (in either local or remote sense).

The output from the 1V Buffer is connected directly to the I+
terminal via power switching, the sense feedback returning from the
Hi terminal, via sense switching, to the Error Amplifier inverting
input. The sensed output voltage is adjusted by the feedback until it
equals the attenuated DC Ref Value, i.e. for zero differential input to
the Error Amplifier.

\

Attenuator

<100mV 10VL HY

‘Remote
/Local’
Sense
‘Remote’

eaf— from
High Voltage
Sense Attenuator

1V
< < ‘Local' and
3 = Ts100mv sy
[ Ranges
DC Ref < =
< =
= T
-: o—0
<100mV > S100mV
—0 o Ranges
\V4 Senee & CWaTov =
Range 9.

In Local Senee
(2-wire), only

FIG.7.1 LOW VOLTAGE DC OPERATION - SIMPLIFIED FUNCTIONAL DIAGRAM

Hi & Lo ueed
for Output




73 DC 1V LOOP

731 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 RL2,
to be output as a 4-wire sensed connection into the DC assembly.
The four lines are routed out at J4 pins 9, 10, 11 and 12 into the
Mother assembly. For negative outputs, energized relay RL1
configures the lines to give a negative DC reference.

73.2 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 connects the power and sense lines to the two star-
points TP2 and TP3. TP3 is the signal Common-1 point, to which
all instrument DC voltage sense inputs are referred.

For the 1V and lower ranges, RL16-5/4 connects the output of the
1V attenuator to the non-inverting input of the Error Amplifier. (On
the 10V and higher ranges, RL16-8/9 connects the full DC Reference
to the Error Amplifier.)

733 ERROR AMPLIFIER

The DC Ref Voltage from the Reference Divider is applied to two
amplifiers: M21 is a high-gain chopper-stabilized integrator of
approximately 10Hz bandwidth, Q5 provides additional bandwidth for
rejection of HF common-mode noise. M20 provides additional gain
and output drive, through a transient-suppressing diode clamp circuit.

The whole dmplifier is bootstrapped by M22, D48, D49, Q6, Q7
and Q10. QB8/Q9 provide 1.4mA constant-current drives for
D48/D49 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 to Common-2.

Extensive screening and filtering is used to eliminate the effects of
the chopping spikes at inputs and output of M21.

7.34 1V BUFFER

On the 1V and lower ranges the error amplifier output is applied to
the 1V Buffer, via the closed contacts 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 1001V - 100mV ranges.

M23 is powered by a separate individually-filtered 8V supply (refer
to pages 11.54 and 11.11-2). Its input and output are protected by
back-to-back zener diodes.

The output from the 1V buffer is connected, via contacts 12/7 of
energized relay RL3, to the '1V+10V+100V' PHI(DCYV) star point.

1.3.5 RANGE SWITCHING

On the 1V and 10V ranges the 1V+10V+100V star point is
decoupled to Common-2A by C28 via contacts 2/3 of energized relay
RLA.

Relay RLS5 is energized on the 1V and 10V ranges; and after passing
through the back-to-back contacts RL5-8/9, which cancel their own
thermal EMFs, the DC1V+10V+100V signal is renamed
'PHI(DCV).

1.3.6 OUTPUT SWITCHING
(Circuit Diagram 430536 Page 11.5-2)

The PHI(DCV) output and other connections from the Range relays
(Page 115-1) are passed to the instrument output terminals via
several relay contacts which provide switching for Remote or Local
Sense, Remote or Local Guard, and Output On/Off.

The output does not travel directly to the terminals from the DC
assembly, as further switching is required. Function changes switch
the terminal lines on the Current/Ohms assembly (para 7.3.8.1).

7361  DCV/ACV Switching

For DC voltage ranges, relays RL10 and RL11 are energized. The
PHI(DCYV) line from the range relays passes via RL10 contacts,
TP8, 1A fuse F6, and RL15 contacts (if output is set ON); to the -
PHI(V) line at J5-19. For DC voltage outputs, the four ACV lines
at J5-25/26/29/30 are disconnected by relays in the AC assembly.

In Remote Sense, the power return line PLO(DCY) is linked via
RL11 contacts, 1A fuses F4 and F3, relay RL14 and RL15 contacts
to J5-23 as PLO(V). PLO(DCYV) is held close to Common-2A by
R56/C30 (page 115-1), being protected against excessive departure
from Common-2A potential by the back-to-back 3V zeners D13 and
D25. The voltage developed across R56 by the output current is
monitored by comparator M13 (pagel1.5-2).

7.3.6.2  Output On/Off,

Because the DCV and ACV lines are separately switched, a single
independent 4-pole relay RL15 can be used to set output on and off.
Thus the lines at J5-19/20/23/24 carry either DCV or ACV signals
to and from the output terminals. Where ACV and DCYV 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 (a relay 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 open,
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(DCYV) to the I- terminal. This gives full 4-wire sensing
at the external load.

7.3.64 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 millivolt ranges. 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 OUTPUT PROTECTION

Two circuits are described in the following paragraphs:

e The DC Overcurrent Detector, which senses the current flowing
in the PLO(DCYV) return line, sending a signal to the status-
reporting logic if the DC current exceeds approx. 28.5mA.

On the 100V and 1kV DC ranges the 'LIM DET' signal is sent,
but on the 10V DC and lower ranges the 'LIM ST signal is
made active.

o The Overvoltage Detector provides an indication to the CPU that
the output voltage is in 'High Voltage State’, ie. the 'HV ST’
signal is activated if the output DC or peak AC voltage is
greater than 110V. If the instrument has not been programmed
into High Voltage State, then an anomaly exists, and remedial
action is taken by the CPU.

The results of activating the overcurrent detector are described later in
sub-section 7.12.7. '

73.71 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 by relays RL2-5/4
{page 115-1), RL11-2/5 & 11/8 and RL14-2/3 (page 11.5-2).

M13 is an open-collector comparator wired to detect excessive
voltages across R30/R36 (R31 is the common bias resistor). Diodes
D17 and D18 set the reference potential at M13-3 (for positive
outputs) to approx. +285mV; and at M13-6 (negative outputs) to
approx. -285mV. Under normal operation, when the output current
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is less than 25mA, both halves of M13 are held in open-collector.
When the output current through R56 exceeds approximately
28.5mA, 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 to logic-@:

LIM DET Activation:
On the 10V and lower DC ranges, M10-5 is permanently held at
logic-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 activated.

On the 100VDC or 1kVDC range, M10-6 is enabled by M10-5
at logic-@, so the overcurrent signal sets M10-4 to logic-@ 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 1kV Overcurrent Detector receives no input on DC ranges,
as no current passes through the sensing resistors R107 and R108.

73.7.2 High Voltage Status Detector

("Overvoltage")

In order to provide information to the CPU, so that it can decide
whether the High/Low voltage state is as demanded, the voltage level
on the PHI(V) line (TP8) is monitored and compared against a
reference. The detector senses DC levels for DC voltage outputs, or
peak levels for AC voltage outputs.

M17 is a dual comparator whose hysteresis is set to +1.22V. For as
long as the voltage on the 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 (0V).

The PHI(V) voltage at TP8 is applied via R83 and R62 to M16-2,
which is referred to Common-2B, M16-3 being connected directly to
this common. Resistors R61 and R68 apply feedback to M16,
setting its gain to -0.0098. C29, C31 and R63 ensure that any
transient switching spikes do not activate the comparator. The
output from M16-6 is compared with £1.22V in comparator 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
outputs) 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 open-collector,

If the DC PHI(V) voltage exceeds 125V (or for an AC peak
corresponding to a sinewave RMS exceeding 90V), either M17-7 or
M17-12 pulls towards logic-@. Current source Q2 permits only
3mA to flow in M17 output circuit, so the voltage input to D6
cathode and M12-11 (B trigger) suffers a negative-going trigger edge.
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7.5 100pV - 10mV RANGES

These ranges use the same relay settings as 100mV Range, so the
output voltages remain at 1/100 of the DC Ref voltages. The
differences lie in the spans of DC Ref voltages used.

To achieve the correct DC Ref span, the appropriate scaling is
computed digitally and the 4-byte binary words set in the 13-bit and
12-bit comparator latches of the Analog Interface. The DC Ref
spans are scaled as follows:

10mV Range - -2V to +2V
ImV Range - -200mV to +200mV
100pV Range - -20mV to +20mV

Because of this scaling, the resolution available on these ranges is
reduced in proportion to the scaling ratjo. The displayed output
resolution is automatically adjusted according to range selection:

10V, 1V and 100mV Ranges - 7%/2 digits

10mV Range - 62 digits
1mV Range - 512 digits
100pV Range - 41 digits

7.6 DC 10V LOOP

7.6.1 DC REF. and ERROR AMPLIFIER
(Circuit diagram 430536 Page 11.5-1)

The DC Ref signal is derived as for the 1V range, entering the DC
assembly at the same pins: J5 pins 1, 2, 3 and 4. Relay RL18 again
connects the power and sense lines to the two star-points TP2 and
TP3, TP3 being the signal Common-1 point.

On this range, RL16-8/9 connects full DC Ref to the non-inverting
input of the Error Amplifier, which operates as for the 1V range,
except that the span of voltages is now the full -20V to +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 connected by RL6-6/4 as
input to M14. .

For the 10V and 100V ranges, M14 is connected as an inverting +2
line buffer by the un-energized relay RL6-6/4 and 11/13. For the
10V range, M14 output passes to the Power Amplifier assembly via
J5-73 and the Mother assembly.

7.6.3 10V BUFFER (Power Ampl. Assembly)
(Circuit Diagram No. 430618 pages 11.9-1/2).

The discrete, complementary, 10V Range buffer-amplifier is a dual-
purpose circuit, generating power to the output terminals for both
DC and AC functions.

As it provides the full output current, it is located on the Power
Amplifier assembly so that the heat from its power stage can be
developed outside the thermally-shielding Chassis assembly, and
dissipated by forced-air cooling from the fan. Its output is fed back
to the DC or AC assembly for range and output switching, as the
DC10V+100V' signal.

The output 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 RL4-11/13 and 10V selector RL3-9/13. The signal is
attenuated by R171 and R124 in a ratio of 4.17:1. So a positive full
range DC Ref signal of +10V from the Reference Divider appears at
J9-40 as -5V, and is further attenuated by R171/R124 to
approximately -1.2V across R124, which refers it to Common-2B.

The amplifier is best regarded as having separate DC and AC paths.

7.6.3.1 DC Path

The DC path is blocked by C56; M17 is the DC input buffer,
connected as an integrator with diode clamping. M19 operates as an
inverter in open loop, so applies high DC gain to the output from
M17 on M19-2, referred to Common-2C by R112.

The output from MI9 drives both halves of the symmetrical,
inverting, discrete power amplifier through current-limiters Q21 and
Q24, and is buffered by emitter-followers Q22 and Q23. Common-
emitter devices Q27 and Q29 form a voltage amplifier, driving the
complementary output stage Q32 and Q33. Resistors R119 and
R120 set the gain of the discrete stages to approximately 4.5.

The forward amplification contains three inversions, negative DC
feedback being applied to M17 inverting input by R122, defining an
overall gain of 10 in conjunction with input resistor R123.

For DC range selections, the DC error signal is applied at M17-2, is
amplified by 10 and output at TP11 via the low DC resistance of L8.
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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MOSEFETsS are inherently capacitive, so measures are taken to nullify
the effects, on slew rate, of the capacitive currents between Q9
electrodes. The cascode arrangement ensures that any source-gate and
source-drain capacitive currents join the main flow of source current
and have little effect on slew rate.

The Miller feedback of the drain-gate capacitance has the greatest
effect on slew rate, generating AC currents between anti-phase
electrodes which normmally pass into the input circuit. In this
arrangement, Q13 diverts these currents back into the cascode current,
while maintaining a standing bias of about 4 volts between gate and
source. These measures minimize the reduction of Q9 operating
bandwidth.

R51 and D42 provide Q13 operating bias, and D51 protects the bias
circuit. The high-power resistor R49 refers the bias circuit to
Common-2, and C26 stabilizes the base-emitter bias of Q13. Zener
diode D39 protects the MOSFET from source-gate voltage
breakdown.

7.8.34  Driver Regulator

At Full Scale on the 100V AC range, the output from the driver is
200V RMS. This requires Q9 drain to provide a peak-to-peak
voltage swing approaching 600 Volts, as there is no voltage gain in
the heatsink power amplifiers. The positive supply which provides
Q9 current therefore needs special regulation.

The 400 volt supply is at this point unregulated, so can contain line
ripple and level variations, this noise level being critical to the
output performance. To define a stable supply voltage, a DC
restoration circuit is employed as a trough detector, maintaining a
level about 5V below the most negative excursions of the ripple.

At power-up, 75V zener D57 allows a rapid charge of reservoir
capacitors C49 and C59, until the charge reduces D57 voltage below
the avalanche level. When D57 cuts-off, R100 provides a charge
path of 1IMQ, giving a time constant of approximately 10 seconds.
The smoothed voltage across C49/C59 is divided by R101, R86 and
R87; so a small voltage is dropped across R101, and Q20 gate is
held about 5V below the +400V(2)B line voltage. The N-channel
source-follower Q20 thus provides a quiet, low-impedance DC
supply voltage.

Zener diodes D60 and D61 divide the voltage across C49 and C59, so
that their breakdown voltages are not exceeded. The 10V zener D54
protects the TMOS gate/source from excessive voltages.

The opto-coupler M16 permits the 400v supply to be switched off,
allowing D56 to assume forward bias, thus connecting the rail to the
+38V supply. This facility is made available to reduce the voltage
across R65, and hence its continuous power loading, when the
instrument is delivering a DC output of negative polarity. M16 is
turned off for AC and positive DC outputs, by the 'POSITIVE'
signal from the processor being set to logic-1 (0V). Thus M16-6 is
isolated from M16-5, and the +400V rail out of the regulator remains
energized. For negative DC outputs, the cathode of the LED in M16
is pulled to logic-@ (the POSITIVE signal being set to -15V on
M16-3 - see page 11.9-5); the LED emits, and M16-6/5 shorts out
D54 turning Q20 off. The total supply voltage for negative outputs
is then limited to 438V.

At HF, inductor L6 appears as a current source, increasing the
impedance of Q9 drain load with frequency to compensate for
capacitive loading. It has the advantage of not increasing the net
power dissipated in the stage; any active current source would have
significant output capacitance. The 12-watt resistor R65 is the main
resistive drain load for Q9.

7.8.3.5 Driver Output

The driver develops its output voltage, which can involve peak-to-
peak AC swings of up to 600V, across the load resistor R65. Zener
diode D41 is included to clamp the output in the event of the
heatsinks being disconnected. This is normally held below avalanche
by the current passing through a series bias buffer (Q8) in the
Positive Heatsink assembly, via J3-11 and J3-12.

The main frequency compensation is performed by capacitor C12.
This could have been connected to the drain of Q9, but the output
line slew rate is sensitive to capacitive loading. Instead it is
connected via J2-7, to a low impedance point in the Negative
Heatsink assembly, which follows the driver output voltage swing.

