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Section 7 - Gaiibratioir 

SECTION 1 CALIBRATION 

1 .l Routine Calibration 
Thc main feature\ of thc rouonc calibr;tt~on facll~tie\ arc deccrtbed 
In the User'\ Handbook, covering: 

External Calibrat~on Section 8. 
Internal Source Call brauon Section X 
Self Calihratlon Sect~on 4 

1.2 Internal Access 
Thc high accuracy of the instrument demands that its internal 
environment remains undisturbed. The manufacturer's 
calibration certificate is invalidated if cithcr of the covers is 
rcmovcd; this implies ihai at least a full Cxtenal Calibration with 
Internal Sourcecharacterization 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 Calibration and 
Internal Source Calibration. The message should be 
regarded as invalid until a new 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 calibrated against primary 
laboratory standards. The traceabilities of such standards are 
derived through physical devices which are as yet not remotely 
programmable, although the calibration facilities of the 1281 are 
includedin its conformity to IEEE488.2, against a time when such 
standards are available on the bus. 

It is possible to characterize an individual calibration standard 
such as the Datron model 4708 at the levels required to calibrate 
a 1281 to its specification. The Datron 'Portocal' system can be 
programmed to perform these tasks automatically providing a 
4708 in the system is adequately characterized. If the 1281 is not 
required to operate at its full specification, a regular 4708 in a 
remote system (e.g. Portocal) can easily be programmed to 
pcrform this task. 

1.4 Special Calibration 
The main purpose of this section i s  to describe four Special 
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 Calibration of the instrument's main multi-slope 
analog-to digital converter. Refer to paras 1.4.2. 

Dac Calibration of the digital-to-analog 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, which is accessed via the 
Monitor hard key then the Freq key in the 
MONITOR menu. The detector also provides the 
frequency readout used during SPOT CAL 
calibration. Refer to paras 1.4.4. 

ClrNv Clearing a section of the non-volatile RAM. 
Refer to paras 1.4.5. 

Special Calibration following Memory Corruption 
(e.g. When the batery which supplies the non-volatile calibration 

memory has been changed with the power off - see Section 4 )  

Section 2 (Fault Diagnosis) describes the device-dependent error 
codes resulting from internal tests. Error codes which are 
generated for calibration memory faults are listed on page 2-15. 

Some of these refer to individual calibration correction errors, and 
others to combined errors. 

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

When it is deemed necessary to carry out special calibration as a 
result of non-volatile memory corruption, the starting point 
should be to clear the calibration memory before proceeding with 
other individual calibrations. 

Selecting ClrNv in the SPCL menu transfers to the CLEAR NV 
RAM menu which offers a choice of clearing one or all of three 
sections of RAM. The selection should be chosen as a result of 
consultation with technical staff at the service center. 



Section l - Calibration 

Special Calibration Procedures 

1.4.1 Entry into the SPCL Menu 
To carry out anyof the four special calibrations it is first necessary to enter the SPCL menu via the EXT CAL menu. The EXT CAL menu 
is protected, and once active, the Caltrig key is enabled. For these reasons, users are referred to the 'Preparation' procedure detailed 
on page 8-7 of the User's handbook. Further details of the calibration facilities are described in Section 4 of the User's Handbook, 
beginning on page 4-40; the EXT CAL menu description starts on page 4-49. 

The EXT CAL Menu 

Once the EXT CAL menu is active, pressing the Spcl soft key transfers to the SPCL menu. 

The SPCL Menu 

The selection for setting the instrument to the local (50Hz or 60Hz) line frequency, and access for setting the instrument's serial number 
are also on this menu. We are not concerned with these here; details can be found in the User's Handbook Section 4 page 4-5 1. 

The four special calibrations highlighted in the above menu diagram are described in the following sub-sections 1.4.2 to 1.4.5. 

1.4.2 Adc Key 
To calibrate the main multi-slope analog-to digital converter. 

The soft' Adc key calibrates the different resolutions available 
from the main A-D converter, so that there are no significant 
differences in readings seen when changing resolutions with a 
constant input value. 

This calibration is provided for use at manufacture and should 
need no further adjustment during Lhe life of the instrument. 
However, if the calibration stores have been cleared or corrupted 
for any reason (for instance if the battery has been changed with 
the power off); or if a significant difference is found to exist 
between measurements of a constant input taken at different 
resolutions; then Adc calibration may be necessary. 

1.4.2.1 To Calibrate: 

No equipment is required, and the instrument does not need to be 
in any particular function or range. 

Once in the SPCL menu, merely press the Adc soft key. 

1.4.2.2 A-D Modes and Resolution 

1.4.2.3 A-D Modes and Power Line Cycles 

A-D Mode Power Line 
Cycles l 



1.4.2.3 List of Error Code Numbers 

If ihe A .D calibration is not successful, une of t l~e codes in the iollowirig table may be prcsentetf on tllc Menu display. If so, it i s  possihic to re 
tun lhc individud tcsr associaied wiih ljie Error Cucic. Refer t~ Szciir>rl2, page 2-13 for access to ;'ic test pathways. As this is a ci i i~ip! ix A -I?,  i t  

is s~ongly rcconlrr!cncicti that any problems should be rcfcrreti to your nearest service cenicr. 

A-D Mode Rdgs Test Measured Test Limits 
(Power L~ne (Discd) Type Function 

Avgd 

PXXZ 
PXXY 
PXXY 
PXXV 
PXXV 
PXXX 
PXXX 
PXXW 
PXXW 

Zero Noise 
Zero Noise 
Ext Zero No~se 
Zero Noise 
Ext. Zero No~se 
Zero Noise 
Ext. Zero Noise 
Zero Noise 
Ext. Zero Noise 

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

< 0 2pprn 
c. 0 4ppm 
-200pprnR < 5 0 H ~  i6pic Zero < T200ppniR 
< 7PPm 
-200pprnR C 50Hz 4plc Zero +200ppmR 
< Z P P ~  
-200pprnR < 50Hz lplc Zero < ~200ppmR 
< 10pprn 
-200pprnR < 50Hz 3 33rns Zero c +200ppmR 

PXXL 
PXXZ 
PXXY 
PXXY 
PXXV 
PXXV 
PXXX 
PXXX 
PXXW 
PXXW 

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 

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

< 0.2pprn 
-200pprnR < 60Hz 64plc Zero < +200pprnR 
< O.4pprn 
-200ppmR < 60Hz 16plc Zero < +200pprnR 

1PPm 
-200pprnR < 60Hz 4plc Zero < +200ppmR 
< 2ppm 
-200pprnR < 60Hz lplc Zero < +200ppmR 
c lOpprn 
-200pprnR < 60Hz 3.33rns Zero < +200pprnR 

PXYZ 
PXYY 
PXYY 
PXYV 
PXYV 
PXYX 
PXYX 
PXYW 
PXYW 

(8) 8 +FR Noise 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 

Std. Devn. 
Std. Devn. 
+FR gain 
Std. Devn. 
+FR gain 
Std. Devn. 
+FR gain 
Std. Devn. 
+FR gain 

< 0.2ppm 
< 0.4ppm 
+FR - 100pprn < 50Hz 16plc +gain< +FR + 100ppm 
< 1 PPrn 
+FR - 100pprn < 50Hz 4plc +gain< +FR + 100pprn 
< 2ppm 
+FR - 100pprn < 50Hz 1 plc +gain< +FR + 100pprn 
< 10ppm 
+FR - 100pprn < 50Hz 3.33rns +gain< +FR + lOOppn 

PXYZ 
PXYZ 
PXYY 
PXYY 
PXYV 
PXYV 
PXYX 
PXYX 
PXYW 
PXYW 

(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 
(8) 8 +FR Noise 
(8) 8 +FR + Ext. Zero 

Std. Devn. 
+FR gain 
Std. Devn. 
+FR gain 
Std. Devn. 
+FR gain 
Std. Devn. 
+FR gain 
Std. Devn. 
+FR gain 

< 0.2pprn 
+FR - 100pprn 60Hz 64plc +gain< +FR + 100pprn 
< 0.4ppm 
+FR - 100pprn < 60Hz 16plc +gain< +FR + 100pprn 

1PPm 
+FR - 100pprn < 60Hz 4plc +gain< +FR + 100pprn 
< 2ppm 
+FR - 100pprn < 60Hz l plc +gain< +FR + 1 OOpprn 
< 1Opprn 
+FR - 100pprn < 60Hz 3.33rns +gain< +FR + lOOppn 

PXZZ 
PXZY 
PXZY 
PXZV 
PXZV 
PXZX 
PXZX 
PXZW 
PXZW 

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

Std. Devn. 
Std. Devn. 
-FR gain 
Std. Devn. 
-FR gain 
Std. Devn. 
-FR gain 
Std. Devn. 
-FR gain 

< 0.2pprn 
< 0.4pprn 
-FR - 100pprn < 50Hz 16plc -gain< -FR + 100pprn 
< I P P ~  
-FR - lOOpprn < 50Hz 4plc -gain< -FR + 100pprn 
< 2ppm 
-FR - 100pprn < 50Hz lp lc  -gain< -FR + 100pprn 
< 10ppm 
-FR - 100pprn < 50Hz 3.33rns -gain< -FR + 100pprn 

PXZZ 
PXZZ 
PXZY 
PXZY 
PXZV 
PXZV 
PXZX 
PXZX 
PXZW 

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

Std. Devn. 
-FR gain 
Std. Devn. 
-FR gain 
Std. Devn. 
-FR gain 
Std. Devn. 
-FR gain 
Std. Devn. 

< 0.2pprn 
-FR - 100pprn < 60Hz 64plc -gain< -FR + lOOppm 
< 0.4ppm 
-FR - 100pprn < 60Hz 16plc -gain< -FR + lOOpprn 
< I P P ~  
-FR - lOOpprn < 60Hz 4plc -gain< -FR + 100pprn 
< 2PPm 
-FR - lOOppm < 60Hz lplc -gain< -FR + lOOppm 
C 10ppm 
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Special Calibration ~roc-td.)-- 

1.4.3 Dac Key 
To calibrate the digital-to-analog converter used for the optional 'Analog Output' of the instrument. 

Analog Output Calibration 
The Analog Output (Option 70) can be provided to give an output 
scded :!;:=m m y  Funct.iory/P,aii,?ge combination to !V Fi!! Rmgc at 
low impedance, whose purpose is to drive a logging chart or other 
recordng device. 

The Analog Output is calibrated at manufacture, and its accuracy 
is limited to 0.5% by the resolution of the Digital-to-Analog 
converter which produces the signal. The stability is such that 
further calibration of the D-A should be unnecessary during the 
life of the instrument. However, if the calibration stores have been 
cleared or corrupted for any reason (for instance if the battery has 
been changed with the power off); or if an analog output error is 
suspected to begreater than the specification; then Dac calibration 
may be required. 

Calibration Method 
Calibration consists of stimulating the D-A from an internal 
digiial souice (repieseiiiiiig iiomiiiai uuipu'wj, feeding the analog 
outputs from the I10 port back to the front panel Hi and Ln 
terminals (so that an output is known to exist at the 110 port pins) 
and using the (previously calibrated) 1V DC range to take accurate 
measurements. The values of these measurements determine 
digital corrections which are held in non-volatile memory. 

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 range has been selected; 
the calibration can be performed automatically by pressing the 
Dac soft key. 

To Calibrate: 
Ensure that the 1V DC range has already been calibrated. 

Connect the Analog Output to the Front Panel Hi and Lo terminals as 
shown in the diagram. The connection between pins 10 and 15 of SK8 
enables the Analog Output. 

SK8 1 V0 PORT 

Pin 8 
OIP Hi 

Pin 15 
O/P L0 

Pin 10 

\ External Connections for  Dac Calibration 

Sclcct the 1 V DC range and enter the SPCL menu via the EXT CAL menu. 

Once in ~ h c  SPCL menu, merely press the Dac soft key. 



Special Caii bration Procedures (Contd.) 

1.4.4 Freq 
To calibrate the frcquerlc) dctcctor req>onslble for the frequency readout lrt both SIGNAL FREQUENCY and SPOT CAL menus. 

Frequency Readout Calibration 
'Thc ircqucncy ol an mcomlng AC s~gnal can be read out by 
prc\\lng the Freq soft kev when In thc MONITOR menu. The 
SIGNAL FREQUENCY menu appear?, w~th a llve frequency 
reading ul-iich ~ h d n g c \  a\  the ~nput frequerrcy changes. An 
~nd~ca r~on  of the cpot nrrmher of any cal~hrated \pot frequency is 
also gi\en. Xtfer to the User's tiandbook starting ui page 4-23. 

In the S I'ATbS COIVE'IC; ~-ncnu, access 15 glven to revlew the 
spot frequencies at which the instrument has been cal~brated; by 
hclecting SpotF. Accurate calibrdt~on of the RMS gam, 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 to the SPOT CAL menu is by selection 
of Set In the EXT CAL menu. 

The frequency detector responsible for the frequency readout in 
all h e  above cases 1s cal~brated at manufacture. The frequency 
stab~lity of the detector is such 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 
(for instance if the battery has been changed with the power off); 
or if a frequency error is suspected; then Freq calibration may be 
required. 

Calibration Method 
Calibration consists of taking a measurement of an accurate 
lMHz signal on the 1 V AC range, and informing the computing 
system that the frequency is an accurate 1MHz. The measured 
frequency value contains the measurement error, which is used to 
determine a digital correction. This i s  held 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.OV peak-to-peak 
Exampie 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 via the EXT CAL menu and pressing the 
Freq soft key. 

To Calibrate: 
Select the 1 VAC range and enter the SPCL menu via the EXT CAL 
menu. 

Connect an accurate source of lMHz 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.) 

1.4.5 ClrNv 
To clear a section of the non-volatile RAM 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 ClrNv in the SPCL menu transfers to the CLEAR NV 
RAM menu which offers a choice of clearing one or all of three 
sections of RAM. The selection should be chosen only as a result 
of consultation with technical staff at your nearest service center. 

Menu Choices 

All Returns all the non-volatile RAM calibration memories to nominal 
values determined by firmware. 

Ext Returns the external calibration and internal source characterization 
memories to nominal values determined by firmware. 

Self Returns the self calibration memories to nominal values determined 
by firmware. 

Hf Returns the calibration memories which hold the AC HF corrections 
to nominal values determined by fmware. 

Quit Transfers back to the SPCL menu. 



SECTION 2 GUIDE TO 1281 FAULT DIAGNOSIS 

2.1 Introduction 

2.1 .l Use of Error Codes 
Thc 1281 incorporates an extensive set of errormcssages, each of which ins&umcnt. 'They are irltendcd to give the uscr a first indication L ~ ~ I L  ali  
includcs a code nrumber. These messages can sim.ii~ilrlzc incorrect i s  nor well wi& the mcasuremcnt\h.hich has hccrr w u p ,  and pciini tkrc a :iy 
app1ica:ion programming via the IEEE 488 bus, or a fault within thc to pssible  corrective action. 

2.1.2 Code Groupings 

The instrument is programmed in firmware to monitor its own operation, 
inck~ding interface protocols used via theIEEE488 bus. As a resu l~  it will 
generate ccrtain error codes to indicate that routine operations (including 
remote operation and some aspects of external calibration) are 
unsuccessful. Other error codes canbe generated only from internal tests 
which are part of particular facilities initiated by the user, such as Sclftest 
or Selfcal. 

Because the remote operationof theinstrument is designed to conform to 
the IEEE 488.2 standard, the large-scale categories of errors decreed by 
the standard have been used as the general basis for all error-reporting. 
This means Lhat error codes and messages reported on the front panel 
display are consistent, as far as possible, with thosereportedvia theIEEE 
488 bus. 

The type-names given to groupings of errors are thus primarily 
dcterminedby thosedescribcdin theIEEE488.2Standard specifications. 
Sonle categories apply only to bus operation, and are covered in Section 
5 of the User's Handbook. Those which can be useful for diagnosing 
faults within the instrument are described in this section. 

