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SECTION 1

CALIBRATION

11 INTRODUCTION

111
Manufacturer’s Initial Calibration

The 4200 is fully calibrated before leaving the
factory, and remains within the appropriate specification for
the time periods detailed in Section 6 of the User’s Handbook.

Caution

Removal of the Top Ground/Guard Assembly
invalidates the manufacturer’s calibration certification.

11.2 Need to Recalibrate

Sections 1.2 to 1.5 detail the procedures necessary
to recalibrate instrument functions to known specifications.
The occasions for recalibration are as follows:

1. PERIODIC ROUTINE AUTOCALIBRATION

The specifications for the 4200 are based on
standard intervals of up to 24 hours, 90 days or 1 year from
calibration. Users may wish to choose alternative schemes,
accounting for:

a. The accuracy required when in use,

b. The scheduled calibration intervals normally
adopted by the user’s organization, and

c. The instrument specifications
(User's Handbook Section 6)

2. RE-STANDARDIZATION

Occasions may arise when it is necessary to trim the
instrument’s internal Master Reference.

For example, when the 4200 is to be made traceable
to a different National Standard, after transportation from one
country to another.

The procedure for “STD” autocalibration is detailed
in Section 1.2.8.
(Refer to Section 1.2.8, para 3, note C).

3. SPOT FREQUENCIES

The 4200 stores the spot frequencies, and their
amplitude corrections, in memories which are separate from
those used for wideband corrections.

Enhanced accuracy is obtained as any flatness errors
in the wideband correction are eliminated. Accuracy tables are
given in Section 6 of the User’s Handbook, with an example
showing Spot F linearity.

4. BATTERY CHANGE

The Lithium battery which powers the non-volatile
calibration memory should be replaced after 5 years (Refer to
Section 5.3).

After replacement, a full Pre-calibration is required
(Section 1.4) followed by a Routine Autocalibration (Section
1.2).

5. CRITICAL PARTS

Recalibration (or Verification) is necessary after
replacement of a critical PCB assembly or a critical
component.

These are listed in Table 1.1, indicating the extent of
the recalibration necessary.

11.3 Recalibration Procedures in this Section
(See Section 7 of the User's Handbook for
Verification Procedures).

Routine Autocalibration
(Section 1.2)

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

Remote Calibration over the IEEE 488 Bus
(Section 1.3)

Section 1.3 describes the device-dependent
commands necessary for routine calibration of the 4200 over
the IEEE 488 bus, as a supplement to Section 5 of the User’s
Handbook. A guideline example is given, but this needs to be
adapted for the bus controller in use.

Pre-calibration Procedures
(Section 1.4)

In * an initial internal calibration process at
manufacture, certain “Pre-cal” parameters are established in a
special calibration memory.

Under certain conditions (detailed in Table 1.1) these
parameters need to be re-established by the ‘Pre-Cal’
procedure in Section 1.4, before the Routine Autocalibration
of Section 1.2.

Current Option Internal Adjustment
(Section 1.5)

If the Power Supply/Current Heatsink has been
changed it may be necessary to adjust the quiescent bias
current (Ig) by internal adjustment. Refer to Section 5.4 for
further information.
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1-2

Assembly Components Replaced Precal Routine
required recal
Digital Complete Assembly Full Full
(7.2)
Lithium Battery (Sect. 5.3) Full Full
Non-volatile RAM (M10/M23) Full Full
Non-volatile RAM Supply-
Commutator components Full Full
Reference Complete Assembly Full Full
Divider Reference Assembly (7.4-7) Full Full
(7.4)
Any set of main, guard or
LSD switch FET's Full Full
Reference Buffer Full Full
Switch Driver Flip Flops or
their preselected resistors Full Full
R79 Full Full
Output
Control Complete Assembly - Full
(7.5)
Sine Specification
Source Complete Assembly Verification at
(7.6) user's discretion
AC Complete Assembly - Full
(7.7)
Sense Amplifier 5 Full
Reference Inverter - Full
AC/DC Transfer & Integrators - Full
Current Complete Assembly -
(7.8) All
>
M8 and associated components — I Ranges
Current Shunts
Feedback resistor R45
All Other Specification
Assemblies Verification at
Not Specified user’s discretion
Above

TABLE 1.1 LIST OF CRITIiCAL PCBS AND COMPONENTS




12 ROUTINE AUTOCALIBRATION

1.21 Introduction

The 4200 possesses excellent short and long term
stability. Some users will wish to maintain the highest
accuracy by recalibrating at short intervals (eg. every 24
hours). In these cases, recalibration of the 4200 becomes a
routine task. For this reason, Routine Autocalibration
procedures are repeated in Section 8 of the User's Handbook.
It is emphasized that the 4200 can be used immediately after
recalibration.

1.2.2 The 4200 Autocal Feature

Full or part calibration may be carried out for all
routine purposes from the front panel. Removal of covers is
unnecessary, therefore avoiding thermal disturbance.
Calibration corrections are stored in an internal memory which
remains energized by a battery even when the instrument
power supply is switched off. The life of the battery is
estimated at 10 years, and it is normally changed at 5 year
intervals. On power-up, the 4200 performs a self-test which
includes a check of the contents of the calibration memory.

1.2.3 Equipment Requirements

This summary relates to the recommended method
of calibrating the 4200:

AC VOLTAGE
(IV - 1000V Full Range Values and 10V Range Linearity)

An Adjustable DC Voltage Source of suitable
accuracy.
Example:

Datron 4000 or 4000A Autocal Standard.

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

AC VOLTAGE
2-WIRE COMPENSATION AT HIGH FREQUENCY
(1V and 10V Full Range values)

An AC voltmeter of suitable accuracy.
Example: Datron 1081

AC MILLIVOLTS
(ImV - 100mV Full Range Values)

at LF;

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

at HF;
The 4200 under test with the correction figure for
10% of its 10V Range at HF.

AC CURRENT
(ImA - 1A Full Range Values)

A DC Current Source of suitable accuracy, and an
AC/DC Thermal Transfer complete with a set of
Calibrated ThermalTransfer Current Shunts of
suitable accuracy.

AC CURRENT (Alternative Method)
(TuA - 1A Full Range Values)

A set of calibrated AC Shunts of suitable value and
accuracy, and

At LF and HF;
An AC DVM of suitable accuracy and frequency An AC DVM of suitable accuracy and frequency
response. response.
Example: Datron 1081 or similar. Example: Datron 1081 or similar.
1.2.3.1 Notes on the Use of the Thermal Transfer
Four points are important: 3. WARNING

1. Start with OUTPUT OFF.
The 4200 should be connected to the Thermal
Transfer Standard only when the 4200 OUTPUT
OFF LED is lit. (With Output OFF, the I+, I—, Hi and
Lo terminals are at high impedance).

2. Sensitivity.

Always set the Thermal Transfer Standard to its
lowest sensitivity before connecting up. Increase
sensitivity when necessary to obtain the required
input level.

During Performance checks and calibration
the full range voltage is present at the Thermal
Transfer Standard input terminals. On 1000V checks
this voltage is potentially lethal, so EXTREME
CAUTION must be observed when making
adjustments to the Thermal Transfer Standard
sensitivity.

4. CAUTION

The Thermal Transfer Standard used must
be able to withstand peak voltages up to 1600V
between its input terminals. Such voltages may be
present during the time that the 4200 is ramping
from zero to 1100V Full Scale after setting OUTPUT
ON.
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1.2.4  Interconnections

Interconnection instructions in this section are
necessarily simple and basic. It is recognised that they may
need to be adapted to meet an individual user’s requirements.

It is assumed that users will possess knowledge of the
operation and use of standards equipment.

125 Calibration Modes

Special keys are used in the Autocal mode. They are
illustrated below:

a8 )

The three keys labelled STD, SET and SPOT preselect
alternative calibration modes. To finally implement any
calibration, the CAL key must be pressed.

\ Fig. 1.1 CALIBRATION MODES

These keys are activated by a simple procedure:

On the rear panel there are two switches:
the IEEE 488 address switch, and a security keyswitch
labelled ‘RUN/CAL ENABLE",

By setting the address switch to 31 (ADD 11111) for
Front Panel calibration, and the keyswitch to CAL ENABLE;
four of the front panel ‘MODE' keys are reassigned to
calibration functions, permitting access to the correction
memories.

When these modes are active, the legend ‘cal’ is
presented on the MODE display.