784 100V POWER AMPLIFIER
(Circuit Diagrams 430637 page 11.13-1
and 430539 page 11.13-2)

The 100V power amplifier stage is split between the Positive and
Negative Heatsink assemblies. The driver output voltage is
connected into the Positive assembly, and the frequency
compensation feedback is derived in the Negative assembly.

The whole circuit is a complementary, single-ended push-pull
amplifier with unity voltage gain. To achieve the full 300V peak
voltage output, two MOSFET source-followers are connected in
cascode, for each polarity, in a totempole arrangement.

To obtain the required peak current levels, each source-follower
consists of two MOSFETs in parallel. In all, therefore, eight
MOSFET devices are used.

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 transmitted.
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7.8.4.1  Positive Heatsink Assembly
(Circuit Diagram 430637 Page 11.13-1)

N-channel MOSFETSs Q1 and Q2 are connected in parallel, as are Q3
and Q4. All devices are matched for power dissipation and threshold
voltage for an even dissipation of approximately 400W between the
two heatsinks. All gate-source potentials are limited by 10V zeners.

The input voltage from the driver is present at J3-11 and J3-12.
Most of the driver load current passes through the bias buffer Q8, and
the voltage developed across Q8/R21 is applied to the bias control
R10. The Vgs multiplier M1/Q8 acts as a high gain shunt
regulator, generating a bias of between 5V and 9V, set by R10. The
regulator's own bias chain of Q9, D8, and Q5 (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 directly to the negative
heatsink input via J1-7 (Circuit Diagram 430539 page 11.13-2).

The 'DRIVE+ voltage at J3-12 is buffered by Q7 and applied to the
gates of Q3 and Q4. In the event of an output short-circuit, Q6
detects the output current as a voltage across R14, imposing a hard
limit of 1.5A by reducing the signal voltage at the input to the
MOSFET gates.

The series gate resistors R5 and R6, together with their associated
drain-gate capacitances, form the dominant pole of the amplifier.
Damping resistor R19 with ferrite bead FBI1, prevent local
oscillations in emitter-follower Q7.

Q1 and Q2 act as buffers to provide a bootstrapped supply for the
output devices Q3 and Q4, splitting the overall power dissipation to
four points of application to the heatsink. The gates of Q1 and Q2
receive their drive from the output line, obtained via the divider
R16/R22/R23/R15. Capacitors C10 and C13 decouple any noise on
the 400V rail; C11 and C12 correct any lag which may be generated
by C10 and C13. C5 and C6 control the division ratio at HF,
swamping any stray capacitance.

The drains of Q3 and Q4 are shorted together, and connected via J1-5
by a 10nF capacitor to the corresponding point in the Negative
Heatsink, completing an AC bootstrap (BS). The gates of Q3/Q4
(J1-1) and Q1/Q2 (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 along the
screen of the input connection.

7.84.2 Negative Heatsink Assembly
(Circuit Diagram 430538 Page 11.13-2)

This is virtually a mirror image of the Positive Heatsink circuit.
However, because the P-channel MOSFETs are operating closer to
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-bootstrapped to corresponding points in the Positive Heatsink
assembly, via C1, C2 and C4.
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HF compensation for the driver and output stages is derived at low
impedance from the junction of R2 and D12. It feeds back via J2-7
to the driver output circuit, through C12 in the Power Amplifier
assembly, to avoid capacitively loading the driver output line.

7843  Over-Temperature Detection

The two NTC thermistors in each heatsink circuit are part of a bridge
network which detects excessive temperatures on the heatsinks. The
action of the bridge is described in section 7.12.9.

7844 100V Output Connection

DANGER!

For guarding purposes, the output from the heatsinks is transmitted
back to J3-9 of the Power Amplifier assembly along the screen of
the input cable. The voltages on this screen are POTENTIALLY
LETHAL. Utmost caution should be exercised when working in its
vicinity.

7.8.4.5 Heatsink Removal

The 100V Amplifier can work with the heatsinks removed, because
of the clamp diode (D41 on page 11.9-3) in series with the driver
load. If they are removed, however, J3-9 and J3-11 in the
disconnected socket of J3 must be connected together, to maintain
the feedback. In this condition, the gain falls due to loading of the
driver by resistors in the DC or AC assembly.

7.8.5 POWER SUPPLIES AND PROTECTION
Three main power supplies are employed in the Power Amplifier:

+ 15V Common-2 in-guard supply.
This is used for all low voltage applications, including the switching
and functional logic. For the most part the logic conforms to the
standard: logic-@ = -15V; logic-1 = OV.

« 38V Common-2 supply.

Required mainly for the 10V Power Amplifier, but also for negative
DC outputs in the 100V Amplifier driver, this supply is generated
on the separate 38V Power Supply assembly (Refer to page 11.12-1).
Part of the supply circuit is situated on the Mother Assembly.

* 400V Power Supply.

The 100V Power Amplifier used for the 100V and 1000V ranges, for
both DC and AC outputs. The line transformer secondary output is
rectified and smoothed on the Mother assembly, and the main
regulator circuitry for the driver stage is contained on the Power
Supply / Current Heatsink. The power output stage of the 100V
Amplifier receives unregulated 400V supply. Extensive protection is
incorporated.










7.9 1000V RANGE

79.1 INTRODUCTION
79.11  Power Signal Processing

Method

The 1000V DC Range obtains its hlgh voltages by using the 100V
power amplifier to drive an AC signal into the primary of a step-up
transformer. The AC signal is derived by modulating a 16kHz
reference with the DC ERROR signal.

Error Signal Conditioning

The '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 it is scaled up by a factor of -100, the
amplifier output being delivered via the 'OUTPUT" line to the HF
Transformer assembly.

Rectification and Output
The stepped-up secondary voltage is rectified and filtered in the High
Voltage assembly:

e A constant-current source acts as a shunt to sustain the current
drawn from the high-voltage secondary winding through the
bridge rectifier. Polarity is switched with respect to common-2
via the LC-filtered 38V common-2 supplies. Positive polarity
output is referred to -38V at zero output, to overlap with
negative polarity output referred to +38V. The overlap allows
digital calibration constants to be used to align zero voltage
output in both polarities to the same calibrated zero.

» The main output filter is placed in the output line. This is a
low-pass filter with a high rejection at 16kHz, reducing the
ripple voltage to within specification limits.

¢ The output voltage is fed out through the Range switch on the
DC assembly, where it is subject to Remote Sense and Output
On/Off switching, before being passed to the I+ terminal by the
same route as for low voltage ranges. High voltage status is
detected on the DC assembly as described in para 7.3.8.2 for the
1V Range.

* The external current is sunk into common-2 via the overcurrent
detector, which wams the control processor when the output
current exceeds approximately 28.5mA (see para 7.3.8.1). On
the 1000V range the processor will switch the output off on
receipt of the overcurrent signal from the overcurrent detector.

79.1.2  Sense Loop

Sense Attenuation

The sensed output voltage from the Hi and Lo terminals is reduced
down to 'DC Ref levels by a guarded precision attenuator on the DC
assembly, and then applied to the inverting input of the Error
Amplifier:

« The Lo terminal and Sense Attenuator Lo are both referred to
Common-1 (DC Ref Lo). The attenuator is dual-purpose, being
used for both 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.

e The 10V Bootstrap, in addition to supplying the Error
Amplifier, also buffers DC Ref Hi as reference for the VCA
Drive circuit.

Error Conditioning

The bipolar DC error voltage between the buffered DC Ref Hi and
the Error Amplifier output is converted by a switched precision
rectifier in the 'VCA Drive', to provide a suitable unipolar control
signal for the DC modulator. The buffered output from the rectifier
becomes the '10V+100V+1000V DC ERROR' signal which adjusts
the amplitude of the 1000V Range outputs.

Loop Action and Reference Scaling

The Sense loop thus stabilizes the 1000V Range DC output 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 voltage is scaled digitally so that Full Scale of 20V
corresponds to 1100V on the OUTPUT display and at the output
terminals.
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79.3 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 output 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 acts as a bipolar-unipolar switch which adapts
the bi-polar action of the Error Amplifier to the unipolar sensitivity
of the DC modulator:

o 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.

« Alternatively, if the OUTPUT ON- LED is lit the POSITIVE
signal is at logic-@ (-15V), cutting off Q2. M15-3 follows the
M15-7 voltage, so the amplifier acts as a voltage follower.

The gain from M15-7 to the I+ terminal is approx. x2000. R87 and
C40 at the Error Amplifier input; and R40, C21 on the first stage of
M14; provide frequency compensation for the overall loop.

For the 1000V range, the second M14 stage is connected as a non-
inverting line buffer by contacts 8/4 and 9/13 of activated relay
RL6. The output from M14-7 passes to the Power Amplifier
assembly via J5-73 and the Mother assembly.

7.9.3.1 Action of VCA Drive Circuitry

If a user increases a positive OUTPUT display value, the positive
DC Ref Hi voltage will increase (this is a demand to increase a
positive output voltage). The polarity switch inverts the positive
input from M15-7, so M15-1 feeds a negative output to M14. This
is inverted at M14-1 and then buffered by voltage follower action at
M14-7. 1t 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 M15-7 is
not inverted and remains negative as for positive outputs. The action
of M14 is not altered, so an increasing positive signal is sent to the
DC modulator as before.

In both of the above cases the signal sent to the DC modulator is
increasing positively, and this will result in an increasing 16kHz
amplitude input to the 100V Amplifier. All polarity information is
lost,. so has to be re-inserted after rectification of the step-up
transformer output, by the polarity switch in the High Voltage
assembly.

794 DC MODULATOR

794.1 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 11.3-2). This is transferred into guard through opto-
isolator M3 on the Reference Divider (page 11.4-5). The 16kHz
square wave, switching between logic-1 = 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 to inverter Q41 (page 11.9-2).

7942 DC Error Signal 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). After inversion in Q41, the signal at its
collector switches between the +15V and -15V rails. Positive half-
cycles of the MOD DRIVE signal make Q41 conduct, switching
Q40 off and Q39 on, so the DC Error voltage charges the filter. For
negative half-cycles the conditions are reversed and the filter is
discharged to Common-2.

The DC Error signal is always positive, due to the polarity switch
on the DC assembly. Its amplitude depends on the difference
between the conditioned output voltage and the DC Ref 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 distortion. Its output is
buffered by source-follower Q42, before being AC-coupled to the -
100V Amplifier by a high pass filter (formed mainly by C86 with
the approx. 400Q2 input resistance of the amplifier).

The near-sinusoidal 16kHz signal input to the 100V Amplifier has
amplitude which is proportional to the value of the DC Error signal,
so acts as an AC analog of the difference between the normalized
instrument DC output voltage and the value of the DC Ref voltage.
It is based on a mean of 0V, and is passed as the '1kV ERROR O/P'
signal via RL1-11/13 and RL2-6/4 into the Gain Stage of the 100V
Amplifier (page 11.9-3).
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7.9.5 100V AMPLIFIER
(Circuit Diagram 430618 page 11.9-3)
(For description refer to Subsections 7.8.3 and 7.8.4)

This operates as for the 100V range, but in this case the DC path
simply maintains the zero offset of the AC signal, which is
amplified along the AC path. The output signal 'OUTPUT" is fed
from J3-9 to relay RL6 contacts (page 11.9-2) for application to the
step-up transformer.

7.9.6 '1kV ENABLE' RELAY RL6
(Circuit Diagram 430618 page 11.9-2)

Relay RL6 allows the OUTPUT signal from the 100V Amplifier to
energize the HF step-up transformer, providing the following
conditions are met:

The IKV Signal is at Logic-@:
This is a processor-controlled signal, set to logic-@ when the
instrument output is switched on, in the 1000V range.

The Watchdog has NOT 'Barked'.

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
front of the instrument), facing the rear. It allows the high
voltage to be switched off for servicing purposes. A red LED
glows when all other conditions are met.

When RLS is closed, the OUTPUT signal from the 100V Amplifier
is switched through to the contacts of RL7.

7.9.7 LF/HF TRANSFORMER SELECTION

The two transformers are separately located, their secondaries being
connected into the High Voltage assembly. The HF transformer is
selected when RL7 is unenergized, its primary being returned to
Common-2C. RL7 is energized to select the LF transformer.

For the 16kHz signal used with the 1000V DC Range, the HF
transformer 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 a step up ratio
of 1:6.17. This ratio 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 RL4 is
energized, applying the HF transformer secondary voltage to the
rectifier bridge via RLA4-5/4 and RLA-2/3. )

The rectifier bridge uses two series diodes in each arm. Each diode is
current-rated at 1A, with a p.i.v. of 1.5kV.

N.B. The transformer secondary, and bridge rectifier are not directly
referred to any common. This allows the rectifier output to float so
that it may be used for either polarity.

799 CONSTANT-CURRENT ASSEMBLY
(Circuit Diagram 430563 page 11.14-2).
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7.9.9.1 Constant-Current Source.

QI1-12 form a series Darlington chain, connected across the bridge
rectifier output as a constant-current source, having two functions:

It maintains conduction in diode bridge D56-D63 under no-load
conditions.

+ At higher voltages, D15-D17 limit Q11 base voltage to +2.4V,
limiting the series current in R11, with Q13 pinched off. At
lower voltages Q13 conducts, shunting R11 with 170-180Q
(R10 plus Q13 'On' resistance which falls to approx 125€Q), and
increasing the discharge current. The approximate shape of the
overall characteristic is shown in Fig. 7.3.

NB Note that the minimum voltage applied across the constant-
current source is 38V. Even at zero output voltage and current,
the diode bridge generates 38V to back off the positive or
negative 38V connected to RL3. '

79.9.2  Overvoltage Detection

Zener diodes D1 - D13 form a series chain across the High Voltage
supply. When the voltage exceeds 1440V this chain conducts,
lifting D13 cathode and driving opto-isolator M1. M1 collector
falls, turning on Q14, whose collector voltage rises to provide a
'LIM DET"' logic-1 (0V) output at pin 5. This signal travels from
the High Voltage assembly at J1-14, via the Mother assembly, to
the Power Amplifier assembly at J9-69.

The operation of the LIM DET circuitry and subsequent action is
described in Section 7.12.

7.9.10 POLARITY SWITCHING
(Circuit Diagram 430537 page 11.14-1)

Double-pole relay RLS performs the polarity-reversal. With RLS un-
energized as shown the output filter is connected to rectifier positive,
and the -38V Common-2 supply is connected to rectifier negative.
During zero calibration, the -38V is backed off to give a true zero
output by an output from the rectifier.

Relay RLS 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 parallel output registers. When negative
outputs are selected, providing the PA is not clamped; RLS5 is
energized, the output filter is connected to rectifier negative, and the
+38V Common-2 supply is connected to rectifier positive. Again,
the +38V is backed off by an output from the rectifier for all
negative outputs, including zero.

The requirements which decide the use of the Exclusive-NOR
function are discussed in sub-section 7.12 4.

