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SECTION 1 CALIBRATION

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

1.1 GUIDE TO ROUTINE CALIBRATION

Circumstances Calling For Subsequent Recalibration

SCHEDULED RECALIBRATION

Routine calibration is carried out from the frontpanel, avoiding thermal
disturbance and allowing immediate return to use. The 4708 is fully
calibrated before leaving the factory. The specifications for the 4708
are based on standard intervals of up to 24 hours, 90 days or 1 year from
calibration. Some users will wish to maintain the highest accuracy by
recalibrating at short intervals (e.g. every 24 hours). In these cases,
recalibration becomes a routine task. For this reason, Routine Au-
tocalibration procedures are also explained in Section § of the User's
Handbook.

Users may wish to choose alternative schemes, accounting for:

»  The accuracy required when in use,

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

*  The scheduled calibration intervals normally adopted by the
user's organization

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

RESTANDARDIZATION

Occasions may arise when it is necessary to trim the instrument's
internal Master Reference. For example, when the 4708 is to be made
traceable to a different National Standard, after transportation fromone
country to another (Refer to AUTOCAL FACILITIES page 1-3).

CALIBRATION MEMORY CORRUPTION

Battery Change

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

Memory Check failure

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

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

CRITICAL PART CHANGES

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

Ohms Internal Adjustments

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

+ If a standard resistor value has been changed by subjecting to
undue stress, it may be possible to recalibrate by internal
adjustment. Refer to Section 4 4 for further information.

Recalibration Procedures
in this Section

ROUTINE AUTOCALIBRATION

The Routine Calibration procedures are sufficient for all normal
recalibration purposes, except when Pre-cal is called for (refer o Table

1.1 on flap of this page ).

REMOTE CALIBRATION OVER THE IEEE 488 BUS

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

PRE-CALIBRATION PROCEDURES

In aninitial internal calibration process atmanufacture, certain 'Pre-cal’
parameters are established in a special calibration memory.

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




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 Calibraticn
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) imV, 100V Ranges) only.
100mV attenuator R69/70/71 DC (100mV, 10mV, 1mV,
72/75/76 100V 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 Amplifier Routine Calibration
Reference Inverter Routine Calibration
AC/DC Transfer & Integrators Routine Calibration
1/Q Complete Assembly /Q
Option (N.B. internal Adjustment
(11.8) required, refer to Section 4.5)
+10 attenuator (R43/44) DCI
(DCI function)
Current shunts DCI
R8/9/10/79/80
(DCI tunction)
M8 and associated components ACI
Current Shunts
Feedback resistor R45
Standard Resistors, associated 1/Q2 Option

pre-selected/variabie frimmer
resistors (€2 function)

internal adjustment {Section 1.5)
Q calibration (replaced values only)

All Other Assemblies Not Listed Above

Specification Verification
at User's Discretion

Table 1.1




AUTOCAL FACILITIES
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\l +0/SPOT

These keys are activated by two rear panel switches (refer to flap of
page 1-2 'Preparing the 4708'). 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 4708 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 seton 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)

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

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

SET

The SET key allows gain or offset calibration to a Calibration Standard

value which cannot be adjusted to a nominal Full Range value or to

absolute zero.

Before selecting SET, the ﬂ‘ﬂ keys are operated to place the
Calibration Standard value on the OUTPUT display and set the 4707
output level.

Pressing SET then informs the 4708 that calibration is to be carried out
at this value. The instrument acknowledges by duplicating the value on
the MODE display.

Next, the ﬂﬂ keys are manipulated to null the 4708 output against the
Calibration Standard (the OUTPUT display changes during this adjust-
ment).

Pressing the CAL key executes the calibration. The 4708 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/ SPOT

Onthe DCY function, 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. Itis only necessary when the ON+and ON-zeros of the 10V
range do not coincide at the same null.

Onthe ACV and ACI function, the functionof thekey changes to SPOT
Frequency calibration. When SPOT is pressed, the 4708 assumes that
the spot frequency is to be changed, and so defaults the frequency to
1kHz. Whenused with SET, SPOT calibration can be carried out within
10% of the full range value, but when SPOT is used without SET, the
4708 assumes that the calibration is to be at Full Range. After SPOT
calibration, selecting Spot F at the calibrated value achieves the highest
possible accuracy. It is only necessary to perform Spot Frequency
calibration if the accuracy achievable is required in use. Forrecall pro-
cedures see the User's Manual page 4-10.

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 4708 when Laboratory Refer-
ences 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 QUTPUT display.
Continue the routine from step (1.). Procedurally STD differs from
SET only in the use of the STD key instead of the SET key.

Caution
Using the 'STD' key changes

Usmg

the gain of all voltage and current ranges
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GENERAL NOTES

INTERCONNECTIONS

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

SENSE AVAILABILITY AS FOLLOWS

1V 10V 100V 1000V - Local/Remote Sense
1mV 10mV 100mV - Local Sense only
All current ranges - not applicable

(Local: 2-wire sense, Remote: 4-wire sense)

Cutput 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 4708 cannot enter High-Voltage state with OUTPUT ON. Conse-
quently, when ranging-up, the operating system allows the upranging
to occur, but defaults to OUTPUT OFF for two specific cases:

+  When upranging to the 1000V Range
«  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).

GENERAL PROCEDURE

Prepare the instrument for calibration (refer to 'Preparing the 4784

procedure on flap of page 1-2). Note that your instrument will not
necessarily have all options fitted - Option 10 incorporates the DC
Voltage function, Option 20 the AC Voltage function and Option 30
adds the Resistance and Current functions. 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. Setall sources
to zero and all measurment devices to low sensitivity and configure
using the interconnection diagram provided. If calibrating DC func-
tion, start with £0 Alignment check routine. When all calibration has
been completed use the Return to Use' routine on the flap of page 1-2.

Calibration Routine

Set the 4708 to OUTPUT ON and Full Range value. Adjust the 4708
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 4708
outputis switched ON, and one of the calibrationmode preselector keys
(STD, SET or £0) is pressed. The 4708 output is adjusted to equal the
Calibration Standard value, and the CAL key is pressed to execute the
calibration.



1.2 DC CALIBRATION

1.2.1  Zero Calibrations

The following procedures are available;

+0 ALIGNMENT CHECK
+0 CALIBRATION
RANGE ZERO CALIBRATION

+0 ALIGNMENT CHECK

+0 alignment can be checked without affecting the stored constants. If
necessary recalibrate before proceeding with DC Range Zero, DC
Voliage, DC Current or DC Curreni Range Zero calibration (refer io

Appendix 2 - Calibration Source Zero Offsets).

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

+0 CALIBRATION

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

RANGE ZERO CALIBRATION

All the procedures for DC Gain calibration take into account the zero
offsets, However a Range Zero calibration will allow the 4708 ON+
zerooutput to be set as close as possible to absolute zero. The procedure
adjusis each range to a null detected across the sense 'Hi' and 'Lo’
terminals.



+0 ALIGNMENT CHECK

DANGER DANGER
N RANGE HIGH VOLTAGEA T RANGE HIGH VOLTAGE /\

S w

- Guard Case

4708 ON+ & ON- ALIGNMENT MEASUREMENT‘ NULL DETECTOR SELF-ZERC

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

ROUTINE:
1. Null Detector 4. 4708
Set to Low sensitivity Select 'ON-".
2. 4708 5. Null Detector
With OUTPUT OFF, Select DC, OUTPUT Zero. Note Null detector reading.

Select 10V RANGE and ON+.

3. Null Detector If the tumover is considered excessive the user can recalibrate as close
as possible to absolute zero (refer on to+0 CALIBRATION)

a. Successively increase sensitivity range, using 'self-zero’
control to give near-zero readings; until a range is reached
which clearly resolves a single increment of the least-
significant digit on the 4708 OUTPUT dispiay.

b. Disconnect Hi lead from the 4708 Hi terminal, and connect
to Lo as illusirated for Null Detector self-zero.

c. Adjust Null Detector to zero using self-zero control.

d. Disconnect Hi lead from the 4708 Lo terminal, and
reconnect to Hi.

e. Note Null detector reading.
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+0 CALIBRATION

’

2 0p®®

DANGER
‘/T_\’ RANGE HIGH VOLTAGE
- Guard Case

DANGER
HIGH VOLTAGE

RANGE

L%

Guard Case

4708 ON+ & ON- ALIGNMENT

NULL DETECTOR SELF-ZERO

EXPLANATORY NOTE: After '+’ is selected; the calibration firmware stores the OUTPUT display value every time the CAL key is pressed, until
it has received one reading from each polarity (as defined by the ON state). If it receives only one polarity it will continue to update the stored value
until itstores the other polarity. It then carries out the necessary calculations to align the two zeros. Thus the +0 calibration can be performed in either
direction: ON+ first, then ON-; or ON- first, then ON+; and it is possible to correct the nulling for the first polarity, butnot for the second (opposite).
This procedure will allow, at time of calibration, the tumover error to be reduced to <5pV taking polarity into account. Use of the +0 key should be
followed by a complete Range Zero Calibration.

ROUTINE:

1.

3.

Null Detector

Set to low sensitivity.

4708
With OUTPUT OFF, Select DC, OUTPUT Zero.

Select 10V RANGE and ON+.

Null Detector

Successively increase sensitivity range, using 'self-zero’
control to give near-zero readings; until a range is reached
which clearly resolves a single increment of the least-
significant digit on the 4708 OUTPUT display.
Disconnect from the 4708 Hi terminal, and connect to Lo as

1te
illustrated for Null Detector self-zero.
Adjust to zero using self-zero control.

Disconnect from the 4708 Lo terminal, and reconnect to Hi.

4708
Press 20 Key: £0 LED lights,
Adjust the OUTPUT Hﬂ keys to null the detector.

Press CAL key: CAL LED lights

5.

6.

7.

8.

Null Detector
Reduce Null Detector sensitivity

4708
Select 'ON-'

Null Detector
Successively increase sensitivity range, using the 4708
OUTPUT {}] keys to give near-zero readings; until the
zeroed range is reached.

4708
Press CAL key: CAL LED goes off.
+0 LED goes OFF, OUTPUT display falls to zero.
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RANGE ZERC CALIBRATION

~

DANGER
HIGH YOLTAGE /| \

s N

DANGER
HIGH VOLTAGE /

™ RANGE

L

+ - Guard Case

4708 ON+ RANGE ZERC

Calibration of DC Voltage Range Zeros.

NULL DETECTCR SELF-ZERO

The routine below includes a sequence for zeroing the Null Detector on the correct sensitivity range. This is necessary, because for mostNull Detecters
the zero is range-dependent. The self-zero input should include the Hi and Lo leads as shown in the connection iliustration. Commencing with the

lowest range calibrate the DC Zeros in the sequence of the table using the Zero Calibration Routine for each range selected.

ROUTINE:

1. Null Detector
Set to Low sensitivity

(%]

4708
With OUTPUT OFF, Select DC, OUTPUT Zero.
Select RANGE from table and ON+.

3. Null Detector
Successively increase sensitivity range, using 'self-zero’
control to give near-zero readings; until a range is reached
which clearly resolves a single increment of the least-
significant digit on the 4708 OUTPUT display.

a. Disconnect from the 4708 Hi terminal, and connect to Lo as
illustrated for Null Detector self-zero.

Nominal Calibration Points for Range Zeros

Adjust to zero using self-zero control.

Disconnect Hi lead from the 4708 Lo terminal, and
reconnect to Hi.

4707

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

4708 Calibration 4708 Output Setting AUTOCAL Key Used
Range Operation
100mV ON+ zero (ON+) 0.0000mV OUTPUT {I] then'CAL'
1V ON+ zero (ON+) .000000V OUTPUT {]] then 'CAL'
10V ON+ zero (ON+) 0.00000V ouTPUT (] then'CAL’
100V ON+ zero (ON+) 0.0000V OUTPUT {]J then 'CAL'
1000V ON+ zero (ON+) 0.000V OUTPUT {]] then CAL'
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1.2.2 Voltage

INTRODUCTION
The following routines:

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

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

The procedures assume that the 4708 '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).

1. CONNECTIONS

Ensure that all source outputs are OFF and Null Detector is set to
Low Sensitivity. Use short leads and connect the Null Detector
between the 4708 and Calibration Source as shown.

2. CALIBRATION ROUTINES
Start with the lowest Nominal Calibration Point from the table.
Use the accompanying routine and repeat for each 4708 Range to
be calibrated. Ensure that the interconnecting circuit has
thermally stabilised before carrying out each 'Autocal’ operation.
Notes:

»  TheNull Detector should be approximately self-zeroed before use
to avoid excessive deflections. Itis notnecessary to do this on the
sensitivity range used for final gain calibration, as the reference
zero is set in operation (e.).

= Theroutine assumes calibration atnominal 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 4708 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 4708 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
STD kev instea =T

only in the use of the key instead of the SET key.

10

DO NOT USE - refer to earlier #0 Alignment routine.
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DC LOW VOLTAGE (100mV to 10V)

T T T Y
DANGER
HIGH YOLTAGE &

WARNING:

Terminals marked with the ¢ symbol carry
the output of the 4708. 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 pres-
ent.

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

Before setting OUTPUT ON ensure that the correct polarities have

becn selected and any measurement device has been set to low sensi-
tvity.

i-10
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DC STANDARD |

{Local Guard)

AN

4708

(Remote Guard)
(Local Sense)




Routine:

a. Null Detector k. 4708
Set to Low sensitivity. Use Full Range or OUTPUT {i[] keys to set the required
positive value on the OUTPUT display.
b. 4708 Press the ON+ key and select Full Range.
Ensure QUTPUT OFF.
Select QUTPUT Zero DC and required RANGE. N.B. At this stage do not readjust the Null-Detector self-zero.
¢. Calibration Source 1. 4708
Set to 'ON+ Zero. Use OUTPUT {]] keys to zero the Null Detector reading.
Select correct Range. Continue until a single increment of the least-significant digit
on the OUTPUT display gives the closest approach to zero.
d. 4708
Press the ON+ key. m. Null Detector
Set to LOW sensitivity.
e. Null Detector
Successively increase sensitivity range, using self-zero to give n. 4708
near-zero readings; until a range is reached which clearly Press CAL key:
resolves a single increment of the least-significant digit on the CAL LED flashes once.
4708 OUTPUT display.
The 4708 is now gain-calibrated at this voitage.
f. 4708
Reselect OUTPUT Zero.
g. Null Detector
Use the 'Self-zerc’ control to give an accurate zero.
h. 4708
Press the OFF key.
j. Calibration Source

Nominal Calibration Points for Low Voltage

Set to the required voltage for Range gain calibration.

| 4708 Calibration Calibration Source Control to be Press "CAL' Key
! Range Operation & 4708 Output Adjusted to to Calibrate
(ON+ Nominal) [1] Obtain Null

l 100mvV Zero offset 0.0000mV Null Det. Zero' Not used

L 100mV Range gain 100.0000mV 4708 QUTPUT ][ [2] 'CAL'

1 1V Zero offset .00ooc0oV Null Det. Zere' Not used
B v Range gain 1.000000V 4708 QUTPUT {1l [2]'CAL'

1 10V Zero offset 0.00000V Nui! Det. "Zero’ Not used
3] 1oV Range gain 10.00000V 4708 QUTPUT {J] [2] ‘CAL

|

It is expected that many users will wish to calibrate Range gains at values other than the nominals shown. In these cases set the Calibration
Source voltage and 4708 OUTPUT display te in-house standard values near nominal.

For non-nominal gain calibration; use 'SET" key after entering value on the OUTPUT display before adjusting for null.

To trim the internal Master Reference voltage on 1V or 10V Range: use 'STD' key after entering value on 4708 OUTPUT Display before
adjusting for null (Refer to Calibration Routine and description of 'STD").
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DC HIGH VOLTAGE {100V to 1000V)

PRECISION DIVIDER
(e.3 DATRON 4902/}

WARNING:

Terminals marked with the ¢ symbol carry
the output of the 4708. These terminals and any other
connections to the load under test could carry lethal
voltages. Under no circumstances should userstouch
any of the front (or rear) panel terminals unless they
are first satisfied that no dangerous voltage is pres-
ent.

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

Before setting OUTPUT ON ensure that the correct polarities have

been selected and any measurement device has been set to low sensi-
tivity.
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DANGER
HIGH VOLTAGE

4708
[(Remote Guard)

DC STD
{ (Local Guard)

(Local Sense)

Note:

On the diagram, the terminals of the Precision Divider are
marked 'PHI', 'PLO', 'SHI' and 'SLO'. These are terms
which apply to the Datron 4902 and 49028, referring to
their Power Hi & Lo inputs and Hi & Lo Sense points, for
true 4-wire connections (described in their User's
Handbook).

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



Ioutine:

Null Detector
Set to Low sensitivity.

4708
Ensure OUTPUT OFF.
Select OUTPUT Zero DC and required RANGE.

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

4708
Press the ON+ key.

Null Detector
Successively increase sensitivity range, using self-zero o give
near-zero readings; until a range is reached which clearly
resolves a single increment of the least-significant digit on the
4708 OUTPUT display.

4708
Reselect OUTPUT Zero.

Null Detector

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

4708
Press the OFF key.

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

Nominal Calibration Points for High Voltage

k. 4708

Use Full Range or OUTPUT {]| keys to set the required
positive value on the OUTPUT display.
Press the ON+ key and select Full Range.

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

L

4708
Use OUTPUT {]] keys to zero the Null Detector reading.
Continue until a single increment of the least-significant digit
on the OUTPUT display gives the closest approach to zero.

m. Null Detector

Set to LOW sensitivity.

n. 4708

Press CAL key:
CAL LED flashes once.

The 4708 is now gain-calibrated at this voltage.

4708 Calibration Precision Calibration Source 4708 Output Control to be Press 'CAL' Key
Range Operation Divider (ON+ Nominal) {1] (ON+ Nominal) [1] Adjusted to to Calibrate
Select Obtain Null
100V Zero offset +10 0.00000V 0.0000V Null Det. "Zero' Not used
100V Range gain +10 10.00000V 100.0000V 4708 QUTPUT [2] 'CAL
1000V Zero offset +100 .00000V 0.000V Null Det. 'Zero' Not used
1600V Range gain +100 10.00000V 1000.000V 4708 OUTPUT {1 [2] 'CAL'
[1] Itis expected that many users will wish to calibrate Range gains at values other than the nominals shown. In these cases set the Calibration
Source voltage and 4708 OUTPUT display to in-house standard values near nominal.
12] For non-nominal gain calibration; use 'SET" key after entering value on the OUTPUT display before adjusting for null.
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1.2.3 Current

The following routine:

DC Current Calibration (100pA to 1A)

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

The procedure assumes the following:

+  The 4708 'ON+' and 'ON-' output zero levels are coincident,
having been adjusted to a null detected across the Sense "Hi’ and
'Lo' terminals on the 10V Range (refer "Zero Alignment Check’)

erminals on tne nange (regje

and

+  thatthe 4708 DC 1V and 100mV Full Range values have already
been calibrated or verified.

+  the DVM used has been correctly Standardized (sic)

GENERAL PROCEDURE

1. STANDARDIZATION

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

The Zero and Full Range routines assume that the preferred shunt

values (refer to table) are used and therefore the DVM has been
standardized against the 1V and 100mV Ranges of the 4708.
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Preferred Shunt Values
4708 Nominal Minimum Nominal
Range Shunt value Wattage DVM Reading
100pA 10kQ 1mwW 1V
1mA 1kQ 10mwW 1V
10mA 100Q 100mwW 1V
100mA 10Q2 1w 1V
1A 0.1Q 1w 100mV

2, CONNECTIONS

Ensure that the 4708 QUTPUT OFF LED is lit and select DCI function.
Connect the calibrated current shunt and DVM across the 4708 Hi and
Lo terminals as shown. Use short leads and ensure that the DVM is set
to the 1V Range.