1.2.51 General Procedure

The OUTPUT display is set to the Calibration
Standard value, the 4200 output is switched ON, and one of
the calibration mode preselector keys (STD, SET or SPOT) is

pressed. The 4200 output is adjusted to equal the Calibration
Standard value, and the CAL key is pressed to execute the
calibration.

1.2.5.2 Autocal Facilities

SET The SET key allows calibration to any value between
20% and 200% of nominal Full Range value (20%
to 110% on 1000V range). If, for instance, an
adjustable DC voltage standard is not available, the
SET key permits the 4200 to be calibrated against a
Thermal Transfer standard whose reference is a
buffered bank of Standard Cells.

SPOT  When SPOT is pressed, the 4200 assumes that the
spot frequency is to be changed, and so defaults
frequency to 1kHz. When used with SET, SPOT
calibration can be carried out within 10% of full
range value, but when SPOT is used without SET,
the 4200 assumes that the calibration is to be at Full
Range. After SPOT calibration, selecting Spot F at
the calibrated value achieves the highest possible
specification. For Recall procedures see the User's
Handbook Section 4, page 4-11.

STD The STD key allows a user to trim the value of the
internal Master Reference voltage. The facility can be
used to correct for any long term drift, or to avoid a
full recalibration of the 4200 when Laboratory
References have been re-standardized. STD
calibration effectively changes the gain of all voltage
and current ranges in the same ratio, by a simple
procedure available on either the 1V or 10V range.

CAL The CAL key executes, then cancels, the preselected
AUTOCAL mode.

CAL If the CAL key is pressed without first pressing SET,

only SPOT or STD, the 4200 assumes that the selected
range is to be calibrated at the exact Full Range, at
either LF or HF or both.




1.2.6 General Notes

Remote Sense is available as follows:

1V 10V 100V 1000V - Local/Remote Sense
TmV 10mV 100mV - Local Sense only

All current ranges - not applicable

(Local = 2-wire sense; Remote = 4-wire sense)

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

On 1V and 10V ranges a Local/Remote difference
correction can be stored; for the calibration procedure refer to
Section 1.2.9.

Upranging — OUTPUT OFF Default.

The 4200 cannot enter High-Voltage State (> 75V)
with OUTPUT ON. Consequently, when ranging-up, the
operating system allows the upranging to occur, but defaults
to OUTPUT OFF for two specific cases:

a.  When upranging to the 1000V Range,
b. When upranging to the 100V Range; to a
voltage of 75V or more.

Otherwise, OUTPUT remains ON when changing
OUTPUT RANGE (refer to User’s Handbook Section 4, pages
4-7 and 4-8).

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

Repeat the-procedure as necessary.

1000V Range Calibration Sequence: LF calibration
must be completed first. However HF1/HF2 bands may, if the
user requires, be calibrated in reverse order.SET mode must be
used for 700V/HF2.

SPOT Memory Erasure. To prevent unwanted
calibrations at unused spot frequencies, it is possible to
‘Uncalibrate’ any spot frequency on any range. The procedure
is:

Select Zero Output, set OUTPUT ON and Press CAL.
When the CAL-ENABLE/RUN Switch is set to RUN, any
subsequent selection of that particular Spot F will cause the
message ‘SFX---! to appear on the MODE/FREQUENCY
display (X is the store number). This indicates that the spot is
uncalibrated.

1.2.7  Calibration Sequence

The sequence of operations for full calibration of the
4200 Autocal Standard is given below:

Preparation Section 1.2.7.1

AC Voltage 1.2.8
2-wire HF compensation 1.2.9
AC Current 1.2.10

Return to use 1.2.7.2

WARNING: During performance checks and calibra-
tion a common mode voltage equal to the full
range voltage may be present at the Thermal
Transfer input terminals. On 1000V checks this
voltage is potentially lethal, so EXTREME
CAUTION must be observed when making
adjustments to the Thermal Transfer sensitivity.

CAUTION: The Thermal Transfer Standard used must be
able to withstand peak voltages up to 1600V
between its input terminals. Such voltages may
be present during the time that the 4200 is
ramping from zero to 1100V Full Scale after
setting OUTPUT ON.

1.2.71 Preparation

Before any calibration from the front panel is carried
out, prepare the 4200 as follows:

1. Turn on the instrument to be checked and allow
minimum of 4 hours to warm-up in the specified
environment.

2. |EEE 488 Address switch:
Set to ADD 11111 as shown (Address 31).

3. CALIBRATION ENABLE Key switch (Rear Panel).
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.

4. Ensure that the OUTPUT OFF LED is lit.

1.2.7.2 Return to Use

When any calibration is completed, return the 4200
to use as follows:

1. Ensure that the OUTPUT OFF LED is lit.

2. CALIBRATION ENABLE key switch (Rear Panel):
Turn to RUN and remove the calibration key.

3. |EEE 488 Address switch:
Restore to the correct address if the 4200 is to
be used in an IEEE 488 system.

1-5

The activation procedure is illustrated below:

%

Setto: ADD 11111
(Address 31)

0’ "
el
<

IEEE 488 Address

ADD

Security keyswitch Set to:
(on the rear panel) CAL ENABLE
CALIBRATION CALIBRATION
ENABLE
RUN RUN
 — 4 \—J

Thus the four calibration keys (labelled in red) are acti-
vated, and the cal legend appears on the MODE display.

N




The activation procedure is illustrated below:

f

|EEE 488 Address

ADD

Security keyswitch
(on the rear panel)

)

CALIBRATION
ENABLE

Setto: ADD 11111

(Address 31)
} h’k

Set to:
CAL ENABLE

G

CALIBRATION
ENABLE

o

 SETORNE

ﬁ

Thus the four calibration keys (labelled in red) are acti-
vated, and the cal legend appears on the MODE display.
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1.2.8

AC Voltage Full Range Calibration (1V—1000V)

(Using Thermal Transfer Standard and DC Calibration Standard)
DC Voltage Thermal
Calibration —peDC Transfer  Ac ?32??) to b:
Standard Standard alibrate
Calibrate the 4200 at or close to the
calibration points in the table, selecting SET and/or
SPOT as required as part of the following procedure:
WARNING:
THE TERMINALS MARKED WITH THE
SYMBOL CARRY THE OUTPUT OF THE
4200. THESE TERMINALS AND ANY OTHER
CONNECTIONS TO THE LOAD UNDER TEST
COULD CARRY LETHAL VOLTAGES. UNDER NO
CIRCUMSTANCES SHOULD USERS TOUCH ANY
OF THE FRONT (OR REAR) PANEL TERMINALS
UNLESS THEY ARE FIRST SATISFIED THAT NO
DANGEROUS VOLTAGE IS PRESENT.
Note )
Any existing stored HF 2-wire
compensation is cleared during normal 4-wire HF
calibration. The procedure in Section 1.2.9 allows a
user to re-establish HF compensation for 2-wire
measurement. 1. 4200 & DC Voltage Standard
With OUTPUT OFF, connect to the Thermal Transfer
AC and DC inputs, respectively.
2. Thermal Transfer Standard
Configure for DC measurement at the required
Calibration Voltage.
3. DC Voltage Calibration Standard
Nominal Cal. Points for 1V to 1000V Ranges. Set to the Cal. voltage, OUTPUT ON.
4. Thermal Transfer Standard
DC 4200 4200 greqa a. Adjust for Null at the Cal. Voltage.
Standard OUTPUT Nominal an ]
OUTPUT RANGE/ OUTPUT set by b. \(;olnflgure for AC measurement at the Cal.
Voltage | FREQUENCY | Voltage 4200 onage
5. 4200
1.000000V | 1V 1kHz | 1.000000V LF a.  On AC FUNCTION, select the required OUTPUT
RANGE.
i oV HF
1H0080aY | v MRz [1.00000 b. Select the required FREQUENCY RANGE (or if a
10.00000V | 10V 1kHz | 10.00000V LF Spot Frequency is to be calibrated: Press SPOT
and select F1 - F5).
10.00000V | 10V 1MHz [-10.00000V HF c. Use FREQUENCY I} keys to display the
i required Cal. Frequency.
.0000V .
100:9000V] 100y Wiz [ 19090 d. Use OUTPUT tl} keys to display the required
100.0000V | 100V 100kHz | 100.0000V HF Cal. Voltage (if at Nominal Full Range, merely
: press the Full Range key). )
1000.000V | 1000V 1kHz | 1000.000V LF e. Set 4200 OUTPUT ON (and if NOT at Nominal
LE Full Range, Select SET).
.000V
10061000M) 100GM . Bokhl= | 1000.00 f. Use the OUTPUT Il keys to adjust the

700V at 100kHz:
‘SET’ Calibration must be employed.