Non-Recoverable Errors 
For all Fatal System Errors, the error condition is reported 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. 

Recoverable Errors 
These consist of Command Errors, Execution Er rors  and IIel ice- 
Dependent Errors. The reported Execution and Device-Dependent 
Errors are each identified by a code number, placed in two separate 
Last-in/First-out queues. 

The codes arc displayed on the instrument front panel when in local 
control, or can be accessed at the controller when operating in remote 
control via the IEEE 488 bus. Many of the messages can be reported 
by both methods. The codenumber display d o n  the instrument 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 a particular type of fault occurs. 
In addition to these automatic generations, self-testing can obtain a 
report about deviations from specified performance. Thus whenever 
it is suspected that a measurement (or a series of measurements) has 
not been completed successfully, a self test should be run which will 
either confirm the instnunent's performance or localize any problem 
via the code number system. 



Section 2 - Fault Diagnosis 

2.1 Introduction (Contd.) 

2.1.3 'Full' and 'Fast' Selftest 
The front-panel test facilities are summarized in Section 4 of the User's 
Handbook @age 4-30). Two forms of self-test are available in theTEST 
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 refcrencw and A-D nperatinn. '?.A.$.$' ar 
'FAIL' results depend 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 the ratio 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. 

Fast Selftest 
This is a subset of the set of tests allocated to a Full Selftest. It is 
intended as a quick 'Confidence' check to show that no serious defect 
is present to affect the instrument'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 
con~parison between the rcfcrence ratio drift measurement is 
performed at full resolution). 

The error code descriptions for Full Selftest are given in sub-section 2.6, 
and those codes used for Fast Selftest are repeated in sub-section 2.7 for 
crisier access. 

2.1.4 References in this Section 
The messages are interpretedin this section to assist in fault localization: 

Fatal System Errors: 2.2 
Command Errors: 2.3 
Execution Errors: 2.4 
Device-Dependent Errors - index: 2.5 
Device-Dependent Errors - Full Test List: 2.6 
Device-Dependent Errors - Fast Test List: 2.7 

Agrouped index of Device-Dependent error codes is given in sub-sectim 
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 the codenumber is described. Further 
references to the layout and circuit diagrams of Section 11 in Volume 
also appear in sub-sections 2.6 and 2.7. 

2.2 9000 Series Codes - Fatal System Errors 

2.2.1 Introduction 2.2.3 Fatal System Error Codes 
System errors which cannot be recovered cause the system to halt with a Code Type of Fault 
message displayed (the processor stops after displaying the message). 
The error condition is reported only via the front panel, but this may fail 
if the fault is severe enough and unfortunately located. 9000 

9001 

2.2.2 Immediate Action 
l. Record any Error Code and accompanying message displayed on the 9006 

front panel. Also record the hardware environment and any 9007 
operations in progress at the time of failure. Fatal System errors are 9099 
generally caused by hardware or software faults. 

2 .  Power OFF and ON again to try to restart operation 

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

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

System Kernel Fault 
Run Time System Error 
Unexpected Exception 
PROM Sumcheck Failure 
RAM Check Failure 
Serial Interface Fault 
Option Test Failure 
Unknown Engine Instruction 
Undefined Fatal Error 

5. If (2) or (3) do not clear the error condition, or if it recurs in (1); 
communicate with your nearest Datron Scrvicc Ccnter, quoting the 
recorded data from (l),  and any otlicr details. A fonn of failure report 
is given on the shcct inside the rear cover of this handbook. 



2.3 Command Errors 

C'orllr~and Fniw d r ~ r ~ p o r t ~ d  ~ n  +crnofe o ~ r ~ t i ~ ) n o v ~ r t t ~ t ~ I F F F  488 hur The CME h ~ t  ( 5 )  1s set trueln the Standard-defined Event Status Byte, but 
Thcy arc gericrarcd -A hen tbc corrimdnd hds been 'paried', but does not there is no assoc~ated queue so no ~ndex can be given. l'he error is 
confornm, e~thcr  to the ~ C ~ I L C -  ~omrn3ncl qntdx, or to thc IEEE 488 2 reported by the mechanisms described in the sub-section d e a l i g  with 
g c n c n ~  syntax status rcportlng, m Secbon 5 of the User's Handbook. 

2.4 1000 Series Codes - Execution Errors 

2.4.1 Introduction 
;Zn E x r ~ u l ~ o n  Errur 1s gencratcd 1fa command is lecognlscd ds vahd (ie 

can be parsed and does not generate a Command Error), but cannot be 
cxecuted kc~ausc  ~t 1s ~nco~npatible with the current dcvice state, or 
because ~t attempt7 to command parameters whch are out-of-limlts. 

Local Operation 
hfost normal operatic?ns, from the front panel, lock out the conditions 
which would give rise to Excecution errors, by the choices not being 
offered m the appropnate menus. However, someselectlonscan bemade 
usng  hard keys (such as preasing ACV when the opt1011 IS not present in 
the instrument) which cannot be locked out. In these cases the Execution 
error is used as an aide memoire for h e  user's convenience The error 
code number appears on the front-panel Menu display, accompanied by 
an error message. 

Remote Operation 
The EXE bit (4) is set true in the Standard-defied Event Status Byte, and 
the error code number is appended to the Execution Error queue. The 
error is reported by the mechanisms described in the sub-section dealing 
with status reporting in Section 5 of the User's Handbook, and the queue 
entries can be read destructively as LIFO by the Common query 
command *EXQ?. 

Code 

Execution Error Codes 
Type of Error 

EXE queue empty when recalled 
Option not installed 
Calibration disabled 
RatiolFunction combination not allowed 
Filter incompatible with Function 
Input Zero not allowed 
Calibration not allowed in Ratio 
Data entry error 
Must be in AC Function 
Pass Number entry error 

Divide-by-zero not allowed 
Must be in SpotF Function 
No more errors in the queue 
Data out of limit 
Illegal RangelFunction combination 
Command allowed only in Remote 
Not in Special Calibration 
Calibration not allowed with Math 
Key not in the Cal Enabled position 
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 the device detects an internal 
operating fault (eg. during Selfcal or Selftest). The DDE bit (3) is settrue 
in the Standard-defined Event Status Byte, and the error code number is 
appended to the Device-Dependent Error queue. 

Remote Operation 
L? Rcmotc, the eiiar is repried by ;\c iiiechaikii-LS desaibed the sub- 
sectiondealing withstatus reporting in Section 5 of the User's Handbook, 
and the queue entries can be read destructively as LIFO by the query 
DDQ?. 

Local Operation 
In Local, the Device-Dependent Error queue is checked at the end of the 
operation (eg. Cal, Zero, Test). If true, an error has occurred, and the 
contents of the most-recent entry in the queue is displayed on the front 
panel. The act of displaying the message deletes its code from the queue, 
so the next most-recent code comes to the front of the queue and is 
available to be displayed. The queue must be empty for normal operation 
to continue. 

If both bus and front panel users attempt to read the queue concurrently, 
the data is read out destructively on a fmt-come, fust-served basis. Thus 
oneof the users cannot read the data on one interface as it has already been 
destroyed by reading on the other. This difficulty should be solved by 
suitable application programming to avoid the possibility of a double 
readout. Ideally the IEEE 488 interface should set the instrument into 
REMS or RWLS to prevent confusion. The bus can ignore the queue, but 
the front panel user will have to read it to continue. 
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2.5.2 Index of Device-Dependent Error Codes 

Code Immediate Action 

Memory Tests 

2000 
2001 
2002 
2003 
2004 
2008 

2010 
201 1 
201 2 
2013 
2014 
2015 
2016 
2017 
2018 
2019 

2100' 
2101' 
2102' 

Fuse Tests 
2111' 

Others 

Reference Ratio Tests 

Full Test Reference 
Sect. Page 

Fast Test Reference 
Sect Page 
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Code Immediate Action 

DC Voltage Tests 

Full Test Reference 
Sect. Page 

Fast Test Reference 
Sect Page 



- 

Code Immediate Action 

AC Voltage Tests 
2301 
2302 

231 I* 
2312' 

2321' 
2322' 

2331 
2332 

2341' 
2342' 

2351 
2352 

2361 
2362 

2371 
2372 

2381 
2382 

2391 
2392 

2401 
2402 

241 1 
2412 

2421' 
2422' 

2431' 
2432' 
2433 
2434 
2435 
2436 
2437 
2438 

2441 
2442 

2451 
2452 
2453 

2461 
2462 

2471* 
2472* 
2473 

2481 
2482 

2491 
2492' 
2493 

2501 
2502 

251 1" 
251 2* 
2513 

Full Test Reference 
Sect. Page 

- - Sect~on 2 - Fault - -- D~agnosw - -  - 

Fast Test Reference 
Sect Page 
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Code Immediate Action 

DC Current Tests 
2521 
2522 
2523 
2524 
2525 

2531 * 
2532' 
2533 

3543 -- 
2542 
2543 

2551" 
2552' 
2553 

2561 
2562 
2563 

2571 
2572' 
2573 

2581 
2582 
2583 

2591' 
2592' 
2593 

2601 
2602 
2603 

261 1' 
261 2' 
2613 

Full Test Reference Fast Test Reference 
Sect. Page Sect Page 



Code Immediate Action 

AC Ciirrent Tests 
2621 
2622 
2623 

2631 
2632 
2633 

Resistor Ratio Tests 

Sect~on 2 - Fault Diagnos,~ 
Full Test Reference Fast Test Reference 
Sect. Page Sect Page 
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-- -- 

Code Immediate Action 

Ohms Tests 
2741 
2742 
2743 

2751* 
2752' 
2753' 
2754' 
2755 

2761 
2762 
2763 

2771 
2772 
2773 

2781* 
2782* 
2783 

2791 
2792 
2793 

2801 
2802 
2803 

281 1 
281 2 
2813 

High Ohms Tests 

Full Test Reference 
Sect. Page 

Fast Test Reference 
Sect Page 



Section .... ~. .~ 2 .. - Fault Diagnosis ~- 

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 incorporates a program to run a comprehensive Self 
Test of the instrument's operating parameters, utilizing an internal 
reference as a source to stimulate measurements for the test. 

There are two versions of the test: a full check of all parameters against 
publish& ~ p i f i ~ a i i o n ,  whose run iirr~e a'wui iii minutes (for an 

instrument fully-loaded with all options); and a faster check of selected 
parameters, usually with reduced accuracy at a'confidence' level, which 
takes only 1 minute to run. Failure to meet the accuracy tolerance for any 
one of the parameters will generate an error code. 

Error codes for parameter failures are stored in a queue to which the user 
has access. Sub-section 2.5 is merely an an easy-access index which 
provides immediate-action information and refers to sub-sections 2.6 and 
2.7 which deal with 'Device-Dependent Errors', related directly to the 
internal operations of the 128 1 itself. 

The purpose of this sub-section is to identify the nature of each test and 
thepart of the instrument which is being checked; to show test paths, with 
stimulation andmeasurement points; and to define the tolerance limits for 
each check. For each test that can generate an error code, references 
identify and locate the stimulation and measurement points on the layout 
and circuit ciiagrarns in Voiume 2 of this handbook. 

Themeanings of 'Fatal System Error', 'Command Error' and 'Execution 
Error' wdes are described Section 5 of the User's Handbook, as they are 
concerned mainly with IEEE 488 operations. 

r \ \ m ,-- 1 
Output Selfcal Ref L 
Enable 

-- 
Multiplier 

-- 
Offset -\er-s 

Internal 
Signal 
Bus 

\ a \ d \ '. a 

1, 

, ,, !t ,, 
I 

Filter t Converter 1 

I 1281 Software Model I 



2.6.2 ~ c c e s s  to Error Codes via the 1281 Menu Keys 
(Refer to the User's l-landbook, Page 4-31) 

Section 2 - Fault Diaanosis 

2.6.2.1 Reading the Error Codes 2.6.2.2 Access to Pathway Information 
Each of the two forms of self test nlns at h g h  speed, and does not stop 
unless it is aborted by the user. The error code for the first failure is noted 
on the Menu display, and this does not change on completion of the self 
test when the failure menu IS displayed. At this point the user can list the 
codes for all the failures, reading them onto the Menu display in the order 
last-in, first-out (LIFO). Once an error appears on thedisplay, it is deleted 
from the queue and cannot be recalled again, so the code numbers should 
be noted as they appear. 

When the self test lids stopped, and the error code numbers have been 
noted it is possibleto access informalon about each test. Eacherror code 
is associated with a unique test pathway, which 1s numbered, the path 
number bang  shown on the tables (lndexed by error code). 

Certain menu keys allow auser to selectpathnumbers. For each sclcction 
the. live measurement readings for the path are presented on the Main 
Display, and can be c o m p m d  against the limits shown in the table which 
canies the path number. 

The path measurement reading on the Main Display is normalized to the 
range which was already selected. So before using the pathway keys it 
is advisable to select the l V DC range, to obtain a normalized reading 
which only requires the range 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 is illustrated in the following diagrams. 

Select the I V  DC Range 

Press the DCV key and then the '1V' soft key: 

Select the Pathway Facility 

Press the Status key, then the Config key; and finally the soft key labelled '+I-' 

PUSR indicates that the present pathway is as defined by the user's Press the ==>> soft key once. This reveals the number of power-line 
previous selection of front panel keys; cycles inuse by the A-D. For the basic 1V DC range it will show PL 64. 

cc= (Exp) decrements the path number by 1; 

( I-)  decrements the path number by 20; 

Press the ==>> soft key a second time. This selects pathway PO01 ; the 
next press selects pathway P002, and so on. 

=>> (Enter) increments the path number by I. 

(Quit) increments the path number by 20. 
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2.6.3 Composition of the Error Code 

2.6.3.1 4-Digit Significance 
The codes for these operations are the individual test numbers in the 
sequence of checks or calibrations implemented by 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, thedatashouldbe recorded andreported for interpretation to your 
nearest Datron Service Center. 

The four-figure code numbers for these operations are constructed as 
foiiows: 

There are four decimal digits; say W, X, y and z such that in the number 
\*xy z: 

W identifies the code as belonging to the device-dependent 
group - always 2; 

xy is a two-digit step number, as listed in the tables; 
z is both the measurement number and error number, of 

which several can be allocated within each step. Each 
error number is defined only for its own measurement. 

2.6.3.2 Test Descriptions 
A 'Path' number (a 3-figure number prefixed by a capital 'P') describes a 
single test arrangement, in which several readings are taken. A first group 
of readings (number of readings depends on the setup) is discarded to 
allow settling to take place. A second group is then taken to establish a 
statistical field of results. Significant measurements are made by 
processing the results through different digital calculations to derive up 
to three main characteristics: 

Standard Deviation: 
gives a noise figure; 

Mean Value: 
provides mean magnitude; 

Mean minus the Previously-Calibrated Mean: 
is a measure of the mean magnitude drift since the most-recent 
Internal Source Calibration. 

Each characteristic results from a single measurement which, if selected 
for checking, is compared against specific limits of tolerance allocated in 
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 becomes the Error Code 
if the step result exceeds its tolerance limits. 

2.6.3.3 Tables 
In the following pages the list of measurements carried out during a test 
sequence are grouped as a table on the right page of each opening. Each 
table is associated with a test setup diagram on the facing left page. The 
tables are arranged in groups, each group being associated with a single 
main signal route through the main software model, from which the 
individual test setup diagrams are derived. Small variations of the route 
(due to switching within the blocks) are listed as numbered test 'paths'. 
n e s e  xs xet detai!ed fijfta, as the s~iichiiig iiifom~aiioii is wniained 
within the setup description. 

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

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

The measurements are listed in the tables in errorcode sequence. Those 
appearing in sub-section 2.6 are all included in 'Full Selftest', 'Selfcal' 
and 'Internal SourceCal'. But not all areincludedin 'Fast Selftest'. Sub- 
section 2.7 lists those measurements which form the Fast Selftest. For 
these steps, the Fast Selftest limits are wider than for Full Selftest, Selfcal 
or Intemal Source Cal. Also, because of the lower resolution in Fast 
Selftest, more readings can be taken in the same number of line cycles. 
Generally, different path numbers are allocated to Fast Selftest 
measurements. 

