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Section 1 - Calibration

SECTION 1 CALIBRATION

1.1 Routine Calibration

The mainfeatures of the routine calibration facilities arc described
in the User's Handbook, covering:

External Calibration Section 8.
Internal Source Calibration Section X
Sdf Calibration Section 4

1.2 Internal Access

The high accuracy of the instrument demands thet its interna
environment remains undisturbed. The manufacturer's
cdlibration certificate is invaidated if cither of the covers is
removed; thisimpliesthat at least afull External Cdlibration with
Internal Source Characterization must follow any intemal access,
such as battery-changing, fault-finding or replacement of PCBs.
Refer to Section 4.

N.B. Any displayed CORRECTIONS ON message refers to
Selfcal corrections, generated by the most-recent self-
calibration. If this was performed before the events
mentioned in the above paragraph, then these corrections
are not traceable to the new External Cdibration and
Internal Source Calibration. The message should be
regarded asinvalid until anew Selfcal is performed.

1.3 Remote Calibration via

the IEEE 488 Interface

The 1281 is designed as a standards multimeter, its levels of
accuracy demanding that it be cdibrated againgt primary
laboratory standards. The traceabilities of such standards are
derived through physical devices which are as yet not remotely
programmable, although thecalibrationfacilitiesd the 1281 are
includedinitsconformity to | EEE488.2,againstatimewhensuch
standards are availableon the bus.

It is possible to characterizean individual cdibration standard
such as the Datron model 4708 at the levelsrequiredto calibrate
a 1281 to its specification. The Datron 'Portocal’ system can be
programmed to perform these tasks automaticaly providing a
4708 in the system isadequately characterized. If the1281isnot
required to operate at its full specification, aregular 4708 in a
remote system (e.g. Portocal) can easily be programmed to
perform this task.

1.4 Special Calibration

The main purpose of this section is to describe four Specia
Calibrations which may be required under certain conditions.
These are listed on the SPCL menu, which is accessed via the
EXT CAL menu when in CAL mode. They are:

Adc Cdlibration of theinstrument's main multi-slope

analog-todigital converter. Refer to paras 1.4.2.

Dac Calibration of the digital-to-anal og converter
used for the optional 'Analog Output' of the

instrument. Refer to paras 1.4.3.

Freq Calibrating the frequency detector responsible
for the frequency readout in the SIGNAL
FREQUENCY menu, whichisaccessed viathe
Monitor hard key then the Freq key in the
MONITOR menu. Thedetector also providesthe
frequency readout used during SPOT CAL

calibration. Refer to paras 1.4.4.

Clearing a section of the non-volatileRAM.
Refer to paras 1.4.5.

CirNv

Special Calibration following Memory Corruption
(e.g. Whenthe bastery which suppliesthe non-volatile calibration
memory has been changed with the power of f - see Section4)

Section 2 (Fault Diagnosi s) describes the device-dependenterror
codes resulting from internal tests. Error codes which are
generated for calibration memory faultsarelisted on page2-15.

Someof theserefer toindividual calibrationcorrectionerrors,and
othersto combined errors.

When faced with any of theseerror codes, please seek advice or
assistance from your nearest Datron Service Center.

When it isdeemed necessary to carry out special calibration asa
result of non-volatile memory corruption, the starting point
should beto clear thecalibration memory before proceeding with
other individual calibrations.

Selecting CirNv in the SPCL menu transfers to the CLEAR NV
RAM menu which offersachoiceof clearingoneor al of three
sectionsof RAM. The selection should be chosen as a result of
consultation with technical staff at the servicecenter.
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Special Calibration Procedures

1.4.1 Entry into the SPCL Menu

Tocarry out anyof thefour special calibrationsitisfirst necessary toenter theSPCL menu viatheEXT CAL menu. TheEXT CAL menu
is protected, and onceactive, theCaltrig key isenabled. For thesereasons, usersarereferred to the'Preparation’ proceduredetailed
on page 8-7 of the User's handbook. Further detailsof the cdibrationfacilitiesare describedin Section 4 of the User's Handbook,
beginning on page4-40; the EXT CAL menu descriptionstartson page 4-49.

The EXT CAL Menu

EXT CAL: Spcl Set Std Spec Lock Quit

Once the EXT CAL menu is active, pressing the Spel soft key transfersto the SPCL menu.

The SPCL Menu

Line Ser# Adc Dac Freq CIrNv Quit

The selectionfor setting theinstrument tothel ocal (50Hz or 60Hz) linefrequency,and accessfor setting theinstrument'sserial number
arealsoon thismenu. Weare not concerned with these here; details can be found in the User's Handbook Section 4 page 4-51.

Thefour special calibrationshighlightedin the above menu diagram are described in the following sub-sections1.4.2 to 1.4.5.

1.4.2 Adc Key
To calibrate the main multi-slope analog-to digital converter. 1.4.2.2 A-D Modes and Resolution
The soft' Adc key calibrates the different resolutions available
from the main A-D converter, so that there are no significant Fast-on Fast-off
differences in readings seen when changing resolutions with a
constant input value. resind+ c D
This calibration is provided for use at manufacture and should "es:"g*‘ 8 2
need no further adjustment during the life of the instrument. :Z;:;; G G
However, if thecalibration storeshave been cleared or corrupted resin8s G a
for any reason (for instanceif the battery has been changed with
the power off); or if asignificant difference is found to exist
between measurements of a congtant input taken at different
resolutions; then Adc calibration may be necessary. 1423 A-D Modes and Power Line Cycles
1.4.2.1 To Calibrate: i
No equipment isrequired,and theinstrument does not need to be A-D Mode Power Line
in any particularfunction or range. Cycles
Oncein the SPCL menu, merely press the Adc soft key. C 3.33ms

D 1

E 4

F 16

G 64




1.4.2.3

List of Error Code Numbers
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If the A -D calibration is not successful, one of the codesin the following table may be presented on the Menu display. If so, it is possible to re
run the individual test associated with the Error Code. Refer to Section 2, page 2-13 for access to the test pathways. As this is acomplex A-l?, it
is stongly recommended that any problems should be referred to your nearest service center.

Error
Code
No.

2030
2031
2032
2033
2034
2035
2036
2037
2038

2040
2041
2042
2043
2044
2045
2046
2047
2048
2049

2050
2051
2052
2053
2054
2055
2056
2057
2058

2060
2061
2062
2063
2064
2065
2066
2067
2068
2069

2070
2071
2072
2073
2074
2075
2076
2077
2078

2080
2081
2082
2083
2084
2085
2086
2087
2088

Test
Pathway
No.

PXXZ
PXXY
PXXY
PXXV
PXXV
PXXX
PXXX
PXXW
PXXW

PXXL
PXXZ
PXXY
PXXY
PXXV
PXXV
PXXX
PXXX
PXXW
PXXW

PXYZ
PXYY
PXYY
PXYV
PXYV
PXYX
PXYX
PXYW
PXYW

PXYZ
PXYZ
PXYY
PXYY
PXYV
PXYV
PXYX
PXYX
PXYW
PXYW

PXzZz
PXZY
PXZY
PXZV
PXZV
PXZX
PXZX
PXZW
PXZW

PXzZz
PXzZz
PXZY
PXZY
PXZV
PXZV
PXZX
PXZX
PXZW

Power
Line
Freq
(Hz)

A-D Mode
(Power Line
Cycles)

D (1)
C (3.33ms)
C (3.33ms)

G (64)

F (16)

F (16)

E (4)

E (4)

D (1)

D (1)

C (3.33ms)
C (3.33ms)

G (64)

F (16)

F (16)

F (16)

E (4)

E (4)

D (1)

D (1)

C (3.33ms)
C (3.33ms)

G (64)

F (16)

F (16)

E (4)

E(4)

D(1)

D (1)

C (3.33ms)
C (3.33ms)

G (64)

F (16)

F (16)

F (16)

E (4)

E (4)

D(1)

D (1)

C (3.33ms)

Rdgs
(Discd)
Avgd

(8)8
(8)8
&8
35
(8)8
(8) 8

(8)8

(8)8
(8)8
(8)8
(88
(8)8
(88
(88
(88
(88

(8)8
8)8
(8)8
(8)8
88
(8)8
(88
(8)8
(8)8

Test
Type

Zero Noise
Zero Noise
Ext Zero Noise
Zero Noise
Ext. Zero Noise
Zero Noise
Ext. Zero Noise
Zero Noise
Ext. Zero Noise

Zero Noise
Ext. Zero Noise
Zero Noise
Ext. Zero Noise
Zero Noise
Ext. Zero Noise
Zero Noise
Ext. Zero Noise
Zero Noise
Ext. Zero Noise

+FR Noise
+FR Noise
+FR + Ext. Zero
+FR Noise
+FR + Ext. Zero
+FR Noise
+FR + Ext. Zero
+FR Noise
+FR + Ext. Zero

+FR Noise
+FR + Ext. Zero
+FR Noise
+FR + Ext. Zero
+FR Noise
+FR + Ext. Zero
+FR Noise
+FR + Ext. Zero
+FR Noise
+FR + Ext. Zero

-FR Noise
-FR Noise
-FR + Ext. Zero
-FR Noise
-FR + Ext. Zero
-FR Noise
-FR + Ext. Zero
-FR Noise
-FR + Ext. Zero

-FR Noise
-FR + Ext. Zero
-FR Noise
-FR + Ext. Zero
-FR Noise
-FR + Ext. Zero
-FR Noise
-FR + Ext. Zero
-FR Noise

Measured Test Limits

Function

Std Devn.
Std. Devn.
Std. Devn.
Std. Devn.

Std. Devn
Std. Devn

Std. Devn.

Std. Devn

Std. Devn.

Std. Devn

Std Devn.
Std. Devn.
Std. Devn.
Std. Devn.
Std. Devn.
Std. Devn.
Std. Devn.
Std. Devn.
Std. Devn.

Std. Devn.
Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.

+FR gain

Std. Devn.
Std. Devn.

-FR gain

Std. Devn.

-FR gain

Std. Devn.

-FR gain

Std. Devn.

-FR gain

Std. Devn.

-FR gain

Std. Devn.

-FR gain

Std. Devn.

-FR gain

Std. Devn.

-FR gain

Std. Devn.

< 0 2ppm

< 0 4ppm

-200ppmR < 50Hz 16pic Zero < +200ppmR
< 1ppm

-200ppmR < 50Hz 4plc Zero < +200ppmR

< 2ppm

-200ppmR < 50Hz Iplc Zero < +200ppmR

< 10ppm

-200ppmR < 50Hz 3 33ms Zero < +200ppmRA

< 0.2ppm

-200ppmR < 680Hz 64plc Zero < +200ppmR
< 0.4ppm

-200ppmR < 60Hz 16plc Zero < +200ppmR
< 1ppm

-200ppmR < 80Hz 4plc Zero < +200ppmR

< 2ppm

-200ppmR < 80Hz Iplc Zero < +200ppmR

< 10ppm

-200ppmR < 60Hz 3.33ms Zero < +200ppmR

< 0.2ppm

< 0.4ppm

+FR - 100ppm < 50Hz 16plc +gain< +FR *+ 100ppm
< 1ppm

+FR - 100ppm < 50Hz 4plc +gain< +FR + 100ppm

< 2ppm

+FR - 100ppm < 50Hz 1plc +gain< +FR + 100ppm

< 10ppm

+FR - 100ppm < 50Hz 3.33ms +gain< +FR + 100ppm

< 0.2ppm

+FR - 100ppm < 60Hz 64plc +gain< +FR + 100ppm
< 0.4ppm

+FR - 100ppm < 80Hz 16plc +gain< +FR + 100ppm
< 1ppm

+FR - 100ppm < 60Hz 4plc +gain< +FR + 100ppm

< 2ppm

+FR - 100ppm < 60Hz Iplc +gain< +FR + 100ppm

< 10ppm

+FR - 100ppm < 60Hz 3.33ms +gain< +FR + 100ppn

< 0.2ppm

< 0.4ppm

-FR - 100ppm < 50Hz 16plc -gain< -FR + 100ppm
< 1ppm

-FR - 100ppm < 50Hz 4plc -gain< -FR + 100ppm

< 2ppm

-FR - 100ppm < 50Hz Iplc -gain< -FR + 100ppm

< 10ppm

-FR - 100ppm < 50Hz 3.33ms -gain< -FR + 100ppm

< 0.2ppm

-FR - 100ppm < 60Hz 64plc -gain< -FR + 100ppm
< 0.4ppm

-FR - 100ppm < 80Hz 16plc -gain< -FR + 100ppm
< 1ppm

-FR - 100ppm < 60Hz 4plc -gain< -FR + 100ppm
< 2ppm

-FR - 100ppm < 60Hz Iplc -gain< -FR + 100ppm
< 10ppm
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Special Calibration Procedures (conud,

1.4.3 Dac Key

To calibratethe digital-to-anal og converter used for the optional 'Analog Output' of the instrument.

Analog Output Calibration

The Analog Output (Option 70) can be provided to givean output
scaled from any Function/Range combination to 1 V Full Range at
low impedance, whosepurposeistodriveal ogging chartor other
recording device.

The Analog Outputiscalibrated at manufacture, and itsaccuracy
is limited to 0.5% by the resolution of the Digital-to-Anaog
converter which producesthe signal. The stability is such that
further calibrationof the D-A should be unnecessary during the
lifeof theinstrument. However, if thecalibration storeshavebeen
cleared or corrupted for any reason (for instanceif the battery has
been changed with the power off); or if an analog output error is
suspectedtobe greater than thespecification; then Daccalibration
may be required.

To Calibrate:

Calibration Method
Cdibration consists of stimulating the D-A from an internal

digital source (representing iiomiiial outpuis), feeding the analog
outputs from the 1/O port back to the front pand Hi and Lo
terminas(so that an output isknown to exist at theI/O port pins)
andusingthe(previoudy calibrated) 1V DCrangetotakeaccurate
measurements. The values of these measurements determine

digital correctionswhich are held in non-volatilememory.

No equipment is required other than the external connections
shown in the diagram.

Once the external signal path has been connected; the analog
output has been enabled; and the 1V DC rangehashbeen selected;
the cdlibration can be performed automatically by pressing the
Dac soft key.

Ensure that the 1V DC range has dready been calibrated.

Connect the Analog Output to the Front Panel Hi and Lo terminalsas
shown in the diagram. The connection between pins10 and 15 of SK 8

enablesthe Analog Outpuit.

P
SK8
I/0 PORT

Pin 8
O/P Hi

Pin 15
O/P Lo

Pin 10
An O/P
Enable

Twisted Pair:
Pin 8 to Hi; Pin15to Lo

Front Panel

N External Connections for Dac Calibration

Sclcct thelV DCrange and enter the SPCL menu viathe EXT CAL menul.

Once in the SPCL menu, merely press the Dac soft key.
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Special Calibration Procedures (conu.)

1.4.4 Freq

To calibrate the frequency detector responsible for the frequency readout i1 both SIGNAL FREQUENCY and SPOT CAL menus.

Frequency Readout Calibration

The frequency of an incoming AC signal can be read out by
pressing the Freq soft key when in the MONITOR menu. The
SIGNAL FREQUENCY menu appears, with a live frequency
reading which changes as the mmput frequency changes. An
indication of the spot number of any calibrated spot frequency is
also given. Refer to the User’'s Handbook starting at page 4-23.

In the STATUS CONFIG menu, access 1s given 1o review the
spot frequencies at which the instrument has been calibrated; by
selecting SpotF. Accuratecalibration of theRM Sgam, at each of
the six spot frequencies which can be allocated to each ACV
range, can be carried out when the instrument is m ACV Spot
Frequency mode Entry tothe SPOT CAL menu is by selection
of Set in the EXT CAL menu.

The frequency detector responsible for the frequency readout in
al the above cases 1s calibrated at manufacture. The frequency
stability of the detector issuch that further calibration should bc
unnecessary during the life of the instrument. However, if the
calibration stores have been cleared or corrupted for any reason
(forinstance if the battery has been changed with the power off);
or if afrequency error is suspected; then Freq calibration may be
required.

Calibration Method

Cdlibration consists of taking a measurement of an accurate
1MHz signal on the 1V AC range, and informing the computing
system that the frequency is an accurate 1MHz. The measured
frequency value containsthe measurement error, which is usedto
determine a digital correction. This is hdd in non-volatile
memory and applied for subsequent frequency readouts.

An accurate 1MHz source is required to provide an external
stimulus at between 0.6V and 5.0V peak-to-peak
Example Datron Model 4708

Once the external signal is injected; the 1V AC range has been
selected; the calibration can be performed automatically by
entering the SPCL menu viathe EXT CAL menu and pressing the
Freq soft key.

To Calibrate:

Select the1VA C rangeand enter theSPCL menuviathe EXT CAL
menu.

Connect an accurate source of 1IMHz at between 0.6V and 5.0V
peak-to-peak to the Front Panel Hi and Lo terminals.

Press the Freq soft key.
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Special Calibration Procedures (contd))

1.45 CIrNv
Toclear asection of the non-volatileRAM used for calibration memory.

Caution:
Do not clear any section of RAM unless you are sure that it is absolutely necessary. You could destroy an
expensive calibration!

The CLEAR NV RAM Menu

Selecting CirNv in the SPCL menu transfersto the CLEAR NV
RAM menu which offers a choice of clearing oneor al of three
sectionsof RAM. Theselection should bechosenonly asaresult
of consultationwith technical staff at your nearest service center.

CLEAR NV RAM : All Ext Self Hf

Menu Choices

All Returnsall the non-volatileRAM calibration memoriesto nomina
values determined by firmware.

Ext Returns the externa calibration and internal source characterization
memoriesto nomina valuesdetermined by firmware.

Self Returnsthe sdlf calibration memories to nomina values determined
by firmware.

Hf Returns the calibration memories which hold the AC HF corrections

to nominal valuesdetermined by firmware.
Quit Transfersback to the SPCL menu.
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SECTION 2

2.1 Introduction

21.1 Use of Error Codes

The 1281 incorporates an extensivesct of errormessages, each of which
includes a code number. These messages can summarize incorrect
application programming via the |EEE 488 bus, or a fault within the

2.1.2 Code Groupings

Theinstrument isprogrammed in firmware to monitor itsown operation,
including interface protocols used viathe IEEE 488 bus. Asaresultitwill
generate certain error codes to indicate that routine operations(including
remote operation and some aspects of external calibration) are
unsuccessful. Other error codescan be generated only frominternal tests
which are part of particularfacilitiesinitiated by theuser, such asSelftest
or Selfcal.

Because theremoteoperationof theinstrument isdesigned toconform to
the |EEE 488.2 standard, the large-scale categoriesof errors decreed by
the standard have been used as the general basis for all error-reporting.
This means that error codes and messages reported on the front panel
display areconsistent, asfar aspossible, with thosereportedviathe IEEE
488 bus.

The type-names given to groupings of errors are thus primarily
dcterminedby thosedescribcdinthe IEEE 488.2 Standard specifications.
Some categories apply only to busoperation, and are covered in Section
5 of the User's Handbook. Those which can be useful for diagnosing
faultswithin the instrument are described in this section.

Non-Recoverable Errors

For al Fatal System Errors, theerror conditionisreported only via
the front panel (this may fail if the fault is severe enough and
unfortunately located). The processor stops after displaying the
message. Auser mustrespond by first recording any Error Code and
accompanying message displayed on the front panel. It is then
permissible to power off and restart operation from power on. If this
does not clear the error condition, repair should be initiated by
communicating with the nearest Datron Service Center.

GUIDE TO 1281 FAULT DIAGNOSIS

instrument. 'They areintended to give the user afirst indication that ail
is not well with themeasurement which has beensetup, and point the a ay
to possible corrective action.

Recoverable Errors

Theseconsistof Command Errors, Execution ErrorsandDevice-
Dependent Errors. Thereported Execution and Device-Dependent
Errors are each identified by acode number, placed in two separate
Last-in/First-out queues.

Thecodes arc displayed on the instrument front panel when inlocal
control, or can beaccessed at the controller when operating inremote
control viathe | EEE 488 bus. Many of themessages can be reported
by both methods. The codenumber displayed on theinstrument front
panel is also accompanied by an error message.

‘Command and 'Execution' errors occur mainly because of
incompatible remote programming via the IEEE 488 bus.
‘Execution’ and 'Device-Dependent’ codes can result from specific
errors during External Calibration, Self Calibration, Internal
Reference parameter characterization or Input Zero operations.
Some messages originate whenever aparticular typeof fault occurs.
In addition to these automatic generations, self-testing can obtain a
report about deviationsfrom specified performance. Thuswhenever
it issuspected that a measurement (or aseries of measurements) has
not been compl eted successfully, aself test should berun which will
either confirm theinstrument’s performanceor localize any problem
viathe code number system.

2-1



Section 2 - Fault Diagnosis

2.1 Introduction (contd)

2.1.3 'Full' and 'Fast' Selftest

Thefront-panel test facilities are summarized in Section 4 of the User's
Handbook (page 4-30). Twoformsof self-test areavailableinthe TEST
menu, obtained by pressing the Test hard key:

Full Selftest

This measures the accuracy of all main instrument functions (DCV,
ACV, DCI, ACI and Ohms) and ranges of those functions, after
checking the internal references and A-D operation. ‘PASS’ or
'FAIL" resultsdepend on the measurements falling within tolerance
limits which reflect the instrument's specification. The accuracy of
these tests depends on an initial comparison between the output
voltages from the two internal reference modules, and then
comparing theratio of the two against the same ratio which existed
at the 'Internal Source Characterization' carried out after the most-
recent external calibration to obtain a 'Drift' figure.

Fad Selftest

This is a subset of the set of tests allocated to a Full Selftest. It is
intended asaquick 'Confidence’ check toshow that noseriousdefect
ispresent to affect theinstrument's operation. To increase the speed,
only the most significant measurements from the full test are
included, and most checks are run at reduced resolution (but the
comparison between the reference ratio drift measurement is
performed at full resolution).

Theerror codedescriptionsfor Full Selftest aregiveninsub-section 2.6,
and those codes used for Fast Selftest are repeated in sub-section 2.7 for
casier access.

2.1.4 Referencesin this Section
Themessagesareinterpretedin thissection to assistinfault localization:
Fatal System Errors: 2.2
Command Errors: 2.3
Execution Errors: 2.4
Device-Dependent Errors - index: 25
Device-Dependent Errors - Full Test List: 2.6
Device-Dependent Errors - Fast Test List: 2.7

Agroupedindex of Device-Dependent error codesisgiveninsub-section
2.5. Each code carries a further reference to specific paragraphs and
pages of sub-sections 2.6 and 2.7, in which the relevant element of the
self-testresponsible for generating thecodenumber isdescribed. Further
references to the layout and circuit diagrams of Section 11in Volume
also appear in sub-sections 2.6 and 2.7.

2.2 9000 Series Codes - Fatal System Errors

2.2.1 Introduction

System errors which cannot be recovered cause the system to halt with a
message displayed (the processor stops after displaying the message).
Theerror condition isreported only viathe front panel, but thismay fail
if the fault is severe enough and unfortunately located.

2.2.2 Immediate Action

I . Record any Error Code and accompanying messagedisplayed on the
front panel. Also record the hardware environment and any
operations in progress at thetime of failure. Fatal System errorsare

generally caused by hardware or software faults.
2. Power OFF and ON again to try to restart operation

3. If (2)isunsuccessful, power OFF again and allow the instrument to
cool for 15 minutes; then try powering ON.

4. If the error condition does not recur, repeat the original operations.
Check that no temperature or configuration factors cause the error
condition to return. If successful, carefully proceed with further
measurements as required.

"

If (2) or (3) do not clear the error condition, or if it recursin (4);
communicate with your nearest Datron Service Center, quoting the
recorded datafrom (1) ,and any other details. A fonn of failurereport
is given on the sheet inside the rear cover of this handbook.
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2.2.3 Fatal System Error Codes

Code Type of Fault

9000  System Kerne Fault

9001 Run Time System Error
9002 Unexpected Exception
9003 PROM Sumcheck Failure
9004 RAM Check Failure

9005 Serial Interface Fault

9006 Option Test Failure

9007 Unknown Engine Instruction
9099 Undefined Fatal Error
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2.3 Command Errors

Command Errors are reported in remote operation over the [IEEE 488 bus
They arc generated when the command has been ‘parsed’, but does not
conform, either to the device command syntax, or to the |EEE 488 2
genenic syntax

TheCME bit (5)1s set true i the Standard-defined Event StatusByte, but
there is no associated queue so no index can be given. The error is
reported by the mechanisms described in the sub-section dealig with
status reporting, m Section 5 of the User's Handbook.

2.4 1000 Series Codes - Execution Errors

24.1

An Execution Error 1s gencrated if a command isrecognised as valid (ie
can be parsed and does not generate a Command Error), but cannot be
executed because 1t 1s incompatible with the current device state, or
because 1t attempts to command parameters which are out-of-limits.

Introduction

Local Operation

Most normal operations, from the front panel, lock out the conditions
which would give rise to Excecution errors, by the choices not being
offered mthe appropnate menus. However, some selections can be made
using hard keys (such as pressing ACY when the option 1s not present in
the instrument) which cannot be locked out. | n thesecasesthe Execution
error IS used as an aide memoire for the user's convenience Theerror
code number appears on the front-panel Menu display, accompanied by
an error message.

Remote Operation

TheEXE bit (4) isset truein the Standard-defied Event StatusByte, and
the error code number is appended to the Execution Error queue. The
error isreported by the mechani sms described in the sub-section dealing
with statusreporting in Section 5 of the User's Handbook, and thequeue
entries can be read destructively as LIFO by the Common query
command *EXQ?.

2.4.2 Execution Error Codes

Code  Type of Error

1000 EXE queue empty when recalled
1001 Option not installed

1002 Calibration disabled

1003 Ratio/Function combination not allowed
1004 Filter incompatible with Function
1005 Input Zero not allowed

1006 Calibration not allowed in Ratio
1007 Data entry error

1008 Must be in AC Function

1009 Pass Number entry error

1010 Divide-by-zero not allowed

1011 Must be in SpotF Function

1012 No more errors in the queue

1013 Data out of limit

1014 lllegal Range/Function combination
1015 Command allowed only in Remote
1016 Not in Special Calibration

1017 Calibration not allowed with Math
1018 Key not in the Cal Enabled position
1019 Spec not compatible with Function
1020 Internal Source Cal required

1021 Test not allowed when Cal enabled
1022 No parameter for this Function
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2.5 2000 Series Codes - Device-Dependent Errors - Index

2.5.1 Introduction

A Device-Dependent Error is generated if thedevice detectsan internal
operating fault (eg. during Selfcal or Selftest). The DDE bit(3) isset true
in the Standard-defined Event StatusByte, and theerror code number is
appended to the Device-Dependent Error queue.

Remote Operation

In Remote, the error is reported by the mechanisms described in the sub-
sectiondealing withstatus reportingin Section5of theUser's Handbook,
and the queue entries can be read destructively as LIFO by the query

DDQ?.

Local Operation

In Local , the Device-Dependent Error queueischecked at theend of the
operation (eg. Cal, Zero, Test). If true, an error has occurred, and the
contents of the most-recent entry in the queueis displayed on the front
panel. Theactof displayingthe messagedel etesitscodefrom thequeue,
so the next most-recent code comes to the front of the queue and is
available to bedisplayed. Thequeuemust beempty for normal operation
to continue.

If both busand front panel users attempt to read the queue concurrently,
thedataisread out destructively on afirst-come, fust-served basis. Thus
one of theuserscannot read thedataon oneinterfaceasit hasal ready been
destroyed by reading on the other. Thisdifficulty should be solved by
suitable application programming to avoid the possibility of a double
readout. ldeally the |[EEE 488 interfaceshould set the instrument into
REM Sor RWL S to prevent confusion. Thebuscanignorethequeue, but
the front panel user will have to read it to continue.



2.5.2 Index of Device-Dependent Error Codes

Code Immediate Action

Memory Tests

2000
2001
2002
2003
2004
2008

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

2100

2101

2102

2103* ’
1108 *

Fuse Tests

2111

Others

2114
2115

Reference Ratio Tests

2121
2122

2131*
2132*

2141
2142*
2143

2151
2152*
2153*
2154"
2155
2156

Full Test Reference
Page

Sect.

26.41
2641
2641
26.41
26.4.1
2641

2641
2.6.4.1
2641
2642
2642
2642
26.4.2
2642
2642
2642

2651
2651
2.6.51
26.5.1

26.5.2

2653
26.53

26.6.1
2.6.6.1

26.6.2
26.6.2

26.6.3
2663
26.6.3

2664
2664
26.6.4
26.64
26.64
2664

R R A R N
—_ ek b e A

|

v o
—_ o e e A Ak A

v

NN NN I\)I\)I\)NNNI’})NNI\J PO NN
OO T oo o

2-1

o

' '
—- A A s —

AOAHIOOOO OO OO OO,

1

DA

NN NN NN PPN DN

—_ —h ok ok

Section 2 - Fault Diagnosis

Fast Test Reference

Sect

2711
27141
27141
2711

2.7.2
2.7.2

272
2.7.2

2.7.2
272

2.7.2
272
272
2.7.2

Page

2-58
2-58
2-58
2-58
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Code Immediate Action Full Test Reference Fast Test Reference
Sect. Page Sect Page

DC Voltage Tests

2161 26.71 2-18
2162 26.71 2-18
2163 26.71 2-18
2171 26.71 2-18
2172 26.71 2-18
2173 26.71 2-18
2181 26.7.1 2-18 2.7.3.1 2-60
2182* 2.6.71 2-18 2731 2-60
2183 2.6.7.1 2-18
2191 2.6.71 2-18
2192 26.7.1 2-18
2193 2.6.7.1 2-18
2201 2.6.71 2-18
2202 26.7.1 2-18
2203 26.71 2-18
2211 26.7.2 2-20 2.73.2 2-60
2212 26.7.2 2-20 2732 2-60
2213 26.7.2 2-20 2.73.2 2-60
2214~ 26.7.2 2-20 2732 2-60
2215* 26.7.2 2-20 2.73.2 2-60
2216 26.7.2 2-20 2732 2-60
2221 26.7.3 2-22
2222 26.7.2 2-22
2223 26.7.2 2-22
2224 26.7.2 2-22
2231 26.7.2 2-22
2232 26.7.2 2-22
2233 26.7.2 2-22
2234 26.7.2 2-22
2241 26.7.2 2-22
2242 26.7.2 2-22
2243 26.7.2 2-22
2251 26.7.2 2-22
2252 26.7.2 2-22
2253 26.7.2 2-22
2261 26.7.2 2-22
2262 26.7.2 2-22
2263 26.7.2 2-22
2271 26.7.2 2-24
2272 26.7.2 2-24
2273 26.7.2 2-24
2281* 26.7.2 2-24 2733 2-60
2282* 26.7.2 2-24 2733 2-60
2283 26.7.2 2-24
2291 26.7.2 2-24
2292 26.7.2 2-24

2293 26.7.2 2-24
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Code Immediate Action Full Test Reference Fast Test Reference
Sect. Page Sect Page

AC Voltage Tests

2301 2.6.8.1 2-26
2302 2.6.8.1 2-26
2311* 2.6.8.1 2-26 2741 2-62
2312 2.6.8.1 2-26 2741 2-62
2321* 2.6.8.1 2-26 27441 2-62
2322 2.6.8.1 2-26 2741 2-62
2331 2.6.8.1 2-26
2332 2.6.8.1 2-26
2341 2.6.8.1 2-26 2.7.4.1 2-62
2342 2.6.8.1 2-26 2.7.4.1 2-62
2351 2.68.1 2-28
2352 2.6.8.1 2-28
2361 2.6.8.1 2-28
2362 2.6.8.1 2-28
2371 2.68.1 2-28
2372 2.6.8.1 2-28
2381 2.68.1 2-28
2382 2.6.8.1 2-28
2391 2.68.1 2-28
2392 2.6.8.1 2-28
2401 2681 2-28
2402 2.6.8.1 2-28
2411 2.68.2 2-30
2412 2682 2-30
2421 2682 2-30 2742 2-64
2422 2682 2-30 2742 2-64
2431 2682 2-30 2742 2-64
2432 2682 2-30 2742 2-64
2433 2682 2-30
2434 2682 2-30
2435 2682 2-30
2436 2682 2-30
2437 26.8.2 2-30
2438 2.68.2 2-30
2441 2682 2-32
2442 2682 2-32
2451 2682 2-32
2452 2.6.8.2 2-32
2453 2.6.8.2 2-32
2461 2682 2-32
2462 2682 2-32
2471* 2.6.8.2 2-32 2742 2-64
2472* 2682 2-32 2742 2-64
2473 2682 2-32
2481 2682 2-34
2482 2682 2-34
2491° 2682 2-34 2742 2-64
2492 2682 2-34 2742 2-64
2493 2682 2-34
2501 2682 2-34
2502 2.6.8.2 2-34
2511* 2.6.8.2 2-34 2742 2-64
251 2* 2.68.2 2-34 2742 2-64

2513 2682 2-34
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Code Immediate Action Full Test Reference Fast Test Reference
Sect. Page Sect Page

DC Current Tests

2521 26.9 2-36

2522 269 2-36

2523 2.6.9 2-36

2524 2.6.9 2-36

2525 269 2-36

2531* 2.6.9 2-36 2.75 2-66

2532 269 2-36 275 2-66

2533 2.6.9 2-36

2541 2.6.9 2-38

2542 269 2-38

2543 269 2-38

2551" 269 2-38 2.7.5 2-66

2552 269 2-38 275 2-66

2553 26.9 2-38

2561 269 2-38

2562 269 2-38

2563 269 2-38

2571° 26.9 2-38 275 2-66

2572 269 2-38 275 2-66

2573 2.6.9 2-38

2581 269 2-40

2582 269 2-40

2583 26.9 2-40

2591 2.6.9 2-40 2.75 2-66

2592 2.6.9 2-40 275 2-66

2593 269 2-40

2601 269 2-40

2602 269 2-40

2603 269 2-40

2611* 2.6.9 2-40 275 2-66

2612 269 2-40 275 2-66

2613 26.9 2-40
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Code Immediate Action Full Test Reference Fast Test Reference
Sect. Page Sect Page

AC Current Tests

2621 2.6.10 2-42

2622 26.10 2-42

2623 2.6.10 2-42

2631 2.6.10 2-42

2632 2.6.10 2-42

2633 2.6.10 2-42

Resistor Ratio Tests

2721 2.6.11 2-44
2722 2.6.11 2-44
2723 2.6.11 2-44
2724 2.6.11 2-44
2725 2.6.11 2-44
2726 2.6.11 2-44
2731 2.6.11 2-44
2732 26.11 2-44
2733 2.6.11 2-44
2734 2.6.11 2-44 276 2-68
2735* 2.6.11 2-44 276 2-68
2736 2.6.11 2-44
2737 2.6.11 2-44
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Code Immediate Action Full Test Reference Fast Test Reference
Sect. Page Sect Page

Ohms Tests

2741 26.12 2-46

2742 26.12 2-46

2743 26.12 2-46

2751* 26.12 2-46 277 2-70

2752 26.12 2-46 277 2-70

2713 26.12 2-46 277 2-70

2rA 26.12 2-46 277 2-70

2755 2.6.12 2-46

2761 26.12 2-486

2762 26.12 2-46

2763 2.6.12 2-46

2771 26.12 2-48

2772 26.12 2-48

2773 26.12 2-48

2781* 26.12 2-48 277 2-70

2782+ 26.12 2-48 277 2-70

2783 2.6.12 2-48

2791 26.12 2-48

2792 26.12 2-48

2793 26.12 2-48

2801 26.12 2-48

2802 26.12 2-48

2803 26.12 2-48

2811 26.12 2-50

2812 2.6.12 2-50

2813 26.12 2-50

2821* 26.12 2-50 277 2-70

2822* 26.12 2-50 277 2-70

2823 26.12 2-50

2831 26.12 2-52

2832 26.12 2-52

2833 26.12 2-52

2841 26.12 2-52

2842 2.6.12 2-52

2843* 26.12 2-52 277 2-70

2844~ 2.6.12 2-52 277 2-70

2845 2.6.12 2-52

2851 26.12 2-52

2852 2.6.12 2-52

2853 2.6.12 2-52

2861 26.12 2-52

2862 26.12 2-52

2863 2.6.12 2-52

2871 26.12 2-54

2872 2.6.12 2-54

2873 26.12 2-54

2881 26.12 2-54

2882 26.12 2-54

2883 26.12 2-54

2891 2.6.12 2-54

2892 26.12 2-54

2893 2.6.12 2-54

High Ohms Tests

2901 : 2.6.13 2-56
2902 26.13 2-56
2903 2.6.13 2-56
2311 2.6.13 2-56
2912 2.6.13 2-56

2913 26.13 2-56
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2.6 2000 Series Codes - Device-Dependent Errors - Localization
Codes used for /Internal Source Cal, Selfcal and Full Test Start Overleaf

Codes used for Fast Test are in Sect 2.7, Starting on Page 2-58
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2.6 2000 Series Codes - Device-Dependent Errors - Localization
(Codes used for Fast Test are in Sect 2.7)

2.6.1 Introduction

The 1281 firmware incorporatesa program to run acomprehensiveSelf
Test of the instrument's operating parameters, utilizing an interna
reference as asource to stimulate measurementsfor the test.