700.000V | 1000V 100kHz | 700.000V HF2

OUTPUT Display reading to obtain a null on the
Thermal Transfer.

g. Execute the calibration by pressing the CAL key
(and if calibrating a Spot Frequency, repress the
SPOT key to deselect).




1.2.9 AC Voltage - HF 2-wire Compensation (1V & 10V range).
(Using an AC DVM)

I

|

| 4200 AC i s ]

I 1V or 10V | AC DVM
| Range B

|

Calibration of HF 2-wire Compensation

1. 4200 & AC Voltmeter
With 4200 OUTPUT OFF, make 4-wire connections
between the 4200 and the AC DVM.

AC Voltmeter
Configure for AC measurement at the required
Calibration Voltage.

On the 1V and 10V ranges there are two HF
calibration memories. One holds the correction value obtained
during Remote Sense (4-wire) ‘wideband’ calibration; the
other contains a 2-wire HF compensation value which is 2
added to the wideband correction, when Remote Sense is not '
selected (local sense).

During a 4-wire HF calibration on the 1V or 10V 3. 4200
range, the store(_j HF 2—W|re_ compensatlon value is cleared to a.  On AC FUNCTION, select the required OUTPUT
zero. Any 4-wire HF calibration to be performed must RANGE.
therefore be completed before the 2-wire compensation is
executed. b. Select the required FREQUENCY RANGE.
Calibrate the 4200 at or close to the calibration c. Use the FREQUENCY tli keys to display the

required Calibration Frequency.

d. Use the OUTPUT thl keys to display the
required Calibration Voltage.
(If at Nominal Full Range, merely press the Full
Range key.)

points in the table, selecting SET as required.

4. HF 2-wire Calibration Sequence

a. Set 4200 OUTPUT ON (and if NOT at Nominal
Full Range, Select SET).

b. Record the DVM reading.
c. Set 4200 OUTPUT OFF.

Nominal Cal. Points for 2-wire HF Compensation. 4" O the 4200 desslect Hemoie Seriss
DC 4200 4200 Freq. e. Connect the DVM to the 4200 Hi and Lo
Standard OUTPUT Nominal Band terminals for 4-wire measurement of the 4200
OUTPUT RANGE/ OUTPUT set by 2-wire output.
4200
Voltage FREQUENCY Voltage {  Set 4200 OUTPUT ON.

1.000000V | 1V 1MHz | 1.000000V HF g. Usethe 4200 OUTPUT tl} keys to display the
DVM reading recorded at (b).
10.00000V | 10V 1MHz | 10.00000V HF i
* h. Press ‘CAL




1.2.10

Millivolts (LF) Full Range Calibration {(TmV—100mV)

(Using calibrated 4200 1V Range, Inductive Voltage Divider (IVD) and AC DVM)

IVD

4200 AC 1V
Already
Calibrated

TR

Hi !

Lo
|— |

N A

AC DVM (mV Ranges)

Remote Sense
Standardization of DVM Millivolt Ranges

4200 AC mV
Ranges to be
Calibrated

]
T~

AC DVM (mV Ranges)

Lo
J

Calibration of 4200 LF Millivoit Ranges

Calibrate the 4200 at or close to the calibration 1.
points in the table, selecting SET and/or SPOT as required, as

part of the following procedure:

Note:

It is assumed that for a SPOT calibration, the 1V
Range has already been Spot calibrated at the required
calibration point.

Nominal Cal. Points for Millivolt Ranges.

IVD Ratio 4200 4200 Freq.

(1V Range OUTPUT Nominal Band

to RANGE/ OUTPUT set by

mV Range) | FREQUENCY Voltage 4200
10:1 | 100mV  1kHz [100.0000mV LF
100:1 | 10mV 1kHz | 10.0000mV LF
1000:1 | 1ImV 1kHz| 1.0000mV LF

4200, IVD and AC DVM
With OUTPUT OFF
Standardization.

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

AC DVM
Configure for
Calibration Point.

4200
a. On AC FUNCTION, select 1V RANGE.

b. Select the required FREQUENCY RANGE (orif a
Spot Frequency is to be calibrated: Press SPOT
and select F1 - F5).

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

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

e. Set OUTPUT ON; note DVM reading as ‘V1..

f.  Set OUTPUT OFF, and reconnect the circuit for
Calibration.

g. Select the required Millivolt OUTPUT RANGE.

h. Use OUTPUT t|{ keys to set the Calibration
Voltage on the OUTPUT Display.
(If at Nominal Full Range, merely press the Full
Range key.)

j-  Set 4200 OUTPUT ON (and if NOT at Nominal
Full Range, Select SET).

k. Usethe tl} keys to adjust the OUPUT Display
reading to obtain ‘V1’ on the DVM.

. Execute the calibration by pressing the CAL key
(and if calibrating a Spot Frequency, repress the
SPOT key to deselect). Set OUTPUT OFF.

connect the circuit for

measurement at the required




1.211  Millivolts (HF) Full Range Calibration (1ImV—100mV)
(Using calibrated 4200 1V and 10V Ranges, 10% Range Correction Factor and AC DVM)
Standardization of . ]
DVM 100mV Range Calibrafed 18 i s
(on 1V Range only, use | Rangeatioomv. | AC DVM (100mV Range)
4-wire connection ko
in Remote Sense) | :
~ !! Standardized at 100mV
Calibration of 4200 AC 100 mV Hi —\_
4200 HF 100mV Range Range (to be | AC DVM (100mV Range)
Calibrated) Lo P
N.B. -

Note:

1.

These Calibrations are not fully traceable. Calibrate
the 4200 at or close to the calibration points in the table,
selecting SET and/or SPOT as required, as part of the
following procedure:

It is assumed that the 1V and 10V Ranges have been
Wideband-calibrated (and for SPOT calibration, the 1V Range
has already been Spot calibrated) at the required HF
calibration points.

Nominal Cal. Points for HF Millivolt Ranges.

4200 4200 Freq.
OQUTPUT Nominal Band
RANGE/ OUTPUT set by
FREQUENCY Voltage 4200
100mV  1MHz]|100.0000mV HF
10mV  1MHz| 10.0000mV HF
mv 1MHz| 1.0000mV HF

4200 and AC DVM

a.

Measure 10.00000V output on the 10V Range
at the HF Calibration Frequency using the
Thermal Transfer.

Note the reading: call it ‘V1.

Measure 1.00000V output on the 10V Range at
the HF Calibration Frequency using the Thermal
Transfer.

Note the reading: call it 'V2'.

Divide V1 by V2; divide the result by 10. This
gives the 10% Range Correction Factor, ‘C".

co Ml
10xV2

This factor subsequently corrects a DVM
measurement at 10% of one range, to
standardize the DVM for calibration of the next

millivolt range down.

With OUTPUT OFF, connect the circuit for
Standardization.

4200

On AC FUNCTION, select 1V OUTPUT RANGE.

Select the required FREQUENCY RANGE (or if a
Spot Frequency is to be calibrated: Press SPOT
and select F1 - F5).

Use FREQUENCY {[{ keys to display the
required Calibration Frequency.

Using the OUTPUT Il keys, adjust the
OUTPUT Display to the 100mV Calibration
Voltage on the 1V Range.

Set the 4200 OUTPUT ON and note the DVM
reading. Multiply the reading by ‘C’, and note the
results as ‘Vc'
(If the DVM being used is a Datron Autocal
instrument, the Maths function can do this
automatically.)

With OUTPUT OFF, connect the circuit for
Calibration.

Set 4200 OUTPUT OFF, select 100mV Range,
and again use the OUTPUT t/} keys to set the
OUTPUT Display to the Calibration Voltage.

(If at Nominal Full Range, merely press the Full
Range key).

Set 4200 OUTPUT ON (and if NOT at Nominal
Full Range, Select SET).

Adjust the OUTPUT {|{ keys for a reading of
‘Vc' on the DVM.

Execute the calibration by pressing the CAL key
(and if calibrating a Spot Frequency, re-press the
SPOT key to deselect). Set OUTPUT OFF.

Repeat operations 2 (a) to (k), selecting 10mV
on the 100mV Range to standardize the DVM,
and calibrating the 10mV Range, using the same
correction factor ‘C'.