79.11 OUTPUT FILTERING
The high voltage output is filtered in three stages:

a. L3, R1, Cl and C2 together form a 2-pole low-pass filter, which
attenuates 16kHz by approx. 30dB and 32kHz by approx. 42dB.

b. LA, L5 and their associated capacitors form a 5-pole filter with
elliptical characteristics, attenuating 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). This
provides further attenuation of approximately 30dB at 16kHz and
36dB at 32kHz.

7.9.12 1kV DC OVERCURRENT

The overcurrent detector on the DC assembly operates on the 1000V
Range identically as on the 1V Range. Refer to para 7.3.8.1.

7.9.13 1kV and 100V SENSE ATTENUATION
(Circuit Diagram 430536 page 11.5-1)

Both ranges' output voltages are sensed on the SHI(DCV) line and
reduced to 10V Range levels in the same guarded attenuator.

The 1000V Range output is developed across the full attenuator via
relay RL7-8/9 contacts, and the guard chain is driven from the DC
1kV line via RL7-5/4.

The 100V output enters the attenuator at the tapping between R85
and R101 via RL8-9/8 contacts, the corresponding guard voltage
being applied to'the Guard chain via RL8-4/5.

The output tapping is common to both ranges, taken at the
900kQ/100kQ junction of R101. Thus the 1000V DC Range
voltages are attenuated by 60:1, the 100V DC Range voltages by
10:1. The reduced output from the Sense attenuator is applied to-the
inverting input of the Error Amplifier.

Each junction between adjacent elements of the attenuator has its
own guard screen. To eliminate leakage while providing an effective
guard, a separate attenuator steps the power output voltage on the
PHI(DCV) down to the correct voltage for each junction's guard
screen.

The Sense attenuator sinks into Common-1, the ‘reference' common
to which the Error Amplifier and the 10V/1V attenuator are also
referred. The guard attenuator sinks into Common-2, the general
analog power common.
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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 fastest response, the output relay RL1S is not
latched, but can trip 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
Tristate' relay drivers and a bias amplifier.

7.11.1.1 Latched Bistable Relays
(Circuit Diagram 430536 page 11.5-3).

As can be seen from the circuit diagram on page 11.5-3, the relays
are strung out between the output of their bias amplifier (-7.5V
approx. at M1-2) and the drive outputs from the Clamp assembly.

The bias amplifier M1 is a frequency-compensated voltage follower,
buffering the tapping of attenuator R4/R5, to hold one side of each
relay permanently at -7.5V. The relay drivers on the Clamp
assembly can provide outputs at OV or -15V when enabled by the
UPD(IG) pulse, but return to tristate when disabled. A relay is
therefore driven to one or the other of its bistable states during
update, then latched in the chosen state when the driver output
returns to open-circuit.

All the latched relays operate in the same polarity sense: when its
driver output updates at logic-1 (OV), the relay latches to select its
nominal function; for a logic-@ (-15V) update, the function is
deselected. In the analog circuit diagrams, the relay contacts are
shown in their deselected state, equivalent to the un-energized state of
a conventional non-latching relay. For consistency, in the analog

descriptions relays are referred to as being 'energized' or 'unenergized'.

7.11.1.2 'Tristate' Relay Drivers
(Circuit Diagram 430668 page 7-23).

The relay drivers (M1, M2, M3 on the Clamp assembly) are octal
‘Tristate’ buffers. Each chip is served by two inverted enable inputs
on pins 1 and 19 (four buffers - half the chip - per enabling input).

Whenever a switching command has been received, the CPU
performs a control data transfer and the UPD (IG) line from J5-104 is
pulsed to -15V for 50ms.

The switching logic places a logic-1 (0V) 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 0V, or
deselects by pulling its output voltage to -15V.

7.11.2 CLAMP ASSEMBLY
(Circuit Diagrams 430536 page 11.5-3
and 430668 page 7-23).

On 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: J7, J8
and J9 being the connections to M1, M2 and M3 respectively. For
signals crossing the block from left to right, the output of each non-
inverting buffer is drawn opposite its input, so the function remains
unchanged as it crosses the block. As a further aid to identification,
the pins of any one buffer are numbered so that the input and output
numbers add up to 20.

7.11.2.1 UPD{G) Distribution

As the UPD(IG) signal is distributed as the enable to many buffers,
it is itself buffered before being fanned out. So the four UPD(IG)
connections at the top of the block are inputs to four buffers (M1)
which are permanently enabled by J7-19 at -15V. The outputs of
two of these buffers are brought out to J7-5 and J7-7 which are not
connected (and not shown on the circuit diagram). ‘

The input at J7-11 emerges from the Clamp assembly at J7-9 to
operate the driver for the non-latching relay RL15 (at M2-6). The
fourth input at J7-17 emerges at J7-3, and is reconnected as the
fanned-out enable to the other buffers on the assembly (see Fig. 7.4).

ENABLE
Inputs
to
Relay
Drivers

\_ FIG. 7.4 UPD{IG) DISTRIBUTION J

7-21




7.11.2.2 Buffer Clamping
(Circuit Diagram 430668 page 7-23).

The 40244 octal buffer can be sourced from several manufacturers.
Some variants are protected against SCR avalanche if the output
voltage were to exceed the rail voltage, but some are not. Each
buffer drives its output into the solenoid of a relay, and is switched
on and off by the update enable. The self-inductance of the solenoid
can generate back EMF's well in excess of the rail voltage, so to
guard against the possibility of catastrophic failure, it was decided to
provide external protection in the form of a clamp circuit.

On the Clamp assembly Q1-Q4 form two power supplies, each
delivering a regulated voltage of a diode-drop less than the rail
voltage (+VE CLAMP' and '-VE CLAMP"). A diode connected
from the buffer output to each of the clamp lines permits the output
voltage to rise to, but not exceed, the rail voltage (see Fig. 7.5).

Where two buffers are used in parallel to drive two relays, the clamp
diodes can be omitted from one buffer output (eg. M2-9 and M2-7 are
joined on the DC assembly between J8-9 and J8-7, so both are

clamped).
wE cLampr 07V I o7y
Relay
Data IF Solenoid
o——-[ ST 7.5V
x
ENABLE
15V
“.VE CLAMP' I o
g 0.7v
1 )

\_  FIG. 7.5 TYPICAL CLAMPED BUFFER /

7.11.3 DC ASSEMBLY SWITCHING LOGIC
(Circuit Diagram 430536 page 11.5-3).

The analog-control signals are transferred into guard on the Reference
Divider assembly, and latched as 'Q' outputs in the Serial/Parallel
Data Converter. Offset positive logic is employed (Logic-@ = -15V,
Logic-1 = 0V) for the signals entering the DC assembly via J5 from
the Mother assembly. For general analog control considerations refer
to Sect. 7.10.

7.11.3.1 Range Switching Logic

Range control data is input as a 3-bit code on DCR@, DCR1 and
DCR2 lines. The bit-pattern is decoded by M4 to select the correct
range relays. As the 1000V, 1mV, 10mV and 100mV ranges all use
the same analog circuitry, only one bit-combination (DCR2) is
required for these four ranges. The resulting five combination
variations are listed in Table 4.1 against the range selections,
showing the states of M6 'Q' output pins and the relays energized for
each range.

Note that deselection of DC function sets each DCR(2-@) to logic-1.
The M6 'Q' outputs all fall to logic-@, deselecting all range relays
except RL1, RL2, RL3 and RL16, which are selected by DCR2
being at logic-1.
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7.11.3.2 Function and Output Switching Logic

Output voltages are passed through the DC assembly on all AC and
DC ranges. RL15 comnects the SHi, SLo, PHi and PLo to the Hi,
Lo, I+ and I- terminals of the instrument. Four signals control this
relay:

OFF at logic-@ when Output is selected ON.

BARK DEL at logic-@ unless the watchdog has tripped.

AC FUNCT 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 to logic-1, M4-9 is at
logic-@; M4 pins 3, 4 and 5 are at logic-@, M4-6 is at logic-1. So
M2-2 is driven positive, and as M2-3 is biassed at about -4.75V,
then M2-1 goes to approx. -12V. During the update pulse J7-9 goes
to -15V, so M2-7 goes to +15V. RLIS is thus actuated by some
27V, but after the UPD(IG) pulse is terminated, M2-7 returns to 0V
and RL15 is held on. If AC and DC are both deselected, or if the
output is set to OFF, or if the Watchdog barks; the -12V at M2-1
reverts to approx. +11.5V. If the UPD(IG) pulse is not present, the
voltage across RL15 falls through zero and RL1S is de-energized. If
it is present, only approx. 4.5V is connected across RL15, which is
insufficient to hold the relay on. Under these -conditions the
instrument terminals are disconnected from the output.

Relays RL10 and RL18 are selected when DC voltage has been
commanded, providing that the Watchdog has not barked. With
DC FNCT at logic-1, M4-11/13 are at logic-@. If the Watchdog 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. RL10 connects the PHI(DCV) and SHI(DCV)
line to the PHI(V) and SHI(V) lines respectively, RL18 connects the
DCRef output from the Reference Divider to the DC Error
Amplifier input.

Relay RL11 connects the power and sense Lo lines back to their
respective commons. Thus when RL10 and RL18 are selected for
DC voltage outputs, so is RL11. But in Current Function it is also
required to tie the Local Guard to Common-2. This also is done by
selecting RL11. With Current Function selected, the I 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 TFNCT
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 at both Hi and Lo signal levels. For
Current Function this has negligible effect on the DC assembly, but
the REM SENSE '+ and '-' signals are also passed out to RL1 on
the Mother assembly (page 11.16-1). Although remote sense is not
selectable for DC or AC Current ranges, it is necessary to route the
current output to the I+ and I- terminals on the front panel. RL1 on
the Mother assembly is energized to do this. (For Local Sense on
voltage ranges, RL1 routes the power Hi line to the Hi terminal
instead of 1+).

REM GU selects the Remote Guard relay RL17 via its buffer.

The HIGHILIMIT and AC 1kV RANGE signals are concerned
with the AC 1kV Overcurrent Detector circuit. The signals operate
their relays RL12 and RL13 directly through their buffers. Section 9
discusses their effects. The effects of control signals '1kVDC,
'100VDC', 'DC FNCT and 'POSITIVE' are discussed in the
descriptions of the analog circuitry at their destinations.
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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 16kHz 'MOD DRIVE' signal is
passed to the 1kV DC Modulator (see page 11.9-2).

The POSITIVE signal entering at J9-41 is input to M4-5 and the
1kV Range decode is input to M4-6. If a negative output on the
100V Range is commanded, then both inputs are at logic-@. The
output at M4-4 is logic-1 and M15 causes the LED in M16 to
conduct by pulling M16-3 to logic-@. The photo-transistor of M16
conducts (see page 11.9-3), placing a short circuit between the source
and gate of Q20, which turns off the +400V supply to the 100V
Amplifier driver stage. Q9 conduction causes D56 to conduct, so for
negative outputs 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 to deal with the
AC signal being amplified, so M4-6 at logic-1 inhibits the disabling
photo-coupler; M13-15 being open-collector. The same inhibition
results for positive outputs on the DC 100V Range (when the
+400V is needed to power the driver stage) by M4-5 at logic-1.

7124 'PA CLAMP ON' SIGNAL

PA CLAMP ON is applied before the 1kV DC control loop is
broken by the 1kV line, and released when the loop is restored. It is
also required on entry into and exit from the 100V DC Range. Other
ranges are 'don't care' states.

7.124.1 DC 1000V Range Clamp

When the DC 1000V Range is selected, but Output is set Off, the
drive is removed from the input to the step-up transformer. The
High Voltage assembly polarity relay RLS, in the positive position,
connects -38V to the base of the Constant Current chain at Pin 2.
The other end of the chain is connected, via the instrument output
lines, to the head of the 1kV sense attenuator on the DC assembly.
The attenuator output is fed to the inverting input of the Error
Amplifier.

Under these conditions, the Error Amplifier 'sees' a negative voltage
at the Output terminals, and would drive heavily into saturation on
its positive side to correct the output. This would occur regardless of
the size of the positive DC Ref voltage being applied on its non-
inverting input. When the positive Output was reset to On, the
power circuitry could generate a massive swing which would result
in catastrophic failure. A similar (but polarity-reversed) effect could
be present for negative DC Output selections.

This excess loop gain is removed by reversing the position of the
polarity switch during the time that the output is tumed off, so that
the Error Amplifier sees a positive voltage and backs off toward zero.
The logic to reverse the polarity is driven by the PA CLAMP ON
and POSITIVE signals, employing an exclusive-NOR gate.

In the High Voltage assembly, M2-4 feeds the driver for the polarity
changeover relay 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 M2-4 RLS Nominal
Commands CLAMP  State State Output
ON Polarity
-VE-O/P ON 2 2 1 Energized -ve
-VE.O/P OFF 2 1 @  Un-energized  +ve
+VE-O/P ON 1 (%} @  Un-energized +ve
+VE-O/P OFF 1 1 1 Energized -ve

The PA CLAMP ON signal at logic-1 also disables the 16kHz MOD
DRIVE signal to the DC Modulator.

7.12.5 '400V ENABLE' LOGIC

The '400V(2) OFF signal from the CPU is normally at logic-@ for
voltage ranges; but after a 'FAIL 7' message indicates a 400V supply
failure, it is toggled three times, attempting to restore the supply.

Thus in normal operation, BARK is logic- and the PSI OFF
signal from M11-4, also logic-@, is input to M1-1/6 (page 11.94).
M1 consists of six inverting drivers, each with uncommitted-
collector output (as used for the relay drivers). MI-1 at logic-@
allows M1-2 to be pulled to logic-1 by AN1-1/2, or to logic-@ by
M1-14. In the lower chain with four inversions, M1-14 is also open-
collector, if a 400V or 15V failure has not been detected by the
monitors.

Thus for normal operation M1-2 is pulled to logic-1 and the
'ENABLE 400V-' line from M1-15 is held at logic-@ (-15V). With
the 'ENABLE 400V +' line it energizes the opto-isolator LEDs in the
400V power supply (PS/I heatsink page 11.13-3).

A failure of either the 400V or 15V supply pulls M1-3 to logic-1,
disabling the 400V supply by setting the ENABLE 400V- line to
logic-1. If the +15V or -15V rail collapses, the opto-isolator current
is cut off in any case, due to zener D24.

7.12.6 'BIAS OFF' LOGIC

On the 100V or 1000V ranges, after receiving a 400V FAIL signal
from the monitor, the CPU attempts three times to restore the 400V
supply. The foldback current limiting for the supply (in the PS/
heatsink) 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 11.9-3) and removing the output drive.

The three attempts are made by toggling the 400V(2) OFF line
(described in sub-section 7.12.5). Each time the supply is enabled,
R6 and C1 hold the BIAS OFF signal at logic-@ for about lms to
allow the supply to build up before the load is reapplied.