Note Abbreviations: 
FR = Full Range (Nominal). 
FS = Full Scale. 



2.6.4 External Calibration Operations 

2.6.4.1 Correction Errors 
2000 Zero 
2001 Gain+ 

2002 Gain- 
2003 HF trim 
2004 lnput zero 
2008 A-to-D 
2010 Frequency 
2011 D-to-A 
2012 Standardize 

2.6.4.2 Corruptions 

2013 Key/Pass# flags 
2014 Serial Number 
2015 Cal Due Date 
2016 Self-corrections flag 
2017 Bus Address 
2018 Line Frequency 
2019 Bad data from analog sub-system 

Sectron 2 - Fault Dfagnosis - - - - 

2.6.5 Memory Tests 

2.6.5.1 Non-volatile RAM Checksum Errors 
2100 Primary. 
2101 Secondary. 

2102 lnput 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 
21 15 Requires internal source calibration 
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2.6.6 Reference Ratio Tests 

Test Setup Model 

Fieierences 
Ref Ref + 
1 2 Ref Ref 
l l I I 

r+ul@".r M401 H Converter A-D 1 
2122 

2.6.6: Reference Ratio Tests 
Simplified Test Setup Diagram 

Volume 2 References 

Measurement 



List o f  Re fe rence  R= Tes ts  

Dig 

Dig. 

Dig. 

Ref Zero Checks 
Input. I-i . d Zero to A-D Mult~plexer. Measure: via A-D. No. of Read~ngs: 1 Dtscarded; 6 Processed. 

No~se Standard Dev~ation I Spprn of FR 

Magnitude ( Mean Ref zero I 2 50ppm of FR 

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

Noise 

Magnitude 

Standard Deviation -5 Sppm of FR 

0.703 X FS Mean Ref 2 0.743 X FS 

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

Noise Standard Deviation < 5pprn of FR 

Magnitude 0.703 X FS S Mean Ref l S 0.743 X FS 

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

Ratio Drift 20 X 10 < Ratio Drift c +20 X 10 

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

Noise Standard Deviation 2 5ppm of FR 

Magnitude 0.9995 X (+FS) < Mean +Ref < 1.0005 X (+FS) 

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

Noise 

Magnitude 

Standard Deviation S 5ppm of FR 

1.0005 X (-FS) < Mean -Ref < 0.9995 X (-FS) 

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

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

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

Ratio Drift -10 X < Ratio drift < +l0 X 
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--p--- -- 

2.6.7 DC Voltage Tests 

2.6.7.1 True Zero Checks 

Test Setup Model 

/ 
--P- - 

! 

I Internal 
l Signal 
/ Bus 

\ <7 Aii tests 

r--- 7 r 7  
o(Iyt J selfcal f 
Enable 7 Multiplier 

Output 
Disabie 

References ~ i q j ~ ]  
References used 

for normal 
measurement 

Preamp 
Bus 

INT.SIG_BUS Range Selection: 2161 -3: 1OV; 
Selected 2171-3:lV; 2181-3: 10OmV; 

2191-3: 100V; 2201-3: 1KV. 

DC Voltage Ranges. 2.6.7.1: True Zero Checks - Simplified Test Setup Diagram I-- 

Volume 2 References 

Stimulus 
l 

11.2-2 1 Range Selection L - . A  
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List of True Zero Measurements 

Dig. 

21 63 

Dig. 

Dig. 

21 83 

Dig. 

Dig. 

2203 

10V Range True Zero Checks 
Input: Zero to 1 OVDC Range. Measure: via A-D. No of Readings: 4 Discarded; 16 Processed. 

Noise Standard Deviat~on 2 10pV 

Magnitude -1 00pV < Mean 10V Zero c +l  00pV 

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

Zero Drift 40pV < f OV Zero Drift c t40pV 

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

Noise Standard Deviation 5 2pV 

Magnitude -25pV c Mean 1V Zero c +25pV 

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

Zero Drift -6pV < 1V Zero Drift c +6pV 

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

Noise Standard Deviation r 0.5pV 

Magnitude -25pV < Mean lOOmV Zero < +25pV 

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

Zero Drift -3.5pV c 100mV Zero Drift < +3.5pV 

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

Noise Standard Deviation I I m V  

Magnitude -1mV < Mean 100V Zero c + l m V  

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

Zero Drift -6OOpV < lOOV Zero Drift c +6OOpV 

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

Noise Standard Deviation S l OmV 

Magnitude -10mV < Mean l kV Zero c +10mV 

lOkV Range True Zero Magnitude Ratio Drift 
Digital comparison of the present magnitude against that recorded at the most-recent lnternal Source Cai. 

Zero Drift -4mV < l OOOV Zero Drift c +4mV 



Section 2 - Fault Diaanosis 

2.6.7 DC Voltage Tests (Contd) 

2.6.7.2 Negative Gain Measurements 
[Offset (Zero) and References] 

Test Setup Model 

Reference Selection. 
-1nV. ParhwyPI?R (ErrorCo&~221_5/ti! 
- 1 V. Pathways P142 A P143. , (Error Codes 22 1 1-22 14) 

r 1 I \ 
l 

r \ 

References used 
- for normal 

measurement 

I \ 

L 

I \ / \ \ I \ 

DC High 
c Input Volts DC A- D A-D 

Input Select Atten Preamp Multiplexer - Converter 
\ 4 \ a \ & 

lOMn Load Resktor INT-SIG-BUS 100: 1 Affenualor Range Selections: 
switched OUT for Selected for all NOT selected for 10VDC: Pathway P138. (Error Codes 2215/6) 
all Negative G a ~ n  Negative Gain all Negative Gain 1 VDC: Pathways P142 & P143. (Error Codes 221 1-2214) 
Measurements Measurements Measurements 

Ref 
- Offset 

Output 
a 

Internal Enable - 4-- 

DC Voltage Ranges. 2.6.7.2: Negative Gain Measurements - Simplified Test Setup Diagram 

Signal 4 i 4 

Bus 
r Output Enabled 

for all Offser Selected by Pathway 

Negative Gain (Error Codes 221 1/21 

Selfcal 
Multiplier References 

Volumi 2 References 

Stimulus ! 1 2 - 6  1 Range Selection 

cc 7r IF 
l> 
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List of Negative ~ a %  Measurements 

P1 42 1V Range -Offset Zero Checks 
Input: -Offset to lVDC Range. Measure: viaA-D. No of Readings: 32 Discarded; 8 Processed. 

2211 Noise Standard Deviation 5 10mV 

2212 Magnitude -2.5mV < Mean - l V  Offset < +2 5mV 

P1 43 1 V Range -Reference Checks 
Input: -1V Reference to 1 VDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed 

2213 Noise Standard Deviation <: iQmV 

2214 Magnitude -1.040V < Mean - l V  Ref < -0.960V 

P1 38 l OV Range -Reference Checks 
Input: -1 0V Reference to 1 OVDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed. 

2215 Noise Standard Deviation I l OOmV 

2216 Magnitude -10.2V < -10V Ref < -9.4V 



Section 2 - Fault Diagnosis - 
2.6.7 DC Voltage Tests (Contd) 

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

Test Setup Model 

Reference Seiect~on: 
+ 1 OV: Pathways P008, P 018, P023 & P025 

(Error Codes 2251 -3, 222 1-2242) 
+ l  V .  Pathway PO13 (Error Codes 2-77/31 

I 

r \ 
v 

\ r -h I \ 

I DC Voltage Ranges. 2.6.7.3: Positive Gain Measurements - Simplified Test Setup Diagram 1 

I \ r -. '. r r Y 

Volume 2 References 

Internal 

Stimulus 

Signal \ b '. \ h h 

Bus 
l 

Output Enabied for all References used 
DC Voltage Gain tests Offset Seiected by Pathways for normal 

PO0 7, PO 12, P 022, P024 & P 142. measurement 
(Error Codes 22 1 1/2 222 1-2242) 

Output 
Enable 

- 

DC 
c Input 

Input Select 

1 11.2-6 1 Range Selection 
L..._ -- J 

Bus , & , & \ A \ , I 

DC Voltage rests 
(Error Codes Range Selections: 

222314 & 226 1 /2/3) 1OVDC: Pathways P007, P008, P022 & P023. 
(Error Codes 222 1-2224 & 225 1-2263) 

1 VDC: Pathways PO 12, P013, P018 & P020. 
100: l Attenuator Selections: (Error Codes 223 112, 224 112, 2271/2 & 229 112) 
Pathways PO18, P020, P024 & P025 100mVDC: Pathways P024, P025 
(Error Codes 223 1-4, 2271 -3 & 228 1-3) (Error Codes 223W4 & 228 1-3) 

High 
Volts 
Atten 

DC 
Preamp 

Selfcal 
Multiplier 

'. 
A-D A-D 

Multiplexer Converter 

Ref 
- Offset 
L References 
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List o f  Pos i t i ve  G a i n  Measurements 

P007 10V Range +iOV Offset Zero Checks 
Input: +l 0V Offset to 10V DC Range. Measure: via A-D. No of Readings: 24 Discarded; 8 Processed. 

2221 Noise Standard Deviation S 20pV 

2222 Magnitude -250pV < Mean + 10V Offset c +250pV 

P022 10V Range - Loaded +10V Offset Zero 
Input: +l 0V Offset to l OMR Load and 1 OV DC Range. Measure: via A-D. 
No of Readings: 4 Discarded; 8 Processed. 

2223 Noise Standard Deviation 5 100pV 

2224 Offset Magnitude -250pV < Mean +10V Offset < +250pV 

P020 1V Range - Attenuated +10V Offset Zero 
Input: +l 0V Offset via attenuator to 1V DC Range. Measure: via A-D. 
No of Readings: 4 Discarded; 32 Processed. 

2231 Noise Standard Deviation 5 20pV 

2232 Magnitude 25pV c Mean +l V Offset +25pV 

P024 100mV Range - Attenuated +l 0V Offset Zero 
Input: +l 0V Offset via attenuator to 1 OOmV DC Range. Measure: via A-D 
No of Readings: 4 Discarded; 16 Processed. 

2233 Noise Standard Deviation 5 2pV 

2234 Magnitude -25pV < +100mV Offset < +25pV 

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

2241 Noise Standard Deviation S 3pV 

2242 Magnitude -250pV < +Offset < +250pV 

P008 10V Range - +Reference Checks 
Input: +l 0V Reference to 10V DC Range. Measure: via A-D. No of Readings: 8 Discarded; 8 Processed. 

2251 Noise Standard Deviation S 20pV 

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 - (20 X 106) < drift < 1 + (20 X 

P023 10V Range - Loaded +10V Reference Checks 
Input: +l 0V to 10Mn Load and 1 OV DC Range. Measure: via A-D. 
No of Readings: 4 Discarded; 8 Processed. 

2261 Noise Standard Deviation 5 30pV 

2262 Magnitude +9.5V < 10V Gain < +10.1V 

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

2263 Magnitude Drift - (20 X 10-6) < drift < 1 + (20 X 10-6) 



Section 2 - Fault Diagnosis 
2.6.7.3 Positive Gain Measurements (Contd) 

[Offset (Zero) and References] 

Test Setup Model 
/ 

pp-pp-. . 

I Reference Selection: 
+1OV: Palhways POO8, P 018, P023 & P025. 

(Error Codes 2251 -3, 2221 -2242) 
+ I  V: Pathway P0 13. (Error Codes 229 1/3) 

l 
l 

I \ f \ r \ r 'r 
Output Selfcal Re f 
Enable Multiplier Offset References 

Internal 
Signal 
Bus 

b \ 

r 
Output Enabled for all 
DC Voltage Gain tests Offset Selected by Pathways 

P007, P012, P 022, P024 & P142. measurement 
(Error Codes 22 1 112 222 1-2242) 

0 
r 

DC High 
Input 

(Error Codes 
DC Voltage tests Range Selections: 

22234 & 226 1/2/3) 
1 OVDC: Palhways P007, POOB, PO22 & P023. 

(Error Codes 222 1-2224 & 2251 -2263) 
1 VDC: Pathways PO 12, P013, P018 & P020. 

100:l Attenuator Selections: (Error Codes 223 112, 224 1/2, 2271/2 & 229 112) 
Pathways P018, P020, P024 & P025 100mVDC: Pathways P024, P025. 
(Error Codes 2231-4, 2271-3 & 2281-3) [Error Codes 22394 & 228 1-3) 

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

Volume 2 References 

Stimulus 1 11.2-6 Range Selection 
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List of Positive Gain Measurements (Contd.) 

Dig. 

2273 

Dig. 

2283 

Dig. 

2293 

I V Range - Attenuated + l  BV Reference Checks 
Input: +l 0V DC via 100:l attenuator to 1 V DC Range. Measure: via A-D. 
No of Readings: 4 Discarded; 32 Processed. 

+ 100rnV Signal Noise Standard Deviation of +100rnV Signal S 10pV 

Magnitude +0.095V < +100mV Signal Magnitude +O.101V 

Section 2 - Fault Dragnos~s -- - - 

1V Range - Attenuated +10V Ref Magnitude Drift 
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal. 
+l  00rnV Signal Mag. Drift 1 - ( l 0  X 10 6, < drift < 1 + (10 X 10 

100mV Range - Attenuated +10V Reference Checks 
Input: +l 0V DC via 100:l attenuator to 100mV DC Range. Measure: via A-D. 
No of Readings: 4 Discarded; 16 Processed. 

+100rnV Signal Noise Standard Deviation of +100rnV signal I 1 pV 

Magnitude 94rnV < +100mV Signal Magnitude < 102rnV 

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

+100rnV Signal Mag. Drift 1 - (20 X 10 6, < drift < 1 + (20 X 10 6, 

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

Noise Standard Deviation I 3kV 

Magnitude +0.965V < +lV Ref < +1.025V 

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

Drift 1 - (10 X 10 6, c Ref drift < 1 + (10 X 10 6, 



Section 2 - Fault Diagnosis 
- -- 

2.6.8 AC Voltage Tests 

2.6.8.1 Positive Tests 

Test Setup Model  

Reference Selections: 
1 VDC: Pathways PO12 P059, P060 & P063. 

(Error Codes 2301/2, 231 1/2 & 232 1/2) 
1 OOm VUC: Pathways P077, P078. Se!fca! 

Multiplier Keferences 
(Error Codes 2331/2 & 234 1/2) 

DCV Measurements: - 
AC Preamp lnput at INT-SIG-BUS: 

Pathways PO 12, P059, P077. 
(Error Codes 2301/2 & 2331/2) Preamp 

AC Preamp Output at AC-CAL-SENSE: 
Pathways P060 & P078. 
(Error Codes 231 1/2 & 2341/2) 

Multiplexer Converter 

1 ACV Measurements: 

RMS Output via A-D Direct: 
Pathway P063. 
(Error Codes 2321/2) 

P060 & P063. 
311/2&2321 

AC Voltage. 2.6.8.1: Positive Checks - 1 V & lOOmV Ranges - Simplified Test Setup Diagram 

Volume 2 References 

Stimulus 11.2-6 1 Signal Application, Range Selection 
LP-> and Prearnp Output Sensing 

Measurement of lnput and Prearnp Output 
via DC Voltage Ranges 

i I 1.2-2 J RMS lnput 
-- 

- --- ---p- - 
7 

pc.;, 
I Er1337 1 

lr"232 
Log Arrp, 

L- --- 

l 
I Layout 

- 
Clrcu~t 

-- 

RMS Output 



---p - - - ---- - .. - - - - - Section 2 - Fault Diagnosis - - - ---- --- -- --W 

List of Positive Measurements 

1V AC Range 

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

Measure and Discard - (settling) 

P059 1V AC Range - +1V DC lnput Checks 
Input: +l VDC to AC Preamp set to 1 VAC Range. Measure: lnput using 1 V DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2301 input Noise Standard Deviation S 20ppm of FS 

2302 Input Magnitude +0.96V c Mean Signal c +1.04V 

P060 1V AC Range - +1V DC lnput - Checks at AC Preamp Output 
Input: +l VDC to AC Preamp set to 1 VAC Range. 
Measure: Preamp Output using 1 V DC Range at AC-CAL-SENSE. 
No. of Readings: 2 Discarded; 16 Processed. 