Repeat operations 2 (a) to (k), selecting 1mV on
the 10mV Range to standardize the DVM, and
calibrating the 1mVY Range, using the same
correction factor ‘C".
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1.212 Current Full Range Calibration (ImA—1A)

(Using Thermal Transfer, Current Shunts and DC Current Standard)

Shunt Input Thermal
with Transfer
Shunt Fitted Standard

4200 under
Calibration AC
Current
—O— Iransfer
Switch
DC Current _/
Calibration
Standard G

Calibrate the 4200 at or close to the calibration
points in the table, selecting SET and/or SPOT as required, as
part of the following procedure:

Calibrate TmA Range only if the Thermal Transfer is
adequately calibrated at these levels.

Nominal Cal. Points for 1mA to 1A Ranges.

1.

2.

DC 4200 4200 Freq.
Standard OUTPUT Nominal Band
OUTPUT RANGE/ OUTPUT set by
Current FREQUENCY Current 4200

1.000000mA [ImA  300Hz|1.000000mA LF
1.000000mA |TmA 5kHz |1.000000mA HF
10.00000mA |10mA 300Hz|10.00000mA LF
10.00000mA | 10mA 5kHz |10.00000mA HF
100.0000mA |100mA 300Hz |100.0000mA LF
100.0000mA |100mA 5kHz|100.0000mA HF
1.000000A |1A 300Hz| 1.000000A LF
1.000000A [1A 5kHz| 1.000000A HF

Thermal Transfer Standard
Configure for DC measurement at the required
Calibration Current and connect the appropriate shunt.

DC Current Standard

a.

b.

With OUTPUT OFF, connect across the Thermal
Transfer shunt, and set to the required
Calibration Current.

Set OUTPUT ON.

Thermal Transfer Standard
Adjust for null at the Calibration Current.

DC Current Standard

a.
b.

Set OUTPUT OFF.

Disconnect from the shunt.

4200

a.

With OUTPUT OFF, connect the |+ and |-
terminals across the Shunt.

On | FUNCTION, select the required OUTPUT
RANGE.

Select the required FREQUENCY RANGE (or if a
Spot Frequency is to be calibrated: Press SPOT
and select F1 — F5).

Use FREQUENCY i keys to display the
required Calibration Frequency.

Use OUTPUT Il keys to display the required
Calibration Current.

(If at Nominal Full Range, press the Full Range
key.)

Set 4200 OUTPUT ON (and if NOT at Nominal
Full Range, Select SET).

Use the OUTPUT 1l keys to adjust the
OUTPUT Display reading to obtain a null on the
Thermal Transfer.

Execute the calibration by pressing the CAL key
(and if calibrating a Spot Frequency, repress the
SPOT key to deselect). Set OUTPUT OFF.
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1.213  Current Full Range Calibration (100.A-1A)
(Alternative Method using verified 4200 1V Range, Calibrated Standard AC Shunts and AC DVM).

Calibrate the 4200 at or close to the calibration
points in the table, selecting SET and/or SPOT as required, as

[+ i
4200 AC1V Hi
Already l
Calibrated Lo

I_l
Py

AC DVM (1V Range)

W

Remote Sense

Standardization of DVM 1V Range

4200 AC 100pA |+
Range to be

Calibrated I—

J

| Gu

AC DVM (1V Range)

Calibration of 4200 Current Ranges

part of the following procedure:

Note:

It is assumed that for a SPOT calibration, the 1V
Range has already been Spot calibrated at the required

calibration point.

Nominal Cal. Points for 100uA to 1A Ranges.

4200 4200 Freq.
OUTPUT Nominal Band
RANGE/ OUTPUT set by

FREQUENCY Current 4200
100pA 300Hz 100.0000p.A LF
100pA  BkHz 100.0000xA HF
TmA 300Hz 1.000000mA LF
TmA 5kHz 1.000000mA HF
10mA  300Hz 10.00000mA LF
10mA 5kHz 10.00000mA HF
100mA 300Hz 100.0000mA LF
100mA  5kHz 100.0000mA HF
1A 300Hz 1.000000A LF
1A 5kHz 1.000000A HF

4200 and AC DVM

With OUTPUT OFF, connect the 4200 and DVM for
Standardization.

Select the 1V Range on the AC DVM.

4200

a.

Set to the 1V Range at the Calibration
Frequency and adjust for calibrated 1.000000V
output.

Set OUTPUT ON and note the DVM reading as
V1.
Set OUTPUT OFF, and reconnect the test circuit

for Calibration, using the correct shunt for the
range to be calibrated.

On | FUNCTION, select the required OUTPUT
RANGE.

Select the required FREQUENCY RANGE (or if a
Spot Frequency is to be calibrated: Press SPGT
and select F1 - F5).

Use FREQUENCY t/} keys to display the
required Calibration Frequency.

Use OUTPUT I keys to display the required
Calibration Current. .

(If at Nominal Full Range, press the Full Range
key).

Set 4200 OUTPUT ON (and if NOT at Nominal
Full Range, Select SET).

Use the OUTPUT 1 keys to adjust the
OUTPUT Display reading to obtain a DVM
reading of V1.

Execute the calibration by pressing the CAL key

(and if calibrating a Spot Frequency, repress the
SPOT key to deselect). Set OUTPUT OFF.




1.3 REMOTE CALIBRATION GUIDELINES

1.31 Introduction

The operation of the 4200 in systems applications,
via the |IEEE 488 interface, is described in Section 5 of the
User’s Handbook.

In addition to its capability as a programming
calibrator, the 4200 can itself be calibrated under remote

control. Full autocalibration of the instrument over the bus
implies availability of programmable standards, a
programmable thermal transfer standard and a suitably-
programmed controller.

1.3.2  Calibration Commands

Table 1.2 lists the device-dependent calibration
commands used in the 4200. The transfer of calibration
facilities to remote control is illustrated in Fig. 1.2.

Note.

With the Calibration keyswitch set to ENABLE, the ‘T’
code (User’s Aide-Memoire) accesses an alpha-numeric store
for up to 16 ASCII characters.

Command AUTOCAL Mode AC Voltage AC Current
Codes (AC) I

cg- CAL | Gain calibration ALL RANGES ALL RANGES
only (at nominal FR)

C1 SET Gain for range at ALL RANGES ALL RANGES

and and User’s selected

cg CAL | value

c2 STD 1V and 10V

and and Ranges only e

co GAIN CAL

C3 PRECAL

and and 10V Range -

cg GAIN CAL

T Spot Frequency 1

to to

T5 Spot Frequency 5 ALL RANGES ALL RANGES

and and

cg GAIN CAL

T Spot Frequency 1 ALL RANGES ALL RANGES

to to

T5 Spot Frequency 5

and and -

C1 Gain for range

and at User’s selected

cg value

T4 Cancel ALL RANGES ALL RANGES

Spot Frequency
1 User's Message See para. 1.3.2

TABLE 1.2 AVAILABILITY OF COMMAND CODES

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

1. The CALIBRATION ENABLE keyswitch on the 4200
Rear Panel must be set to ENABLE.
2. The IEEE Interface command-code W1 must have

been received and activated.

In addition the bus command C3 (PRECAL) can only
be activated when the internal ‘PRE-CAL ENABLE" switch is
enabled.

When the 4200 is under remote control over the
bus, the command code W@ overrides the settings of the
CALIBRATION ENABLE and internal PRE-CAL ENABLE
switches, disabling the ‘C" codes.
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[ FREQUENCY RANGE )
Store 100 1k 10k 100k 1M
e
T1|T2 |T3 |T4 |T5
SIS FY RS SRR Fb
+lim —lim e—e —s % ppm

G+|S*|C2|C1

Co

Guard Sense Spec Error SpotF
—Remote— STD  SET SPOT
\ MODE

@ = no comparable commands

FIG. 1.2

Test
CAL

SPOT Frequencies
selected directly
by ‘T’ codes

No equivalent
to SPOT Key

TRANSFER OF CALIBRATION FACILITIES TO REMOTE CONTROL

1.3.21

General Procedure

The Main Register is set to the Calibration Standard
value (M*** ), the 4200 Output is switched ON (01), and
one or a specified sequence of the calibration mode command
codes (C1, C2, C3, |, T1T5) may be transmitted.

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

1.3.2.2 Command Code Facilities

C1 (SET)

C2 (STD)

T1T5
(SPQOT)

C1 allows calibration to any value between 20%
and 200% of nominal Full Range value (20% to
110% on 1000V range). If, for instance, an
adjustable DC voltage standard is not available,
C1 permits the 4200 to be calibrated against a
Thermal Transfer standard whose reference is a
buffered bank of Standard Cells.