After three unsuccessful attempts, the CPU assumes a permanent
hardware fault and holds the 400V(2) OFF signal at logic-1.
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7.12.7 'LIM ST' LOGIC

This status signal is passed back to the CPU via the SSDA serial
link to indicate that certain limits have been exceeded. The LIM ST
signal entering the Reference Divider at J4-76 (page 11.4-4) can be
activated to 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 output from the Power Amplifier at J9-67
(page 11.9-5) can result from the LIM DET signal setting the latch
MS5a. LIM DET is associated with the high voltage ranges, and can
be activated by:

« DC Assembly (page 11.5-1/2)
AC 1kV Overcurrent Detector,
DC Overcurrent Detector (100V & 1000V DC ranges);

« High Voltage Assembly (Constant Current Source)
DC 1kV Overvoltage Detector;

+ Power Amplifier Assembly
AC 100V Overcurrent Detector,
AC 1000V Overvoltage Detector.
(These two cofnbine to generate the 100V FLAG, which is
NORed with 'DC FNCT' before becoming LIM DET.)

NOT100V FLAG is initiated by the AC 100V Overload Detector
or AC 1000V Overvoltage 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 transferred via M12-3 as the
signal T LIM 100V AMP' to the gate of Q14 (page 11.9-3). Ql4
conduction reduces the 100V amplifier input to zero, so if the
overload is external the LIM DET signal should revert to logic-@.

712.7.2 'LIM ST' Generation

The latch M5a is set by logic-1 on pin 6, for as long as LIM DET
remains at logic-1. Its 'Q' output activates the 'LIM ST signal via
M4-3, informing the CPU. It also reinforces and latches the
TLIM 100V AMP' signal. LIM 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:

e DC Assembly (page 115-1/2)
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

-

AC 10V
Over-Current

Detector
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Over-Current

AC 1000V
Over-Voltage
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7.12.7.3 CPU Response

On receipt of the LIM ST signal, the CPU initiates a series of clock
pulses on the T LIM 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 'Error 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-@, 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 a persistent overload, the detectors operate once again. The cycle
repeats until user action is taken to remove the overload. The Error
message continues to be displayed.

If the overload is an internal fault, it is likely that another protection
circuit will have detected it and taken its own action.

7128 'LF', 'LF' and '1kV GAIN'

These are signals used to control the gain and compensation of the
AC 1kV amplifiers, (Refer to section 9.?).

The 'LF signal is set to logic-1 by the CPU via the SSDA serial
link and Reference Divider latches, when the AC 1000V range and
the 100Hz or 1kHz frequency ranges are selected. It is inverted as
'LF at M11-12, and then inverted as buffered 'LF' at M11-10.

'FREQ R@' is also CPU-controlled. It is set to logic-1 when either
the 1kHz or 100kHz frequency range is selected.

LF' and 'FREQR@' are combined at M6-10 to give the
'1kV GAIN' signal, which is at logic-@ only when the 100kHz
range is selected. (The software prevents the IMHz range being
selected on the 1000V range).

7129  THERMISTOR COMPARATOR

Two NTC thermistors situated in different positions on each PA
heatsink are part of a bridge network which detects excessive
temperatures on the heatsinks.

(Para 7.84.3 and pages 11.13-1/2 refer.)

The reference arm of the bridge is formed by R165 and AN9-7/10 in
parallel, both in series with AN9-6/11.

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 10kQ. The bridge is
unbalanced in favour of open-collector outputs from the four
comparators, pulled up to Common-2 by AN2-3/4 and AN2-5/6.
Q36 is therefore cut off, and the 'OVERTEMP' signal at J9-31 is at
logic-@ (-15V).

If one of the chip temperatures exceeds 100°C, its thermistor
resistance falls to the extent that the bias on its null detector is
reversed. The null detector output is taken low to -15V, Q36
conducts and the OVERTEMP signal goes to logic-1.

The OVERTEMP status signal is passed to one of the Reference
Divider status registers, (page 11.4-4), where for safety reasons it is
pulled-up by a IMQ section of AN2. The CPU reacts to the logic-@
signal by displaying the 'FAIL 1' message, and forcing a recovery
sequence:

OUTPUT OFF;
Reference Divider ramp to zero;
Remote Sense OFF;
Analog Control 'OFF bit set;
Analog Control '1kV' line disabled;
Display and Keyboard locked;

After approximately 1 minute, the CPU defaults the instrument to
the normal 'OUTPUT OFF state in the selected ranges with output
set to zero. The FAIL 1 message is removed, and the user is at
liberty to try another attempt.

Under normal power-up conditions, with the Power Amplifier
assembly plugged in and Q36 cut off, AN2-7/8 holds the line more
negative than -14V (logic-@). If the Power Amplifier is removed, no
over-temperature information is available from the heatsinks. In this
event, the OVERTEMP signal rises to logic-1, indicating failure.
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8.1.2 VOLTAGE CONTROLLED OSCILLATOR
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Frequenc_y band vCO
Capacitors (o2
Current-Mirror
Buffer
< 31MHz
n’ x 8kHz
Frequency-band
Control
FREQg g

FIG. 8.2 VCO BLOCK DIAGRAM

Generation of 16kHz Reference
(Circuit Diagrams 430648 page 11.3-2,
430652 page 11.4-5 and 430446 page 11.6-4)

8.1.2.1

The 16kHz (INT) signal originates at M16-14 in the Analog Interface
(page 11.3-2) and is buffered as '16kHz(OG)' (page 11.3-1). On the
Reference Divider at J4-104, it passes into guard via opto-isolator
M3 (page 114-5), gating with 'DISABLE REF FREQUENCY' and
BARK' in M24, filtered by R86/C38 to reduce harmonics from the
transmission path, and is sent via the Mother Assembly to J6-53 on
the Sine-Source Assembly (page 11.64).

Schmitt-trigger M14 inverts the 16kHz into a symmetrical
squarewave, which is then applied as clock to M13a, a bistable
connected to divide by two. The resulting 8kHz squarewave is taken
as the reference frequency for phase comparator M12. Note that in
this configuration the SIG input of M12 is used for the reference, and
the divided VCO output signal is applied to the REF input. This is
necessary to provide the correct sense in the phase control element
MS50, because of the inversion of integrator M11.

8.1.2.2 Squarewave Generation by the VCO

The VCO is a discrete-component ECL relaxation oscillator
generating an output of frequency 'n' x 8kHz. Its natural frequency is
dependent on:

the value of capacitor C2 (or C2 plus one of C3 - C6),

the value of its continuous discharge current through the phase
control element (current mirror M50), and

the value of its charging current through Q2 on alternate half
cycles (4.7mA).
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Consider C2 fully discharged. Q4 is off, so all the 4.7mA from Q6
passes through Q5. The collector voltage of Q4 is close to the
positive rail, buffered by Q7 and R9 to hold Q5 on. Also, as Q3 is
turned off by Q4 collector voltage, Q2 is turned on by its emitter,
passing 4.7mA into C2 and the current mirror M50.

Capacitor C2 charges until Q4 turns on. Cumulative Schmitt action
passes the fall at Q4 collector to the base of QS, ensuring a rapid
transition between states; so the 4.7mA is transferred from QS5 to
Q4. Q3 turmns on, its emitter falling quickly to cut Q2 off, so the
charging path to C2 etc. is interrupted.

M50 continues to discharge C2, whose voltage falls slowly until Q4
starts to cut off again. The cumulative action is repeated to turn Q2
on, recharging C2. The cycle of charge and discharge continues,
generating 'VCO O/P' squarewaves at buffer Q12 emitter.

8.1.23  Coarse Frequency Control

(Circuit Diagram 430446 Page 11.6-4, and Fig. 8.2)

At any time, only one of the capacitors C3, C4, C5 and C6 can be
connected in parallel with C2, by conduction of its associated
transistor. This splits the frequency range of the VCO into five
bands, governed by the four most-significant bits of the frequency
control word FREQg ¢ acting on M8. The association is shown in
Table 8.1; note that the VCO frequency bands quoted in the table are
correct only because the VCO is under the fine control of comparator
M12, within the phase-locked loop.



FREQg 5 bits M8 Outputs VvCO-
Range of at C2-Cé Frequency
8 7 6 5 ‘n’ Values Logic-1 Selection Band (kHz}
0 00O 10 to 31 Xg C2 and C6 80 t0248
00 01 32 to 63 Xy C2and C5 | 256to 504
00 1 X 64 t0 127 X332 C2and C4 | 512 101016
01 X X 128 to 255 X7.4 C2and C3 | 1024 t0o 2040
1 X X X | 25610 500 NONE C2only | 2048t0 4000

TABLE 8.1 COARSE FREQUENCY CONTROL

8.1.2.4 Fine Frequency Control
(Circuit Diagram 430446 Page 11.64, and Fig. 8.2)

In the following description, capacitors C3, C4, C5 and C6 are
ignored, but references to C2 should be read as including the
appropriate additional capacitor.

The VCO output is fed back to M12 phase comparator via M9 and
M13b, which are connected to act as a 9-bit frequency divider.
Because the divider is controlled by FREQg. the VCO output
frequency is always divided by 'n’' before being applied to the REF
input of the comparator. The output from the comparator will only
be zero if the frequency fed back to M12-6 is 8kHz (ie. the VCO
frequency is n x 8kHz), and in phase with the 8kHz REF FREQ at
M12-3 (TP14).

The output from M12 is integrated by M11 to drive a DC current
into the current mirror M50, which has a gain of two, its output
current being drawn from the charge on C2. During the half-cycles
of the VCO oscillation when C2 is being charged, the mirror obtains
its current from Q2 conduction.

The phase control loop seeks to phase-lock the two inputs to the
comparator. If they are in phase, the comparator output is at high
impedance (‘TRISTATE'). In this condition the integrator capacitors
C16 and C18 have no charge or discharge path, so M11's extremely
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, the loop maintains VCO oscillations
at n x 8kHz, and the feedback dividers reduce this frequency by a
factor of 'n' to 8kHz.

Any disturbance in the loop will generate corrections to restore zero
phase difference at the inputs of M12. Frequency deviations are
therefore detected at an early stage as phase changes, giving a
measure of 'phase advance' correction.

8125 'INHIBIT' (VCO Off)

The VCO can be switched off by a logic-1 of OV at the base of Q11
(INHIBIT signal). This originates in the CPU system, setting
FREQ Ry g code to 111 (a non-existent R7' range) when AC
functions are deselected. It also resets the +2 flip-flop M13a, so that
no reference frequency is passed into the phase comparator.

—

8.1.2.6 VCO Supply Rail Protection

To prevent VCO oscillations appearing on the 15V power rails,
which also supply the integrator M11 and current mirror M50, the
positive rail is heavily decoupled, regulated by Q8, and all devices
whose currents are likely to disturb the rails are supplied through
constant current sources (Q1, Q6, Q9 and Q13).

8.12.7 VCO Output

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 emitter is therefore limited by D1 to logic supply levels.
A re-conversion back to 15V levels is accomplished at the input to
the integrator M11, as TP31 pulses are negative at M11 input.

D1 is a Schottky hot carrier diode of reverse capacitance approx. 2pF.
This avoids distorting the high frequency output squarewaves (for
1MHz output, the VCO oscillates at AMHz).

The output passes through R12 to avoid loading the VCO, and then
fed as 'VCO O/P' to the frequency dividers at M5-9 (page 11.6-5).

8.13 FREQUENCY RANGE DIVIDERS
(Fig 8.3)

As mentioned earlier in para 8.1.1, the purpose of the synthesizer is
to provide an accurate frequency reference for the quadrature sinewave
oscillator. The VCO frequency (signal 'VCO O/P') is input to a
series of frequency dividers, whose ratios are set by 'FREQ R, g, so
as to make the dividers generate the selected frequency as
'SYNTH O/P'. FREQ R,.g is a three-bit word, five of whose codes
represent the five frequency ranges.

A second purpose is to clock the Quasi-Sinewave Generator in
synchronism with the synthesizer output (and hence with the main

quadrature sinewave oscillator output). The synthesizer frequency is -

a multiple of the Quasi-Sine frequency, except on the 100Hz
frequency range, where they are both at the same frequency. Thus the
divider ratios are also chosen to generate the correct frequencies for
the quasi-sinewave clock, for each frequency range selected.

8.13.1 Divider Ratios
(Circuit Diagram 430446 Page 11.6-5)

Binary/BCD Divider MS 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 up, by fixing M2-10 at Logic-1.
Its CARRY OUT signal at M2-7 is at 1/10 of its clock frequency,
and its Q1 output on M2-6 is at half its clock frequency. Flip-flop
M4a is connected to divide its clocks by two.

Multiplexer M6 selects the appropriate source frequency to clock the
Quasi-Sinewave generator. In particular, on the 100Hz Range it
selects the CARRY OUT from M2, which is subsequently divided
by 10 in the quasi-sinewave counter, and returned via J6-51 to be
used as SYNTH O/P.
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8.1.34

Synthesizer Frequency Analysis

Table 84 is provided to allow a complete analysis of the frequencies
to be found in the divider circuitry. In part, it duplicates figures from
tables 8.2 and 8.3.

FREQ. FREQUENCY Yele} f1 2 f3 fa 5* 6
RANGE DISPLAY DIVISOR VCO OUTPUT | M5 QUTPUT M1 OUTPUT M2 QUTPUT M6 OUTPUT (M6-3) J6-51 INPUT
(NOM) (nx 8kHz) (f1+8) (f2+10) (f3+10) Hz (f5+10)
Hz o kHz kHz khz Hz M6 Input Channels and Division Ratios Hz
Xg (f3+2) X; (f3+4) Xg.7 (£3+10)
100Hz 10-63 10-63 80-504 10-63 1.0-6.3 100-630 100-630 C 1063 3
(RO) 64127 64-127 512-1016 64127 6.412.7 640-1270 640-1270 C 641271
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 30-63 3.0-6.3 [ 100-630 ] 1500-3150 150-315
(R1) 0.64k-1.27k 64-127 5121016 64-127 6.412.7 [ 6401270] 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) 6.4k12.7k 64127 5121016 64127 [ 64127] 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 L 3063 J 3063 100-630 1500-3150 150-315
(R3) 64k-127k 64-127 512-1016 L 64127 6.412.7 640-1270 1600-3175 160-317.5
128k-330k 128-330 1024-2640 [128-330] 12.8-33.0 1280-3300 1280-3300 128-330
(f1+4) (f2+25) {f3+-10)
Hz ‘n kHz kHz kHz Hz Hz
TMHz
(R4) 0.30M-1.00M 150-500 1200-4000 [ 300-1000] 12-40 1200-4000 1200-4000 120-400
Note:

Frequency spans in square brackets [_._] are the SYNTH O/P

frequencies on those ranges.

Other frequencies are present and may be tested.

*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 8.4 SYNTHESIZER DIVIDERS - FREQUENCY ANALYSIS
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QUADRATURE OSCILLATOR CIRCUIT DESCRIPTION

8.2.6 MAIN INTEGRATORS
(Circuit Diagram 430446 page 11.6-1)

The cascaded integrators consist of M19 and M30 together with their
input resistors and feedback capacitors. Both circuits are identical in
operation, although some slight differences in implementation exist.

Adjustments to the natural oscillation frequency are made by
switching the integrator time constants.

8.2.6.1  Frequency Range Switching

The feedback capacitors are selected by the binary control word
'FREQ R,.g. This is decoded into five lines Ry g (page 11.6-5), each
representing a frequency range. The capacitors for R4 (IMHz) are
fixed, one other set being added in parallel when its range is selected.
Relays RL1 to RL8 perform the switching.