2311 Preamp Output Noise Standard Deviation I 50ppm of FS 

2312 Preamp Output Magnitude -1.04V Mean Signal < -0.96V 

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

2321 +RMS Output Noise Standard Deviation I 50ppm of FS 

2322 +RMS Output Magnitude +0.96V < Mean Signal < +1.04V 

l OOmV AC Range 

P077 100mV AC Range - +100mV DC lnput Checks 
Input: +l 00rnVDC to AC Preamp set to 100mVAC Range. 
Measure: lnput using 100mV DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2331 Input Noise Standard Deviation 5 20ppm of FS 

2332 Input Magnitude +l 70mV < Mean Signal c +200mV 

P078 100mV AC Range - +100mV DC lnput - Checks at AC Preamp Output 
Input: +l 00rnVDC to AC Preamp set to 100mVAC Range. 
Measure: Preamp Output using 1 V DC Range at AC-CAL-SENSE. 
No. of Readings: 2 Discarded; 32 Processed. 

2341 Preamp Output Noise Standard Deviation I 50ppm of FS 

2342 Preamp Output Magnitude -200mV c Mean Signal c -170mV 



Section 2 - Fault Diagnosis 
2.6.8.1 Positive Tests (Contd.) 

Test Setup Model 

f 
/' 
/ 

Reference Selections: 
1OVDC: Pathways PO1 7, P065, P m ,  PO&?, P070, P073 B P074. 

(Error Codes 2351 to 2402) 

Multiplier References INT-SIG-BUS 

t t t t t  
DCV Measurements: 
AC Preemp lnput at INT-SKLBUS: 

P01 7, P069 B P073. 
( E m  odas 2351/2,2371/2 B 2391Q) 

AC Preamp Output at AC-CAL-SENSE: 
Pathways P066, PO70 B P074. 
( E m  Codas 2361/2, 2381/2 B 2401R) 

Multiplexer Converter n 
DCV Prearnp Range Selections: 

Range Selections: 
10VDC: Pathways P01 7, P065, P069 8 P073. 

10VAC: Pathways P01 7. P065 B P066 (Error Codes 2351/2, 2371/2 8 2391/2) 

(Error Codes 2351 R B 2361Q) 
l VDC: Pathway P066. 

10OVAC: Pathways P069 B P070. (Error Codes 2361/2) 
(Error Codes 2371R B 2381Q) 

100m VAC: Pathways P070 8 P074. 

IkVAC: Pathways P073 B P074. 
(Error Codes 238 112 & 2401/2) 

(Error Codes 2391R B 2401Q) 

AC Voltage. 2.6.8.1: Positive Checks - IOV, lOOV & 1kV Ranges - Simplified Test Setup Diagram 

Volume 2 References 
. - . . - . . . . - . . . . . .- -- - - - -- 

,----\, 
7 -, 
AC Ca 

R-101 Se-sa 

I P - 3  
L- .L 

L-. .J 

'-q;!32 '-\ Snnc- -; 
R~'03 R 101 '. . --l 

Layout C:rC"'t >:.-..-=.-L :- --' 
--- ....-p ..I 

Stimulus 1 11.2-6 1 Signal Application. Range Selection 
and Preamp Output Sensing 

Measurement of lnput and Preamp Output 
via DC Voltage Ranges 
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List of Positive Measurements (Contd.) 

1OV AC Range 

P01 7 10V AC Range - Settling Time 
Input: +l OVDC to AC Preamp set to 1 OVAC Range. 
Measure: lnput using 10V DC Range at INT-SIG-BUS. 
No. of Readings: 0 Discarded; 8 Processed then Discarded to generate settling time. 

Measure and Discard - (settling) 

P065 10V AC Range - + l  OV DC lnput Checks 
Input: +l OVDC to AC Preamp set to 1 OVAC Range. Measure: lnput using 1 QV DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2351 Input Noise Standard Deviation I 20ppm of FS 

2352 Input Magnitude +9.4V C Mean Signal < +10.2V 

P066 10V AC Range - +10V DC lnput - Checks at AC Preamp Output 
Input: +10VDC to AC Preamp set to 10VAC Range. 
Measure: Preamp Output using 1 V DC Range at AC-CAL-SENSE. 
No. of Readings: 2 Discarded; 8 Processed. 

2361 Preamp Output Noise Standard Deviation <_ 5Oppm of FS 

2362 Preamp Output Magnitude -1.02V c Mean Signal < -0.94V 

100V AC Range 

P069 100V AC Range - +l OV DC lnput Checks 
Input: +10VDC to AC Preamp set to 100VAC Range. Measure: lnput using l OV DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2371 Input Noise Standard Deviation I 20ppm of FS 

2372 Input Magnitude +9.4V C Mean Signal < +10.2V 

P070 100V AC Range - +10V DC lnput - Checks at AC Preamp Output 
Input: +l OVDC to AC Preamp set to 100VAC Range. 
Measure: Preamp Output using 1 OOmV DC Range at AC-CAL-SENSE. 
No. of Readings: 2 Discarded; 16 Processed. 

2381 Prearnp Output Noise Standard Deviation S 50ppm of FS 

2382 Preamp Output Magnitude -102mV c Mean Signal c -94mV 

1 kV AC Range 

P073 l kV AC Range - +10V DC lnput Checks 
Input: +l OVDC to AC Preamp set to l kVAC Range. Measure: lnput using 1 OV DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2391 Input Noise Standard Deviation S 20ppm of FS 

2392 Input Magnitude +9.4V < Mean Signal < +10.2V 

P074 1kV AC Range - +10V DC lnput - Checks at AC Preamp Output 
Input: +l OVDC to AC Preamp set to l kVAC Range. 
Measure: Preamp Output using 100rnV DC Range at AC-CAL-SENSE. 
No. of Readings: 2 Discarded; 16 Processed. 

2401 Preamp Output Noise Standard Deviation S 50ppm of FS 

2402 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: 
- 1 VDC: Pathways P06 1, P062 & P064. 

(Error Codes 24 1 1-2438) /I 1 I 1 
8 Y G l l c r " 1  

Multiplier References I INT-SIG-BUS 

DCV Measurements: ' 
AC Preamp Input at INT-SIG-BUS: 

Path way P06 1. 
(Error Codes 24 1 I/2) 

AC Preamp Output at AC-CAL-SENSE: 
Path way P062. 
(Error Codes 242 112) 

Multiplexer P A-D 
Converter 

ACV Measurements. LJ:[L~~z$ RMS Output via A-D D~rect 
Pathway P064 
(Error Codes 243 1/2) 

Preamp 
Range Select~ons 
1 VAC. Pathways P061, P062 & P064. 

(Error Codes 24 l 1-2438) D~gltal Calculat~ons 
A C V Option (Error Codes 2433 8) 

! 
i AC Voltage. 2.6.8.2: Negative Checks - I V Range - Simplified Test Setup Diagram 

-1 

Volume 2 References 

Stimulus 11.2-6 1 Signal Application, Range Selection L- and Preamp Output Sensing 
L- 11.5-1 I 

Measurement of Input and Preamp Output i 11.2-2 1 RMS lnput 
via DC Voltage Ranges 

RMS Output 1 11.5-3 1 
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List of Negative Measurements 

1 V AC Range 

P061 1V AC Range - Settling Time 
Input: -1 VDC to AC Prearnp set to 1 VAC Range. Measure: lnput using 1 V 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 - -1 V DC lnput Checks 
Input: -1 VDC to AC Preamp set to 1 VAC Range. Measure: lnput using 1 V DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2411 Input Noise Standard Deviation 5 20ppm of FS 

2412 Input Magnitude -1.04V < Mean Signal < -0.96V 

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

2421 Preamp Output Noise Standard Deviation I 50ppm of FS 

2422 Preamp Output Magnitude +0.96V < Mean Signal < +1.04V 

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

2431 RMS Output Noise Standard Deviation 5 50ppm of FS 

2432 -RMS Output Magnitude 0.95V < Mean Signal < 1.05V 

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

2433 lV  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 0.94 < +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 c 1.000,700 

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

2437 -RMS Gain -1.06 < -RMS Gain C -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 



Section 2 - Fauit Diagnosis 
2.6.8.2 Negative Tests (Contd.) 

Test Setup Model 

f 7 

/ 

Reference Selections: W- 
-IOVDC: Pathwavs p01 7, P019. P067 & POGB. I I r 1 

(Error Codes 2461/2 & 2471/2) 
-1oomvDc: Pathways p079 & PoBo. 1 l H References I (Error Codes 2441/2 & 2451/2) INT-SIG-BUS 

DCV Measurements: 
AC Preamp lnput at 

Pathways P019, P 
(Error Codes 244 1 

AC Preamp Output a 
Pathways W 17, P068 & P080. 
(Error Codes 2451/2 & 2471/2) 

AC-CAL-SENSE 

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

(Error Codes 2461/2) 
Range Selections: 1 VDC: Pathways P017, P068 & P080. 
10VAC: Pathways P017, P019, P067& P068. (Error Codes 245112 & 2471/2) 

(Error Codes 246 1-24 73) 100mVAC: Pathway P079. 
(Error Codes 244 1/2) 

Digital Calculations: 
(Error Codes 2453 & 2473) 

AC Voltage. 2.6.8.2: Negative Checks - 100mV & 10V Ranges - Simplified Test Setup Diagram 

Volume 2 References 

,-. . - -. -. . . -. - . . - . . - . . - -. . . . . . - 
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1 Layout -. -.' ,.? 
C i rc~ i t  T ~ a y o - t  :. , - . ,  l__- - . . . . . - - . . . . . . . .- - .- .. . 

-.. . , 
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Stimulus 1 11.2-6 / Signal Application. Range Selection 
and Prearnp Output Sensing 

I 
Measurement of Input and Prearnp Output 11 2-2 
via DC Voltage Ranges L- -A 
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List of Negative Measurements (Contd.) 

l OOmV AC Range 

P079 100mV AC Range - -100mV DC lnput Checks 
Input: -1 00mVDC to AC Preamp set to 100mVAC Range. 
Measure: lnput using 100mV DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2441 Input Noise Standard Deviation 5 20pprn of FS 

2442 Input Magnitude -200mV < Mean Signal < -170rnV 

P080 100mV AC Range - -100mV DC lnput - Checks at AC Preamp Output 
Input: -1 00mVDC to AC Preamp set to 100mVAC Range. 
Measure: Preamp Output using 1 V DC Range at AC-CAL-SENSE. 
No. of Readings: 2 Discarded; 32 Processed. 

2451 Prearnp Output Noise Standard Deviation S 50ppm of FS 

2452 Preamp Output Magnitude +170rnV < 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 Prearnp Gain Drift 0,999,650 < Drift Ratio < 1,000,350 

10V AC Range 

P01 9 10V AC Range - Settling Time 
Input: -1 OVDC to AC Prearnp set to 1 OVAC Range. Measure: lnput 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 lnput Checks 
Input: -1 OVDC to AC Preamp set to 1 OVAC Range. Measure: lnput using 10V DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2461 Input Noise Standard Deviation 5 20pprn of FS 

2462 Input Magnitude -10.2V < Mean Signal < -9.4V 

P01 7 10V AC Range - Settling Time 
Input: -1 OVDC to AC Preamp set to 1 OVAC Range. 
Measure: Prearnp Output using 1 V 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 lnput - Checks at AC Preamp Output 
Input: -1 OVDC to AC Preamp set to 1 OVAC Range. 
Measure: Prearnp Output using 1 V DC Range at AC-CAL-SENSE. 
No. of Readings: 2 Discarded; 8 Processed. 

2471 Preamp Output Noise Standard Deviation S 50ppm of FS 

2472 Preamp Output Magnitude +0.94V c Mean Signal c + l  .02V 

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

2473 Preamp Gain Drift 0,999,650 c Drift Ratio c 1.000,350 



Section 2 - Fault Diagnosis 
2.6.8.2 Negative Tests (Contd.) 

Test Setup Model 

/' 

/ 
Reference Selections: 
-1OVDC: Pathways P071, P072, P075 & P076 

(Error Codes 248 1-25 13) Selfcal 
Multiplier References 

/ DC" Measurements: 

i AC Preamp Input at INT-SIG-BUS: 
Pathways P071 & P075. 

Multiplexer (Error Codes 2481/2 & 2501/2) 
AC Preamp Output at AC-CAL-SENSE: 

Pathways P072 & P076. 
(Error Codes 2491/3 & 251 1 4  

AC-CAL-SENSE 

DCV Preamp Range Selections: 
1OVDC: Pathways P071 & P075 

(Error Codes 2481/2 & 2501/2) 
1OOmVAC: Pathways P072 & P076. 

P071 & P072. (Error Codes 249 1/2 & 251 i/2) 
es 248 1/2 & 2491/2) 
P075 & P076. 

Digital Calculations: 
(Error Codes 2493 & 2513) 

, 
1 A C Voltage. 2.6.8.2: Negative Checks - 100V 6: 1kV Ranges - Simplified Test Setup Diagram 

j 
i 

Volume 2 References 

Stimulus l I 11.2-6 Signal Application, Range Selection 
and Preamp Output Sensing 

Measurement of Input and Prearnp Output 
via DC Voltage Ranges 



100V AC Range 

P071 100V AC Range - -lOV DC lnput Checks 
Input: -1 OVDC to AC Preamp set to 1 OOVAC Range. Measure: lnput using 10V DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded: 8 Processed. 

2481 Input Noise Standard Deviation 2 20pprn of FS 

2482 Input Magnitude -10.2V < Mean Signal < -9.4V 

P072 100V AC Range - -10V DC lnput - Checks at AC Preamp Output 
Input: -1 OVDC to AC Preamp set to 1 OOVAC Range. 
Measure: Preamp Output using 100mV DC Range at AC-GAL-SENSE. 
No. of Readings: 2 Discarded; 16 Processed. 

2491 Prearnp Output Noise Standard Deviation 2 50pprn of FS 

2492 Prearnp Output Magnitude +94mV < Mean Signai c +102mV 

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

2493 Prearnp Gain Drift 0,999,650 c Drift Ratio < 1.000,350 

1000V AC Range 

P075 l kV AC Range - -10V DC lnput Checks 
Input: -1 OVDC to AC Preamp set to l kVAC Range. Measure: lnput using 1OV DC Range at INT-SIG-BUS. 
No. of Readings: 8 Discarded; 8 Processed. 

2501 Input Noise Standard Deviation 20pprn of FS 

2502 Input Magnitude -10.2V < Mean Signal < -9.4V 

P076 l kV AC Range - -10V DC lnput - Checks at AC Preamp Output 
lnput: -1 OVDC to AC Preamp set to l kVAC Range. 
Measure: Preamp Output using 100mV DC Range at AC-CALLSENSE. 
No. of Readings: 2 Discarded; 16 Processed. . 

2511 Preamp Output Noise Standard Deviation S 50ppm of FS 

2512 Preamp Output Magnitude +18.624mV < Mean Signal c +20.176mV 

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

2513 Preamp Gain Drift 0,999,650 < Drift Ratio c 1,000,350 



Section 2 - Fault Diagnosis 
2.6.9 DC Current Tests 

Test Setup Models 

Range Selections: 
10rnADC. Pathway P083. loomvDC Range References 

(Ermr Codes 252?/3) 
(All pathways and 

Ermi Codes) ! 1 
/W& 

Deselecr 

I+ o--o\ Shunt 
current voitage 

INPUT BUS Ranges 
L 

1- O--i'b INT-SIG-BUS 
Input 
Terminals Current Option 

DC Current. 2.6.9: lOmA Range - Zero Checks - Simplified Test Setup Diagram 

- Range Sektions: 
1OrnADC: Pathways PO84. P103. 