C2 allows a user to trim the value of the internal
Master Reference voltage. The facility can be
used to correct for any long-term drift, or to avoid
a full recalibration of the 4200 when Laboratory
References have been re-standardized.

C2 calibration effectively changes the gain of all
voltage and current ranges in the same ratio, by a
simple procedure available either on the 1V or
10V range.

The SPQT, facility is not directly related to the
manual SPOT key. The spot frequencies are
directly accessible using ‘T’ codes, T1 to T5
corresponding to the F1 to F5 store keys, but in
SPOT frequency mode. When a T code is received
in calibration mode, the 4200 assumes that the
spot frequency is to be changed, and so defaults
frequency to 1kHz.

When a T code is used with SET; SPOT calibration
can be carried out within 10% of full range value,
but when used without SET, the 4200 assumes
that the calibration is to be at Full Range.

C3
(PRECAL)

Co

CAL only

After SPOT calibration, selecting Spot F at the
calibrated value achieves the highest possible
specification. For Recall procedures see the
User’'s Handbook Section 4.

C3 is used to enable ‘pre-calibration’. This is a
procedure which is used at manufacture, and
must also be used whenever all the calibration
memories are cleared to zero (for example if the
supply to the non-volatie RAM has been
disrupted).

C3 accesses a special calibration memory, as part
of a two-stage calibration on the 10V range.
(Refer to para. 1.4.5).

C@ executes the programmed procedure which
was previously selected by the C1; C2; T1 to T5;
or C3 code. No calibration is complete until a C@
code has been received.

If CO is sent without preselecting one of the other
modes, the 4200 assumes that the selected
range is to be calibrated at the exact Full Range, at
either LF or HF or both.




1.3.3  Programming Guidelines

1.3.31 An Example

The following sequence suggests a method of
calibrating the 4200 1V Range Gain against a standard cell
value of +1.018057V.

It is assumed that the 4200 is correctly addressed,
its Calibration Keyswitch set to ENABLE and that the 4200
Output is OFF.

It is alsc assumed that a Thermal Transfer has been
nulled against the buffered standard cell, is now set to low
sensitivity and connected between the 4200 Hi and Lo
terminals as in Fig 1.1 (a) of Section 1.2.8.

4200 Codes
a. Command the 4200:
AC Volts F1
1V Range R5
Local Guard and Sense GO SO
Calibration Enable W1
Output Value to calibration point M+1.018057
Select ‘SET’ Calibration mode C1
Output ON 01
b. Establish null tolerance limits.
C. Command the Thermal Transfer:

Recall Sensitivity Range and Reading;
Increase Sensitivity Range and repeat
recall until reading exceeds half-scale.

d. Calculate 4200 setting for null.
Set 4200 output to calculated value. M***.,

e Repeat (c) and (d) until null is within

limits.

f. Command the 4200 to execute ‘CAL C@.

The example suggests only the broad outline of one
of many sequences which could be used to perform 4200

calibrations.

1.3.3.2 Calibration Command Strings

The following command strings are given for the
sole purpose of illustrating the methodology designed into the
4200 for remote calibration modes. Some reference to
external operations is inferred. The nulling operation is
separated into its own string, as it is likely to be iterative.

a. Nominal Full Range LF Gain Calibration:
H(LF) A1 O1=M (for null)=C@=0g=

b. Nominal Full Range HF Gain Calibration:
H(HF) A1 O1=M (for null)=C@=00=

C. Combined Nominal LF and HF Gain Cal:

H(LF) A1 O1=M (for null)=CO=
H(HF)=M (for null)=C0=00=

d. Non-nominal LF Gain Calibration:
H(LF) M(20%-200% FR) C1=
O1=M(for null)=C@=00=

e Non-nominal HF Gain Calibration:
H(HF) M(20% —200% FR) C1=
01=M (for null)=C0O0=00=

f. Combined Non-nominal LF and HF Gain Cal:
H(LF) M(20% —200% FR) C1=
O1=M(for null)=C@=
H(HF) M(20% —200% FR) C1=
M(for null)=C@=00=

It is assumed that the 4200 has previously been
programmed in function and range (not autorange R®) and
that the external circuit is set up correctly. The 4200 is already
programmed into its calibration mode by W1, with the
calibration keyswitch set to ENABLE, and output OFF.

g. SPOT Calibration at Nominal Full Range:
T(1 to 5) H(required spot frequency)
A1 O1=M(for null)=C@=00=

h. SPOT Calibration at a value within £10% of Full
Range:
T(1 to 5) H(required spot frequency)
M(=£ 10% FR) C1=01=Mf(for null)=C@= O@=

J- Standardization at Nominal Full Range (1V or 10V

Range only):
H(LF) A1 C2 O1=M(for null)=C@=00=
k. Standardization at a Non-nominal value (1V or 10V
range only):

H(LF) M(20% —200% FR) C2=
01=M(for null)=C@=00=

The string for code C3 appears in para 1.4.5.2.




14 PRE-CALIBRATION

For all normal purposes, the routine procedures
detailed in Section 1.2 (and repeated in the User’s Handbook
Section 8) are sufficient to maintain 4200 calibration.

In an initial internal calibration process at
manufacture, certain ‘PRE-CAL parameters are established in
a special calibration memory to define the overall linearity of
the 4200, and to allow maximum routine calibration memory
span for adjustments. Thereafter all routine calibrations may
be performed from the front panel or over the IEEE Interface
without removing the covers.

The stored parameters are invalidated by
replacement of certain critical parts of the instrument; detailed
below.

After replacement of any of these parts, new
parameters must be stored in the PRE-CAL memory, by
. procedures (in manual or remote control) detailed in this
section.

NB. Removal of the upper or lower Guard/Ground shields
invalidates any previous calibration by the Datron Factory or
Service Centre.

Critical Parts

1. The Lithium battery which powers the whole
calibration memory when the instrument supply is
switched off. This should be replaced at five-year
intervals.
(Refer to Section 5.3).

The following parts are normally replaced only on failure.
A full list appears in Section 1.1 Table 1.1.

2. The Digital Assembly
3. The Reference Divider Assembly
4. Critical components in the Digital or Reference

Divider, AC and Sine Source assemblies

Pre-Calibration must be followed by a full Routine
Calibration of the whole instrument (Section 1.2).

141 Validity

The adjustments detailed in the following sequences
include intentionally clearing the instrument’s calibration
memory, which loses all previous calibration information.

Therefore before proceeding make certain that the
reasons for carrying out a complete recalibration are valid. (If
in any doubt, consult your Datron Service Center).

1.4.2 Calibration Standards Equipment Required

1. A precision voltmeter capable of 1V AC
measurement with a stability between readings of
better than = 5ppm.

Example: Datron Instruments 1081

2. An inductive voltage divider with ratios of x1.0 and
x0.1 capable of dividing 10.000,00V to 1.000,000V
to an accuracy better than = 1Tppm.

1.4.3  Preparation

1.4.3.1 Manual Calibration Mode

Before any calibration is carried out, prepare the
4200 as follows:

a. Turn on the instrument to be checked and allow
a minimum of 4 hours to warm-up in the
specified environment.

b. |EEE 488 Address switch:
Set to ADD 11111 as shown (Address 31).

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

IEEE 488 Address Setto: ADD 11111
(Address 31)
o 7
ADD
Security keyswitch Set to:
(on the rear panel) CAL ENABLE

(g TR (_T
CALIBRATION CALIBRATION
ENABLE ENABLE

g )
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1.4.3.2

Interconnections

Ensure the 4200 OUTPUT OFF LED is lit.
Cancel any MODE keys.

a.

Select the 1kHz Frequence Range.