8.2.62 Frequency Increments

The integrator input resistors are connected in a binarily-weighted
ladder network, the total input resistance depending on the pattern of
FET conduction. Each FET is turned on by its corresponding binary
digit in the frequency control word FREQg. (appearing as Ag g and
Bg g at the FET gates).

The least-significant bits, representing low frequencies, control the
highest-value resistors at the base of the ladder. The most-significant
bits, which represent the highest frequencies, control the lowest-
value resistors at the top.

Any user-selected frequency in a given frequency range is thus
represented by a bit-pattern in the control word, which is repeated in
the FET conduction pattern and resistance selection at the input of
both integrators.

8.2.6.3 Slew Rate and Protection

Emitter-followers at the outputs of the integrator operational
amplifiers allow the high slew-rates necessary to be achieved, by
buffering any loading effects. The diode clamp networks between
output and input prevent latch-up by imposing umty gain feedback
when output peaks exceed approx. 5V.

8.2.64  Output Offset Control

The amplitude detector circuit squares the outputs from both
integrators. It is therefore important that their DC offset voltages are
not included in the squaring computation.

The 'Cosine' offset is removed by adjustment of R50 at the non-
inverting input of M30, and the 'Sine' offset by R49 at the input of
inverter M15. This latter adjustment removes the combined offsets
of M15 and M19. (At manufacture, and after any replacement of
major board components, the controls are iteratively adjusted for
minimum AC fundamental component in the DC amplitude control
signal 'Vg' 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 TO8 case is grounded.

As mentioned earlier, its DC input offset is adjusted by R49 to null -
the sine DC offset.

8.2.71 Gain Control

The inverter has three inputs:

a. Asinwt from the second integrator, the basic oscillator
feedback loop. '

b. B.coswt from the Amplitude correction loop.

c. 'FREQERROR', a DC current which " alters the inverter's
input resistance (and hence its gain) by controlling FET
conduction, phase-locking the oscillator to the synthesizer
output frequency (refer to para 8.2.4.2).

Inputs (a) and (b) [A.sinwt and B.coswt] are summed as currents at
the inverting input. The amplitude of the B.coswt signal is
determined by the action of the amplitude control loop, described in
sections 8.2.8 and 8.2.9.

Input (c) controls the gain of the inverter. The A.sinwt is applied
via two input resistors R28 and R41 in series. R28 is shunted by
the two FETs of Q29, whose the source-drain resistance is altered by
the 'FREQ ERROR' current via current-mirrors M16 and M18.

Two FETs in series are required for the amplitude levels reached by
Asinwt. R41 is selected to account for differing 'on' resistances of
different batches of FETs. This input circuit is a scaled-down
version of that employed for the VCA in the main output loop,
details of which appear in Section 9. A description of the action of
the frequency tracking loop follows at para 8.2.7.2.

8.2.7.2  Frequency Tracking - General

As stated in para 8.24.2, the oscillator's output is applied to the
comparator of a phase-locked loop. The Synthesizer output is input
as reference frequency to the same comparator. The phase-difference
pulse train from the comparator is integrated to produce a DC phase
error signal, which is applied to control the gain of the inverter stage
of the oscillator. This exerts fine control of the oscillator frequency,
tracking the Synthesizer frequency.
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8.28.1 Squaring Circuit Inputs
(Circuit Diagram 430446 Page 11.6-1)

Vcos and Vsin are squared independently in a pair of differential four-
Quadrant multipliers, each with two identical differential inputs.

The Sine Squarer receives Vsinwt from the second integrator M30
(Q44 emitter), and -Vsinwt from the main inverter (M15-11).

As +Vcoswt is the only natural cosine output from the oscillator,
the -Vcoswt signal is derived by inversion in M31. These are both
fed as inputs to the Cosine Squarer.

8282  Cosine Squarer
(Circuit Diagram 430446 Page 11.6-2)

Isolating the Cosine circuit alone as an example, there are two
differential inputs. One is applied across M34 pins 13 and 16, and
the other across pins 6 and 10.

The multiplying action of the squaring circuitry relies on the
exponential transconductance between a transistor's base voltage and
its emitter-collector current:

I is proportional to  exp(V,)
so Vpe is proportional to Ln(Iy)

The difference between the currents in M34-1 and M34-14 collectors
is linearly proportional to Vcoswt (due to M34 emitter resistors
AN15). The currents are drawn from the supply through Q55 (which
is connected as two matched diodes), but because of the exponential
transconductance, Q55 base-emitter voltages increase logarithmically
with increase of emitter current. Therefore the differential voltage at
Q56 and Q57 bases due to Q55 emitter currents is logarithmic:

(Vst_4 - VQ55-3) is proportiona.l to Ln(V.COSWt)

The difference between the currents in M34-9 and M34-7 collectors is
also linearly proportional to Vcoswt (due to other M34 emitter
resistors AN15). But each collector current is divided between the
two halves of the dual transistor in its collector circuit, regulated
both by the dual transistor's exponential transconductance, and by its
logarithmic differential base voltage.

The combined effect of these two factors is similar to the
mathematical operation of multiplying by adding logarithms: a term
is produced in each Q56 and Q57 collector current, proportional to
the linear product of the two input voltages.

By cross coupling the collectors of Q56 and Q57 as shown, other
constant terms are suppressed, and the difference between the currents
drawn from AN15-7/8 and AN16-9/10 is proportional to:

Vcoswt x Vcoswt
The inputs are equal, so the differential output current is proportional
to V2cos?wt.
8.2.83  Sine Squarer

The Sine Squarer behaves in the same way, producing a differential
current in its collector loads proportional to VZsin?wt.

8284 Cos?, Sin2 and Iggy Summing

In this application, the currents from both Sine and Cosine Squarers
are combined in common loads. The voltages developed across the
loads will therefore also differ by an amount proportional to the
expression VZcos?wt + V2sin2wt. Thus if a reference current was not
superimposed, and utilizing the well-known identity 'sin? + cos? = 1',
a DC voltage would exist between TP9 and TP10 (TP9 positive),
equal to:

KV2 (cos2wt + sinZwt) = KV2

where 'K' is a constant at constant temperature, dependent upon
identical circuit values in both squarers, and 'V' is the amplitude of
both sine and cosine outputs from the oscillator.

However, a reference current is superimposed. The DC current Iggp
is drawn through the l1kohm load AN15 by M40 (pin 2), reducing
the positive value of TP9 voltage to (KV2 - KVggp) with respect to
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 amplitude is determined at manufacture). M34 is connected
as a diode to compensate for M40 V. temperature drift.

Voltage K(V2 - Vygp) is applied to the input of M35a, the unity-gain
Summing Amplifier. M35a is connected to remove any common
mode present at its input, so at TP11, K(V2 - Vggp) is referred to
common 2A. At this point it can be recognized as the Amplitude
Error Voltage. Moreover, the amplitude loop adjusts the oscillator
outputs to drive the error voltage to zero, so the action of the loop
also drives V2 to equal VRgr.

8.2.8.5 Filtering

Because components cannot be matched exactly, some small
differences can exist between the sin? and cos? terms. Such
differences appear in Vg as the fundamental and second harmonics of
the oscillator frequency. These are limited by filtering in the filter
formed by M35b and its associated circuit.

It would be possible to set a single low-pass bandwidth for all
ranges, but as this would need to filter down to 20Hz for the 100Hz
range, it would also impose inconveniently long settling times for
the higher frequency ranges. The low-pass bandwidth of the filter is
therefore switched between frequency ranges by the Ry g signals
decoded from FREQ R, ¢ in the synthesizer (page 11.6-5).

The frequency range signals select the appropriate feedback
components, by conduction of only one FET from Q47-Q52 per
range. (Q48 is not used).

The filter output is the oscillator amplitude DC error signal Vg,
limited to a maximum of approximately 6V by the action of back-to-
back clamp diodes D24 and D25. Vg passes via linkB to the
'Amplitude Control' circuitry (see page 11.6-1). The value of Vg
determines the fraction, and its polarity the phase, of the V.coswt
signal which is to be added to V.sinwt at M15 input.
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8.3.34  MI18 Frequency Selections

The input sources to M18-10/11/12/13 are switched to M18-9
according to the following table. The italicized frequencies cannot

be obtained because it is frequency which controls the A input to
Mi1s:

( ’ A
Reference 'EXT FREQ SEL'  1/10MHz Detect. Source M18-12 M18-13
Frequency M1i8-2 (B) M18-14 (A) Transferred Frequency  Frequency

1MHz 1 %] M18-12 (2C2) 200kHz 20kHz
10MHz 1 1 M18-13 (2C3) 2MHz 200kHz
No Input,
or 10MHz (and 1%} 1 M18-11 (2C1) oV oV
Not Selected)
1MHz (and 14} 2 M18-11 (2C0) oV oV
Not Selected)
1 S

8.3.3.5  Further Division of M18 QOutput
The 200kHz output from M18-9 is divided by a further +12.5 before
it becomes the signal '16kHz EXT'. This is achieved in three stages:

+10 (M28-3); x8 (PLL); +10 (M28-13).

The x10 dividers are connected as bi-quinary counters to maintain the
symmetrical squarewave.

83.3.6 PLL Frequency Multiplier

The Phase-Locked Loop is formed by M30 and M53. The VCO
oscillates at a frequency which when divided by 8 (M53-11) phase-
locks to the 20kHz present at TP25. At this frequency (160kHz) the
error voltage across C30 is a very low amplitude ripple balanced
about OV DC.

The loop can be regarded as a simplified version of the synthesizer
VCO, 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 External Reference frequency at
TP27. It is passed into the same selector (M18) which carries out
the 1IMHz/10MHz and INT/EXT selection of the divided signal
input. The 16kHz (INT) signal is also applied to M18. In this case
the other half of the dual selector is employed.

The 16kHz(EXT)REF signal from TP27 is input via M18-3 and
M18-4, whereas the 16kHz(INT) signal goes to M18-5 and M18-6.
Switching between 1MHz and 10MHz (M18-14) has no effect, as the
output at M18-7 selects from shorted input lines. The INT/EXT
switching by EXT FREQ SEL (M18-2) selects between the two
pairs of shorted inputs to give the 16kHz (OG) output from M18-7.
This is buffered out via M5-6, J3-104 (page {1.3-1) and the Mother
assembly to the Sine Source assembly at J6-53 (page 11.6-4).

8.3.5 'EXT REF ST' (M46)

If no extemnal reference signal is present, both M10 monostables
remain permanently in their relaxed (timed-out) state. Thus M10-4
and M10-12 are at Logic-1, both inputs to NAND M46 are Logic-1,
so its output (EXT REF ST) is at Logic-3. For signal frequencies
of IMHz or 10MHz one of the inputs to M46 is at Logic-@, so EXT
REF ST goes to Logic-1.

M46 output is returned to the CPU, being sensed on the data bus
line D4 at each RTC IRQ (M37-13 page 11.2-2), so the CPU knows
whether an external reference signal is present or not. It also knows
when S53 is selected, and issues the 'Error EF' message on the
MODE Display if S53 is selected but no external reference signal is
present. This warns the user that with the external reference facility
selected, the VCO in the Reference Buffer is free-running in the
absence of a locking signal, and is still the reference for synthesis of
the instrument output frequency. The output is thus unlocked both
from the user's sync source and from the internal crystal oscillator.
This is normally because no external reference has been connected to
J53 on the rear panel!
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SECTION 9
AC VOLTAGE OUTPUTS - AMPLITUDE CONTROL SYSTEM

9.1 INTRODUCTION

This complex system generates the whole range of AC voltage the 1V or 10V range to act as an accurate reference. Thus the
outputs, as defined by its inputs. For the AC Current function, an following description applies also to the generation of that reference.
AC voltage is derived from the internal voltage amplitude loop on :

(~ ™)
Constgnt-AmpIitude Output-drive Sinewave Conditioned
Sinewave (1V-Range RMS levels) Output to Load
Accurate 10-Bit
Frequency DAC l l
f .
::rom Sinewave Output Conditioning Ie
S'ver?tlrj\zr:i:zyer) Source v r (Range Scaling etc) )
Sinewave VCA 1V Buffer v l
Phase Sync. Z\
Fine Coarse l
Oscillator Amplitude Amplitude
Amplitude Control Setting ]
Control Approx.
1000ppm FS I
i Resolution
10-bit
ADC | x
Approx. 1ppm FS
Resolution l
Gain Error Range I
Compensation Switching
“1 (via SSDA) |
Compensated
5 - Mean-square I
Accurate 10-Bit /)&"
DC Voltage DAC Error {DC)
Reference Mean-square l
3 Error (DC)
(from l
Reference .
Divider) Error Amplifier l
Quasi-Sine seizgnn’::aerasto:w .
Phase Sync. ‘ yne. \} I
Quasi-sinewave sazg‘f:j;gge Sense Conditioning o
Approx. Tppm FS Source Comparator {Range Scaling etc) iy
Resolution
Reference Quasi-Sinewave Sensed Sinewave Sensed Sinewave
(1V-Range RMS levels) (1V-Range RMS levels) (Output levels)
\ FIG. 9.1 OUTPUT AMPLITUDE CONTROL SYSTEM )
Feature of Output Controlling Element Controlling Input to Loop
Frequency: Frequency Synthesizer (Crystal-Sourced) Constant-amplitude sinewave from Quadrature Oscillator
Sinewave Purity: Quadrature Oscillator Constant-amplitude sinewave
Voltage Range: Processor, via SSDA and Control Latches Ranging Signals
Coarse Amplitude: Reference Divider Accurate DC Reference Voltage
(Resolution reduced to approx. 1000ppm FS by 10-bit DAC)
Fine Amplitude: Reference Divider and Quasi-sinewave Generator Quasi-sinewave RMS value at a resolution of approx. 1ppm FS
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VOLTAGE CONTROLLED AMPLIFIERS
(Circuit Diagram 430446, page 11.6-3)

9.3

The circuits described in this section perform the following
functions:

¢ Modify the output of the Sine Source by coarsely tracking the
gain of the output amplitude to the requested output voltage,
providing stepped coverage of the instrument’s dynamic range.

» Provide smooth adjustment of gain, within the coarse steps, in
response to error signals from the Sine/Quasi-Sine Comparator.

» Impose the settling rate of the true analog DC reference voltage
on both the coarse gain adjustment and the mean-square error
(AC AMPL ERROR) scaling.

» Sense excess currents in the output buffer, providing a LIM ST
signal to the CPU via the analog control interface.

All the circuits described in this section are located on the Sine
Source Assembly. On the circuit diagram, two voltage-controlled
amplifiers are shown:

» The 1 Volt Buffer (M45, M46 and the discrete output amplifier).
Its input resistance is controlled by the DAC M43.

¢ The main VCA M48/Q88, whose input resistance is determined
by the FET chain Q76 and Q77.