There aretwo versionsof thetest: afull check of all parametersagainst
the published specification, whose run time is aboui 10 minutes{for an
instrument fully-loaded with all options); and afaster check of selected
parameters, usually withreducedaccuracy at a ‘Confidence’ level,which
takesonly 1 minutetorun. Failureto meet theaccuracy tolerancefor any
onedf the parameterswill generate an error code.

Error codesfor parameter failures arestored in aqueue to which theuser
has access. Sub-section 2.5 is merely an an easy-accessindex which
providesimmediate-actioninformati onandrefersto sub-sections2.6and
2.7 which deal with 'Device-Dependent Errors, related directly to the
internal operationsof the 1281 itself.

Thepurposedf this sub-sectionis to identify the natureof each test and
the part of theinstrument whichis being checked; to show test paths, with
stimulationandmeasurementpoints; and to definethetol erancelimitsfor
each check. For each test that can generate an error code, references
identify and locate thesti mul ation and measurement pointson thelayout
and circuit diagrams in Yolume 2 of this handbook.

Themeaningsof 'Fatal SystemError', ‘Command Error' and'Execution
Error' wdes aredescribed Section 5 of the User's Handbook, asthey are
concernedmainly with |EEE 488 operations.

I -y
Output Selfcal Ref References
Front Internal ' Ena%le Multiplier Offset
Rear glugsnal
Ref ' i
DC High )
Input { [ Dc ( A-D DC A-D
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Switching Norm |- F/}tc » E
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2.6.2
(Refer to the User'sHandbook, Page4-31)

2.6.2.1 Readingthe Error Codes

Each of thetwo forms of self test runs at high speed, and does not stop
unlessitis aborted by theuser. Theerror codefor thefirst failure isnoted
onthe Menudisplay, and this does not change on completion of theself
test when thefailuremenu s displayed. At thispoint the user canlist the
codesfor all thefailures, reading them onto theMenu display intheorder
last-in, first-out (LIFO). Onceanerror appearsonthedisplay, itisdeleted
from thequeue and cannot berecalled again, so the code numbersshould
be noted as they appear.

When the self test has stopped, and the error code numbers have been
noted, itispossibleto accessinformation about each test. Eacherror code
is associated with a unique test pathway, which 1s numbered, the path
number being shown on the tables (indexed by error code).

Access to Error Codes via the 1281 Menu Keys

Section 2 - Fault Diagnosis

2.6.2.2 Access to Pathway Information

Certainmenu keysallow auser to sel ectpathnumbers. For eachselection
the live measurement readings for the path are presented on the Main
Display, and can becompared against thelimits shown in thetablewhich
carries the path number.

The path measurement reading onthe Main Display isnormalized to the
range which was already selected. So before using the pathway keys it
is advisable to select the | V DC range, to obtain a normalized reading
which only requires therange multiplier to be implemented to obtain the
reading in the same form as in the table.

The method of accessing the path numbers and associated pathway
information isillustrated in the following diagrams.

Select the | V DC Range

I Pressthe DCV key and then the'1V" soft key:

100mV

v 10V

100V

mmﬁﬂﬂﬂmﬁ

[

o Jo o Lo |

DCvV

Input

Last rdg
Monitor || Test Math

[ datron

Select the Pathway Facility
Iz

N VA N
2 3 4 +/- Exp

Press the Status key, then the Config key; and finally the soft key labdled "+/-'

PUSR indicates that the present pathway is as defined by the user's
previous sel ection of front panel keys;

<<= (Exp} decrements the path number by 1;
(+/-) decrements the path number by 20;
=>> (Enter) incrementsthe path number by I.

(Quiit) increments the path number by 20.

Press the ==>> soft key once. This reveals the number of power-line
cyclesin use by the A-D. For thebasic 1V DCrangeit will show PL 64.

Pressthe==>> soft key asecond time. Thisselectspathway P0OC1; the
next press selects pathway P002, and so on.
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2.6.3 Composition of the Error Code

2.6.3.1 4Digt Sgnificance

The codes for these operations are the individual test numbers in the
sequence of checks or calibrations implementedby the processor. They
will appear as Error Codes only if the process has not been successful,
providing data for fault diagnosis. If the fault cannot be diagnosed
locally, thedatashoul dberecorded andreported for interpretationtoyour
nearest Datron Service Center.

The four-figure code numbers for these operations are constructed as
follows:
There arefour decimal digits; say w, x, Y and Z such that in the number
WXYZ:
w identifiesthe code as bel onging to thedevice-dependent
group - aways 2;
Xy isatwo-digit step number, aslisted in the tables;
z is both the measurement number and error number, of
which several can be allocated withineach step. Each
error number is defined only for itsown measurement.

2.6.3.2 Text Desriptions

A 'Path’' number (a3-figure number prefixed by acapital 'P) describesa
singletest arrangement,inwhichseveral readingsaretaken. A firstgroup
of readings (number of readings depends on the setup) is discarded to
allow settling to take place. A second group ist hen taken to establish a
statistical field of results. Significant measurements are made by
processing the results through different digital cal culationsto derive up
to threemain characteristics:

Standard Deviation:
gives anoisefigure;

Mean Value:
provides mean magnitude;

Mean minus the Previously-Calibrated Mean:
isameasure of the mean magnitudedrift since the most-recent
Internal Source Calibration.

Each characteristic resultsfrom asingle measurement which, if selected
for checking, iscompared against specificlimitsof toleranceallocatedin
that particular setup for the characteristic. Each selected check
constitutes a single measurement in the testing sequence to which a
measurement number is attached: this number becomesthe Error Code
if the step result exceedsits tolerancelimits.

2633 Tables

In thefollowing pages thelist of measurementscarried out during atest
sequencearegrouped as atableon theright pageof each opening. Each
tableisassociated with atest setup diagram on the facingleft page. The
tablesarearranged in groups, each group being associated with asingle
main signal route through the main software model, from which the
individual test setup diagramsarederived. Small variationsof theroute
(dueto switching withinthe blocks) are listed as numbered test 'paths.
These are not detailed further, as the switching information is coniained
within the setup description.

The tables give the test path number; test type; points of stimulusand
measurement; number of readings discarded and processed; and the
tolerancelimits allocated to each measurement.

References to Layout and Circuit diagrams allow rapid access to the
stimulusand measurement nodes.

Themeasurementsarelistedin thetabl esin error-code sequence. Those
gppearing in sub-section 2.6 are dl included in 'Full Selftest’, 'Selfcal’
and 'Interna Source Cal’. But not all areincludedin 'Fast Selftest’. Sub-
section 2.7 lists those measurements which form the Fast Selftest. For
thesesteps, theFast Selftest limitsarewider thanfor U | Selftest, Selfcal
or Intemal Source Cal. Also, because of the lower resolutionin Fast
Selftest, morereadingscan be taken in the same number of linecycles.
Generaly, different path numbers are allocated to Fast Selftest
measurements.

Note Abbreviations:

FR = Full Range (Nominal).
FS= Full Scale.



2.6.4

2.6.4.1

2000
2001

2002
2003
2004
2008
2010
2011
2012

External Calibration Operations

Correction Errors

Zero
Gain+

Gain-

HF trim
Input zero
A-to-D
Frequency
D-to-A
Standardize

2.6.4.2 Corruptions

2013
2014
2015
2016
2017
2018
2019

Key/Pass# flags

Serial Number

Cal Due Date

Self-corrections flag

Bus Address

Line Frequency

Bad data from analog sub-system

26,5 Memory Tests

2.6.5.1 Non-volatile RAM Checksum Errors

2100 Primary.
2101 Secondary.

2102 Input Zero
2103 Frequency

2.6.5.2 Fuse Tests

2111 Fuse is open circuit.
(P084) +ve value OK

2.6.5.3 Others

2114 DIL switches not optimum
2115 Requires internal source calibration
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2.6.6 Reference Ratio Tests

Test Setup Model

Volume 2 References

2-16

\
| References
Ref Ref +
1 2 Ref Ref
}2141 }2131 }2151 }2153
’2142 , 132 2152 2154
A-D
” e ‘s Muitipexer |2 CotvEter
5122 M401
2.6.6: Reference Ratio Tests
Simplified Test Setup Diagram Py
»:‘:" Cnmmm - l I M401 5:. o i‘
[ M408/M409 | AI | &
. w.i» |
Layout | [ais Circuit
Measurement 11.2-4
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List of Reference hatio Tests

P001 Ref Zero Checks
Input. IH . d Zero to A-D Muiltiplexer. Measure: via A-D. No. of Readings: 1 Discarded; 6 Processed.

2121 Noise Standard Deviation < 5ppm of FR
2122 Magnitude { Mean Ref zero | < 50ppm of FR

P003 Ref 2 Checks
Input: Ref 2 to A-D Multiplexer. Measure: via A-D. No, of Readings: 1 Discarded; 6 Processed

2131 Noise Standard Deviation < 5ppm of FR
2132 Magnitude 0.703xFS < Mean Ref2 < 0.743 xFS

P002 Ref1Checks
Input: Ref 1 to A-D Multiplexer. Measure: via A-D. No. of Readings: 1 Discarded; 6 Processed.

2141 Noise Standard Deviation < 5ppm of FR
2142 Magnitude 0.703xFS < Mean Ref I < 0.743 x FS

Dig Ref 1 : Ref 2 Magnitude Ratio Drift
Digital comparison of the present ratio against the ratio recorded at the most-recent Internal Source Cal.

2143 Ratio Drift 20 x 10 ¢ < Ratio Drift < +20 x 10 ¢

P004 Positive Ref Checks
Input: +Ref to A-D Multiplexer. Measure: via A-D. No. of Readings: 4 Discarded; 8 Processed.

2151 Noise Standard Deviation < 5ppm of FR
2152 Magnitude 0.9995x (+FS) < Mean +Ref < 1.0005 x (+FS)

P005 Negative Ref Checks
Input: -Ref to A-D Multiplexer. Measure: via A-D. No. of Readings: 4 Discarded; 8 Processed.

2153 Noise Standard Deviation < Sppm of FR
2154 Magnitude 1.0005 x (-FS) < Mean -Ref < 0.9995x (-FS)

Dig. +Ref 1 : -Ref 2 Magnitude Ratio
Digital calculation of +Ref : -Ref.

2155 Magnitude Ratio -1.00005 < +Ref/-Ref < -0.99995

Dig. +Ref 1 : -Ref 2 Magnitude Ratio Drift
Digital comparison of the present ratio against the ratio recorded at the most-recent Internal Source Cal.

2156 Ratio Drift -10x 10¢ < Ratio drift < +10 x 10°¢
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26.7 DC

Voltage Tests

2.6.7.1 True Zero Checks

Test Setup Model

- _
[
Output Seifcal Ref
L G References
[ Internal Enable Multiplier Offset
| Signal
! Bus t
Output References used
1 Disable <ZR 22 for normaf
measurement
) 2 | Hign | oo A-D AD
Input SeTgct Af{e; | Preamp Multiplexer Converter
‘\ Bus X
L
v All I\es[s ¢ % ﬁ
2161 t0 2203
place hard zero
on INT_SIG_BUS INT_SIG_BUS Range Selection: 2161-3: 10V;
Selected 2171-3:1V;  2181-3: 100mV;
2191-3:100V;  2201-3: 1KV.
I —_. DCVoltage Ranges. 2.6.7.1: True Zero Checks - Simplified Test Setup Diagram
Volume 2 References
e _ | | (R (roovniv
ShRRes : : : - I I I I Attenuator
RL201) 1l 100V/1KV | Range 1l
o Attenuator { Switching
: G = | B (w202 : | ¥
-1/2/3 ~ . V .
Layout | ¥ ie7e Circuit Layout || Circuit
Stimulus 11.2-2 Range Selection
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List of True Zero Measurements

P006

2161
2162

Dig.

2163

PO11

2171
2172

Dig.

2173

Po16

2181
2182

Dig.

2183

Po21

2191
2192

Dig.

2193

Po28

2201
2202

Dig.

2203

10V Range True Zero Checks
Input: Zero to 10VDC Range. Measure: via A-D. No of Readings: 4 Discarded; 16 Processed.

Noise Standard Deviation < 10pV
Magnitude -100pV < Mean 10V Zero ¢ +100pV

10V Range True Zero Magnitude Ratio Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Zero Drift 40uV < 10V Zero Drift ¢ +40uV

1V Range True Zero Checks
Input: Zero to 1VDC Range. Measure: via A-D. No of Readings: 1 Discarded; 8 Processed.

Noise Standard Deviation < 2uV
Magnitude -25uV < Mean 1V Zero < +25uV

1V Range True Zero Magnitude Ratio Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Zero Drift -6uV < 1V Zero Drift < +8uV

100mV Range True Zero Checks
Input: Zero to 100mVDC Range. Measure: via A-D. No of Readings: 1 Discarded; 8 Processed.

Noise Standard Deviation < 0.5uV
Magnitude -25uV < Mean 100mV Zero < +25uV

100mV Range True Zero Magnitude Ratlo Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Zero Drift -3.5uV < 100mV Zero Drift < +3.5uV

100V Range True Zero Checks
Input: Zero to 100VDC Range. Measure: via A-D. No of Readings: 1 Discarded; 8 Processed.

Noise Standard Deviation < ImV
Magnitude -tmV < Mean 100V Zero ¢ +1mV

100V Range True Zero Magnitude Ratio Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Zero Dirift -600uV < 100V Zero Drift ¢ +600uV

| KV Range True Zero Checks
Input: Zero to IkVDC Range. Measure: via A-D. No of Readings: 1 Discarded; 8 Processed.

Noise Standard Deviation € 10mV
Magnitude -10mV < Mean IkV Zero < +10mV

10kV Range True Zero Magnitude Ratio Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Zero Drift -4mV < 1000V Zero Drift ¢ +4mV
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2.6.7

2.6.7.2

DC Voltage Tests (Contd)

Negative Gain Measurements
[Offset(Zero) and References]

Test Setup Model

\
Reference Selection.
-10V: Pathway P138 (Error Codes 2215/6)
-1V. PathwaysP142 & P143.
(Error Codes 2211-2214)
| Output Selfcal Ref
- o -+ References
Internal | Enable Multiplier Offset
Signal A 4
Bus
Y Outpyt Enlidbled Offser Selected by Pathway P142. —3 References used
Negauve Gain (Error Codes 2211/2) v y ‘>__ for normal
measurements measurement
' A 7
DC High
— * Input Volts DC A-D A-D
\ Input | Select Atten Preamp Multiplexer Converter
Bus L \ \ L
10MQ ¢ T ﬁ
10MQ Load Resistor INT_SIG_BUS 100:1 Attenuator Range Selections:
switched OUT for Selected for all NOT selected for 10VDC: Pathway P138. (Error Codes 2215/6)
all Negative Gain Negative Gain all Negative Gain 1VDC: Pathways P142 & P143. (Error Codes 2211-2214)
Measurements Measurements Measurements
DC Voltage Ranges. 2.6.7.2: Negative Gain Measurements - Simplified Test Setup Diagram
Volume 2 References
(M603/4 & e ~ Yl RL201
() . il
Range
e | switching| | | [m202
e ;t. : -1/2/3 :
ircui . Layout | R (e7e Circuit
Stimulus 11.2-6 Range Selection 11.20-2
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List of Negative Gain Measurements

P142 1V Range -Offset Zero Checks
Input: -Offset to 1VDC Range. Measure: via A-D. No of Readings: 32 Discarded; 8 Processed.

2211 Noise Standard Deviation < 10mV
2212 Magnitude -2.5mV < Mean -1V Offset < +2 5mV

P143 1V Range -Reference Checks
Input: -1V Reference to 1VDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed

2213 Noise Standard Deviation £ 10mV
2214 Magnitude -1.040V < Mean -1V Ref < -0.980V

P138 10V Range -Reference Checks
Input: -10V Reference to 10VDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed.

2215 Noise Standard Deviation £ 100mV
2216 Magnitude -10.2V < -10V Ref < -9.4V
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2.6.7 DC Voltage Tests (contd)

2.6.7.3 Positive Gain Measurements
[Offset (Zero) and References]

Test Setup Model

Reference Selection:

+10V: Pathways P008, P 018, P023 & P025.
(Error Codes 2251-3, 2221-2242)

+1V: Pathway P013. (Error Codes 2291/3)

08 L2513

Y —_—
Output Selfcal Ref References
Internal Enable Multiplier Offset
Signal S 4 S
Bus ?
r
Output Enabled for all - References used
DC Voltage Gain tests Offset Selected by Pathways <r r oy for normal
P0O07, PO12, P 022, PO24 & P142. measurement
(Error Codes 2211/22221-2242)
r r
DC High
—— Input Vo?ts DC A-D A-D
\ Input | Select Atten Preamp Multiplexer Converter
Bus .!
Test Pe;thwa ys -
P022 and P023
10MQ load INT_SIG BUS ~ 'n1->19BUS
Y Selected for all
(I‘Ef:lrrgr 1(%323 DC Voltage rests Wg%Seleﬁti ns:
b athways P007, P008, P022 & P023.
2223/4 & 2261/2/3) (Error Codes 2221-2224 & 2251-2263)
) 1vDC: Pathways PO 12, P013, PO18 & P020.
100:1 Attenuator Selections: (Error Codes 2231/2, 224112, 2271/2 & 2291/2)
Pathways P018, P020, P024 & P025 100mVDC: Pathways P024, P025.
(Error Codes 2237-4, 2271-3 & 2281-3) (Error Codes 2233/4 & 2281-3)
L DC Voltage Ranges. 2.6.7.3: Positive Gain Measurements - Simplified Test Setup Diagram
Volume 2 References
[ M603/4 & } : ( )
Gating : M)

{ RL201)

Layout - Circuit . .i‘ : - Layout:

: i % .

Stimulus | 11.26 Range Selection 11.2-2

N —— |
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List of Positive Gain Measurements

P0O07 10V Range +10V Offset Zero Checks
Input: +10V Offset to 10V DC Range. Measure: via A-D. No of Readings: 24 Discarded; 8 Processed.

2221 Noise Standard Deviation s 20uV
2222 Magnitude -250uV < Mean + 10V Offset < +250uV

P022 10V Range - Loaded +10V Offset Zero
Input: +10V Offset to IOMR Load and 10V DC Range. Measure: via A-D.
No of Readings: 4 Discarded; 8 Processed.

2223 Noise Standard Deviation < 100pV
2224 Offset Magnitude -250uV < Mean +10V Offset < +250uV

P020 1V Range - Attenuated +10V Offset Zero
Input: +10V Offset via attenuator to 1V DC Range. Measure: via A-D.
No of Readings: 4 Discarded; 32 Processed.

2231 Noise Standard Deviation < 20uV
2232 Magnitude 250V < Mean +1V Offset < +25uV

P024 100mV Range - Attenuated +10V Offset Zero
Input: +10V Offset via attenuator to 100mV DC Range. Measure: via A-D
No of Readings: 4 Discarded; 16 Processed.

2233 Noise Standard Deviation < 2uV
2234 Magnitude -25uV < +100mV Offset < +25uV

P012 1V Range- +IV Offset Zero
Input: +1V Offset to 1V DC Range. Measure: via A-D. No of Readings: 8 Discarded; 12 Processed.

2241 Noise Standard Deviation < 3uV
2242 Magnitude -250uV < +Offset < +250pV

P0O08 10V Range - +Reference Checks
Input: +10V Reference to 10V DC Range. Measure: via A-D. No of Readings: 8 Discarded; 8 Processed.

2251 Noise Standard Deviation < 20uV
2252 Magnitude +9.5V < +10V Ref < +10.1V

Dig. +10V Ref Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

2253 Magnitude Drift 1-(20x 10%) < drift < 1+ (20x 10°%)

P023 10V Range - Loaded +10V Reference Checks
Input: +10V to 10MQ Load and 10V DC Range. Measure: via A-D.
No of Readings: 4 Discarded; 8 Processed.

2261 Noise Standard Deviation < 30uV
2262 Magnitude +9.5V < 10V Gain < +10.1V

Dig. 10V Range - Loaded +10V Ref Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

2263 Magnitude Drift - (20 x 10%) < drift < 1+ (20 x 10°%)
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2.6.7.3 Positive Gain Measurements (Contd)
[Offset (Zero) and References]

Test Setup Model

Reference Selection:
+10V. Palhways P00§, P 018, P023 & P025,
(Error Codes 2251-3, 2221-2242)
+1V: Pathway P013. (Error Codes 2291/3)
|

Y

Internal
Signal

e
m
Sc
Q.
(=}

A Y

Selfcal

Multiplier References

Ref
Offset

Bus
f Output Enabled for all

DC Voltage Gain tests

Offset Selected by Pathways
P0O07, PO12, P 022,P024 & P142,
(Error Codes 2211/22221-2242)

\%4

/—)TLQ"'D_

References used
for normal
measurement

[ ap |

Test Pathways
P022 and P023
load INT_SIG_BUS
with 10MQ

10MQ

g DC Ui?m [ DC ( A-D 1
—— Input Volts Preamp Multiplexer

nput | Select LAtten

Bus |

Converter J

)

Range Selections:

INT_SIG_BUS l
Selected for all
DC Voltage tests

(Error Codes 10VDC:
. Palhways P007, PO08, PO22 & P023,
2223/4 & 2261/2/3) (Error Codes 2221-2224 & 2251-2263)
1VDC:  Pathways PO12, P013, PO18 & P020.

100:1 Attenuator Selections:
Pathways P018, £020, P024 & P025
(Error Codes 2231-4, 2271-3 & 2281-3)

(Error Codes 2231/2, 224 1/2, 2271/2 & 229112)
100mVDC: Pathways P024, P025.
[Error Codes 2233/4 & 2281-3)

DC Voltage Ranges. 2.6.7.3: Positive Gain Measurements - Simplified Test Setup Diagram

Volume 2 References

::i'vv‘v[:Mggﬁ/:g& ] : : - (RL201)
' ‘ | §| [m202
- : ’ -1/2/3
Circuit Layout | Q] (e Circuit
T

Stimulus
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11.2-6 Range Selection

11.2-2




PO18

2271
2272

Dig.

2273

Po25

2281
2282
Dig.

2283

P013

2291
2292

Dig.

2293

Section2 - Fault Diagnosis

1V Range - Attenuated +10V Reference Checks
Input: +10V DC via 100:1 attenuator to 1V DC Range. Measure: via A-D.
No of Readings: 4 Discarded; 32 Processed.

+100mV Signal Noise Standard Deviation of +100mV Signal < 10pV
Magnitude +0.095V < +100mV Signal Magnitude < +0.101V

1V Range - Attenuated +10V Ref Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
+100mV Signal Mag. Drit ~ 1- (10x 109 < drift < 1+ (10x 10 )

100mV Range - Attenuated +10V Reference Checks
Input: +10V DC via 100:1 attenuator to 100mV DC Range. Measure: via A-D.
No of Readings: 4 Discarded; 16 Processed.

+100mV Signal Noise Standard Deviation of +100mV signal m 1uVv
Magnitude 94mV < +100mV Signal Magnitude < 102mV

100mV Range - Attenuated +10V Ref Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

+100mV Signal Mag. Drift ~ 1-(20x 10%) < drift < 1+ (20 x 10€)

1V Range - +IV Reference Checks
Input: +1V Reference to 1V DC Range. Measure: via A-D. No of Readings: 8 Discarded; 12 Processed.

Noise Standard Deviation B 3uV
Magnitude +0.965V < +IV Ref < +1.025V

1V Range - +1V Ref Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Drift 1-(10x 10% < Refdrift < 1+ (10x 10°¥)
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2.6.8 AC Voltage Tests
2.6.8.1 Positive Tests

Test Setup Model

~
Reference Selectionsm N - ~
1VDC: Pathways PO12 P059, PO60 & FO63.
(Error Codes 2301/2,2311/2 & 2321/2) Qalfea!
100mVDC: Pathways P077, P0O78. -« M“ Ivtvlm <«—| Keferences
(Error Codes 2331/2 & 234 1/2) INT SIG BUS i\ ultiphier
y 4 y y y
™ e N
DCV Measurements:
AC Preamp Input at INT_SIG_BUS: - A-D A-D
Pathways PO12, P059, P077. > VAN
(Error Codes 2301/2 & 2331/2) Preamp Multiplexer Converter
AC Preamp Output at AC_CAL_SENSE:
Pathways P060 & P0O78. A
(Error Codes 2311/2 & 2341/2)
o————O
O AC_CAL_SENSE
A\ ACV Measurements:
~ RMS Output via A-D Direct:
AC Pathway F063.
Range Selections: . (Error Codes 2321/2)
1VAC:  Pathways P012, P59, POGO & POG3, Preamp Rectifier RMS
(Error Codes 2301/2,2311/2 & 2321/2)
100mVAC: Pathways P077, P0O78.
(Error Codes 2331/2 & 2341/2) B A C’V» Op tion
AC Voltage. 2.6.8.1: Positive Checks - 1V & 700mV Ranges - Simplified Test Setup Diagram
Volume 2 References
T n S
- l l Gatvlvng | | | PL30
i e : : nt
. T o Q] s
. '- K - ' roomvac) | | e ooV
E ~ i G RL103 RL101 v Range X Range
Layout S e . | I Circuit I—PLTO/STI : Layout Swnchlng | | CUCUlt - |Switching
T
Stimulus 11.2-6 Signal Application, Range Selection 11.5-1
——  and Prearnp Output Sensing —
I | v : . M201 Coh |
: G Rectifier 0g Amp
Smaned : T -jocour : M202 Preamp Output
-/ M401 A-D | I AC Cal Sense | - I (ex-LK102)
Multiplexer e | | M202-14/15/16 S | | g Tog Amp
o AC Cal Sense | Int Sig Bus Int Sig Bus S o s M202
Layout PL120 PLmDI | | m202” 123 Circuit Layout | Q| Circuit
Measurement of Input and Prearnp Output [1.2-2 RMS input 11.5-2
via DC Voltage Ranges "
(RMS Chip ) 1l
B Ip!
w202
«_Log Ao, 11l
l l RMS Chip
& Log Amp ) o
' Layout | § | \Connecions Circuit
RMS output u 1.5-3J
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List of Positive Measurerﬁents

1V AC Range

P012 1V AC Range - Settling Time
Input: +1VDC to AC Preamp set to 1VAC Range. Measure: Input using 1V DC Range at INT_SIG_BUS.
No. of Readings: 0 Discarded; 8 Processed then Discarded to generate settling time.

Measure and Discard — (settling)

P0O59 1V AC Range - +1V DC Input Checks
Input: +1 VDC to AC Preamp set to 1VAC Range. Measure: Input using 1V DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

2301  input Noise Standard Deviation < 20ppm of FS
2302 Input Magnitude +0.96V < Mean Signal < +1.04V

P0O60 1V AC Range - +1V DC Input - Checks at AC Preamp Output
Input: +1 VDC to AC Preamp set to 1VAC Range.
Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

2311 Preamp Output Noise Standard Deviation < 50ppm of FS
2312 Preamp Output Magnitude  -1.04V < Mean Signal < -0.96V

P063 1V AC Range- +IV DC Input - Checks at RMS Converter Output
Input: +1VDC to AC Preamp set to IVAC Range. Measure: RMS Output via A-D.
No. of Readings: 2 Discarded; 16 Processed.

2321 +RMS Output Noise Standard Deviation £ 50ppm of FS
2322 +RMS Output Magnitude +0.96V < Mean Signal < +1.04V

100mV AC Range

P077 100mV AC Range - +100mV DC Input Checks
Input: +100mVDC to AC Preamp set to 100mVAC Range.
Measure: Input using 100mV DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

2331 Input Noise Standard Deviation < 20ppm of FS

2332 Input Magnitude +170mV < Mean Signal ¢ +200mV

P0O78 100mV AC Range - +100mV DC Input - Checks at AC Preamp Output
Input: +100mVDC to AC Preamp set to 100mVAC Range.
Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 32 Processed.

2341 Preamp Output Noise Standard Deviation < 50ppm of FS

2342 Preamp Output Magnitude  -200mV < Mean Sighal ¢ -170mV
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2.6.8.1 Positive Tests (Contd.)

Test Setup Model

//-’_’—\
Reference Selections: ~

10VDC:  Pathways POL7, P05, PO66, P09, P70, POT3 B PO74, [ (
(Error Codes 2351 to 2402) ~ i Se ’.fc"?“ B
INT SIG BUS t Multiplier References
]l: II | ‘]:
DCV Measurements: f )
AC Preamp Input at INT_SIG_BUS: DC A-D A-D
PO17, PO65, PO69 B PO73. >
(Error  odes 2351/2, 2371/2 B 2391/2) Preamp Multiplexer Converter

AC Preamp Outputat AC_CAL_SENSE: L

Pathways P0O68, PO70 B P074.
(Error Codes 2361/2, 2381/2 B 2401/2)

AC_CAL_SENSE

§~ DCV Prearnp Range Selections:
10VDC: Pathways P01 7, P065, PO69 8 P073.
(Error Codes 2351/2, 2371/2 8 2391/2)

Range Selections:

10VAC: Pathways P017, PO65 B PO66. .
(Error Codes 2351R B 2361/2) . | tvbe Pathway POS6.
100VAC:  Pathways P69 B PO70. Rectifier RMS |— 1oomvac: #EIISRISSE 437,

(Error Codes 2371/2 B 2381/2)
1kVAC: Pathways P073 B P074,
(Error Codes 2391/2 B 2401/2)

(Error Codes 2381/2 & 2401/2)

- Acv option .

AC Voltage. 2.6.8.1: Positive Checks - 10V, 100V & 1kV Ranges - Simplified Test Setup Diagram

Volume 2 References

—
e v Gal
Camm PL30

:: ¥ N

J{10v/100V/

- 1kV Range
o Switching

RL102 5
E : o |( RL103 Ruot_) s ;
Layout Circuit PLaoat ] Layout ‘
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List of Positive Measurement;(Contd.)

10V AC Range

PO17

P065

2351
2352

P066

2361
2362

10V AC Range - Settling Time

Input: +O1I/DC to AC Preamp set to 10VAC Range.

Measure: Input using 10V DC Range at INT-SIG—-BUS.

No. of Readings: 0 Discarded; 8 Processedthen Discarded to generate settling time.

Measure and Discard — (settling)

10V AC Range - +10V DC Input Checks

Input: +10OVDC to AC Preamp set to 10VAC Range. Measure: Input using 10V DC Range at INT-SIG-BUS.
No. of Readings: 8 Discarded; 8 Processed.

Input Noise Standard Deviation 1 20ppm of FS

Input Magnitude +9.4V < Mean Signal < +10.2V

10V AC Range - +10V DC Input - Checks at AC Preamp Output
Input: +10VDC to AC Preamp set to 10VAC Range.

Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 8 Processed.

Preamp Output Noise Standard Deviation < 50ppm of FS

Preamp Output Magnitude  -1.02V ¢ Mean Signal < -0.94V

100V AC Range

P069

2371
2372

PO70

2381
2382

100V AC Range - +@®V DC Input Checks
Input: +10VDC to AC Preamp set to 100VAC Range. Measure: Input using 10/ DC Range at INT-SIG—-BUS.
No. of Readings: 8 Discarded; 8 Processed.

Input Noise Standard Deviation < 20ppm of FS
Input Magnitude +9.4V ¢ Mean Signal < +10.2V

100V AC Range - +10V DC Input - Checks at AC Preamp Output
Input: +10VDC to AC Preamp set to 100VAC Range.

Measure: Preamp Output using 100mV DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

Preamp Output Noise Standard Deviation < 50ppm of FS

Preamp Output Magnitude  -102mV ¢ Mean Signal c -84mV

1kV AC Range

PO73

2391
2392

PO74

2401
2402

1kV AC Range - +10V DC Input Checks
Input: +10VDC to AC Preamp set to IKVAC Range. Measure: Input using 10V DC Range at INT-SIG-BUS.
No. of Readings: 8 Discarded; 8 Processed.

Input Noise Standard Deviation < 20ppm of FS
Input Magnitude +9.4V < Mean Signal < +10.2V

1kV AC Range - +10V DC Input - Checks at AC Preamp Output
Input: +10VDC to AC Preamp set to IKVAC Range.

Measure: Preamp Output using 100mV DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

Preamp Output Noise Standard Deviation < 50ppm of FS
Preamp Output Magnitude  -20.176mV < Mean Signal < -18.624mV



Section 2 - Fault Diagnosis

2.6.8 AC Voltage Tests (Contd.)
2.6.8.2 Negative Tests

Test Setup Model

/

Reference Selections/\

-1VDC: Pathways P061, P0O62 & pPo64. [' ] ( R
(Error Codes 2411-2438) I Selfcal | I |
INT_SIG_BUS [ Multiplier References
J \
y r Y Y Y
DCV Measurements: ~ A
AC Preamp Input at INT_SIG_BUS: DC A-D A-D
Pathway P0617. :
(Error C{)des 2411/2) Preamp Multlplexer Converter
AC Preamp Output at AC_CAL_SENSE:
Pathway PO62.
(Error Codes 2421/2)
¢————O
AC_CAL_SENSE
s ACV Measurements.
RMS Output via A-D Direct
~ Pathway P064
(Error Codes 2431/2)
AC Recitifier RMS
Preamp
Range Selections
1VAC. Pathways P0O61, P062 & PO64.
(Error Codes 2411-2438) : Digital Calculations
U ACV Opt/on (Error Codes 2433 8)
L AC Voltage. 2.6.8.2: Negative Checks - 7V Range - Simplified Test Setup Diagram
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Section 2 - Fault Diagnosis

List of Negative Measurements

1V AC Range

P061 1V AC Range - Settling Time
Input: -1VDC to AC Prearnp set to 1VAC Range. Measure: Input using 1V DC Range at INT_SIG_BUS.
No. of Readings: 24 Discarded; 8 Processed then Discarded to generate settling time.