Select Remote Sense. b. Select ACV FUNCTION and connect the IVD to
Deselect Remote Guard. the 4200 terminals as shown. Use short leads.
4200 IVD SETTINGS 1081
4200 Settings 1/PVolts | O/P Volts | IVD Ratio 1081 Settings
Remote Sense Local Guard
Local Guard 1 1 x1.0
10V Range 10 1 x 0.1 Hi Res
IVD Hi Lo Gu
FIG.1.3
g
1.4.3.3 Identification of Access Holes
(Fig. 1.4)
These give access to the ‘PRE-CAL ENABLE’ switch N
and the ‘CLEAR CALIBRATION MEMORY' switch. —§ .. .. UT CABLE BEFORE REMOVING .. ...
DO NOT OPERATE EITHER SWITCH YET!
PRE-CAL
Operation of these switches in included in the
procedure of Section 1.4.4. RUN f@ﬂ ENABLE
Release 6 screws retaining the top cover. | @“ T _-T__-F}E-,;éééh_jéé_ ;VIDER PCB
: . O CLEAR
b.  Lift the top cover at the front of the instrument CALIBRATION
and locate the two holes which give access to MEMORY
the two-position ‘PRE-CAL ENABLE’ switch and ©
the press-button ‘CLEAR  CALIBRATION &/
MEMORY’ SWitCh. ===z :2‘_:'___{: ::‘:—:-.lell-él—__z__sz
c. Replace the top cover, do not secure.
L Fig. 1.4 Location of “PRECAL" and “CLEAR" Switches y




1.4.4  Pre-calibration Procedure

1.4.41 ‘PRE-CAL ENABLE’ and ‘CALIBRATION MEMORY
CLEAR’ Switches

a. Cover
Lift the top cover at the front.
b. ENABLE

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

Insert an insulated tool in the hole and move the pre-
cal switch to the right (Enable).

The legend ‘cal’, as presented on the MODE display,
also appears on the OUTPUT display.

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

o5 CLEAR
Locate the hole which gives access to the Calibration
Memory CLEAR push-button.

Insert an insulated tool in the hole and press the
button to clear the calibration memory.
Refit the top cover but do not secure.

1.4.4.2 Setting the Pre-cal Parameters

a. IVD
Select x1.0 ratio.

b. 4200
Select 10V range, at 1kHz on the 1kHz Frequency
range.

Select 1.000,00V.

Press the SPOT key, its LED lights.

Use 4200 OUTPUT ]} keys to adjust the DVM
reading to 1V.

Press CAL: the SPOT LED remains lit.

c. VD
Select the x0.1 ratio to divide the 4200 output by 10.
d. 4200

Select Full Range.

Use 4200 OUTPUT {l{ keys to adjust the DVM
reading to 1V.

Press the CAL key; the SPOT LED goes OFF and
display reverts to nominal 10V. Pre-cal is now
completed.

Select OUTPUT OFF and disconnect.

o

Store 100 1k

FREQUENCY RANGE

10k 100k 1™

— F1 F2 F3 F4 Fb5

+lim —lim ¢—p — % PPM

Guard Sense Spec Error SpotF Test
—Remote— STD SET SPOT CAL
MODE b J

@ = keys inactive

\

SPOT key
reassigned to
'PRE-CAL’

FIG.1.5 PRECALIBRATION —

USE OF MANUAL KEYS
1.4.4.3 4200 PRE-CAL ENABLE Switch

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

a. Cover
Lift the top cover at the front.
b. Locate

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

c. Disable
Insert an insulated tool in the hole Pre-cal and move
the switch to the left (RUN).

d. Display
The legend ‘cal’ remains on the MODE display, but
disappears from the OUTPUT display.

e Cover
Refit and secure the top cover.




145 Remote Pre-Calibration Guidelines

The operation of the 4200 for remote calibration via
the IEEE 488 interface, is described in Section 1.3.

Table 1.2 lists the device-dependent calibration
commands used in the 4200. The transfer of Pre-calibration to
remote control is illustrated in Fig. 1.6.

1.4.51 General Procedure

The general procedure follows that for remote FREQUENCY |RANGE )
Routine Calibration; the external circuit is connected as for Store 100. 1k 10k 100k 1M
manual pre-calibration.

The bus command C3 (PRECAL) can be activated
only after three conditions have been fulfilled:

1. The CALIBRATION ENABLE Keyswitch on the 4200
— F1 F2 F F4 F
Rear Panel must be set to ENABLE, 3 5
+ i N H o)
2. The IEEE Interface command-code W1 must have e i, _se—s : 2R
been received and activated.
3. The internal ‘PRE-CAL ENABLE’ switch is set to G% S* C3 C¢
ENABLE. = =
uard Sense Spec Error SpotF Test
When the 4200 is under remote control over the —Remote — sErD SrET SF;OTF CeASL
bus, the command code W@ overrides the settings of the A MODE /
CALIBRATION ENABLE and internal PRE-CAL ENABLE

switches, disabling the ‘C’ codes.

In the case of C3 preselection, the procedure is in & = no comparable commands
two stages, so a first transmission of C@ merely transfers to
the second stage. The second C@ transmission cancels the

preselected mode. FIG.1.6 TRANSFER OF PRECALIBRATION
For C3, the CPU uses the value input by ‘M’ Code to TO REMOTE CONTROL

distinguish between Full Range or 10% of Full Range gain

calibration.

1.4.5.2 Pre-Calibration Command Strings

The following six command strings are given for the The string sequence for pre-calibration is as follows:
sole purpose of illustrating the methodology for the remote

pre-calibration mode. Some reference to external operations is H (LF) g ;
inferred. The nulling operation is separated into its own string C3 tautomatically sets nominal Full Range)
: gop ! 01 (Output On)

as it is likely to be iterative.

It is assumed that the 4200 has previously been
programmed into the 10V range at a frequency in the LF band
(refer to the User’'s Handbook Section 8, Page 8-2), and that
the external circuit is set up correctly. Cco (executes the first-stage calibration)

M***  (adjust for null at Full Range)

The 4200 has already been programmed into its
calibration mode by W1, with the calibration keyswitch and M***  (adjust for null at 10% Full Range)
the internal PRE-CAL ENABLE switch set to ENABLE. =

The calibration memory stores have been cleared, Co (executes the second-stage calibration)
and the 4200 Output is OFF. =

(0]0] (Output Off)

The precalibration should be terminated as detailed
in para 1.4.4.3.




SECTION 2

FAULT DIAGNOSIS

WARNING HAZARDOUS ELECTRICAL POTENTIALS ARE CAUTION  The instrument warranty can be invalidated if
EXPOSED WHEN THE INSTRUMENT COVERS damage is caused by unauthorised repairs or
ARE REMOVED. modifications. Check the warranty detailed in the
ELECTRIC SHOCK CAN KILL “Terms and Conditions of Sale”. It appears on the
invoice for your instrument. i
21 INTRODUCTION
211 Use of Diagnostic Guides 2122 FAIL 5 as Default State

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 4200 provide the
first step in fault analysis by displaying a FAIL message on the
mode display. Initial actions to be taken after the occurrence 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 unlikely
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.

21.2 Effects of Protective Measures on Diagnosis

21.21 Protective Suppression of Fault Conditions -

The 4200 incorporates built-in protection in hardware
and software. To minimize damage, protective circuitry acts
immediately, backed up by a pre-programmed CPU response to
detected failure symptoms. 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.

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 Output
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 should reappear momentarily,

prior to defaulting into FAIL 5.

Then select the appropriate diagnostic guide in
Section 2.2.




2.2 DIAGNOSTIC GUIDES

2.21 FAIL 1 Display Message

2.2.2

FAIL 2 Display Message

DISPLAY: FAIL 1

Excessive Internal Temperature

INITIAL ACTION

N

Switch Power OFF.

Allow to cool for 15 minutes.

Switch Power ON—If FAIL 1 persists, repeat 1 & 2.
Select operating mode when FAIL 1 clears.

No failure display—no further action.
FAIL 1 recurs —fault persists.

FAULT CONDITION

High temperature sensed in:

1.

2.

Positive Heatsink Assembly
or

Negative Heatsink Assembly

Fault indication signal OVERTEMP active.

POSSIBLE FAULT LOCATION

1
2.
3.

Positive Heatsink Assembly 400538
Negative Heatsink Assembly 400539
Power Amplifier Assembly 400450

FURTHER INFORMATION IN THIS HANDBOOK

Page numbers: 7.13, 7.9.
Technical descriptions: Section 4.12
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DISPLAY: FAIL 2

Over-Voltage

INITIAL ACTION

N.B.This failure can be caused by injection of an

ey

o 1 Bt

8.

external voltage across the 4200 terminals. The
trip level is between 75V and 110V RMS.

Ensure that OUTPUT IS OFF (4200 should have
tripped to FAIL 5).

Disconnect external leads from 4200 terminals.
Press Safety Reset.

Carry out self-test sequence.

FAIL 2 recurs—fault persists.

No failure display—Reproduce originai conditions
in Local Sense with no external connections.