(Error Ccdes 2524-2533) 

Converter I 

DC Current. 2.6.9: lOmA Range - Offset Zero and Gain Checks - Simplified Test Setup Diagram 
.- .- J 
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Ohms Current Source 1 11.6-2 1 Ohms Current Switching 
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List of DC Current Measurements 

l OmA DC Range 

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

2521 Noise Standard Deviation S l Oppm 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 c Drift c +2Oppm of FS 

P103 lOmA Range - Ohms Low-Follower Zero Offset Checks 
All inputs deselected. Selfcal Current open circuit. 
Measure: 10mA DC Range Shunt using 100R Normal Ohms Range (Zero Offset only). 
No. of Readings: 4 Discarded; 16 Processed. 

2524 Zero Offset Noise Standard Deviation s l Oppm of FS 

2525 Zero Offset Magnitude -100ppm of FS < Mean Magnitude c +100ppm of FS 

P084 lOmA Range - Gain Checks 
Inputs: 1 OrnA Ohms Current via LOW-SENSE; 10mA Selfcal Current Selected. 
Measure: 10mA DC Range Shunt value using 100R Normal Ohms Range. 
No. of Readings: 8 Discarded; 8 Processed. 

2531 Range Gain Noise Standard Deviation S loppm of FS 

2532 Range Gain Magnitude +FR - 2% c 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 c Drift Ratio c +l  ,000,250 



Section 2 - Fault Diagnosis 

2.6.9 DC Current Tests (Contd.) 

Test Setup Models 

Range Seleclions: 

Terminals 

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

f 'l 

- -p-p.. References 

Range Selections: 
1ADC: Pathway PO88. (Error Codes 2571-3) 
1fWmADC: Pathway P086. (Errw Codes 2551/3) 

1A Range Gain: P088 (Error Ccdes2571-3) 
Ohms Current: iOmA from lOan Normal Ohms Range. 
l WmA Range Gain: P M .  (Error Codes 2551/3) 
Ohms Current: lOmA from iOan Normal Ohms Range. 

1 DC Current. 2.6.9: lOOmA & 1A Ranges - Offset Zero and Gain Checks - Simplified Test Setup Diagram 
L- A 
Volume 2 References 

Ohms Current Source 11.6-2 1 Ohms Current Switching 

Current to Voltage Converter 
Inputs and Sensing 

' 11.7-1 1 Measurement of Shunt Voltage L via DC Voltage Ranges 
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List of DC Current Measurements (Contd.) 

100mA DC Range 

P085 lOOmA Range True Zero Checks 
Ohms Current: Deselected. lnput Bus: Inputs deselected. 
Measure: lOOmA 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 < +100pprn of FS 

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

2543 Zero Drift -20ppm of FS < Drift < +20pprn of FS 

P086 1OOmA Range - Gain Checks 
Inputs: 10mA Ohms Current via LOW-SENSE; 1 OOmA Selfcal Current Selected. 
Measure: 100mA DC Range Shunt value using 100R Normal Ohms Range. 
No. of Readings: 4 Discarded; 16 Processed. 

2551 Range Gain Noise Standard Deviation lOpprn of FS 

2552 Range Gain Magnitude +O.1 FR - 2% c Mean Magnitude < +O.lFR + 2% 

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

2553 Magnitude Drift +0.999,000 < Drift Ratio c +l .001,000 

1 A DC Range 

P087 1A Range True Zero Checks 
Ohms Current: Deselected. lnput Bus: lnputs deselected. 
Measure: 1 A DC Range via INT-SIG-BUS, 100mV DC Range and A-D. 
No. of Readings: 4 Discarded; 8 Processed. 

2561 Noise Standard Deviation S lOpprn of FS 

2562 Magnitude -100ppm of FS < Mean Magnitude c +l Wppm of FS 

Dig. 1A Range True Zero Magnitude Drift 
Digital comparison of the present magnitude against that recorded at the most-recent lnternal Source Cal. 

2563 Zero Drift -20ppm of FS c Drift +20ppm of FS 

P088 1A Range - Gain Checks 
Inputs: 10mA Ohms Current via LOW-SENSE; 1 A Selfcal Current Selected. 
Measure: 1 A DC Range Shunt value using 100R Normal Ohms Range. 
No. of Readings: 8 Discarded; 8 Processed. 

2571 Range Gain Noise Standard Deviation S 1 Opprn of FS 

2572 Range Gain Magnitude +O.OlFR - 4% c Mean Magnitude c +O.Ol FR + 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 +l .002,500 



Section 2 - Fault Diagnosis 
2.6.9 DC Current Tests (Contd.) 

Test Setup Models 

Range Sebctions: 
ImADC: Pathway PO89. 

(Error Codes 258113) lOOmVDC Range 
1 0 W D C .  PalhwayPOBl. (Ail parnways and 

(Error Codes 260113) Error Codes) 
l I 

Terminals 

Shunt 
Voltage 

INT-SIG-BUS 
D c 

Prearnp 

t t t t  

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

f '-l 

~1 References I 
,,lyVDC Range 

Ailpathways 

ImADC: Pathway POSO. (Error Codes 2591-3) 
10qrADC. Pathway POW. (Error Codes 261 1-3) 

lm4 Range Gain: P090. (Errw Codes 2591-3) 
Ohms Current: 1mA from lOaR Lol O h m  Range. 
10qrA Range Gain: P092. (Error Ccdes 261 1-3) 
Ohms Current: 1 0 w  f r m  lM1 Lol O h m  Range. 

DC Current. 2.6.9: 1mA & 10qLA Ranges - Offset Zero and Gain Checks - Simplified Test Setup Diagram I 
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List of DC Current Measurements (Contd.) 

Sect~on - 2 - Fault - --- Diagnosis - - 

1 mA BC Range 

P089 1mA Range True Zero Checks 
Ohms Current: Deselected. lnput Bus: inputs deselected. 
Measure: 1 mA DC Range via INT-SIG-BUS, 100mV DC Range and A-D. 
No. of Readings: 4 Discarded; 8 Processed. 

2581 Noise Standard Deviation l Oppm of FS 

2582 Magnitude -100pprn of FS < Mean Magnitude c: +100pprn of FS 

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

2583 Zero Drift P089 4 ; 8 -20ppm of FS C Drift c +20ppm of FS 

P090 I mA Range - Gain Checks 
Inputs: 1 mA Ohms Current via LOW-SENSE; 1 mA Selfcal Current Selected. 
Measure: 1 mA DC Range Shunt value using 100R Lol Ohms Range. 
No. of Readings: 4 Discarded; 8 Processed. 

2591 Range Gain Noise Standard Deviation S loppm of FS 

2592 Range Gain Magnitude +FR - P/o C Mean Magnitude c +FR + 2% 

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

2593 Magnitude Drift +0.999,750 c Drift Ratio c +l ,000,250 

100pA DC Range 

P091 100pA Range True Zero Checks 
Ohms Current: Deselected. lnput Bus: Inputs deselected. 
Measure: 1 OOpA DC Range via INT-SIG-BUS, l OOmV DC Range and A-D. 
No. of Readings: 4 Discarded; 8 Processed. 

2601 Noise Standard Deviation I 10ppm of FS 

2602 Magnitude -100ppm of FS c Mean Magnitude c +100ppm of FS 

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

2603 Zero Drift -20ppm of FS c Drift c +20ppm of FS 

P092 100pA Range - Gain Checks 
Inputs: 100pA Ohms Current via LOW-SENSE; 100pA Selfcal Current Selected. 
Measure: 1 OOpA DC Range Shunt value using l kR Lol Ohms Range. 
No. of Readings: 4 Discarded; 8 Processed. 

2611 Range Gain Noise Standard Deviation I loppm of FS 

2612 Range Gain Magnitude +FR - 2"/0 c Mean Magnitude < +FR + 2% 

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

2613 Magnitude Drift Ratio +0.999,750 < Drift Ratio c +l  ,000,250 



Section 2 - Fault Diagnosis 

2.6.10 AC Current Tests 

Test Setup Model 

-. 

Converter -"") 

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

-- 

Volume 2 References 

Ohms Current Source 1 11.6-2 Ohms Current Switching 

Current to Voltage Converter 
Inputs and Sensing 

1 11.7-1 Measurement: IOOmVAC Preamp 1 11.5-1 1 

Measurement: RMS Input 1 11.5-2 1 Measurement: RMS Output 
L- 



Section 2 - Fault Diagnosis -. - ... . .-. -- 
List of AC Current Measurements 

1 OmA AC Range 

P093 10mA AC Range - Gain Checks 
Inputs: l OmA Ohms Current via LOW-SENSE; 1 OmA Selfcal Current Selected. 
Measure: 1 OmA Range Shunt value using 10052 Normal Ohms Range (using l OOmA AC Range and A-D). 
No. of Readings: 4 Discarded; 8 Processed. 

2621 Range Gain Noise Standard Deviation 5 l Opprn of FS 

2622 Range Gain Magnitude +FR - 4% < Mean Magnitude c +FR + 4% 

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

2623 Magnitude Drift +0.999,750 < Drift Ratio c +l  .000,250 

P093 10mA AC Range - Gain Checks 
Inputs: 100pA Ohms Current via LOW-SENSE; 100pA Selfcal Current Selected. 
Measure: 10mA Range Shunt value using l kQ Lol Ohms Range (using 100mAAC Range and A-D). 
No. of Readings: 4 Discarded; 8 Processed. 

2631 Range Gain Noise Standard Deviation r; loppm of FS 

2632 Range Gain Magnitude +FR - 4% c Mean Magnitude < +FR + 4% 

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

2633 Magnitude Drift +0.999,750 < Drift Ratio < +l  .000,250 



Section 2 - Fault Diagnosis 
2.6.1 1 Resistor Ratio Tests 

Test Setup Model 

Standard Resistor Tests. 2.6.11: Simplified Test Setup Diagram 1 
-. -2 

Volume 2 References 

Ohms Current Source 

Measurement of Standard Resistors 
via DC Voltage Ranges 
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List of Standard Resistor Measurements 

I kR Standard Resistor 

P035 I kQ Standard Resistor True Zero 
Ohms Current: True Zero. DCV Range: 100mV. No. of Readings: 32 Discarded; 8 Processed. 

2721 Noise Standard Deviation S l Oppm of FS 

2722 Magnitude -200ppm of FS < Mean < +200ppm of FS 

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

2723 Magnitude Drift -1QOppm of FS < Drift c +looppm of FS 

P036 l kR Standard Resistor Value 
Ohms Current: 100pA. DCV Range: 100mV. No. of Readings: 8 Discarded; 8 Processed 

2724 Noise Standard Deviation c loppm of FS 

2725 Magnitude 980Q < Mean < 1020Q 

Dig. Value Drift 
Digital comparison of the present Value against that recorded at the most-recent Internal Source Cal. 

2726 Magnitude Drift 0,999,800 < Drift Ratio < 1.000,200 

100kR Standard Resistor 

P037 100W). Standard Resistor True Zero 
Ohms Current: True Zero. DCV Range: 10V. No. of Readings: 8 Discarded; 8 Processed. 

2731 Noise Standard Deviation S 2ppm of FS 

2732 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 lnternal Source Cal. 

2733 Magnitude Drift -5ppm of FS < Drift < +5ppm of FS 

P038 lOOkR Standard Resistor Value 
Ohms Current: 100pA. DCV Range: 10V. No. of Readings: 8 Discarded; 8 Processed. 

2734 Noise Standard Deviation S 2ppm of FS 

2735 Magnitude 98kR < Magnitude C 102kR 

Dig. Value Drift 
Digital comparison of the present Value against that recorded at the most-recent Internal Source Cal. 

2736 Magnitude Drift 0,999,750 < Drift Ratio C 1,000,250 

Standard Resistor Ratio 

Dig. Value Drift 
Digital comparison of the ratio between the present 1OOkR and 1 kR Values against the corresponding ratio recorded at the 
most-recent calibration. 

2737 Value-Ratio Drift -100 X 10-6 < Drift < +l00 X 10-$ 



Section 2 - Fault Diagnosis 
2.6.1 2 Ohms Tests 

Test Setup Model 

A-D ] Converter 

I 
Ohms Ranges. 2.6.12: 1OOQ Range - Simplified Test Setup Diagram 1 

- - d 

Volume 2 References 

Ohms Current Source 1 11.6-2 1 Ohms Current Switching 

Measurement of 100R Range 
via DC Voltage Ranges 
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List of Ohms Measurements 

l ODll Range 

P039 lOOQ Range True Zero (Measured using the 1 V DC Range) 
Ohms Current: True Zero (1 0mA selected). Standard Resistor: l kQ. DCV Range: 1V. 
No. of Readings: 4 Discarded; 8 Processed. 

2741 Noise Standard Deviation r; Sppm of FS 

2742 Magnitude -4Oppm of FS c Mean Magnitude c c40ppm of FS 

Dig. Zero Drift 
Dig~tal comparison of the present Zero Magnitude against that recorded at the mast-recent Internal Source Cal. 

2743 Magnctude DrlH - 15ppm of FS C Drift c +15ppm of FS 

P040 loon Range Zero (Measured using the 10V DC Range) 
Ohms Current: True Zero (1 0mA selected). Standard Resistor: I kR. DCV Range: 1 OV. 
No. of Readings: 4 Discarded; 8 Processed. 

2751 Noise Standard Deviation r; 3ppm of FS 

2752 Magnitude -50ppm of FS c Mean Magnitude < +50ppm of FS 

P041 lOOQ Range Gain (Measured using the 10V DC Range) 
Ohms Current: 10mA. Standard Resistor: l kR. DCV Range: 10V. 
No. of Readings: 4 Discarded; 8 Processed. 

2753 Noise Standard Deviation 3ppm of FS 

2754 Magnitude 96R c Mean Magnitude c 1040 

Dig. Gain Drift 
Digital comparison of the present Gain Magnitude against that recorded at the most-recent internal Source Cal. 

2755 Magnitude Drift 0.999,750 < Drift Ratio < 1.000,250 

P042 1000 Range True Zero (Measured using the 1 OOmV DC Range) 
Ohms Current: True Zero (l mA selected). Standard Resistor: IkR. DCV Range: 100mV. 
No. of Readings: 4 Discarded; 8 Processed. 

2761 Noise Standard Deviation 5 15ppm of FS 

2762 Magnitude -200ppm of FS < Mean Magnitude < +2OOppm of FS 

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

2763 Magnitude Drift -100ppm of FS < Drift < +100ppm of FS 



Section 2 - Fault Diagnosis 
2.6.1 2 Ohms Tests (Contd.) 

Test Setup Model 

> 

kQ Selected for all 1kQ 8 1OkQ Jests 

lWmVDC Range: 
Path ways P043 8 P046. 
Error Codes 2771 -3 8 280 7 -3. 

Ohms Current: 1O@A for Parhway P045. 
E m r  Codes 2791 -3. 

Ohms Current: 1 q ~ 4  for Pathway P046. 
E m r  Codes 2801.3. 

Ohms Ranges. 2.6.12: IkR and l O k R  Ranges - Simplified Test Setup Diagram 

Volume 2 References 

Ohms Current Source 1.6-2 1 Ohms Current Switching 

l 
Measurement of l kR & 10kQ Ranges ! 11.2-2 i 
via DC Voltage Ranges L A  
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List of Ohms Measurements (Contd.) 

l kS2 Range 

P043 l kR Range True Zero (Measured using the 1 V DC Range) 
Ohms Current: True Zero (I mA selected). Standard Resistor: I kC2. DCV Range: 1 V. 
No. of Readings: 4 Discarded; 8 Processed. 

2771 Noise Standard Deviation 5 5ppm of FS 

2772 Magnitude -40ppm of FS < Mean Magnitude < +4Opprn of FS 

Dig. Zero Drift 
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Inte:rial Source Cal. 