Measure and Discard — (settling)

P061 1V AC Range - -1V DC Input Checks
Input: -1VDC to AC Preamp set to 1VAC Range. Measure: Input using 1V DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

2411 Input Noise Standard Deviation < 20ppm of FS
2412 Input Magnitude -1.04V < Mean Signal < -0.96V

P062 1V AC Range - -1V DC Input - Checks at AC Preamp Output
Input: -1VDC to AC Prearnp set to 1VAC Range.
Measure: Prearnp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

2421 Preamp Output Noise Standard Deviation < 50ppm of FS
2422 Preamp Output Magnitude  +0.96V < Mean Signal < +1.04V

P064 1V ACRange - -1V DC Input - Checks at RMS Converter Output
Input: -1VDC to AC Preamp set to 1VAC Range. Measure: RMS Output via A-D.
No. of Readings: 2 Discarded; 16 Processed.

2431 RMS Output Noise Standard Deviation < 50ppm of FS
2432 -RMS Output Magnitude 0.95V < Mean Signal < 1.05V

Dig. RMS Converter Mean 1V Offset
Digital Calculation: Mean of RMS +1V offset and -1V offset.

2433 1V Offset Magnitude -100ppm of FS < Mean Offset < +100ppm of FS

Dig. 1V AC Range - Preamp Gain Drift
Digital Comparison of the present Gain against its value recorded at the most-recent Internal Source Cal.

2434 Preamp Gain Drift 0,999,650 < Drift Ratio < 1,000,350

Dig. +RMS Gain
Digital Calculation of the present RMS Converter +Gain.

2435  +RMS Gain 094 < +RMS Gain < 1.05

Dig. +RMS Gain Drift
Digital Comparison of the present +RMS Gain against its value recorded at the most-recent Internal Source Cal.

2436 +RMS Gain Drift Ratio 0.999,300 < Drift Ratio < 1.000,700

Dig. -RMS Gain
Digital Calculation of the present RMS Converter -Gain.

2437 -RMS Gain -1.06 < -RMS Gain < -0.95

Dig. <RMS Gain Drift
Digital Comparison of the present -RMS Gain against its value recorded at the most-recent Internal Source Cal.

2438 -RMS Gain Drift Ratio 0,999,300 < Drift Ratio < 1.000,700
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2.6.8.2 Negative Tests (Contd.)

Test Setup Model

/’_——\\

Reference Selections: W‘
-10VDC:  Pathwavs PO17, P019, PO67 & PO6S. [ A [ 1

(Error Codes 2461/2 & 2471/2)
-100mVDC: Pathways P079 & P08O. | Selfcal «| Ref
(Error Codes 2441/2 & 2451/2) INT_SIG BUS L Multiplier eferences
------- L\
y y A 4 v y
DCV Measurements: ) f ) )
AC Preamp Input at INT_SIG_BUS: _ _
Pathways PO 19, PO67 & P079. p DC > M IA P A-D
(Error Codes 2441/2 & 2461/2) reamp ultiplexer Converter
AC Preamp Output at AC_CAL_SENSE: L

Pathways W 17, PO68 & P080.
(Error Codes 2451/2 & 2471/2)

AC_CAL_SENSE

4~ DCV Preamp Range Selections:
10VDC: Pathways P019 & P067.

— ‘ my (Error Codes 2461/2)
| : : 1VDC: Pathw 068
Rectifier RMS Error C(; 274;1/2& 4 g)

Range Selections:

T1OVAC: Pathways P0O17, PO19, PO67 & PO6E8,
(Error Codes 2461-2473)

100mVAC: Pathways P079 & P08O0.
(Error Codes 2441-2453)

: 100mVAC: Pathway PO79.
L J L : (Error Codes 2441/2)

ACV Option . i
- e Digital Calculations:
(Error Codes 2453 & 2473)

AC Voltage. 2.6.8.2: Negative Checks - 100mV & 10V Ranges - Simplified Test Setup Diagram
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List oFNegafive Measurements (Contd.)

100mV AC Range

P079 100mV AC Range - -100mV DC Input Checks
Input: -100mVDC to AC Preamp set to 100mVAC Range.
Measure: input using 100mV DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

2441 Input Noise Standard Deviation < 20ppm of FS
2442 Input Magnitude -200mV < Mean Signal < -170mV

P080 100mV AC Range - -100mV DC Input - Checks at AC Preamp Output
Input: -100mVDC to AC Preamp set to 100mVAC Range.
Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 32 Processed.

2451 Prearnp Output Noise Standard Deviation < 50ppm of FS
2452 Preamp Output Magnitude  +170mV < Mean Signal < +200mV

Dig. 100mV AC Range - Preamp Gain Drift
Digital Comparison of the present Gain against its value recorded at the most-recent Internal Source Cal.

2453 Preamp Gain Drift 0,999,650 < Drift Ratio < 1,000,350

10V AC Range

P019 10V AC Range - Settling Time
Input: -10VDC to AC Prearnp set to 10VAC Range. Measure: Input using 10V DC Range at INT_SIG_BUS.
No. of Readings: 0 Discarded; 8 Processed.

Measure and Discard — (Settling)

P067 10V AC Range - -10V DC Input Checks
Input; -10VDC to AC Preamp set to 10VAC Range. Measure: Input using 10V DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

2461 Input Noise Standard Deviation < 20ppm of FS
2462 Input Magnitude -10.2V < Mean Signal < -9.4V

P017 10V AC Range - Settling Time
Input: -10VDC to AC Preamp set to 10VAC Range.
Measure: Prearnp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 0 Discarded; 8 Processed then Discarded to generate settling time.

Measure and Discard P017 0 ; 8 (Settling)

P068 10V AC Range - -10V DC Input - Checks at AC Preamp Output
Input: -10VDC to AC Preamp set to 10VAC Range.
Measure: Prearnp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 8 Processed.

2471 Preamp Output Noise Standard Deviation < 50ppm of FS
2472 Preamp Output Magnitude  +0.94V < Mean Signal < +1.02V

Dig. 10V AC Range - Preamp Gain Drift
Digital Comparison of the present Gain against its value recorded at the most-recent Internal Source Cal.

2473 Preamp Gain Drift 0,999,650 < Drift Ratio < 1.000,350
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26.82 Negative Tests (Contd.)

Test Setup Model

e

/’—_—\

/

Reference Selections:

N\

-10VDC:  Pathways P071, PO72, POT5 & PO76. 1 )
(Error Codes 2481-2513) f
- Msl;lat!i Cl?e!r <« References
INT_SIG_BUS L P
\
4 y y y y
l DCV Measurements: 1 )
X AC Preamp Input at INT_SIG_BUS: R B
Pathways P0O71 & P075. DC - A-D A-D
(Error Codes 2481/2 & 2501/2) Preamp Multiplexer Converter
AC Preamp Output at AC_CAL_SENSE:
Pathways P072 & PO76. N
(Error Codes 2491/3 & 2511/3)
o——--o0
AC_CAL_SENSE
k= DCV Preamp Range Selections:
: 10VDC:  Pathways P071 & PO75.
h (Error Codes 2481/2 & 2501/2)
Range Selections: 100mVAC: Pathways P072 & P0O76.
100VAC:  Pathways PO71 & P072. Rectifier RMS (Error Codes 2491/2 & 2511/2)
(Error Codes 2481/2 & 2491/2)
1kVAC: Pathways PO75 & P076. :
(Error Codes 2501/2 & 2511/2) o —
~ACV Option . . )
e Digital Calculations:
(Error Codes 2493 & 2513)
| !
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Section 2 - Fault Diagnosis

List of Negative Measurements (Contd.)

100V AC Range

PO71

2481
2482

PO72

2491
2492

Dig.

2493

100V AC Range - -IOV DC Input Checks
Input: -10VDC to AC Preamp set to 100VAC Range. Measure: {nput using 10V DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded: 8 Processed.

Input Noise Standard Deviation < 20ppm of FS
Input Magnitude -10.2V < Mean Signal < -9.4V

100V AC Range - -10V DC Input - Checks at AC Preamp Output
Input: -10VDC to AC Preamp set to 100VAC Range.

Measure: Preamp Output using 100mV DC Range at ACG_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

Prearnp Output Noise Standard Deviation < 50ppm of FS
Prearnp Output Magnitude  +94mV < Mean Signai < +102mV

100V AC Range - Preamp Gain Drift
Digital Comparison of the present Gain against its value recorded at the most-recent Internal Source Cal.

Prearnp Gain Drift 0,999,650 < Drift Ratio < 1.000,350

1000V AC Range

PO75

2501
2502

PO76

2511
2512

Dig.

2513

IkV AC Range - -10V DC Input Checks
Input: -10VDC to AC Preamp set to IkVAC Range. Measure: Input using 10V DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

Input Noise Standard Deviation < 20ppm of FS
Input Magnitude -10.2V < Mean Signal < -9.4V

1kV AC Range - -10V DC Input - Checks at AC Preamp Output
Input: -10VDC to AC Preamp set to 1kVAC Range.

Measure: Preamp Output using 100mV DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

Preamp Output Noise Standard Deviation < 50ppm of FS
Preamp Output Magnitude  +18.624mV < Mean Signal ¢ +20.176mV

BkV AC Range - Preamp Gain Drift
Digital Comparison of the present Gain against its value recorded at the most-recent Internal Source Cal.

Preamp Gain Dirift 0,999,650 < Drift Ratio < 1,000,350
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2.6.9 DC Current Tests

Test Setup Models

-

Range Selections: 100
10mADC.  Pathway P083. (All Fﬂm‘;ﬁ;ﬁ; References
(Error Codes 2521/3) Error Codes)
| J
Input
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R | I i t
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Current Option

DC Current. 2.6.9: 10mA Range - Zero Checks - Simplified Test Setup Diagram
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4
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]
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Liét of DC Current Measu-rements

10mA DC Range

P083 10mA Range True Zero Checks
Ohms Current: Deselected. Input Bus: Inputs deselected.
Measure: 10mA DC Range via INT_SIG_BUS, 100mV DC Range and A-D.
No. of Readings: 4 Discarded; 8 Processed.

2521 Noise Standard Deviation < 10ppm of FS
2522 Magnitude -100ppm of FS < Mean Magnitude < +100ppm of FS

Dig. 10mA Range True Zero Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

2523 Zero Drift -20ppm of FS < Drift < +20ppm of FS

P103 10mA Range - Ohms Low-Follower Zero @fset Checks
All inputs deselected. Selfcal Current open circuit.
Measure: 10mA DC Range Shunt using 1002 Normal Ohms Range (Zero Offset only).
No. of Readings: 4 Discarded; 16 Processed.

2524 Zero Offset Noise Standard Deviation £ 10ppm of FS
2525 Zero Offset Magnitude -100ppm of FS < Mean Magnitude ¢ +100ppm of FS

P084 10mA Range - Gain Checks
Inputs: 10mA Ohms Current via LOW-SENSE; 10mA Selfcal Current Selected.
Measure: 10mA DC Range Shunt value using 1002 Normal Ohms Range.
No. of Readings: 8 Discarded; 8 Processed.

2531 Range Gain Noise Standard Deviation £ 10ppm of FS
2532 Range Gain Magnitude +FR - 2% < Mean Magnitude c¢ +FR + 2%

Dig. 10mA DC Range Gain Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

2533 Magnitude Drift +0.999,750 < Dirift Ratio < +1,000,250
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2.6.9

Test Setup Models

DC Current Tests (Contd.)

[

INPUT_BUS
o\c =

Input
Deselect
I+ O o\
I- O
Input
Terminals

DC Current. 2.6.9: 100mA & 1A Ranges - Zero Checks - Simplified Test Setup Diagram

Range Selections:
1ADC: Pathway P087.
(Error Codes 2561/3) 100mVDC Range
100mADC: Pathway P085. (All pathways and References
(Error Codes 2541/3) Error Codes)
(.
+ Y Y Vv ¥
Shunt [ [ ) [
Current Voltage | DC A-D A-D
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g INT_SIG_BUS LPreamp Multiplexer Converter
N

_ Current Option

( A
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e LOW SENSE I+ 4 INPUT BUS 100mADC: Pathway PO8E. (Error Codes 2551/3)
i _ S sofe - ;—4»
Y onms ”Low M .
oS Constant 1A Range Gain: P088. (Error Codes 2571-3)
T > Current Follower Ohms Current: 10mA from 1002 Normal Ohms Range.
i : Sink | 00mA Range Gain: PO86. (Error Codes 2551/3)
s Ohms Current: 10mA from 100 Normal Ohms Range.
w DC Current. 2.6.9: 100mA & 1A Ranges - Offset Zero and Gain Checks - Simplified Test Setup Diagram
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List of DC Current Measurements @maf
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100mA DC Range

P085 100mA Range True Zero Checks
Ohms Current: Deselected. Input Bus: Inputs deselected.
Measure: 100mA DC Range via INT_SIG_BUS, 100mV DC Range and A-D.
No. of Readings: 4 Discarded; 16 Processed.
2541 Noise Standard Deviation < 10ppm of FS
2542 Magnitude -100ppm of FS < Mean Magnitude < +100ppm of FS
Dig. 100mA Range True Zero Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
2543  Zero Drift -20ppm O FS < Drift < +20ppm of FS
P086 100mA Range - Gain Checks
Inputs: 10mA Ohms Current via LOW-SENSE; 100mA Selfcal Current Selected.
Measure: 100mA DC Range Shunt value using 1002 Normal Ohms Range.
No. of Readings: 4 Discarded; 16 Processed.
2551 Range Gain Noise Standard Deviation < 10ppm of FS
2552 Range Gain Magnitude +0.1MR - 2% ¢ Mean Magnitude < +0.1FR + 2%
Dig. 100mA DC Range Gain Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
2553 Magnitude Drift +0.999,000 < Drift Ratio < +1.001,000
1A DC Range
P087 1A Range True Zero Checks
Ohms Current: Deselected. Input Bus: Inputs deselected.
Measure: 1A DC Range via INT_SIG_BUS, 100mV DC Range and A-D.
No. of Readings: 4 Discarded; 8 Processed.
2561 Noise Standard Deviation < 10ppm of FS
2562 Magnitude -100ppm of FS < Mean Magnitude ¢ +1Wppm of FS
Dig. 1A Range True Zero Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
2563 Zero Drift -20ppm of FS ¢ Drift < +20ppm of FS
P088 1A Range - Gain Checks
Inputs: 10mA Ohms Current via LOW—-SENSE; 1A Selfcal Current Selected.
Measure: 1A DC Range Shunt value using 10022 Normal Ohms Range.
No. of Readings: 8 Discarded; 8 Processed.
2571 Range Gain Noise Standard Deviation < 10ppm of FS
2572 Range Gain Magnitude +0.01FR - 4% < Mean Magnitude ¢ +0.01FR + 4%
Dig. 1A DC Range Gain Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
2573 Range Gain Drift Ratio +0.997,500 < Drift Ratio < +1.002,500
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2.6.9 DC Current Tests (Contd.)

Test Setup Models

-

Range Selections: )
1TmADC: Pathway P089.
(Error Codes 258113) 100mVDC Range | References
T100MADC. Pathway P0S1. (Al pathways and
(Error Codes 260113) Error Codes)
p———
Input
Deselect .
Shunt [ A
I+ O—.\v Voltage | e} A-D ‘ ~
INPUT_BUS -I oo [ Mut " nD
L \ ! NT_SIG_BUS Prearnp Multiplexer Converter
Input ~
Terminals

DC Current. 2.6.9: TmA & 70014 Ranges - Zero Checks - Simplified Test Setup Diagram

LOW_SENSE

INPUT_BUS

Offset

™~

t——  Range Selections:

Q_REF References
Reference Voltage
) 100mVDC Range
/ (Allpsatiways -
and
. Error Codes) Y Y v 4vY
INPUT_BUS Current INT_SIG_BUS
I- Range Shunt Voltage /| o, DC A-D AD
Shunts + Low-Follower\ Preamp Multiplexer Converter

1mADC: Pathway P090. (Error Codes 2591-3)

100uADC. Pathway P0S2. (Error Codes 2611-3}

1mA Range Gain: P0S0. (Error Codes 2591-3)

Ohms Current: 1mA from 10082 Lol Ohms Range.
100uA Range Gain: P092. (Error Codes 2611-3)
Ohms Current: TO04A from 1k Lo/ O h m Range.

DC Current. 2.6.9: TmA & 100uA Ranges - Offset Zero and Gain Checks - Simplified Test Setup Diagram
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List of DC Current Measuremenfsw(Contd.)

Section 2 - Fault Diagnosis

1mA BC Range

P089

2581
2582

Dig.

2583

P0S0

2591
2592

Dig.

2593

1mA Range True Zero Checks

Ohms Current: Deselected. Input Bus: inputs deselected.

Measure: 1mA DC Range via INT_SIG_BUS, 100mV DC Range and A-D.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation £ 10ppm of FS

Magnitude -100ppm of FS < Mean Magnitude < +100ppm of FS

1mA Range True Zero Magnitude Drift
Digital comparisen of the present magnitude against that recorded at the most-recent Internal Source Cal.

Zero Drift P0O89 4 ; 8 -20ppm of FS < Dirift ¢ +20ppm of FS

ImA Range - Gain Checks

Inputs: 1mA Ohms Current via LOW-SENSE; 1mA Selfcal Current Selected.
Measure: 1mA DC Range Shunt value using 100£€2 Lol Ohms Range.

No. of Readings: 4 Discarded; 8 Processed.

Range Gain Noise Standard Deviation < 10ppm of FS

Range Gain Magnitude +HR- 2% < Mean Magnitude ¢ +FR + 2%

1mA DC Range Gain Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Magnitude Drift +0.999,750 ¢ Drift Ratio ¢ +1,000,250

100pA DC Range

P0O91

2601
2602

Dig.

2603

P092

2611
2612

Dig.

2613

100upA Range True Zero Checks

Ohms Current: Deselected. Input Bus: Inputs deselected.

Measure: 100uA DC Range via INT_SIG_BUS, 180mV DC Range and A-D.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 10ppm of FS
Magnitude -100ppm of FS ¢ Mean Magnitude c +100ppm of FS

100pA Range True Zero Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Zero Drift -20ppm o FS ¢ Dirift ¢ +20ppm of FS

100pA Range - Gain Checks

Inputs: 100uA Ohms Current via LOW-SENSE; 100pA Selfcal Current Selected.
Measure: 100pA DC Range Shunt value using 1k€2 Lol Ohms Range.

No. of Readings: 4 Discarded; 8 Processed.

Range Gain Noise Standard Deviation < 10ppm of FS
Range Gain Magnitude +FR - 2% c Mean Magnitude < +FR + 2%

100pA DC Range Gain Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Magnitude Drift Ratio +0.999,750 < Drift Ratio ¢ +1,000,250



Section 2 - Fault Diagnosis
2.6.10 AC Current Tests

Test Setup Model

[
. Q_REF
Reference Voltage 10mA AC Range Gains: References
Pathways Pxxx & Pyyy. 100mVAC Range
(Error C s 26ab- (DC Coupled) N
111
INPUT_BUS ' INT_SIG BUS 1 , '
» 1 Current == .
I- Range Shunt Voltage Vel Rectifier A‘D A-D
+ Low-Followe & RMS Multiplexer Converter
Shunts Offsat P
| <= Shunt Votage—»|
LOW_SENSE I+ $ INPUT_BUS
Ohms Current; 10mADC from
100Q Normal Ohms Range. :
Pathway Pxxx.
- (Error Codes 26ab-c) :
-2 Ohms Current: 1000 ADC from :
3 1Kk Lol Ohms Range. b2
Pathway Pyyy. E V
(Error Codes 26de-f) :

AC Current Ranges. 2.6.70: Gain Checks at 100% and 7% of Full Range - Simplified Test Setup Diagram

Volume 2 References
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| : e - ChEn IR l “{ Output
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Current to Voltage Converter 11.7-1 Measurement: 100mVAC Preamp ‘ 11.5-1

Inputs and Sensing

| » PL33

\Rectitier) 8 Preamp Output
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| Circuit

RMS Chip)
& Log Amp : .
l Connections | - CerUIt

Measurement: RMS Input | 11.52 Measurement: RMS Output 11.5-3

Layout




_____Section 2 - Fault Diagnosis

List of AC Current Measurements

10mA AC Range

P093

2621
2622

Dig.

2623

P093

2631
2632

Dig.

2633

10mA AC Range - Gain Checks

Inputs: 10mA Ohms Current via LOW-SENSE; 10mA Selfcal Current Selected.

Measure: 10mA Range Shunt value using 10052 Normal Ohms Range (using 100mA AC Range and A-D).
No. of Readings: 4 Discarded; 8 Processed.

Range Gain Noise Standard Deviation < 10ppm of FS
Range Gain Magnitude +FR - 4% < Mean Magnitude ¢ +FR + 4%

10mA AC Range Gain Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Magnitude Drift +0.999,750 < Drift Ratio < +1.000,250

10mA AC Range - Gain Checks

Inputs: 100uA Ohms Current via LOW—-SENSE; 100pA Selfcal Current Selected.

Measure: 10mA Range Shunt value using IkQ2 Lol Ohms Range (using 100mA AC Range and A-D).
No. of Readings: 4 Discarded; 8 Processed.

Range Gain Noise Standard Deviation < 10ppm of FS
Range Gain Magnitude +FR - 4% < Mean Magnitude < +FR + 4%

10mA AC Range Gain Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.

Magnitude Drift +0.999,750 < Drift Ratio < +1.000,250



Section 2 - Fault Diagnosis

2.6.11 Resistor Ratio Tests

Test Setup Mdel

™~
Q _REF
References
4 1
INT_SIG_BUS 3
Standard Resistor /' DC A‘ D A-D
oltage " Preamp Multiplexer Converter
+ Low-Follower
Offset
1kQ Resistor Tests:
100mVDC Range
Pathways P035, PO36
Error Codes 2721-6 & 2737
100k2 Resistor Tests:
10VDC Range
Pathways P037, P038
P035, PO37 Error Codes 2731-7
Ohms Current: 100uA for 1kQ Resistor Tests: v
Pathways P035, P036. Error Codes 2721-6 & 2737.
Ohms Current: 1004A for 100kl Resistor Tests:
Pathways P037, PO38. Error Codes 2731-7.
_ Standard Resistor Tests. 2.6.71: Simplified Test Setup Diagram )
Vol une 2 References
o M202- )Ohms Current) (AL : ' : - ,::I I i St v' S
91011 1000A S g T I I o ’ Viosaa) o
Saeoomoacdemasoo e » : R Low B
Vohage to Current |- : : e
Q Ref from Intornal | e . Gy - I I B -RL103 y o
| Source M201  jiiiiEia B N o da
| T Geut Layout IRl _ Circuit
Ohms Current Source 11.6-2 Ohms Current Switching 11.6-1
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Ipl
R
A
Gk

11!

Layout

=710V Range|{ to
S Switching }{ A-D

Measurement of Standard Resistors
via DC Voltage Ranges

D e S SoE T M00my
L Int Sig Bus ¢ Int Sig Bus |7 i) Range
S PL mz02- 1723} Circuit LSWitching
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Section 2 - Fault Diagnosis

List of Standard Iie—sTsﬂtor Measurements

1kQ2 Standard Resistor

P035

2721
2722

Dig.

2723

P036

2724
2725

Dig.

2726

BIKkQ Standard Resistor True Zero
Ohms Current: True Zero. DCV Range: 100mV, No. of Readings: 32 Discarded; 8 Processed.

Noise Standard Deviation < 10ppm of FS

Magnitude -200ppm of FS < Mean < +200ppm of FS

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent Interna! Source Cal.
Magnitude Drift -100ppm of FS < Drift < +100ppm of FS

k2 Standard Resistor Value
Ohms Current: 100pA. DCV Range: 100mV. No. of Readings: 8 Discarded; 8 Processed

Noise Standard Deviation < 10ppm of FS

Magnitude 980 < Mean < 1020Q

Value Drift

Digital comparison of the present Value against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0,999,800 < Drift Ratio < 1.000,200

100kQ2 Standard Resistor

P037

2731
2732

Dig.

2733

P038

2734
2735

Dig.

2736

100k Standard Resistor True Zero
Ohms Current: True Zero. DCV Range: 10V. No. of Readings: 8 Discarded; 8 Processed.

Noise Standard Deviation < 2ppm of FS

Magnitude -40ppm of FS < Mean Magnitude < +40ppm of FS

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift -5ppmof FS < Drit < +5ppm of FS

100kQ2 Standard Resistor Value
Ohms Current: 100gA. DCV Range: 10V. No. of Readings: 8 Discarded; 8 Processed.

Noise Standard Deviation < 2ppm of FS

Magnitude 98kQ < Magnitude < 102kQ

Value Drift

Digital comparison of the present Value against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0,999,750 < Drift Ratio < 1,000,250

Standard Resistor Ratio

Dig.

2737

Value Drift
Digital comparison of the ratio between the present 100kQ2 and 1k Values against the corresponding ratio recorded at the
most-recent calibration.

Value-Ratio Drift -100 x 10°¢ < Drift < +100 x 10-®



Section 2 - Fault Diagnosis

2.6.12 Ohms Tests

Test Setup Model

N
Q_REF
References
1k Selected for all 10002 Tests
y y { y
INT_SIG_BUS ( ) (
& 3 Standard Resistor /' DC A‘ D A-D
Relay Voliage N\ Preamp Multiplexer Converter
+ Low- Fo/lowar
RL103 Standard ReSIStors " Offset -
R )
I Q Saledc: '_ S(andard F{as;stor Vol(ag \ -
not used 10VDC Range:
O B : : Pathways P040, P041.
: S Error Codas 2751-5.
. o LOW_SENSE» B
Gain e 1VDC Range:
Pathway P039.
Error Codes 2741-3.
=| True Zeros:
.| P039 & P042. 100mVDC Range:
©| Zero Offset: 8 ‘ Pathway P042.
e S fhbocs Error Codes 2761-3.
Ohms Current: 10mA for Pathways P039-41. v
Error Codes 2741-3 & 2751-5.
Ohms Current: 1mA for Pathway P042.
Error Codes 2761-3.
Ohms Ranges. 2.6.12: 100Q Range - Simplified Test Setup Diagram )
Volume 2 References
: : : I I _'[onms @101_1TRL201J @Jﬁ) : l ' - S
2hex o : G | l Current | 1mA 1QmA » : I I {M102/3/4
i : - Vottage to Current : S : Int Sig Bus PL41[ | _Low :
i (e e
203 : T : s
s : Q Ref from Internal : : : : :
i 1! . 1]
Layout IR e = . Circuit Layout 1] RL104 Circuit
Ohms Current Source 11.6-2 Ohms Current Switching 11.6-1

2-46

10V/1V Range to
Swnchmg A-D

1
i
Iy
| [
!

: 100mV
Int S|g Bus Im Svg Bus ange
PL141 M202 - 1/2/3 Ctrcuut Swnchlng

Measurement of 100Q2 Range
via DC Voltage Ranges

11.2-2




List of Ohms Measurements

Section 2 - Fault Diagnosis

| 00$2 Range

PO39

2741
2742

Dig.
2743

Po40

2751
2752

R4l

2753
2754

Dig.

2755

P042

2761
2762

Dig.

2763

1002 Range True Zero (Measured using the 1V DC Range)
Ohms Current: True Zero {(10mA selected). Standard Resistor: 1kQ2. DCV Range: 1V.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < Sppm of FS

Magnitude -40ppm of FS < Mean Magnitude ¢ +40ppm of FS

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the mast-recent Internal Source Cal.
Magnitude Drift -15ppm of FS ¢ Drift < +15ppm of FS

100L2 Range Zero (Measured using the 10V DC Range)

Chms Current: True Zero {10mA selacted). Standard Resistor: 1k. DCV Range: 10V.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 3ppm of FS

Magnitude -50ppm of FS ¢ Mean Magnitude < +50ppm of FS

100Q2 Range Gain (Measured using the 10V DC Range)
Ohms Current: 10mA. Standard Resistor: 1kQ. DCV Range: 10V.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 3ppm of FS

Magnitude 96R ¢ Mean Magnitude c 104Q

Gain Drift

Digital comparison of the present Gain Magnitude against that recorded at the most-recent internal Source Cal.
Magnitude Drift 0.999,750 < Drift Ratio < 1.000,250

100Q Range True Zero (Measured using the 100mV DC Range)
Ohms Current: True Zero (ImA selected). Standard Resistor: 1k2. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 15ppm of FS
Magnitude -200ppm of FS < Mean Magnitude < +200ppm of FS
Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift -100ppm of FS < Drift < +100ppm of FS



Section 2 - Fault Diagnosis
2.6.12 Ohms Tests (Contd.)

Test Setup Model

N
Q _REF
= References
1KQ Selected for all 1hQ & 10k Jests
I
INT_SIG_BUS [ )
Standard Resistor DC A-D A-D
L Vot hage N\ Preamp Multiplexer Converter
Standard Resistors * °"5,,;:,”°""’ L

.\ 1VDC Range:

Pathways P044 & P045.
Error Codes 2781-3 & 2791-3.

100mVDC Range:
Pathways P043 & P046.
Error Codes 2771-3 8 2801-3.

Ohms Current: 1mA for Pathways P043-4.
Error Codes 2771-3 & 2781-3.
Ohms Current: 100uA for Pathway P045.
Emr Codes 2791-3.

Ohms Qurrent: 104A for Pathway PO46.
Emr Codes 2801-3.

Ohms Ranges. 2.6.12: 1kQ and | 0kQ2 Ranges - Simplified Test Setup Diagram

Volume 2 References

0204 M202-9 | Ohms (M101-16
10;1A 100pA ) Current | 1mA

Voltage to Current Y.
Convener M203 =

VCIrCUII Ta e " Circuit

Ohms Current Source 11.6-2 Ohms Current Switching 11.6-1

... 5
sELLEET S 100mV
Int Sig Bus ange
GYSRL M202-1/2/3) Clrcu:t Swnchmg
Measurement of 1kQ & 10k Ranges | 11.2-2
via DC Voltage Ranges L

2-48



List of Ohms Measurements (Contd.)

Section 2 - Fault Diagnosis

| k€2 Range

P043

1kQ Range True Zero (Measured using the 1V DC Range)
Ohms Current: True Zero (dhA selected). Standard Resistor: 1k2. DCV Range: 1V.
No. of Readings: 4 Discarded; 8 Processed.

2771 Noise Standard Deviation < 5ppm of FS
2772 Magnitude -40ppm of FS < Mean Magnitude < +40ppm of FS
Dig. Zero Drift
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
2773 Magnitude Drift -15ppm of FS < Drift < +15ppm of FS
P044 1k Range Gain (Measured using the 1V DC Range)
Chms Current: ImA. Standard Resistor: 1k2. DCV Range: V.
No. of Readings: 4 Discarded; 8 Processed.
2781 Noise Standard Deviation s 5ppm of FS
2782  Magnitude 960Q < Mean Magnitude < 1040Q
Dig. Gain Drift
Digital comparison of the present Gain Magnitude against that recorded at the most-recent Internal Source Cal.
2783 Magnitude Drift 0,999,750 c Drift Ratio < 1.000,250
10kQ2 Range
P045 10kQ Range True Zero (Measured using the 1V DC Range)
Ohms Current: True Zero (100uA selected). Standard Resistor: 1kQ2. DCV Range: 1V.
No. of Readings: 4 Discarded; 8 Processed.
2791 Noise Standard Deviation < 5ppm of FS
2792  Magnitude -40ppm of FS < Mean Magnitude c +40ppm of FS
Dig. Zero Drift
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
2793 Magnitude Drift -15ppm of FS < Drift < +15ppm of FS
P046 10k Range True Zero (Measured using the 100mV DC Range)
Ohms Current: True Zero (10uA selected). Standard Resistor: 1kQ. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.
2801 Noise Standard Deviation < 15ppm of FS
2802 Magnitude -200ppm of FS ¢ Mean Magnitude c +200ppm of FS
Dig. Zero Drift
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
2803 Magpnitude Drift -100ppm of FS < Drift ¢ +100ppm of FS
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2.6.12 Ohms Tests (Contd.)

Test Setup Model

/

Error Codes 2811-3 & 2821-3.

Ohms Current: 1uA for Pathways P047/8.

—
Q REF
References
101kQ Selected for 100kQ Tests
1
INT_SIG_BUS |
Standard Resistor / DC A‘D A-D
Voltage " Preamp Multiplexer Converter
+ Low-, Follower
- Offset o
; 100mVDC Range:
Pathways P047/8.

Error Codes 2811-3 & 2821-3.

Ohms Ranges. 2.6.12: 100k Range - Simplified Test Setup Diagram

Volume 2 References

- '-.Méoz .

Ohms (M202-1 .
Current {  1pA BERe:

S (RL104 ) -

M102/3/4
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Layout L C"CU"‘ ROz Tayout | Circuit
Ohms Current Source ‘ 11.6-2 Ohms Current Switching 11.6-1

Im Sng Bus
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|

Int Sig Bus
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o (oomy
Sosen Range
Circuit |switching

Measurement of 100kQ Range

via DC Voltage Ranges
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__ Section 2 - Fault Diagnosis

List of Ohms Measurements (Contd.)

100kQ2 Range

PO47

2811
2812

Dig.

2813

P048

2821
2822

Dig.

2823

| 00k$2 Range Tr ue Zero (Measured using the 100mV DC Range)
Ohms Current: True Zero (11.A selected). Standard Resistor: 100k€2. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 15ppm of FS

Magnitude -2508 ¢ Mean Magnitude < +250€Q

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift «100ppm of FS < Drift ¢ +100ppm of FS

100k Range Gain (Measured using the 100mV DC Range)
Ohms Current: 1pA. Standard Resistor: 100k€2. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 15ppm of FS
Magnitude 96k < Mean Magnitude < 104kQ
Gain Drift

Digital comparison of the present Gain Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0,999,650 < Drift Ratio < 1,000,350



Section 2 - Fault Diagnosis
2.6.12 Ohms Tests (Contd.)

Test Setup Model

- ~

{_REF References

101kQ Selected for all 1IMQ Tests [

ohage " Preamp Multiplexer Converter
+Low- Fa//ower

Offset
; 10VDC Range:

Pathway P049.
Error Codes 2831-3.

1VDC Range:
Pathways P050/1.
Error Codes 2841-5.

100mVDC Range:
| Pathways P052/3.
v Error Codes 2851-3 & 2861-3.

INT_SIG_BUS ) N
Stand’;a/rd Resistor ’—__l DC A-D «’ A-D

Ohms Current: 10uA for Pathways P049-51.
Error Codes 2831-3 & 2841-5.

Ohms Current: 100nA for Pathways P052/3.
Error Codes 2851-3 & 2861-3.

Ohms Ranges. 2.6.12: | MQ Range - Simplified Test Setup Diagram

Volume 2 References

S~ —-- I =

! i ™ 2028} CRL1GE ]

= WY Current {_100nA Lo I E AL105 a
: e d |

8 Voltage to Current S Lt Sng Bus PL41
: Converter M203 | ” PL41 |

1R  Ref from Internal) (RL108) L M102 3 l I v’ v

\Rtto4 )} Circuit

Ohms Current Source 11.6-2 ' Ohms Current Switching 11.6-1

(ovav )
Range
; Sw:tchlng
100mV
ange
CH’CUIt Swnchmg

Measurement of 1IMR Range 11.2-2
via DC Voltage Ranges
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List of Ohms Measurements (Contd.)

IMQ Range

P049

2831
2832

Dig.

2833

PO50

2841
2842

PO51

2843
2844

Dig.

2845

P052

2851
2852

Dig.

2853

PO53

2861
2862

Dig.