3. CALIBRATION ROUTINE

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

EXPLANITORY NOTE

The offsetvoltage developed across the shunt is measured by the DVM.
However as the shunt is unlikley to be exactly a nominal value, the
voltage measured across the shunt for a Nominal Full Range current
must be calculated from the product of the shunts Actual Value and the
Nominal Full Range Current The 4708 OUTPUT ﬂﬂ. keys are ad-
justed to give this reading and the 'CAL' key is pressed.

Use the routine and accompanying table, start with the 100[LA Range
and repeat the procedure for each 4708 Range. Ensure that the
interconnecting circuit has thermally stabilised before carrying out
each 'Autocal’ operation.



DC CURRENT (100pA to 1A)

DANGER

HIGH VOLTAGE /—\
‘(~h I

Zero Calibration:

1. 4708

Ensure OUTPUT OFF
Select RANGE as detailed in the table below.

(V]

DVM

Press Tnput Zero' key.

3. 4708

Ensure "Zero' OUTPUT is selected.
Select OUTPUT 'ON+".
Increment the OUTPUT value untl the DVM reads zero.
Continue until a single increment of the least-significant digit on
the OUTPUT display gives the closest approach to zero.

Press CAL. CAL LED flashes once.
OUTPUT display reverts to zero.

2 IAK}GHM
STANDARD SO o™
SHUNT w h e o
@Enmemm
 S—

DVM, 1V Range (100mV
for 1A Range)

Range Gain Calibration:

4, 4708
Select Full Range.
Increment the OUTPUT value until the DVM reads the product of
the Shunt value and the Nominal Full range output.
Press CAL. The Range has now been gain-calibrated at this

current.
SelectZero and OUTPUT OFF. Selectnextrange and shunt value.

Repeat the routine from Step 1.

4708 Calibration 4708 To correct 4708
Range Operation OUTPUT DVM reading: Autocal
DVM Zero OFF DVM ‘Input Zero' -Not Used-
100pA Range Zero ON+ 4708 OUTPUT {] keys 'CAL'
Range Gain FULL RANGE 4708 OUTPUT {]] keys 'CAL'
DVM Zero OFF DVM 'Input Zero' -Not Used-
1mA Range Zero ON+ 4708 OUTPUT {] keys 'CAL’
Range Gain FULL RANGE 4708 OUTPUT (1] keys ‘CAL'
DVM Zero OFF DVM 'Input Zero' -Not Used-
10mA Range Zero ON+ 4708 QUTPUT {I] keys "CAL’
Range Gain FULL RANGE 4708 OUTPUT {}] keys '‘CAL'
i DVM Zero OFF DVM 'Input Zero' -Not Used-
| 100mA Range Zero ON+ 4708 OUTPUT f{i] keys ‘CAL'
Range Gain FULL RANGE 4708 OUTPUT {1} keys 'CAL'
DVM Zero OFF DVM 'Input Zero' -Not Used-
1A Range Zero ON+ 4708 OUTPUT [ keys 'CAL'
‘ Range Gain FULL RANGE 4708 OUTPUT {I] keys "CAL'

*DVM on 100mV Range for 1A.
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1.3 AC CALIBRATION

The following routines:

AC Voltage Calibration (1Volt to 1000Volis)
2-Wire HF Compensation (1Volt & 10Volt)
Millivolts LF (1mVolt to 100mVolts)
Millivolts HF (1mVolt to 100mVolts)

AC Current Calibration (ImA to 1A)

AC Current Calibration (100pA to 1A)

adjust the Gain of all AC Voltage and Current Ranges.

1.3.1 Introduction

'Wideband' Calibration

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

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

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

Voltage Ranges:

10V

and LF HF

below pudis : SEE
3.3kHz 100kHz

100V HF
3.3kHz 30kHz

io0ov  LF HF1 HF2
3.3kHz 10kHz *

* HF1/HF2 cross-overs are
Frequency-Range dependent:

HF1 is available up to 33kHz on the 10kHz
Range.

HF2 is only available above 30kHz on the
100kHz Range.

{Nota for 700V HF2 SET mode mustbe
used)

All Current Ranges:

LF

1kHz 3kHz
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'Spot' Calibration

Spot Calibration is not required for operation of the AC functions - it
ismerely amethod of achieving the highest possible levels of accuracy.
For each output range, a user may select five frequencies for SPOT
calibration. The 4708 stores frequencies and their amplitude
corrections, in memories that are separate to those used for wideband
corrections. Enhanced accuracy is obtained at these spots, as any
flatness errors in the wideband calibration are eliminated.

AC 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 4708 to be calibraied against a Thermal Transfer
standard whose reference is abuffered bank of Standard Cells. SET can
also be used as a means of compensating for known errors in the

Measurement System.

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

STD

CAUTION

This calibration affects all Voltage and Current Ranges and is NOT
recommended - Use DC standardization procedure for highest accu-
racy.

The STD facility is restricted to the 1V and 10V Ranges, on the 100Hz
and 1kHz Frequency Ranges only. STD calibration differs from SET
procedure only in the use of the STD key instead of the SET key.

+0 / Spot

When SPOT is pressed in either ACV or ACI functions, the 4708
assumes that the spot frequency is to be changed, and so the frequency
defaults to 1kHz. The Frequency Uﬂ keys are then used to program
the required frequency. When used with SET, spot calibration can be
carried out within 10% of the full range output, but when spot calibra-
tion is attempted without the use of SET, the 4708 assumes that the
calibration is performed at full range.



AC CALIBRATION SEQUENCE
INTRODUCTION

Because most users will calibrate the 4708 AC ranges via thermal
iransfer standards, the calibration procedures assume that this method
will be employed. However, details of setting up a thermal transfer
standard are not included, as several different models are in use, each
with its own methods of connection and procedures.

Instead it is assumed that users will be able to operate their own
equipment correctly, according to the manufacturer's instructions. The
procedures which follow therefore concentrate on the operation of the
4708 during calibration, accepting that the required thermal transfer
will be set up to a DC source of suitable accuracy.

AC PROCEDURES

AC Voltage Calibration (1Voltto 1000V)

Select AC and the desired frequency, set the 4708 OUTPUT display
to the Calibration Standard value, and switch the 4708 OUTPUT ON.
If calibrating a non-nominal voltage value, SET needs to be selected.
Adjust the 4708 output to obtain a null at the Calibration Standard
value, and press the CAL key to execute the calibration.

LT Millivoits Calibration

Because 'Flamess' data is passed on to the millivolt ranges from the 1V
Range calibration, the 1V range must be calibrated first. ADVM s then
standardized at the required millivolt value and frequency, using the
calibrated 1V Range and an Inductive Voltage Divider IVD). The
desired frequency is selected, the OUTPUT display set to Full Range,
and incremented or decremented to give the required value on the
DVM. If calibrating at anon-nominal value SET must be selected. The
CAL key is pressed to execute the calibration.

HF Millivolt Calibration

From the 10V Range a 10% Range correction is calculated. This is
applied at 100mV on the 1V Range to standardize a DVM, which is
subsequently used to calibrate the 100mV Full Range. The process is
extended (o calibrate the 10mV Range from 10% of the 100mV Range,
and 1mV Range from 10% of the 10mV Range.

Current calibration

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

Alternative Current Calibration

(Using verified 4708 1V Range, Calibrated Standard AC Shunts and
AC DVM)

This method required Standard Current Shunts which have been
designed to give aflat frequency response. Each current range requires
its own specific value of shunt, calibrated to develop either 1V or
100mV Full Range at LF and HF. An AC DVM is standardized to the
appropriate voltage, and the Current range is calibrated when the
voltage across its shunt is correct.

High Frequency Calibrations

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

CAUTION:

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

SPOT Memory Erasure

To prevent unwanted calibrations at obselete spot frequerncies, it is
possible to 'uncalibrate’ any spot frequency on any range. The proce-
dure is:

1 Select SPOT

2 Select zero output
3 Set Cutput ON

4 Press Cal

Any subsequent selection of SPOT will cause the message 'SFX ---' to
be displayed.
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1.3.2 Voltage

AC VOLTAGE CALIBRATION (1V to 1000V)

DC Standard Thermal Transfer 4708

Remote Sense and Remote Guard Remote Sense and Remote Guard

DC AC

WARNING: Note: For the arrangement shown in the diagram, the coaxial T-
Terminals marked with the ¢ symbol carry connector provides true 4-wire cormection to the AC
the output of the 4708. These terminals and any other coaxial input of the Thermal Transfer.

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 pres-
ent.

For Thermal Transfers with other AC terminations, it is
important that true 4-wire connections are made directly to
the AC input terminals, and that the device has been
calibrated at the connection points.

Ensure case of Thermal Transfer Standard is adequately
grounded.
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Commencing with the 1V Range, calibrate the 470
points in the table as part of the following procedure:

1. 4708 & DC Voltage Standard
With OUTPUT OFF, connect to the Thermal Transfer AC
and D C inputs, respectively.

2. 4708
a. On A C FUNCTION, select the required OUTPUT RANGE.

b. Select the required FREQUENCY RANGE.

c. Use FREQUENCY ﬁ{l keys io display the required
Calibration Frequency.

d. Press the Full Range key (o display the required
Calibration Voltage.

e. Set 4708 OUTPUT ON.

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

4. Thermal Transfer Standard

a. Configure for D C measurement at the required Calibration

Voltage.

b. Adjust for Null at the Calibration Voltage.

c. Configure for A C measurement at the Calibration Voltage.

5. 4708

a. Use the OUTPUT {]] keys to adjust the GUTPUT Display

reading to obtain a null on the Thermal Transfer.

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

Calibration Points for 1V to 1000V Ranges.

DC 4708 4708 Freq.
Standard OUTPUT Nominal Band
OUTPUT RANGE/ OUTPUT set by

Voltage FREQUENCY Voltage 4708
1.000000V 1V tkHz 1.000000V LF

* 1.000000V 1V 1MHz 1.000000V HF
10.00000V 10V 1kHz 10.00000V LF

* 10.00000V 10V 1MHz 10.00000V HF
100.0000V 100V 1kHz 100.0000V LF
100.0000V 100V 100kHz 100.0000V HF
1000.000V 1000V 1kHz 1000.000V LF
1000.000V 1000V 30kHz 1000.000V HF1

+%700.000V 1000V 100kHz 700.000V HF2

* Note that at these points a 2-wire calibration is also possible.

** Note that SET must be used for this calibration point.
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2-WIRE HF COMPENSATION (1V & 10V)
(Using AC DVM)

1V Range Local Guard 4-wire

Alf cabla lengths 600mm
Type Uniradio M70
(75Q-67pFim)

AC DVM Standardization

Fig. 1

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 added to the wideband correction, when Remote Sense
is not selected (local sense).

During a 4-wire HF calibration on the 1V or 10V range, the stored HF
2-wire compensation value is cleared to zero. Any 4-wire HF calibra-
tion to be performed must therefore be completed before the 2-wire
compensation is executed.

Calibrate the 4708 at the calibration points in the table, commencing
with the 1V Range as part of the following procedure:

1. 4708 & AC Voltmeter
With 4708 OUTPUT OFF, connect the AC DVM to the
4708 terminals using the exact 4-wire connections as in

Fig. 1.

2. AC Voltmeter
Configure for AC measurement at 1V or 10V.

3. 4708

a. On AC FUNCTION, select the required OUTPUT RANGE.

b. Select the required FREQUENCY RANGE.

c. Use FREQUENCY
Calibration Frequency.

keys to display the required

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

e. Set 4708 OUTPUT ON.
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4.

100mV Range Locai Guard 4-wire

A

e

800mm Type Uniradic M70 (750-67pF/m)

Fig. 2

Record the DVM reading.

Set 4708 OUTPUT OFF.

4708 Calibration

HF 2-wire Calibration Sequence

On the 4708 deselect Remote Sense.

Al outputs
1MHz, Local Serse and Local Guard

Connect the DVM to the 4708 Hi and Lo terminals for

measurement of the 4708 2-wire output as shown in Fig. 2.

Use the 4708 OUTPUT

Set 4708 OUTPUT ON.

reading recorded at (a.)

keys to display the DVM

Execute the calibration by pressing the CAL key.

Calibration Points for 2-wire HF Compensation.

DC 4707 4707 ' Freq.
Standard OUTPUT Nominal ‘ Band
OUTPUT RANGE/ OUTPUT | setby

Volitage FREQUENCY Voltage i 4707
1.000000V 1V 1MHz 1.000000V | HF
|
10V 1MHz 10.00000V | HF

10.00000V
|




MILLIVOLTS (LF) FULL RANGE CALIBRATION (1mV - 100mV)

(Using calibrated 4708 1V Range, Inductive Voltage Divider (IVD) and AC DVM)

4708
AC DVM

(AC 1V Range, Remote Senss)

(mV Ranges)

T A_"ﬂ

—_—
DANGER
HIGH VOLTAGE f z

Guard

Fig. 1 Standardization of DVM

CALIBRATION PROCEDURE

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

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

1 4708,1IVD and AC DVYM
With OUTPUT OFF, connect the circuit for Standardization.

2 1VD

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

Configure for measurement at the required Calibration Point.
4 4708

a. On AC FUNCTION, select 1V RANGE.

Q

b. Select the required Frequency Range.

c. Use FREQUENCY i | keys todisplay therequired Calibration

Frequency.

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

e. Set OUTPUT ON and note DVM reading as V1.

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

4708

(AC mV Ranges)

AC DVM " DANGER R

: HIGH VOLTAGE i,}

(shorting
link)

600mm Type Uniradic M70

Fig. 2 Calibration of 4708

Stage 2
Connect as Fig. 2, to calibrate the 4708.

1 4708
Selecting SET as required in the following procedure:

a. Select the required Millivolt OUTPUT RANGE.

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

c. Set 4708 OUTPUT ON (and if NOT at Nominal Full Range,
Select SET).

d. Use the ﬂﬂ keys to adjust the OUTPUT Display reading to
obtain V1 on the DVM.

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

Nominal Cal. Points for Millivolt Ranges.

IVD Ratio 4708 4708 | Freg.
(1V Range QUTPUT Nominal Band

to RANGE/ QUTPUT set by

mV Range) FREQUENCY Voltage 4708
10:1 100mV 1kHz 100.0000mV LF
100 : 1 10mV 1kHz 10.0000mV LF
1060 : 1 1mV 1kHz 1.0000mV LF
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MILLIVOLTS (HF) CALIBRATION PROCEDURE (1mV to 100mV)
(Using verified 4708 1V and 10V Ranges, 10% Range Correction factor and AC DVM)

SUMMARY

The verified output values of 1V on the 1V Range; and 10V on the 10V
Range are used to measure the 4708 linearity error at 1V on the 10V
range. From the linearity measurement, a 10% of range Linearity and
Scaling Factor 'C' is derived. '

This factor is subsequently used to correct the 4708 output sefting at
10% of range, to standardize a DVM for calibration of the next range
dowmn.

N.B. Calibrate the 4708 ator close to the calibration points in the table,
selecting SET as required as part of the following procedure.

Note:

It is assumed that the 1V and 10V ranges have been Wideband
calibrated at the required HF calibration points. Itis also assumed that
the Millivolts (LF) Calibration has been completed.

Nominal Cal. Points for HF Millivolt Ranges.

4708 4708 Freq.
CUTPUT Nominal Band
RANGE/ OUTPUT set by

FREQUENCY Voltage 4708
100mV 1MHz 100.0000mV HF
1omV 1MHz 10.0000V HF
1imVv 1MHz 1.0000mV HF
All outputs
Mz, Remate Sense and Local Guard |
DANGER ‘

HIGH VOLTAGE A ﬁ

1V Range Local Guard 4-wire m

All cable lengths 600mm
Type Uniradio M70
(75Q-67pF/m)

{shorting

100mV Range Loca Guard 4-wire

A

" 8 0 Guard
e

800mm Type Uniradio M70 (750Q-67pF/m)

tink)

All outputs
1MHz, Local Guard

DANGER

HIGH VOLTAGE A

{shering
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Stage 1

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

<r

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

Ensure that the 4708 has been calibrated and verified at 10V
and 1V HF (1MHz) Full Range.
Record the measured values as follows:

4708 10V FR setting - 10.000,00V
Actual output voltage - V1’

4708 1V FR setting - 1.000,000V
Actual output voltage - 'V2'

N alalara ~ artiae L
Calculate 1V comrection 'V3' = 1

V2

With CUTPUT OFF cormect a DVM to the 4708 terminals
using the exact 4-wire connections as in Fig. 1.
Set the DVM to measure AC on its 1V range.

On 4708, select the 1V range and Remote Sense.

Set FREQUENCY to 1MHz.

Set OUTPUT display reading to V3.

Set OUTPUT ON, and note the DVM reading as 'Vt'
Set OUTPUT OFF.

On 4708, select the 10V range (Remote Sense).

Set 4708 QUTPUT display reading to 1V.

Set GUTPUT ON.

Adjust the OUTPUT display for a DVM reading of Vt.

Note the 4708 QUTPUT display reading as 'V4'.
Set OUTPUT OFF.

From the values V1 and V4 calculate the 10V range linearity
correction and scaling factor 'C' as follows:

Note:

The optimum resolutions quoted above the boxes in this column
may not be achievable with the DVM in use. In these casesitis
permissible to reduce the resolution by a maximum of 1 digit only.

Record in 6'/2 digits resolution

Vl— .............................................. Y
~2‘ .............................................. Y
V3— ............................................... Y

V1t is a transfer value

Record in 6'/2 digits resolution
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N.B. The following calibration from the front panel can only be
carried out if the IEEE Address switch on the rear panel is
set to Address 31 (11111).

Stage 2
To Calibrate the 100mV Range Full Range Output

a. Insert the Calibration security key into the 'CALIBRATION
ENABLE' switch on the rear panel, and turn to 'ENABLE".

b. Ensure that the DVM is still connected to the 4708 terminals as
shown in Fig. 1.

c. Set the 4708 to the 1V range.
Calculate the value 'V3 x C'.
Set OUTPUT display to this value.

d. Set the DVM to measure 100mV.

e. Set 4708 OUTPUT ON, allow the output to settle.

Note the DVM reading as "V(100t)".

f. Set 4708 OUTPUT OFF and reconnect the DVM to the 4708
terminals in 2-wire as shown in Fig. 2.

g. Set 4708 to its 100mV range.
(Remote Sense is automatically deselected.)
Set OUTPUT ON and adjust the 4708 Output for a DVM
reading of V(100t).
Press the 'CAL' pushbutton and observe the DVM reading.

h. Repeat operation (g.) until the post-CAl DVM reading is
within 1pV of V(100t).

Stage 3
To Calibrate the 10mV Range Full Range Output

a. Ensure that the DVM is still connected to the 4708 terminals as
shown in Fig. 2.

b. Ensure that the 4708 is set to the 100mYV range.
Calculate the value '100mV x C ',
Set OUTPUT display to this value.

c. Set the DVM to measure 10mV,

d. Allow the output to settle.
Note the DVM reading as 'V(10t)".

©
.

Set 4708 to its 10mV range.

f. Adjust the 4708 Cutput for a DYM reading of V(10t).
Press the 'Cal’ pushbutton and observe the DVM reading.

g. Repeat operation (f.) until the post-CAL DVM reading is
within 10V of V(10t).
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Calculate in 6'/2 digits resolution

V3 XC =i sveeeeenas v
V(100t) is a transfer value

V(100t) = cvieeireeiie e eeeeeneneneeees mV
Calculate in 6/2 digits resolution

100mV x C= i mV
V(10)t is a transfer value

V0 = i, mV




Stage 4
To calibrate the ImV Range Full Range Output

a. Ensure that the DVM is still connected to the 4708 terminals
as shown in Fig. 2.

b. Ensure that the 4708 is set to the 10mV range. Calculate in 52 digits resolution

Calculate the value '10mV x C'.

Set OUTPUT display to this value.
1I0MV X C = e mV

c. Set the DVM to measure 1mV.

d. Allow the output to settle.
Note the DVM reading as 'V(1t)".
V(It) is a transfer value

e. Set 4708 to its ImV range.
f. Adjust the 4708 Output to give a settled DVM reading of VD) = e mV
V().