2773 Magnitude Drift -l 5ppm of FS < Drift +15ppm of FS 

P044 l kS2 Range Gain (Measured using the 1 V DC Range) 
Ohms Current: I rnA. Standard Resistor: IkR. DCV Range: l V. 
No. of Readings: 4 Discarded; 8 Processed. 

2781 Noise 

2782 Magnitude 

Standard Deviation S Sppm of FS 

960R < Mean Magnitude < 1040S2 

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 c 1.000,250 

10kR Range 

P045 10kR Range True Zero (Measured using the 1 V DC Range) 
Ohms Current: True Zero (1 00pA selected). Standard Resistor: I kR. DCV Range: 1 V. 
No. of Readings: 4 Discarded; 8 Processed. 

2791 Noise 

2792 Magnitude 

Standard Deviation S 5ppm of FS 

-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 -1 5ppm of FS < Drift < +15ppm of FS 

P046 10kR Range True Zero (Measured using the 100mV DC Range) 
Ohms Current: True Zero (1 0pA selected). Standard Resistor: l k(2. DCV Range: 100mV. 
No. of Readings: 4 Discarded; 8 Processed. 

2801 Noise Standard Deviation 5 15ppm of FS 

2802 Magnitude -200ppm of FS c 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 Magnitude Drift -100ppm of FS c Drift c +100ppm of FS 



Section 2 - Fmlf Diagnosis 
2.6.1 2 Ohms Tests (Contd.) 

Test Setup Model 

(- 

1 
Ohms Ranges. 2.6.12: 100k-Q Range - Simplified Test Setup Diagram J 

Volume 2 References 

Ohms Current Source 1 11.6-2 Ohms Current Switching 

Measurement of 100kR Range 
via DC Voltage Ranges 



Se~tion 2 - Fault Diagnosis 
-- .... . - - . --- - -- - 

List of Ohms Measurements (Contd.) 

100kS2 Range 

P047 l O O k n  Range True Zero (Measured using the 100mV DC Range) 
Ohms Current: True Zero (1pA selected). Standard Resistor: 100kQ. DCV Range: 100mV. 
No. of Readings: 4 Discarded; 8 Processed. 

2811 Noise Standard Deviation l5ppm of FS 

2812 Magnitude -2508 c Mean Magnitude < +25012 

Dig. Zero Drift 
Digital comparison of the present Zero Magnitude against that recorded at the most-recent lnternal Source Cal. 

2813 Magnstude Dnft -1DOpprn of FS e Dr~ft C +100ppm of FS 

P048 lOOkn Range Gain (Measured using the 100mV DC Range) 
Ohrns Current: I FA. Standard Resistot. 100kR. DCV Range: 100n7'v'. 
No. of Readings: 4 Discarded; 8 Processed. 

2821 Noise Standard Deviation s 15ppm of FS 

2822 Magnitude 96k8 < Mean Magnitude 104kQ 

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

2823 Magnitude Drift 0,999,650 < Drift Ratio < 1,000,350 
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2.6.1 2 Ohms Tests (Contd.) 

Test Setup Model 

( 3, 
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Ohms Ranges. 2.6.12: l MC2 Range - Simplified Test Setup Diagram 
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List of Ohms Measurements (Contd.) 

l MC2 Range 

P049 lMS1 Range True Zero (Measured using the 10V DC Range) 
Ohms Current: True Zero (1 0pA selected). Standard Resistor: 100kSZ. DCV Range: 1 OV, 
No. of Readings: 4 Discarded; 8 Processed. 

2831 Noise 

2832 Magnitude 

Standard Deviation $ 3ppm of FS 

-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 lnternal Source Cai. 

2833 Magnitude Dr~ft -5ppm of FS c Drrft C +5ppm of FS 

P050 1MR Range Zero (Measured using the 1 V DC Range) 
Ohms Current: True Zero (1 0pA selected). Standard Resistor: 100kR. DCl' Range: ?V. 
No. of Readings: 4 Discarded; 8 Processed. 

2841 Noise Standard Deviation I 5ppm of FS 

2842 Magnitude -5Oppm of FS c Mean Magnitude < +50pprn of FS 

P051 1MR Range Gain (Measured using the 1V DC Range) 
Ohms Current: 1 OVA. Standard Resistor: 100kR. DCV Range: 1 V. 
No. of Readings: 4 Discarded; 8 Processed. 

2843 Noise 

2844 Magnitude 

Standard Deviation 5 5ppm of FS 

960W < Mean Magnitude < 1040kR 

Dig. Gain Drift 
Digital comparison of the present Gain Magnitude against that recorded at the most-recent lnternal Source Cal. 

2845 Magnitude Drift 0,999,750 a Drift Ratio 1.000,250 

P052 1MR Range True Zero (Measured using the 100mV DC Range) 
Ohms Current: True Zero (1 00nA selected). Standard Resistor: 100WI. DCV Range: 100mV. 
No. of Readings: 4 Discarded; 8 Processed. 

2851 Noise Standard Deviation I 15ppm of FS 

2852 Magnitude -250R < Mean Magnitude < +250R 

Dig. Zero Drift 
Digital comparison of the present Zero Magnitude against that recorded at the most-recent lnternal Source Cal. 

2853 Magnitude Drift -1 00pprn of FS < Drift < + l  00pprn of FS 

P053 l MR Range Gain (Measured using the 100mV DC Range) 
Ohms Current: l OOnA selected. Standard Resistor: 100kR. DCV Range: 1 OOmV. 
No. of Readings: 4 Discarded; 8 Processed. 

2861 Noise Standard Deviation 5 15pprn of FS 

2862 Magnitude 96kR < Mean Magnitude < 104kR 

Dig. Gain Drift 
Digital comparison of the present Gain Magnitude against that recorded at the most-recent lnternal Source Cal. 

2863 Magnitude Drift 0,999,000 Drift Ratio < 1.001,000 



Section 2 - Fauif Diagnosis 

2.6.1 2 Ohms Tests (Contd.) 

Test Setup Model 

l 
C Ohms Ranges. 2.6.12: 1OMQ Range - Simplified Test Setup Diagram 

-- -- 

Volume 2 References 

Measurement of 10MR Range 
via DC Voltage Ranges 



Section 2 - Fault Diaanosis 
List of Ohms Measurements (Contd.) 

I OMR Range 

P054 10ML2 Range True Zero (Measured using 1pA Ohms Current) 
Ohms Current: Trlle Zero ( I  FA selected). Standard Resistor: 100kR. DCV Range: 10V. 
No. of Readings: 4 Discarded; B Processed. 

2871 Noise Standard Deviation 5 3ppm of FS 

2872 Magnitude -4Qppm of FS a Mean Magnitude c +40ppm of FS 

Dig. Zero Drift 
Dtgitai cornparrson of the present Zero Magn~tude agalnst that recorded at the most-recent internal Soi~rce Cal. 

2873 Magnitude Driil l OOppm of FS .: Drift 4 +l DOpprn of FS 

P055 10MR Range True Zero (Measured using 1 OnA Ohms Current) 
Ohms Ctirrent: Trbe Zero (1 I1nA selected). Sta~dard Resistor: 160kQ DCV Range 1 QV 
No. of Readings: 4 Discarded; 8 Processed. 

2881 Noise 

2882 Magnitude 

Standard Deviation I 15ppm of FS 

-2500 < Mean Magnitude < +2500 

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

2883 Magnitude Drift -100ppm of FS c Drift < +lOOppm of FS 

P056 l OMR Range Gain (Measured using 1 OnA Ohms Current) 
Ohms Current: 1OnA selected. Standard Resistor: 100kR. DCV Range: 1 OOmV. 
No. of Readings: 4 Discarded; 8 Processed. 

2891 Noise 

2892 Magnitude 

Standard Deviation 5 15ppm of FS 

94kR c Mean Magnitude c 106kQ 

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

2893 Magnitude Drift 0,997,500 < Drift Ratio < 1.002,500 



Section 2 - Fault Diagnosis 
2.6.1 3 High Ohms Tests 

Test Setup Model 

Converter m 

Hi Ohms Ranges. 2.6.13: l00M2 and 1 GC2 Ranges - Simplified Test Setup Diagram 

Volume 2 References 

Ohms Current Source 1 1.6-2  1 Ohms Current Switching 

Measurement of 1 OOMR & 1 GR Ranges 
via DC Voltage Ranges 



Section 2 - Fault Diaanosis 
List of Hi Ohms Measurements 

lOOMC2 Range 

P057 10QMS2 Range True Zero 
Ohms Current: True Zero (1 00nA selected). Standard Resistor: 10Okn. DCV Range: 10V. 
No. of Readings: 4 Discarded; 8 Processed. 

2901 Noise Standard Deviation 5 2ppm of FS 

2902 Magnitude -20ppm of FS < Magnitude ..r +20pprn of FS 

Dig. Zero Drift 
Digital cornparlson of the present Zero Magnitude against that recorded at the most-recent Internal Source Cat 

2903 Magn~tude Drrft -100pprn of FS .< Drtft .c +fOpprn of FS 

1 &Q Range 

P058 1 GR Range True Zero 
Ohms Current: True Zero (1 0nA selected). Standard Resistor: 100kR. DCV Range: 10V. 
No. of Readings: 4 Discarded; 8 Processed. 

2911 Noise Standard Deviation S 2ppm of FS 

2912 Magnitude -20ppm of FS .t Magnitude t2Oppm 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 



Section 2 - Fault Diagnosis 

2.7 Fast Selftest 

Reference Ratio Test Setup Model 

Fast Semest 

References 
Ref 

FdMulf~:xer M401 H Converter A-D ] 
2122 

1 

Tests. 2.7.2: Simplified Test Setup Diagram 

Volume 2 References 

Measurement 1 11.2-4 1 



n 2 - Fault Diagnosis - -- --- - . . - -. - -- .. - .... -- - 
List of Memory Tests and Reference Ratio Measurements 

2.7.1 M e t n ~ r y  Tests 

2.7.1 .1 Non-volatile RAM Checksum Errors 
21 00 Primary. 
2101 Secondary, 
2102 Input Zero. 
2103 Frequency. 

2.7.2 Reference Ratio Tests 

P1 29 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 5 60ppm of FR 

2122 Magnitude / Mean Ref zero 1 5 50ppm of FR 

P1 31 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 5 6Oppm of FR 

2132 Magnitude 0.703 X FS 5 Mean Ref 2 5 0.743 X FS 

P1 30 Ref 1 Checks 
Input: Ref 1 to A-D Multiplexer. Measure: via A-D. No. of Readings: 8 Discarded; 16 Processed. 

2141 Noise 

2142 Magnitude 

Standard Deviation S 6Oppm of FR 

0.703 X FS I Mean Ref 1 S 0.743 X FS 

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

2151 Noise 

21 52 Magnitude 

Standard Deviation S 60ppm of FR 

0.9995 X (+FS) C Mean +Ref < 1.0005 X (+FS) 

P1 33 Negative Ref Checks 
Input: -Ref to A-D Multiplexer. Measure: via A-D. No. of Readings: 8 Discarded; 16 Processed. 

2153 Noise Standard Deviation I 6Oppm of FR 

2154 Magnitude 1.0005 X (-FS) < Mean -Ref C 0.9995 X (-FS) 



Section 2 - Fault Diagnosis Fast Selftest 
2.7.3 DC Voltage Tests 

Test Setup Model 

Reference Selection: 
2181E: Off; 221 1-4: -1V; 

2215/6: -1OV; 2281E: +lOV; 
Tests Z 8 1 E  

turn Attenuator ON 

3 r X f -. r \ 

c DC Voltage Ranges. 2.7.3: Simplified Test Setup Diagram 

Attenuator -e- 
Internal 

I ,  I I 

L 

r \ r \ r 7 r \ 

DC 
\ 

High 
Input Volts DC A- D A- D 

Volume 2 References 

Input 

-- - -  - 
I ' -- 

-- W -- - - 

/ - 
Range 

Svr 'crl ng 
1 1 G 0 2  \ -- 2 I I ~ v r  qange .cn ng , 

I 1 678 C~rcu~t 
-- - -  - - 

L a y o ~ t  I I Clrcu~t 
.- I - - -- - J 

Signal 
Bus 

b 

,r 
References used 

71 7, ,, > for normal 
measurement 

Selfcal 
Multiplier 

Stimulus 

Ref Offset References 

Bus , \ * \  b 

Tests 2 18 1/2 h place hard zero 

on INT-SIG-BUS 
INT-SIG-BUS Range Selection: 

Selected 2215/6:10V; 2211-4:lV; 
2181R& 2281/2: 100mV: 

1 11.2-2 1 Range Selection 

Select Atten Prearnp Multiplexer 
- 

Converter 



Fast SeMest -- - - -  

List of DC Voltage Measurements 
Sectioion 2 - Fault D~agnosis 

2.7.3.1 True Zera Checks 

P144 lOOmV Range True Zero Checks 
Input: Zera to 100mVDC Range. Measure: via A-D. No of Readings: 8 Discarded; 1 6  Pracessed. 

2181 Noise Standard Deviation S 5pV 

2182 Magnitude -250kV C Mean l OOmV Zero c +250pV 

2.7.3.2 Negative Gain Measurements 
[Offset (Zero) and References] 

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

2211 Noise Standard Deviation I l OmV 

2212 Magnitude -2.5rnV < Mean -1 V Offset .c: +2.5rnV 

P1 43 1V Range -Reference Checks 
Input: -1 V Reference to 1 VDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed. 

2213 Noise Standard Deviation I lOrnV 

2214 Magnitude -1.040V c Mean - l V  Ref c -0.960V 

P1 38 10V Range -Reference Checks 
Input: -1 0 V  Reference to 1 OVDC Range. Measure: via A-D. No of Readings: 16 Discarded; 8 Processed. 

2215 Noise Standard Deviation 5 100rnV 

2216 Magnitude -10.2V C -lOV Ref c -9.4V 

2.7.3.3 Positive Gain Measurements 

P 1  53 100mV Range - Attenuated +l OV Reference Checks 
Input: +l 0V DC via 100:l attenuator to 100mV DC Range. Measure: via A-D. 
No of Readings: 8 Discarded; 16 Processed. 

2281 +100rnV Signal Noise Standard Deviation of +100mV signal I 10pV 

2282 Magnitude 94mV c +100rnV Signal Magnitude c 102rnV 



Section 2 - Fault Diagnosis Fast Selftest 
2.7.4 AC Voltage Tests 

Test Setup Model 

Range Selections: RMS Output via A-D Dkect: 
1VAC: Pathways Pi88 8 P191. Pathway P191. 

(Error Codes 231 112 8 232 112) (Error Codes 232 l / . )  
iOOmVAC: Pathway P206. 

(Error Codes 234 i/2) 

Reference Selections: 
+lVDC: PathwaysPi888PiSi.  \ C '. 

I- l A C Voltage Ranges. 2.7.4.1: Positive Tests - Simplified Test Setup Diagram I 
Volume 2 References 

(Error Codes 23 1 1/2 8 232 1/2) 
+ loom VDC: Pathway P206. A 

Stimulus 

\ a h 

t t, r 'r ,' 
DC V Measurements: 

\ 

AC Preamp Output at AC-CAL-SENSE: L D C A-D A-D 
Pathways P188 8 P206. 
(Error Codes 23 1 112 8 234 112) 

Preamp Multiplexer Converter 
a \ \ 

f . ACV Measurements: 

(Error Codes 234 1/2) 

L 11.2-6 1 Signal Application, Range Selection 
and Prearnp Output Sensing 

References Selfcal 
INT-SIG-BUS 

Measurement of Prearnp Output via DC i 11.2-2 / RMS Input 
Voltage Ranges LA 

-C 

RMS Output 



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

2.7.4.1 Positive Tests 

1 V AC Range 

P1 88 + l V  DC lnput - Checks at AC Prsamp Output 
Input: +l VDC to AC Prearnp set to 1 VAC Range. 
Measure: Prearnp Output using 1 V DC, Range at AC-CAL-SENSE. 
No. of Readings: 24 Discarded; 8 Pracessed. 