2863

1MQ Range True Zero (Measured using the 10V DC Range)
Ohms Current: True Zero (10pA selected). Standard Resistor: 100k§2. DCV Range: 10V.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 3ppm of FS

Magnitude -40ppm o FS < Mean Magnitude ¢ +40ppm of FS

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift -Sppmof FS < Dnft < +5ppm of FS

1MQ Range Zero (Measured using the 1V DC Range)

Ohms Current: True Zero (10uA selected). Standard Resistor: 100kQ. DCV Range: 1V.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < Sppm of FS

Magnitude -50ppm of FS < Mean Magnitude < +50ppm of FS

1MQ Range Gain (Measured using the 1V DC Range)
Ohms Current: 10pA. Standard Resistor: 100kQ. DCV Range: 1V.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < Sppm of FS

Magnitude 960W < Mean Magnitude < 1040kQ

Gain Drift

Digital comparison of the present Gain Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0,999,750 < Drift Ratio < 1.000,250

1MQ Range True Zero (Measured using the 100mV DC Range)
Ohms Current: True Zero (100nA selected). Standard Resistor: 100kQ. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 15ppm of FS

Magnitude -250Q < Mean Magnitude < +250Q

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift -100ppm of FS < Drift < +100ppm of FS

IMQ Range Gain (Measured using the 100mV DC Range)
Ohms Current: 100nA selected. Standard Resistor: 100kQ2. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation £ 15ppm of FS
Magnitude 96kQ < Mean Magnitude < 104kQ
Gain Drift

Digital comparison of the present Gain Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0,999,000 < Drift Ratio < 1.001,000
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2.6.12 Ohms Tests (Contd.)

Test Setup Model

e —
Ty
Q REF
= References
101kQ Selected for all 10MQ) Tasts
4 A
INT_SIG_BUS (
Standard Resistor /¥ DC A-D A-D
Voltage " Preamp Multiplexer Converter
+ Low-Follower
Offset
; IOVDCRange:
Pathways P054/5.
Error Codes 2871-3 & 2881-3.
100mVDC Range:
: ', Pathway P056.
Follower: - Error Codes 2891-3.
True Zeros: i S
PO054, PO5S5.
_ Ohms Current: 1uA fo; Pathway 15054. \7
Error Codas 2871-3.
Ohms Current: 10nA for Pathways P055/6.
Error Codes 2881-3 & 2891-3.
( : Ohms Ranges. 2.6.12: 10M Range - Simplified Test Setup Diagram )
Volume 2 References
1Rl [ onms (M202-16 M202-1) i s
l | Current | 10nA 1uA . : = M10273i4 )
;. Voltage to Current :
: hE ARl (aRef from Internal } : : i S
LR ;;l‘ I { Source M201 } . i
Layout g —= 7 . Circuit [ RL10s - Circuit
Ohms Current Source 11.6-2 Ohms Current Switching 11.6-1

M401
A-D

{ Range
Switching

.

Mx

_Laydut

Int Sig Bus
PL141

Measurement cf 10MQ Range

via DC Voltage Ranges

G S M oomv
{ IntSigBus ). Range
M202- 1273} Circuit | switching

i
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List of Ohms Measurements (Contd.)

10MQ Range

P054

2871
2872

Dig.

2873

P0O55

2881
2882

Dig.

2883

P056

2891
2892
Dig.

2893

10MQ Range True Zero (Measured using 1A Ohms Current)
Ohms Current: True Zero (| pA selected). Standard Resistor: 100k2. DCV Range: 10V.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 3ppm of FS

Magnitude -40ppm of FS a Mean Magnitude < +40ppm of FS

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent internal Source Cal.
Magnitude Drift 100ppm of FS < Drift < +100ppm of FS

10MQ Range True Zero (Measured using 10nA Ohms Current)
Ohms Current: True Zero {10nA selected). Standard Resistor: 100kQ DCV Range 1QV
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 15ppm of FS

Magnitude -2500 < Mean Magnitude < +250Q

Zero Drift

Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift -100ppm of FS ¢ Drift < +100ppm of FS

| OMR Range Gain (Measured using 10nA Ohms Current)
Ohms Current: 10nA selected. Standard Resistor: 100k2. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 15ppm of FS
Magnitude 94kR < Mean Magnitude < 108kQ
Gain Drift

Digital comparison of the present Gain Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0,997,500 < Drift Ratio < 1.002,500
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2.6.13 High Ohms Tests

Test Setup Model

e A
G —
O_REF References
| 101k Selected for all 10MQ & 1GQ Tests
1 \d
INT_SIG_BUS ( (
Standard Resistor ad DC A-D A-D
Voltage Preamp Multiplexer Converter
+ Low-Follower
Offsat
\ 10VDC R: :
Paihwaysaggghﬁ.
Error Codes 2901-3 & 2911-3.
Ohms Cummt 00n, f;)r Pavr‘hwayl-'l"o‘sz V
Error Codes 2901-3.
Ohms Curmrent: 10nA for Pathway P058.
Error Codes 2911-3.
Hi Ohms Ranges. 2.6.13: 100MQ and 1GQ Ranges - Simplified Test Setup Diagram
Volume 2 References
Ohms (M202.16] M2028) RL104 o
{ Current 10nA | 100nA ) : = : i l l Eae : :
Vonage to Current B :f '
“\ Source M201 R : :
= = Circdit Layout | 11 Circuit
Ohms Current Source 11.6-2 Ohms Current Switching 11.6-1

2-56

10V
Range

| Int Sig Bus
PL141 l

Int Slg Bus
[ M202 - 1/2/3] Circuit

I
l.
.
|
I

e to
: Switching A A-D

Measurement of 1CDVR & 1GR Ranges

via DC Voltage Ranges

11.2-2
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List of Hi Ohms Measurements

100MQ Range

P057 100MQ Range True Zero
Ohms Current: True Zero {100nA selected). Standard Resistor: 100kQ2. DCV Range: 10V.
No. of Readings: 4 Discarded; 8 Processed.
2901 Noise Standard Deviation < 2ppm of FS
2902 Magnitude -20ppm of FS < Magnitude < +20ppm of FS
Dig. Zero Drift
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internai Source Cal
2903 Magnitude Drift -100ppm of FS < Drift < +100ppm of FS
1GQ Range
P058 1GQ Range True Zero
Ohms Current: True Zero (10nA selected). Standard Resistor: 100k2. DCV Range: 10V.
No. of Readings: 4 Discarded; 8 Processed.
2911 Noise Standard Deviation < 2ppm of FS
2912 Magnitude -20ppm of FS < Magnitude < +20ppm of FS
Dig. Zero Drift
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
2913 Magnitude Drift -100ppm of FS < Drift < +100ppm of FS
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2.7 Fast Selftest

Reference Ratio Test Setup Model

Fast Selftest

,_
©

References I
Ref + - !
2 Ref Ref ]

}2141
2142

2121
2122

} 2131 )2151 ) 2153
2132 2152 2154

12911y 9¢10

5 A-D
MuMpeker
M401

Co&'@rter

L Reference Ratio Tests. 2.7.2: Simplified Test Setup Diagram

Volume 2 References

 {M408/M409

M401

Lot

I.w.og . Circuit

Measurement

11.2-4




Fast Selftest Section 2 - Fault Diagnosis
List of Memory Tests and Reference Ratio Measurements

2.7.1 Memory Tests

2.7.1.1 Non-volatile RAM Checksum Errors

2100 Primary.

2101 Secondary,
2102 Input Zero.
2103 Frequency.

2.7.2 Reference Ratio Tests

P129 Ref Zero Checks
Input: Hard Zero to A-D Multiplexer. Measure: via A-D. No. of Readings: 8 Discarded; 16 Processed

2121 Noise Standard Deviation < 60ppm of FR
2122 Magnitude i Mean Ref zero | < 50ppm of FR

P131 Ref 2 Checks
Input: Ref 2 to A-D Multiplexer. Measure: via A-D. No. of Readings: 8 Discarded; 16 Processed.

2131 Noise Standard Deviation < 60ppm of FR
2132 Magnitude 0.703x FS < Mean Ref 2 < 0.743 xFS

P130 Refl1 Checks
Input: Ref 1 to A-D Multiplexer. Measure: via A-D. No. of Readings: 8 Discarded; 16 Processed.

2141 Noise Standard Deviation < 60ppm of FR
2142 Magnitude 0.703x FS < Mean Ref 1 < 0.743xFS

P132 Positive Ref Checks
Input: +Ref to A-D Multiplexer. Measure: viaA-D. No. of Readings: 8 Discarded; 16 Processed.

2151 Noise Standard Deviation < 60ppm of FR
2152 Magnitude 0.9995 x (+FS) c Mean +Ref < 1.0005 x (+FS)

P133 Negative Ref Checks
Input: -Ref to A-D Multiplexer. Measure: via A-D. No. of Readings: 8 Discarded; 16 Processed.

2153 Noise Standard Deviation < 60ppm of FR
2154 Magnitude 1.0005 x (-FS) < Mean -Ref < 0.9995 x (-FS)
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2.7.3 DC Voltage Tests

Test Setup Model

—
Reference Selection:
2181/2: O, 2211-4:-1V;
2215/6: -10V; 2281/2: +10V:
Tests 2281/2
turn Attenuator ON %
Y I I'd i
ON 100:1 . Selfcal of
Internal o LAttenuator " | Multiplier et References
Signal OFF .
Bus
y
References used
<r y v >—f0r normal
measurement
- r i ( 4 7
" put Vors -, 0C A-D A-D
Input Serl)ect Atten LPrearnp Multiplexer Converter
iﬂ Bus | 4 \ [ \
plkests 2:i81eeo ¢ * f
on INT_SIG_BUS
INT_SIG_BUS Range Selection:
Selected 2215/6: 10V, 2211-4:1V;
2181/2 & 2281/2: 100mV:
K DC Voltage Ranges. 2.7.3: Simplified Test Setup Diagram _J
Volume 2 References
- B |
...
o -
. ey i
, 8 Circuit Layout (L Clrcuut :
Stimulus ‘ 11.2-2 ‘ Range Selection 11.2-2

2-60



Fast Selftest__ Section 2 - Fault Diagnosis
List of DC Voltage Measurements

2.7.3.1 True Zero Checks

P144

2181
2182

2.7.3.2

P142

2211
2212

P143

2213
2214

P138

2215
2216

2.7.33

P153

2281
2282

100mV Range True Zero Checks
Input: Zero to 100mVDC Range. Measure: via A-D. No of Readings: 8 Discarded; 16 Pracessed.

Noise Standard Deviation < 5uV
Magnitude -250uV ¢ Mean 100mV Zero c +250uV

Negative Gain Measurements
[Offset (Zero)and References]

1V Range -Offset Zero Checks
Input: -Offset to IVDC Range. Measure: via A-D. No of Readings: 32 Discarded; 8 Processed.

Noise Standard Deviation £ 10mV
Magnitude -2.5mV < Mean -1V Offset < +2.5mV

1V Range -Reference Checks
Input: -1V Reference to 1VDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed.

Noise Standard Deviation< 10mV
Magnitude -1.040V ¢ Mean-1V Ref ¢ -0.960V

10V Range -Reference Checks
Input: -10V Reference to 10VDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed.

Noise Standard Deviation £ 100mV
Magnitude -10.2V c -0V Ref < -9.4V

Positive Gain Measurements

100mV Range - Attenuated +®V Reference Checks
Input: +10V DC via 100:1 attenuator to 100mV DC Range. Measure: via A-D.
No of Readings: 8 Discarded; 16 Processed.

+100mV Signal Noise Standard Deviation of +100mV signal < 10uV
Magnitude 94mV c +100mV Signal Magnitude ¢ 102mV
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Fast Selftest

274 AC Voltage Tests

Test Setup Model

-

Reference Selections:
+1VDC: Pathways P188 & P191.
(Error Codes 2311/2 & 2321/2)

+100mVDC: Pathway P206.
(Error Codes 234 1/2)

DCV Measurements:
AC Preamp Output at AC_CAL_SENSE:
Pathways P188 8 P206.
(Error Codes 2371112 8 234 1/2)

Range Selections:
1VAC: Pathways Pi88 8 P191.

(Error Codes 2311/2 8 2321/2)
100mVAC: Pathway P206.

(Error Codes 234 1/2)

INT_SIG _BUS

AC_CAL_SENSE

Seffcal | L References
{1
N
- DC A-D A-D
Preamp Multiplexer Converter

}

ACV Measurements:

| Rectifier

AMS Output\ia A-D Direct:

Pathway P191,
(Error C¥)des 2321/2)

RMS

.-

AC Voltage Ranges. 2.7.4.1: Positive Tests - Simplified Test Setup Diagram

~ Acv option

Volume 2 References

L

AC Cal

(Meosaa)
: Sense
T o PL30
. RLI0Z ) =
L : t ST e ::&(:g;/
Layout - Circuit | fo50s1] Layout ghange
Stimulus 11.2-6 Signal Application, Range Selection 11.5-1

and Prearnp Output Sensing

(M40l ADY
S - Muttiplexer ;.-
[ a o fAC Cal Sense )
ayout . | pLizo

[ m201 o

' o - |

i \Redtifier). =~ Log Amp
LJ | ()
- |

I CerUIt

Log Amp
M202

Measurement of Prearnp Output via DC
Voltage Ranges

RMS Input

PL33
Layout N Ci'rc_u‘itv '
RMS Output 11.5-3

2-62

11.5-2




Fast Selftest Section 2 - Fault Diagnosis
List of AC Voltage Measurements

2.74.1 Positive Tests

1V AC Range

P188 +I1V DCInput - Checks at AC Prsamp Output
Input: +1VDC to AC Prearnp set to 1VAC Range.
Measure: Prearnp Output using 1V DC,Range at AC_CAL_SENSE.
No. of Readings: 24 Discarded; 8 Pracessed.

2311 Preamp Output Noise Standard Deviation < 5000ppm of FS
2312 Preamp Output Magnitude  -1.04V < Mean Signal < -0 96V

P191 +1V DC Input - Checks at RMS Converter Output
Input: +1 VDC to AC Prearnp set to 1VAC Range. Measure: RMS Output via A-D.
No, of Readings: 24 Discarded; 8 Processed.

2321 +RMS Output Noise Standard Deviation £ 5000ppm of FS
2322 +RMS Output Magnitude +0.96V < Mean Signal < +1.04V

100mV AC Range

P206 +100mV DC Input - Checks at AC Prsamp Output
Input: +100mVDC to AC Prearnp set to 100mVAC Range.
Measure: Prearnp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 24 Discarded; 8 Processed.

2341 Preamp Output Noise Standard Deviation < 5000ppm of FS

2342 Preamp Output Magnitude  -200mV < Mean Signal < -170mV
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Fast Selftest

2.7.4 AC Voltage Tests (contd.)

Test Setup Model

Reference Selections:
-1VDC: Pathways P190 & P192.
(Error Codes 2421/2 & 2431/2)

—

r ~ r

-10VDC: Pathways P017, P196, P200 & P204. ‘
4 INT_SIG_BUS

(Error Codes 2471/2, 2491/2 & 2511/2)
A 4
DCV Measurements:
AC Preamp Output at AC_CAL_SENSE: T

Pathways P190, P017, P196, P200 & P204.
(Error Codes 2421/2, 2471/2, 2491/2 & 2511/2)

Range Selections:

TVAC: Pathways P190 & P192.

(Error Codes 2421/2 & 2431/2)
10VAC:  Pathways P0O17 & P196.

(Error Codes 2471/2)
100VAC: Pathway P200.

(Error Codes 2491/2)
1kVAC: Pathway P204.

Selfcal
LMuItiplier < References
L
y y A 4 y
~ DC _ A-D 7[ A-D ]
lPreamp ~ | Multiplexer ‘[ Converter J

}

4 ACV Measurements:

RMS Output via A-D Direct:
Pathway FP192,

(Error Codes 2431/2)

k AC Voltage Ranges. 2.7.4.2: Negative Tests - Simplified Test Setup Diagram

Volume 2 References

. T R |
Me03/4 & ¥ ‘Teo1) o | ' | l -~ {accal
Gatin, e | - 3 Sense
L_ 9 . Trans- | : ’ I B PL30
tormer : Int
— oo | sie 10VI100V7
(_RL104/5/6 Bus 1kV Range
|( RL102 \ L’*——) | § |lPLat Switching |-
RL103 RL101, goe
Layout _ Circuit T Layout |§I Circuit
Stimulus { 11.2-6 Signal Application. Range Selection 11.5-1

and Prearnp Output Sensing

A Rectifier : SRR
I Preamp Output | i
B (ex- LK102)
]
Layout | | CIrCUlt

. ] éCaI Se‘ns‘e I - i - :‘ vv
M202-14/15/16 | v S : -Log Amp
AC Cal Sense | Int Sig Bus Int Sig Bus )i B : M202
PL120 )\ PL141 ) M202- 1/2/3 ] s Circuit e
Measurement of Preamp Output 11.2-2 RMS Input 1 11.52
via DC Voltage Ranges E—
| RMS ChipY
&Log Amp S
| (Connections ) Circuit
RMS Output 11.5-3




Fast Selftest Section 2 - Fault Diagnosis
List of AC Voltage Measurements (Contd.)

2.7.4.2 Negative Tests

1V AC Range

P0190 -1V DCInput-Checks at AC Preamp Output
Input: -1VDC to AC Preamp set to 1VAC Range.
Measure: Preamp Output using 1V DC Range at AC—CAL—-SENSE.
No. of Readings: 24 Discarded: 8 Processed.

2421 Preamp Output Noise Standard Deviation < 500Cppm of FS
2422 Preamp Output Magnitude  +0.96V < Mean Signal < +1.04V

P192 -1v DClInput-Checks at RMS Converter Output
Input: -1VDC to AC Preamp set to 1VAC Range. Measure: RMS Output via A-D.
No. oi Readings. 24 Discarded; S Processed.

2431 RMS Output Noise Standard Deviation < 5000ppm of FS
2432 -RMS Output Magnitude 0.95V < Mean Signal < 1.05V

10V AC Range

P017 Settling Time
Input: -10VDC to AC Preamp set to 10VAC Range.
Measure: Preamp Output using 1V DC Range at AC—CAL-SENSE.
No. of Readings: 0 Discarded; 8 Processed then Discarded to generate settling time.

Measure and Discard P017 o0 ; 8 (Settling)

P196 -10V DClInput - Checksat AC Preamp Output
Input: -10OVDC to AC Preamp set to 10VAC Range.
Measure: Prearnp Output using 1V DC Range at AC—CAL-SENSE.
No. of Readings: 24 Discarded; 8 Processed.

2471 Preamp Output Noise Standard Deviation £ 5000ppm of FS
2472 Preamp Output Magnitude  +0.94V < Mean Signal < +1.02V

100V AC Range

P200 -10V DClInput - Checks at AC Preamp Output
Input: -10VDC to AC Preamp set to 100VAC Range.
Measure: Preamp Output using 100mV DC Range at AC—CAL—SENSE.
No. of Readings: 24 Discarded; 8 Processed.

2491 Prearnp Output Noise Standard Deviation < 5000ppm of FS
2492  Preamp Output Magnitude  +94mV < Mean Signal < +102mV

1kV AC Range

P204 -10V DClnput-Checks at AC Preamp Output
Input: -10VDC to AC Preamp set to 1kVAC Range.
Measure: Preamp Output using 100mV DC Range at AC—CAL—SENSE.
No. of Readings: 24 Discarded; 8 Processed.

2511 Preamp Output Noise Standard Deviation < 5000ppm of FS

2512 Preamp Output Magnitude  +18.624mV < Mean Signal < +20.176mV
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Fast Selftest

275 DC Current Tests

Test Setup Model

(

Reference Voitage

1-

C

<— Shunt Voltabe—»

I+

INPUT_BUS

B
Q REF
| References
100mVDC Range i
(All pathways
and
Error Codes) { 1)
Current INT_SIG_BUS [ )
DC A-D A-D
Range Shunt Voltage /* P .
Low-Follo reamp Multiplexer Converter
Shunts + Low ollower Ny

——  Range Selections:

1ADC:  Pathway P216. (Error Codes 2571/2)
100mADC: Pathway P214. (Error Codes 2551/2)
10mADC: Pathway P212. (Error Codes 2531/2)
1mADC: Pathway P218. (Error Codes 2591/2)
100uADC: Pathway P220. (Error Codes 2611/2)

1A Range Gain: P216. (Error Codes 2571/2)
Ohms Current: 10mA from 100Q Normal Ohms Range.

DC Current Ranges. 2.7.5: Simplified Test Setup Diagram

100mA Range Gain: P214. (Error Codes 2551/2)
Ohms Current: 10mA from 100 Normal Ohms Range.

10mA Range Gain: P212. (Error Codes 2531/2)
Ohms Current: 10mA from 100 Normal Ohms Range.

1mA Range Gain: P218. (Error Codes 2591/2)
Ohms Current: 1mA from 100 Lol Ohms Range.

100uA Range Gain: P220. (Error Codes 2611/2)
Ohms Current: 100uA from 1k Lol Ohms Range.

)

Volume 2 References

I
I
I
l
|

— L L

e Q Ref from
a8 Internal Source |

Ohms Current
Range Switching |
Voltage to Current |
Converter ; T

= . Circuit

- (RL104)

PLao} s oo
PLAT [ :
e GEY)

I' L 'M1.‘62/:‘3/4
| I
[} @rowsomeprag "

| R
11

L PLa0) .

G

! : o _(Rue23 [ayout ~ ((ALios Circuit
Ohms Current Source 11.6-2 Ohms Current Switching ’ 11.6-1

. = | GntSigBusPLshy o | o
Lo om0 Sorigs Smme : :
o : @I l B Shunts B i = I I :
S e and e o ~ fpcour
am i,-PL51’ nr Range 1o — N
3 : I I . g Switching } 8 o 1 Multiplexer | - I I i e
o Low SenseY " - e conoinos s 0t Sig Bus o IntSigBus Joiiiiiaiioino o
_ Layout | I ~ Circuit | |Layout "o ]I | [M202-1/2/3 ) - Circuit
Current to Voltage Converter 11.7-1 Measurement of Shunt Voltage 11.2-2

Inputs and Sensing

2-66

via DC Voltage Ranges
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List of DC Current Measurements

i0mA BC Range

P212

2531
2532

Gain Checks

Inputs: 10mA Ohms Current via LOW_SENSE; 10mA Selfcal Current Selected.
Measure: 10mA DC Range Shunt value using 100Q Normal Qhms Range.

No. of Readings: 4 Discarded; 8 Processed.

Range Gain Noise Standard Deviation < 0.5% of FS
Range Gain Magnitude +FR-2% < Mean Magnitude < +FR + 2%

100mA DC Range

P214  Gain Checks
Inputs: 10mA Ohms Current via LOW-SENSE; 100mA Selfcal Current Selected.
Measure: 100mA DC Range Shunt value using 160€2 Normal Ohms Range.
No. of Readings: 4 Discarded; 8 Processed.

2551 Range Gain Noise Standard Deviation < 0.5% of FS

2552 Range Gain Magnitude +0.1MR - 2% ¢ Mean Magnitude < +0.1FR + 2%

1A DCRange

P216 Gain Checks
Inputs: 10mA Ohms Current via LOW-SENSE; I A Selfcal Current Selected.
Measure: 1A DC Range Shunt value using 1002 Normal Ohms Range.
No. of Readings: 4 Discarded; 8 Processed.

2571 Range Gain Noise Standard Deviation < 0.5% of FS

2572  Range Gain Magnitude +0.01FR - 4% c Mean Magnitude < +0.01FR + 4%

| mA DC Range

P218 Gain Checks
Inputs: 1mA Ohms Current via LOW-SENSE; 1mA Selfcal Current Selected.
Measure: 1mA DC Range Shunt value using 100£ Lol Ohms Range.
No. of Readings: 4 Discarded; 8 Processed.

2591 Range Gain Noise Standard Deviation < 0.5% of FS

2592  Range Gain Magnitude +FR - 2% < Mean Magnitude < +FR + 2%

100pA DC Range

P220

2611
2612

Gain Checks

inputs: 100pA Ohms Current via LOW—-SENSE; 100pA Selfcal Current Selected.

Measure: 100uA DC Range Shunt value using | kQ Lol Ohms Range.
No. of Readings: 4 Discarded; 8 Processed.

Range Gain Noise Standard Deviation < 0.5% of FS
Range Gain Magnitude +FR - 2% < Mean Magnitude < +FR + 2%

‘Section 2 - Fault Diagnasis
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2.7.6 Resistor Ratio Tests

Test Setup Model

4 ~
——
Q_REF References
y v y
INT_SIG_BUS l’ (
Standard Resistor Val bDC A-D B A-D
Voltage Preamp Multiplexer Converter
+ Low-Follower
Offset .
100k Resistor Tesis:
10VDC Range
Pathway P166
Error Codes 2734/5
bhms Current: 100uA for 100kQ Resistor Tests:
Pathway P166. Error Codes 2734/5.
100k Standard Resistor. 2.7.6: Simplified Test Setup Diagram )

Volume 2 References

{ M202- ) Ohms Current)
10/11 100pA

Voltage to Current )
Converter M203 |

~Layout

Ohms Current Source 11.6-2 Ohms Current Switching

] lméig Ble‘Sv : lm‘SiQ Bﬁss Vi R
. [ PL141 ] | Lmzoz-wz/a . Circuit
Measurement of 100kQ Standard Resistor 11.2-2
via DC Voltage Ranges

10V Range
sl Switching

2-68
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List of Resistor Ratio Measurements
100kS2 Standard Resistor

P166 100k Standard Resistor Value
Ohms Current: 100uA. DCV Range: 10V. No. of Readings: 8 Discarded; 6 Processed.

2734 Noise Standard Deviation < 500ppm of FS
2735 Magnitude 98kQ2 < Magnitude < 102kQ
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Fast Selftest

2.7.7 Ohms Tests

Test Setup Model

—

Q Selfcal.

All
Pathways

+ Low-Follower
Offset

N\
f_REF References
Reference Voltage

100Q & 1kQ Range Tests: 1k}
100K & 1MQ Range Tests: 101K

INT_SIG_BUS

Standard Resistor /' bDC A'D A-D

Vottage Preamp Multiplexer Converter

100Q Range:
Ohms Current: 10mA for Pathways P168/9.
Error Codes 2751-4.

1kQ Range:

Ohms Current: 1mA for Pathway P172.
Error Codes 2781/2.

100k Range:

Ohms Current: 1u A for Pathway P176.
Error Codes 2821/2.

1M Range:

Ohms Current: 100 A for Pathway P179.
Error Codes 2843/4.

Ohms Ranges. 2.7.7: Simplified Test Setup Diagram

-\ 10VDC Range:

Pathways P168, P169.
Error Codes 2751-4.

1VDC Range:
Pathway P172, P179.

Error Codes 2781/2 & 2843/4.

100mVDC Range:
Pathway P176.
Error Codes 2821/2.

Volume 2 References

gassnst ”vafzp'j j_.

Ohms Current
Q204 M202-1 TM101-16] RL201
10uA | 1pA | tmA | 1omA [
- Vottage to Current }. =
cint Converter M203 :
1 Q Ref from Internal Y-
S Source M201 o

RL102

Layout

| Follower |

M10263/4 )

Low

Ohms Current Source

2-70

11.6-2

Ohms Current Switching

Layout

Int Sig Bus
i PL141

I}!
i
e
I}!
j i

v _ . Toomv
Int Sig Bus cosinenad Range
M202- 1123} Gircuit: {switching

Measurement of Ohms Ranges
via DC Voltage Ranges

11.2-2




Fast Selftest
List of Ohms Measurements

| 00¢: Range

P168 10052 Range Zero (Measured using the 10V DC Range)
Ohms Current: True Zero (10mA selected). Standard Resistor: 1k{2. DCV Range: 10V.
No. of Readings: 8 Discarded; 6 Processed.
2751 Noise Standard Deviation < 250ppm of FS
2752 Magnitude -50ppm of FS < Mean Magnitude < +50ppm of FS
P19 100Q Range Gain (Measured using the 10V DC Range)
Ohms Current 10mA  Standard Resistor 1kQ DCV Range 10V
No of Readings 8 Discarded 6 Processed
2753 Noise Standard Deviation < 250ppm of FS
2754 Magnitude 96Q < Mean Magnitude < 104Q
| k2 Range
Pi72 1k Range Gain (Measured using the 1V DC Range)
Ohms Current: ImA. Standard Resistor: 1k{2. DCV Range: 1V.
No. of Readings: 8 Discarded; 6 Processed.
2781 Noise Standard Deviation < 250ppm of FS
2782 Magnitude 960 < Mean Magnitude < 1040Q
| 00k Range
P176 100k<: Range Gain (Measured using the 100mV DC Range)
Ohms Current: 1pA. Standard Resistor: 100k§2. DCV Range: 100mV.
No. of Readings: 8 Discarded; 6 Processed.
2821 Noise Standard Deviation < 250ppm of FS
2822 Magnitude 96kQ) < Mean Magnitude < 104kQ
1MR Range
P179 1MR Range Gain (Measured using the 1V DC Range)
Ohms Current: 10pA. Standard Resistor: 100k2. DCV Range: 1V.
No. of Readings: 8 Discarded; 6 Processed.
2843 Noise Standard Deviation < 250ppm of FS
2844 Magnitude 960kQ2 < Mean Magnitude < 1040kQ

Section 2 - Fault Diagnosis







Section 3 - Dismantling and Reassembly

SECTION 3 DISMANTLING AND REASSEMBLY

This section contams information and instructions for dismantling the Datron 1281 to PCB level. Reassembly isgenerally thereverse

of dismantling, but where necessary, additional notes are given.

3.1 General Precautions

3.1.1

WARNING

ISOLATE THE INSTRUMENT FROM THE LINE SUPPLY
BEFORE ATTEMPTING ANY DISMANTLING OR
REASSEMBLY.

3.1.2 CAUTI ONS

1.

REMOVAL, OF EITHER THE TOPOR BOTTOM
COVER INVALIDATES THE MANUFACTURER'S
CALIBRATION CERTIFICATION.

HANDLE THE INSTRUMENT CAREFULLY WHEN
PARTIALLY DISMANTLED, TO AVOID SHAKING
UNSECURED ITEMS LOOSE.

DO NOT TOUCH THE CONTACTS OF ANY PCB
CONNECTORS.

ENSURE THAT NO WIRES ARE TRAPPED WHEN

FITTING COMPONENTS, ASSEMBLIESOR COVERS.

DO NOT ALLOW WASHERS, NUTS,ETC. TOFALL
INTO THE INSTRUMENT.

3.2 General Mechanical Layout

Assembly Drawings in Volume 2, Section 11, pages 11.1-1 to
11.1-9; show how the 1281 is broken down into sub-assemblies.

321 Front Panel

The Front Panel layout is illustrated in the User's Handbook,
Section 3, Page 3-1.

Six labelled terminalsare providedinablock at theleft sideof the
panel, for connection to the source being measured.

Two plasma displays are mounted side-by-side. The left-hand
display showsthemeasurementreading, and theactivity symbols
for the keys beneath the screen. Theright-hand display presents
menusas selected by themenu keysbelow it, showinginstrument
current-status information.

Two banks o pushbutton switches are provided to control the
instrument's operation. For each switch, someindicationaf the
action of pressingtheswitchisgiven on oneadf thetwodisplays.

Thelinepower isturned on and off by atoggle pushbuttonon the
extremeright sideof theFront Panel.

3.22 Rear Panel
(All directionsvi ew ng from therear d the instrument)

TheRear Pand Layout isillustratedand describedin theUser's
Handbook, Section 2, Page 2-3.

Selection of Line Voltageand Frequency are describedin the
User's Handbook, Section 2, Page 2-4: ' Pr epar ationfor Oper a-
tion'.

Bench and Rack M ounting methodsappear in theUser's Hand-
book, Section 2, Page 2-6; 'Mounting'.

Electrical Connectors, are described in the User's Handbook,
Section 2, Page 2-8: ' Connector sand Pin Designations..
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3.3 Location and Access

3.3.1 External Construction

Both the front and rear panelsare joined by two side extrusions
running fromfront torear. Theseextrusionsprovidesotsfor the
handlesor rack mounting 'ears. Thebottom cover isfitted with
thetilt-standand four rubber feet. Ground screeningof thecovers
isprovided by aluminium platesfittedto theinsideof thecovers,
the main ground connection being made to therear panel. Each
cover aso has a guard screen which shields the sensitive input
circuits from common-mode disturbances; these connect to the
guard enclosurein the front partition to form an effectiveguard
box. The top cover guard screen is partly cut away to enhance
internal air circulation.

3.3.2 Internal Construction

Insidethecovers, mechanica strengthisprovided by thetwo side
extrusions, separated and secured by two crosssupports- therear
panel plate, and asimilar plateat thefront - which together form
arigid box-section. Aninternal crosssupportdividestheinterior
of theinstrumentinto front and rear partitions:

Interior Partitions

» TheRear Partition isoccupied by asub-chassisscrewed to
both therear panel metalwork and theinternal crosssupport.
Mains(Line)and Low-Voltage transformersaresecuredtothe
underside, and external electrical connections pass through
therear of the sub-chassis.

On the upper sub-chassis,nylon slideslocatethe Digital PCB
Assembly, which fitsat thefront into polycarbonate mounts
on the main cross support and with screws securing the
assembly to therear panel metalwork. A Mylar sheet glued to
thetop of the sub-chassisprovidesinsulationfor thejointson
the underside of the digital assembly. Externa electrical
connectionstothedigital assembly passthrough therear panel
metalwork, which is also used as an additiona heatsink for
four transistors.

« The Front Partition contains the Guard Shield Assembly,
attached by five polycarbonate insulators to the front panel
metalwork and internal cross support. The assembly is
divided into upper and lower spaces by a horizonta plate.

The DC PCB Assembly is mounted on top of the plate; the
optional AC, Ohmsand Current Assembliesare mounted on
theunderside. The AC Assembly isscrewed to the plate, but
the DC, Ohmsand Current Assembliesare fixed by Nylatch
press fasteners.

« Connecting Cables between the various assemblies pass
through cut-outs in the metalwork, and are loomed and
secured where necessary.

Front Extension

The instrument extends forward from the main box section to
accomodatethefront panel components. Externaly itisenclosed
by astructura-foambezel, completewith display filters, terminal
label sand aperturesfor thebanksof press-button switches. The
bezdl issecured to the front cross support by two screwsat each
end, which areaccessi blefrom thesides of theinstrument oncethe
top and bottom covers have been removed.

When the bezd! is removed:

» TheSwitch Assembly is mechanically secured to therear o
the bezel, but electrically connected by two cables to two
sockets on the component side of the Display PCB. This
assembly does not include the Power On/Off switch.

« The Power Ow/Off Switch Assembly is secured by two
screwsto therear of theright sideextrusion, beneath thesub-
chassis. The switch itsdf being operated by a cranked
mouldingfitted insidetheextrusion dide. Theswitch action
is'Push On - Push Off.

A rod in the moulding extends to the front of the extrusion,
whereasecondcranked moul dingconnectsit to thefront panel
On/Off pushbutton. The button is a tight push-fit, and not
cemented to themoul ding, so that it doesnot prevent thebezel
from being removed. Thelocationof theswitchisadjustedso
that the pushbutton is flush with the bezel when in the 'Off*

position,and depressedintothebezel when powerisswitched
'on'.

« The Display PCB Assembly is screwed to the front cross
support. Itcarriesthetwo plasmadisplayswhich are viewed
through thefiltersin thebezel. A metal screen on theleftend
of theassembly shieldsthesignalson thefront panel terminals
from the high voltage pulses which drivethedisplays.

« The Front Panel Terminal Assembly is secured by two
screwstoastructural-foamsliding mount whichformspart of
alatching mechanism inside the | eft side extrusion, with the
terminals protruding forward of the bezel when required for
use

A rod from therear of themechanismconnectstoa'Terminal
Release’ button on the Rear Panel. To avoid damage during
transportation, the terminals are retracted by pressing and
holding the buttonin, whilepushing theterminal assembly in
againstspringpressure until they areflush with thefront of the
bezd. Releasingthebuttonlatchestheterminal assembly into
theretracted position.