Press the 'CAL' pushbutton and observe the DVM reading.
g. Repeat operation (f.) until the post-CAL DVM reading is
within 1uV of V(lt).
Stage 5
Calibration Disable
a. Turn the Calibration security key, inserted in the

'CALIBRATION ENABLE' switch on the rear panel, to
'RUN'. Remove the key.
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1.3.3 AC Current

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

DC CURRENT
SOURCE
I

TRANSFER UNIT

THERMAL TRANSFER
STANDARD _ TRANSFER SWITCH SCHEMATIC.

B
INPUT o=
(O]

@ OUTPUT

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

Note
Calibrate 1mA Range only if the Thermal Transfer is adequately calibrated at these levels.

Routine 6. Transfer Unit
Commencing with the lowest Range, calibrate the 4708 at the calibra- Switch for AC output.
tion points in the table as part of the following routine:

7. Thermal Transfer & 4708
1. Thermal Transfer Standard

Configure for DC measurement at the required developed Use the OUTPUT  keys to adjust the OUTPUT Display
voltage and connect with the appropriate shunt to the reading o obtain a null on the Thermal Transfer increasing
Transfer Unit. the Transfer sensitivity as required.

Execute the calibration by pressing the CAL key.
2. DC Current Standard

a. With OUTPUT OFF, connect to the Transfer Unit and set to
the required calibration current.
Nominal Cal. Points for 1mA to 1ARanges.

b. Set OUTPUT ON.

DC 4708 4708 Freq.
Standard QUTPUT Nominal Band
3. 4708 QUTPUT RANGE/ OouTPUT set by
: Current FREQUENCY Current 4708
a. With OUTPUT OFTF, set to the required calibr.ation Current 1. 000000mA 1mA 300Hz 1 000000mA LF
and Frequency and connect to the Transfer Unit.
1.000000mA 1mA 5kHz 1.000000mA HF

b. Set OUTPUT ON.
10.00000mA 10mA 300Hz 10.00000mA LF
10.00000mA 10mA 5kHz 10.00000mA HF
4. Transfer Unit

Switch for DC output. 100.0000mA | 100mA  300Hz | 100.0000mA LF

100.0000mA 100mA SkHz 100.0000mA HF

5. Thermai Transfer Standard 1.000000A 1A 300Hz 1.000000A LF
Adjust for null at the Calibration Current. ,
Configure for AC measurement at reduced sensitivity.
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CURRENT FULL RANGE CALIBRATION (100pA - 1A)
(Alternative Method using verified 4708 1V Range, Calibrated Standard AC Shunts and AC DVM).

4708

SHUNT BUFFER
AC DVM
INPUT: QUTPUT.
f\ T T
O
Calibration of 4708 Current Ranges
100uA to 1A procedure
Commencing with the 100t A Range, calibrate the 4708 at the calibra-
tion points in the table as part of the following procedure:
1. 4708 and AC DVM 2. 4708
With OUTPUT OFF, connect the 4708 and DVM for
Standardization. Select the 1V Range on the AC DVM. a. Set to the 1V Range at the Calibration Frequency and adjust

for calibrated 1.000000V output.

b. Set OUTPUT ON and note the DVM reading as V1.

; ; : . Set OUTPUT OFF, and reconnect the test circuit for
libration points for 1 to1A Ranges. ¢ :
Calib points for 100uA ges Calibration, using the correct shunt for the range to be
4708 4708 Freq. calibrated.
OUTPUT Nominal Band
RANGE/ CuTPUT set by d. On I FUNCTION, select the required OUTPUT RANGE.
FREQUENCY Current 4708
e. Select the required FREQUENCY RANGE .
100pA 300Hz 100.0000pA LF
f. Use FREQUENCY keys to display the required
100pA BkHz 100.0000pA HF Calibration Frequency.
1mA 300Hz 1.000000mA LF
g. Press the Full Range key.
1mA 5kHz 1.000000mA HF
h. Set 4708 OUTPUT ON.
10mA 300Kz 10.00000mA LF
10mA 5kHz 10.00000mA HF j- Use the OUTPUT keys to adjust the OUTPUT Display
reading to obtain a DVM reading of 'V1'.
100mA 300Hz 100.0000mA LF
k. Execute the calibration by pressing the CAL key.
100mA 5kHz 100.0000mA HF Set OUTPUT OFE.
1A 300Hz i 1.000000A LF
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1.4 RESISTANCE CALIBRATION

(Measurement and Storage of the values of an internal resistor.)

Calibration Memory

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

4-wire Calibration Limits

The value measured in 4-wire Remote Sense does not include the
resistance of internal or external wiring because of the measurement
techniques used.

The instrument accepts any value within +200ppm of nominal as a

valid calibration.

2-wire Calibration Limits

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

Zero calibration.
10Q2 to IMQ Ranges: 0 < x < 0.900Q

Value calibrations.
102 w0 1MQ Ranges: 4-wire value < x < (4-wire value +1.999€)
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Error 6 appears on the MODE display for any attempt to enter a
value outside the 4-wire or 2-wire limits.

Note:

When resistance is calibrated in Remote Sense, the instrument
overwrites the Local Sense calibration memory with the new 4-wire
value. For this reason 2-wire calibration should always be performed
after 4-wire calibration.

General Procedure.

Prepare the 4708 for calibration. Connect as required and use
the following calibration routines to calibrate the resistors in
sequence, commencing with the 100M£) Range.

Note
All measurements use 4-wire connections to exclude the effect of
external lead resistance from the measured value.



4-WIRE RESISTANCE CALIBRATION

(Remote Sense selected)

CALIBRATION SEQUENCE

I, 1. 4708
Select OUTPUT OFF and Q.

Select Remote Sense.

~ . 2. 4708
HIGSAV%;L%-F;GE ﬁ Press required (RANGE) key; The previously-calibrated
value appears on the OUTPUT display.

I+ i- Guard

3. 4708 and resistance-measuring equipment
Press OUTPUT ON+ and measure the value of the internal
resistor.

4. 4708
T leime tle s MTTTDITT ﬂ‘ 1oacse oat tha ~ name
USITIE the wulirvil | KEys, 5€i uie measure
the OUTPUT display.
Press CAL Key to store OUTPUT display value.
Set OUTPUT OFF.

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

Nominal Calibration Points and Limits for 4-wire calibration.

Range Measured Resistance
Minimum Maximum

toome@ | (99898001 ™ 0001999
ioMQ | [9-998001 ™ | 000999
Mo | | 9388000 ™ | /000999 9
100k@ | [99 SHOOT < [MO00M@39 9
1oke | 19998001 | [ O0O0899
ko | | 8999B00) ¥ [ 1-000/95
100 | |93 98001 ° [O0-01998 9
100 19998001 ) [WOO001999 8

8

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

—®

/

r ™
DANGER
HIGH VOLTAGE A

CALIBRATION SEQUENCE

1.

4708
Select OUTPUT OFF and Q. Deselect Remote Sense.

4708
Press required resistor (RANGE) key; The previously-
calibrated value appears on the OUTPUT display.

4708 and resistance-measuring equipment
Press OUTPUT ON+ and measure the value of the internal
resistance.

4708
Using the OUTPUT 1l keys set the measured value on

the QUTPUT display.
Press CAL Key to store OUTPUT display value

4708
Press Zero Key and repeat operations (3) to (4) for this
RANGE selection. Set OUTPUT OFF.

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

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

Lower Limit = Remote Value;

Upper Limit =Remote Value + U’ (digits).

Range *Local Limit Span Measured Zero Limit
'U' (digits)

1MQ +19 | 000oooo ™| 0000009 ™
100kQ +199 000000 * O-ooosg
10kQ +199 '0-000000 %)) 0-oooso0 <

1KQ +1999 | 000000 | D-ooogog M
100Q +1999 0000 °/ 0-500 2|

100 +1999 0000 °) 0900 a
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1.5 REMOTE CALIBRATION GUIDELINES

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

In addition to its capability as a programmable calibrator, the 4708 can
itself be calibrated under remote control. Full autocalibration of the
instrument over the bus implies availability of a suitably programmed
controller, programmable standards, programmable Null Detector, and
a programmable Thermal Transfer.

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

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

dlned.

« the CALIBRATION ENABLE Keyswitch on the instrument
Rear Panel must be set to ENABLE, and

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

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

Availability of Command Codes

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

/

NS NS NS N/ A4 4 N

— A F2 F3 F4 F5 =
no comparaple

+lim -liM e —» % ppm commands

G* §*|C2|C1|C3|CO

Guard Sense Spec Error Otfeet Test
-Remote- STD SET 0 CAL

L MODE )

Transfer of caiibration facilities

When the 4708 is under remote control over the bus, the command-code
WO overrides the settings of the CALIBRATION ENABLE and
internal PRE-CALIBRATICON ENABLE switches, disabling the 'C'
codes.

General Procedure

The Main Register is set to the Calibration Standard value (M*** ),
the 4708 Output is switched ON (01), and one or a specified sequence
of the calibration mode command codes (C1, C2, C3, I) 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.

Command Description Functions and Facilities
Codes
Key caps) DC Voltage DC Cuirent AC Voltage AC Current 2-Wire Q 4-Wire Q
co Range Zero 100mv-1000v| Al % % 100-1MQ %
Ranges Ranges % % Ranges %
Gain calibration 100mV-1000V All 10Q-1MQ
to Nominal Full Range Ranges Ranges Ranges Ranges Ranges Ranges
V4
*C1 Zero offset for Al Al 7 / /// /////// ////////
{SET) range at User's Ranges Ranges / / ,«/ /
selected value
/// A
Gain for range at All All All AIl
User's selected value Ranges Ranges Ranges Ranges
C2 Internal Reference watov 7 1V &10V
(STD} gain at user's Ranges Ranges
Standard value /
A/
*C3 Alignment of 10V % 7
(*0) internal ON+ and Range / /
CN- zeros 7 / / /
1 User's Message Refer to User's Handbook Section 5 'Programmlng of Bus Transmissions

*Preselector - must be activaied later by command code C@ (CAL)



mand Code Facilities (Routine Calibration)
i+ a General Cescription see 'Autocal Facilities' page 1-3.

Ci (SET)
C1 gives calibration at any point in the selected range by
allowing the user to input the value of the calibration standard
used (initial M code used). Before executing the calibration
CO uses the final 'M' Code value to distinguish between Zero
(Offset calibration) and Full Range (gain calibration). The
limits of Offset or Full Range depend on function selected
(refer Sect 1.2 DC Calibration and Sect 1.3 AC Calibration).

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

C9 (execute pre-selection)
C@ executes one of the above preselected AUTO-CAL

modes.

C® (CAL ONLY)

If Command C@ is sent without pre-selection code C1/C2 the
instrument assumes that the selected range is to be calibrated
at either Zero or Full Range. Ituses the value input by the M’
Code to distinguish between Zero (Offset calibration) and
Full Range (gain calibration) according to the function
selected (refer Sect 1.2 DC Calibration and Sect 1.3 AC
Calibration).

Guidelines - An Example

The following sequence suggests a method of calibrating the instru-
ment 1V Range Gain against a buffered standard cell value of
+1.018057V. It is assumed that the instrument is correctly addressed
with its Calibration Keyswitch set to ENABLE and the instrument
Output is OFF. Connect the Null Detector, set to low sensitivity,
between the Standard Cell buffer and the 4708. The nulling operation
is seperated into its own string, as it is likely to be iterative.

SET Calibration of 1V DC Gain
FOR5GOSOWIM+1.018057C101=M(for nul)CSH

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

The following AC command strings are given for the sole purpose of
illustrating the methodology designed into the 4708 forremote calibra-
tion modes. Some reference to external operations is inferred. The
nulling operation is seperated into its own string, as it is likely to be
iterative.

It is assumed that the 4708 has previously been programmed in function
and range (not autorange R@) and that the external circuit is set up
correctly. The 4708 is already programmed into its calibration mode
by W1, with thecalibration keyswitch set to ENABLE, and output OFF.

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

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

c. Combined Nominal LF and HF Gain Cal:
H(LF)A101=M(for null)=CO=
H(HF)=M(for null)=CO=00=

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

e. Non-nominal HF Gain Calibration:
H(HF) M(20%-200%FR)C1=
0O1=M(for null)=CO=00=

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

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

h. Standardization at a Non-nominal value
(1V or 10V range only):
H(LF)M(20%-200%FR)C2=
O1=M(for null)=C@=00=



1.6 PRE-CALIBRATION

1.6.1 Introduction

In an initial calibration process at manufacture, certain 'PRE-CAL
paramelers are established in a special calibration memory to define the
overall linearity of the instrument, and to allow maximum routine
calibration memory span for adjustments. For normal purposes, these
factory defined pre-calibration parameters are valid for the life of the
instrument, and subsequent Routine Calibration procedures are suffi-
cient to maintain calibration.

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

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

»  The Lithium battery which powers the whole calibration
memory when the instrument supply is switched off. This
should be replaced at five-year intervals (Refer to Section 4.3).

+  The Digital Assembly

+  The Reference Divider Assembly

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

A fulllistappears on flap of page 1-1. Afterreplacementof any ofthese
parts, new parameters must be stored in the pre-calibration memory, by

procedures (in manual or remote control) detailed in this section.

EQUIPMENT REQUIREMENTS

DC

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

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

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

+  Aninductive 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 2ppm.

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

PREPARING THE 4708

Before clearing the pre-calibration store, prepare the 4708 as described
on flap of page 1-2. The adjustments detailed in the following
sequences include intentionally clearing the instrument's pre-calibra-
tion memory, which loses all previous calibration information. There-
fore before proceeding make certain that the reasons for carrying out
acompleterecalibration are valid. (If in any doubt, consultyour Datron
Service Centre)

Identification of Access Holes

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

a. Release 6 screws retaining the top cover.
b. Lift the top cover at the front of the instrument and locate the

two holes which give access to the two-position 'PRE-CAL
ENABLE' switch and the press-button 'CLEAR

R R 000 0

AT ARSI \.\

.,

/ CABLE BEFORE REMOTE ;

s 5
/ {
4 e 4.8 3
| L 3
Voo e 4

" e— e } s} ,,}
oo T

c¢. 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 (d.) clears all the calibration memory stores

as part of pre-calibration. Proceed only if this is required.

d. Locate the hole which gives access to the 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.

Complete the following pre-calibration procedure.
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1.6.2 Procedure

PRECISION DIVIDER
{e.q DATRON 4902/5)

Py

DANGER
HIGH VOLTAGE i | ‘:

1- Guard

20V

10kQ [Linearity]

10V

Nuhi
Detector

, +
{Coarse Gainl
10KQ

10V Ref

Zero‘a
Lo

>
©

ov

First complete the +0 calibration procedure on page 1-7, but with
precalibration mode selected.

Ensure the 4708 OUTPUT OFF LED is lit, cancel any MODE keys,
select Remote Sense and deselect Remote Guard. Select DCV FUNC-
TION and 10V RANGE. Connect the Precision Divider to the
instrument terminals as shown. Use short leads.

a. 4708
Ensure QUTPUT OFF and select the 10V RANGE.

b. Precision Divider/Null Detector
Set the Null Dectector to Low sensitivity and connect to the
Precision Divider at 10V tapping.

c. 4708

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

d. Reference/Null Detector

If the reference is a buffered bank of standard cells, s

ereferenceis ed bank of standard ce witch the

Buffer output to zero. However if an electronic reference is
used connect Null Detector -ve lead to Reference Low.

Set Null Detector to high sensitivity. Zero Null Detector.
Reduce Null Detector sensitivity.

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

e. 4708
Select SET, its LED lights. Adjust the OUTPUT keys for Full
Scale OUTPUT (+19.999999V).
Use instrument QUTPUT  keys to adjust the Null Detector
reading to zero.
Press CAL: the SET LED goes out.
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Precision Divider/Null Detector
Increase Null Detector sensitivity. Reconfigure Null Detector
Hi to divider 20V tapping.

Reference/Null Detector
If the reference is a buffered bank of standard cells, switch the
Buffer output to zero. However if an electronic reference is
used connect Null Detector -ve lead to Reference Low.
Set Null Detector to high sensitivity. Zero Null Detector.
Reduce Null Detector sensitivity.
Switch on or reconnect the 10V reference Hi to Null detector.

4708
Select STD, its LED lights. Press +ON and Full Range
OUTPUT (10.000000V).

Null Detector
Increase Null Detector sensitivity and use 4708 QUTPUT
keys to adjust the reading to zero.

4708
Press the CAL key: the STD LED goes OFF. Pre-cal is now
completed. Select OUTPUT OFF and disconnect.



Ensure the 4708 OUTPUT OFF LED is lit, cancel any MODE keys,
select Remote Sense and deselect Remote Guard. Select ACY FUNC-
TION and connect the IVD to the instrument terminals as shown. Use
short leads. Select the 1kHz Frequency Range.

a. IVD

Select x1.0 ratio.

b. 4708
Select 10V range, at 1kHz on the 1kHz Frequency range. Select
1.000,00V. Press the £0 key, its LED lights. Use instrument
OUTPUT  keys to adjust the DVM reading to 1V. Press CAL:
the +0 LED remains lit and 1.000,00V (nominal 10% Full Range)
appears on the OUTPUT display.

DANGER

HIGH VOLTAGE A

(shorting
link)

¢. IVD
Select the x0.1 ratio to divide the 4708 output by 10.

d. 4708
Select Full Range. Use instrumentOUTPUT  keys to adjust
the DVM reading to 1V. Press the CAL key: the +0 LED goes
OFF. Recheck, without pre-selection, at 1V and 10V. If
required repeat the procedure. Select OUTPUT OFF and
disconnect. Pre-cal is now completed. Disable precal and
complete a Full Routine Calibration.
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DC Standard Thermal Transfer

Remote Sense and Remote Guard
o

a. 4708 & DC Voltage Standard e.
With OUTPUT OFF, connect to the Thermal Transfer AC and
DC inputs, respectively.

b. 4708
On AC function, select the 10V range, select the 1IMHz f.
frequency rangeand use the FREQUENCY  keys to display
1MHz. Use the OUTPUT keys to output 1V and set
OUTPUT ON. Press the SPOT / + key. g.

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

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

4708

Remote Sense and Remote Guard

4708

Usethe OUTPUT keys to adjust the OUTPUT display reading
to obtain a null on the Thermal Transfer Standard. Press the
CAL key.

DC Voltage Standard
Set to 10V Output, select Ourtput on.

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

4708

Press Full range key to display 10V and use the OUTPUT
keys to obtain a null on the Thermal Transfer. Press the

CAL key.

PRE-CAL DISABLE

When pre-calibration is complete the pre-cal enable switch must be
setto RUN.

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 is cancelled, and must be
repeated.

a. Lift the top cover at the front.

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

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

d. Refit and secure the top cover.

A Full Routine Calibration is necessary before completion of the

Remrn to Use procedure on flap of page 1-2.
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1.6.3
FREQUENCY / RANGE
Store 100 1k 10k 100k 1M
SN/ AN
X X
\
—  F F2 Fa F4 F5
+1im M > ——» % com
G*| S*|C5 C4 C3|CO

Guard Sense Spec Emor Offset Test
-Remote- STD SET +0 CAL

MODE

Transfer of DC precalibration facilities

General Procedure

The transfer of Pre-calibration facilities to remote control is illustrated
above. The general procedure follows that for remote Routine Calibra-
tion; the external circuit is connected as for manual pre-calibration.

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

«  The CALIBRATION ENABLE Keyswitch on the instrument
Rear Panel must be set to ENABLE

»  Ensure that the IEEE address switch is set correctly

+  The IEEE Interface command-code W1 must have been

received and activated.
+  The internal PRE-CAL ENABLE' switch is set to ENABLE.

When the 4708 is under remote control over the bus, the command code
W overrides the setting of the CALIBRATION ENABLE and inter-

vEIT

nal PRE-CAL ENABLE switches, disabling the 'C' codes.