2311 Preamp Output No~se Standard Deviat~on 5 5000ppm of FS 

2312 Preamp Outpirt Magnitude -1.04V s Mean Signal c -0 96V 

P1 91 +1V DC rnput - Checks at RMS Converter Output 
Input: + I  VDC to AC Prearnp set to 1 VAC Range. Measure: RMS Output via A-D. 
No, of Readings: 24 Discarded; 8 Processed. 

2321 +RMS Output Noise Standard Deviation 5 5000pprn of FS 

2322 +RMS Output Magnitude +0.96V < Mean Signal < +l .04V 

100mV AC Range 

P206 +l OOmV DC lnput - Checks at AC Prsamp Output 
Input: +l 00rnVDC to AC Prearnp set to 100rnVAC Range. 
Measure: Prearnp Output using l V DC Range at AC-CAL-SENSE. 
No. of Readings: 24 Discarded; 8 Processed. 

2341 Preamp Output Noise Standard Deviation 5 5000pprn of FS 

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



Section 2 - Fault Diagnosis 
2.7.4 AC Voltage Tests (Contd.) 

Test Setup Model 

Fast Selftest 

Reference Selections: 

DCV Measurements: 
AC Preamp Output at 

Range Selections: 
1VAC: Pathways P190 & P192. 

(Error Codes 2421/2 & 243 1/2) 
10VAC: Pathways P017& P196. 

(Error Codes 2471/2) 
10OVAC: Pathway P200. 

(Error Codes 249 1/2) 
1kVAC: Pathway P204. 

(Error Codes 251 1/2) 

i 
ACV Measurements: 
RMS Output via A-D Direct: 
Pathway P192. 
(Error Codes 243 1/2) 

( AC Voltage Ranges. 2.7.4.2: Negative Tests - Simplified Test Setup Diagram 
P- ---p J 

Volume 2 References 
-- - - . - - - . . . - - . . . .. - - 

1 - -  7 
... . . . . . -. 

.. ---l 
f- T60 1 

.\ 
/ -, 

K6C34 8 ' : AC C?. 

sac "9 .l ~ r a n s -  j Sense 

10rner 
\ . .L 

_. 

R-1C3 R-'Cl, l Layout C;rcuit -;I:cil-- 
-. 

Stimulus 1 11.2-6 Signal Application. Range Selection 
- -  and Prearnp Output Sensing 

Measurement of Preamp Output 
via DC Voltage Ranges 

1 11.2-2 1 RMS Input 1 11.5-2 1 

RMS Output 11.5-3 1 



Fast Self;fest - - - - - 

List of AC Voltage Measurements (Contd.) 

2.7.4.2 Negative Tests 

1V AC Range 

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

2421 Prearnp Output Noise Standard Deviation 5 5000ppm of FS 

2422 Preamp Output Magnitude t0.96V < Mean Signal c1.04V 

P1 92 - l V  DC lnput - Checks at RMS Converter Output 
Input: -1VDC to AC Preamp set to 1 VAC Range. Measure: RMS Output via A-D. 
No. oi Readings. 24 Discarded; S Processed. 

2431 RMS Output Noise Standard Deviat~on 5 5000ppm of FS 

2432 -RMS Output Magnitude 0.95V c Mean S~gnal < 1.05V 

IOV AC Range 

P01 7 Settling Time 
Input: -1 OVDC to AC Preamp set to 1 OVAC Range. 
Measure: Preamp Output using 1 V 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) 

P1 96 -10V DC lnput - Checks at AC Preamp Output 
Input: -1 OVDC to AC Preamp set to 1 OVAC Range. 
Measure: Prearnp Output using 1 V DC Range at AC-CAL-SENSE. 
No. of Readings: 24 Discarded; 8 Processed. 

2471 Preamp Output Noise Standard Deviation 5 5000ppm of FS 

2472 Preamp Output Magnitude +0.94V <: Mean Signal < + l  .02V 

100V AC Range 

P200 -10V DC lnput - Checks at AC Preamp Output 
Input: -1 OVDC to AC Preamp set to 100VAC Range. 
Measure: Preamp Output using l OOrnV DC Range at AC-CAL-SENSE. 
No. of Readings: 24 Discarded; 8 Processed. 

2491 Prearnp Output Noise Standard Deviation 2 5000pprn of FS 

2492 Preamp Output Magnitude +94mV < Mean Signal < clO2mV 

l kV AC Range 

P204 -10V DC lnput - Checks at AC Preamp Output 
Input: -1 OVDC to AC Preamp set to 1 kVAC 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 2 5000ppm of FS 

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



Section 2 - Fault Diagnosis Fast Selftest 
2.7.5 DC Current Tests 

Test Setup Model 

Referenoe Voltage 

a-REF References 1 

C DC Current Ranges. 2.7.5: Simplified Test Setup Diagram 1 
-- -p -- 2 

Volume 2 References 

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

Current to Voltage Converter 
Inputs and Sensing 

1 11.7-1 J Measurement of Shunt Voltage 
via DC Voltage Ranges 



Fast Semes t - - - -- - - - - - - - Sect~on - --- --p--- 2 - Fault - Diagnosis - --- 

List of DC Current Measurements 

l OmA BC Range 

P212 Gain Checks 
Inputs: 1 OmA Ohms Current via LOW-SENSE; 10mA Selfcal Current Selected. 
Measure: 1 OrnA DC Range Shunt value using 10052 Normal Qhms Range. 
No. of Readings: 4 Discarded; 8 Processed. 

2531 Range Gain Noise Standard Deviation S 0.5% of FS 

2532 Range Galn Mag~!tude +FR - 2% Mean Magnitude C +FR + 2% 

l OOmA DC Range 

P21 4 Gain Checks 
Inputs: 10mA Ohms Current via LOW-SENSE; 1 OOmA Selfcal Current Selected. 
Measure: 100mA DC Range Shunt value using 100R Normal Ohms Range. 
No. of Readings: 4 Discarded; 8 Processed. 

2551 Range Gain Noise Standard Deviation S 0.5% of FS 

2552 Range Gain Magnitude +O.1 FR - 2% c Mean Magnitude < +O.lFR + 2010 

1 A DC Range 

P216 Gain Checks 
Inputs: 10mA Ohms Current via LOW-SENSE; l A Selfcal Current Selected. 
Measure: 1 A DC Range Shunt value using 100R Normal Ohms Range. 
No. of Readings: 4 Discarded; 8 Processed. 

2571 Range Gain Noise Standard Deviation r; 0.5% of FS 

2572 Range Gain Magnitude +O.Ol FR - 4% c Mean Magnitude < +O.O1 FR + 4% 

l mA DC Range 

P21 8 Gain Checks 
Inputs: 1 mA Ohms Current via LOW-SENSE; 1 mA Selfcal Current Selected. 
Measure: 1 mA DC Range Shunt value using 100R Lol Ohms Range. 
No. of Readings: 4 Discarded; 8 Processed. 

2591 Range Gain Noise Standard Deviation 5 0.5% of FS 

2592 Range Gain Magnitude +FR - 20% < Mean Magnitude < +FR + 2% 

l OOpA DC Range 

P220 Gain Checks 
inputs: 1 OOpA Ohms Current via LOW-SENSE; 1 OOpA Selfcal Current Selected. 
Measure: 100pA DC Range Shunt value using l kR Lol Ohms Range. 
No. of Readings: 4 Discarded; 8 Processed. 

2611 Range Gain Noise Standard Deviation I 0.5% of FS 

2612 Range Gain Magnitude +FR - 2010 < Mean Magnitude < +FR + 2% 



Section 2 - Fault Diagnosis Fast Seiffest 
2.7.6 Resistor Ratio Tests 

Test Setup Model 

f --- 

l OOkR Resistor Tesoi: 
l 0  VDC Range 
Pathway P166 
Error Codes 27346 

Converter U 

l0OkQ Standard Resistor. 2.7.6: Simplified Test Setup Diagram ,) 

Volume 2 References 

Ohms Current Source 1 1 . 6 2  1 Ohms Current Switching 

Measurement of 100kR Standard Resistor 
via DC Voltage Ranges 



Fast Selftest - - - -- 

List of Resistor Ratio Measurements 

100W2 Standard Resistor 

P1 66 100kR Standard Resistor Value 
Ohms Current: 100pA. DCV Range: 10V. No. of Readings: 8 Discarded; 6 Processed. 

2734 Noise 

2735 Magnitude 

Standard Deviation c- 5OOpprn of FS 

98kR < Magnitude < 102kR 



Section 2 - Fault Diagnosis 

2.7.7 Ohms Tests 
Fast Selflest 

Test Setup Model 

S 

C Ohms Ranges. 2.7.7: Simplified Test Setup Diagram 

Volume 2 References 

Measurement of Ohms Ranges 
via DC Voltage Ranges 



Fast Selffest 
List of Ohms Measurements 

l O O S l  Range 

P1 68 10052 Range Zero (Measured using the l0V DC Range) 
Ohms Current: True Zero (1 0mA solecied), Standard Resistor: I kR. DCV Range: IOV. 
No. of Readings: 8 Discarded; 6 Processed. 

2751 Noise 

2752 hnagnitllde 

Standard Dev!at!on 5 250ppm of F S  

-5Opprn of FS < Mean Magnitude .c +50ppm of FS 

'163 lOOSL Range Gain (Meaq!irec! using the 10V DC Range) 
Qhms Cuirer~t 1 9 v A  Standard Resistor ?M> OCV Range 7 6?/ 
NO of Read~nqs 8 Discarded 6 Processed 

2753 No~se Standard Deviat~on 5 250ppm of FS 

2754 Magnituoe 9611 ..; Mean Maynit~icie c ?04L2 

l k!Z Range 

Pi  72 1 kR Range Gain (Measured using the 1 V DC Range) 
Ohms Current: I mA. Standard Resistor: IkSr. DCV Range: 1V. 
No. of Readings: 8 D~scarded; 6 Processed. 

2781 Noise Standard Deviation S 250ppm of FS 

2782 Magnitude 960R < Mean Magnitude < 1040R 

l OOkQ Range 

P176 IOOWZ Range Gain (Measured using the 100mV DC Range) 
Ohms Current: 1 pA. Standard Resistor: 100kR. DCV Range: 100mV. 
No. of Readings: 8 Discarded; 6 Processed. 

2821 Noise 

2822 Magnitude 

1 MR Range 

Section 2 - Fault Biaanosis 

Standard Deviation I 250ppm of FS 

96kn Mean Magnitude 104kR 

P1 79 1 MR Range Gain (Measured using the 1 V DC Range) 
Ohms Current: 10pA. Standard Resistor: 100kR. DCV Range: 1 V. 
No. of Readings: 8 Discarded; 6 Processed. 

2843 Noise Standard Deviation I 250ppm of FS 

2844 Magnitude 960kn < Mean Magnitude < 1040kn 





d Reassembly - - -  

SECTION 3 BlSMANTLlNG AND REASSEMBLY 
'This section corltatns iaf(~mmar!on and inrtrnchons for rhsmantllvg the Dacrttn 2281 to PCB level. Reassembly is generally the reverse 
I>i iii\indnelinig, but ~~ . t lc rc  neLc\\ary, dd(fltl(?iidj 11012\ cFle giicil. 

3.1 General Precautions 

3.1 .l WARNING 
ISOLATE THE INSTRUlalENT FROM THE LINE SUPPLY 
BEFORE ATTEMPTING ANY DISMANTLING OR 
REASSEMBLY. 

3.1.2 CAUTIONS 
1. REMOVAL, OF EITI-IER THE TOP OR BOTTOM 

COVER INVALIDA7! ES TliE MANUFACTURER'S 
CALIBRATION CERTIFICATION. 

2. H,4NDLE TNE INSTRUMENT CAREFULLY WHEN 
PARTIALLY DISMANTLED, TO AVOID SHAKING 
UNSECURED ITEMS LOOSE. 

3. DO NOT TOUCH THJ3 COhTACTS OF ANY PCB 
CONNECTORS. 

4. ENSURE THAT NO WIRES ARE TRAPPED WHEN 
FITTING COMPONENTS, ASSEMBLIES OR COVERS. 

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

3.2 General Mechanical Layout 
Assemhly Drawings in Volume 2, Section 11, pages 11.1-1 to 
11.1. -9; show how the 128 1 is broken down into sub-assemblies. 

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

Six labelled terminals are provided in a block at the left side of the 
panel, for connection to the source being measured. 

Two plasma displays are mounted side-by-side. The left-hand 
display shows the measurement reading, and the activity symbols 
for the keys beneath the screen. The right-hand display presents 
menus as selected by the menu keys below it, showing instrument 
current-status information. 

Two banks of pushbutton switches are provided to control the 
instrument's operation. For each switch, some indication of the 
action of pressing the switch is given on one of the two displays. 

The line power is turned on and off by a toggle pushbutton on the 
extreme right side of the Front Panel. 

3.2.2 Rear Panel 
(All directions viewing fiom the rear of the imtrumenk) 

The Rear Panel Layout is illustrated and described in the User's 
Handbook, Section 2, Page 2-3. 

Selection of Line Voltage and Frequency are described in the 
User's Handbook, Section 2, Page 2-4: 'Preparation for Opera- 
tion'. 

Bench and Rack Mounting methods appear in the User's Hand- 
book, Section 2, Page 2-6: 'Mounting'. 

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



Section 3 - Dismantling and Reassembly 

3.3 Location and Access 

3.3.1 External Construction 
Both the front and rear panels are joined by two side extrusions 
running from front to rear. These extrusions provide slots for the 
handles or rack mounting 'ears'. The bottom cover is fitted with 
the tilt-stand and four rubber feet. Ground screening of the covers 
is provided by aluminium plates fitted to the inside of the covers; 
the main ground connection being made to the rear panel. Each 
cover also has a guard screen which shields the sen5itive input 
circuits from common-mode disturbances; these connect to the 
guard enclosure in the h n t  partition to form an effective guard 
box. The top cover guard screen is partly cut away to enhance 
internal air circulation. 

3.3.2 Internal Construction 
Inside the covers, mechanical strength is provided by the two side 
extrusions, separated and secured by two cross supports - the rear 
panel plate, and a similar plate at the front - which together form 
a rigid box-section. An internal cross support divides the interior 
of the instrument into front and rear partitions: 

Interior Partitions 
The Rear Partition is occupied by a sub-chassis screwed to 
both the rear panel metalwork and the internal cross support. 
Mains (Line) andLow-Voltage transformers are secured to the 
underside, and external electrical connections pass through 
the rear of the sub-chassis. 

On the upper sub-chassis, nylon slides locate the Digital PCB 
Assembly, which fits at the front into polycarbonate mounts 
on the main cross support and with screws securing the 
assembly to the rear panel metalwork. A Mylar sheet glued to 
the top of the sub-chassis provides insulation for the joints on 
the underside of the digital assembly. External electrical 
connections to the digital assembly pass through the rear panel 
metalwork, which is also used as an additional 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 horizontal plate. 

The DC PCB Assembly is mounted on top of the plate; the 
optional AC, Ohms and Current Assemblies are mounted on 
the underside. The AC Assembly is screwed to the plate, but 
the DC, Ohms and Current Assemblies are 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 
accomodate the front panel components. Externally it is enclosed 
by a structural-foam bezel, complete with display filters, terminal 
labels and apertures for the banks of press-button switches. The 
bezel is secured to the front cross support by two screws at each 
end, which are accessible from the sidesof the instrument once the 
top and hottom r ~ ~ e r s  h2ve her! removed. 

When the bezel is removed: 

The Switch Assembly is mechanically secured to the rear of 
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 OnlOff Switch Assembly is secured by two 
screws to the rear of the right side extrusion, beneath the sub- 
chassis. The switch itself being operated by a cranked 
moulding fitted inside the extrusion slide. The switch action 
is 'Push On - Push Off. 