Toreleasetheterminal sfor use, they should beheld againstthe
spring pressure whilepressing therel ease button, and allowed
to move forward gently until fully extended. The button is
then released to securealatch in the extended position.



3.4 General Access

ENSURE THAT POWER IS OFF
Heed the General Precautions3.1.1 and 2.1.2.
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If, during a procedure, sufficient access has been obtained, then no further dismantling is required.

3.4.1 Rear Corner Blocks, Top Cover

Removal

Caution! This operaton invalidates the manufacturer’s

a.

calibration certification!

Remove cach of the two rear corner bincks by undeing its
single crosspoint screw.

Release the two spring-loaded screwsholding the cover to
the rcar panel.

Slidethe cover to the rear until:

i. Thesmall locating tonguc on therear of thetop ground

shield disengagesfrom the rear pandl.
ii. Thecoverfront flange clearsthe bezel.

Lift off the cover.

Fitting
L ocate the cover on the top rails of the side extrusions, its
front flange just behind the bezdl.

Pressdown on the cover and dlideit forward until:

i.  Thecover front flange dides under the bezd.

ii. Thesmall locating tongueon therear of thetop ground
shield engagesinto the rear pandl.

Tighten thetwo spring-loaded screwsto securethecover to
the rear panel.

Refiteach of thetworear corner blocksby securingitssingle
Crosspoint screw.

3.4.2 Rear Corner Blocks, Bottom Cover

- Removal

Caution! This operation invalidates the manufacturcer’s
calibration certification!

a. Remove each of the two rear corner blocks by undoing it
singlecrosspoint screw.

h. With theinstrument inverted, rel easethe two spring-loaded
screws holding the bottom cover to the rear panel slot.

c. Slidethecover to therear until:
i. The small locating tongue on the rear of the bottom
ground shield disengages from the rear panel.
ii. Thecover front flangeclearsthebezel.

d. Liftoff thecover,

- Fitting

a. Withtheinstrument inverted,locatethe bottom cover on the
bottom railsd thesideextrusions,itsfront flange just behind
the bezd.

h. Pressdown on thecover and dideit forward until:
i.  Thecover front flange slides under the bezel.

ii. The small locating tongue on the rear of the bottom
ground shield engagesinto the rear panel slot.

c. Tightenthetwospring-loaded screwswhich securethecover
to therear pandl.

d. Refiteachd thetworear corner blocksby securingitssingle
Crosspoint screw.
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3.4 General Access (Con.)

3.4.3 Front Bezel

Removerear corner blocks, top and bottom covers:
34.1 and 34.2.

Removal
(Facing page 11.1-1,480734 Sh. 1)

Retract the front panel Input terminals by pressing and
holding the rear panel Terminal Release button in, while
pushing the termina assembly in against spring pressure
until they are flush with thefront of the bezel. Releasethe
button - thislatchestheterminal assemblyinto theretracted
position..

Remove thefour M2.5 x 6mm Pozi-pan screws holding the
bezel tothesideextrusions, each with itstwo springwashers
(nylon spacersin early versions).

Gently withdraw the bezel from the body of theinstrument,
taking care to retain the power switch key cap, which isa
pushfit ontoitscranked moulding,and comesaway with the
bezel. Do not attempt to prize the Power key cap out of its
recessheforeremovingthebeze - it detacheseasily with the
bezel. Do not strain the two ribbon cables connecting the
Switch PCB to the Display PCB.

Fitting

Reversetheremoval procedure, taking heed of thereferences
at each stage. Be careful not to trap any wiring. Before
finaly tightening the four Pozi-pan screws, adjust the
positionof thebezd sothat thePower Switch key capisflush
with thefront panel when in the Off position, and operatethe
retraction mechanism to ensure that the terminals move
freely. Tighten down the screwsand makeafinal inspection
to ensurethat theribbon cableand mechanical elementsare
correctly fitted and secured.

3.4.4 Rear Panel Assembly

N.B. For most purposes it should not be necessary to remove
the Rear Panel Assembly. However, it is necessary when the
Digital PCB Assembly is to be taken out. /tcan be easier to remove
the Rear panel and Digital board together, and separate the two
later,than to removethe panelfirst. Two proceduresaregiven,the
first to remove the panel on its own (in this sub-section), and the
second fo remove the Digital assembly (in sub-section 3.5.7).

»  Removerearcorner blocks,topand bottom covers: 3.4.1and
34.2.

- Removal of Rear Panel Only
(Facing page 11.1-3,480736 Sh. 1)

a. Removetheeight M3 x 8mm Pozi-pan screwswhich attach
the Rear Panel to the sub-chassisand digital assembly.

b. Removethefour M 3x 8mm Pozi-countersunk screwswhich
secure the Rear Panel to the side extrusions.

c. Gently ease the rear panel away from the body of the
instrument and remove.

»  Fitting

Offer up the rear panel to the body of the instrument and
locate the Terminal Releasebutton initsdot.

Reversetheremoval procedure, taking heed of thereferences
at each stage. Becareful nottotrapany wiring. Makeafinal
ingpection to ensure that the wiring is correctly fitted and
secured.
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3.5 Sub-Assembly Removal and Fitting

3.5.1 Digital PCB Assembly

= Remove rear corner blocks, top and bottom covers: 1.4.1 and 3.4.2.

- Stand the mstrument in 118 pormal upright position  Ensure that the Calibration Enable key is removed from its lock.

3.5.1.1 Removal of combined Rear Panel and 3.5.1.2 Separating the Removed Rear Panel and

Digital PCB Assembly

Carc fully rcmov ¢ the three 3M multw onnector sockets rom
PL1 PL2ani PI 3 on the right front comer of the Digital
Assembly

Note 7he 3M ribbon so kei has a rectangular key, which
locatesinto arecess in the fixed plug shroud, leaving n small
slot tnto which a smali screwdriver blade can be inserted und
twisted to leyer off the rotket easily

Carefully remove the threc Molex multiconnector sockets
from PL4, PL5 and PL6 on the right end df the Digital
Assembly

Removethe threeM3 x 8mm Pozi-pan screwswhich attach
the Rear Panel 1o the sub-chassis.

Rcmove thetour M3 x 8mm Pozi-countersunk screwswhich
secure the Rear Panel to the Sideextrusions.

Gently ease the rear pandl and digital assembly away from
thebody of the instrument until it isjust clear of theTerminal
Release button. While holding the button to onesidetoclear
the components on the digital assembly, carefully slide the
combined rear panel and digital assembly to the rear, and
remove.

Fitting
L ocatetheDigital Assembly PCB intothe nylon slidesfitted
to the sub-chassis.

Reverse the removal procedure, ensuring that the terminal
release button does not foul the digital assembly compo-
nents. Slide the combination forward, until the digital
assembly is fully home between the tongues of the three
polycarbonatemountson the crosssupport. Ensurethat the
right upperrear countersunk screw isfittedintothe eye of the
bonding strap for the digital assembly heatsink, to trap it
between therear panel and sideextrusion. Becareful not to
trap any other wiring.

Make a final inspection to ensure that the wiring, ribbon
cables and socketsare correctly fitted and secured.

Digital PCB Assembly

Separ ation

Remove the five M3 x 8mm Pozi-pan screws which attach
the Rear Panel to the Digital Assembly, and carefully sepa-
ratethe two

Recombination
Reverse the separation procedure.
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3.5 Sub-Assembly Removal and Fitting (Contd.)

3.5.2 Display PCB

Removerear corner blocks, top and bottom covers:
3.4.1and 3.4.2.

RemovetheFront Bezd: 3.4.3.

Removal
(Facing page 11.1-3,480734 Sh. 1)

Disconnect the twoeight-way ribbon connectorsfrom PL 22
and PL23 (From the Switch Assembly in the Bezel) on the
front of theDisplay PCB. Notethecorrect positionsfor later
return (Seealso the facing page 11.8-1,480744 Sh. 1)

Remove the Bezel and Switch Assembly.

At theright end of the display assembly, pull the cranked
moulding off the Power Switch operating rod.

Disconnect the two 3M ribbon connectorsfrom PL20 and
PL21 on thefront of the Display PCB.

Note: The 3M ribbon socket has a rectangular key, which
|ocatesinto arecessinthefixed plug shroud,leaving a small
dlotintowhichasmall screwdriver blade canbeinserted and
twisted to lever off the socket easily.

Removethe Three M3 x 8mm Pozi-pan screwswhich attach
the Display Assembly to standoffs on the Front Panel
metalwork.

Disengage the Display Assembly from the four black
retainers on the top of the front panel metawork, and
carefully remove.

Fitting
Reverse theremoval procedure. Be careful not to trap any

wiring. Makeafinal inspection toensurethat thewiringand
ribbon cablesare correctly fitted and secured.

3.5.3 Front Panel Switch PCB Assembly

Removerear corner blocks, top and bottom covers:
3.4.1and3.4.2.

Removethe Front Bezd: 3.4.3.

Removal
(Facing page 11.1-6,480745 Sh. | )

Lay the Bezel face down, so that the rear of the Switch
Assembly isaccessible.

Removethetwo M3 x 6mm screws, each with itsshakeproof
and plain washer, which attach the assembly to thebezel at
theright end of the switch assembly.

Remove the two M3 x 12mm screws, each with its
shakeproof and plain washer, which attach the assembly to
the bezel through the support bar running acrosstherear of
the assembly.

Carefully lift the switch assembly, compl ete with key caps,
fromthebezel. Thekey capsshouldslideeasily throughtheir
two apertures.

Fitting
Ensure that the key caps are correctly fitted. Reverse the

removal procedure. Makeafinal inspectionto check that the
key capsare correctly oriented.
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3.5.4 Front Terminal Assembly

Remove rear corner blocks, top rind bottom covers:
3.4.1and 3.4.2.

Remove the Front Bezel: 3.4.3.

Removal

{Facingpage 11.1-1, Drawing 480734 Sh. I)
(Facing page 117.1-9, Drawing 480770 Sh. 1)
(Facing page 11.2-1, Drawing 480738 Sh |

Stand the instrument in its normal upright posiion

Removethe M3Pozi-pan screw which attache, the Terminal
Assembly flexible PCR to the front left of the DC PCB

Disconnect the flexible pchb from PL100/101/102 on the DC
PCB.

Remove the two M 2.5 x 6mm Pozi-¢ sk screws which attach
the terminal assembly to the retraction mechanism without
kinkmg.

Remove the termina assembly, carefully feeding the
flexible PCB through the hole in the front pancl metalwork.

Fitting
Reverse the remova procedure, being careful to avoid
kinking theflexible PCB when threadingit through the hole.

When refitting the bezel, it may be necessary to adjust the
position of the assembly to ensure free movement of the
retraction mechanism.

3.5.5 DC PCB Assembly

Remove rear corner blocks and top cover: 3.4 1

Removal
(Page | 1.1-1,480734 Sh. 2)
(Facing page 171.2-7. 480738 5h. 1)

Stand the mstrument 1n 1is normal upright posiuon.

Remove the M3 Pozi-pan screw which attaches the Terminal
Assembly flexible PCR 1o the front feft of the DC PC'H

Disconnect the flexible pcb from PL100/101/102 on the DC
PCB.

Disconnect the 3M ribbon cable socket from PL 3 an the
Digital PCB (This cable is soldered at the DC PCB end s
PL1IG)

Disconnect the three 3M ribbon cable sockets from PL 103
PL107 and PI, 109 on the DC PCB.

Disconnect the Molex cable socket from PL103 on the DC
PCB.

Disconnect the'Channel A Input’ Molex cable sockets from
PL150/151/152 at the left rear of the DC PCB. Note the
positions of these cablesfor correct refitting later.

Disconnect the 'Channel B Input' Molex cabl e sockets: from
PL160/161/162 infront of theChannel Aplugsat theleftrear
of theDCPCB. Notethe positionsof thesecablesfor correct
refitting later.

Disconnect the Molex cablesocketsfrom PL120/121/122 at
the center front of the DC PCB (AC PCB Assembly
connections).

Disconnect the Molex cable socketsfrom PL130/131/132 at
thecenter-right front of the DC PCB (OhmsPCB Assembly
connections).

Disconnect the Molex cablesocketsfrom PL140/141/142 at
the right front of the DC PCB (Current PCB Assembly
connections).

Note: In early instruments, two fly-leads from the Current
Assembly arelaid around the DC PCB and connected to two
plugs: PL 111 and PL 143 on the DC PCB. Disconnect the
sockets at these plugs al so.

Release the DC PCB Assembly by lifting the eleven black
Nylatch pressfasteners.

Gently lift the DC PCB Assembly out of the Guard Box,
taking care not to damage any cables or components, and
remove.

Fitting

Reversetheremoval procedure, being careful not to trapany
wiring. Make a final inspection to ensure that the cable
sockets are connected to thecorrect plugs, paying particular
attention to the 'Channel A Input' and 'Channel B Input'
sockets.
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3.5 Sub-Assembly Removal and Fitting (Contd.)

3.5.6 AC PCB Assembly
Note: The cutaway guard shield (which partially coversthe AC

3.5.7 Ohms PCB Assembly

PCB Assembly) is secured to four nylon pillars which
themselves attach the AC PCB totheguard box. Theshield
must therefore be removed to access these pillars, before
removing the PCB.

Remove rear corner blocks and bottom cover: 3.4.2.

Removal
{Page11./-1,480734 $h. 2)

Remove rear corner blocks and bottom cover: 3.4.2.

Removal
(Pagel1.1-1,480734 Sh. 2)
(Facingpage 11.6-1, 480742 Sh. 1)

Ensure that theinstrument is inverted.

Disconnect the3M ribbon cablesocket from P43 at thercar
of the OhmsPCB.

(Facing page 11.5-1,480741 h. 1) c. Disconnectthe Molex cable socketsfrom PL40/41/42 at the
. . front of the Ohms PCB.
Ensure that the instrument isinverted.
m. Release the Ohms PCB Assembly by lifting the five black

Disconnect the3M ribbon cabl e socket from PL 33 at therear
of the AC PCB.

Disconnect the Molex cable sockets from P1.30/31/32 at the
front of the AC PCB.

Remove theeight M 3 Pozi-countersunk screwswhichattach
the Guard shield.

Using a wide-bladed screwdriver, remove the four nylon
standoff pillars which support the Guard shield, and which
also attach the AC PCB to the guard box (the four bright
metal posts are swaged to the PCB and do not need to be
removed).

Remove the four M3 x 8mm Pozi-pan screws and wavy
washers which attach the AC PCB Assembly to the Guard
Box, and remove the PCB.

Fitting
Reversetheremoval procedure, beingcareful not totrap any
wiring.

Nylatch pressfasteners.

Gently lift the Ohms PCB Assembly out of the Guard Box,
taking care not to damage any cables or components. and
remove.

Fitting
Reversethe removal procedure, being careful not to trap any
wiring.
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3.5.8 Current PCB Assembly

Rcmovc rear corner blocks and bottom cover: 3.4.2.

Removal
(Page11.1-1,480734 Sh. 2)

(Facing page /1.7-1,480743 Sh. 1)
Ensure that the insirument 18 inverted.

Disconnect the 3M ribbon cabie socket from PLS3 at therear
o the Current PCB

Disconnect the Molex cablc socketsfrom PL.50/51/52 at the
front of the Current PCB.

Note: In early instruments, two fly leads from the Current
Assembly arelaid around the DC PCB and connected to PL
I 11 and PL 143 on the DC PCB. Disconnect the sockets at
these plugs and feed the two cables through the cable cutout
before carrying out the next operation.

Release the Current PCB Assembly by lifting thefive black
Nylatch pressfasteners,

Gently lift the Current PCB Assembly (and thetwofly-leads
and socketsif fitted) out of the Guard Box, taking carenot to
damage any cables or components, and remove.

Fitting

Reversetheremoval procedure, being careful not to trap any
wiring.

3.6 Front Terminal Retraction
Mechanism

[tis not recommended that this mechanism beadjusted, removed

or replaced except by Datron's service representatives, as it
entails extensive dismantling.

In the unlikely event of mechanical failure, contact your nearest
Datron ServiceCenter (alist of representativesisgivenat theback
of this handbook).
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3.7 Transformer Assemblies

3.7.1 Mains Transformer Assembly

(ThisAssembly includesthe Power Switch and Voltage Selector Switch)

N.B. Tofit amainstransformer after removal, an M3 torque spanner capable of setting to4ANm isrequired.
For early versions: to refit requiresa length of double-sided adhesive tape.

f.
g.

Note:

Removerear corner blocks, top and bottom covers: 3.4.1 and 3.4.2.

Removethe Rear Pandl: 3.4.4.

Removal

(Pagell.1-1,Drawing 480734 Sh.2)

(Facing page 11.1-4,Drawing 480737 Sh.1)
(Page11.1-5,Drawing 480737 Sh.4)

(Facing page | | .I-8,Drawing 480749 Sh. 1)
(Facing page 11.4-1,Drawing DA400901 Sh.1)

Ensure that theinstrument isinverted.

Identify theMains Transformer, Power Switch and Voltage
Sel ector Switch, in theright end of thesub-chassisat therear
of theinstrument.

Identify the greenlyellow ground bonding lead from the
mains transformer to the bonding point between the power
input plug and the power fuse, on the sub-chassis.

Remove the nut from the bonding point and remove the
green/yellow lead identifiedin (C) above. Replacethenut to
retain the other bonding leads.

Turntheinstrument toits upright position and disconnect the
Molex socket of the mainstransformer cablefrom PL5 (A &
B) on the Digital PCB Assembly. Carefully feed the cable
and socket back through thegapat theend of thesub-chassis,
to the same side as the mainstransformer.

Return theinstrument to itsinverted position.

Remove the two M3 nuts and shakeproof washers which
attach the mains transformer to the sub-chassisstuds.
In early versions the transformer is'secured usng long M3

countersunk screws, which are inserted from the upper side o the sub-
chassis, and screwed into nuts encapsulated in epoxy resin in the
transformer body. Accesstothe screwheadsis more difficultinthiscare,
asthedigitalassembly and theinsulatingcard on the upper surface of the
sub-chassis must be removed to expose the screwheads. Doublesided
adhesive tape is reguired to secure the card after refitting a mains

transformer.

h.

Tip theinstrumentto stand on itsright sideand removethe
mains transformer, laying it down on the bench so that the
remainingwiring is not strained.

I dentify the Power Switch assembly located in the slider of
the right side extrusion. Remove two M3 x 8mm Pozi-

countersunkscrewswhich securethebackplatetoaretaining
plateinside theextrusion slide.

L ever the whiteoperating bar of the power switch out of its
cranked slider, and removethe switch.

Slideback thed eeveson theblueand brown leadswhichare
connected to the two end tagsof the power switch. Notethe
positions and unsolder the leadsfrom the tags.

'ldentify theV oltageSel ector Switchlocated at therear of the
sub-chassis. Remove two M3 x 8mm Pozi-countersunk
screws, nutsand washerswhich securetheswitch to thesub-
chassis.

Remove the two switches and the mains transformer.

Fitting

Reversethedismantling procedure. Pay particular attention

to the following points:

i.  Solder the blue and brown leads to the correct power
switchtagsasnotedin (1), and push thesleevesdown to
cover the jointscompletely.

ii. Toassistthepositioningaf the power switch retaining
plate correctly in the right extrusion side, stand the
instrument on itsright side. After securing the switch
assembly to the retaining plate, ease off thescrewsand
settheswitchto Off. Adjustthefore-and-aft positionby
didingthewholemechanical assembly until thekey cap
is flush with the surface of the front pand bezel.
Retighten the screws and recheck the key cap
aignment.

iii. Take care not to trap any wiring when fitting the
transformer.

iv. Tighten the transformer securing nuts to a torsion of
4Nm using atorguespanner.

v. For someearly versions,double-sided adhesve tapeis
required to secure the insulating card on the upper
surface of the sub-chassis after refitting a mans
transformer.

vi. Cary out a fina inspection to ensure that the
component?are correctly fitted. Check that the wiring
is st in the correct routing, is not trapped, and the
connectionsare mechanically secure.



3.7.2

N.B
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Law Voltage Transformer Assembly

To fit a low voltage transformer after removal. an M3 torgue spanner capable of setting to 3Nwm 15 required.
For early versions: to refii requires a length of double-sided adhesive tape.

Remove rear corner blocks, top and bottom covers 3.4.1 and 3.4.2.

Removal

(Page 11.1-1, Drawing 480734 Sh. 2)

(F acing page 11.1-4, Drawing 480737 Sh 1)
(Page 11 1-5,Drawing 480737 Sh. 4)

(Facing page 11.1-8, Drawing 480749 Sh. 1)
(Facing page Il 4-1, Drawing DA400901 Sh 1)

Ensure that the instrument isinverted.

Identify the Low Voltage Transformer in the center of the
sub-chassis at therear of the instrument.

Identify the green/yellow ground bondinglead from thelow
voltage transformer to the bonding point between the power
input plug and the power fuse, on the sub-chassis.

Remove the nut from the bonding point and remove the
green/yellow lead identified in (c) above. Replacethe nut to
retain the other bonding leads.

Turntheinstrument toits upright positionand disconnect the
Molex sockets of the two low voltage transformer cables
from PL5and PL 6 on the Digital PCB Assembly. Carefully
feed the cables and sockets back through the gap at the end
of the sub-chassis. to the same side as the transformer.

| dentify the two white'guard’ bonding leadsfrom PL.103 at
therear of the DC PCB to thetworivetted bonding pointson
the rear of the guard box and the tongue of its horizontal
screen.

Disconnect the Mol ex socket of thelow voltagetransformer
cable from PL103 on the DC PCB Assembly.

On thefreesocket, useaminiaturescrewdriver toextract the
two pins of theleadsidentified in (f) above from the Molex
socket:
Press the screwdriver into the pin's slot in the socket
body to release the pin latch, while gently pulling the
lead and pin out. When refitting, providingit has not
been strained, thelatch tonguewill snapinto placewhen
the pin is pushed home.

Stand the instrument on its right side. Carefully feed the
cable and socket back through the cutout in the guard box
screen to the same side as the transformer.

m.

Note:

Return the mstrument to ifsmverted position.

Release one end of theperspex cable retainer, by pressing the
peg in the center of the plastic split pin and withdrawing the
pin. Lift the cable and socketoutdf the cutout, and re-securce
the retainer in position using the split pin.

Remove the two M3 nuts and shakeproof washers which
attach the low voltage transformer to the sub-chassis studs.
In early versions the transformer is secured wsing long M3

countersunk screws, which are inserted from tke upper side of the sub-
chassis, and screwed into nuts encapsulated in epoxy resin in the
transformer body. Accesstothe screwheads ismoredifficuitinthiscase,
asthe rear panel, the digital assembly, and the insulating card on tke
upper surface of the sub-chassis must be removed to expose the
screwheads. Double-sided adhesive tapeisrequired to secure the card
after refitting a low voltage transformer.

n.

Carefully lift out and remove the low voltage transformer,
cablesand leads.

Fitting

Reverse thedismantling procedure. Pay particular attention

to thefollowing points:

i. Take care not to trap any wiring when fitting the
transformer.

ii. Tighten the transformer securing nuts to a torsion of
3Nm using a torque spanner.

iii. For someearly versions, double-sided adhesive tapeis
required to secure the insulating card on the upper
surface of the sub-chassisafter refitting a low voltage
transformer.

iv. Carry out a fina inspection to ensure that the
components arecorrectly fitted. Check that the wiring
is set in the correct routing, is not trapped, and the
connections are mechanically secure.
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SECTION 4 SERVICING

4.1 Routine Servicing

Theonly routine scrvicing required under normal conditions isthe
replacement of thel.ithium battery which powersthenon-volatile
calibration memory.

The calibration requirements after changing the battery are
different depending on whether the change was done with power
off or with power on These requirements are summarized in the
table below.

Summary
After Battery Change
Servicing Procedure Calibration Calibration
and Time Interval Section 4 Required Procedure
Change the Internal Battery with Power On
No?greater than 5 years 4.3 Routine External Gal User's Handbook Sect 8

Change the Internal Battery with Power Off
Not greater than 5 years 4.3

Internal Source Cal

Special Cal

Routine External Cal
Internal Source Cal

User's Handbook Sect 8

Sect. 1.4
User's Handbook Sect 8
User's Handbook Sect 8

4.2 Adjustment Following Replacement of PCBs

The high accuracy of this instrument demands thet its internal
environment remains undisturbed after calibration. Thus the
manufacturer'scalibration certificateisinvalidatedby removal of
the top or bottom cover.

Section2giveshelpin locatingthegeneral aread afaultfromthe
error code displayed after a self test. It follows that any
investigation which involvesaccess to PCBs will require that
recalibration be carried out after the coversare replaced. This
principle naturally extendsto any PCB replacement.

Itisthereforestrongly recommended that before proceeding with
any investigation, a user should contact the nearest Datron
Servicing Center for advice or assistance.
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4.3 LITHIUM BATTERY - REPLACEMENT

(Datron Part No. 920049)

FIRST READ THESE NOTES!

The lithium battery which powersthe non-volatileR A Mshould be changed at or before5 yearsfrom new, and at no greater than
5-year intervalsthereafter.

Thefollowingprocedures assumethat theinstrument will remain powered-upduring theoperationsof di sconnectingtheol d battery
and connectingthenew battery. Toensurememory integrity thesol deringiron used must beisolated from lineground (mainsearth)
by at least S0k€Q.

External calibrationwithinternal sourcecharacterizationwill berequired (User'sHandbook Section 8)becausedf thehigh accuracy
of theinstrument,whoseinternal environment will havebeen disturbed by removingand replacingthetop cover. Removal of either
of the coversautomatically invalidates the manufacturer's calibration certificate.

If instrument power does not remain ON during the whole of the procedure4.3.1 (or 4.3.2 for earlier versions), disconnectingthe
battery will reset thecalibrationmemory toits nomind state. Thiswill requireaSpecial Calibration to becarried out (Section1.4)
as well asthefull External Calibration, before theinstrument specification can berealized, as calibration data will be corrupted.

It is therefore strongly recommended that the battery be changed with Power ON, immediately prior to a scheduled externa
calibration.

4.3.1 Digital Assembly 400901 - Procedure

|

a. Ensurethat power ON is selected.
b. Removethetop cover (Section3 para. 3.4.1).
¢. Removethebattery (refer toFig. 4.1):

i. Attach aheatsink to resistor RLO4 soldered to the
battery positive terminal. Unsolder RLO4 from the
battery terminal.

R104 E101
ii. Attach aheatsink to the wire between the negative
battery terminal and E101. Unsolder the wire from

the battery terminal.

iii. Removethe battery from itsclip.

d. Observing correct polarity, reverse the procedure of
step (c) tofit anew battery and solder it in.

|
1
Fig. 4.1 View of Battery from Rear of Instrument J’
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4.3.2 Digital Assenbl y 400740 (earlier versian) - Procedure

Ve

a. Ensurethat power ON is sdlected.

b. Removethe top cover (Section3 para. 3.4.1). Board
c. Removethebattery (refer toFig. 4.1): ‘
i. Unsolder the wire from the positive battery terminal. s
ii. Attacha heatsink to R73. Unsolder R73 from the A3
negative battery termind. '
iii. Removethe battery from itsclip.

d. Observing correct polarity, reverse the procedure of step
(c)tofit anew battery and solder itin.

| Fig. 4.2 View of Battery from Rear of Instrumenf

4.3 3 Returnto Use
a. Refitthetop cover (Section3 para. 3.4.1).

b. If theinstrument power was turned off during the battery-change procedure, carry out the Special Calibration detailed
in Section 1.4.

c. Carry out Full RoutineRecalibration with Internal Source Characterization (User'sHandbook Section 8).






SECTION 5
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SECTION 5 TECHNICAL DESCRIPTIONS

5.1 Principles of Operation

5.1.1 Simplified Block Diagram

Figure 5.1.1.1illustratesthe general functionsand signal flow within the 1281.
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L FIG. 5.1.1.1 1281 SIMPLIFIED BLOCK DIAGRAM

5.1.2 General Description

The 1281 Selfcal Digital M ultimeter isdesigned for calibration
and standards laboratory applications. Its low drift and low
temperaturecoefficientsarederivedfrom theinherent qualitiesof
critical accuracy-defining components, which are selected and

conditioned before assembly. Conditioning continues after
assembly, and further checks gre performed to ensure that the

instrument as a whole performs well within its specification.

The 1281 employs a method of interna calibration which is
designed to enhance performancesacrossthe entire range of its
functions. After characterizing a low-drift/low-TC internal
reference immediately following externa calibration, the
instrument can be regularly sdf-caibrated to extend its
performance (maintaining approximately 90-day accuracies) up
to ayear from external calibration.

The instrument is electrically split into two sections divided by
ground and guard planes. Measurement circuitsare 'in guard’;
whereas control circuitsand display functions are ‘out guard'.
Front and rear inputs are routed directly to the measurement
circuitry, which includes the multi-slope A-D converter.

Digital computation circuits are out of guard; but digital control

of some forty separate in-guard analog parameters, together with
transfer of raw digital readingsfrom the A-D converter and any

messages from the analog circuits, are effected via a seria
interface whose data and control lines are passed in and out of
guard through opto-isolators.
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5.1.2,1 DC Voltage

Theinput signal isswitched to a DC preamp which amplifiesor
attenuates the analog signal to a level compatible with the
requirementsof the Analogto Digital converter. Theamplifieris
also used to measure resi stanceand current (Options20 and 30).

5.1.2.2 Option 10~ AC Voltage

AC voltages are conditioned by the AC prearnp, which can be
switched to measure AC-only or AC+DC signals. The preamp
output is rectified by a precision full-wave rectifier, then passed
to an electronic RMS converter which produces a DC level
representativeof theRMS of theappliedsignal. ThisDC level is
then digitized by the A-D.

The RMS converter can be switched to provide an AC to DC
transfer measurement. Thisinvolves sampling and holding the
RM S output, and recirculating it twice to obtain a correction for
the RM S Converter gain.

5.1.2.3 Option 20 - Resistance

A constant current is passed through theresistor under test. The
voltagedevel oped acrossit due to the current is measured using
the DC voltage circuits of the ingrument. A wide range of
constant currentsand DC voltagerangesisemployedto optimize
performancefor differing external conditions.

A "True Ohms facility can be programmed which takes two
readings. thefirstisof theresistanceplustheDC offset acrossthe
resistor with the current flowing; the second is of the DC offset
aone with the current off. Subsequent digital calculations
subtract the second reading from thefirgt, to €liminate theeffects
of the DC offset, and the result is presented as the 'True Ohms
measurement.

5.1.2.4 Option30=-DCand AC Current
(Option 10 is required for AC Current)

The unknown currentis passed through precisioninternal shunts
and the DC or AC voltages developed acrossthem is measured
using the DCV or ACV sections of the instrument. Heavy
physical and electronic protection isapplied.

5.1.25 Analogto Digital Converter

The instrument's multi-slope, multi-ramp A-D converter is a
third-generation development of the basic dual-dopeintegrator
and null detector. It hasinherent sub-0.1ppm linearity combined
with high speed due to signa and reference being applied
simultaneoudy. Flexibility in ramp control permits resolution
(and hence speed) to be programmed from 4.5 digits at 200
readings per second to 8.5 digitsin 'Fast’ modeat 1 reading per
6 seconds. Once converted to digital form, readings are
transferred out of guard viathe seria interfaceto be managed by
the instrument's microprocessor for calibration and display.

5.1.2.6 Internal References

The A-D converter references are derived from specialy
conditioned and sel ected DC ReferenceModules. Thesemodules
are also used as the interna sources of reference for the self-
calibration process.



5.1.2.7 Serial interface

Transmission

Thisisadatatransfer system in whicha control wordis loaded into
an ASIC onthe digital PCB, and its bits are passed serially through
ar 2 opto isolator mor ard  The control word represents an
mstrument state demanded bv the user 1 conjuncuon with
HIT w I0C Programining

Control Functions

in guard, the word 1s clocked serially through a sct ot control
registers on the DCY, ACY, Ohms and Current PCBs until each
bit is located n the specific register appropriate to its control
function. At this ume, the biis are clocked to the outputs of the
iegisters (or clocked into ULAS 1o control their functions) and the
analog control circuits are switched by the overal bit pattern
which, in turn. also represents the demanded instrument analog
state

Analog Data Returns

Some in guard registers are programmed 10 act as seria
transmitters. In these cases the databits presented at their inputs
are clocked into the serial stream, and returned through asingle
opto-isolator out of guard. Theseria data returning to the ASIC
are assembled into messages and presented to the processor for
decoding and subsequent action.

Serial Path Circulation Errors

The control word is transmitted in both true and complement
forms; and when it ultimately returns out of guard via another
singleopto-isolator,circulation errorsare checked by comparing
it with the original construct.

Benefits of Serial Interfacing

Used the serial interface allows the passage of many data bits
across the guard plane, while reducing the number of opto-
isolators to eight (some of these are required to control the
operationdf theinterface). If eachdatabit passed through itsown
dedicated i solator, then not only would the volume occupied by
theisolators set a severe design problem, but also the capacitive
and leakage effectsin such a large number of isolators would
impose prohibitive coupling between in-guard and out-guard
areas of theinstrument.
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5.1.2.8 Digital Circuitry

All mgor communication, control, keyboard and display
processing is performed out of guard, managed by a MC68000
microprocessor. The 68000 is programmed in firmware, using
128k x | hof EPROM to contain the operating program, look-up
tables ctc. Workspace consists of 32k x 16of RAM, withanextra
%k x § of RAM permanently powered asa non-volatile memory W
store calibration corrections,






5.2 PCB Descripﬁans

NB. TheA-D sectiond the DC PCB isdescribed in Secr5.2.5.
5.21 DCPCB
5.2.1.1 Input Switching

(Circuit Diagram 430738 shtl pli.2-1)

Thefront channel input terminalsareconnected totheDC PCB at
PL100/101/102 ontheleftfront of the board. Rear input Channels
A and B connectto the leftrear at PL150/151/152 and PL160/161/

162 respecunely.

The leads of each mput channel pass through the channcl’s
comnmon mode choke before being subjected to mput switching
To enable the instrument to the connected into a system anal og
bus, each channel is separately isolated by relays when not
selected. Separate rclays are used throughout for Hi and Lo
switching to reduce interaction by leakage and capacitive
coupling, latchingrelaysbeingemployed to maintain low thermal
EMFs. These aspects are shown on page 11 2-1.

Separate Lo switching (Relay RL.108) isnecessary toaccomodate
thedifferent connection required for operation in Ohmsfunction,
when the Lo terminals connect to the OHMS LOW SENSE input
of theLow Follower on theOhmsPCB. The R Guard terminals
are loosely coupled (R101) to the main signa common
'MECCA', except in Ohms function, when they are directly
connected but protected by thermistor R103.

The Guard terminals are aways loosely coupled (R102) to
MECCA; whereas the internal guard shields and tracks are
directly connected to MECCA inLocal Guard asshown, or to the
Guard terminalsin Remote Guard.

TheBS line from the output of the DCV Bootstrap Buffer M203
(p11.2-2) isconnected to the screens of the Hi and I+leadsin the
input cable loom to provide a low-impedance guard.