Pre-Calibration Command Strings

The following command strings are given for the sole purpose of
illustrating the methodology for the remote pre-calibration mode.
Some reference to external operations is inferred. The nulling opera-
tion is separated into its own string, as it is likely to be iterative.

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

The 4708 has already been programmed into its calibration mode by
W1, with the calibration keyswitch and the internal PRE-CAL EN-
ABLE switch set to ENABLE.

The calibration memory stores have been cleared, and the 4708 Output

is OFF.

REMOTE PRE-CALIBRATION GUIDELINES

FREQUENCY / RANGE
Store 100 1k 10k 100k 1M
I's, 7N 2N AN IA;\\ FARN //!
1\ Vs HIN N N
\ \< AVARN >( \<
’ /

AN

| \
— Ft  F2 F3 F4 F5
“Hm M e—— ——— % £om
|
G s / C3|Co

i
Guard Sense Spec Ermor  Offset Test
-Remote- 870 SET =0 CAL

MODE

Transfer of AC precalibration facilities

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

1) +Zero

FOR6M+P01C3= {Set-up and 0 preselection)
Mr**= (Tterative nulling operation)
CO=M-0= ('CAL' and -ON)

MH**= (Tterative nulling operation)
CP=00= (CAL' then OUTPUT OFF)

2) Coarse Gain and Linearity

FOR6C4M+19.99999901=  (Set-up and linearity preselection)
Mr**= (Iterative nulling operation)
CP=0p= ('CAL' then OUTPUT OFF)
C5=M+10.00000001= (Set-up and linearity preselection)
M#**= (Tterative nulling operation)
CP=00= ('CAL' then OUTPUT OFF)

The siring sequence for AC pre-calibration is as follows:
Full Range and 1/10th Range Linearity for first LF, and then for HF

FIR6H***C301=M***= (Program to frequency and voltage)

Mb**= (Iterative nulling operation)

CO=M***= (First 'CAL' of two-part process)

Mr**= (Tterative nulling operation)

C@=00 (Second 'CAL' cancels preselected
mode)
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1.7 Q OPTION INTERNAL ADJUSTMENT

The Autocal procedure for routine calibration of the 4708 resistance

Function is described in Section 1.4,

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

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

Manual Trimming Procedure

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

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

a. Release eight screws retaining the top cover.

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

¢. Insert an insulated screw driver tool in the hole for the range
selected, and adjust the preset resistor (rotating clockwise

increases the resistance value).

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

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

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

g. Finally refit and secure the top cover using the eight screws
removed in (a.), above.
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Appendix 1
Appendix 1 - Notes on the Use of the Null Detector

The Null Detector is normally connected in series with the 4708 Hi lead. A high-impedance-input device should be chosen to reduce off-null currents
due to differences in the outputs of the DC voltage source and the 4708. A battery-operated instrument is preferred to ensure adequate isolation. Some
Null Detectors possess high input impedance only when their readings are on-scale, so care should be taken to ensure that drain currents from the DC
Voltage source do not become excessive. This applies particularly if the DC source is a standard cell or a bank of cells. Six points are important:

1. The null detector should be connected to the 4708 (or 4708 load resistor) only when the 4708 OUTPUT OFF LED is lit.
(with output OFF, the I+, I-, Hi and Lo terminals are at high impedance).

2. Always set the null detector to its lowest sensitivity before connecting up, and increase sensitivity only when the voltages
output by the DC Voltage source and the 4708 are close in value.

3. Do not change polarity of the 4708 or DC Voltage source without first switching the 4708 OUTPUT OFF. Care must be
taken to ensure that the correct polarity ON key is pressed, to avoid excessive voltages being connected across the null detector,
particularly when checking the 4708 directly against a standard cell.

4. Most Null Detectors are equipped with a 'Self-zero' or Zero-check' facility. For maximum accuracy, the Null Detector range
zero should be checked before each calibration nulling operation is performed. However, when gain-calibrating the 4708 Voltage
and Current Ranges, the zero offset of the calibration voltage source is nullified by adjustment of the Null Detector zero control.
This setting should not be altered until the corresponding Range gain has been calibrated.

5. WARNING

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

6. CAUTION
The Null Detector used must be able to withstand voltages up to 1200V between its input terminals. Such voltages will be

present during the time that the 4708 is ramping from zero to 1000V Full range after setting OUTPUT ON. Inadvertent
disconnection of the Precision Divider terminals can transfer full output across the Null detector.
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Appendix 2

Appendix 2 - Calibration Source Zero Offsets

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

A more difficult situarion arises if there is a'DC turnover offset’ between the source’s positive and negative output values. In this case, a difference
in DC value will be observed when switching the source between its positive and negative outputs with zero volts selected. This type oferrorisnormally
adjusted out on the 4708 by a preliminary +0’ calibration on the 10V Range, to a null detected across its output terminals. This sets both ON+ and
ON.- zeros to the same DC level; and as the same linear analog circuitry is used to generate both output polarities, range calibration of zero and gain
in positive polarity is then all that is required.

The 4708 analog circuitry is fully floating, so its output may be referred to any common mode voltage within the range specified on page 6.1 of the
User's Handbook. In particular, each Range zero may be aligned to absolute zero in Local Sense by calibration to anull across its Hi and Lo (Sense)
terminals. But if it is then gain-calibrated against an offset source without re-zeroing to that source's offset zero, normal mode gain errors will result.
I is therefore essential that any offset in the source's output be nullified before gain calibration is carried out. This can be done at Range zero, simply
by trimming the Null Detector null.

Thus the notional sequence of calibration for the 4708 should be as follows:

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

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

c. Range Gain
Each Range Gain in turn, (Null Detector connections as shown for Voltage or Current)
i. At 'ON+ zero output from both source and 4708, trim the Null Detector for null.
ii. At the required positive DC level, calibrate the 4708 Range gain.

This sequence ensures that the 4708 'ON+' and 'ON-' zeros are both set to absolute zero, and that both positive and negative polarities are accurately

gain-calibrated to a unipolar source. Ifit is required to check the 4708 'ON-' gain calibrations against a bipolar source, the source's ‘'ON-' zero offset
must first be nullified, as described in c. i. above.
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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". Itappears on the
invoice for your instrument.

2.1 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 assem-
blies listed will prove to be faulty. For successful failure analysis, itis
advisable to be familiar with the electronic functioning of the instru-
ment and with the physical location of the assemblies. To assist in these
aspects, the diagnostic guides include references to relevant parts of
this publication.

2.1.2 Effects of Protective Measures on Diagnosis

2.1.2.1  Protective Suppression of Fault Conditions

The 4708 incorporates built-in protection inhardware 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.

2.1.2.2 FAIL § as Default State

Faults which result in display messages FAIL 2, 3 or 4 can pose asafety
hazard to the operator, and apply excessive voltage to external cir-
cuitry. 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 unti]l 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.

2.1.2.3 To Observe the Original Failure Message

Two procedures can be used:

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

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

Then select the appropriate diagnostic guide in Section 2.2.

2.1.3 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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DIAGNOSTIC GUIDES

2.2.1 FAIL 1 (Excessive Internal Temperature)

2.2.2 FAIL 2 (Over-Voltage)

INITIAL ACTION

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

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

persists.
FAULT CONDITION
High temperature sensed in:

+  Positive Heatsink Assembly, or
e Negative Heatsink Assembly.

Fault indication signal OVERTEMP active.

POSSIBLE FAULT LOCATIONS

«  Positive Heatsink Assembly (page 11.13-1).

«  Negative Heatsink Assembly (page 11.13-2).

»  Power Amplifier Assembly (page 11.9-1).

FURTHER INFORMATION IN THIS HANDBOOK

Technical Descriptions: Section 7.12.9.

INITIAL ACTION

1. Ensure that OUTPUT is OFF
(4708 should have tripped to FAIL 5).
2. Power OFF any external voltage source.

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

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

Disconnect external leads from the terminals.

Press Safety Reset.

Carry out self-test sequence.

FAIL 2 recurs - fault persists.

No failure display - Reproduce original conditions in Local

Sense with no external connections.

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

8. FAIL 2 recurs - fault persists.

O a W

FAULT CONDITION

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

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

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

POSSIBLE FAULT LOCATIONS

»  Injection of external voltage.

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

»  Power Amplifier Assembly (page i1.9-1).

FURTHER INFORMATION IN THIS HANDBOOK

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




2.2.3 FAIL 3 (Control Data Corrupted)

2.2.4 FAIL 4 (Precision Divider Fault)

INITIAL ACTION

No immediate action required.

FAULT CONDITION

oy

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 114-1).
«  Analog Interface Assembly {page 11.3-1).

FURTHER INFORMATION IN THIS HANDBOOK

Technical descriptions: Section 6.4.

INITIAL ACTION

No immediate action required.

FAULT CONDITION

Precision divider fault.

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.

BN —

POSSIBLE FAULT LOCATION

s  Analog Interface Assembly (page 11.3-1).

FURTHER INFORMATION IN THIS HANDBOOK

Technical description: Section 6.5.2.3.
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2.2.5 FAIL 5 (Safety Circuits 'Watchdog' Tripped)

INITIAL ACTION

Use the checking sequence below, watching the MODE display care-
fully at each stage to detect any FAIL rumber 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 discormecting the instrument terminals
and repeating the checks. If FAIL 5 alone occurs, proceed to "Fault
Condition" below. For any FAIL other than FAIL 5, transfer (o 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 refer-
ence 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.

e

24

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

+  Digital Assembly (No gated WRT STRB pulses at J2/13-29)
(page 11.2-1).

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

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

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.




2.2.6 FAIL 6 (Calibration Memory Fault)

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

INITIAL ACTION

Select Output OFF, Spec OFF, Error OFF.

N =

the requested value.

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

Nownks W

FAULT CONDITION

Calibration memory fault on Digital pcb assembly.

POSSIBLE FAULT LOCATION

s  Digital Assembly (page 11.2-1)

FURTHER INFORMATION IN THIS HANDBOOK

Self-test procedures: Section2.3.
Calibration procedures: Section 1.
Technical descriptions: Section 6.1.

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

INITIAL ACTION

Switch power OFF,
Check line supply is correct for input voltage setting.

el

FAIL 7 recurs - fault persists.

FAULT CONDITION

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

POSSIBLE FAULT LOCATIONS

«  Power Amplifier Assembly (page 11.9-1).

+  Reference Divider Assembly (page 11.4-1).

«  Positive Heatsink Assembly {page 11.13-1).

+  Negative Heatsink Assembly (page 11.13-2).

«  Power Supply/l Heatsink Assembly (page 11.13-3).
«  Mother Board {page 1i.16-1).

FURTHER INFORMATION IN THIS HANDBOOK

Technical descriptions: Sections 6.7.

Switch power ON - no failure display - no further action.
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2.2.

8 FAIL 8 (P.A.38V Power Failure)

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

INITIAL ACTION

b

Switch power OFF.

Check line supply is correct for input voltage setting.
Switch power on - no failure display - no further action.
FAIL 8 recurs - fault persists.

FAULT CONDITION

Positive or Negative 38V power supply failure.

Fault indication signal 38V (2) FAIL active.

Check line input voltage.

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

POSSIBLE FAULT LOCATIONS

Power Amplifier Assembly (page 11.9-1).
Reference Divider Assembly (page 114-1).
Power Supplies (page 11.12-1).

Mother Board (page 11.16-1).

FURTHER INFORMATION IN THIS HANDBOOK

Technical descriptions: Section 6.7.

INITIAL ACTION

el o

Switch power OFF.

Check line supply is correct for input voltage setting.
Switch power on - no failure display - no further action.
FAIL 9 recurs - fault persists.

FAULT CONDITION

Positive or Negative 15V power supply failure. This is
indicated by a transitory Fail 9 followed by Fail 8.
Fault indication signal 15V (2) FAIL active.

Also 400V power supply is disabled.

Check line input voltage.

POSSIBLE FAULT LOCATIONS

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

FURTHER INFORMATION IN THIS HANDBOOK

Technical descriptions: Section 6.7.
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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 (853)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 $53 isset to ON.

FAULT CONDITION

+  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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2.2.11 Error OL (Voltage: Output current limit exceeded)

(Current: Output compliance voltage limit exceeded)

INITIAL ACTION

If Voltage range selected:

Set Output OFF (Automatic if 100 or 1000V range selected).
Disconnect external circuit.

Set Output ON:

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

- If Error OL recurs, internal fault persists.

(SR R

If I range selected:

Set Output OFF.

Short Cutput terminals I+ to I-.

Set Output ON:

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

- If Error OL recurs, internal fault persists.

W ko — e

FAULT CONDITION (IN DC RANGES)

« If Low DC Voltage range (100pV -10V):
DC Overcurrent Detector circuit (Vol 2 page 11.5-2) has
detected a current in the PLO(DCV) line of approx 28mA or
more, and has activated LIM ST signal to the CPU.

«  If High Voltage range (100V or 1000V): Either

a. DC Overcurrent Detector circuit (Vol 2 page 115-2) has
detected excessive current in the PLO(DCV) line and has
activated LIM DET signal to the CPU, or

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

In either condition a. or b., M10 in the power amplifier removes the
16kHz drive from the input to the PA, and generates HI I ST signal to

volrage to zero.

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

FAULT CONDITION IN AC RANGES

« IfimV, 10mV, 100mV or 1V Range:
Sine Source Assembly overcurrent sense circuit (M49a/M49b)
has detected a current in the AC 1V line of approximatly 25mA
RMS or more, and has activated LIM ST signal to the CPU.

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

»  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, or

¢. 1k 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.

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

POSSIBLE FAULT LOCATIONS

«  External circuit.

+  Sine Source Assembly (page 11.6-1).

*  AC Assembly (page 11.7-1).

+  DC Assembly (page 11.5-1).

+  Power Amplifier Assembly (page 11.9-1).
I/Ohms Assembly (page 11.8-1).

FURTHER INFORMATION IN THIS HANDBOOK
Technical descriptions:

Low DC Voltage ranges: Section 7.3 and 7.6.

Low AC Voltage ranges: Section 9.4.

100 or 1000V ranges: Section 9.5.

I ranges: Section 10.
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2.3 SELF-TEST SEQUENCE

2.3.1 General
The self-test sequence is performed in two stages:

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

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

2.3.2 Stage 1 (Fig. 2.1)

Entry into Stage 1 is selected automatically whenever the TEST key is
pressed for the first time (the test is not allowed if OUTPUT ON,
ERROR or SPEC are selected or when inremote 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 SAFELY 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 ‘unning’ 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

thrachald the det 1e ITD
threshold the detector is ripped.

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.

TESTKEY
PRESS

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

NO

NHBIT TEST

ENABLE TEST
LED. START
STAGE 1

TEST SAFETY MONITOR >3- DISPLAY UNCHANGED

PASS

DISPLAY 'SAFELY-
Buzzer sounds
Reset LED fashes

SAFETY RESET
KEY PRESSED

DISPLAY UNCHANGED

CANGEL "SAFEIY"-
DISPLAY Yunning'
MESSAGE

(resT cmsm@“_—. FAIL 6

PASS

4

START QVERVOLTAGE
DETECTION TESTS

DC TEST
POWER TO 110V
1S DETECTOR SET? YES

FAIL 2
NO

YES

DCTEST (¥
POWER TO 140V
IS DETECTGR SET? NO FAILL2

id

AC TEST
POWER TO 75V FAIL2 l
IS DETECTOR SET? YES i

NO

4

ACTEST
POWER TO 120V
1S DETECTOR SET? NO FAL 2

YES

END OVERVOLTAGE TEST

MESSAGE

DISPLAY LAST FAIL ?

FIG. 2.1 SELF TEST SEQUENCE STAGE 1
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2.3.3 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. and BEFORE any other

key.
The test proceeds by sequentjally 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
litin 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 Fre-
quency Range, Mode, Range, Function and Output keys are shown by
the key's LED. In these tests the display or LED remains lituntil another
key is pressed.

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

2-10

NEW KEY
PRESSED

?
TEST KEY PRESSED? >—N—O—'

YES

START STAGE 2
ENABLE TEST LED

!

DISPLAY

DISALLOW STAGE 2.
PERFORM KEY
INSTRUCTION

SEGMENT PARALLELS

l

N\
TEST KEY PRESSED? /

NGO

DISPLAY DIGIT

VISUAL CHECK
SEGMENT PARALLELS
Q.K?

AND INCREMENT
SERIALLY

!

TEST KEY PRESSED? >

NO

ENABLE LEDS
SERIALLY

!

TEST KEY PRESSED? >

NO

DISPLAY O
WAIT FOR ]
USER RESPONSE

VISUAL CHECK
ALL DIGITS
Q.K?

VISUAL CHECK
ALLLED'S
O.K?

/

MANUAL CHECK
USER RESPONSE
ANY KEY PRESSED

i

<

ZEROOR TEST
KEY PRESSED?

I

YES

END TEST
CANCEL TEST LED

VISUAL CHECK
DISPLAY KEY FUNCTION

>~7~*

FIG. 2.2 SELF TEST SEQUENCE STAGE 2




2.4 FUSE PROTECTION

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

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

CAUTION
Every occurrence of a blown fuse should be investigated to find the cause. Only when satisfied that the cause is known, and has been removed, should

auser replace a fused link by a serviceable item.

2.4.2 Reasons For Fusing

The fuses in the calibrator fall into two groups:

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

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

2.4.3 Locating a Blown Fuse

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

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

Tabie 2 | (overieafl) lists their locations.
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LOCATION AND VALUE/FITTING PROTECTED CIRCUITS
DESIGNATOR

DC Assembly

1A/Solder-in DC 10V, 100V & 1kV Error
250mA/Solder-in SHI(DCV)
1A/Solder-in Power Lo/Guard
1A/Solder-in Power Lo
1A/Solder-in DC tkv
1A/Solder-in PHI(V)

AC Assembly

F1 1A/Solder-in 1V range only & Current ranges up to 10mA
F2 1A/Solder-in All AC Voltage ranges (PHI(ACV))

1/Q Assembly

F1 Not used --- ---
375mA/Solder-in PLO(OChms)
1A/Solder-in SLO(Ohms)
375mA/Solder-in PHI(Ohms)
2.5A/Solder-in All Current/Ohms Outputs

Power Supply (OG)
F1 4A/Clip-in Digital and Display supplies

Power Supply (1G)

4A/Clip-in Supplies -22V(2)
4A/Clip-in Supplies +22V(2)
3.15A/Clip-in Supplies +15V(2)
3.15A/Clip-in Supplies -10V(2), -15V(2)
{A/Clip-in Supplies -8V(2)
1A/Clip-in Supplies +8V(2)

Power Supply (38V)

F1 1A/Solder-in -38V Supply Line
F2 1A/Solder-in +38V Supply Line

Mother Board

1A/Clip-in Transformer secondary to 400V PSU
1A/Clip-in Transformer secondary to 400V PSU
2.5A/Solder-in Transformer secondary to 38V PSU
2.5A/Solder-in Transformer secondary to 38V PSU

3A/Clip-in All circuits
100/120V 6.25A/Clip-in All circuits
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SECTION 3
DISMANTLING AND REASSEMBLY

3.1. GENERAL PRECAUTIONS

311 WARNINGS

INSTRUMENT FROM  LINE
DISMANTLING OR

1. ISOLATE THE
SUPPLY BEFORE ANY
REASSEMBLING.

12

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
EQUIPMENT.

312 CAUTIONS

1. REMOVAL OF THE TOP GROUND/GUARD ASSEMBLY
INVALIDATES MANUFACTURER'S CALIBRATION
CERTIFICATION.

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

3. DO NOT TOUCH THE PCB EDGE CONNECTORS.

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

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

3.2 General Mechanical Layout (Volume 2, pages 11.0-1 and 11.18-1 to 11.18-7).

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

The 4708 MULTIFUNCTION CALIBRATOR can be used as a
bench-top instrument, or it may be rack mounted in a standard 19"
rack.

3.2.1 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 (page 11.19-2).