For a general description of the Output Amplitude Control System
refer to sub-sections 9.1 and 9.2.

f
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Dto A ~‘
AC AMPL ERROR
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o~ -
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\_ FIG. 9.2 VCA - BLOCK DIAGRAM Y,

9.3.1 GENERAL (Fig. 92)

The main VCA receives a constant amplitude sinewave input from
the Quadrature Oscillator (Sect. 8). Its gain is controlled by an error
voltage, which is obtained by comparing the sensed sinewave output
of the instrument with the reference quasi-sinewave.

The 1 Volt Buffer is included in the output signal path on all voltage
and current ranges. It also acts as a VCA, since its input resistance
is controlled by its 10-bit Digital-to-Analog Converter. The DAC
receives its binary input from an Analog-to-Digital Converter, whose
numerical output tracks the user's output demand, in increments of
size approximately 1000ppm of full scale.

It is also necessary to ensure that the rate of coarse gain adjustment
tracks the settling-time characteristics of the DC Reference filter. To

achieve this, the ADC is controlled by the level of the DC Reference
voltage. The filtered reference's settling time is thus imposed on the
ADC digital output, and hence on the 1V Buffer gain adjustments.

For reasons given in sub-section 9.1, it is also necessary to
compensate the output loop gain error synchronously with the coarse
gain steps. The tracking ADC therefore drives a second DAC, which
selects values of feedback resistor in the Error Amplifier. This
increments the output-amplitude error loop gain, modifying the
AC AMPL ERROR signal which originated in the mean-square
comparator.

The tracking ADC and its DACs ensure that the loop has the fastest
possible settling time for any selected frequency.
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9.4 AC LOW VOLTAGE LOOP
The circuits described in this section perform the following » Provide switching of AC voltage output, Range, Guard and
functions: Sense, under the control of signals from the Analog Control

Interface.
e Connect the VCA (1V buffer) output to the instrument's
terminals to provide the AC 1V Range: 0.09V to 2V. e Detect excess currents in the output circuit, providing a status
: ' signal to the CPU via the Analog Control Interface.
¢ Amplify the VCA output voltages and connect to the terminals
for the AC 10V Range: 0.9V to 20V. e Detect excess voltages on the PHi (I+) output line, providing a
status signal to the CPU via the Analog Control Interface.

» Passively attenuate the basic AC 1V range voltages to provide

the millivolt range outputs:
9mV to 200mV  onthe AC 100mV Range The circuits in this section are located as follows:
09mV to 20mV  onthe AC 10mV Range .
90UV to 2mV onthe AC 1mV Range Millivolt attenuator and sensing:  AC Assembly.
Power amplification: Power Amplifier Assembly.
» Sense the voltages at the output terminals (or at the load in Output control: DC Assembly.
Remote Sense) and scale the signal to the 1V RMS Full-Range Output Terminals: Mother Assembly.

level for comparison with the quasi-sinewave.

Terminal Board.

A simplified block diagram of the low voltage loop and routing appears in Fig. 9.7.
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FIG.9.7 LOW VOLTAGE LOOP - SIMPLIFIED BLOCK DIAGRAM AND ROUTING
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943 AC 1V LOOP - OUTPUT SENSING

The SHI(V) and SLO(V) lines are routed from the Hi and Lo
terminals on the front panel exactly as for DC 1V Range outputs.

The processing and routing back to the DC assembly is described in
Section 7, sub-sections 7.3.9.1 to 7.3.9.3.

9.43.1 DC Assembly
(Circuit diagram 430536 Page 11.5-2)

In normal 4-wire operation (Remote Sense selected) with OUTPUT
'ON' on the AC 1V Range, relays RL14 and 15 are energized; RL10
and 11 are un-energized.

SHI(V) enters from the Mother assembly at J5-20, passing directly
through RL15 contacts, TP9 and R98, to J5-26 as SHI(ACYV).

SLO(V) travels via RL15 contacts and TP10 to J5-30 as SLO(ACYV).

With Remote Sense not selected, relay RL14 is unenergized:
RL14-9/8 short SHI(V) to the power Hi output PHI(V).
RL14-2/3 short SLO(V) to the power Lo output PLO(V).

SHI(ACV) and SLO(ACYV) are routed from J5-26 and J5-30 via the
Mother assembly to the AC assembly.

9432 AC Assembly
(Circuit diagram 430663 Page 11.7-1)

SLO(ACV) passes via the energized contact of the AC Voltage
selector relay RL10, to be referred to the Sine/Quasi-Sine comparator
transfer switch common 'SIG LO'.

With the 1V Range selected, relay RL19 (1kV) contacts are closed,
so SHI(ACYV) appears at RL19-11 as 'SENSE Hi'.
(Refer to the circuit diagram on page 11.7-2.)

With the 1V Range selected, relay RL8 (1V) is energized, thus
SENSE Hi is applied to the non-inverting input of the Sense
Amplifier via R126. RL14 is un-energized as shown, so the
inverting input via R115 is referred to SIG LO.

RL3 (100V+1kV) is energized, connecting the Sense Amplifier
output to the Sine/Quasi-Sine comparator transfer switch M16-11
(page 11.7-3). The amplifier is described in sub-section 9.4 4.

94.4 AC 1V SENSE AMPLIFIER
(Circuit Diagram 430663 page 11.7-2)

The same amplifier is used on the 10V, 1V, 100mV, 10mV and
1mV AC Ranges. Its main purpose is to buffer the sense voltage,
providing a high impedance input, low DC offset and flat frequency
response.

On the AC 1V and millivolt ranges it is connected as a voltage-
follower, sensing always being carried out at the 1V level. The 1V
Range sense signal originates at the load in remote sense, or in the
DC assembly in local sense.

For the millivolt ranges the 'AC 1V' drive signal to the millivolt
attenuators 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/Quasi-Sine comparator.

Separate arrangements are made for attenuation and scaling on the
100V and 1kV AC ranges. These are described in Section 9.6.

9.44.1  General Arrangement

A discrete amplifier is used to provide the required slew rate up to
1MHz, all time constants being set well above 1MHz, with the first
pole above SMHz. It is configured into its follower circuit by relay
switching.

Relays RL8, RL12 and RL3 are all energized on the 1V range.
Relays RL11, RL13, RL14, RL15 and RL16 remain un-energized as
shown in the diagram.

Dual JFET Q41 is a unity gain buffer in totem pole configuration.
It drives the input protection diodes D37-D40, D44-DA47; the screen
on Q40 inverting input; and the bootstrap buffer Q46. The total
input capacitance is thus reduced to 1-1.5pF.

The differential input amplifier, dual FET Q40, has low input
capacitance and low input current. Q36 provides constant-current
drive to Q40 and the bootstrapped followers Q38/Q39. R107
permits initial DC input-offset cancellation. The stage gain is low.

Emitter-followers Q34 and Q35 buffer the high-impedance low-gain
FET stage, driving a differential signal into the high gain voltage
amplifier Q29/Q30. This arrangement has the advantage of placing
all the gain in one stage. The single-ended drive to Q31 output stage
is taken from Q30 collector.

Q24 and Q25 form a current mirror to equallize the collector currents
of Q29 and Q30, preventing signal injection into 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 returned at low
impedance, as 100% negative feedback to the amplifier input, via the
closed contacts of RL12-8/14.
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9.4.6 10V LOOP

(Circuit Diagrams: 430446 page 11.6-3, 430618 page 11.9-1/2 and 430663 page 11.7-1)

As noted in sub-section 94.1, the 1V Buffer is part of the power
delivery system for all ranges. On the 10V range its output (AC 1V)
passes via J6-41 from the Sine-Source assembly and into 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 signal returns to the AC assembly at relay
contacts RL17-13/4. Tt passes through RL19-2/5 to the PHI(ACV)
line at J7-27.

The 10V range outputs 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(ACV) 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 to 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 AC 1V signal enters the PA assembly at J9-36, passing to the
input of the 10V Amplifier via relays RL4-9/13 and RL3-9/13. It is
referred to Common-2B by developing a voltage 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 paths are considered below.

94.71 DC Path

The DC path is blocked by C56; M17 is the DC input amplifier,
. connected as an.integrator with diode clamping. M19 operates as an
inverter in open loop, so applies high DC gain to the output from
M17 on M19-2.

The output from M19 drives both halves of the symmetrical,
inverting, discrete power amplifier through current-limiters Q21 and
Q24, and is buffered by emitter-followers Q22 and Q23. Common-
emitters Q27 and Q29 form a voltage amplifier, driving the
complementary output stage Q32 and Q33. Input and feedback
resistors R119 and R120 set the gain of the discrete stages to
approximately 4.5.

The forward amplification contains three inversions, DC negative
feedback being applied to M17 inverting input by R122, defining an
overall gain of 10 in conjunction with input resistor R123.

The DC path senses and corrects the DC offsets throughout the
whole AC amplifier, referring the output to Common-2A at M17-3.

94.7.2 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\ 94.7.1 above).

The amplifier AC gain is also set to 10 by R122 and R123, the
circuit time constants being selected to allow overall instrument
output operation over the full frequency range of 10Hz to 1MHz.

94.7.3 Power Supplies

M17 and M19 are supplied from +15V common-2A rails, but the
discrete amplifier receives power from the +38V supply.

9.4.74  Overload Detection

The 10V FLAG line, connected to TP12, is pulled up to OV (in-
guard logic-1) in the Reference Divider assembly (page 114-4) by
AN29/1 (IMQ). The Error OL message results from this line
being driven to logic-@.

RLS is energized for the AC 10V Range, so overload detector Q31
reaches Vbe threshold on output 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,
Q34 conducts, pulling TP12 down to -15.7V. The 10V FLAG line
is driven to logic-@, so the status 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 the
accuracy specification is not guaranteed.

94.7.5 Overload Limiting

If the RMS output current increases to approximately 100mA, the
peaks of current cause the Vi, threshold of Q28 or Q30 to be
exceeded, shunting the base current of the corresponding voltage
amplifier. This hard-limits the output drive to the final stage.

94.7.6  Output Protection

The output current passes through the combination of R144 and L8.
At low frequencies the inductor provides a low output impedance,
whereas at high frequencies the resistor stabilizes the amplifier when
driving capacitive loads. :
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9.7.3.2 1kV Error Amplifier

The input resistance to M18a is split between R156 and R95 to
allow the saturation detector to reduce the gain in the event of
transformer saturation.

At the inverting input of M18a the signal input is summed with the
AC 1kV negative feedback signal, output from the selected
transformer secondary. The resulting error 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
transformer secondary reduces the maximum output to this level.
The signal '1kV GAIN' is therefore set to logic-@ only on the
100kHz range, cutting off FET Q19 and restoring adequate loop gain.

The second stage, M18b, adjusts the bandpass of the amplifier to
match the selected step-up transformer:

100Hz and 1kHz ranges:
Q26 connects C58 and R126 across the input resistor R97; relay
RL5 shorts R48, connecting C34 and R93 directly across the
feedback resistor R92, also 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 C33 and R94 directly across the
feedback resistor R92, and leaves C38 dominant in the output
line.

These measures give the necessary loop compensation for each
transformer.

When the 1000V range is selected the amplifier output is fed to the
100V Amplifier via RL1-9/13 as the '1kV ERROR O/P" signal.

9.74 100V AMPLIFIER
This operates as for the 100V range, but its output signal 'OUTPUT'
is fed directly to relay RL6 contacts for application to the step-up

transformer.

The 100V Amplifier is described in Section 7.8, which deals with
the 100V DC outputs.

The description is sub-divided as follows:

783 100V Ampilifier Introduction

7.83.1 Input to Gain and Driver Stages

7.8.3.2 DC Offset Correction

7833 Signal Processing

7.834 Driver Regulator

7835 Driver Output

784 100V Power Amplifier

7.84.1 Positive Heatsink Assembly
7842 Negative Heatsink Assembly

7843 Over-Temperature Detection

7844 100V Ouipus Connection

7845 Heatsink Removal
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9.75 STEP-UP TRANSFORMER CIRCUITRY
9,751 'lkV ENABLE' Relay RL6

Relay RL6 allows the OUTPUT signal from the 100V Amplifier to
energize a step-up transformer, providing the following conditions
are met:

The 1kV signal is at logic-@:
"This is a processor-controlled signal, set to logic-@ when the
instrument AC output is switched on, in the 1000V range.

The watchdog has not 'Barked'.

On the PA assembly, the 'lkV ENABLE' switch S1
is set to 'ENABLE'.
S1 is situated below the left-hand ejector lever (viewed from
the front of the instrument), facing the rear of the
instrument. It allows the high voltage to be switched off for
servicing purposes. A red LED glows when all other
conditions are met.

When RLS is closed, the OUTPUT signal from the 100V Amplifier
is switched through to the contacts of RL7.

9.752 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 transformer 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 is energized to select the LF transformer, whose
primary current is sensed by the Saturation Detector.

9.7.53  Saturation Detector

To obtain the required performance, the LF transformer 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 saturation,

The Saturation Detector circuit is 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
returns to its quiescent mode.

The dual amplifier M20 is biassed by R115-R118 to approximately
1V on each input. Under normal operating conditions, the
unsaturated core reactance holds R114 current down, so the voltage
developed across R114 is insufficient to overcome the bias. The
output from both amplifiers is of negative polarity, both diodes D58
and D59 are reverse-biassed, and FET Q18 is cut off by its gate being
pulled down to -15V,




When the core saturates, the current in R114 rises rapidly and its
voltage exceeds the bias on one of the detector amplifiers. One diode
conducts, forcing Q18 into conduction; so the signal feed to M18a is
shorted, the current in the transformer core is reduced to zero, and
Q18 is cut off again.

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 inactive.

9.7.6 POWER SUPPLIES AND PROTECTION

The power supplies and protection for the 100V Amplifier are
described in Section 7.8. :

The description is sub-divided as follows:

7.8.5 Power Supplies and Protection Introduction

785.1 38V Supply (The 38V supply circuit is more fully
described in Section 6.7, para 6.7 3 4.)

7852 400V 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
7.86.2 15V Monitor

7863 38V Monitor

7864 400V Monitor

9.7.6.1 AC 1kV Overvoltage Detector
(Circuit diagram 430618 Page 11.9-6)

On the 1000V Range the primary voltage of the step-up transformer
in use is fed as 'AC OVERVOLTAGE DRIVE' from RL6-4/13
(page 11.9-2), via R176 and a screened lead, to the M2 comparator
input (page 11.9.6). (The operation of the comparator is described
for the 100V Current Sense application in Section 9.6, para 9.64.)
On the 1000V Range the 100V overcurrent sense resistor R37 is
shorted by Q6, whose gate is driven by 100V AC at logic-1.

The HF (1:6.17) step-up transformer primary voltage is divided by
R176 and R180 (ie by 1/116), but for the LF (1:6.6) transformer
R181 shunts R180 (increasing the division ratio to 1/124.5),
activated by the LF signal and Q43. The result is that overvoltage is
detected on the HF transformer primary at approx. 305V, but on the
LF transformer primary at approx. 285V. Taking the step-up ratios
into account, the 1kV Overvolts Detector trips at LF or HF for the
same secondary voltage: approx. 1880V peak, 1330V RMS. This in
turn activates the 100V FLAG signal as on the 100V Range.