AC_CAL_SENSE isused during the AC voltage Selfcal process,
and INT_SIG_BUS has several uses, mainly to carry intemal
signals when in Selfcal (Refer to Section 2: Fault Diagnosis).
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5.2 12 internal Signal Bus
(Circuit Diagram 430738 sht2 pli 2 2)

Quad CMOS gate M 202 providesswitching mainly for operauon
in Current measurement and m Selfcal. TheINT _SIG _BUS line
1s used to connect various Inputsto the DC voltage measurement
circuts when they are being employed W measure internal
voltages and not for voltages mput from the front terminals
RL201 makes this selection

The internal signal bus comes into operation when the
INTERNAL-H signal at M202 1 1s at logic |. The
AC_CAL_SENSE line is connected to the bus by the
AC_SENSE H signal When it iS necessary to load the signal
being transmitted via the internal signal bus, the 10MQ resistor
R204 is connected by the 10M_LOAD_L signal on M202-9.
Similarly, ahard zerocan beconnected on the busby the ZERO-L
signal at M202-8. Refer to Section 2: Fault Diagnosis for the
occasions when these facilities are required.
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5.2.1.3 DC Voltage Block Diagram
7 N
input  ----
fDc; I:wput Read DCV Aner?uator ! Chopper Path
fom Input Efpmal i
i} mﬂmao/o—m Mﬁ%‘
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AC_SENSE_H G CLOCK-L from A-D
AC_CAL_SENSE Bootstrap
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ZERO-L 1oMQ
£V

10M-LOAD-L

INTERNAL-H

FIG. 5.2.1.1 DC VOLTAGE PREAMPLIFIER

5.2.1.4 DC Voltage Preamp
(Circuit Diagram430738 shts 2 & 3 ppl1.2-2 and 1/.2-3)

The DC VoltagePreamp is based on achopper circuit (p11.2-3).
The required input characteristics are achieved by using a
differential FET input to give low input current characteristics,
coupled with a multistage design to ensure good bandwidth and
overall gain characteristics. This basic design is enhanced by
employingtheamplifier inasynchronizedchopper configuration.
Noiseis also reduced by this method. A second amplifier stage
provides most of the forward gain with the frequency gain-
compensationnecessary to givean effectiveamplifier bandwidth
of 600kHz.

The signal is chopped by Q303/4/5/6 to modulate the input to
differential amplifier Q309/Q312, synchronous with A-D
switching (CLOCK-L). The signal isdemodulated at the same
frequency by M302, and after further amplification by M303 is
fed to the output driver stage.

5.2.1.5 Bootstrap Buffer
(Circuit Diagram430738 sht 2 p11.2-2)

To effect high input impedance, the DC amplifier dso drivesa
Bootstrap buffer M203(p11.2-2), whichensuresthat al in-guard
power supplies used for the DC amplifier are made to track the
input signal level by reference to Bootstrap. The DC amplifier
thus sees no change in input signal relative to its supplies, so
achieves very high common mode regjection, eliminating any
potentid common mode non-linearities. In addition, the buffer
output setsthe potential of PCB tracking which guardsthe input
Hi track, to absorb PCB |eakagecurrentsthat could otherwisebe
picked up by input Hi.
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5.2.1.6 Range Switching
(CircuitDi agr am430738sht2 p11.2-2)

Extremdly stableresi stanceunitsconfigurethe DC amplifiergain
todefinetheDC V oltageranges. Twoattenuators,oneat theinput
and one at the output of the DC Prearnp, are switched for range
selection. To ensure that no spurious leakage currents cause
linearity, temperature-coefficient or drift problems in the
atenuator chains; the pcb tracks connecting the resistor units to
thecircuit are carefully guarded.

Two control lines are required to switch the output attenuator
FETs: DC(A) and DC(B). These are driven directly from the
serid interfaceregister M802 (page /1.2-8) and decoded closeto
the switching FETs (page 11.2-2).

Theinput attenuator latching relay RL203 is controlled from the
serid interfaceregister M201 (page 11.2-8) via MOSET Q801
and powered by bipolar driver M807-3 (OV or +15V) and a
regulated +7V supply. Thisarrangement ensuresthat no energy
isdissipatedintherelay solenoid (and in thesolenoidsof theother
latching relays) except in the act of switching over. The loca
thermal stability in the guard box therefore remains undisturbed
by relay activity.
100mV - 10V Ranges

For theselow voltageranges R1.203 disconnectsR212, so the
mput attenuator is not effective. Refer toFi g. 5.2.1.1.

In the 10V Range the DC Preamp is connected as a voltage
follower, and the output voltage is haved in the output
atenuator givingastagegainof 0.5. Thusinputvoltagesinthe
range of OV+20V are reduced to the range O0V£10V for
presentation to the A-D.

The feedback fraction for the 1V Range is set at 0.2 by the
output attenuator, and the Preamp output is passed without
atenuation to the A-D. The stage gain is 5.0, so that input
voltages in the range of OV+2V are amplified to the range
0V£10V at the A-D input.

Theoutputattenuatorsetsthefeedback fractionfor the100mV
Range t00.02, and thePreamp output ispasseddirectly tothe
A-D. Thestagegainis50.0, sothatinput voltages in therange
of OV+£200mV areamplified totherangeOVx10V for inputto
the A-D.

100V & 1 kV Ranges
For the high voltage ranges RL203 connects R212, so the
input attenuator reduces the input voltage by afactor of 100
ahead of the Preamp.

Thefeedback fraction for the100V Range isset at 0.2 by the
output attenuator asfor the 1V range, and the Preamp output
is passed without attenuation to the A-D. The stage gainis
0.05, so that input voltages in the range of 0V200V are
reduced to therange 0V+10V at the A-D input.

In the 1 kV Range theDC Preamp is connected as a voltage
follower, and the output voltage is halved in the output
attenuator givingastagegain of 0.005. Thusinput voliages in
therangeof 0V+1000V are reduced to therange OV+5V for
presentation to the A-D.
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5.2.1.7 Protection
(Circuit Diagram430738 sht2 pl1.2-2)

The instrument can measure up to 1000V. It must thereforebe
able to withstand continuous applicationof 1000V ondl DCV
ranges, to ensure that such a voltage applied inadvertently does
not damage internal components.

When the input attenuator is Switched in on the 100V or 1kV
ranges, 1000V at theinput terminalswill be reducedto 10V at the
input to theDC Prearnp. But onlow voltagerangestheattenuator
isswitched out, so static and dynamicmethodsare usedfor added
protection.

Preamp Input Protection

Theobviousway to protect the Preamp non-invertinginputis
by a seriesresistor chain and two back-to-back zener diodes.
The10MQ seriesel ementof theinputattenuator could beused
astheresistorchain, but it would createfar too much Johnson
noise to be permanently connected on low voltage ranges.
However, as its dissipation is only some 100mW for an
applied voltageof 1kV, it could form an efficientlimiter if it
wereswitchedin only when theserangesareinoverload. This
i s the method chosen for the 1281, using a second paralléel
resistor chainof 15k€ for normal operation. The purpose of
the 15k chainis to activate the back-to-back zenersfor an
overload greater than 24V at the Prearnp input while
preventing problemsduetoJohnson noise. Thisispracticable
only in theshort-term asit will develop 4 O W of hest for an
applied voltage of 1kV.

Toeffect thechangeoverfrom the 15k€2 operatingchain tothe
10MQ limiting chain, the non-inverting input to the Preamp
needsto be sensed for overload. Asthe Bootstrap Bufferis
aready connected to theinvertinginput, it providesasuitable
low impedance output (B) which follows theinput. Thisis
applied to a window comparator M201 which de-energizes
RL202 only when theoverload threshold of 21V isexceeded.
Under non-overload conditionsRL202 is energized, holding
the two chains in parallel; but for overload conditions the
RL.202 contacts disconnect the 15k chain.

Protection against High-Voltage HFAC and Transients
As the Bootstrap is designed not to follow high frequencies
and trandents, it is necessary to couple these into the
comparator from the input. R201 and C201 perform this
function, with zeners D201/2/3/4 clamping the comparator
inputs to 0V+22V. The time constant of R216/R217/C204
ensuresthat when thecomparator de-energizesRL203 dueto
atransient, it cannot be re-energizedbeforeits contactshave
changed over.

Preamp Output Protection

As Bootstrap isdriven from thefeedback pointit isvital that
the two inputs of the Preamp remain at the same potential.
Oncetheinput and Bootstrapare clamped to 24V by thetwo
back-to-back zeners, the Preamp output could lock up dueto
loss of Bootstrap and hence collapse of the Preamp's
bootstrappedsupplies. ThePreamp thereforehastwoclamps:
are ativeclamp between theoutput andinvertinginput to hold
thesepointswithin 12V of oneanother,and an absol utelimiter
as theoutput approachesthe 35V rails.

Guarding

The input zeners and output clamps are guarded out by
Bootstrap to prevent clamp leakage causing inaccuracies
during norma operation.



522 ACPCB - Option 10
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5.2.2 ACPCB -Option 10

5.2.2.1 AC Voltage - General Principles
The preamplifier buffersand rangesthesignal in order to present its output to theRM S to DC converter at therequired voltagelevels.

Once converted to an equivalent DC signal, it is applied to the main A-D converter on the DC PCB.

5.2.2.2 AC Preamp
(Circuit Diagram 430741 shtl pl1.5-1)
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L FIG. 5.2.2.1 - AC PREAMP

The requirement for the inverting preamp is to provide good  Thiscomplex design uses several gain elements in conjunction
flatnessfrom DC to IMHz, whilethe offset voltageat itsoutput  with one another.
must be minimized to ensure good DC-coupled performance.
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inputs

For normal ACV operation, theinput Hi isfed from the DC PCB
at PL32-4. Reay RL101 connects Hi to an AC/AC+DC
changeover network, and ensures that the INT_SIG_BUS is
disconnected from theinput to the Preamp. RL102 performsthe
changeovcr by shunting the AC coupling capacitor C101 when
AC+DC 15 selected.

During AC Current operation or Selfcal, RL.101 disconnects Hi,
and connects theiNT_SIG_BUS to the Preamp input instead. A
second AC/AC+DC changeover network is switched by RL102
for use in these modes.

Low Frequencies

As the Preamp is an inverting amplifier. the closed loop gain at
low frequenciesisset by input and feedback resistance. Theinput
resistanceof 1MQ isformed by four 250k$2 resistorsin aseries
chain, spreading the input voltageand power on the 1kV range,
and permitting simple compensation at high frequencies. This
input chain is present on all AC Voltage ranges.

Feedback resistance is switched to select voltageranges. The
basic rangeis the 1V range with an overall gain of 1, using two
500kQ resistorsin seriesasfeedback. FET Q116 isswitched on
for al rangesexceptthe 100mV range. For the100mV range, the
feedback is divided in theratio 1:10 by R186/R187 by switched
Q116 off and Q117 on, still using the 1V rangeresistorsto feed
back to theinput.

For the three higher voltage ranges, relay RL107 connects the
preampoutput to thethreefeedbackresistors. For the 10V range,
feedback resistor R168 is effectively connected in parallel with
the1Vrange feedbackresistance R148/R169 by relay RL106. For
the 100V range, feedback resistor R167 isadded in parallel with
thecombined 10V rangefeedback resistanceby relay RL.105; and
forthe1kV range,RL104 addsR191in paralel with thecombined
| @ feedback resistance. Asthe1kV rangehasbothafull range
andfull scaleof 1kV, itisnot necessary toreduce the gain to.0001.
Using thelarger vaueof 2.4k€2 for R191 givesan overdl gain of
approx ,0019, reducing the value of the required compensation
capacitor. The 1kV range thus behaves internaly as though it
werea 500V range with 100% overrange.

High Frequencies

The feedback resistors are shunted by compensating capacitors
which determine the closed loop gain at high frequencies,
swamping the stray capacitance around the preamp. Trim
resistorsdlow the compensation to be pre-set oncethe AC PCB
isfitted intoits guarded environmentin theingrument. Voltage
followers M103 buffer the HF feedback driveon the 100V and
I kV ranges, which havel ower-val uefeedback resi storsand hence
larger compensation capacitors.

FET Q115andtransistor Q120form an HF feedback bufferfor the
1V and 100mYV ranges. After DC isolation by electrolyticC140,
thebufferedoutputistrimmedby pot R178and fed back viaC148.
Thebufferedoutputal soenergizesthe HF autocalibration voltage
divider formed by R174 and VCR FET Q119.

LF Autocalibration

The low frequency gain is calibrated by correcting the digital
output from the A-D while inputting a known signal. The
corrections are stored digitally in non-volatile RAM, and are
subsequently reapplied by digital computation during normal
operation.

HF Autocalibration

To calibrate the HF gain, separate digital correctionfactorsare
derivedfrom measurementsof known HF inputs, and reappliedas
alC voltages toM 104 viaaladder network D-A converter R189.
TheHFcorrectionfactor for thecurrently-sel ected rangei spassed
from the microprocessor to the AC PCRB via the sexid interface,
latchedinto M402 (pagell.5-4), and delivered direct to the D-A
R189 (pagei!l.5-1).

Theoutput of M 104 controlsFET Q119, which actsasavoltage-
controlled resistor. The buffered and isolated preamp output
voltage is developed across R174 and Q119, and the voltage
across Q119 isapplied via Q118 and C147 to the preamp inpLt.
Thusthecorrectionfactorembodied in thebit pattern on theinput
to the D-A R189 controls theamplitudeof the HF feedback and
hence the HF gain of the preamp.

FET Q114 isincludedtocompensatefor any non-linearityin FET
Q119, thetwoFET's formingamatched pair, withcommon-value
biasresistors. Thus the source-drain currents in both FETs are
identical, theamplitudeof the AC voltageacrossQ119islinearly
proportional to theresistivecurrentfrom theD-A to M 104 input,

and hence isalso proportional to the quantative valueof the bit

pattern delivered to R189.

Selfcal

For self-calibration and self-testing purposes, the internal DC
Source can be characterized during externa calibration. During
Selfcal, theappropriatevaue of DC referenceisapplied viathe
INT_SIG_BUS line, and the AC+DC gain of the preamp is
measured by the DC voltage system viathe AC_CAL_SENSE
line. Further measurementsaretaken from theoutput of theRMS
section directly viathe A-D.
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5.2.2.3 Electronic RMS

The principlesbehind the RM S conversion techniqueare shown
inFig.5.2.2.2.

From iﬂT
Preamp

% N = Normal

S = Sample
T = Transfer

.

FIG. 5.2.2.2 - PRINCIPLES OF ELECTRONIC RMS CONVERSION

Rectifying the Preamp Output

With theinstrument set to its'Normal' mode, and for thefirst of
threereadingswhen usingthe Transfer' facility; theoutputsignal
from the Preamp is applied to the Precision Rectifier. Thisis
required to providefull-waverectificationwith identical AC and
DC gainfor both positiveand negativeexcursions,and toensure
that thecrestfactor of sinusoidal and non-sinusoidal signalsisnot
dtered in the process.

To achievethis, positive excursions are removed by haf-wave
rectification, the negative excursions being inverted by the
rectifier. The amplitudeof the rectifier output can be adjusted
usng the DC-to-DC Turnover control, which incrementaly
changestherectifiergainaroundafactor of 2. Therectifieroutput
isthen summed with thePreamp output. Theresult, shownin Fig.
5.2.2.3for asinewaveform,isafull-wavesigna which can beset
to giveidentica gain on both positiveand negative excursions.
Thisisinput to the squaring log amp (as Vin).

‘ N
Input Voltage
from Preamp
Level set by
_ ___¢_ bcDC
Turnover
Log Amp Input Current Control
due to X2 Rectifier Qutput
Log Amp Input Current
due to Input Signal
DC-DC Turnover
Sum of Log Amp <—— Control Balances
Input Currents Alternate Half-Cycles
FIG. 5.2.2.3- ACTION OF PRECISION RECTIFIER
\. S
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Squaring the Rectified Input

TheLog Amp sguaresinstantaneousvauesdr Vin, by converting
them into logarithmic values and then multiplying by two. Its
instantaneous log output voltage is therefore proportiona to
2logVin, which can be expressed aslog[ Vin]2.

Dividing by the Converter Output

The Log Amp output voltage is applied to a summing circuit,
togcther with afeedback DC voltagewhose val ueis proportional
to-logVf (Vf 1s aDC voltage- the mean output voltage from the
converter, returned viathefeedback Log Amp). Thecurrent from
the summing junction is proportional to log[Vin]*logV{, which
can be rewritten aslog{Vin%V{]. It drives an exponentiai stage
whose output voltage is proportional to the antilog of its input
current, in this case proportional to Vin*/Vf.

Taking the Mean

The output from the exponential rtage is smoothed by a 3-pole
Bessel filter, resultingina DC voltagefor asettled periodicsignal .
Thisis therefore proportional to the mean of [Vin%/V{].

As Vf isDC and therefore equd to its mean, thisis the sameas:

Closing the Square-Root Loop
The feedback loop 1s closed by feeding VI back into the
computation, as mentioned earlicr, to ensure that the DC output
signa Vf = [mean Vin?]/Vf. From thisit can be seen that V{2 =
[mean Vin?Z, axd Vf = ¥[mean Vin?], which is the normalized
root-mean-square vaued Vin.

Normal Mode Settling

The Bessel filter is chosen for itsoptimum settlingtime, and offers
selectable configurations to permit operation down to 1Hz. A
sample and hold circuit with isolating buffer (for usein 'Transfer'
mode- seebel ow) providesfurther filtering at higher frequencies,
after which the smoothed signal istaken to an amplifying buffer
which drivesthe instrument'sanalog to digital converter,
Simplified Circuitry

A smplified version of the RM S analog computing circuitry is
givenatFig.5.2.2.4. Notethat theinput and feedback components
responsible for the logging, squaring and antilogging are
contained within the'RM S Chip'.

[mean Vin?]/VT1.
4 )
TFR
Butfer
RMS_OUT
A r—0
DC - DC Squarer
< Turnover
S—M wwA
AC Preamp EXP(L
Output Cusr:r?:) I
M SIG_OR_SAM
SIG_H
nn Emor Corr.
F\eledbad(
Nuil s oltage
Crest
Factor 3
FBCK
e DC_TRANSFER
3 Lin
SSnike Current F Current Virtual Ground Y
J; ] ) j/ Output Gai 3
2 Bias 1 AMS 3 i X E:
% Srual, Chip = L S Adusiment r
" > Wﬂ:" :
M Voltage AR 3 b:
W - R Jeana
Log Amp Log Amp €7
FIG. 5.2.2.4 - RMS CONVERTER - SIMPLIFIED CIRCUIT
\_ J
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5.2.2.4 AC-DC Transfer Mode

Sofar, thedescribedcircuit is astraightforward electronicRM S
measuringsystem. Asanalternative,the ACcircuitalsoemploys
a refinement on the basic technique, using an AC-DC transfer
mechanism toimprovelinearity by measuringand correcting the
gain of theRMS Converter.

Thisrequiresthreereadings, shown in Fig. 5.2.25 as'Normal’,
'‘Sample and "Transfer', equivalent to the switching positions
shownon Fig. 5.2.2.2.

Refer toFig. 5.2.2.5.

Normal

A

iS&T

From

Preamp

Half Wave

Squarin
Rectifier Lq A .

Y

Sample
Y2 fed back to start rectifierand RMS converter settling L No
I Switching
S&aT old !g Sohlt.:t
amp
pre Y2 Held s Y2=Y1
O N o Amp l Bossel Fiter I O O

Rectifi
Change to
‘Sample’

Chmgo to T,

RMS converter output not buffered to

Feedback e
| Leg Amp l Output fed back to start RMS converter settling
Transfer
Y2is now the input to the rectifier Y2 not output
— Changeto
Transter'
ar and Quiput
B : Y2 Held nis Y3
O N 0o Half Wave Squaring 3-pole o
" Rectifier Log Amp Bessel Fiiter f O
zo Select No Swltehhg
‘Transfer' 'Tr.n.f.r TT
Y3 = (Y2 x gain of RMS converter). buffered to output
% N = Normal
§ = sample Y3 fed back as Vi
FIG. 5.2.2.5 - TRANSFER MODE - STAGES

First Reading - Normal

With the circuit connected as in Norma Mode, areading Y1 is
taken and delivered via the A-D to thedigital circuitry. Thisis
memorized by the microprocessor. Meanwhilethe Sample and
Hold capacitor has charged up to Y 1.

5-16

Second Reading - Sample

Theinput to the Sampleand Hold circuit is removed to storethe
capacitor voltage. A second'Sample' reading Y2 istaken viathe
A-D. Thisreadingistheinstantaneousvalueat thetime when the
input signal wasremoved. It isapproximately equa to Y1.



Third Reading - Transfer
The Sampled voltage Y2 is passed through the RMS Converter,
and the output from the Antilog Ampismeasuredas Y3.

Thereare now threedigitally stored readings:

Yl: s the fully-converted uncorrected reading of the
input to the instrument;

Y2: is the voltage stored on the sample-and-hold
capacitor,

¥3:  1s the result of recirculating the sample-and- hold
voltage through the RMS Converter (the signa
does not require filteringasit isaready DC).

The second reading Y2 isnecessary only because the input could
have been broken at the peak or trough of the smal amount of
ripple which could bepresent. BothY?2 and Y 3 arenow takenwith
respect to the same DC voltage, so theratio Y3/Y2 isa measure
of the DC gain of the RMS Converter. To correct for the RMS
Converter gain, the inverseratioY2/Y3 can now beappliedto the
raw signal Y1.

The microprocessor therefore computesthe corrected reading of
the input to the instrument by:

Corrected Reading = Y1 x(Y21Y3)

Because the second and third readings use only the DC sample-
and-hold voltageasinput, thecorrection isequivalent toan AC to
DC conversion. Becausethesignal level of theDC readingsisat
the sameleve as the signa to be corrected, any gain or linearity
errorsin the RMS conversion are virtualy eiminated.
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5.2.2.5 Frequency Sensing and Display
(Fig.5.2.2.4 and Circuit Diagrams 430741 sheets2 & 4,
Pages/15-2 & 11.5-4)

Frequency Sensing

The Preamp output is AC-coupled to differential buffer Q201
(page 71.5-2). Thisprovidessplit-phaseversionsof thesignal to
drive M409 comparator (page 11.5-4), which squares the
fundamental whilesuppressing harmonics. The resulting output
from the comparator is passed to the FLL. UL A M412.

Counting and Encoding

Thefrequency iscounted by the ULA withinalong or short gate
initiated by theCI2_R signal. Theoutput from the4MHz crystal
clock X401isalsocounted, within theselected gate, asfrequency
reference. The ULA computes the frequency by comparison
between thetwo counts, and constructsa dataword representing
the signd frequency. Thisword is placed into the ULA serid
interfaceregister and themicroprocessorisalertedby theRTX_R
signal that a messageis ready.

Frequency Display

Theprocessor then performsthenecessary serial transferto obtain
the message for decoding and display. The frequency can be
presented on the menu display at the sametimeasitsRMS value
is being shown on the main display, by using Freq in the
MONITOR menu when ACV issdected. If theinstrumentisin
ACV SPOT FREQUENCY modethereisalso an indication when
a Spot frequency is active.

5.2.2.6 Spot Frequency Calibration

Each ACV range can be spot calibrated at up to six independent
user-definedfrequencies, reducingflatness errorswithint10%of

thespot frequency. Theprocessisperformedentirelyin software,
no alteration to the hardware configuration being involved.

5.2.2.7 AC Current Measurement

Theinput AC current to be measuredi spassed through oneaf the
shunts on the Current PCB, and the resulting shunt voltage is
transferred to the AC PCB to be measured on the 100mV range.
Thevoltageisdeveloped between INT_SIG_BUS and 0V(10)on
theCurrentPCB,and appears betweenINT_SIG_BUS andOV(7)
onthe ACPCB. Bothcommonsarejoinedat MECCA ontheDC
PCB.
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5.2.3 Resistance - Option 20

Thisfunction is achieved usinga set of constant current sourcesin conjunction with the DCV measurement capability.

5.2.3.1 Normal Ohms = Functional Block Diagram
' N
yd \
® 6, 9 @

Input Terminals

Range

Range
ol | ACurrent

Current

DCV
Range
Switching

Ohms Range
Switching

t

Ohms Range
— Selection — |-
(By Software)

Internal

Switched Constant Current Sink

FIG. 5.2.3.1 OHMS BLOCK DIAGRAM

\.

QREF References | =

5.2.3.2 Switched Constant Current Sink
(Circuit Diagram 430742 Sheet 2 Page 11.6-2)

Reference

The accuracy of all thevaluesof current avail ablefor resistance
measurement is derived from the Internal Reference on the DC
PCB. The referencevoltageisoneof theoutputsdf theReference
Buffer M403 (page 11.2-¢), which isdevel oped between R REF
and 0V(12). On the Ohms PCB, thisisisolated by a 'Flying
Capacitor' pumpcircuitswitched by astable multivibratorM204.
M204 is enabled only when resistance measurementsare to be
taken, or when an Ohms constant current isto be used asinput to
thecurrent-to-voltageconverterontheCurrent PCB in Selfcal and
Self Test. At timeswhen the pump circuitis disabled, the zener
D202 is used asreferencefor the voltage mirror.

The astable M204 isenabled by the'OSC' signal, which passes
from the processor to the Ohms PCB via the serid interface,
latchedintoM 301 (pagell.6-3).Itisthen decoded,andddlivered
to M204-4/9 (pagel11.6-2).

Sink Circuit

V oltagemirror M203/Q208 maintainsaconstant voltageacrossa
seriesresistor chainR204, R214, R219 and R217/R218 (pardld
to spread theload for 10mA selection).

Constant Current Switching
By shunting and picking off currents, any one d the range o

congtant currents can be drawn through the resistor under test.
Each Res stanceM odeand Range combinationisassigneditsown
vaue of current, the FET/Relay activation pattern being
controlled infirmware. Switching arrangementsfor thecurrents
areshowninsmplifiedformonFig.5.2.3.2. Table5.2.3.1relates
the congtant current va ue to the Mode and Ohms range selected
by the user.
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\
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5.2.3.3 Low Current Ohms

Where low compliance or low open circuit voltages across the
DMM’s terminalsare needed, a specia low current mode (L.oI)
can besdected. Applicationswherethiscan beuseful includein-
circuit measurement of components in paralel with diode
junctions, or the measurement of temperature using Platinum
Resistance Thermometers, where the self-heating effects of the
current passing through the resistiveelement are important.

The 100mV DC Voltagerangeis used for al low current Ohms
measurements

5.2.3.4 True Ohms

In addition, for those applications where externa thermal emfs
present measurement problems, amodeis provided whereazero
reference reading is automatically taken with the measurement
current turned off (TN Q). This zero measurement is
subsequently subtracted from that made with thecurrent flowing,
togivearesultant valuewheretheeffect of any therma emfshave
been diminated.

5.2.3.5 Low Follower and Voltage Detection

Externd errorsproduced by specific connections can bereduced
using four-wire sensing and Ohms guarding techniques. Four-
wiresensed measurement can be madewith upto 100Qinany lead
with no degradation in accuracy. Furthermore, errors caused in
external leakage paths can be eliminated using an Ohms Guard
terminal which may also be used for in-circuit measurement of
componentsin parallel with other resistiveelements.

Theam of theLow Follower isto separatethe current path from
the voltage detection circuit, so that in 4-wire connection the
current flows through the resistor under test, and the voltage
across it is detected at the resistor itself with no other common
wiring.

Current Path (Fig5.2.3.1)

(Circuit Diagram430742 Sheet | Page11.6-1)

Theresistor under test Rx is connected between |+ and I-. The
energizingcurrentis drawn from I- by the constant current sink,
and sourced through the power output stageof theL ow Follower
into I+. Thevaued the constant currentisswitched a thesink
asdescribed above.

Loisconnected to theLow Follower inverting input, and because
this places Rx as the feedback resistor, Lo isforced to the same
potential asCommon-8at theL ow-Follower non-invertinginput.
Virtualy no current flows in the low line, as the bias current
required by the Low Follower isvery low .

When measuringin 4-wire, |- and L o are connectedtogether only
at Rx, socurrentinthel- linedoesnot passthroughany part of the
Lo line, and the resistor Lo termina is held at the potential of

Common-8. With 2-wiresel ected, theconstant current does pass
through part of theL oline,and an IR dropisgenerated acrossthe
ends of thepath. At theHi end of the resistor, thesourcecurrent
isdrawn through thel+ line,and in4-wireit doesnot passthrough
any part of theHi line.

Voltage Measurement across Rx

The voltage due to the constant current in Rx aloneis presented
between Hi and Lo with no other IR drop. TheLoendisat hed
at common-8,whichisthesameasthe'MECCA' onthe DC PCB.
The DC Preamp presentsan extremely high impedanceto Hi, so
thevoltagemeasured by theDCV oltagecircuitry isthat acrossthe
resistor Rx alone.

When a particular Resistance range is selected, its energizing
current vaue is determined by firmware, the results of the
measurementsbei ng modified by calibration constants. Thesetup
must have optimum constant current and DC Voltage
measurement range for low noise and stability. Thischoiceis
predetermined and set in the program; the range of setup
conditionsare shown in Table 5.2.3.1.
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Low Follower Amplifiers

The | ow Follower isacornpoundamplifier,with M103and Q108
DC-gtabilizing Q104 and M102. Thetwo paths are recombined
by h1104 summing amplifier.

Alternate Current Sourcing

For thermal reasons, Q110 1s supplied from +35V for low current
values, and +5V for high currents. The changeover occurs via
diode D106.

Clamping

Clamping is used to limit the voltage drive to Q110, at values
dependent on the DCV range used to measure the voltage across
Rx For the 10V range, the CLAMP signal is at +5V, and the
voltage a the juncuon of R137/138 limits at +25V. With the
100mV or 1V rangein use, CLAMP changesto OV and thelimit
s reducedto +5V  The CLAMPsignal isset by the processor via
the serial datalink, the programmed level appearingat DIO7, pin
i2 ot M301 (page 11.5-3).

Ohms Low Sense

The nput channel Lo terminal cannot not taken directly to
‘MECCA’ commonwhen resistanceisbheing measured; instead it
isswitched to the R LOW SENSE lineinto theOhmsPCB. Itis
maintained at high impedance while being referred to 0V (8) by
theaction of the Low Follower.

Low switching is performed by relay RL.108 on the DC PCB
(Circuit Diagram 430738 page 11.2.1).

2-Wire/4-Wire Switching

The inputchannel Hi isfed directly to theDC PCB for thevoltage
measurement acrosstheresistor Rx, and for thispurposedoesnot
need to appear on the OhmsPCB. However, the 2-wire/4-wire
switchingisperformedby Ohmsrelay RL 101 betweenHiand | +,
S0 Hi is brought on 1o the OhmsPCB to beswitched. OnthelL o
side, RL101 connects$x LOW SENSE tol-in 2-wire. The2-wire
linksarc protected by thermistors.

True Ohms Switching

Thefirstof the pairof TrueOhmsreadingsisathesameasnormal,
withrelay R1.104 cnergizedat contact 1. Thesecond istaken with
no current drawn through Rx via |-, asRL1(4 is unenergized at
contact 14. Thustheconstant current sink issourced directlyfrom
Common-2.

Selfcal and Selftest

During sdlf-cadlibration the Ohms ranges are calibrated with
reference totwostandard resi storsfitted on theOhmsPCB - R105
and R106. These are switched out by RL102 being energized
during normd operation, but for Selfcal and Selftest thel+ input
isdisconnected, and the Ohms circuit measures the valuesof the
two resistors as they are switched in by the contacts of the de-
energizedRL102. Foralow standard resistanceR106 (1.0kQY) is
selected on its own, and for high resistance R105 and R106 are
connected in series (101k€2); the switching being performed by
RL105. Thesoftwaremodelsfor Selfcal and Selftest aregivenin
Section 2.

Filter

C108 and R126 provide HF compensation for the whole Low
Follower. When Filterisselected,theF signal at +5V introduces
C107in parallel with C108to reducethefrequencyresponsecf the
follower. In thisstate, Q107 is turned off to turn Q106 on. The
F signal originateson the DC PCB as FILTER (page 11.2-8), its
level having been set a pin 1 of the register M802, by the
processor viatheseria datainterface. SoboththeDC Voltageand
Ohmsfiltersare switched in and out simultaneoudly.
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65.2.3.7 3-Bit Word Transfer and Decoding

A 3-bit word which represents the current switching pattern is
passed from the microprocessor to the OhmsPCB via the serial

interface, latched into M301 (page 11.6-3),and DIO 2/3/4 is
deliveredtoM304-1/2/3 for decoding. Signal DIO 4 isalsoadded
tothedecode, and theresultingdecodedlinesare used togenerate
the FET/Relay switching pattern.

Table5.2.3.1 Ohms Range, Mode and Current; with DC Voltage Range Employed

When a particular Mode/Range combination is sdected in
Res stance Function, the Processor trand ates the selection into
the corresponding 3-bit pattern to activatethecurrent. It aso sets
the appropriate DC Voltage range. Table 5.2.3.1 relates the
congtant current value and DC V oltage range used, to the Mode
and Ohms range selected by the user.

ohms Ohms Current
Range 10nA 100nA 1uA 10pA 100pA I mA 10mA
10Q TruQz 100mV
10052 Lol 100mV Normal 1V
TruQ 1V
1kQ Lol 100mV Normal 1V
TruR 1V
10kQ Lol 100mV Normal 1V
TruR 1V
1 00kQ Lol 100mV Normal 10V
TruQQ 10V
1MQ Lol 100mV Normal 10V
| OMR Lol 100mV Normal 10V
100MQ HiQ 10V
1GR HiQ 10V
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5.2.4 DC and AC Current - Option 30

The DC Current function is achieved usng a set of precision shuntsin conjunction with the DCV measurement capability. The AC
Currentfunction usesthesameset of shuntsin conjunction with the ACV measurement capability. Option 30requires Option 20aiso
to befitted, asit isself-tested and self-calibratedusing currents provided by the Ohmscircuitry,

5.2.4.1 Functional Block Diagram
4 N
(Y 4
Hi RL201 (DCV Select) Contacts
M O-—  Shown in DCI Position
Measured RL201
Shunt
Voltages i
~—® O
Current 1o be |, INT_SIG_BUS Y RL201
I+ Measured M202-1
'INTERNAL' (Selects
Current Range- = J INT_SIG_BUS for
Source Input Switched < DCiwhen Set at
to be Terminals | Precision ic-
Checked Shunts Logic-O by Sofware)
100mv DG
Range %
Y _
- @ GND 10 oV 14
I-
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Note: Firmware prevents DC! and ACI being selected together
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Hi ‘ S VA
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g GRS d=ol e
- j . BE L onan
. RL103 : .y Comenec
 ACVoltagePcB
FIG. 5.2.4.1 AC/DC CURRENT BLOCK DIAGRAM
\, Y,
5.2.4.2 Switched Current Shunts
General Input Current Routing

For Current measurement, five precison shunts are switched
internally to correspond with sdlection of the fiveranges. The
unknown current passesthrough oneor moreof theseshunts, and
the resulting voltage is measured using the 100mV DC or AC
range circuitry. The shunts and the source Of the cuirent are
protected both electronically and by al.6A fuse, accessibleonthe
rear panel.

The current from the selected input channel enters the Current
PCB at PL52-1(Hi), passesthrough thefuseand sel ected shunt(s),
and exits by PL50-6 (L0).

On the Current PCB the CWITCN path s interrupted by three open
contactsof RL 100 when theCurrent Functionisnot s8lected. The

CoNtacCts ,re closed in Current Function.
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Shunt/Range Correspondence

Table5.24.1 relatesthe range switching to the selected range and rangeshunts utilized.

Table 5.2.4.1 Current Range Switching

Range Shunts
R1l1 R112 R113 R114 R115
9000 90Q2 9Q 1Q

100pA M101-9/Q101

M101-16 /Q102/103

5.2.4.3 Shunt Voltage Measurement

Sensing

For each range, the voltage to be measured across the range
shunt(s) appears between common GND_10 at PL51-1 and
INT_SIG_BUS at PL51-2. GND_10 is connected directly to
MECCA on the DC PCB (page11.2-1).