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

3.2.2 Rear Panel

The recessed Power Input plug, Power Fuses and Line Voliage
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 Frequency Input BNC 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 the external
frequency switch (S53) 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. Socket J54 is
provided to facilitate future expansion.
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33 LOCATION AND ACCESS

33.1 External Construction

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

The top cover locates 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.

3.3.2 Internal Construction

The chassis is enciosed 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
compornents, 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
compartment, is drawn through the heatsink assemblies, and is
finally expelled from the instrument by the extractor fan.

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

Iniercommectons beiween 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 peb 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 behind the forward
compartment across the full width. It connects to the Mother PCB
in the same way, but has additional discrete electrical connections for
the high power lines.

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

The Front PCB assembly, carrying the display components, connects

into the front end of the mother PCB cutside the thermally-insulated

IrCnic €Na O e MoWNer Lo

compartment.
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34 GENERAL ACCESS

+  ENSURE THAT POWER IS OFF. If, during a procedure, sufficient access has been oblained then no
+  Heed the General Precautions 3.1.1 & 3.1.2. further dismantling is required.

34.1 TGP COVER (/1.18-2 Detail 10)

+  Removal -  Fitting
a. Remove the eight M4 x 12mm socket head countersunk screws Locate cover at rear first, then reverse removal procedure.
from cover.

b. Remove cover by lifting at the front.

34.2 BOTTOM COVER (J/7.18-2 Detail 10)

«  Removal > Fitting

a. Invert the instrument. Locate cover at rear first, then reverse removal procedure.

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

¢. Remove cover by lifting at the front.

343 FRONT PANEL (//./8+4 Detail 6)

. Remove covers 3.4.1 & 3.4.2

«  Removal -  Fitting
a. Remove the four M4 x 8mm taptite screws from the front Reverse the removal procedure, referring to Page 11.184.
panel.

b. Remove Earth Connector.

c¢. Remove the Front Panel.




344

TOP GROUND/GUARD SHEET (/1.18-2 Detail 9)

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

Remove the top cover (para. 34.1).

Removal

Refer to Page 11.18-2 Detail 9 and remove:
i.  ten M4 x 8mm pozi-countersunk screws
ii. six M3 x 6mm pozi-pan screws and M3 shakeproof washers

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

Remove the top ground/guard assembly.

»  Fitting

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

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

Invert the instrument
Remove the bottom cover (para. 34.2).

+«  Removal -  Fitting
a. Refer w Page 11.18-1 Detail 8 and remove: Reverse the removal procedure.
i.  ten M4 x 8mm pozi-countersunk screws
ii. six M3 x 6mm pozi-pan screws and M3 shakeproof washers
b. Remove the bottom ground sheet assembly.
3.4.6 BOTTOM GUARD PLATE (Page 11.18-1 Detail 7)
+  Invert the instrument. Remove the bottom cover (para. 3.4.2). Remove the bottom ground sheet assembly (para. 34.5).
*«  Removal +  Fitting
a. Refer to Fig. 711.18-1 Detail 7 and remove ten M3 x 6mm pozi- Reverse the removal procedure, ensuring that no wiring is strained or
countersunk screws. trapped.
b. Remove the bottom guard plate.
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3.5. REMOVAL AND FITTING

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

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

Instruction Card or Rear Panel.

Assembly

Access Required
(Heed Caution 3.1)

Location
(Page Detail in bracket)

Ejector
Color

Section

! Instruction Card

11.18-2 (11)

! Front Assembly

11.18-3 (4)

1 Digital

: Analog Interface

1 Reference Divider
i Output Control

] Sine Source

i (OR Current Link pcb)

BLK
BRN
RED
ORG
YEL
GRN
BLU
BLU

Chassis
ldentifier
Code

BLACK
BROWN
RED
ORANGE
YELLOW
GREEN
BLUE
BLUE

| Common Guard and
! Ground Screens

11.18-5 (13)

| Power Amplifier

11.181 (4) VLT

VIOLET

Power Supplies
Out-Guard
In-Guard

+38V

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

Heatsinks

11.18-1 (4)

High Voltage

11.18-1 (5)

Transformers
Mains

HF

LF

11.18-5 (9)
11.18-4 (8)
11.18-5 (10)

Mother Board

11.18-3 (3)

Interconnections

11.18-6 (15)

Terminal Board

11.18-4 (8)

Rear Panel

11.18-4 (6)

Instrument Assembly




351 INSTRUCTION CARD

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

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

¢. Refit in reverse procedure.

352 FRONT ASSEMBLY (Page 11.18-3 Detail 4)

. Remove Front Panel (para. 34.3)

Rémova]

.t

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

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

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

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

e. Remove the assembly.

«  Fitting

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

353 MAJOR PCB ASSEMBLIES

«  ENSURE THAT THE INSTRUMENT POWER IS OFF.

. Removal

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

Note (operations c to e):
The I/Q's Link PCB has only one ejector. To remove, grip the top

edge and pull gently while levering the ejector upwards and outwards.

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

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

d. Remove the assembly.

«  Fitting

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

Note:
The single ejector of the I/Q's Link PCB locates to the BLU'
identifier of the chassis.

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

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

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

3-6



354

The first screen (counting from front to back) is the Ground Screen and has two securing screws. Of the

are aluminium, single screw and interchangable. The rearmost screen is steel and not nie
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.

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

six remaining screens the first five
i changable Each plate mates with a miniature

Fitting
Insert the plate into the correct 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

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 connectors.

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.
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356

OUT-GUARD POWER SUPPLY (Page 11.18-1 Detail 1)

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

«  Removal »  Fitting
a. Disconnect J1, 12, and I3 from the In-Guard Power Supply a. Ensure that all wires and connectors are clear of the PCB area.
Assembly. .
semby b. Insert the PCB edges into their respective slots in the chassis
b. Disconnect the connector J3 from the PCB. sub-compartment.
c. Allow the assembly to slide down to the miniature connectors
¢. Fold back the connectors and wires clear of the assembly. on the chassis, taking care not to trap any wires.
d. Grip the top edge of the PCB and lift gently from the chassis. d.  Fit the I3 connector to the assembly.
e. Press the assembly home by gently pushing down on the top
e. Remove the assembly. edge of the PCB.
f. Fit J1, J2 and J3 1o the In-Guard Power Supply Assembly.
357 IN-GUARD POWER SUPPLY (Page 11.18-1 Detail 2)
« Do not pull on the connector wires. Some resistance to movement will be felt from the locking clips of the connector bases.
«  The Out-Guard Power Supplies components can obstruct the removal of the In-Guard Power Supply. Remove Out-Guard Power Supply
Assembly (para 3.5.6)
*  Removal »  Fitting
a. Disconnect the three connectors J1, J2 and J3 from the PCB. a. Ensure all wires and cormectors are clear of the PCB area.
b. Fold back the connectors and wires clear of the assembly. b. Insert the PCB edges into the respective slots in the chassis sub-
c.  Grip the top edge of the PCB and lift gently from the chassis. compartment.
c. Allow the assembly to slide down to the miniature connectors
d. Remove the assembly. . . .
on the chassis, taking care not to trap any wires.
d. Press the assembly home by gently pushing the top edge of the
PCB.
e. Fit the Out-Guard Power Supply (para. 3.5.6)
f. Identify and fit the three connectors J1, J2 and I3 as shown on
Page 11.18-1 Detail 2.
358 38V POWER SUPPLY (Page 11.18-1 Detail 5)
+  Heed the General Precautions 3.1.
Removal »  Fitting
a. Grip the edges of the pcb and pull the assembly vertically a. Locate the assembly into the guides
upwards. Some resistance will be felt from the edge connector.
b. Apply downward pressure until the connector is felt to have

engaged.
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3.59 HEATSINK ASSEMBLIES (Page 11.18-1 Detail 3)

+  Heed the Warnings and Cautions 3././ & 3.1.2. Allow heatsinks to cool before handling. Do not pull on the connector wires. When
discormecting connectors, some resistance to movement will be felt from the locking clips of the connector bases.

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

1. Negative Heatsink assembly 2. Positive Heatsink assembly

»  Removal

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

b. Remove the heatsink retaining plate.

c. Disconnect connectors:

J1 at the Negative Heatsink Assembly
J2 at the Power Amplifier Assembly
d. Remove Negative Heatsink assembly.
e. Disconnect J3 at the Power Amplifier assembly

f. Remove the Positive Heatsink assembly

3. Power Supply/Current Heatsink assembly.

Disconnect at the following points:

1 Power Amplifier Assembly
J31, 319 Mother Assembly
J1 In-Guard PSU Assembly

Remove the Power Supply/Current Heatsink assembly.

Fitting

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

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

+  Removal

a. Lift the assembly upwards as shown on Page 17.18-1
Detail 5.

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

¢. Lift the assembly clear of the instrument.

Fitting

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

3.511 MAINS TRANSFORMER ASSEMBLY (Page 11.18-5 Detail 9)

. Remove the Out-Guard and In-Guard Power Supply Assemblies (see paras 3.5.10 and 3.5.12).

»  Removal

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

J32 - Mother Assembly (Page 11.13-1 Detail 3)
J6 - Interconnection Assembly
(fixed on the rear panel see page 17.18-4 Detail 8)
J4 - HV Assembly (Page 11.18-1 Detail 5)
J33 - Mother Assembly (Page 11.18-1 Detail 3)

b. Turn the instrument to stand on its left side (on Left Hand
extrusion)

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

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

Remove the Mains (Line) Transformer assembly.

Fitting

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

Removal «  Fitting

Remove four M3 x 8mm pozi-pan screws (see Fig. 3.1). Reverse removal procedure, referring to Fig. 3.1.

Disconnect connectors at the following points:

J2 - High Voltage Assembly;
J5 - Power Amplifier Assembly.

Remove the HF transformer assembly.

HF TRANSFORMER ASSY,
400578

T oouu
Lonn
FECatat
Pt utututetute
conoy,

Sl Glu\uiuiuiu)u}ul

®

4 sse M3 SHAKEPRCOF 613005
4 ort M3 x Bmm POZIPAN SCREW 6//0/6

Atjuiulniuiuiuiajuin) ul

njujuln

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

Remove High Voltage Assembly (35.18 } and the Heatsinks (35.16.)

+  Removal - Fitting
a. Discormect connector J4 from the Power Amplifier and J3 from Reverse the removal procedure, referring to Fig. 3.2 and
the High Voltage Assembly (see Fig. 3.2). Page 11.15-2 Detail 1 to 4.
b. Tum the instrument to stand on its right hand side (on R.H.
extrusion).
¢. Desolder J34 from the mother board and connections A, B, M,
H, K, & L. Unscrew supporting clips.
d. From the LF Transformer; remove the four M5 nylock nuts and
flat steel washers, Remove the pair of transformer assembly
M35 x 65mm screws closest to the rear panel and the
transformer bolt plate.
e. Slide out the LF Transformer.
f “
WIRES TS LENGTH AND
A mm  BEFORE SOLDERNG
use 3 pmess of B 24
7 I HEATSHEINKE 20a.
i
it i
} : UsE APPRAK. (10mm OF B @
I earamon ScevE a30003.
“ 3‘\ LACING ZORD 520007 WalTE RN
‘ ‘ w3 PosiTioNS [: =« Puate
- . / FIT | PIRCE OF DOUBE Sibed TAPE
‘l N GIOO23 . BCmm Lond  TO HOLD CABLE
To Po®
o i | N
e Yo atcur  GUO0OS |
I T SorF  M3x8 P02i-PAN XREW &i0l6 1
Zapp oINS THAT ARE UNDER AR 30FF M3 SKAKEPROOF 613007
"o AYOID DAMAGE TO iNSULATION. | 3oFF M3 WASHER 63005
\\‘\\ !
N . ‘
i |
5 : | 61 (HV) on Wire Destination A
[ - I LF TX Assy Color  on Mother Board
LF TRANSFORMER ASSEMBLY \ : e
<0065 N N
\ i 23 WHITE PINL
\ { ! € BLACK J348
7 BROWN J34-5
-] RED 346
, \ ] ORANGE J34P4
12 RUE J34-12
13 VIQLE J34-13
14 RED/GRN 4343
15 WHITE J34-10
24 MEAGSwmm oz PAN SCR % GRN Jsat4
‘ ° ! 2(::350:““ NuT Giocas ‘ = 17 RED/MBLK J347
i i P \ 18 GREY J34-15
x W EPROOF
‘n_ﬂ wnsHER &30S AW wiser woT " REDMHITE 342
' 18012 20 PINK a1
N 11:5 :‘“E 2 RED/BLUE 1348
;;A;s:z:;g_:srw HER 43038 | 22 ORGBIK 434-11
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. __/
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3.5.14 TERMINAL PCB ASSEMBLY (Page 11.17-3)

Remove Front panel (para 34.3).

Removal

Remove the four M3 x 6mm pozi-pan screws
(11.18-4 Detail 8)

The terminal board can be tipped down to facilitate
component access. If leads are short remove Bottom
Guard Plate (para. 3.4.6) and desolder as required.

Fitting

Reverse the removal procedure.

3.5.15 REAR PANEL ASSEMBLY (Page 11.18-6)

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

assembly fitted.

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

to the extent allowed by internal wiring connections.

Removal

Remove the six screws of the two rear spacers /]./84
Detail 7.

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

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

Remove the four rear panel screws (Page 11.18-4 Detail 6)

Looking at the rear, locate the upper right hand screw securing
the extractor fan. Above this screw, locate an M3 x 6mm Pozi-
pan screw (screw fixing hole only shown on cut-away
sketch above Rear Panel in Detail 6 of page 11.18-4).
Removal of the screw allows the rear panel to be detached.

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

Fitting

Press the Rear Panel assembly to the chassis while ensuring

that:

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

i The ribbon cables fit in the recess in the moulded intemnal chassis
iii. All other wires are free and not trapped by the rear panel assembly.

Fit screws, filter, filter grille and rear spacers, reversing the
removal procedure.
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SECTION 4
SERVICING & INTERNAL ADJUSTMENTS

41 INTRODUCTION

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

A: Routine Servicing (TABLE 4.1a),
B: Internal Calibration Adjustments (TABLE 4.1b)
C: Adjustment Following Replacement of PCBs (TABLE 4.1c - overleaf).

ine Servicing

Servicing Required

Time Interval

Procedure
{Section 4)

Calibration
Required

Calibration
Procedure

Clean the Air Intake Filter

1 year

(or less in adverse conditions)

Change Lithium Battery

(non-volatile calibration memory)

5 years

(a)Full pre-cal
then
(b)Fuil routine
recalibration

Sect. 1.4

Sect. 1.2

Category B

Internal Calibration Adjustments

Indication

Adjustment Required

Procedure
(Section 4)

Calibration
Required

Calibration
Procedure

"ERROR 6"

{(during Routine Recalibration)

Re-set

internal trimmers

Routine
4-wire &
2-wire Q

Sect. 1.2
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4.1.1 General Procedure Notes

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

llowing Replacement of PCBs

Procedure Pre-cal Routine cal
b. If Top ground/guard assembly is removed subsequent (Section 4) (Sect. 1.4) | (Sect. 1.2)
testing with Power On should be completed in less than
5 minutes to avoid overheating.
st 4.6 - Full

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

d. Although replacement assemblies are set up by the - Full Full
manufacturer, the internal adjustments recommended in
Table 4.1 must be carried out to ensure correct operation.
These adjustments need to be carried out when the st 4.6 _ Full
assembly is in the user's instrument, in order to account
for interaction between assemblies.

K ) - - Full

st 4.6
\ 4.10 ) Full
WARNING : 4.7 AllT ranges
4.8 - All T ranges
HAZARDOUS ELECTRICAL POTENTIALS 4.4 Ohms
ARE EXPOSED WHEN THE INSTRUMENT
COVERS ARE REMOVED. 4.5 - -
ELECTRIC SHOCK CAN KILL!
t 4.9 Full Full
i 4.9 - Full
CAUTION
4.5 R .
AFTER ANY MAINTENANCE OPERATIONS WHICH
INCLUDE REMOVAL OF TOP OR BOTTOM GROUND
ASSEMBLY, CARRY OUT THE FULL SELF-TEST
SEQUENCE  (Section 2.3) BEFORE RETURNING TO t 4.7 - All I ranges
NORMAL USE.
DAMAGE CAUSED BY UNAUTHORISED REPAIRS OR 1KV Range
MODIFICATIONS CAN INVALIDATE INSTRUMENT 9
WARRANTY. CHECK THE WARRANTY DETAILED IN
THE "TERMS AND CONDITIONS OF SALE". IT
APPEARS ON THE INVOICE FOR  YOUR
INSTRUMENT.




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

4.2.1 Servicing Frequency

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

4.2.2 Removal (Fig. 3.8)
a. Remove the four M3 x 10mm pozi-countersunk screws (/1) which retain the filter grille (12).

b. Remove the filter grille and reticulated foam filter.

4.2.3 Cleaning

a. Wash the foam filter in a dilute sclution 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).

4.24 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

LITHIUM BATTERY - REPLACEMENT
{Datron Part No. 920101)

FIRST READ THESE NOTES!

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

Procedure 4.3.1 allows calibration memory to be retained during battery replacement. This requires the use of an Extender
Card (Datron Part No. 400625) to give access to the battery and during its removal provide a supply to the non-volatile
RAMSs. To ensure memory integrity the soldering iron used must be isolated from mains earth by at least S0kC.

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

431 Procedure (Calibration Maintained)
a. Ensure that power OFF is selected.
b. Remove the top cover and top ground/guard assembly (Section 3 paras. 3.2.1 and 3.4.1).
¢. Remove the Digital Assembly from the chassis (Section 3 para. 3.6.4).
Do not place the assembly on any conducting surface or touch the gold edge connector.
d. Place extender card in digital assembly slot.
Push Digital Assembly onto extender card
Caution
» If the calibrator has been in use; allow to cool for 2 hours. From power ON (step f.) the intenal temperature of the
instrument will begin to rise. Ensure the procedure is completed within approximately 15 minutes; any Fail 1 message
which occurs during this time period can be safely ignored.
»  Precautions must be taken to prevent solder or other material falling into the calibrator.
+  Ensure continuity of mains supply while battery is disconnected.
e. Select power ON. To reduce power dissipation ensure output remains OFF.
f. Remove battery (refer to Fig. 4.1).

44



Battery Clip  Red Wire Sleeve

Battery

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

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

battery.
. . . . T J DIGITAL ASSY.
iii. Unsolder the negative terminal of the battery from resistor U
R60 at the wrap-joint. h‘z&gr:g;: Tominal gy
wire from R60}

iv. Remove battery from battery clip

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.

4.3.3 Procedure {Calibration lost)

Follow the procedure 4.3.1 (ignore steps (d.) and (e.)) and 4.3.2.




4.4 OHMS FUNCTION-STANDARD RESISTOR ADJUSTMENT

4.4.1 Introduction
Routine adjustment of the standard resistors used in Q function is not required. A resistor is calibrated by the user entering its

measured value into a non-voltaile calibration memory. This value is subsequently recalled and displayed to the user each time
the resistor is selected.

442 ‘Error 6’ Message
'Error 6'is dispalyed if the value entered by the user during calibration is outside the resistor's tolerance (Section 1.2) i.e

outside the calibration memory span. Under normal use the resistor drift is well within the tolerance, so ‘Error 6’ appears
only if the user enters an erroneous value.

443 Undue Resistor Stress
If the resistor has been subjected to undue stress, it is possible that its value may have changed slightly, and be outside its

tolerance. If it is less than approximately S0ppm outside tolerance an internal trimmer can be adjusted, and the value can be
calibrated.

4.4.4 Possible Damage

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

4.4.5 To Reset Internal Trimmers

Follow the procedure detailed in Section 1.7 to adjust the resistor value. If this is unsuccessful contact your Datron Service
Center.
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4.5 Bias Current Adjustment - 100V PA
(Refer to Layout Drawing 480618 and 480637)

Adjustment of the 100V/1kV amplifier bias voltages must be carried out after fitting a replacement Power amplifier assembly or
Heatsink assembly. The following procedure ensures the drain voltages of Q4 and Q2 are +120V and -120V respectivly.