9.7.6.2 AC 1kV 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 directly in the output lines to the terminals.
For this range only, resistance is inserted in the PHI(ACV) line in
the DC assembly. The voltage across the resistance is rectified and
compared against a reference. If the voltage is excessive, the
comparator generates a LIM DET signal. At higher frequencies,
where the internal 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 to 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 on page 11.5-3).
When the 1000V range is selected, this is at logic-1 only for the
10kHz, 100kHz and 1MHz frequency ranges. It energizes relay
RL12, shorting R108, so that higher currents are required to trip the
LIM DET signal. As frequency increases, so do the currents taken
by the capacitance of the 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 voltage is limited to 10V by D31, and resistor R84
sets the trip current level for the opto-isolator M19.

The isolator operates from the 5 volts between -10V and -15V. In
normal operation M19 output at M19-6 is open-collector so Q4 does
not conduct. When the output current is sufficient to trip M19, Q4
emitter is pulled low and so Q4 conducts, its collector current being
drawn through R79.

M18 is a switch which under no-overload conditions is biassed by
R79 to +15V; and with its output at -15V, its non-inverting input is
set to approx. -2V. When Q4 conducts, its collector is pulled down
close to the -15V rail voltage. This is applied to the inverting input
of M18, whose output reverses to +15V providing a positive trigger
edge to M124.

For AC outputs the DC FNCT signal is inactive at logic-1, M12-3
at logic-1 removes the reset which is present for all DC voltage
ranges. Monostable M12 is set to produce a logic-@ at its Q output
(M12-6) unless its A input at M12-4 is edge-triggered positively. In
normal conditions no trigger is given, so M12-6 remains at logic-@,
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 1ms duration. Successive positive
or negative peaks of overcurrent retrigger the monostable,
maintaining its Q output (and thus the LIM DET signal) at logic-1.
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9.9.3.1 The Comparator Sequence
(Figs. 9.10 and 9.11)

The table in Fig. 9.11 shows the conduction patterns of the switches
in the block diagram of Fig. 9.10, within a complete sequence cycle.
The cycle is broadly divided into two 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 steers the squarer output current into the
Reference Integrator.

c¢. DCSUBTRACT allows Iref2 to be drawn from the summing
junction.

d. RMS Lo has been connected to common 2C since the start of
C@ in the previous period, in preparation for REF squaring.

The quasi-sinewave is squared, and the result is output as a current (at
twice the input frequency) into the summing junction. The DC
current Iref? is subtracted at the junction, and the residue goes to
charge the Reference Integrator capacitor.

(Note that every time that OUTPUT OFF is selected, REF and SIG
integrator capacitors are discharged, driving both 'AC ERROR' and
Tref?' to zero. During the first REF integration when OUTPUT ON
is next selected, Iref2 remains at zero so the integrator capacitors start
charging from zero.)

Period C4

a. REF SWITCH is opened, removing the input to the squarer.

b. DC SUBTRACT is opened, subtraction ceases.

c¢. DC SUBTRACT closes to input a hard zero to the squarer.

d. REF INTEGRATE remains closed, allowing the squarer and
integrator to settle.

e. RMS Lo remains connected to Common-2C until the integrator
has settled.

The REF integrator remains in its integrating (on) condition during
period C4, to ensure that any energy stored in the squarer during C1
to C3 is acquired. '

DC subtraction during period C4 would generate an error, as full
subtraction was already applied during period C1. DC SUBTRACT
is therefore turned off by transferring the source of Iref2 from the
summing junction to Common-2.

- S, A

Period CS

a. REFINTEGRATE opens, stopping the integrator action.

b. SAMPLE closure forces the squarer output to a hard zero, to
nullify any leakage effects in the integrator switch.

c. REF SAMPLE closes, and current from the integrator op-amp
charges the sampling capacitor to the integrator capacitor
voltage.

d. RMS Lo is switched from the Ref Common-2C to the Sense
SIG Lo in preparation for SIG squaring. '

As the sampling capacitor changes its charge, its voltage-follower
drives the voltage-to-current converter to change the DC subtraction
current. The new Iref2 is sourced from Common-2 during this
period, but during the next SIG and REF integration periods, it will
be subtracted from the squarer output current at the summing
junction.

Periods C6 to CO

As can be seen from Fig. 9.11, the closure pattern is repeated for
SIG squaring, integration and sampling. The SIG circuit action is
identical to REF, except that:

a. the squarer input is now the sensed sinewave;

b. the subtraction current has been set to a new value during period
C5. This does not change again until period C5 of the next
cycle;

¢. During period C@, the 'AC ERROR' output from the SIG
sample-and-hold voltage follower is changed, updating the
VCA gain via the Error Buffer and Error Amplifier.

d. RMS Lo was switched from Common-2C to SIG Lo during
period C5 in preparation for SIG squaring. It remains
connected to SIG Lo during the squaring periods C6, C7 and
C8, and also during period C9 for the Sig Integrator settling.
At Period C@ it is reconnected to Common-2C in preparation
for REF squaring.
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FIG. 9.12 SINE/QUASI-SINE COMPARATOR - SEQUENCE TIMING y

The sequence described in 9.9.3.1 is necessarily simplified. When a
new output demand changes the amplitude of the quasi-sinewave, a
few sequence cycles are required to stabilize the conditions of the Ref
integrator, Sig integrator, subtraction current and AC ERROR
output. The circuit must also respond to demands for reduced output
in addition to those for increases.

The comparator forms part of the output amplitude control loop,
ultimately affecting the output voltage and hence the sensed voltage
input to the squarer as 'SIG'. As the sequence recycles, the mean-
square value of the SIG input sinewave will approach that of the
REF quasi-sinewave, and as it does so the AC ERROR output must
approach a steady-state value.
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The squarer output current has an AC component in its waveform,
but Iref2 being subtracted at the summing junction is a DC current.
In the settled condition, Iref2 is driven on successive cycles to balance
the quasi-sinewave REF2 AC current (being applied to its integrator)
about zero. The final level of Iref2 is just sufficient to be self-
sustaining.

Meanwhile, the sensed SIG2 current approaches the REF2 value, and
the same Iref2 is a DC analog of the quasi-sinewave mean-square
voltage. In the output loop, the VCA is driven until the instrument
output (and sensed SIG input) is at the correct level just to generate a
self-sustaining 'AC ERROR'.




In the comparator, Iref2 is subtracted from both SIG2 and REF2
currents. This maintains the AC AMPL ERROR as an analog of
the difference between the quasi-sinewave and the output sinewave
mean-square voltages (when the latter is reduced by sense
conditioning to 1V Range levels). Thus when the sensed SIG input
voltage approaches the quasi-sinewave REF voltage (mean-square
values), the AC ERROR approaches stability and the system settles.

A further complication: a bias is applied to the squaring circuit to
avoid distortion by maintaining permanent conduction. The bias is
controlled by the value of the positive reference voltage, and a bias
current is superimposed on the subtraction current. These factors
will be discussed later during the circuit analysis.

9.9.4 COMPARATOR CONTROL LOGIC
(Circuit Diagram 430663 page 11.7-3)

The Comparator operating cycle originates at M15, which is a 10-bit
sequencing counter, clocked at the quasi-sinewave frequency by the
carry-out from M11-12,

The SYNC @ input to M15 RESET is a decoded address, whose
function at logic-1 is to disable counters M11 and M15, inhibiting
operation of the comparator and generatior of the quasi-sinewave. In
this instrument, SYNC @ is held permanently at logic-@, enabling
both quasi-sinewave and comparator for AC Voltage and Current
functions.

The clock continuously recycles M15 in ascending count through
Qg to Qg, 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 andreference quasi-sinewaveincreases
in decade steps. As the comparison is performed at mean-square
levels, this frequency difference does not matter, so long as the
sinewave is at an exact multiple of the quasi-sinewave frequency.
However, to optimize the operation of the Sense/Reference

comparator, the zero crossings of the quasi-sinewave are synchronized
to 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 permanently-enabled outputs, one complete
quasi-sinewave period after it was clocked through M15. This
ensures that the transit times of M15, M18 and M20 do not affect
synchronism with the quasi-sinewave zero-crossing.

The data is thus strobed through M15 and M17, being delayed by one
clock period. This does not affect the operation of the comparator,
although it must be accounted for when observing waveforms on an

oscilloscope.

The sequence, as described earlier in sub-section 9.9.3, begins with
REF SWITCH connecting the quasi-sinewave to 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 data delay its actual timing is coincident with the Q2 output of
M15-4 at logic-1.
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9.9.5 COMPARATOR TIMING LOGIC
(Fig. 9.13)

The comparator timing waveforms for the sequence are illustrated in
Fig. 9.13. To highlight the data delay, the main waveforms are
grouped into two blocks: 'REF and 'SIG', each headed by the states
of the comparator cycle. Line (b) shows which of M15 (Q) outputs
is at logic-1 during each of the states. It can be seen that the effects
of M15 output states are delayed by 1 clock period, in the translation
to comparator states.

99.5.1 Squarer Commons Switching

['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
translation by one clock shift (note the inversion at M20-10).

During states C@ to C4, waveform (d) at logic-1 connects the squarer
common (RMS Lo) to Common-2 at M16-4 for quasi-sinewave
squaring; whereas during states C5 to C9, waveform (k) connects
RMS Lo to SIGLo at M16-8 for sensed sinewave squaring. In
both cases, the appropriate common is connected one period ahead of
the squarer input, and disconnected at the end of the integrator
settling time.

99.5.2 Squarer Input Switching

[REF SW' and 'SIG SW' waveforms (e) and (1)]
M15 outputs Q1 to Q3 are 'OR’ gated at M18-6 and applied as D2
input to M17. The result is to generate the REF SW waveform (e)
at M17-7.

REF SW connects the quasi-sinewave as input to the squarer by
M16-13 only during states C1 to C3.

Similarly, SIG SW waveform (1), logically derived from MI15
outputs Q6 to Q8, is at logic-1 only during states C6 to C8,
connecting the sensed sinewave as input to the squarer by M16-12.
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9.9.53 Integration and Sample Switching
[INT and 'SAMPLE' waveforms (f) and (h)]

At any instant, the comparator is either sampling or integrating.
The INT waveform is thus the inverse of the SAMPLE waveform.

SAMPLE
M15 outputs Q@ and QS5 are 'OR’ gated at M18-9 and applied as D3
input to M17. The result is to generate the SAMPLE waveform (h)
at M17-10.

Therefore, for C® and C5 only, SAMPLE provides two enabling
inputs to AND gates M13 at M13-2 and M13-5. It also places a
hard zero on the squarer output by M7-5 (page 11.7-4) when this is
disconnected from both integrator inputs. With both input and
output at zero volts, any offsets are removed in preparation for the
subsequent squaring and integration sequence.

INT

The 'SAMPLE' output of M18-9 is inverted at M20-4, applying
logic-1 to the D1 input of M17 for the whole of the cycle except for
CO and CS5. 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) at M13-11 to generate
the 'REF INT waveform (g), which is at logic-1 only during periods
Cl to C4. During this time M7-12 (page 11.74) at logic-1
connects the squarer output to the REF Integrator input.

SIG INT

INT is 'AND-gated' with SIG waveform (k) at M13-10 to generate
the 'SIG INT" waveform (m), which is at logic-1 only during periods
C6 to C9. During this time M7-6 (page 11.74) at logic-1 connects
the squarer output to the SIG Integrator input.

REF SAM

'SAMPLE' is 'AND-gated' with SIG waveform (k) at M13-4 to
generate the 'REF SAM' waveform (j), which is at logic-1 only
during state C5. During this time driver M6-1 at logic-1 causes
FET Q2 to conduct (page 11.74), connecting the REF Integrator
output to the REF Sample-and-Hold 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 C@. During this time driver M6-7 at logic-1 causes
FET Q3 to conduct (page 11.74), connecting the SIG Integrator
output to the SIG Sample-and-Hold input.
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99.54 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 a NAND gate is used. For loading purposes
two elements of M20 are connected in parallel: REF SW and
SIG SW are combined as waveform (p) at M20-3 and M20-11.

Squarer Input Short
When at logic-1 during C4-C5 and C9-C@, M7-13 places a hard
short between RMS Hi to RMS Lo; otherwise the short is released.

Subtraction Current Control )

During C1 to C3 and C6 to C8, DC SUBTRACT OFF at logic-@&
cuts off D8 (page 11.7-4), allowing Q6 to draw subtraction current
through D6, DS and R54. When at logic-1, D8 conducts and sets D5
and D6 in reverse bias, diverting the subtraction current.

(

\

@ Mz msm7oeks [ L L L [ L T L L L1 oI
{b) M15 output at logic-1 ] a8 a1 | @ | 03 | o4 | o5 | @ | a7 | a8 | a8 | o | a1 |
{c} M15:12 (Cout) g | 1 r—_—l
|
Comparator REF Cycle ] co | @ | o c2 c3 ] ca | c5 | c6 | c7 | cs co | ca |
(d) M1715 (05)  REF ____] Squarer Common = COMMON 2C L | l
(e) M17-7 (02 REF SW ______IQuas_i-sine input to Squarer  L__ T
() M17-5(01)  INT INT ] | INT ] [ INT ] r
fg M3t REF INT ______I Quasi-sine {squared) being integ d l |
(h} M17-10 (03) SAMPLE ] Squarer l m I Squarer |
O/P Zero O/P Zero O/P Zero
! L |
i M13-4 REF SAM REF sample-and-hold input isolated [ REF Int. | REF sample-and-hold input isolated
being sampled [
Comparator SIG Cycle | co | co ct c2 €3 | c4 | c5 | cs c7 | c8 | c9 | co |
k) M1712(04) SIG ] J Squarer Common = SIG Lo l
I M17-2 (0B) SIG sW -l I Sinewave input to squarer L_—.___.
i M17-5(01) INT INT | I INT l I INT | I
| |
(m) M13-10 SIG INT l I sinewave {squared) being integrated L
(h) M17-10 (03) SAMPLE l Squarer l m l Squarer I
O/P Zero O/P Zero O/P Zero
|
n M13-3 SIG SAM SIG sample-and-hold input isolated ]'SIG Int. l
being sampled
|
( i Sub ion applied r‘——’—‘L
{p)} M20-3 DC SUBTRACT OFF Squarer |/P Zero Subtraction applied J Squarer I/P Zero L u ' app Squarer /P Zero
FIG. 9.13 COMPARATOR TIMING LOGIC

J

9-25







9.9.7 GENERATION OF THE DC SUBTRACTION CURRENT

99.7.1 'REF' Integration

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.

The REF? output from the driver is an AC current, which for a
constant quasi-sinewave amplitude is integrally charge-balanced about

zero due to the DC subtraction, 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.

‘A discharge path for C25 is provided by Q5/R30. The 'INT HOLD'

signal at J7-46 is logic-1 when the instrument is in ‘'OUTPUT OFF
condition, discharging both REF and SIG integrators. For so long
as the output remains 'ON’, the INT HOLD signal stays at logic-@,
and the integrators are never discharged other than by the action of
their inputs.

99.72 'REF' Sample-and-Hold

Q2 conducts during each 'REF SAM' period, when the charge on
C25 has settled for the cycle. M12 drives C12 to the voltage on
C25, and the voltage follower M4 passes the same voltage as
'REF ERROR' on to the REF V to I Converter.