For ranges up to 100mA, theunenergizedrelay RL 104 contacts2/
3 (closed)and415(open) connect GND-I0toR 114, switchingout
the volts drop across the 1A shunt R115 (although the input
current for each range passes through R115on itsway tol-). On
the 1A range, RL104 is energized to connect GND_10 to R115
instead of R114.

Measurement (DC Current)

The DC voltagecircuitry is referred to MECCA (page 11.2-1).
For the DC Current function, theinput tothe DC V oltageprearnp
isconnectedtoINT_SIG_BUS ingtead of theextemal inputs. The
INT_SIG_BUS lineisseectedon theDC PCB by M202-1 andthe
unenergizedrelay RL201 (page 11.2-2). The DC prearnp passes
the conditioned DC signal to the A-D.

Measurement (AC Current)

TheAC voltagecircuitryisreferredtoMECCA viacommonoVv_7
(pagell.2-1). For the AC Currentfunction, the input to the AC
Voltage preamp is connected to INT_SIG_BUS instead of the
extemal inputs. TheINT_SIG_BUS lineis selected on the AC
PCB by R1.103-5/4 and the unenergized relay R1.101-2/3 (page
11.5-1). TheACcircuitry convertsthe AC voltagetoa DC (RMS)
voltage, which is passed to the A-D.

5.2.4.4 Protection

Fuse

The1.6A Currentfuseislocated for accesson therear panel,and
connected in series with the |+ line viaPL54-1/2. Thefuseis
tested during Selftcst (see below), and dthough not specifically
tested in Selfcal, will cause Selfcal tofail if it is not intact.

Diodes

Four diodes D103-D106 protect the shunts when an attempt is
madeto measureacurrent which istoo largefor therangein use,
limiting thevoltageacrosstheshunt(s) and blowing thefuseif the
excesscurrentislargeenough. For normal operation,any leakage
currentin the diodes is guarded out by the bootstrap M102.

Bootstrap
M102 buffers the voltage at the high end of the shunt chain as

0V_B, whichin Current function drivesthe center connection of
thefour protection diodes. Thusthereisno voltageacrossthetop
two diodes, so dl the input current passes through the shunt(s).
The bootstrap forces the shunt voltage across the bottom two
diodes, soleakagecurrentisdivertedtoGND_10and back intothe
power supply for buffer M102,

In Selftest and Selfcal, theinput test current is sourced, viathel+
line, from theL ow Follower output on theOhmsPCB. It returns
to (andis controlled by) the constant current sink on the Ohms
PCB, viathel-line. InthiscaseRL101 isenergized,forcingQ0v_2
at the diode junction. This maintains zero voltage across the
bottom pair of diodes,and divertsleakagecurrentfrom thetop two
diodesinto 0V_2, instead of into the constant current sink. The
bootstrap buffer is not used.

In both the above cases, |eakagecurrent in the protection diodes
isdivertedfrom the voltagemeasurement circuit, and so does not
affectthe shunt voltage passed out viaINT_SIG_BUS.
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5.2.4.5 Selfcal and Selftest

Circuit Changes

As mentioned above, theinternal circuitry ischanged to perform
thesefunctions. The Input switching disconnects the I+ and I-
linesfrom theinput channel terminals. Currenttotest theCurrent
PCB issourced from theoutput stagedf theL ow Follower on the
Ohms PCB, viathel+ line; and controlled by the Ohms constant
curreni Sink, viathel- line.

Theshunt voltageis no longer referred to CND-10. Instead, the
low end of the shunt is switched to a specid LO_SENSE line,
which providesthe low input to the low follower. Reay RL101
on the Current PCB is energized during Selfcal and Selftest to
perform thischangeover. Thevoltageat thehighend of theshunt
chain is passed to the DC PCB viatheINT_SIG_BUS lineasin
normal Current function.

In effect, the resistance of the shunt chain is measured by the
Ohmsfunction. All fiveranges are calibratedand tested by this
method. Thearrangement isshownon theTest Setup Diagramin
Section 2 (page 2-38).

Fuse Test

This is performed as part of Selftest. The instrument is
programmed intothe DC 10mA range, with thetest currentbeing
drawn from the Ohms PCB. If the fuse is intact, the voltage
measured on the INT_SIG_BUS will be positive, and a pass
conditionisregistered. If it hasblown, thevoltagewill benegative
dueto theOhmsconstant current being forced to zero, indicating
afailure condition.
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5.2.5 Analog-to-Digital Conversion

5.2.5.1 Functional Diagram
N
Integrator First Null Second Null
n Detector Detector
i | ] ]
Signal SR VYV
© Sig Switch MM - "
:; ' + Ve
+
Ref+ [ R %7
O Ref Switch ' s i
Ref _ |
e -
Control ‘
Ref A Logic <
ef+
o SbRref p<- 18R |
Oo—| Switch v
Ref-
L FIG.5.25.1 A-D CONVERTER - SIMPLIFIED SCHEMATIC -
5.2.5.2 Introduction

The instrument converts conditioned analog signals to a digital
form using a multi-ramp, multi-dope, integrating A-D. This
provides:

1. High linearity - < 0.2ppm without adjustment;

2. Low noiseaof < 0.05ppm o full scale;

3. High speed - signal and reference are applied together
simultaneoudly, greatly reducing the conversiontime;

4. 100% overrange, giving a maximum discriminativn of 1
partin 200 million;

5. Flexible operation - resolution (and hence speed) are
programmable, from 4.5 digitsat 200 readingsper second
to 8.5 digits per second at onereading per 6.5 seconds.

A digital autozero system avoidsthe need for the more common
sample-and-holdtype of autozero circuit.

M ultisl opeoperation permitstheintegrationcapacitor vaueto be
smaller than normally required for a more conventional circuit,
greatly reducing problemsdue to dielectric absorption.

Thecontrol logic determinesthe parametersof the conversion, by
counts and timings which are selected by the processor and
transferred viathe serial interfacein four bytesof data. Timing,
counting and control are executed by a custom 'ASIC
(Application-Specificlntegrated Circuit), resulting in a design
which offers both variableintegration times and user-selectable
resolutions.

The digital result o a measurement is transferred back to the
processor viathe serid datainterface.

Referenceswitchingerrorsarereduced toaconstant value, which
are subtracted from the reading by the instrument's
M Croprocessor.
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5253 Reset

'Reset’ mode replacesthe more conventiona analog'Autozero'. Itisimposed by the ASIC except when aconversionisin progress.
The four phases of reset activate the converter to ramp through small excursionsabout zero, eliminating zero drift and holding the
converter in aquiescent state. Therampsand timingsare shownin Fig. 5.2.5.2.

[

~

FIG.5.25.2 A-D CONVERTER -RESET CYCLE

The Reset Cycle
Therearefour phasesin the reset cycle, numbered on Fig. 5.2.5.2:

pl. Zeroisappliedto both Signa and Referenceinputs. This
timeis set by the ASIC, and the slopeis determined by the
integrator drift (exaggerated on the diagram).

02. Zerois applied to the Signal input, and -Ref/256 to the
Referenceinput. Theintegrator ramps up and crosses zero.
TheNull Detector hasastandarddelay, andfor afixed period
after this, the ASIC continuestoapply -Ref/256. Thesethree
times congtitutethetime of phase 2.

03. Zeroisappliedto both Sig and Ref inputsasin phase 1 for
avery short period, toguardagai nstany overlapin switching.
Theintegrator drifts during thistime.

04. Zero is applied to the Signal input, and +Reff256 to the
Reference input. The integrator ramps down and crosses
zero. The Null Detector has the same delay, and again the
ASIC continues to apply the +Ref/256 for a further fixed
period. These three times condtitutethe time of phase4.

Thecycleisrepeated, maintai ningtheintegrator output near zero
(within approx. 25uV). The overshoot in phases 2 and 4 is
deliberately introduced to ensure aclean transition through zero.
As can be seen from the diagram, the integrator output aways
reachesthesame valueat theend of Phase 4, dueto thetwofixed
ramps, even though drift may occur in phase 1.

Because of its low amplitude and short timings, this reset
waveform is difficult to view accurately.

End of Reset

TheA-D continuesin Reset modeuntil instructedto startareading
conversion. A separate control line {(CI1-R), with its own opto-
coupler (M703-3/6), initiates the conversion.



Section 5 - Technical Descriptions

5.2.5.4 Conversion Initiation

Triggering

Depending on the type of measurement trigger received, the
instrument can be caled upon to execute single or multiple
readings, the latter being processed in some way to arrive at a
'measurement’. Thiscould beasaresult of an externa trigger, a
manual irigger (sampie) or atrigger received over the IEEE 488
interface. The number of readings to be taken depends on the
instrument state and the type of trigger received.

'Conversion Initiate' Signal

For each readingrequired,theConversion Initiate signal (CI1-R)
isset high tostart aconversionon itsrisingedge. Asaresult, the
A-D executesa Reset cycle, ensuring that the conversion sarts
fromaknown integratoroutput value. Thecycleisterminated by
the ASIC S1G iinesbeingactivated toappiy theconditionedsignai
totheintegratorinput. Theresultof CI1-RisshowninFig.5.2.5.3
for anegativesigna input.

Cl

Integratofr
Output

SIG

FIG. 5.2.5.3 A-D CONVERTER - EFFECT OF 'CONVERSION INITIATE' SIGNAL
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Single and Multiple Ramp Conversions

Notes

Pages5-30to 5-35illustrateexamplesof theformsaf conversions
used in the 1281. Becausc of the wide range of amplitudesand
timingswhich areinvolvedin thesequences,thewaveforms given
in thefiguresare not to scale - someexaggeration is required to
show the changes.

The control signal waveforms are intended to illustrate
sequencing only - in some cases there are several versonsaf a
signa. Polarities and amplitudesin thefiguresare therefore not
to be regarded as accurate.
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5.2.5.5 Single Ramp Conversions

Theintegrator output and control signalsfor asingleconversion
with positiveand negativeinputsareillustratedin Fig. 5.2.5.4 and
5255 respectively. Time starts at Phase 5 after the Reset
initiated by theCIsignal. Thereareseveral versionsof thecontrol
signals, thoseshownin thediagramsindicatetimingonly, and not
polarity.

Note that the time ‘T’ isfixed, as are the durationsaof phases 11,
12,13 and 14. Thereisalsothefixed Null Detector delay, and a
fixed overshoot delay after null is detected in phase10. Biasis
applied during phase 8.

Positive Signal Input
The phasssin the conversion cyclefor positivesignal input are
numbered on Fig. 5254

05. Zeroisappliedtoboth Signal and Reference inputs, thisis
thefinal stageof CI.

06.  Thepositivesigna isappliedtotheSignal input, with zero
on theReferenceinput. Theintegrator rampsdown for a
fixed period.

07. Thesignd isappliedtotheSignal input, with +Ref on the
Referenceinput. This'bias isappliedfor afixed period
with Ref polarity determined by the state of the Null
Detector. Itisarrangedfor theintegrator to ramp further
away from null.

88; 09
Zeroisappliedtoboth Sigand Ref inputstoensurethat two
references are not applied together.

ZeroisappliedtoSiginput and -Ref to the Ref input. The
integrator rampsupand eventually crossesnull. TheNull
Detector hasthestandarddel ay, and the ASI C continuesto
apply -Ref for a further fixed period. The integrator
therefore overshoots.

Zero isapplied to Sig and Ref inputs for a fixed period.
This 'wait' dlows the dielecmc absorption in the
integrator capacitor to be recovered. Note that the
conditionsof phase1l are gpplied three times.

Zeroisappliedto Siginput and +Ref/16 to the Ref inpuit.
The integrator ramps down and crosses null. The Null
Detector has the standard delay, the ASIC continues to
apply the +Ref/16 for a further fixed period, and the
integrator overshoots.

010.

gll.

12.

Zeroisappliedto Sig input and -Ret/16 to the Ref input.
Theintegratorrampsup and overshootsnull,controlled by
the Null Detector and ASIC delays.

Zeroisappliedto Siginputand +Ref/256 to the Ref inpuit.
The integrator ramps down very dowly and crosses null.
The integrator overshoots null, controlled by the Null
Detector and ASIC delays.

@13.

p14.

End of Conversion - RTX Signal

The converson is now complete and the A-D revertsto Reset
mode. Tosignify theend of the conversion the ASIC setsRTX
high. Data may now be shifted out of the A-D via the serid
interface. RTX remainshigh until the next CI isreceived.

Observe that at the end of phase 14 the integrator output is
negative due to the same delays and +Ref/256 as at the end of
Reset phase 4, soit isback whereit started beforetheconversion.
Hence the accumulated amount of the references applied is a
measure of thesigna applied.
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FIG.5.2.5.4 SINGLE RAMP CONVERSION- POSITIVE INPUT
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5.2.5.5 Single Ramp Conversions (Contd.)

Negative Signal Input

The phasesin the conversion cyclefor negativesignal input are
numbered on Fig. 5.2.5.5. The conversion is subtly different,
becauseof theintegrator output startingandfinishingat anegative
value. This shifts some of the null crossings, and the general
waveform isnot merely aninversionof that for thepositiveinput.
Nevertheless, the principle of operation and sequence of phases
remain the same.
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5.25.6 Multiple-Ramp Conversion

Sequence of Phases
The integrator output and control signas for a multi-ramp

conversion with positiveinputisillustratedin Fig. 5.2.5.6.
g1 to 05 Theseare asdescribed earlier for Reset.

These arc the ~awas in thesingle-ramp

26 and g7 i
conversion.

08tosl4  Thesearethesameas in the positive single-ramp
conversion.

015 Thisissimilar to 08 for the singleramp; but the positive

inputsignal isreapplied totheSignal Inputinsteadof zero.
Theslopedf therampisthesameas in g6.

016 Signa and Referenceare applied. The polarity of the
chosenreferenceissuchastoramp back towardsnull. The
rampovershootsnull duetonull detectorand ASICdelays.

pl7 Signa onlyisapplied. No'wait' timeisrequiredbetween

pl6andgl7, asthereferenceisnot appliedin g17,and so
thereisno possibility of shorting two referencestogether.
Thedoped therampisthesameasin g6.

Thecycleof phases17, 7, 15 and 16 continuesfor as many ramps
asarerequiredfor the programmedconfiguration. Thefina cycle
isthe sameas the single-ramp version.

Once again, the accumulated amount of the referencesappliedis
a measure of thesignal applied.

Integrator Output Waveshape
As the magnitude of the input changes, so does the shape of the
integrator waveform.

At full scale the ramps are symmetrical and of equal height. As
the signal is reduced the ramps begin to lean over with the null
point moving to theleft. Thefirst rampisreduced to about half
thesizedf subsequentones,and they arenotal thesamesize. This
isnorma behavior, and is not indicativeof afault.

Counting

The rulesfor countingtheamount of referenceapplied are quite
ample

1. Counting occurs whenever areferenceis applied.

2. Thecountisup for negative references; down for postive
references.

3. If Ref isapplied the count incrementsin units of 256.
4. If Ref/16 isapplied the count incrementsin unitsof 16.
5. If Ref/256 isapplied thecount incrementsin unitsof 1.

This ensures that even with overshoot the correct result is
obtained. A normal 32-bit up/down counter within the ASIC is
used, that isreset to zero by the signal Cl.
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5.2.6 Internal References

5.2.6.1 Reference Modules

Module Description
Thereferenceused in theanalog to digital conversionisderived

from two specially conditioned zener reference modules. Each
contains the reference device and its associated buffer circuits,
whichared| hermeticallyencapsul atedtogetherin order toensure
congtant temperature acrossthe module.

The modulesare stableto within +3ppm per year, produce noise
of lessthan 0.1ppm, and have temperature coefficients of better
than 0.1ppm/°C. Thistemperaturecoefficientished over avery
widetemperaturespan of 0°C to 70°C, and thereferencesexhibit
negligible temperature shock hysteresis.

Module Usage

The two modules are buffered, by M406 and M407, to provide
positive and negative master reference voltages for the A-D.
Theseareapplied viaswitched attenuatorstogeneratethepositive
and negative 'REF, ‘REF/16’ and ‘REF/256’ signaswhich are
used in the complex A-D sequences.

During Selfcal, A-D Cd and Selftest; the moduleoutputsand the
totem-pole buffer outputs are passed to the Signa Multiplexer
(M401) to be gpplied to the A-D for specific calibrationsand
checks.

When Option 20 isfitted, thereferencefor the Ohmscircuitry is
buffered directly from the moduleoutputs (M403) as ‘QREF’.

5.2.6.2 Reference Generation
Master Reference

(Circuit Diagram 430738 Sheet 4; page 11.2-4)

The outputs from both reference modules are averaged a the
inputs to the ReferenceBuffer-Amplifier M402. Asthe module
outputsarenegative,thenegativeoutputfrom Q40Lisinvertedby
a 'Flying Capacitor' pump circuit M405, which is clocked by
CLOCK-H from the A-D digital ASIC. Any clock transientsare
filtered out before being applied to M406. The compensated
negativeoutput of M402 isfed directly asinput to M407.

M406/M407 are referred to Common-11, which is the A-D
referencecommon. The totem-polecurrents of Q408 and Q409
are sourced from the 15V Common-13 supply, to avoid
interference with the referencesignds.

Gates M503-9 and M504-9 compensate for the effects of the
atenuator switching gatesat the A-D input.

(Circuit Diagram430738 Sheet 5; page 11.2-5)

The outputs from Q408 and Q409 are the two compensated
reference sgnas '+ VREF COMP and ‘-VREF COMP. These
arefedto the REF SWITCH and SUBREFSWITCH, which select
the A-D referencelevel sunder the control of ASIC M509.

Ohms Reference
REF BUFFER M403 buffers the averaged output from the

reference modules to generate Q REF, which is passed out via
PL107-11totheOhmsPCB atPL43-11. Thislevel isd sopassed,
asthe'CAL REF signal,totheSelfcal Multiplier circuit. During
Selfcal and Selftest CAL REFisswitched astheinput tothe Error
Amplifier of the Sefcal Multiplier to provide its DC reference
voltage.
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5.2.7 Digital Control

5.2.7.1 Functional Block Diagram

Fig. 5.2.7.1 opposite shows the man groups of functional circuitson the Digital PCB.

52.7.2

Clocks

(CircuitDiagram DC400901 Sheet | ; Page 11.4-2)

All synchronizing clocks used on the Digital PCB are derived
from 16MHz crystal oscillatorY 301. Fourarerequired; produced
by divisonin U101:

Processing, Memory and Organization

CLKS8: 8MHz for the Processor and Digital ASIC (p11.4-3);
CLK4: 4MHz for the |IEEE 488 I/F Controller (pi1.4-5);
CLK1: 1MHz for the Digital ASIC (p 11.4-3);

CLKO0.5: 500kHz for the Display Controller (p 11.4-4).

Processor

(Circuit Diagram DC400901 Sheet | ; Page 11.4-2)

The instrument is internally controlled by a 68000-series
microprocessor. It ultimately trandatesall information, from the
front panel keys and |EEE 488 interface, into control signals
which determine the instrument'soperation.

Data Transfers

Normal data transfers are processed via al addresslines A1:23
(Address Bus) and all data lines D@:15 (Data Bus), using the
inherent68000 word and bytedivisionsandstrobes. Other control
signals in and out of the processor are grouped in the circuit
diagramsasa'Control Bus, but thisismerelyfor clarity - thelines
are dismbuted on the PCB.

Different devices need different access times, and the processor
requires read/write cyclesto be terminated by the handshaking
device to achieve maximum operating speed. The instrument
accountsfor three different accesstimes:

250ns:  Normal RAM, EPROM, ASIC
and Interrupt Acknowledge;

500ns: |EEE 488 Controller, NV RAM,
Display and I/O Port;

lys. Switches

2us: Analog-Output D-A.

Memory Assignment

(Circuit Diagram DC400901 Sheet | ; Page 11.4-2)

EPROMs U103 and U104 hold the 128k x 16 of operating
program and fixed data; RAMs U112 and U105 contain 32k x 16

of workspace.

U106 is alow-power static 8k x 8 RAM which is permanently
powered: either by the +5V supply, or by 1/2 AA battery BT1
when theinstrument isswitched off. Its'non-volatile’ memory is
occupied by constantswhich are stored during calibration, and
subsequently used to correct readingswhen in normd use.

Memory Access
All memory is held in 8-data-bit devices.

TheEPROM chipsaredevice-enabledby theDecoder PAL U110
from addresses A20:23. U103 and U104 are chip-enablcd
together by A19, and addressed vialinesA1:17. Databytes are
read in parallel by smultaneousaddressing; U103 provides the
‘'upper' byte onto data buslinesD8:15, and the‘lower’ byte isread
from U104 onto D@:7.

The workspace RAM chips are selected by the Decoder PAL
U110, and addressed via lines A1:15. Data bytes are read in
parallel by smultaneous addressing. For RAM data. U112 is
served by the 'upper’ byteD8:15 and U105 by the'lower’ byte
D@:7. Device-enableand read-writeare selected via the control
bus.

Thenon-volatileRAM isa soselected by theDecoder PAL U110,
and addressedvialinesA1:14. For RAM data, U106isserved by
the'lower' byteD@:7. Device-enableand read-writearesel ected
via the control bus, and write is inhibited unless calibration is
enabled. NV RAM (U106; page 11.4-2) is divided into three
areas;

1. Primary Calibration Constants(Externa Calibration);
2. Secondary Calibration Constants(Self Calibration);
3. User NV (Input Zero, Password, Bus Addressetc.).

The Primary Calibration Constant area is protected against
unauthorised Writeaccess by the rear panel Cal/Run keyswitch.
Secondary Calibration Constantsand User NV, by necessity, are
not keyswitch protected.

Control Decoding

(Circuit Diagram DC400901 Sheet 1, Page 11.4-2)

Three PALs: U107, U110 and U111, manipulate the various
signal swhichareused tocontrol instrumentoperation. Generally,
U110 deals mainly with memory selection and calibration
processes; theinputsto U111 are decoded to sel ect devicesother
than memory. U107 operatesmainly on handshakesignalstoand
from devices which requirelonger accesstimes.

Buffered Data Bus

(Circuit Diagram DC400901 Sheet 2; Page 11.4-3)

Thelower databusD O- 7 isconnected to thetwo-way buffer U201
to providethe Buffered DataBus BD@:7. Thisis used to access
several devices: Keyboard,Ca ModeBuffer, Digital ASIC, |EEE
488 Interface Controller, Analog Output D-A Converter and the
I/O Port. U201 isenabled by EN_BUF_L, and its direction is
controlled by signal BR_HW_L.
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5273 Digital ASIC

TheDigital ASIC (U2030n page 11.4-3) isa68000 support chip
for digital multimeters. It interfaces via 16 read-writeregisters
and an interrupt handler.

Functions
(Circuit Diagram DC400901 Sheet 2; Page 71.4-3)

1. 68000 bus time-out for one or more wait state pairs
(DTACK). Buserror generationon invalid addresstime-
out (BERR).

68000 reset power delay PFAIL to RESET.
Switching counter 1 to 256ms delay givesinterrupt.
Tick interrupt 10ms or 100ms period.

oo W

Internal counter - free-running for internal triggersOs to
10s. 10-bit with four prescales (10us; 100us; Ims and
10ms). Softwaretriggersare used for delays greater than
10 seconds.

6. Delay counter - one-shot to delay conversion after trigger
0st010s: 10-bitwithfourprescal es(10us; 100us; Imsand
10ms). Softwaredelaysare used for intervalsgreater than

10 seconds.

7. Serial Interface - two-way communication between the
68000 and the Andog Sub-System.

8 Measurement time-out interrupt if the A-D Converter
locks up.

9. Writeenablefor non-volatilememory;and lockout circuit

to detect illegal access.
10.  Trigger conditioning:

GET from IEEE 488 interface or front panel
SAMPLEKkey.

TRIG from rear panel BNC socket.

HOLD from I/O Port.

Internal interval counter.

11. 68000 interrupt handler - interruptsfrom serid interface,
triggers and external pins (NMI; GPIA; ERR; FPINT;
RTCINT).

5274

Triggers

Firmware determinesthe way triggers are treated in the digital

ASIC wrigger conditioning circuit. Triggers may be disabled,
causeaninterrupt,or produceCl-R dependingon conditions. The
maximum rate at which the analog sub-system can respond to
CI_R’s isdetermined by the mode of the A-D convertor and the
need to collect measurementinformation via the seria interface
between triggers. Three sources of triggersare:

Conversion Initiate (CI-R)

Internal: Interval Counter - Hardwareor Software
External: TRIG_F - rear Trigger BNC connector.
GET-R - from the IEEE bus.
SAMPLE - from the Front Panel key

Atimer in thedigital ASIC producesCl-R (20-40CLK1 periods)
from the varioustriggers.

Internd triggers are generated by the Interval Counter in the
digital ASICat aratecontrolledoverthedata busby theprocessor.
Wherethetrigger period islessthan 10 secondsa programmable
freerunning counter produces'direct’ triggersat arate set by the
processor. For trigger interval sgreater than 10 seconds, 'indirect'

triggersare produced by softwarein responseto RTX_R.

External triggers are conditioned; the conditioned triggers
causingeitheran'immediate’ or 'delayed' trigger,oran interrupt,
depending on the configuration set by the processor. In thecase
of anintermpt,thetriggeriseventually produced from theinterval
counter via software.

If the interval between two external triggers is too short, the
second is stored and acted upon at the earliest opportunity. If
repetitive external triggers occur above the maximum rate
dlowed by the sat configuration, triggering continues at the
maximum possiblerate and ‘Trigger Too Fast' isflagged. The
processor signalsthis to the /O port via thedata bus and U208-6
(page11.4-3).

To summarisetrigger forms:

1. Internal triggers - Interval counter:
Hardware: < 10 Seconds
Software: > 10 Seconds
Externd triggers - Software
Direct triggers come from hardware.
Indirect triggers comefrom software.
Deayed triggerspass through the Delay Counter
(max 10 Second delay).
6. Immediae triggersby-passthe Delay Counter.

s wN

In order to offer external control facilities (other than the IEEE
bus),an1/0 Port hasbeen fitted in theinstrumentrear pand . This
could be used; for example: in conjunction with the Rear Trigger
input in a processcontrol system.

Therear Trigger input is a BNC connector on the rear panel.



5.2.7.5 Display Management

(page 11.4-4)

Data to be displayed on the front panedl is stored in RAM. The
processor employs '‘Bus Arbitration' so that the Display
Management System can gain accessto this information.

Display Data Access

When Display Management requires data, it asserts BR-L. (Bus
Request). In reply, the processor asserts BG-L (Bus Grant) to
indicate that control of the buswill be released at the end of the
current processor cycle. Theend of thecycleissigndled toeach
of thecontrol PALs by AS_L being cleared,whichisdecoded with
BG-L by U107 (System Conuol PAL) asST_BG_L.

This signal causes the Display Management system to teke
control, which it acknowledges by asserting BGACK-L (Bus
Grant Acknowledge).

Display Management now hascontrol of thebus. Signal DMA-L
(Direct Memory Access) enablestheRAM, and dataisextracted
using the Addressand Databuses. Control of the busis returned
to the processor when BGACK -L iscleared.

Anode Data

DSHFT_R clocks anode data into the display's 100-bit seria
register (page 11.3-1) as seven 16-bit words via DDATA-H.
DLTCH-H latchesthis pattern when thenext patternisshiftedin.
Thedisplay isscanned by walkingal ogic-1 dongthe20-bitgrid
register,one step for each 7-word set of anodedata. The Logic-
lisclocked by DLTCH-H.

DDATA-H
U309 and U310 form a 16-bit serial-in/parallel-out register to
providethe serial datastream DDATA-H.

RAM Addressing

U304 is a +16 counter whose output DMA_REQ_H signals
completionof each word to U305 and theBus ArbitrationSystem.
U305 divides by seven and provides a word count for RAM
addressing on WRD@, WRD@ and WRD@.

Theoutput from the+20 counter U306/U307 isacharacter (grid)
count used for RAM addressing viaocta buffer U303.

Tthe divide-by-16 counter U304 is clocked by CLKO.5 through
U302-8, U311-4 and U308-4. Atthecount of 15 thecarry out bit
U304-15goeshighsettingDMA_REQ_Ha U312-12. onthenext
edged CLKO.5, BR-L isset at U312-8 to request bus control.
While BR-L isset, the CLKO.5input isdisabled by U313/U302
and all counting and shifting is stopped.

The processor assertsBG-L but ST-BG-H stayslow until AS-L
iscleared. When AS-L goeshighat theend of theprocessor cycle,
ST_BG_H goes high and U313-6 is clocked low by CLK8 to
assert BGACK -L.

Aswdl as being theresponse to BG-L, BGACK-L providesan
enablefor the parallel-in/serial-out Display Data Shift Registers
U309/U310.
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CLKO.5remainsinhibited, now viaUu313-5,U311-1 toU302-12.
U313-5also setsU313-12 high, and on the next CLK8, DMA-L
isset at U313-8. ThisclearsBR-L.

DMA-L enablesRAM U112 and U105 viaSEL_RAM_L from
U110-19(page 11.4-2). DMA_L asoenablestheaddressbuffer
U303, so the address set by WRD@:2 and CHR@:4 isappliedto
the addressbus. Thefirst of the seven anode data wordsis thus
loaded into U309/U310 viathe data bus.

In reponse to BGACK-L the processor clears BG_L., and hence
ST BG_H.

U313-9 going low removes the inhibit on CLK0.5 at U302-12,
causes DMA-L to be cleared at U313-8, and thus removes the
enable on address buffer U303.

DSHFT_R is produced from CLKO.5 via U302-8, U308-4 and
U311-10. Sixteenedgesof DSHFT_R load theU309/U310data
word into thedisplay anodesserial register. Theseriesof sixteen
CLKO.5 clocksal soproducesanother DMA_REQ_HatU304-15,
so the DMA cycleis repeated.

U305 countsDMA_REQ_H to generate the seven-word count,
U305-15 incrementing the character counter U306/U307 after
each seven words, latching the pattern on the Front Panel. This
causestheLogic-1 inthedisplay grid register to be shifted to the
next grid by DLTCH-H via U308-12.

WRD1, WRD2 and CL.K0.5 aregated by U207-11and U312-5 to
produce DBLK-H which blanks thedisplay whilethelast two of
each group of seven words are being loaded.

DG20_Hisproducedat U308-8fromU307-15after each setof 20
characters (140 words) to load a Logic-I into the display grid
register.

After asystem reset, thedisplay isblanked for approx. 500ms by
R306/C302 to dlow the RAM to be re-initidized by the
processor; and to dlow the display registersto synchronize with
the Display Management address counters.

Display scanisinhibited by theaction of DBLK-H inthedisplay
circuit.

Thefacility for display blanking by DOFF_H is not used in the

1281. DOFF_H iscleared by the processor vi a thedata busand
U208-19 (page 11.4-3) at power up reset.
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5.2.7.6 Keyboard Interrupt

(pagesll.4-2 to11.4-4)

KBS from the keyboard encoder sets the Key Press Latch by
clocking U302-3. Thissignals FP_INT_L to the digitadl ASIC
interrupt Handler at U203-39 (pagell.4-3).

Thedigital ASIC setstheinterrupt level '2' on IPL1 and IPL0O/2
(U203-40/41) toindicatean interrupt to the processor.

The processor comparestheinterrupt level withitsinternal mask.
Assuming that the interrupt is of higher priority, the processor
completes the current instruction then setsits mask at level 2.

The processor then sets the interrupt level 2 on A1-A3, asserts
AS-L and setsR_H/W_L high. AtthesametimeFC0_H,FC1_H
and FC2_H areset, assertingIACK_L & U107-19(pagei1 4-2).

R_H/W_L and ASL with IACK-L at U203-4/57/58 cause the
digital ASIC tooutput the relevant exception number on BD@:7.
Access time-outisby U107 setting UIDTACK_L, which drives
the processor viaU110-16.

Theprocessorisnow inanexceptioncycle. FromROM it fetches
theexceptionvectorindicatedby thedigital ASIC. Thetwovector
words hold thefirst of a series of addresses which contain the
instructions to read thefront panel keys.

(Note: should aninterrupt of higherlevel occur (such asERR-L
from in-guard), the processor will terminate the read from the
front panel.)

The processor places the 'Read Front Panel' address on the
address bus. Thisis decoded to assert RDFP_L by the address
decoder Ulll a pin 19. RDFP_L carries out the following
actions:

1. resetsthe Key PressLatch by U302-1;

2. enablesthe Keyboard Buffer U301;

3. causesDTACK_L tobeassertedafter S00ns viathedigita
ASIC accesstimeout circuit.

The Keyboard Buffer places the encoded key number at KB@:S
onto the buffered data bus BD@:7. The two-way buffer U201
(page 11.4-3) has been enabled by AS-L (TACK.AS_L) and its
direction hasbeen set by R_H/W_L. Thekeyboard codeisthus
passed via D@:7 to the processor which takes appropriateaction
determined by the particular key which was pressed.

5.2.7.7 /O Port Sk8

The I/O Port isa 'D' connector allowing the following TTL
compatibleinputs and outputs.

Inputs:

HOLD-L
Input to the digital ASIC which may be used to disable
triggering.

TRACK-H; SAVE-F
Not used - Track and Hold options are not fitted in the
1281.

REARTRIG
Trigger input via SK9 to the digital ASIC trigger
conditioningcircuit.

Outputs:

DATA VALID-L
Indicatesthat outputsare valid.

TRIG TOO FAST
I ndicatesmissed triggers.

HIGH LIMIT-L
Asserted when the applied input signal is more positive
than alimit preset via the instrument keyboard.

LOW LIMIT-L
Asserted when the applied input signal is more negative
than alimit pre-set via the instrument keyboard.

Note: The above outputs are driven by the processor via latch
U208on thebuffereddatabus. U208isenabledby WR_LTCH_L
from addressdecoding (U111-16, pagel1.4-2). When limitsare
set they arestored in the user area of NV RAM.

NOT SAMPL_L
Asserted between measurementsto indicatethat theinput
signal may bechanged. Thisoutputisan inversion of the
Digitdl ASIC output SMPL_L derived in the trigger
conditioning circuit.

ANALOG O/
Separate ground to minimise processor noise on the
Anaog output.

ANALOG O/P

DClevel viathe D-A converter. Theoutputisbipolar with
2V representing full scaleinput on any range.
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52.7.8

Analogoutput voltageisderived from measurement datastoredin
RAM (corrected by calibration constants). The processor writes
data to the D-A convertor U205 on BD@:7 and D8:11. Datais
latched into the DAC by SEL_WORD_L (UDS_L and LDS-L
combined at Ulll-15 page 11.4-2). U205 is selected by
WR_DAC_L from address decoding U111-13.

When all thedataisL ogic-l, the Analog Output is -2.45V. All
data at Logic-@ produces +2.45V. An output of O/ is
theoretically produced for inputs between hex 7FFand hex 800.
In practice the output, athough linear, is initially offset and
requires calibration.

D201 provides a +2.45V reference to the ‘R/2R’ DAC. The
DAC’s Analog ground is connected to current mirror U206-1.
U206-7 is a conventional inverting amplifier which sums the
DAC output with the mirrored analog ground current from the
DAC. This provides bipolar operation and output drive.

R205 protectsU206-7 output, C203 and C205 prevent oscillation
and D202-D205 are clamps. The Analog output is filtered by
R205 and C204.

Analog Output
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5279 IEEE Interface

The IEEE controller (GPIA) U401 is connected to the IEEE bus
viathe buffers U402 and U403. Datais passed to and from the
GPIA on the buffered data bus. Note that BD@ connects to D7,
BD1 to D6 etc.