USE EXTREME CARE THROUGHOUT THE FOLLOWING PROCEDURES.

4.5.1 Test Equipment Required

Digital voltmeter (any Datron Autocal voltmeter)

4.5.2 Initial Conditions
Remove Top cover.

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

4.53 Procedure
a. Set 4708 Power OFF to connect DVM as follows;
b. Power Amplifier Assembly Connect DVM in DC function, Lo to <7 2C (near Q20) and Hi to Tab of Q4.

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

¢. Select Power ON .
d. Positive Heatsink Assembly Adjust R10 for a reading of +120V (5V).

e. Power OFF, disconnect DVM.

4.5.4 Return to Use




4.6 CAPACITIVE LOAD TEST
(Refer to Layout Drawing 480536)

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

After replacing the DC Assembly, the Terminal assembly, AC assembly, PA assembly, Positive or Negative Heatsinks, or the
HF transformers it is necessary to ensure the limit level is re-set to account for any capacitance changes. The value of R84 will lie
between 2k43Q and 3k65€2. R84 will be selected from the E96 (1%) series.

4.6.1 Test Equipment Required
a. Test Load (1kQ non-inductive resistor, capable of dissipating 20 Watts).
b. Digital Voltmeter fitted with AC Volts Ranges (any Datron Autocal multimeter)

4.6.2 Initial Conditions

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

4.6.3 Procedure

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

a. Ensure 4708 Power OFF.

b. On DC board remove Link J, and make Link L. DC assembly must be fitted in chassis (not on extender card)
¢.  Monitor Link L with respect to <72B with scope set to 5V per division.

d. Connect Load resistor across the 4708 output terminals.

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

f. Set 4708 Power ON.

g. On 4708 select AC 1kV Range and adjust OUTPUT it keys for 90V on the OUTPUT display. Select 10kHz range and
set frequency to 4kHz. Set OUTPUT ON.

h. Increment demanded voltage and check that 'Scope goes to zero volts when the DVM indicated between 108V and 112V,
Select output OFF.

WARNING Calibrator Power must be OFF when changing R84. Lethal voltages are present!
j. If outside limits set in (h.) reselect R84 and repeat from step (f.).

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

4.6.4 Return to Use

Refit Top ground/guard shield and Top cover.
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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 0.1Q 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.

4,71

a.

b.

4.7.2

Test Equipment Required
Digital Voltmeter (any Datron Autocal voltmeter)

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

Initial Conditions

Top cover removed.
Top ground/guard assembly removed.

473

d.

€.

Procedure
Switch the 4708 Power OFF.

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 0.1 resistor in series with each supply line (Red and Brown wires).

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

Switch 4708 Power ON. Select AC Current, 1Amp Range, ensure OUTPUT OFF.

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

f.

w

4.7.4

Carefully adjust R23 on 1/Q assembly for a digital voltmeter reading of 10mV *1mV (equivalent to 100mA through a
0.1Q resistor).

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

Return to Use

Refit top ground/guard assembly and Top cover.




4.8 COMPLIANCE ADJUSTMENT
(Refer to Layout Drawing 480614 Page 11.8)

Ensure that the Quiescent Current Adjustment Procedure has been completed (Section 4.7).

In the following procedure a DVM is used to measure output current as a voltage developed across a load resistor. Series resistance
is then added to one of the power leads to establish a compliance voltage. The change in current output due to compliance is
measured and an adjustment made to bring the instrument within manufacturer's specification.
4.8.1 Test Equipment Required

a. Digital Multimeter fitted with AC Volts Ranges. (Datron Instruments model 1081).

b. Test leads, (each containing a 22.1€2 resistor).

c. One 2.5-watt load resistor of 0.10Q2, 10%, Wire Wound. (Welwyn W21 or equivalent).

d. A 1.4Q resistor to introduce compliance voltage.

4.8.2 Initial Conditions

Remove Top cover.
Remove Top ground/guard assembly.

4.8.3 Procedure
a. Connect the 0.1Q load resistor between the 4708 current output terminals (I+/1-).
b. HF adjustment. Select ACI, 1A full range output at SkHz. Select OUTPUT ON.
c. With the DVM, measure the AC voltage across the load and note the reading. Set OUTPUT OFF.

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

e. Remove compliance resistor. If there is a change of reading >101V between (c.) and (d.) adjust R10 to reduce the change
of reading to <10uV. After each adjustment of R10 repeat (c.) to (e.).

f. LF Adjustment, Complete above procedure, leaving the 4708 as selected (ACI, 1A Full Range), but change frequency to
500Hz and limit to SpLV.

g. If change of reading in (d.) is >5uV adjust R31.
h. If an adjustment was made to R31 repeat complete procedure from (b.) until no further adjustments are required.

j- Output OFF, disconnect load resistor.

4.8.4 Return to Use

Replace Top ground/guard assembly and Top cover.
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4.9 COMMON MODE NULL ADJUSTMENTS
(Refer to Diagram 480561 Page 11.10-1 & Diagram 480604 Page 11.18-4)

The procedure ensures that after replacement of Outguard Power Supply, Mains transformer or Mother Assembly, any power
supply noise breakthrough on the Lo or Guard terminals is adjusted to a minimum. Resistor R12 on the Outguard Power Supply
Assembly (accessible through a hole in the Top earth shield) is adjusted to minimize the voltage between Lo and Ground. On the

Mother Assembly (accessible through a hole in the Bottom ground shield) R25 is adjusted to minimize noise between Guard and
Ground.

49.1 Test Equipment Required

Oscilloscope (with AC input and sensitivity to 100mV/div).

492 Initial Conditions

Remove Top and Bottom covers.
Ensure all guard/earth screws are correctly tightened.

493 Procedure
a. Set 4708 to AC 10V range with Output OFF.
b. Ensure that the OUTPUT display is 0.000,00 V with local guard selected.
¢. Connect the oscilloscope AC input to the 4708 Guard terminal and the oscilloscope Ground to the 4708 Ground terminal.
d. Locate R12 on the Outguard Power Supply aséembly (accessible through the hole in the Top ground/guard assembly)
e. Select OUTPUT ON and adjust the oscilloscope controls to obtain the line related noise waveform.
f.  Without touching the Top ground/guard assembly, adjust R12 for minimum waveform amplitude.
g. Select Remote Guard and obtain a noise waveform.
h. Locate R25 on the Mother pcb assembly through the hole in the Bottom ground/guard assembly
J- Without touching the Bottom Ground Assembly, adjust R25 for minimum waveform amplitude.

Repeat procedure from step (b.) to step (j.) until minimum waveform amplitude is obtained.

=

L Select OUTPUT OFF. Disconnect the oscilloscope.

494 Return to Use
a. Refit Top cover.

b. Refit Bottom cover.
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410 SENSE AMPLIFIER ZEROS
(Refer to Layout Drawing 480844)

The sense amplifier, situated on the AC Assembly, is provided with access holes located in the Top ground/guard shield. In the

following procedure the reading and adjustment steps are always taken with the 4708 OUTPUT ON and at one-tenth of the selected
Full Range value.

4.10.1 Test Equipment Required

Digital voltmeter
(Datron Instruments model 1081 or 1071).

4.10.2 Initial Conditions

Remove Top cover only.

4.10.3 Procedure

a. Connect the DVM Hi to TP5 on the AC Assembly (accessible via the hole in the upper guard shield). Connect its Lo to
the 4708 Lo terminal. On the DVM select the DC 10V range with filter in.

b. On the 4708 select the AC 100V range, set 10V and 1kHz output. Select OUTPUT ON and adjust R122 for a DVM
reading of less than 200LV.

c. On the 4708 select the AC 10V range, 1V output. Select OUTPUT ON.

d. Note the DVM reading.

e. On the 4708 select the 1V range, 100mV output. Select OUTPUT ON.

f. Note the DVM reading.

g. Adjust R107 on the AC assembly to set both (d.) and (f.) readings to less than 200pV.

h. Repeat procedure from (b.) to (g.) until readings are correct and the difference between all ranges is less than 400uV
taking polarity into account.

TV o aven e ¢l XINA
LI ATELE .

4.10.4 Return to Use

Refit Top cover.
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PART 2 TECHNICAL DESCRIPTIONS

SECTIONS5  PRINCIPLES OF OPERATION

j DC Voitage
100pV - 100V

Ranges

isolation
Barrier

1
|
|
I
|
]
!

Option 10

In

Guard Guard

DC Voltage
1000V Range

DC Reference

Precision
Reference

Quasi-sinewave ) AC Voltage
1000V Range

AC Reference

Option 20

Sinewave
Synthesis
and Shaping

Micro-
Processor
System

AC Voitage
1mV - 100V | Output
Ranges Switching

Reference Refersnce
Frequency | Sinewave
|

Remots
Inputs & Outputs

AC Current

100pA - 1A
AC Ranges
Current
Control Ref
| & Status
Signals
1 Option 30
1
|
{ DC Current
| 100pA - 1A
be Ranges
| Current 9°

Resistance
10Q - 100MQ
Ranges

FIG. 5.1 4708 SIMPLIFIED BLOCK DIAGRAM



5.1 BLOCK DIAGRAMS

5.1.1 SIMPLIFIED BLOCK DIAGRAM

Figure 5.1 illustrates the general functions and signal flow within
the 4708.

51.2 GENERAL DESCRIPTION

The Datron 4708 Autocal Multifunction  Standard
mainframe comtains just a microprocessor system and IEEE-
488 interface. To provide any useful function, one or both of
Options 10 and 20 must be installed.

Option 10 provides the 4708 with the capability of sourcing
DC Voltages in decade ranges from 100pV to 1000V, with
accuracies and capabilities published in Section 6 of the User's
Handbook.

Option 20 provides the 4708 with the capability of sourcing
AC Voltages in decade ranges from ImV to 1000V, at variable
frequencies between 10Hz and 1MHz, with accuracies and
capabilities as described in Section 6 of the User's Handbook.

Option 30 adds the functions of DC and AC current ranges,
and eight accurately defined resistor values, in decades.

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

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/QQ) and 5.4
(AC) break the main functional divisions into smaller blocks.

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

5.2 INPUTS

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

+ The TEEE 488 bus system provides remote conirol 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.

5-1



54 PRECISION REFERENCE
(Fig. 5.2)

54.1 AMPLITUDE REFERENCE

The circuits produce a DC reference voltage which can be set between
OV and £20V for DC outputs, and between +0.126V and +2.794V
for AC outputs. The value of the reference is set by the value on the
OUTPUT display, modified in software by range scaling and
calibration corrections.

For DC, the range-scaled sense voltage is compared directly with the
reference - the resulting error controls the DC output value directly.
For AC outputs it determines the amplitude of the 'quasi-sinewave', a
stepped waveform which is used as the AC amplitude reference. This
operates in the error sensing loop, having a shape whose crest factor
closely approaches that of a true sinewave.

The circuitry is divided into four main areas:

a. The period division comparator, outside guard, consists of a

ffectively of 25 bits. The
ICCLIVELY Ol 40 Dibd. LIS

binary counter and comparator, both ef
counter is driven by a crystal-controlled clock; the comparator
being set by latched data from the microprocessor system.

‘When the binary count matches the data set in the latches, the
comparator produces a switching pulse (reset). The counter fills
to overflow point, at which the comparator produces a second
pulse (set). Thus accurate mark-period timing is generated.

b. The switching integrator receives the pulses across guard. They
are used to drive solid-state divider switches, chopping the output
from a very stable 20V DC Master Reference. The resulting
square wave is very accurately defined, both in mark-period ratio
and amplitude. Integration of the square wave, by an active low-
pass filter with high rejection at the chopping frequency,
generates the DC Reference voltage.

¢. For DC outputs, the selected output polarity controls a switch
which inverts the DC Reference for negative outputs.

d. For AC outputs, a negative version of the DC reference is
generated by inversion. Both positive and negative versions are
passed to the quasi-sinewave generator, which sets the positive
and negative inputs to a potential divider, whose centre-tap is
tied to reference common.

The outputs from the divider are selected in ten equal time-steps
by digital logic, the ratios being selected so as to produce a

5-2

periodic signal of quasi-sinusoidal form. The Crest Factor of
this signal (Peak value divided by RMS value) is 1.397, close to
that for a pure sinewave. The RMS ratio of sinewave to quasi-
sinewave is stored during calibration, and reapplied as correction
during normal use.

Because the amplitude of the quasi-sinewave depends on the
value of the DC Reference voltage, its settling time to a stable
value is determined by the 7-pole DC reference filter.

For accurate sine/quasi-sine RMS comparison, it is important
that both the quasi-sinewave steps and the comparator sequence
are synchronized to zero-crossing points in the sensed output
sinewave. This is ensured by first:

including the divide-by-ten logic of the quasi-sinewave

generator as part of the range-divider chain for the frequency
synthesizer,
and then:

feeding the quasi-sinewave frequency to the comparator to
synchronize the ten-step sequence which controls the RMS
comparison process.

5.4.2 FREQUENCY REFERENCE

‘When the 4708 is operating in AC function, its internal
frequency reference is derived from the 13-bit counter in the
Precision Reference out-guard circuitry. The counter is tapped
at 16kHz, which is fed directly to the synthesizer to establish
the frequency of the VCO oscillation.

For users who wish to lock the output frequency of the 4708 to
an external frequency source, a phase-locked loop ensures that
the 16kHz reference frequency phase is tied to that of the
external Reference Frequency. With comrect frequency selection
on the front panel, this ensures that the 4708 output frequency
locks to the external reference frequency.

This function is performed in the External Reference Frequency
Buffer.



5.5 ANALOG CONTROL
(Fig.5.2)

The analog circuitry is controlled by data held in a 48-bit in-guard
latch. The microprocessor regularly updates the latch contents, using
the serial link to pass the data (through opto-isclators} across the
isolation barrier. Certain analog status signals are returned to the
microprocessor, also using the serial link.

5.6 DC VOLTAGE OUTPUTS
(Fig. 5.3)

5.6.1 LOW VOLTAGE -
100uV TO 10V RANGES

5.6.1.1  Power Delivery

The basic DC range of the 4708 is 10V (19.999,999V FS).
The 10V range output is derived from a buffered 'Error
amplifier, which compares the sensed output directly with the
DC Reference.

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

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

The 100mV attenumator also serves the 100uV, ImV and 10mV
ranges. Output values on these ranges are set purely by scaling the
DC reference in software, and the consequent reduction in output
resolution available is matched by the resolution of the QUTPUT
display.

5.6.1.2  Sensing

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

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

5.6.2 HIGH VOLTAGE - 100V RANGE

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

5.7 AC VOLTAGE OUTPUTS
(Fig.54)

571 SINEWAVE SYNTHESIS
AND SHAPING

To control AC cutputs, the frequency synthesizer and quadrature
oscillator together generate a reference sinewave of stable amplitude

and high purity.

57.1.1 Frequency Synthesis

The user-demanded frequency is related to frequency range selection,
and is expressed as a binary number 'n’ by the microprocessor. It is
passed into guard together with binary-coded frequency-range data, to
control the frequency of the synthesizer.

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

In the synthesizer, binary subdivisions of 'n' switch the capacitors of
a voltage-controlled oscillator, adjusting its relaxation time-constant
so as to cover five possible frequency bands within each frequency
range. The VCO output frequency is divided by 'n', then phase-
compared with the 8kHz reference. The integrated output from the
phase comparator controls the charge and discharge current of the
capacitors in the VCO.

Thus the VCO frequency is adjusted to: n x 8kHz.

The frequency range data is decoded and used to define division ratios
in a series of frequency dividers, which act on the output from the
VCO. The result is the user-selected frequency, to an accuracy of

100ppm.

5.7.1.2  Sinewave Shaping

The quadrature oscillator is approximately tuned to the user-selected
frequency by the binary word 'n’, together with the decoded frequency
range data, which combine to switch its circuit constants. The
oscillator output is applied to a second phase comparator, and referred
to the synthesizer frequency. The comparator output adjusts the
oscillator frequency to that of the synthesizer.

The quadrature oscillator feedback is conditioned to ensure that its

unity loop gain and its 360° loop phaseshift occur together; only at a
specific amplitude, and at the synthesized frequency.

The oscillator output passes as reference sinewave to the VCA.



57.2 VOLTAGE-CONTROLLED
AMPLIFIERS

The output from the quadrature oscillator is applied to two cascaded
voltage-controlled amplifiers. The gain of the second of these (the
1V buffer) is adjusted in coarse sieps; the gain of the first being
adjusted in response to the error between the scaled output amplitude,
and that of the quasi-sinewave reference.

The settling curve of the 7-pole filter in the precision reference
divider is imposed on the 1V buffer slew rate, by using the filter's
DC reference output to control the coarse gain. This signal is
changed into a 10-bit word by an analog-to-digital converter, whose
digital output adjusts the input resistance of the 1V buffer in steps of
1000ppm of Full Scale. As the 1V buffer is part of the error loop,
this adjustment injects an undesirable scaling into the loop.
Therefore, to correct the loop gain, the same 10-bit word is used to
apply inverse scaling to the error signal from the comparator, before
it reaches the first VCA.

5.7.3 LOW VOLTAGE -
ImV TO 10V RANGES

5731 Power Delivery

On the 1V range, the output from the 1V buffer is passed to the I+
and I- terminals directly.

For the 10V range, the 10V amplifier (a X10 amplifier on the Power
Amplifier assembly) is inserted between the 1V buffer and the I+ and
I- terminals.

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

57.3.2  Sensing

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

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

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

5.73.3 Sine/Quasi-Sine RMS Comparator

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

In a strict sense, this circuit does not compare RMS values directly.
Instead, it compares the magnitudes of the mean-squares of its two
inputs, but if these are equal, then the RMS values are equal. The
error loop gain is virtually linear, due to the scaling applied to the
error amplifier.

A cycling sequence is continuously imposed, each cycle having a
duration of ten quasi-sinewave periods. During the first cycle:

a. the reference quasi-sinewave is first squared and integrated as an
analog DC signal (REF), which is memorized in a sample-and-
hold circuit;

b. the sensed sinewave input is squared, the (REF) value is
subtracted, and the result is integrated and memorized as the DC
(SIG) signal in a second sample-and-hold circuit;

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

On subsequent cycles, the (REF) value is also subtracted from the
squared quasi-sinewave, so that both (REF) and (SIG) signals
converge to steady states as the 4708 output reaches the
demanded voltage.

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

574 HIGH VOLTAGE - 100V RANGE

The high voltage loop uses much of the low voltage circuitry; the
only differences being in the power amplification to the range
voltages, and the attenuation of the sensed output down to 1V range
levels.

5.74.1  Power Delivery

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

5742  Sensing

The 1V/10V sense amplifier is not used on the 100V range. Instead,

a separate inverting sense amplifier reduces the sensed sinewave by a
ratio of 100:1.



5.8 1000V RANGES

5.8.1 DC 1000V RANGE
(Fig.5.3)

5.8.1.1 Power Delivery

An AC voltage-amplifier/rectifier system is employed to transform
the DC Reference levels up to the high voltages required for the DC
1000V range.

The error voltage, which results from comparison between the scaled
sense voltage and the DC Reference, controls the amplitude of a
16kHz AC signal output from a DC modulator. The modulated
signal drives the HF step-up transformer via the 100V AC Power
Amplifier. A high voltage rectifier and elliptical filter convert the
AC transformer output into the DC voltage output. Output polarity
is determined by a changeover switch, inserted between the rectifier
and the filter.

5.8.1.2  Sensing

The sensed signal is reduced to DC Reference levels by an
extensively-guarded precision attenuator, before being applied to the
error amplifier.

582 AC 1000V RANGE
(Fig. 5.4)

5.8.2.1  Power Delivery

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

To cover the full frequency range, two transformers with a frequency
overlap are employed. The HF transformer is selected as frequency is
increased above 3kHz, but the LF transformer is used as frequency is
reduced below 3.3kHz. A second feedback loop from the LF
transformer primary only, eliminates any saturation of its magnetic
circuit.