No failure display—check external circuit and
proceed with careful use.
FAIL 2 recurs—fault persists.

FAULT CONDITION

1.

Over voltage circuit on the Output Control
Assembly has detected the excess voltage at
between 75V and 110V RMS between PHi and PLo
lines, and has activated HV ST signal to the CPU
AND

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

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

POSSIBLE FAULT LOCATION

1.
2:
£

Injection of external voltage
400550
400450

Output Control Assembly

Power Amplifier Assembly

FURTHER INFORMATION IN THIS HANDBOOK

Page numbers: 7.5, 7.9.

Self-test procedure: Section 2.3.

Technical descriptions: Section 4.12.
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2.2.3 FAIL 3 Display Message

224 FAIL 4 Display Message

DISPLAY: FAIL 3

Control Data Corrupted.

DISPLAY: FAIL 4

Precision Divider Fault.

INITIAL ACTION

No immediate action required.

FAULT CONDITION

1. Control data corrupted.

2. CPU has detected errors in serial transfer of data
between out-guard and in-guard circuits, and
generated FAIL 3 display. THEN

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

POSSIBLE FAULT LOCATION

1. Reference Divider Assembly 400535
2. Analoginterface Assembly 400570

FURTHER INFORMATION IN THIS HANDBOOK

Page numbers: 7.4, 7.3.

Technical descriptions: Section 4.5.

INITIAL ACTION

No immediate action required.

FAULT CONDITION

1. Precision divider fault.

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

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

POSSIBLE FAULT LOCATION
AnalogInterface Assembly 400570
FURTHER INFORMATION IN THIS HANDBOOK

Page number: 7.3.

Technical description: Section 4.6.




225 FAIL 5 Display Message

DISPLAY: FAIL 5

Safety Monitor (Watchdog) Tripped.

INITIAL ACTION

Use the checking sequence below, watching the MODE
display carefully at each stage to detect any FAIL number
appearing momentarily 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 excessive external voltage by disconnecting the
4200 terminals and repeating the checks. If FAIL 5 alone occurs,
proceed to “Fault Condition” below. For any FAIL other than FAIL
5, transfer to the diagnostic guide for that message.

FAULT CONDITION

18mS monostable (M10 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 M13 in the reference divider pcb.

Summary of “BARK” effects:

1. Removes the drive from the High Voltage (1kV)
transformer.

BARK DELAYED Disables the 400V Power Supply.
Status message sent to CPU signalling a failure.
4. CPU starts controlled shut-down.

Summary of “BARK DELAYED” effects:

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

2. 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 outputline has a pull-up or pull-down resistor
which sets the analog circuitry into a safe
condition.

POSSIBLE FAULT LOCATION

1. Digital Assembly (No gated WRT STRB pulses at
J2/J3-29) 400534

2. Analog Interface Assembly (No SSDA strobe
pulses; or Watchdog disabled) 400570

3. Reference Divider Assembly (Incorrect
functioning of Watchdog setup circuitry) 400535

N.B.The Watchdogis designed primarily to ensure that
CPU malfunctions do not set up dangerous
conditions in the analogy circuitry.

FURTHER INFORMATION IN THIS HANDBOOK

Page number: 7.2, 7.3, 7.4.

Technical description: Section 4.5.
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2.2.6

FAIL 6 Display Message

DISPLAY: FAIL 6

Calibration Memory Fault.

INITIAL ACTION

-

Or B w1

o

Select Output OFF, Spec OFF, Error OFF.
Perform self-test sequence (Section 2.3).
No failure display—no further action.
FAIL 6 recurs—recalibration required.

Select Cal
Refer to Section 1.

Recalibrate

Calibration failure—fault persists.

FAULT CONDITION

Calibration memory fault on Digital pcb assembly.

POSSIBLE FAULT LOCATION

Digital Assembly

400534

FURTHER INFORMATION IN THIS HANDBOOK

Page numbers: 7.2.

Self-test procedures: Section 2.3.

Calibration procedures: Section 1.

Technical descriptions: Section 4.2.

2.2.7

FAIL 7 Display Message

DISPLAY: FAIL 7

P.A. 400V Power Failure

INITIAL ACTION

4.

Switch Power OFF.

Check line supply is correct for input voltage
setting.

Switch power ON—no failure display—no further
action.

FAIL 7 recurs—fault persists.

FAULT CONDITION

—_

W

Positive or Negative 400V power supply failure.
Fault indication signal 400V(2) FAIL active.
Check line input voltage.

It is possible for a misleading FAIL 7 message to
occur, caused by a logic supply failure in particular
—15 Volts. Refer for fault location and further
information to FAIL 9.

POSSIBLE FAULT LOCATIONS

OOl b el T

Power Amplifier Assembly 400450
Reference Divider Assembly 400535
Positive Heatsink Assembly 400538
Negative Heatsink Assembly 400539
Power Supply/I Heatsink Assembly 400540
Mother Board 400532

FURTHER INFORMATION IN THIS HANDBOOK

Page number: 7.9, 7.4, 7.3, 7.16.

Technical descriptions: Sections 4.12 and 4.16.




228 FAIL 8 Display Message

2.2.9 FAIL 9 Display Message

DISPLAY: FAIL 8

P.A. 38V Power Failure.

DISPLAY: FAIL

P.A. 15V Power Failure

INITIAL ACTION

1. Switch power OFF.

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

3. Switch power on—no failure display—no further
action.

4. FAIL 8 recurs—fault persists.
FAULT CONDITION

1. Positive or Negative 38V power supply failure.
2. Fault indication signal 38V (2) FAIL active.

3. Check line input voltage.
4

It is possible for a misleading FAIL 8 message to
occur, caused by a logic supply failure, in particular
—15 Volts. Refer to fault location and further
information to FAIL 9.

POSSIBLE FAULT LOCATIONS

1. Power Amplifier Assembly 400450
2. ReferenceDivider Assembly 400535
3. Power Supplies 400544
4. MotherBoard 400532

FURTHER INFORMATION IN THIS HANDBOOK

Page number: 7.9, 7.4, 712, 7.16.
Technical descriptions: Section 4.16.
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INITIAL ACTION

1. Switch power OFF.

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

3.  Switch power on—no failure display—no further
action.

4. FAIL 9 recurs—fault persists.
FAULT CONDITION

1. Positive or Negative 15V power supply failure.
2. Fault indication signal 15V(2) FAIL active.

3. Also 400V power supply is disabled.
4

Check line input voltage.

POSSIBLE FAULT LOCATIONS

1. Power Amplifier Assembly 400450
2. ReferenceDivider Assembly 400535
3. Power Supplies 400554

FURTHER INFORMATION IN THIS HANBOOK

Page number: 7.9, 7.4, 7.11.
Technical descriptions: Section 4.16.




2.210  Error OL Display Message

DISPLAY: ERROR OL

AC Volts: Output current limit exceeded.

Current: Output compliance voltage limit exceeded.

INITIAL ACTION

1. If AC Voltage range selected:

(a) Set Output OFF (automatic if 100 or 1000V
range selected).

(b) Disconnect external circuit.
(c) Set Output ON:

—If no Error OL or FAIL message, check
external circuit for low resistance, drawing
output current in excess of specification
(Table 2.1). Ensure Capacitive Load
constraints are not exceeded, refer to
User’s Handbook Section 6 page 6.5.

—If Error OL recurs, internal fault persists.

2. IfIrange selected:
(a) Set Output OFF.
(b) Short Output terminalsI+tol—.
(c) Set Output ON:

—If no Error OL or FAIL message, check
external circuit for high resistance,
developing output voltage in excess of 3V
compliance limit.

— If Error OL recurs, internal fault persists.

OUTPUT OUTPUT FREQUENCY
CURRENT LIMIT RANGE RANGE

25mA A% All Ranges
60mA 0V All Ranges
120mA 100V All Ranges

f 15mA 1kV 100Hz/1kHz

? 65mA 1kV 10kHz/100kHz/1MHz

FAULT CONDITION

1. If ImV, 10mV, 100mV or IV range:

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

2. If 10V range:

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

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

(a) 100V Overload detector in the Power
Amplifier Assembly has detected a load in
excess of 120mA RMS on the 400V power
supply,

(b) 1kV Current Overload detector (M8) in the
Output Control assembly has detected an
excessive output current,

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

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

4. |IfIrange selected:

Overvoltage detector circuit has detected a
terminal voltage of 3V RMS or more and has
activated LM ST signal to the CPU. If 100mA or 1A
range selected, the CPU switches Output OFF.