TheGPIA isaddressed viaAl-A3,and runson CLK4 to maintain
bushandshakespeed. Itisenabled by SEL GPIA_L., derivedfrom
U111-18 (pagel1.4-2) and read/write isselected by BR_HW_L
from U107-17. LWR_L from U109-3 must also be asserted for
the processor to be able to write to the GPIA.

When avalid Group Execute Trigger is received over the IEEE
bus, it is transferred via the buffered data bus to U208 for
decoding, then passes as GET-R from U208-16 to the digital
ASIC. If triggers are allowed, CI_R is produced to initiate a
measurement. InterruptsgeneratedatU401-9(GPIA_INT L)are
fed to theinterrupt handler in the digital ASIC.

ThebuffersU402and U403 are sel ected to Send or Receiveby the
GPIA U401-21. Additionaly, U403 may be switched to
controller mode by U401-30 (If for example there was a
requirement for the 1281 to control its own 'CAL'"). Specia
firmware would be required to employ this facility.

The GPIA has some internal de-bounce capability but extra
provision has been made by fitting filter R401/C401 and R402/
C402toavoid problemswhich could ariseduetoexternal noiseon
IFC and REN.
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528 Serial Datainterface

5.2.8.1 Functional Block Diagram

Fig. 5.2.8.1 (opposite) showsthe elementsand routing of the Serial Data lnterface.

5.2.8.2 Need for a Serial Interface

If the analog control signals and the necessary andlog status
signals were to be passed through the guard plane, each through
its own dedicated isolator, then more than 50 isolators would be
required. This would impose space pendties and introduce

intolerable capacitive coupling and leakage between in-guard and
out-guard circuits.

By passing a stream of data around an out-guard/in-guard serial

loop, which needsonly two isolators, the total number of active
devicesisreduced to seven (the TRK_H signal isnot used in the

1281). Thisincludesprovisionfor twoasynchronoussignal s(not
directly connected with interface transfers) and three interface

control signals.
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5.2.8.3 Interface Control

Processor Control of the Interface

The Interface Controller isincorporated into the Digital ASIC.
The 68000 processor controls the interface using Al:4 and
DB®:7, together with address decodes SEL_ULA_L, LDS-L,
R_HW_L and AS-L. Signal UDTACK_L handshakes
acknowledgement of sufficient accesstime (250ns).

There are three main statesof theinterface:

WAIT: Theinterfaceis quiescent,awaiting instructions
from the processor.

WRITE: The processor commandsa change of instrument
anaog state viatheinterface.

READ: Statusdatais passed back to the processor from

theanal og circuits.

TheprocessorinstructsthelnterfaceControllertochangethestate
of theinterfaceby writing to the ASIC's command register over
the buffered data bus BD@:7. The controller can find out the
interface stateand any statusinformation by reading the ASIC's
statusregister viaBD@:7.

The Interface Controller can instruct the ASIC to request a
processor interrupt via the IPL@:2 lines. When requested the
processor responds by returning the same priority level viathe
FC@:2 lines. When the processor reachestheinterfaceinterrupt
intheinterruptqueue, it servicesit by settingIACK _1 low at the
ASIC. Thisactsas achip-select,and theinterruptdataisread back
totheprocessor viathebuffereddatabus. Asaresult theprocessor
carries out the next step in the write or read cycle.

Power-up and Reset

The ASIC isplaced into Reset condition at power-up. Whenitis
released from reset, at this or any other time the Interface
Controller places theinterfaceinto theWAIT state. Thiscauses
dl thein-guard Tx/Rx devicestotaketheir serial registersoff-line,
and they become 'transparent’ to any signalson the serial path,
which effectively bypassesthem.

From this point the processor controls the state of the interface,
and viathe interface, theinstrument analog state.

Changing the Instrument Analog State

Todo thisthe processor commandstheinterfacestate to WRITE
and a write cycle begins. Control data to be transmitted via the
interfacei spassed over thebuffered databusin 'Long Words (32
bits). Thisdataistransferredover theinterfacein aseriesof 64-
bit groups,each comprisingfour bytesof truedatainterlacedwith
four bytesof complementdata. The ASICimplementstheword-
group conversion. Thein-guard Tx/Rx devicesareset to receive.

Obtaining Measurement and Status Data

To do this the processor commandsthe interface state to READ
and aread cycle begins. Thein-guard Tx/Rx devicesare et to
transmit. The 8-bit registers become transparent on the signal
path. Measurement or status data to be returned from the A-D
ULA and Frequency ULA are loaded into their serid registers,
and are transmitted through guard to the digital ASIC.



5.2.8.4 Data and Control Lines

DOUT_H and DRET_H

The Digitd ASIC isbuffered from the opto isolatorson the DC
PCB by U403 (page /1 .4-5). From Fig.5.2.8.1 it can beseen that
thedatalineloopsaround all the Tx/Rx devicesin theanal og sub-
system. entering via the opto-isolator M703 on the DC PCB as
DOUT_H, and returning viaM704 as DRET_H.

SCLK—F (Transfer Clock)

Clock pulses on the SCLK_F line are fed to all Tx/Rx devices
through M207 on the DC PCB. Their purposeistoclock thedata
round the serial loop.

EN-H (Transfer Enable)

Thissigna goeshightoenabledatatransfersaroundtheloop. The
condition o the seria data line during the first four SCLK-F
pulseswhen EN-H ishigh determinesthe ‘Receive/Send’ stateof
the in-guard Tx/Rx devices. When EN-H is low, the Tx/Rx
devicesare placed into 'WAIT' date.

TRK_H
Thissignal is not used.
ERR-L (Transfer Error Warning)

During awrite cyclethe Tx/Rx devicescompare the transmitted
bytesof truedataagainst their transmitted complements. If there
isany disparity, ERR-L isasserted. TheERR-L lineremainshigh
when thereare no errors.

TheERR-L linecan alsobepulledlow if aTx/Rx devicedoesnot
recognize the bit-pattern of its received true data as a valid
command, or if itsinternal processing is defective.
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CIR (Conversion Initiate)

Thissignal isused toinitiate an A-D conversion. Once thecorrect
trigger is present, and theanal og sub-system has been configured
by data transfers, and any digital delays have expired, the CI_R
line is set high. Therisingedge of CI__R intoM5090n theDCPCR
mitiates a reading conversion, At the same ume, for AC
measurements, the frequency counter M412 on the AC PCR 1s
activated.

RTX_R (Conversion and Count Complete)

The A-D ULA (M509 on the DC PCB) has an open-collector
output RTX1, whichispulledlow during aconversionasaresult
of CI_R. Oncetheconversioniscompleied the A-D ULA turns
its open-collector device off. Similarly the frequency counter
(M412 on the AC PCB) has an open-collector output RTX2,
which CI-R causes to be pulled to low.

Once the count is complete RTX?2 is released from low. When
both RTX1and RTX2 havebeen released, pull-upresistorson the
DCPCB setthe RTX lineto high. Thisis passed throughisotator
M704 totheDigital ASIC, wheretherising edgesignifiesthat the
two operationsare finished.
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5.2.8.,5 WRITE Cycle

/ V4
Wait 'Receive’ Transfer Data Process
i Command Data
EN-H
4 clocks |<——64 clocks
SCLK-F
PN
N
A
o = Don't Care
FIG.5.2.8.2 WRITE CYCLE - SEQUENCE
\_ /|

Therearefour phasesin the cycle, controlled by EN-H, SCLK-F and thedataline DOUT-H itself. They are:

Wait:

EN-H islow, no clock pulses are present. All in-guard Tx/Rx
devicesignore any data on the data line, which bypasses their
serial registers.

Instruct All Tx/Rx Devices to Receive:

EN-H goes high to enable the data transfer,and DOUT-H is set
low. Four SCLK-F pulses are transmitted, while DOUT-H is
held low, to announce that the processor is about to command a
change of instrument analog state. Thein-guard Tx/Rx devices
activate to receive data from DOUT-H, placing their serial
registers into the data path. During the time taken to place the
registerson lineat thestart of EN-H true, theinputsand outputs
of the Tx/Rx devicesare still shorted, so the wholedf thesigna
path hastimeto fall to low.

Transfer Data:

EN_H remains high. The 64 gerjq] data bits gf the first group are

injected into the data path via DOUT-H, a bit at atime, while64
SCLK_F pulses clock the bits through the serial registers of the
Tx/Rx devices. Thistransmissionof 64-bitgroupscontinuesuntil
the data is located in the correct Tx/Rx serid registers for the
instrument’s option fit. Each 8-bit device in fact introduces a 16-
bit serial register into the data path, hdf for atrue data byte, the

other half for its following complement data byte. This allows
error checking in the Process Data phase.

Process Data:

BEN-H goeslow to disablethe datatransfer. The datain the Tx/
Rx serial dataregistersisheld, astheregisters are taken out of the
datapath. Sixteen SCLK-F pulsesare transmitted which cause
the Tx/Rx devicesto check thetrue dataagainst itscomplement.

If thereis no corruption, the true control datais latched into the
device'sDIO lines(asimilar checkingfacility isincorporatedinto
the A-D and frequency counter UL As, but correct true data is
latched internally). The datais used to reconfigure the analog
circuits controlled by the device.

If adevicediscoversan error, it pullsits ERR-L line low, and
latchesits DIO linesat highimpedance. In thiscondition,aset of
pull up/down resistorsdominatesthe device's DIO output lines,
setting asafe anal og state.

ERR-L isan open-collector output and input. Whenitis pulled
low for an error by one device, the change is detected by all the
other devices in the loop, which also set their DIO lines to high
impedance (but without latching). This causes the whole analog
sub-system to revert to a safe condition.

There is a further benefit in latching only the device which
detected the error. When fault-finding, if the Tx/Rx chips are

removed oneat atime, then the ERR-L linewill remain low until
theonewhich reported theerror isremoved. Thislocatesthe part
of the data stream which iscorrupted, as alead-in to subsequent
diagnosis.
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{ BILOComAbl106)
Lo Switching (RL108)
ard Switching (RL107)
b6-5 internal Bus Switching 12/13
(RL2G1; M202-1 & M202-16)

Attenuator In/Out (RL203) i1

Biis Functlions Pins

b Filter In/Out (RL401) 1

b2-1 10V, 1V, 100mV Ranges 17/18
(DC 'A’ & 'B’ Signals to Q215 & Q210)

b5-3 A-D Sig/Ref Sourcing 13/14/15
(SIG 'A", 'B’' & 'C’ Signals tc M401)

b6 Not Used 12

Relay Update Sirobe (M707) 11

rAC Converter Control

Bits Functions
b Transfer Enable/Disabie 1
b2-1 AC Filter Selections 17/18
b3 Signal/Sample Selection 15
b4 AC_CAL_SENSE Output On/Off 14
b5 100mV/1V Range Switching 13
b6 100mV Range On/Off 12
Signal & Sample Enable/Disable

(DC Control Mso2 }.

e

'/Selfcal Control

Bits Functions Pins

b CAL_ZERC_L (M202-8) 1

b1 10MQ_LOAD_L (M202-9) 18

b2 CAL_EN_L (To Selfcal Multiplier) 17

b3 REF_H_ZERO L (M601-9116) 15

b6-4 Ref Output Value Selection 12/13/14
(CAL'A',' B & 'C' Signals to M611)

b7 Ref NEG_H_POS_L (M606) 1

Y

(" AC HF Cal Correction Data M402 )

Bits Functions
b7-0 Correction Data Byte
(ControlsR189 D-A)

(AC Converter Control M401

Bits Functions Pins

b AC Input On/Off (RL101) 1

bl AC/DC Coupling (RL102) 18

b4-2 1/10/100/1000V Range Selection 14/15/17
(RL106; RL104; RL105 Resp.)

b5 INT_SIG_BUS On/Off (RL103) 13

b6 Feedback On/Off (0203) 12

b7 Not Used

( A-D Contro! M509

Four bytes are delivered to the A-D Control ULA; these
are not directly accessible on the chip pins.

One of six A-D modes results from user-selected
parameters of resolution, trigger rate etc. .

f Frequency Counter Control

One byte is delivered to the Frequency Detector FLL

ULA. The byte controls the FLL's operatingmode and
is not accessible directly on the chip pins.

A A
Current Contrel
Bits Functions Pins
b@ Select/deselect |+,1-. INT_SIG_BUS 1
b1 Selact Normal/Selfcal 18
b6-2 Current Ranges Switching 17-12
b7 Select Normal/Fuse-Test 1
N
 CurrentPCB

{Ohms Converter Confrol M301

Bits Functions Pins
b7+b@ Ohms On/Off or Self-test Selector 1171

b3-1 Ohms Ranges Switching

b4 2/4 Wire Switching

b5 True Zero/Normal Switching

b6 Compliance Limit Level-Switching

FIG. 5.2.8.3 SERIAL INTERFACE REGISTERS - COMMAND DATA (DEVICES SET TO RECEIVE)




Section 5 - Technical Descriptions

5.2.8.6 READ Cycle

7 <
Wait 'Send' | Transfer Data Process
Command| Data
EN—H
4 clocks 16 clocks
SCLK-F Er E
R 7
Prrnuu/awa/ R 11111 R R R
DOUT_H W 'Send'
ROANTACATAC/AC/A [ | TR DT NN AN ATATATACATA
T Don't Care
L FIG. 5.2.8.4 READ CYCLE - SEQUENCE )

Thereare four phasesin theread cycle, also controlled by EN-H, SCLK-F and thedataline DOUT-H. They are:

Wait:

EN-H islow, no clock pulsesare present. All in-guard Tx/Rx
devices ignore any data on the data line, which bypasses their
seria registers.

Instruct All T/Rx Devices into their Preset Send Modes:
EN—H goeshightoenablethedatatransfer. Four SCLK_F pulses
aretransmitted, whileDOUT-H isheld high, toannouncethat the
processor is about to command the 'Send' devicesto transmit
data. The8-bitin-guard Tx/Rx devicesare presetin hardwareas
'receiver only' and soassumethe'Wait' condition,in whichthey
are transparent to signalson the seria data path. The A-D and
Frequency UL Asactivateto transmit dataviaDRET_H, placing
their serial registersinto thedatapath. During thetime taken to
placetheregisterson line-at thestart of EN-H true, theinputsand
outputsof the Tx/Rx devicesare still shorted, so thewholeof the
signal path hastimetorise to high.

Transfer Data:

EN_H remains high. 64 preset serial databits of thefirstgroupare
injected into the datapath via DOUT-H, abitat atime, while64
SCLK_F pulses clock the bits through the A-D and Frequency
ULA seria registers.  This transmission of 64-bit groups
continuesuntil thepreset dataisreturned to thedigital ASIC serid
registers. The two ULAs introduce both true and complement
databytes, topermiterror checking by thedigital ASIC duringthe
Process Data phase.

Process Data:

EN-H goeslow to disable thedatatransfer. Thedatain theTx/
Rx seria dataregistersis held, astheregistersaretaken out of the
data path. Sixteen SCLK-F pulses are transmitted which cause
the two ULASs to check the preset data against its complement.
During this time the ASIC checks the returned true and
complement data from the ULAS.

If thereisnocorruption, thereturned truedataistransferredtothe
jprocessor.
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-
Input Switching

Device transparent to serial data.

N
(AC Converter Control M403 | E

Device transparent to serial data.

'f
DC Control
| Device transparent to serial data.

\.

-
Selfcal Control

3| Device transparent to serial data.

"o
| A-D Control

(true and complement data).

| DC Voltage PCB

: | A-D conversion count returned to processor
] p

e

4 ~\
AC HF Cal Correction Data M402
Device transparent to serial data.

\~>-

Y

e
-1 AC Converter Control

Device transparent to serial data.

M

e —— .

e N
Frequency Counter Control M412

Frequency count returned to processor

A

(true and complement data).

)

(

| | current control

Device transparent to serial data.

: (Ohms Converter Control M301

CurrentPCB

| Device transparent to serial data,

FIG.5.2.8.5 SERIAL INTERFACE REGISTERS - MEASUREMENT DATA (DEVICES SET TO SEND)
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5.2.8.7 Option Test
N.B.

introduction

Thisisonedf thefirsttransfer commandsfromtheprocessortothe
Interface Controller following a Reset (including the power-up
reset). Itsisincluded so that the processor can discover which
optionsarefittedin theinstrument, to enablethecorrect firmware
optionsto be selected: eg. how many 64-bit groups are required
for a completetransfer during the write cycle (theread cycleis
fixed at one group only). The facility catersfor recognition of
other future optionswhich may befitted in placedf the standard
options. Option Test also serves to set the anal og sub-system to
aknown safe state beforeit is configured into the default mode.

The 8-bit Tx/Rx devicesare preset in hardware to act only as
receivers, but they are designed so that this preset can be
overridden when commanded via the serid interface. Once
overridden, they can revert to 'receiver only' only when the
overrideiscancelled by a write cycle, or after areset.

The Option Test command generates three transfers, overriding
the hardware preset. Thefirst two are abbreviated Read cycles,
which command all Tx/Rx devices (except the A-D ULA) to
convertinto 'Senders and set their DIO linesat high impedance.
The analog sub-system is thus configured safe by the dominant
pull-up/down resistors on the DIO lines. Thisimposesa unique
bit-patternfor each Tx/Rx, which isdetected by thedeviceasan
inputfrom theDIO lines,andisloaded (withitscomplementdata)
into the device's serial register in the seria data path.

Thethirdtransfer isastandard Read cycle, which passesthedata
from the Tx/Rx devicesto thedigital ASIC. After checkingfor
errors, the ASIC releasesthe datafor the processor to read. The
processor interprets the unique bit-patterns as ‘options fitted'
information.

It isassumed that all instrumentswill contain an A-D converter, so the A-D ULA is excluded from the Option Test procedure.

Wait:

EN-H islow, no clock pulsesare present. All in-guard Tx/Rx
devicesignore any data on the data line, which bypasses their
serial registers.

Instruct Tx/Rx Devices to Select Option Test Mode:

EN-H goes high. Four SCLK —F pulses are transmitted, while
DOUT_Hishddhigh. EN-H immediately returnstolow, and 16
SCLK-F pulses are transmitted to clock the 'Process Data
sequence in the Tx/Rx devices. Each in-guard Tx/Rx device
(except the A-D ULA) interprets this sequenceas theovemding
'All Send Option Data’ command. It reconfigures itself as a
sender, setting its DIO lines at high impedance and loading the
DIO bit-patterninto its serial register. During the time taken to
placetheregisterson lineat thestart of EN-H true, theinputsand
outputsof the Tx/Rx devicesare till shorted, sothewholeof the
dgnad path hastimeto riseto high.

Toensurethat theTx/Rx deviceshaveenoughtimetoreconfigure
themsalves, theinstructionisrepeated a second time.

Instruct Tx/Rx Devices to Send Data:

The processor commandsa Read cycleto obtain theoption state.
Becausetheoptionfitisnotknownat thispoint,itisnecessary for
thiscycleto return 4 x 64-bit groups (required for the possibility
that theinstrument is fully-loaded).

4 N
Wait 'Option Process
Test' Command
| Command
EN H
4 clocks 16 clocks
SCLK-F E s
SOAAA an BERRERRE
DOUT-H SRR A A A
oo Send A A AT,
= _ Don't Care
FIG.5.2.8.6 OPTION TEST SELECT - SEQUENCE
\ J




5.2.8.8 Power On and Reset

Interface Flushing

At power on, the digital master reset MR_L s asserted, to be
turned off after 200ms-300ms. The Tx/Rx device serial data
registers could power up any random condition, so they must be
initialized. The first action by the processor on the interface iSto
flush the m-guard data path by 16 SCLK_F pulses, while
DOUT_Hand EN _H are held low. TheTx/Rx devices” are thus
1n the safe *Wait” state, their DIO lines being at high impedance
due to EN_H being low, serial data registers off-hne, and serial
data inputsand outputs shorted togcther. The 16 SCLK_F pulses
are therefore sufficient to set {pe whole Of the gerial data path 1o

low.

interface Reset

Two Write cycles are processed with DOUT-H remaining low.
This time the Tx/Rx registers are put into the serial data path by
EN_H high, and areall reset to zero by the low on the data path.
Thisisasafe state, and after the reset the Tx/Rx devicesreturn to

“Wail’ state.

Option Test

Two option test commands are transmitted to ensure that all Tx/
Rx devices are forced to become senders, then a Read cycle is
processed, using four 64-bit groups so that a compl ete test of all
options will be completed if theinstrument isfully loaded. If an

interface error occurs at this time the processor will abort the
option test, deal with the error, and then re-start the test.

TheTx/Rx devicesremain in their 'Wait' condition, imposingthe
Power On Reset (default) condition on the analog sub-system,
until a Write cycle is processed to change their seria register
contents. The processor now knows the instrument's option fit,
and sotailorssubsequent interface operationstoaccommodatethe
correct number and positions of the serial registersin the serial
data path.

~ Section 5 - Technical Descriptions

A-D Action

After the digital master reset has been removed, CI_R remains
inactive until the option test has been successfully completed, to
alow the A-D UL A to stabilize the A-D analog circuit. With 0V
at its signal input, the %-Dpowers up with 1ts mtegrator output
positive, and the A-D UL A imposes +REF/256 o return this very
slowly towards zero. Meanwhile, during the master reset period,
the A-D and Frequency UL As had released their open-circust
RTX-R outputs, which remain pulled to high.

After N® Option Test has been completed gy cesstully, a
conversion is initiated by CI_R being set high for some 30ms. The

rising edge of Ci_R hasthe effect of imposing +REF at the A-D
input, which rapidly drives the A-D output to zero, and the A-D
startsaconversion with zero input. Atthesametimethe RTX-R
lineisforced low. Theprocessor waitsfor the RTX-R linetorise
to high again to show that this first conversion has been
completed. If this does not happen within 2.25 seconds, the
processor assumes that an A-D fault is present.

A successful first conversion setsRTX_R back to high, and the
interface power-on sequenceiscomplete. Unless theinstrument

iscommanded otherwise, the power-on default statepersists, and
the A-D isinternaly triggered continuously to produce 6.5-digit

normal conversions (16 power line cycles).






DATRON INSTRUMENTS FAILURE REPORT.
Please complete all sections and return with your instrument.

COMPANY: ...t USROS
DT\ V7151 To ] o R Department/Mail Stop ....ccovvvveiiiiiennecee
User, Name: .........ccccceevnivinneniiinnenn. Telephone ...ccovvveeericri, EXtoiiiiien, .
Y= g E I 1015 0] o= PP RP PR
Datron Return Authorisation number .............cccococeeenen. Date of failure ......cccccccceeeeirinnanne .

Fault details: S
is the fault present on all ranges? Yes | No Not Applicable

TR Lo T 0 (==Y 0x | o= AP TPTTTN

is the fault present on all functions?  Yes [:] No 7 Not Applicable D
is the fault: ~ Permanent [j Intermittent [:I

if intermittent under what conditions does the fault re-appear ..........ccccoceveciiirence e, .

Does the instrument pass 'self test?' Yes ':] No |
Any fail/error message displayed:

Now: Yes C] No D if yes describe ... .

At the time of fault: Yes D No

If YES HESCHDE ..vviiiiiiiiitiiii

Prior to fault: Yes No |

If YES HESCIIDE ...t s e s sba e e

Is the instrument used on LE.E.E 488 bus? Yes D No
Is the instrument normally enclosed in arack? Yes | | No [ ]
Approximate ambient tEMPETATUIE ...........coiiviieiriiie et r e e esareens .



TERMS AND CONDITIONS OF SALE

1. GENERAL

The acceptance of a quotation, of any goods supplied, advice given or service
rendered includes the acceptance of the following terms and conditions and no
variation of or addition to the same shall be binding upon us unless expressly
agreed in writing by us. Any order shall be subject to our written acceptance.

2. QUOTATION

Unless previously withdrawn our quotation is open to acceptance in writing within
the period stated or where no period is stated within thirty (30) days after its date.
We reserve the right to correct any errors or omissions in our quotation. Unless
otherwise stated all quotations are firm and fixed. The pricesquoted are based on
manufacture of the quantity and type ordered and are subject to revision when
interruptions, engineering changes or changes in quantity arecaused or requested
by the customer.

3. LIABILITY FOR DELAY

Any delivery times quoted are from the date of our written acceptance of any order
and on receipt of allinformation and drawings to enable us to put the work in hand.
Wheredelivery is to take place by instalments eachsuchinstalmentshallconstitute
a separate contract. We will use our best endeavours to complete delivery of the
goods or services in the period stated but accept no liability in damages or
otherwise for failure to do so for any cause whatsoever. In all cases of delay the
delivery time shall be extended by reasonable period having regard to the cause
of delay.

4. PAYMENT

Payment shall be made net cash within thirty (30) days of delivery orin accordance
with the payment terms set out in the quotation. Unless specifically stated to the
contrary payment shall be in pounds sterling. In the event of any payment to us
being overdue we may without prejudice to any other right suspend delivery toyou
or terminate the contract and/or charge you simple interest on overdue amounts at
the rate of 2.5% above the ruling Bank of England Minimum Lending Rate. No
payment to us shall in any circumstance be offset against any sum owing by us to
you whether in respect of the present transaction or otherwise.

5. INSPECTION & TEST

All goods are fully inspected at our works and where practicable subjected to our
standard tests before despatch. If tests are required to be witnessed by your
representativenoticeof this mustbe given atthe time of placing theorderandnotice
of readiness wili then be given to you seven (7) days in advanceof such tests being
carried out. In the event of of any delay on your part in attending such tests or in
carrying outinspection by you after seven (7) days notice of readiness the tests will
proceedinyour absence and shall be deemed to have been made inyour presence
and the inspection deemed to have been made by you, In any event you shall be
required promptly after witnessing a test or receiving test results of witnessed or
unwrtnessed tests to notify us in writing of any claimed defects in the goods or of
any respect in which it is claimed that the goods do not conform with the contract.
Before you become entitled to reject any goods we are to be given reasonable time
and opportunity to rectify them. You assume the responsibility that the goods
stipulated by you are sufficient and suitable for your purpose and take all steps to
ensure that the goods will be safe and without risk to health when properly used.
Any additional certification demanded may incur extra cost for which a special
quotation will be issued.

6. DELIVERY AND PACKING

All shipments are, unless otherwise specifically provided, Ex-works which is the
address given on the invoice. An additional charge will be made for carriage and
insurance as necessary with the provision that all shipments shall be insured and
this insurance expense shall be paid by the purchaser. Where special domesticor
export packing is specified a charge will be made to cover the extra expense
involved

7. DAMAGE IN TRANSIT

Claims for damage in transit or loss in delivery of the goods will only be considered
if the carriers and ourselves receive notice of such damage within seven (7) days
of delivery or in the event of loss of goods in transit within fourteen (14) days of
consignment.

8. TRANSFER OF PROPERTY & RISK

Title and property of the goods shall pass when full payment has been received of
all sums due to us whether in respect of the present transaction or not. The risk in
the goods shall be deemed to have passed on delivery.

9. WARRANTY

We agree to correct, either by repair, oratourelection, by replacement, any defects
of material or workmanship which develop within the warranty period specified in
the sales literature or quotation after delivery to the original purchaser. All items
claimed defective must be promptly returned to us carriage paid unless otherwise
arranged and will be returned to you free of charge. Unless otherwise agreed no
warranty is made concerning components or accessories not manufactured by us.
We will be released from all obligations under warranty in the event of repairs or
modifications made by persons other than our own authorised service personnel
unless such repairs are made with our prior written consent.

10. PATENTS

We will indemnify you against any claim of infringement of Leners Patent,
Registered Design, Trade Mark or Copyright (published at the date of the contract)
by the use or sale of any goods supplied or service rendered by us to you and
againstall costs and damages which youmay incur and for which you may become
liable in any action for such infringement. Provided always that this indemnity shall
not apply to any infringement which is due to our having followed a design or
instruction furnished or given by you or to the use of such goods or service in
association or combination with any other article, material or service not supplied
by us. This indemnity isconditional on your giving to us the earliest possible notice
in writing of any claim being made or action threatened or brought against you and
on your permining us at our own expense to conduct litigation that may ensue and
all negotiations for a settlement of the claim or action. You onyour partwarrant that
any design or instruction furnished or given by you shall not cause us to infringe any
Letter Patent, Registered Design, Trade Mark or Copyright in the execution of your
order.

11. DOCUMENTATION

All drawings, plans, designs, software specifications, manuals and technical
documents and information supplied by us for your use or information shall remain
at all times our exclusive property and must not be copied, reproduced, transmitted
or communicated to a third party without our prior written consent.

12. FRUSTRATION

If any contractor any part of it shall become impossibleof performanceorotherwise
frustrated we shall be entitled to a fair and reasonable proportion of the price in
respect of the work done up to the date thereof. For this purpose any monies
previously paid by you shall be retained against the sum due to us under this
provision. We may dispose of the goods as we think fit due allowance being made
to you for the net proceeds thereof.

13. BANKRUPTCY

If the purchaser shall become bankrupt or insolvent, or being a Limited Company
commence to be wound up or suffer a Receiver to be appointed, we shall be at
liberty to treatthe contract as terminated and be relieved of further obligations. This
shall be without prejudice to our right to claim for damages for breach of contract.

14. LEGAL INTERPRETATION

Any contract will be deemed to be made in England and shall be governed and
construed for all purposes and in all respects in accordance with English Law and
only the Courts of England shall have jurisdiction.
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Datron Sales and Service Representatives Worldwide

COUNTRY and REPRESENTATIVE

AUSTRALIA
Scientific Devices Pty. Ltd
2 Jacks Road, South Oakleigh,
Victoria3167

AUSTRIA

Telephone

3579 3622

Walter Rekirsch Elektronisch Geraete GmbH & Co.

Obachgasse 28,
A-1220 Wien

BELGIUM
Air-PartsInternational B. V.
AvenueHuart-Hamoir, | -Box 34,
1030 Bruxelles

BRAZIL
Comercial Goncalves
RuaDeocleciana, 77, Cep 01106
Ponte Pequena, Sao Paulo SP

CHINA

222 253626

2241 6460

11 2294044

Tianjin Zhong Huan Scientific Instruments Corp.

No. 59 Zhao JiaChang Street,
Hong Qiao Section, Tianjin

DENMARK
Instrutek A/S,
Christiansholmsgade
8700 Horsens

EASTERN EUROPE
Amtest Associates Ltd
Amtest House, 75-79 Guildford Street,
Chertsey, Surrey KT16 9AS, England

EGYPT & MIDDLE EAST
EPIC
20-22 Ashmoun St, PO Box 2682,
Horriya, Heliopolis

FINLAND
Profelec OY
PO Box 67,00421 Helsinki 42

Tianjin
753732

5611100

0932568355

2661767

2669861

0566 4477

Telex

AA32742

134759

25146 AP1 B

22104
34272

61656

928855

23033 CHAKA UN
23315 EPIC UN

125225 PROFE SF

Fax

35790971

222257275

2241 8130

5615658

0932 561919

2 662839

2 668924

0566 2998
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COUNTRY and REPRESENTATIVE

FRANCE
M. B. Electronique
606 Rue Fourny, Zi de Buc, 78530 Buc

WEST GERMANY
Wavetek Electronics GmbH
Hans-Pinsel Strasse 9-10,
8013 Haar bei Miinchen

GREECE
American Technical Enterprises SA
PO Box 3156.48 Patission Street,
Athens 147

HONG KONG
Eurotherm (Far East) Ltd
21/F Kai Tak Commercial Building
317-321 Des Voeux Road C, Hong Kong

INDIA
Technical Trade Links
42, Navketan Estate, Mahakali Caves Road,
Andheri (East), Post Box No. 9447,
Bombay 400 093

IRELAND
Euro Instruments & Electronics
Euro House, Swords Road,
Santry, Dublin9

ISRAEL
Racom Electronics Co. Ltd
7 Kehilat Saloniki St.,
P. O. Box 21120, Tel-Aviv 61210

ITALY (D
Sistrel SPA
Via Pellizzada Volpedo 59
20092 CiniselloBalsamo, Milano

ITALY (2
Sistrel SPA
Vide Erminio Spalla4l
00142 Roma

ITALY (3)
Sistrel SPA
ViaCintia Parco S. Paolo 35
80126 Napali

JAPAN
G & GJapan Inc
No. 406, 12-14, 4-Chome,
Hongoh, Bunkyo-ku, Tokyo

KOREA
SamaTrading Corporation
CPO Box 2447, Swul

Telephone Telex

139568131 695414

89 461090 8415211296 WVTKD
18219470 216046 ATE GR
5411268 72449 EFELD HX
226322412 11 79261 TTL IN

0001 425 666 318121

3491922 33808 RACEL IL

02 618 1893 334643

06 504 0273 625857

081 767 9700

38130971 27228841CHAIN J

27339336 K26375SAMATR

Fax

139565344

89 463223

58151540

9122 634 2204

0001 425 497

3491576

02 618 2440

06 504 0067

081 766 1361

38159216

2733 8481
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COUNTRY and REPRESENTATIVE

MALAYSIA
TME Systems PteLtd
21 Moonstone Lane,
No. 06-01, Poh Leng Building,
Singapore 1232

NETHERLANDS
Air PartsInternational BV
PO Box 255, 12 Kalkovenweg,
2400 AG Alphen aan den Rijn

NEW ZEALASD
G.T.S Engineering Ltd
5 Porters Avenue, Eden Terrace,
PO Box 9613 Newmarket AUCKLAND

NORWAY
Morgenstierne & Co.
Konghellegaten 315,
0569 Odlo5

PORTUGAL
Decada SA
Rua Margarida,
Palla. 11,

1495 Alges.

SINGAPORE
Mecomb Singapore Ltd
Sime Darby Centre,
895 Dunearn Road, 04-2 Singapore 2158

SOUTH AFRICA
Altech Instruments (Pty) Ltd
PO Box 39451, Wynberg 2018

SPAIN
ESSA (Equipos y Systemas SA)
C/Apolonio Morales 13-B, Madrid 16

SWEDEN
Ferner Electronics AB
Snormakarvagen 35, Box 125,
S-16126 Stockholm-Bromrna

SWITZERLAND
Kontron Electronic AG
Bemerstrasse-Siid 169, 8048 Zurich

TAIWAN
Evergo Corporation
Room A, 9th Floor, 305 Section,
3 Nan King East Road,
P. O. Box 96-546, Taipei

Telephone

286 4608

1720 43221

9392 464

2356110

14103420

469 8833

11887 7455

1458 0150

8 802540

14354111

27150283/4/5
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831 42856
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27027 EVERGOEC
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14101844
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8250226
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27122466
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COUNTRY and REPRESENTATIVE Telephone Telex Fax

UNITED KINGDOM
Datron InstrumentsLtd
Hurricane Way, Norwich Airport, 0603404824 975173 0603 483670
Norwich, Norfolk NR6 6B, England

UNITED STATES of AMERICA
Datron Instrumentsinc TWX
c/o Wavetek RF Products Inc. (317) 787 3915 (810) 341 3226 (317) 788 5999
5808 Churchman Bypass,
Indianapolis, Indiana 46203

Wavetek Northeast Area Sales
1 Executive Blvd. Suite 206, (914) 357 5544 (914) 357 5609
Suffern New Y ork 10901

Wavetek Western Area Sales TWX
9045 Balboa Avenue, San Diego, (619) 565 9234 (920) 335 2007 (619) 565 9558
California92123

For customers in countries not listed please contact DATRON INSTRUMENTS in the United Kingdom:
Datron InstrumentsLtad

Hurricane Way, Norwich Airport, 0603404824 975173 0603 483670
Norwich, Norfolk NR6 6B, England
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