5.8.2.2  Sensing

The amplifier used to sense the 100V range is also employed for the
1000V range. Although the basic amplifier is common to both,
each range has its own input attenuator and feedback ratio. On the
1000V range this ratio is 550:1, and software scales the reference
divider digital input to set the quasi-sinewave to values which at full
scale are equivalent to 1100V RMS. The amplifier output is
compared with the quasi-sinewave in the RMS comparator, the
resulting error signal being used to control the output from the
VCA.

5.9 OPTION 30:
DC/AC CURRENT Outputs;
RESISTANCE Outputs

Option 30 adds a separate PCB assembly which introduces both
DC and AC Current functions, together with the Resistance
function.

59.1 DC CURRENT (Fig.53)

The DC Reference is switched to drive a voltage-to-current converter
(this converter is the current amplifier used for the AC Current
function).

The various ranges are selected by digital control signals from the
microprocessor system. The converter shunts are switched into the
output circuit to scale the current.

59.2 AC CURRENT (Fig.54)

The ACI Reference signal is obtained by activating either the AC
10V range (used for the ImA, 10mA and 100mA ranges), or the AC
1V range (for the 100t A and 1A ranges). This is switched to drive a
voltage-to-current converter, followed by a current amplifier.

Range selection is the same as for DC current output.

593 10A CURRENT RANGE (Fig 53,54)

If the 4708 is fitted with Option 30 (the resistance and current
option), then it has the capability of slave mode control over
the model 4600 Autocal Transconductance Amplifier, extending
the AC and DC Current functions to effectively include a 10A
range, controlled from the front panel or IEEE-488 interface of
the 4708. An analog bus to the model 4600 carries the
reference voltages (either DC or AC) which the 4600 will
‘convert' to an output current, while a digital bus carries status
and control signals between the 4600 and the 4708.

593 RESISTANCE (Fig.5.3)

Eight fixed precision resistors, in a decade range (from 10Q to
100MQ) are switched to the output terminals. The resistors are fully
floating, being selected by relays under the control of digitai signais
from the microprocessor system.

5.10 DATRON 'AUTOCAL'

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

In subsequent use, characteristic equations are applied to the stored
errors to generate software corrections, which are then used to modify
the reference divider ratios and so compensate for the accumulated
analog errors.
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SECTION 6

DIGITAL CIRCUITS; REFERENCE CIRCUITS; POWER SUPPLIES

6.1 DIGITAL

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

« Central processing, with supporting memory, for management
of instrument operation.

»  Storage of calibration constants in non-volatile memory.

« Generation of Master clocks, with clock-waveform shaping.
«  Address decoding to generate contro] signals.

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

» Servicing IRQs from asynchronous sources.

« Interfacing the instrument to the IEEE 488 bus.

The functions are performed by circuits located mainly on the Digital
Assembly (400796). Master Clock generation, synchronization and
division is carried out by circuits on the Analog Interface Assembly
(400648).

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

6.1.1 GENERAL

The instrument is managed by a 6802-series micro-processor system,
under the control of an operating program held in 26k bytes of
EPROM. All front and rear panel controls provide direct inputs to
the system, except for the Power ON/OFF switch and Safety Reset
Key. The system ensures that the processor reverts to a safe state on
power-up and power down.

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

6.1.1.1  Synchronous Operation

The operating program manipulates the internal circuitry by
activating control signals. These result from providing peripheral
decoders with specific address combinations. The program is run at
680kHz cycling frequency, originally derived from a 4.096MHz
master crystal oscillator.

6.1.1.2  Asynchronous Operation

Any Key operation (other than Safety Reset), or one of two internal
conditions, will initiate an asynchronous interrupt (IRQ) which
suspends the CPU's current task. The CPU absorbs the new
instructions, rearranges its schedule to conform to the demanded new
configuration, then continues with the interrupted task untl it is
completed. Finally it returns to the initial operation of the amended

schedule and proceeds synchronously.

Three main sources of interrupt are used:

« Remote Command via the Digital Interface

+  Keyboard Command

« Real-time Clock Pulses (8ms intervals)

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

6.1.1.3  Output Generation

From user inputs of output value, frequency, error and calibration
constants, the CPU computes a binary value to a resolution of 25
bits. This is used to adjust the mark/period ratio of the Reference

Divider switch which ultimately controls the Working Reference
Voltage for the output analogue circuitry.

6.1.1.4  Display Refresh

The gas discharge display is continuously refreshed by cycling
through character data stored in a separate display-image RAM. To
alter the display the processor merely alters the contents of the
RAM.

6-1



(Sect 6.1.9)
\ o e—

|EEE488
Digital
Interface
(Sect 6.1.8)

IRQ /O \ J

KYBD IRC RTCIRQ +8Y 5V
B ! 171

Controi

Address Signals

IRQ Digital Supply \| Decoding
Servicing Fail/Restart - Control
(Sect 6.1.2.6) (Sect 6.1.4) (Sect 6.1.2)

Address

Central Bus
Processing Unit
(Sect 6.1.8)

MEM CLK

to SSDA
and

MEM CLK Keyboard

[EYNG T 1024 409 SYNGY. )
: MHz MHz [ Address
: Clock Waveform :
: Decodi
ek | e Pait
(sscte.r.) Mz l (Sect 6.1.7) (Sect 6.1.2)

WSTRB

p— WSTRB

Program and
C 1t Data
y (EPROM)
(Sect 6.1.2)

Workspace
and Stack
L y (RAM)
(Sect 6.1.2)

Non-Volatile
Calibration
Memory (RAM)
(Sect 6.1.5)

N-V RAM j?"
Supply

Commutator

(Sect 6.1.5.2)

N ———

FIG. 6.1 DIGITAL FUNCTION BLOCK DIAGRAM




6.1.2 CENTRAL PROCESSOR and
PROCESSOR MEMORY
(Circuit Diagram 430796 Pages 11.2-2 and 11.2-3)

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

6.1.2.1 Memory

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

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

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

« Non-Volatile Calibration Memory (M23) - stores all the
calibration constanis used io 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.

6.1.2.2  Central Processing Unit
(Circuit Diagram 430796 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).

6.1.2.3 Address and Data Lines

Address lines Ais.y; are decoded as chip-select signals for the
RAM/ROM circuit, lines Aj3.g are connected to the instrument
address bus. Data lines D7.g are linked via programming plug JL1 to
the instrument data bus.

6.1.24 E, MR and MEMCLK

The 4.096MHz clock inpuat 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
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.

612.6 IRQ

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

« RTC IRQ is a real-time clock occuring every 8ms to provide

. - . « ’ M b b
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 QI 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
FEFB, whose contents cause the 6802 to re-initialize the system.

6.1.2.8 Read-Write Line R/'W

The processor sets the R/W line to Logic-1 when it is in Read state,
and Logic-@ when it has data 1o write into the addressed device. The
R/W signal is passed only to the SSDA on the Analogue Interface
assembly, and to the IEEE 488 GPIA (M29). All other devices
which require read-write control, operate from the RD STRB and
WRT STRB signals generated from R/W by M49/50.
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6.1.3 SOFTWARE OVERVIEW

The software management organization is shown in Figure 6.2. The
machine cycle progresses through the task schedule as illustrated,
being interrupted by the demands of activities dependent on real time,
and those dedicated to local and remote commands. Real time and

command interrupts suspend the current activity of the processor so
that the immediate task can be serviced. The processor then resumes
the suspended task and continues with the programmed routine,
accounting for any alterations introduced by the interrupt.

6.1.4 DIGITAL SUPPLY:
FAIL/RESTART CIRCUITRY

Power-up, restart and shut-down of the digital circuitry are performed
in a controlled sequence to safeguard against both hardware and
software failures. The Safety Monitor (Watchdog' - Section 6.4.6)
maintains a continuous surveillance of the software management, and
shuts down the instrument in the event of a failure either in the
digital control circuits or in software management.

6.1.4.1  Power-up Sequence
(Circuit Diagram 430796 Page 11.2-2)

Power-on is first sensed by the Supply Fail Detector circuit. This
draws its supplies from the +8V DC unregulated supply, which is
the first of the power supplies to rise to a working level. The
comparator circuit of M28 has a nominal threshold of +7.1V, above
which a good working level of the +5V DC supply is assured.

As the +8V supply rises, but still below +7V, M28-2 follows until
the Zener D6 avalanches, when it is held at +2.45V. At this level

M28-3 voltage is less than 1V, so M28-1 remains at OV holding the )

‘D' input of M8-5 at Logic- and M7-3 at Logic-1. Thus M8 and
M9 are held in reset, initiating and maintaining the following states:

a. M8-2 (Q) at Logic-1, PWR ON RST active. This signal is fed
to the Front Panel assembly, holding the keyboard encoder M6
in reset, and disabling the LED cathode driver decoder M4,

b. M6-4 at Logic-@, PWR ON RST active. This signal holds the
microprocessor M34 in reset state. The VMA output at M34-5
is held at Logic-@, disabling address decoder M3, setting all M3
address outputs to Logic-1. This combination sets M5-13 to
Logic-1, but the Logic- at M6-2 sets Logic-1 at MS5-11,
ultimately setting Logic-1 at M7-2.

The Logic-@ of PWR ON RST also holds the [EEE 488 GPIA
M29 (page 11.2-4) in reset. It is also fed to the Analog Interface
assembly where it holds the SSDA M44 in reset.

When the +8V supply rises above about +7.1V, M28-3 voltage rises
above the +2.45V on M28-2, so M28-1 rises to place a Logic-1 both
on M8-5 (D input) and M7-1. MT7-3 thus falls to Logic-@,
removing the resets from 14-bit counter M9 and restart flip-flop M3.
So M8 is enabled to receive its clock from M9, which itself starts to
count its own 2.048MHz clocks.

At full count, 8ms after M9 is enabled, M9-3 clocks M8. As M8
'D’ input is already at Logic-1, this is clocked to M8-1 (Q), with
Logic-@ to M8-2 (Q). The PWR ON RST and PWR ON RST
signals revert to their inactive states, and start-up proceeds:

a. PWR ON RST at Logic-9:

On the Front assembly, enables keyboard encoder M6 and LED
cathode driver decoder M4.

b. PWR ON RST at Logic-1:

i. Removes reset from CPU M34, allowing the software to
initialize; and also removes the reset from the IEEE bus
controller M29 (page 11.2-4).

ii. Removes the reset from the SSDA M44 on the Analog
Interface assembly.

¢. M8-1 to Logic-1:

i.  Provides an enabling input to M10-1
(See Non-Volatile RAM Supplies - Section 6.1.5).

ii. Triggers monostable M53-4. This monostable has a
relaxation period of 470ms, during which time it holds the
FP RST output at Logic-@. On the Reference Divider
assembly this allows the Watchdog circuits to reset.
(See Section 6.4.6)

iii. Enables the Real-Time Clock' IRQ via M7-13 and flip-flop
M8-10. The actions of M9, M8 and M351 interrupt the
software routine every 8ms. 'RTC IRQ' sets five external
states onto lines Dy ¢ of the Data bus (M36 and M37), and
forces the CPU to observe them.

Address decoder M51-5 is normally held at Logic-1, so the
Logic-1 at M7-11 and M8-10 allows M9-3 clock to affect
the RTC IRQ output at M8-13. For so long as the +8V
supply holds above +7.1V, M9 continues cycling through
its full count, clocking M8-11 to initiate the RTC IRQ at
8ms intervals.

The CPU terminates each RTC IRQ service sub-routine by
addressing M51, pulsing M51-5 (M7-12) to Logic-@ (Real-
time clock reset 'RTC RST). M7-11 and M8-10 are pulsed
to Logic-1, resetting M8-13 (RTC IRQ) to Logic-. At
the next full count of M9; M8-13 is once again clocked to
Logic-1, initiating another RTC IRQ.

Pulses from M9-3 regularly clock the binary state of M8-5 through
to M8-1, monitoring the supply status. When running normally,
M8-5 and M8-1 are both at Logic-1. If the supply fails, M8-5
reverts to Logic-@, but M7-1 at Logic-@ provides a fast reset setting
M8-4 to Logic-1 without waiting for the next clock pulse. M7-3
also resets the 8ms counter to zero count at M9-11.
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6.14.2 CPU Re-start
(Circuit Diagram 430796 page 11.2-2)

Memory addressing by the CPU is monitored by the NAND logic of
M4, M5 (four elements) and M7-3. In the correct addressing
sequence there are two basic conditions:

« Invalid memory address:
CPU VMA = Logic-@,
and M3 outputs (Dg 7) = Logic-1.

« Valid memory address:
CPU VMA = Logic-1
CPU E = Logic-1
M3 outputs (Dg.7) = One address line set to Logic-@

Beth these conditions disable M5-11, setting a Logic-@ at M7-3
which allows the clock M9 and flip-flop M8 to function ncrmally.
The possibility of a glitch occurring at the change-over between the
two conditions is gated from the control line by switching at M5-5.

Incorrect addressing sequence in the CPU would be shown by:

+ CPU VMA = Logic-1, and E = Logic-1, the CPU indicating that
it has selected a valid external address;

= All M3 outputs = Logic-1, no address is selected.
This situation is most likely with a software failure. The logic
control path via M4 and M5 now gives a Logic-@ at M7-2 and thus
a Logic-1 at M7-3 which:
= Resets counter M9 1o zero;
= Forces M8-1 to Logic-@. This forces RTC RST at M7-11 and
removes an enable from M10-1.
(See Non-Volatile RAM Supplies Section 6.1.5 )
o Forces M8-2 to Logic-1. This change:
Resets the CPU by M34-40 to Logic-@. VMA is forced to
Logic-@ which in its turn removes the reset from M9-11 and

M8-4 via M6-2 (Logic-@), and the M4/M5/M7 control path.

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

After 8ms from CPU reset, flip-flop M8-3 is triggered from clock

M9. M8-1 and M8-2 change state and the start-up sequence proceeds
again.

6-6



6.1.5 NON-VOLATILE RAM

6.1.51 'NV INHIBIT' Signals
(Circuit Diagram 430796 pages 11.2-2 and 11.2-3)

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

Conditions for normal running are as follows:

- Supply fail detector circuit provides a Logic-1 (supplies valid)
output to opto-coupler M11. This acticn causes its optically-
counled transistor to conduct and hold M10-2 at [ ngig-'l

COUpk 1o conauct an g viiv-2al 2.0 1.

« MI10-8 is held at Logic-1 {to +5V via Ré6).
«  M10-1 is held at Logic-1 by flip flop M8-1.

The above conditions ensure a Logic-1 output from M10-10 (by
holding NV INHIBIT inactive).

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

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

At power-down, or in the event of a supply failure, NV INHIBIT
becomes active before +5V supply fails:

The first indication of supply failure is made by supply fail
detector M28 output going to Logic-@. This cuts off the opto-
coupler M11 which takes M10-2 to Logic-@. M10-8/12/13 are
held at Logic-1 by the +5V supply, thus M10-9 is taken to
Logic-1 and M10-10 to Logic-@ (NV INHIBIT active).

In the event of a CPU reset, the NV INHIBIT is made active for the
period of teset by the switching action of M8-1 and M10-9.

6.1.5.2  Supply Commutator
(Circuit Diagram 430796 page 11.2-3)

This circuit provides the non-volatile RAM M23 with a battery-
driven standby supply when the instrument is in the power-down
condition. It also ensures continuity of supply during the change-
over period between normal (line) operation and standby, minimizing
battery current leakage.

In the power-down condition, the battery powers M10 and M23,
returning from battery common (TP13) via D7 and R60. The battery
common is isolated from the general common 5A by transistor Q2,
which is cut-off.

During power-up, M28 is powered from the +8V supply before the
+5V supply voltage becomes established. As long as the +5V
supply voltage is less than the battery voltage, Q3-4 is biased
negatively, and Q3 is unbalanced in favour of heavy conduction
through Q3-6. M28-5 is held low, and M28-6 high as the +5V
supply voltage increases, so M28-7 remains at Common-5A
potential, and opto-coupler M39 is not energized. Q2 stays off,
maintaining isolation of the battery supply from Common-5B. M10
and M23 remain powered from the battery.

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

When the +5V supply voltage exceeds the battery voltage, Q3
becomes biased in favour of heavy conduction through Q3-2, pulling
M28-6 low and reversing the differential input to M28. M28-7 rises
to the +8V rail and energizes the opto-coupler M39, which switches
Q2 on, connecting common-5A to the battery common. M10 and
M23 are now powered from the +5V supply and the standby battery
is isolated by reverse-biased diode D7.

During power down, Q3 compares the +3V supply against the
battery, switching Q2 off via M28 and M39 when the +5V supply
voltage falls below the battery voltage, and the non-volatile RAM
supply commutates to standby battery. ~ Alternatively, Q2 is
switched off by failure of the +8V supply to M28 if this occurs
before the +5V supply voltage falls below the battery voltage.

Eventually the +5V and +8V supplies both fall to zero, the battery

provides the supply to the non-volatile RAM, and battery common
is isolated from Common-5A by Q2.
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6.1.6 MASTER CLOCK GENERATION
(Circuit Diagram 430648 page 11.3-3)
(Refer to Fig. 6.3 for waveforms)

r 1 1 i \
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\ FIG. 6.3 MASTER CLOCK WAVEFORMS )

The master clock generator is based on crystal oscillator X1 which
provides a precision 4.096MHz squarewave reference frequency
output.

The primary frequency of 4.096MHz is divided by JK flip flop stages
Ma41, both of which are connected to toggle when clocked. The first
division stage is synchronized at its reset input, M41-3, to the
memory clock via flip-flop M42. This ensures correct phasing of
the 2.048MHz squarewave output from M41-14.

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

6.1.7 CLOCK WAVEFORM GENERATION
(Circuit Diagrams 430796 page 11.2-2
and 430648 page 11 .3-3)

NB As the circuit locations in Fig 6.4 are clearly marked, and
as there are no duplicate designators in the circuits, this
description does not refer to a component's location
except where necessary.

NOTE  To avoid confusion, the terms 'high’ and 'low’ are used to

replace 'Logic-1' and 'Logic-@' respectively in the

following description.

The crystal oscillator on the Analog Interface Assembly provides a
4.096MHz Master Clock signal (X1-8) for the whole instrument.
This drives the 6802 CPU at M34-39 (EXTAL) so M34-38 is not
connected. M41 divides 4.096MHz to generate a 2.048MHz clock
for the Memory Clock Stretching Circuit (M35/M49).
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The CPU (M34) divides the EXTAL input internally by 4 and
outputs the result as E (Enable) at M34-37, to act as a 'Phase 2
Memory Clock for the SSDA on the Analog Interface and the
keyboard controiler on ihe Froni assembiy.

If M34-3 (MR-Memory Ready) were permanently held at +5V, the E
signal would be 1.024dMHz. But in the 4708, a 'stretching’ circuit
(M35/M49) doubles the Logic High (+5V) time of E by switching
MR to Logic Low (0V) for part of the cycle. This is shown on
Fig.6.4.

The frequency of E is thus reduced to approximately 680kHz, with
lus available for data access to the SSDA, Keyboard Controller,
IEEE GPIA and memory.

6.1.7.1 Memory Clock Stretching Circuit
(Fig. 6.4)

The action of M35 and M49 is dependent upon the finite propagation
time between clocks at M35-1/M35-6 and Q output at M35-15.
When M34-3 (MR) is +5V; M34-37 (E) is toggled by alternate
positive-going edges of the 4.096MHz clock, with a propagation
delay of approximately 80ns. Also, the 4.096MHz signal is divided
by 2 in M41, resulting in 2.048MHz signal whose negative-going
edges clock M35. M35 cascade action is controlled by the condition

of the Memory Clock (E) and affected by its own propagation times.

6.1.7.2  Shaping Action (Figs. 64 and 65)

At T1 and T2: The 4.096MHz clock edge at T1 causes E to rise
from low to high at T2. As M35-10 is also high, MR changes from
high to low at T2, holding E high. M35 pin state is 4 and 10 high,
9, 12 and 16 low.