POSSIBLE FAULT LOCATIONS

1. External circuit

2. Sine Source Assembly 400446
3. ACAssembly 400447
4. Output Control Assembly 400550
5. Power Amplifier Assembly 400450
6. IAssembly 400555

FURTHER INFORMATION IN THIS HANDBOOK
Page numbers: 7.6, 7.7, 7.5, 7.9, 7.8.
Technical descriptions:

Low AC Voltage ranges: Section 4.11.

100 or 1000V ranges: Section 4.12.

I ranges: Section 4.15.




2.3

2.31

SELF-TEST SEQUENCE

General

The self-test sequence is performed in two stages:

Stage 1 is a fully automated test of safety monitoring

and high-voltage safety interlocks;

Stage 2 is a semi-automatic test of keyboard and

display functions, which also responds to operator's key
selections.

2.3.2

Stage 1 (Fig. 2.1)

Entry into Stage 1 is selected automatically whenever

the TEST key is pressed for the first time (the testis not allowed if
OUTPUT ON, ERROR or SPEC are selected or when in remote

control).

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:

2-8

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
PRESSED

QUTPUT ON, ERROR,
OR SPEC.SELECTED?

INHIBIT TEST

ORREMOTE CONTROL?,

P
ENABLE TEST LED.
START STAGE 1

TEST SAFETY MONITOR FAIL —————————=

DISPLAY
UNCHANGED

PASS
DISPLAY ‘SAFETY’

Buzzer Sounds
Reset LED Flashes

SAFETY RESET
KEY PRESSED

FAIL ————————————=

RESET SAFETY MONITOR

DISPLAY
UNCHANGED

PA §S
CANCEL

SAFETY DISPLAY
‘running’ Message

TEST
CALIBRATION MEMORY

FAIL

DISPLAY
‘FAIL 6'

PASS

|

START
HV DETECTOR
TEST

POWER TO 75V

IS DETECTOR SET?

YES ———————

DISPLAY
'FAIL 2!

CLEAR

i

POWER TO 120V

ISDETECTOR SET?

DISPLAY
'FAIL 2!

YES

T

Y

END HV DETECTOR
TEST. END STAGE 1

ANY FAULTS? YES 4‘

NO

DISPLAY PASS

DISPLAY LAST
FAIL MESSAGE

FIG. 2.1 SELF TEST SEQUENCE STAGE 1




233  Stage 2 (Fig. 2.2)

Entry into Stage 2 of the self-test sequence is made
when the Test key is pressed AFTER the completion of Stage 1.
The test proceeds by sequentially displaying all segments and
legends.

The test continues, showing segment-by-segment, all
seven-segment digits, legends and commas.

After all digits have been displayed, the keyboard LED
indicators are lit in a sequence which proceeds from left to right.
(Test LED remains lit).

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

Operation of Up, Down and Output Selection keys are
shown by a symbol on the display immediately above the key;
operation of Frequency Range, Mode, Range, Function and
Output keys are shown by the key’s LED. In these tests the display
or LED remains it until another key is pressed.

Atany part of Stage 2, pressing Test or Zero key will end
the test and cancel the Test LED.

NEW KEY
PRESSED
DISALLOW STAGE
<TEST KEY PRESSED? — NO 2. PERFORM KEY
INSTRUCTION
YES
START STAGE 2
ENABLE TEST LED
1 VISUAL CHECK
DISPLAY SEGMENT
SEGMENT PARALLELS PAR%H’(FLS
———————— YES—(TEST KEY PRESSEE@
No VISUAL CHECK
DISPLAY DIGIT ALL DIGITS
AND INCREMENT
SERIALLY 0K
— YES—TEST KEY PRESSED ?
N VISUAL CHECK
ENABLE LED S ALL LED S
SERIALLY 0.K.
—vEs «@ST KEY PRESSED ?>
NO
t
DISPLAY D
WAIT FOR
USER RESPONSE
MANUAL{ CHECK VISUAL| CHECK
USER RESPONSE DISPLAY
ANY KEY PRESSED KEY FUNCTION
ZERO OR TEST -
KEY PRESSED ?
T
YES
ENDTEST
CANCEL TEST LED.
FIG. 2.2 SELF TEST SEQUENCE STAGE 2 J
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2.4 Fuse Protection

In addition to the electronic protection devices used in
the 4200, fuses are provided to protect against catastrophic
component failure.

241 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.

24.2 Reasons For Fusing

The fuses in the 4200 fall into two groups:

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

ii) 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.

Table 2.1 lists their locations.

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 4200 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 Assembly Circuit Diagram page order, giving fuse
values. The types of fuses to be used can be found in the

component lists of Section 6.

Location and Page numbers | Designator/Value Protected Circuits Clip-in Solder-in
Power Input Module F1 (3.15A for 220/240V) (Power Input fuse) *
Page 7.18-6 (15) (6.25A for 100/120V)
AC Assembly
Page 7.7-1 F11A 1V range only and Current ranges up to
10mA *
F2 1A All AC Voltage ranges *
Mother Board F1 1A Transformer secondary to 400V PSU *
Page 7.16-5 F2 1A Transformer secondary to 400V PSU *
F3 2.5A Transformer secondary to 38V PSU *
F4 2.5A Transformer secondary to 38V PSU *
Power Supply (38V) F1 1A —38V Supply Line *
Page 7.12-1 F2 1A 438V Supply Line *
Output Control F1 1A Power Lo *
Page 7.5-1 F2 1A Power Lo *
F3 1A PHI(V) &
Power Supply (IG)
Page 7.11-1 F1 4A Supplies —22V(2) *
F2 4A Supplies +22V(2) <
F3 3.15A Supplies +15V(2) ¥
F4 3.15A Supplies —10V(2), —15V(2) *
Page 7.11-2 F5 1A Supplies —8V(2) *
F6 1A Supplies +8V(2) *
Current Assembly
Page 7.8-1 F5 375mA All Current outputs *
Power Supply (OG)
Page 7.10-1 F1 4A Digital and Display supplies *

Table 2.1 Fuse

Location and Purpose
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SECTION 3

DISMANTLING AND REASSEMBLY

31 GENERAL PRECAUTIONS

3.11 WARNINGS

(1) ISOLATE THE INSTRUMENT FROM POWER
SUPPLIES BEFORE DISMANTLING OR
REASSEMBLING.

(2) THE COMBINED REMOVAL OF TOP AND
BOTTOM COVERS, GROUND/GUARD
ASSEMBLIES AND REAR PANEL ASSEMBLY;
LEAVES THE MOULDED INTERNAL CHASSIS
UNSUPPORTED. THIS CAN CONSTITUTE A
SAFETY HAZARD TO BOTH PERSONNEL AND

312 CAUTIONS

(1) Removal of the Top Ground/Guard Assembly
invalidates the manufacturers  calibration
certification.

(2) Handle the instrument carefully, especially
when inverted, to avoid shaking printed circuit
boards loose.

(3) Do not touch the pcb edge connectors with the
hands.

(4) Ensure that no wires are trapped when fitting

EQUIPMENT. ground/guard assembilies.

(5) Ensure that washers, nuts etc. do not fall into
the instrument, and are correctly refitted at
subsequent reassembly.

3.2 General Mechanical Layout

The 4200 AUTOCAL STANDARD can be used as a benchtop instrument, or it may be rack mounted in a standard 19"
rack. All circuits are housed within a single unit on printed circuit board assemblies, the eight major PCBs being plugged into a

“Mother” PCB assembly.

A labelled view of the open instrument is shown in Volume 2 (page 7.0-1). Exploded views are shown on pages

7.18-1 to 7.18-6.

3.21 Front Panel

Six output terminals with captive, insulated caps are
provided. Alternatively, the terminals can be fitted to the rear
panel (Option 42) at manufacture.

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

3.2.2 Rear Panel

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

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

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

The IEEE 488 standard connector socket (J27) with
instrument address switch, the Calibration Interval Switch
and switch S53 (not used on the 4200); are all mounted on
the Interconnection PCB assembly. This is fitted on spacers to
the inside face of the panel with external components
protruding to the rear.

3.3 LOCATION AND ACCESS

3.31 External Construction

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

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

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

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

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

Filtered air passes over the power supplies, mixes
with air in the rear copartment, is drawn through the heatsink

assemblies, and is finally expelled from the instrument by the
extractor fan.

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

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

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

The Power Amplifier assembly PCB slots in behin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>