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 201V during the 'Hold' part of the
cycle when Q2 is not conducting.

9973 'REF' YV to I Converter

The circuit of M19 and Q6 converts the DC voltage output of M4
into the subtraction current. A second function is to draw an extra
DC current which compensates for the bias control currents.

The DC 'REF ERROR' voltage from M4-6 is divided by R37/R31
and applied to the non-inverting input of M19. A second input
results 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 Q12-3 emitter, R54,
D5 and D6. The current is sunk into Common-2C via R47, R38
and AN2-12/5, and into the -15V supply via the M22-14/12 bias
circuit.

Capacitor C34 filters out any HF transients remaining from the
switching edges of REF SAMPLE, and D7 protects against positive
excursions of Q6 gate.

In the simplified diagram of Fig. 9.10, the subtraction current is
shown as being sourced by the summing junction. In reality, it is
taken from Q12-3 emitter for three main reasons:

a. The Current Driver input bias is removed, allowing a zero-offset
reference.

b. The control bias for the squarer is compensated at the earliest
opportunity, reducing the required dynamic range of the driver.

¢. Q12 emitter 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 to C8, diode D8 is held in reverse bias by
the signal 'DC SUBTRACT OFF at logic-@. During periods C4,
C5, C9 and C@, the signal is at logic-1, so D8 conducts and reverse-
biases D5 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 selects a different output value, the result is a
change in amplitude of the quasi-sinewave. This unbalances the
integrator input, so C25 charges to a different mean voltage at the
output of M12. The DC subtraction current change takes place over
a few comparator cycles until balance is restored, when C25 and C12
will have charged to a new voltage.
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9.10 LOGIC CONTROL OF AC OUTPUTS

The general aspects of analog control functions are discussed earlier
in sub-section 7.10, subdivided as follows:

7.10.1 Logic Levels
7.10.2 Heat Reduction
7.10.2.1 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 7.11.1 Introduction
assembly, and are affected by the analog control signals present there. 7.11.1.1 Latched Bistable Relays
7.11.12 Tristate’ Relay Drivers
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 7.11.2 Clamp Assembly
'AC 1kV RANGE' Logic. 7.112.1 UPD(IG) Distribution
71122 Buffer Clamping
As these two signals are activated only on the AC 1kV Range, their
effects are described in sub-section 9.7.6 (but reference is also made 7.11.3 DC Assembly Switching Logic
to relays 12 and 13 in para 94.2.3). 71131 DC Range Switching Logic
71132 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:
7.12.7 'LIM ST’ Logic
7.12.1 DC Range Switching 71271 ‘LIM DET’
7.12.2 AC Range Switching 71272 ‘LIM ST’ Generation
7.12.3 Function and Ranging Logic 71273 CPU Response
7.12.4 'PA CLAMP ON' Signal )
7.12.5 _ '400V ENABLE' Logic 7.12.8 'LF', 'LF' and '1kV GAIN'
7.12.6 'BIAS OFF' Logic 7.12.9 Thermistor Comparator
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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. REEF is coupled: Hi (TP3) to the output,
and Lo (TP4) to the inverting input through R44.

The conversion amplifier is in two sections: a voltage preamplifier
on the Current/Ohms assembly (page 11.8-1), and a power amplifier
on the PS/I Heatsink assembly (page 11.13-3). The latter is also
drawn, for convenience, on page 11.8-1.

The whole amplifier is also used as the Current Amplifier for AC
output currents. In that case it is preceded by the AC preamplifier
MBS (sub-section 10.1.9).

10.1.7.1 Voltage Preamplifier

M3, M4 and Q6 form a high-gain, chopper-stabilized voltage
amplifier. M3, itself a chopper-stabilized 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-current 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. Additional 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 at the inputs and output of M3.

10.1.7.2 High Current Output Stage
(Circuit Diagrams 430614 Page 11.8-1
and 430540 Page 11.13-3)

The main current amplifier and temperature-sensing driver load (Q7)
are located on the PS/I Heatsink assembly. The quiescent current
"SET Iy adjustment is situated on the Current/Ohms assembly.

10.1.7.3 Temperature Compensation

Transistor Q7, thermally attached to the heatsink and in parallel with
R26, R23 and R28 on the Current/Ohms assembly, acts as the load
for the preamp. buffer. As the heatsink temperature increases, Q7
conduction increases, reducing the drive to the current amplifier.
This compensates for increased intrinsic quiescent current in the two
Darlington output devices.

10.1.7.4 Quiescent Current Adjustment

FET Q9 acts as constant 1.4mA ballast for the 3.3V zener diode D6,
which sets the voltage across R27 to approx. 2.6V. This establishes
the collector current in Q11, 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 turn sets the level
of its collector conduction, adjustable by R23. This therefore adjusts
the quiescent current in the output devices Q1 and Q2.
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10.3 FUNCTION SWITCHING.

103.1  OUTPUT CONNECTIONS - FUNCTION ROUTING

(Circuit Diagram 430614 Pages 11.8-1 and 11.8-3)

The PHI, PLO, SHI and SLO connections are routed via the
Current/Ohms assembly, and it is there that they are switched
between functions. The outputs of the three functions V, I and € are
switched by separate relays onto the terminal lines (Fig 104):

Voltage Outputs

Relays RL8, RL9, RL24 and RL25 are de-energized as shown on
pages 11.8-1 and 11.8-3. The DC or AC Voltage Power and Sense
connections to the DC assembly are routed out to the I+, I, Hi and
Lo terminals via latching relay RL23 closed contacts. )

Current Outputs

Relay RL23 contacts are latched open; relays RL24 and RL25 are un-
energized; relays RL8 and RL9 are energized to connect the output
from the selected shunt to the PHI and PLO lines only.

Resistance
Relay RL23 contacts are latched open; relays RL8 and RL9 are un-

- energized; relays RL24 and RL25 are energized to connect the

selected standard resistor to the four PHI, PLO, SHI and SLO lines,
regardless of the state of Remote/Local switching. To avoid the
intrusion of extra thermal voltages, no additional switching is
employed for selection of 2-wire connections.

( N
DC or AC LINES to
VOLTAGE TERMINALS

J8-25 J8-8/9
PHKV) O—— —O PHI
J8-26 J8-10
SHKV) O—— —O SHI
J8-30 JB-18
SLO(V) O—— O sLO
J8-29 J8-16/17
PLO(V) O——— PLO
L ' FIG. 10.4 ROUTING OF FUNCTIONS ON CURRENT/OHMS ASSEMBLY J
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104 CURRENT/OHMS ASSEMBLY ANALOG CONTROL

10.4.1 INTRODUCTION
(Circuit Diagram 430614 Page 11.8-2)

104.1.1 Control Signals

The analog control signals are transferred into guard on the Reference
Divider assembly, and latched as 'Q' outputs in the Serial/Parallel
Data Converter. Offset positive logic is used:

logic-@ = -15V, logic-1 = 0V.

The signals enter the Current/Ohms assembly via J8 from the
Mother assembly.

10.4.1.2 Types of Relays

Guarded Reed Relays
Relays RL2, 3, 4 and 5 are guarded reed relays activated and held on
by 15V.

24V Relays
Relays RL 8, 9, 24 and 25 are 24V relays, activated during the 50ms
UPD(G) 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 OV or -15V from the drive output of the clamp
assembly. These relays, strung out between the output of their bias
amplifier (M10) and the Clamp assembly, are activated only during
the 50ms UPD(IG) pulse. They are polarized bistable relays, which
require no hold-on power.

104.2 LATCHING RELAYS AND CLAMPING

The Ohms and DC Current circuitry is mainly controlled by low-
thermal relays, many contacts being fitted back-to-back to reduce
temperature effects. For the fastest response, the output relays RLS,
9, 24 and 25 are not latched, but can trip out quickly if the power
supply fails, removing any sensitive circuitry from the terminals.

All the other Ohms relays, the AC/DC Current changeover relays,
1A Range relay, and Voltage output relay are latched; allowing hold-
on without power, to minimize the internal temperature at their
contacts. As they are polarized they need a bipolar actuating drive,
which is provided by Tristate' relay drivers and a bias amplifier.

104.2.1 Latched Bistable Relays
(Circuit Diagram 430614 page 11.8-2).

As can be seen from the circuit diagram on page 11.8-2, the relays
are strung out between the output of their bias amplifier (-7.5V at
M10-13) and the drive outputs from the Clamp assembly.

The bias amplifier M10 is a frequency-compensated voltage follower,
buffering the tapping of attenuator AN5/R97. So one side of each
relay is held permanently at -7.5V. The relay drivers on the Clamp
assembly can provide outputs at OV or -15V when enabled by the
UPD(IG) pulse, but return to tristate when disabled. A relay is
therefore driven to one or the other of its bistable states during
update, then magnetically latched in the chosen state when the driver
output retumns to open-circuit.

All the latched relays except RL17 operate in the same polarity
sense: when iis driver output updates at logic-1 (0V), the relay
latches to select its nominal function; for a logic-@ (-15V) update,
the function is deselected. For RL17 these conditions are reversed.
In the analog circuit diagrams, the relay contacts are shown in their
deselected state, equivalent to the un-energized state of a conventional
non-latching relay. In the analog descriptions relays may be referred
to as being ‘energized’ or ‘un-energized'.

104.2.2 'Tristate' Relay Drivers
(Circuit Diagram 430669 Page 10-9).

The relay drivers (M1 and M3 on the Clamp assembly) are octal
‘Tristate' buffers. Each chip is served by two inverted enable inputs
on pins 1 and 19 (four buffers - half the chip - per enabling input).

Whenever a switching command has been received, the CPU
performs a control data transfer and the UPD (IG) line from J8-60 is
pulsed to -15V for 50ms.

Generally, the switching logic places a logic-1 (0V) 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 0V,
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 ranges.
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1044  V,I AND Q FUNCTION SWITCHING

10.4.4.1 Function Relays

The Function relays are located at top right of the circuit diagram on
page 11.8-2.

RL8 and RL9, when energized, select.the Current function.
RL24 and RL2S5 select the Ohms function.
RL23 connects the Voltage outputs to the instrument terminals.

For the analog connections refer to sub-section 10.3.

10.4.4.2 Voltage Output

Selection of the DC or AC Voltage function at the front panel also
deselects Current and Ohms functions in software. The I FNCT and
Q FNCT signals are set to logic-1, and decoded by M17-8, M16-10
and M16-11 to set the V OUTPUT signal to logic-1. This activates
relay RL23, connecting the voltage output lines to the front panel
terminals.

The IRy.g code is '1,1,1', setting only M6 'Q7' (pin 4) output to
logic-1. Thus the Current range relays RLs 2, 3 and 4 are all un-
energized. Relays RL8 and RL9 are un-energized, disconnecting the
current output and shorting it to the current common-I1. RL] is
latched in the 1A position, selecting R79 in preference to R80; and
RLS connects the 10mA/100mA filter.

Since I FNCT is at logic-1, the DCI and ACI signals are at logic-@;
relays RL7 and RL26 are un-energized, disconnecting the DC and AC
references from the current circuitry.

(Refer to Circuit Diagram 430663 Pages 11.7-1 and 11.7-5)

In the AC assembly , the logic-1 I FNCT signal (J7-86) de-energizes
RL9. This disconnects the ACIREF lines (J7-69 to J7-72) from
the ACV lines. Thus the voltage to current converter (M8 on the
Current/Ohms assembly) receives no input voltage, and so no current
is generated. AC FNCT connects the ACV lines only for voltage
ranges.

104.4.3 Current and Ohms Function Switching

Their Function selection logic is included later in the descriptions at
sub-sections 1045 and 104.6.

Function Signals Relays Activated

Current/Ohms Assembly AC Assembly
OFF BARK IFNCT QFNCT DClI ACFNCT RL8 RL24 RL23 RL7 RL26 RL9 RL10
RL9 RL25 (Latching Relays - RL2 RL2
* =Pin 1 atLogic-1)

DCI 2 0 %] 1 1 1 * *

ACI g 0O %] 1 2 1 . * y

DCV o O 1 1 (%] 1 *

ACV 2 O 1 1 (%] %] * *

Q g O 1 %] 2 1 *

TABLE 10.1 CURRENT/OHMS ASSEMBLY - FUNCTION LOGIC
10.4.5 CURRENT SWITCHING LOGIC

(Circuit Diagram 430614 Page 11.8-2)
10.4.5.1 'T OUTPUT' Relays RL8 and RL9

Whenever a switching command has been received, the CPU
performs a control-data transfer and the UPD(IG) line from J8-60 is
pulsed to logic-@ for 50ms. Ql 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
method reduces the local heat, generated by energized relay solenoids,
in the relay contacts.

The I ENCT and OFF signals are decoded so that RL8 and RL9 are
energized only when the Current function has been selected and
Output is ON.

(i.e. RL8/9 are energized if M16-4 [OFFI FNCT] = logic-1).
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104.7 DEFAULT AND STATUS LOGIC

104.7.1 'OFF'

The OFF signal is combined with the I FNCT and Q FNCT signals
to ensure that when the instrument OUTPUT OFF key is pressed,
the selected function's circuitry is disconnected from the terminals.
For Current outputs, RL8 and RL9 disconnect the terminals from the
current output; and for Resistance, RL24 and RL25 disconnect the
standard resistor.

104.7.2 'BARK'

The BARK signal is combined with the Q FNCT and DCT signals
to 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-to-I converter; for AC Current outputs,
RL26 disconnects the drive from the AC reference V-to-I converter to
the High current amplifier; and for Resistance, RL24 and RL25
disconnect the standard resistor.

The effects of 'BARK DELAYED' follow after 47ms.

104.7.3 'BARK DELAYED'

If the Watchdog is activated, the BARK signal is generated, and
47ms later all outputs from the Control Data latches in the Reference
Divider are Tristated' by the BARK DELAYED' signal. On the
Current/Ohms assembly, this allows the pull-up resistors (AN1) and
pull-down resistors (AN3) to become effective. At the same time the
BARK DELAYED signal sets a -15V pulse on the UPD (IG) line
for 1.5 seconds (M41 on page 11.4-5), to ensure that the latching
relays on the DC and Current/Ohms assemblies will respond to 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, but relay RL23 connects the Power and Sense lines
from the DC assembly to the terminals. However, on the DC
assembly the same default has disconnected the voltage output
from the lines.

The Current ranges are deselected, but relay RL5 holds the HF
filter in circuit.

All Ohms standard resistors are deselected as well as disconnected
from the terminals; the 4-wire.Ohms-Zero short is activated, but
is also isolated from the instrument terminals by RL24 and
RL25.

As the Watchdog detects certain malfunctions in processor or Analog
Control transfer operation, the default is a safe holding state, and
subsequent changes will depend on the reaction of the CPU to the
event. The Watchdog is described in sub-section 6.4.6.

104.74 'UQST'

The I/Q ST line at J8-98 is pulled down to -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 11.4-4). Thus
the CPU recognizes that the Current/Ohms assembly is fitted, and
can operate the appropriate programs.
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