At T3: The 2.048MHz falling edge clocks M35, and M35-9
rises to high awaiting the next clock edge (not until T5). M35-10
also remains high, so MR is held low and E stays high.

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

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

At Té6: The rising edge of the 4.096MHz clock causes E to fall
to low, setting up M35-4 to low, M35-12 and 16 to high.
(M35-9 is already high.)

At T7: M35-10 is toggled to high, but as M49-5 is now low,
MR remains high to allow E to be toggled at the next effective
processor clock edge (not until the next T1). Also at T7, M35-15 is
clocked to low to set M35-9 ready for the next (T3) clock edge. The
circuit is now set up to its initial (pre-T1) condition so the action
repeats.

Note:

A remote possibility exists, that a severe disturbance could upset the
synchronization of the 'E' signal with the 2.048MHz clock. To
guard against this, M42 acts as a monostable to provide negative
reset pulses into M41-3. Under all normal conditions, these will
occur when M41 is already toggled in its reset state.



For all waveforms: Logic-0 =0V;

Logic-1 = +5V

FIG. 6.5 CLOCK SHAPING WAVEFORMS
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6.1.8 IEEE 488 DIGITAL INTERFACE
(Circuit Diagram 430796 Page 11.24)

The IEEE Interface circuitry is located on the bottom right-hand
corner of the Digital PCB (viewed from the front of the instrument).
M29, M40, M47 and M48 execute and decode interface functions,
and transfer data (input/output).

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

The GPIA is clocked by Memory Clock E, with read or write control
direct from the processor R/W signal at M29-5; and at instrument
power-on, the signal PWR ON RST from the Restart Generator
circuit (M6-4) initializes M29 at M29-19.

Information is passed between M29 and the CPU (M34), via the data
bus Dg-D;. The address switch data is linked to Dg-Dg by tristate
buffers M47. During initialization and at subsequent intervals, the
state of M29-4 (ASE) changes from +5V to OV, enabling M47. The
status of the address switches on the 4708 rear panel is
transferred into M29 via M47 and the data bus for comparison

with the received address.

M40 and M48 are bidirectional bus-driver arrays. The drivers for bus
management lines: IFC, ATN and REN are permanently held in
Receive state, and the SRQ driver in Transmit state. The EOI line

6.1.9 MODEL 4600 DIGITAL INTERFACE
(Circuit Diagram 430796 Page 11.2-3)

The processor communicates with the 4600 using 9 signals in the
digital bus. Eight signals are controlled by the processor using the
PIA M26, which drives the digital bus via the IEEE bus buffer M25.
The signal IDIGBUSON is driven from +5V (circuit diagram 430604-
2.0 page 11.16-4) so that the model 4600 may detect that the 4708 is
turned on.

The data on the digital bus IADO to IAD4 is bi-directional so model
4600 control data can be written from the model 4708, and status
information read back. Writing occurs when signal IWR pulses low
and reading occurs when the signal IRD pulses low. When IA/D is
low, they are in data mode as described, when high, they are in
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driver is switched from Receive to Transmit by M29-28 (T/R1)
changing from OV to +5V as required by M29. M29-27 (T/R2) is

normaily held at OV for reception of system data via DIO; g bus
lines, and set to +5V for instrument data to be sent over the bus.

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

Difficulty has been experienced with certain controllers in that
NDAC can transfer data on to the bus too early. Resistor R62 and
capacitor C7 slow down the transitions of NDAC to overcome this
problem.

M29-40 (IRQ) is used to inform the CPU when certain states occur.
In particular, the IRQ 1O signal is generated at each byte-transfer over
the bus, whether the byte is sent or received. Additionally, IRQ IO
is activated whenever certain specific commands are received, e.g:
'DAC', 'SPA/, and changes between Remote and Local Status.

When the CPU receives IRQ IO, it addresses M29's Tnterrupt’ Status
Register, then M29 identifies the reason via the instrument data bus.

For further information refer to 'Getting Aboard the 488 Bus'
published by Motorola, or the appropriate device data sheets.

address mode. The address mode is used during a write or read to
determine which address is to be written or read. The 4600 latches
the address on lines IADO to IAD4 when IA/D is high and TWR
pulses low. All subsequent writes and reads are to this address untill
another address is latched. The 4600 uses only addresses 0,1,2 and 3.
The remaining addresses 4 to 31 are reserved for future expansion.

The processor reads the 4600 status registers each 40ms to check for
malfunctions, that the analog bus is connected, and the status of the
on/off keys. The digital bus is reset by driving both IWR and IRD
low, either by the processor or M24 (ie BARK DEL (OG) is set).



6.2 KEYBOARD
(Circuit Diagram 430558 Page 11.1-1)

The circuitry described in this section performs the following
functions:

+ Provides front-panel operator control of instrument Output,
Function, Range and Mode circuitry, by push-button keys.
Key operation is detected internally and transferred to the CPU
via the instrument data bus.

« Indicates the present instrument state by means of LEDs fitted
in the keys.

+  Generates audible warning of errors, failures, and high voltage
at the Output Terminals.
(Also see Circuit Diagram 430648 Page 11.3-3)

In addition a rocker switch sets instrument Power ON and OFF
(refer to Section 6.7) and a 'Reset’ key provides a hardware reset for
the safety monitor (Watchdog) circuits (refer to Section 64). The
circuitry is located on the Front PCB Assembly (400558), linked

to the CPU by control signals and the data bus.

6.2.1 KEY and LED MATRICES

The keys are electrically arranged in an 8 x 7 matrix as shown in
the circuit diagram. The seven columns are scanned by MS5; any
key contact is detected on one of the eight remuim lines RLg,
memorized by M6, and signal KYBD IRQ is passed to the CPU.
The CPU responds by interrogating M6 Keyboard memory and
acting on the specific key command.

The LEDs in the keys are electrically arranged in an 8 x 4 matrix.
The four rows are scanned by M4, and the eight columns receive
the appropriate bit patterns from M6 display memory. This
memory is up-dated as required from the CPU data bus Dy-D.

6.2.2 PROGRAMMABLE INTERFACE M6
(Fig. 6.6)

M6 interfaces the keyboard and LEDs to the instrument data bus.
It is addressed by KYBD CS from the Digital assembly, to chip-
select CS which enables commands or data to flow via the data bus
at DBg.7. The CPU sets address Ag to Logic-@ for data flow; but
for programming the interface for mode change or during
initialization, Ay is set to Logic-1.

6.2.2.1 Read/Write Control

The WRT STRB signal from the Digital assembly is applied to
M6 WR. Data or Command is input to M6 from the CPU data
bus during WR low and CS low, and is latched on the WR
positive- going edge.

The RD STRB signal from the Digital assembly is applied to M6
RD. Data is output from M6 on to the data bus during RD low
and CS low.

6.2.2.2 M6 Initialization

Switching power on to the instrument causes M6 to be cleared by
the PWR ON RESET pulse from the Digital assembly. The
interface is then programmed during initialization as follows:

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

b. An inherent division by 16 reduces the scan clock to
S5kHz giving a scan cycling frequency of 333Hz.

c. Encoded Keyboard Scan:
The scan output from SLy 4 is a 4-bit count.
SL; is not used; SL,.; scans M4, SL, , scans M5.

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

e

Display Mode:
»  Eight character left entry for the LED display.
» Inter-digit blanking:

all 1's on By3 and Ay 3 between digits.

6.2.23 M6 Reprogramming

The Frequency Store key and the 13 dual ) keys have a
reprogrammable function. When one of these keys is pressed, the
P8279 is reprogrammed into Scanned Sensor Mode. When
released, the P8279 reverts to Encoded Keyboard Scan Mode.

[ h
ov_}\_ D ——E

Power ON

Reset

Koy Return Lines
{Matrix Rows)

Memory Clock ———n——f CLK

880kHz

Encoded Scan to M5 & M4
When decoded, selects:

+ Key Matrix Columns
LED Matrix Rows

KYBD IRQ @—me—t INT

KYBOCS —— w5

RDSTRB o 55

Address bit A, ——— A,
COMMANDS =t
{InMiation and
Mode change)

FIG. 6.6 M6 INTERFACE (P8279)
L -SIMPLIFIED SCHEMATIC )
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6.2.3 SCAN DECODING

The encoded scan output from M6 (approximately 333Hz cycle
frequency at SL,_¢) is decoded by M5 to energize each key-matrix
column line once every scan cycle. SL,; scan outputs are also
decoded by M4A to energize each LED-matrix cathode driver once
in every scan cycle for a period of two digits.

6.24 KEY SELECTION

The keys are electrically grouped within a matrix of 8 rows of 7
(one position vacant - the Reset key is not part of the matrix).
This does not conform to their physical grouping on the front
panel. Each of the eight return lines RLg ; defines a matrix row,
whose seven elements are scanned by M5 (Low active).

The keyboard memory RAM in the P8279 (MS6) is an image of the
key matrix, internally synchronized to the SLj o column scan, and
receiving row inputs from RLg.7. It thus stores the state of each of
the 55 keys. The use of 2-key lockout rejects two or more
simultaneous contacts. Any single key depression is debounced,
initfating the interrupt KYBD IRQ to the CPU which then
interrogates the keyboard image RAM in the P8279.

The next action depends upon the key's function:
a. N Kkey pressed:

i. M6 is reprogrammed into Scanned - Sensor mode for as
long as the key is pressed, the CPU acting on the key
information.

ii. If a single tor § key is held down for longer than half a
second, the display enters 'auto t! ' mode, running at about

3 digits per second.

fii. When the key is released, M6 is returned to Encoded
Keyboard Scan mode.

6-12

b. 'Store' key pressed:

i. M6 is reprogrammed into Scanned - Sensor mode for as
long as the key is pressed, the CPU acting on the key
information.

ii. If an F1 to F5 key is pressed while ‘Store’ is held down,
the appropriate frequency memory location is accessed, and
the output frequency is reset to the value in the memory.

iii. Whenthe'Store'keyisreleased, M6isreturnedto Encoded
Keyboard Scan mode.

¢. Any other Key pressed (not Reset’):

i. M6 remains in Encoded Scan mode; the scan continues as
the CPU is acting on the key information.

ii. KYBD IRQ interrupts are generated only by the low-going
edges of the key contact pulses, so M6 remains sensitive to
subsequent key depressions.

6.2.5 KEY LED OPERATION

After performing the change requested by the key depression, the
CPU changes the bit-patterns stored in M6 internal display RAM.
As this is scanned internally in synchronism with the decoded
outputs of M4A, each output byte of Bg.5 / Ag3 drives the row of
LEDs accessed by M4A output lines.

The bit-pattern of the byte selects the LEDs to be lit in that matrix
TOW:
B3/ Ay bits at: Logic-1 = LEDs unlit;

Logic-@ = LEDs lit.

During changes of output between successive bytes, all the lines
from Bg3 / Ag 3 are set to Logic-1 to avoid spurious LED flashes.

Transistors Q25-Q32 drive the LED anodes, from a +5V supply
regulated by M2. Darlington amplifiers Q21-Q24 drive the LED
cathodes.



6.2.6 AUDIBLE WARNING BUZZER

There are two reasons for an audible wamning from the calibrator:

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

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

6.2.6.1 High Voltage State Alarm Control
(Circuit Diagram 430558 page 11.1-1)

M4B and M1 act as a control latch for the quartz warning buzzer.
With ALARM at Logic-1 (+5V) M1 remains unchanged; but with
ALARM at Logic-@ (OV) the state of M1 depends on the condition
of the Ag line:

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

— A

ENABLE—4 |« LATCH DISABLE— |+ LATCH
| |(ENABLED) | l(DISABLED)

=0 b
e VD, [
I

I
I
|
I
I
I
|
|
I

I
| |

.

HF Tone from M1-9. I |
(LF Tone is separately switchad)

il

M4B / M1 Truth Table

Es Ag | Qop | Qg M1-8 BUZZER
(ALARMY | (Ag)
2 2 1 o 1 DISABLED
%] 1 %] 1 %] ENABLED
1 X %] %] NO CHANGE NO CHANGE
@ =0V; 1=5V; X =Either 1 or @

FIG. 6.7 ACTION OF BUZZER CONTROL LATCH

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

The waveforms and truth table in Fig.6.7 illustrate the action of
the latch, with M1-13 at Logic-@.

During POWER ON initialization, the combination of ALARM at
Logic-@ and Ag at Logic-@; is applied to M4B to force power-up
in the disabled condition.

The 4kHz HF TONE signal at M1-9 originates in the Precision
Divider counter which is situated on the Analog Interface
Assembly. (Refer to Circuit Diagram 430648 page 11.3-2).

The 500Hz LF TONE signal at M1-13 remains at Logic-@ unless
the Beeper' in the Analog Interface assembly is switched.
(See section 62.6.2).

Note that Ag may be used for other purposes when ALARM is at
Logic-1, but this will not affect the buzzer state.

6.2.6.2 'Beeper' Control
(Circuit Diagrams: 430558 page 11.1-1,

430648 page 11.3-3)

The Alarm Control circuitry on the Front assembly is overridden
for Beeper control. During a Beep', the HF TONE signal is
inhibited, and the LF TONE signal at M1-13 is enabled to control
the buzzer output.

On the Analog Interface assembly (page 11.3-3) the Beeper consists
of a monostable timer and NAND logic. Unless a requirement
arises for a S00Hz warning, the BEEP signal is at Logic-1. Thus
MS55-3 is at Logic-@, so M54-5 at Logic-1 inhibits the LF TONE
signal, M54-4 remaining at Logic-@. M54-8 is at Logic-0
enabling the 4kHz HF TONE, which is passed to the Fromt
assembly at M1-9 (page 11.1-1).

When required, a single Beep' is originated by the CPU pulsing
M34-3 (page 11.3-1) to Logic-O. This is the BEEP signal applied
to the monostable M55-2. M55-3 rises to Logic-1 for approx.
150ms until the monostable times out, then reverts to Logic-@.
M54-8 is at Logic-1 during this period, inhibiting the HF tone and
setting M54-11 to Logic-1. This is passed to M1-9 on the Front
assembly, where it ensures that M1-12 is at Logic-@ to override
any High Voltage alarm. M54-5 at Logic-@ enables the 500Hz
LF TONE signal to pass via M54-4 to M1-13 on the Front
assembly (see page 11.1-1). As M1-12 is held at Logic-@ during
the beep, the buzzer produces 150ms of audible 500Hz output.
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6.3 DIGITAL DISPLAYS

The circuits described in this section perform the following
functions:

» Storage of display data in a Display Image RAM, updated
under CPU control.

+ Generation of multplex count which selects segment data
from the RAM, and energizes the appropriate digital blocks in
synchronism.

» Distribution of high voltage supplies to energize the plasma
displays.

Part of the Digital assembly (400796) houses the display
multiplexer, which includes the display image RAM, the interdigit
and multiplex counters, and control circuitry.

The two plasma displays, the block multiplex decoder, segment
drivers and high voltage circuits are located on the Front assembly
{400558). The block diagram of Fig.6.8 shows the arrangement
and main interconnections of the display circuitry.

6.3.1 GENERAL
(Fig.6.8)

The purpose of the Display Image RAM is to accept and store
current display data, which is read out to drive the display
segments. The Display Block Counter generates a 4-bit count at
2kHz which scans the 11 digit-blocks of both displays in parallel.
The same count scans the RAM, selecting segment information
for each block in turn. As there are two displays, and therefore
two RAM bytes to read for each block, the ' MODE'’ display data is
first entered into a holding latch during the inter-digit blanking
period at the start of the time-slot for its block.

To update the displayed characters, the CPU writes into the RAM
at high speed (680 kHz), using signal XDDSP to comnect the
Address bus through the Address Source Switch to the RAM.
XDDSP also connects the Data Bus to the RAM through the Data
Bus Buffers, writing the new segment data into the selected RAM
Address. The high speed of the wransfer, compared with the much
slower scanning speed in Read mode, avoids spurious effects
appearing on the displays.

Each RAM address contains only 8 bits, but there are nine
segments in each display block. Comma-segment information is
therefore not written into its normal block address in the RAM,
but stored as a bit in a separate 'Commas’ byte, which holds the
data for all eight blocks having a comma. The byte is read out
into a Commas Data Holding Latch, once every block-scan cycle,
and then selected for display by a Commas Multiplexer 8-into-1
switch.

6.3.2 STATIC CONDITIONS

All plasma display block anodes are driven from the +5V supply
and all segment cathodes from the -175V supply. The supplies are
comnected by conduction of anode and cathode driver transistors:

Anodes:
Both Displays - Q10 to Q20,
Cathodes:
MODE display - Q2 to Q9, and Q41,
OQUTPUT display - Q33 to Q40, and Q42.

When not energized, all anodes and cathodes are held at -70V by
the action of 75V zener D17.

To energize a particular block (simultaneously on both displays),
the multiplex decoder causes the relevant anode driver transistor to
conduct, lifting its two anodes to +5V.

At the same time, the two sets of data (for the characters to be
displayed in the two blocks) are extracted from the Display Image
RAM, and applied to the segment cathode drivers. Those
segments selected for illumination are pulled to -175V, striking
the discharge.

Four keep-alive electrodes in each digit block (two anodes and two
cathodes) are maintained at +5V and -175V respectively. This
ensures a rapid strike when a digit is energized, helping to prevent
inter-block 'streaming’.
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6.3.3 WRITE MODE

(Fig. 6.9)
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Whenever the CPU is programmed to update a display (eg. for
Range, Function, Mode or Value change) it sets address decode
XDDSP to Logic-1 with each byte of data to be transferred. This
causes M31 and M33 to select the CPU address lines A4 which
are mapped directly to the RAM address input lines Ay, The
RAM is placed into its write mode by signal XDDSP at Logic-@
(M17-8, TP5, M16-16).

The RAM M16 is divided into two sections, using the address bit
Ay to differentiate between OUTPUT and MODE display images.
When the CPU is loading the RAM with OUTPUT display data, it
sets Ay to Logic-1, passing to set M16-19 (A,) input to Logic-1.
MODE display and COMMAS images are written into M16

with Ay at Logic-@ (M33-4 and 13 at Logic-1 in write mode).
(In Read mode M16-19 is again used to differentiate between the
two image sections).

The signal XDDSP (M17-8) enables the tri-state buffers M1 and
M2, connecting the CPU data bus to M16 data input/output lines
Dg7. With each byte of display data, the CPU also generates the
write strobe signal WRT STRB. This is combined with XDDSP
(M17-6, M16-10, TP4) to enable M16 internal Input/Output tri-
state buffers to accept the data byte (chip select CSy). Once the
display data has been loaded into the RAM, the CPU retumns
XDDSP to Logic-@ and the RAM reverts to Read mode.

6.3.4 READ MODE
(Fig.6.10)

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

6.3.4.1 Display Scan Address Interlacing

(Circuit Diagram 430796 Page 11.2-1)

M31-1 (SEL) at Logic-@ causes the RAM 1o be addressed from the
display block scan, mapping M4iB outputs: Q4B, Q3B, QZB,
Q1B to RAM address input lines: Ag, Aj, A, A; respectively.
This bit-rotation interlaces the exwtaction of display data, in
synchronism with the interlaced block selection by the Front
Assembly Scan decoder.

6.3.42  Block Multiplex Decoding
(Circuit Diagram 430558 Page 11.1-2)

(Figs. 6,10 and 6.11)

The 4-bit Block scan output MUX A3 g from the multiplex scan
counter M41B (dig) is used at DATA,.; input to M3 (on the Front
assembly), which decodes it into a low-active 16-line scan Sis.g.

To strobe the commas, M3 output S generates the signal
COMMA STRB, and its Sy3 terminates each scan by resetting
M41B in the Digital assembly (MUX RESET). Outputs S5, Si4
and S5 are not used.

The other eleven M3 outputs switch transistors Q10 - Q20 on
sequentially, driving the anodes of both plasma dispiays in
synchronism. As can be seen from Fig. 6.1/, the interlace is
maintained to avoid consecutive activation of adjacent blocks, thus
preventing inter-block 'streaming’.
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