A rod in the moulding extends to the front of the extrusion, 
where a second cranked moulding connects it to the front panel 
OnIOff pushbutton. The button is a tight push-fit, and not 
cemented to the moulding, so that it does not prevent the bezel 
from being removed. The location of the switch is adjusted so 
that the pushbutton is flush with the bezel when in the 'Off' 
position, and depressed into the bezel when power is switched 
'On'. 

The Display PCB Assembly is screwed to the front cross 
support. It carries the two plasma displays which are viewed 
through the filters in the bezel. A metal screen on the left end 
of the assembly shields the signals on the front panel terminals 
from the high voltage pulses which drive the displays. 

The Front Panel Terminal Assembly is secured by two 
screws to a structural-foam sliding mount which forms part of 
a latching mechanism inside the left side extrusion, with the 
terminals protruding forward of the bezel when required for 
use. 

A rod from the rear of the mechanism connects to a 'Terminal 
Release' button on the Rear Panel. To avoid damage during 
transportation, the terminals are retracted by pressing and 
holding the button in, while pushing the terminal assembly in 
against spring pressure until they are flush with the front of the 
bezel. Releasing the button latches the terminal assembly into 
the retracted position. 

To release the terminals for use, they should be held against the 
spring pressure while pressing the release button, and allowed 
to move forward gently until fully extended. The button is 
then released to secure a latch in the extended position. 



3I4 General Access 
Section 3 - Dismant!ir?g and Reassemi?!j 

1-NSTIRE THAT POWFR IS OFF 
Hccd the Cjeneral Precautions 3.1.1 and 3.1.2. 

If, durlng a procedure, sufficient acce\s has been obtained, then no further di~manklmg is requued. 

3.4.1 Rear Corner Blocks, Top Cover 3.4.2 Rear Corner Blocks, Bottom Cover 

Removal 

Caution! This operauon ~nval~clates the manul;tcturcr'q 
c,tl~brdtlon ccrt~ficallm! 

,i. R C I ~ O I C  each :tf thc tvvo :c31 con.ncn. bltkks h j  undonng it) 
single crosspoint screw. 

b. Release the two spr~ng-loaded screws hnld~ng the cover to 
ihz rcx  panel. 

c .  Slide the cover to the rear until: 
i. The small locating tongue on the rear of the top ground 

shield disengages from the rear panel. 
ii. The cover front flange clears the be~el. 

d. Lift off the cover. 

Fitting 

a. Locate the cover on the top rails of the side extrusions, its 
front flange just behind the bezel. 

b. Press down on the cover and slide i t  forward until: 
i. The cover front flange slides under the bezel. 
ii. The small locating tongue on the rear of the top ground 

shield engages into the rear panel. 

c .  Tighten the two spring-loaded screws to secure the cover to 
the rear panel. 

d. Refit each of the two rear corner blocks by securing its single 
crosspoint screw. 

Removal 
Caution! Thxs opcramn ~nvalldate\ the manufacturcr'i 

calihrd~on ci'rtlfibdtront 

3. Reniovtl each of the t w o  rc:t?.  COP^^:. bli?~Ls by iln:lc[rlg $1' 

single crosspoint screw. 

h. With the instrument mverted, release the two spring-loaded 
screhvs holding ihe Botton? ccver to the rear panel slot. 

c .  Slide the cover to the rear until: 
i. The small locating tongue on the rear of the holtonl 

ground shield disengages from the rear panel. 
ii. The cover front flange clears the bczel. 

d. Lift off the cover, 

Fitting 

a. With the instrument inverted, locate the bottom cover on the 
bottom rails of the sideextrusions, its front flange just behind 
the bezel. 

h. Press down on the cover and slide it forward until: 
i. The cover front flange slides under the bezel. 
ii. The small locating tongue on the rear of the bottom 

ground shield engages into the rear panel slot. 

c .  Tighten the two spring-loaded screws which secure the cover 
to the rear panel. 

d. Refit each of the two rear corner blocks by securing its single 
crosspoint screw. 



Section 3 - Dismantling and Reassembly 

3.4 General Access (Contd.) 

3.4.3 Front Bezel 
Remove rear corner blocks, top and bottom covers: 
3,4,1 and 3.4.2. 

Removal 
(Facing page 11 .l -1,480734 Sh. l )  

a. Retract the front panel Input terminals by pressing and 
holding the rear panel Terminal Release button in, while 
pushing the terminal assembly in against spring pressure 
until they are flush with the front of the bezel. Release the 
button - this latches the terminal assembly into the retracted 
position.. 

b. Remove the four M2.5 X 6mm Pozi-pan screws holding the 
bezel to the side extrusions, each with its two spring washers 
(nylon spacers in early versions). 

c. Gently withdraw the bezel from the body of the instrument, 
taking care to retain the power switch key cap, which is a 
push fit onto its cranked moulding, and comes away with the 
bezel. Do not attempt to prize the Power key cap out of its 
recess before removing the bezel - it detaches easily with the 
bezel. Do not strain the two ribbon cables connecting the 
Switch PCB to the Display PCB. 

Fitting 

Reverse the removal procedure, taking heed of the references 
at each stage. Be careful not to trap any wiring. Before 
finally tightening the four Pozi-pan screws, adjust the 
position of the bezel so that the Power Switch key cap is flush 
with the front panel when in the Offposition, and operate the 
retraction mechanism to ensure that the terminals move 
freely. Tighten down the screws and make a final inspection 
to ensure that the ribbon cable and mechanical elements are 
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. It can be easier to remove 
the Rear panel and Digital board together, and separate the two 
later, than to remove the panel first. Two procedures aregiven, the 
first to remove the panel on its own (in this sub-section), and the 
second io remove the ijigitai assembly (in sub-section 3.5.1). 

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

Removal of Rear Panel Only 
(Facing page 11 .l -3,480736 Sh. 1 )  

a. Remove the eight M3 X 8mm Pozi-pan screws which attach 
the Rear Panel to the sub-chassis and digital assembly. 

b. Remove the four M3 X 8mm Pozi-countersunk screws which 
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 Release button in its slot. 

Reverse the removal procedure, taking heed of the references 
at each stage. Be careful not to trap any wiring. Make a final 
inspection to ensure that the wiring is correctly fitted and 
secured. 



Section 3 - Disrnantlina an0 Reassemblv 

3.5 Su b-Assem bly Removal and Fitting 

3.5.1 Digitail PCB Assembly 

R ~ n i i i v c  rcar corner block$, top anti hottom covcrs: 1.4. l and '3.42, 

St'tnil rhc rtlLirumcni (11 i ~ z  nnrrr~al tipr"I~l jmg'trcrn Enwrc thal the Callbration Enable key is removed from its lock. 

3.5.1 .l Removal aQ combined Rear Panel and 3.5.1.2 Separating the Removed Rear Panel and 
Digital PCB Assembly Digital PCB Assembly 

i:,i~. f !ill\ i ,  iiiii\ i I! ,I. i h t c ~  ?A! ~ ~ i r r t i  i t  uilncctiir su,Lib iroiil 
i'T 1 Pi 2 ~ 4 1 1  I fT 1 am ill2 iruh!. Crclnr iorncr crf thc Dipital. Separation 

t2sicirrhlq liemove tlic five M3 X 8mm1 Po~r-pan screws whlch attach 
'L',);t b hi- i l l  r i i ~ l i c ~ n  so L t ~ i  i~ii a rtTi l.rnyrdnr XCL,  ~l hiil Ihe Rcar Panel to thc Digital i\.;sembly, ,and carefully scpa- 
Ioraics lnlo a r p w  v t  in i l ie f ~ n e ~ l p l u g  ,hroud, ieavtng n tnwll rate the two 
\[or rnrn wiut-h a :rru;ii ~ r r ~ w d r i v ~ r  i~i(h;te C ( L ~  he irr\c-rlcd und 
l+$lsted bo I P ~  er off thr rot k ~ c  P G T L ~ V  Recombination 

b. Carefully remove the three Molzx multiconnector sockets Reverse the separation procedure. 
from PIA, PL5 ant1 PL,h on the right end of the Digital 
4swnhly 

c .  Remove the three M3 X 8mnl POLI-pan screws wh~ch attach 
r h ~  Rear Panel CV thc \ub- tha&.  

d. Rcmove the fijilr M3 X 8mm Pozi-countersunk screws which 
secure the RGW Panel to the side extrusions. 

e. Gently ease the rear panel and digital assembly away from 
the body of thc instrument until it is just clear of the Terminal 
Release button. While holding the button to one side to clear 
the components on the digital assembly, carefully slide the 
combined rear panel and digital assembly to the rear, and 
remove. 

Fitting 

a. Locate the Digital Assembly PCB into the nylon slides fitted 
to the sub-chassis. 

b. 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 
polycarbonate mounts on the cross support. Ensure that the 
right upperrear countersunk screw is fittedinto theeyeof the 
bonding strap for the digital assembly heatsmk, to trap it 
between the rear panel and side extrusion. Be careful not to 
trap any other wiring. 

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



Section 3 - Dismantling and Reassembly 

3.5 Su b-Assembly Removal and Fitting (Contd.) 

3.5.2 Display PCB 

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

Remove the Front Bezel: 3.4.3. 

Removal 
(Facing page I1 .I -3,480734 Sh. 1 )  

a. Disconnect the two eight-way ribbon connectors from PL22 
and PL23 (From the Switch Assembly in the Bezel) on the 
front of the Display PCB. Note the correct positions for later 
return (See also the facing page 11.8-1,480744 Sh. l )  

b. Remove the Bezel and Switch Assembly. 

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

d. Disconnect the two 3M ribbon connectors from PL20 and 
PL21 on the front of the Display PCB. 
Note: The 3M ribbon socket has a rectangular key, which 
locatesinto a recess in the fkedplug shroud, leaving a small 
slot into which a small screwdriver blade can be inserted and 
twisted to lever off the socket easily. 

e. Remove the Three M3 X 8mm Pozi-pan screws which attach 
the Display Assembly to standoffs on the Front Panel 
metalwork. 

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

Fitting 

3.5.3 Front Panel Switch PCB Assembly 

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

Remove the Front Bezel: 3.4.3. 

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

a. Lay the Bezel face down, so that the rear of the Switch 
Assembly is accessible. 

b. Remove the twoh.13 X 6mm screws, each with its shakeproof 
and plain washer, which attach the assembly to the bezel at 
the right end of the switch =sembly. 

c. 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 across the rear of 
the assembly. 

d. Carefully lift the switch assembly, complete with key caps, 
from the bezel. The key caps should slideeasily through their 
two apertures. 

Fitting 

Ensure that the key caps are correctly fitted. Reverse the 
removal procedure. Make a final inspection to check that the 
key caps are correctly oriented. 

Reverse the removal procedure. Be careful not to trap any 
wiring. Make a final inspection to ensure that the wiring and 
ribbon cables are correctly fitted and secured. 



Remove rear corner blocks, lop rind ho~iorn covcrs: 
3.4.1 and 1.4.3. 

Reniove the Front Bedel: 3.4.3. 

Remove r ~ 3 r  corfier blocks 2nd top c o v x  7:f ! 

Removal 
(Pngc I I . I - ? ,  4s90734 S/$. 2 )  

. '  t i<. i / ig page: i i .2 - l .  1807.?X Sh. I )  
Removal 
{Facing page l i.1-1, Drawlng 4807-?4 Sh. 1 )  
(Facing page I 1  . I -9 ,  Drawing 480770 Sh.  1 )  
(Fczi-ing page i l .2- 1 ,  Drr~wing 480738 C;iz I ' 

Stnnd the r~lstruiilcr~t 111 rh rionna1 uprlgllt pr)\rllori. 

Kcrr-,ove tlie X.13 Poyi-pan screw which i1113chc< ~ 1 1 ~  'Tcr~rt!!,;l 
As.;t.rril!!?- flexibic PI'R r!, :hc fr-nnr ki'i c j l  lhi. T3C I)< ' H  

Stand the instrument in its normal upr~ght pn\ition 

Remove thc M3 POLI-pan screw u h~ch attache, theTenn~iial 
t2~~111bl)  fle~iblr: PCR to t h ~  friirili k l i  i f i ~  !>C Pi'EZ I_)LSCO~~IL"C~ iht .in? r ~ l t l ~ ~ ~  i , i t t i~*  k\;>:L.ii l ~ o l l i  PL 3 ,)n i l , ~  

Dipriil TT13 ,'lhsc cable i.1 iol~icrcJ ,It ifii: DC' F'C't3 :n,i J-. 

PL 1 l 0) 
Dicconncct the flexible pcb from T'L100j101 / l02 nn !tic F)(' 
PCB. 

Remove the two M2.5 x Gmm Pea-c ,h szrcv,s H hich atcich 
the terminal assembly to the retraction ~nc~ti,inism w ~ i h o u l  
kinkmg. 

Disconr~cc!. the rhrce 3hT nbl~orr crih!~" S O C ~ ? ~ ; ;  fion: P1 i ( $ 5  
PI, 107 and PI, 1 :F) on ehc 1JC PCU. 

Disconnect the Molex cable socket from PL103 on the L)C 
PCB. Remove the terminal assembly, carefully feeding the 

flexible PCB through the hole in the Gont panel metalwork. Disconnect the 'Channel A Input' htolex cable sockets Srorn 
PL150/15 1/152 at the left rear of the DC PCB. Notc thc 
positions of these cables for correct refitting later. Fitting 

Reverse the removal procedure, being careful to avoid 
kinking the flexible PCB when threading it through the hole. 

Disconnect the 'Channel B Input' Molex cable sockets: from 
PL160/161/162 in front of the Channel Aplugs at the leftrear 
of the DC X B ,  Note the positions of these cables for correcl 
refitting later. 

When refitting the bezel, it may be necessary to adjust the 
position of the assembly to ensure free movement of the 
retraction mechanism. Disconnect the Molex cable sockets from PL120/121/122 at 

the center front of the DC PCB (AC PCB Assembly 
connections). 

Disconnect the Molex cable sockets from PL130/131/132 at 
the center-right front of the DC PCB (Ohms PCB Assembly 
connections). 

Disconnect the Molex cable sockets from 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 are laid around the DC PCB and connected to two 
plugs: PL l l l and PL 143 on the DC PCB. Disconnect the 
sockets at these plugs also. 

Release the DC PCB Assembly by lifting the eleven black 
Nylatch press fasteners. 

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

Fitting 

Reverse the removal procedure, being careful not to trap any 
wiring. Make a final inspection to ensure that the cable 
sockets are connected to the correct plugs, paying particular 
attention to the 'Channel A Input' and 'Channel B Input' 
sockets. 



Section 3 - Cisnaniling aild Reassembly 

3.5 Sub-Assembly Removal and Fitting (Contd.) 

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

PCB Assembly) is secured to four nylon pillars which 
ihernselves attach the AC PCB to the guard box. The shield 
must therefore be removed to access these pillars, before 
removing the PCB. 

Remove rear corner blocks and bottom cover: 3.4.2. 

Removal 
{Page 11 .l -1,480734 Sh. 2 j 
(Facing page 11.5-1,480741 Sh. 1 )  

a. Ensure that the instrument is inverted. 

b. Disconnect the 3Mribbon cable socket from PL33 at the rear 
of the AC PCB. 

c. Disconnect the Molex cable sockets from PL,30/3 1/32 at the 
front of the AC PCB. 

d. Remove the eight M3 Pozi-countersunk screws which attach 
the Guard shield. 

e. Using a widc-bladed screwdrivcr, 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). 

f. 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 

3.5.7 Ohms PCB Assembly 

Remove rear corner blocks and bottom cover: 3.4.2. 

Removal 
(Page 11 .l -1,480734 Sh. 2)  
(Facing page 11 .6-1,480742 Sh. 1 )  

a. Ensure that the instrument is invcrted. 

b. Disconnect the 3Mribbon cable socket from PL43 at the rear 
of the Ohms PCB. 

c. Disconnect the Molex cable sockets from PL40/41/42 at the 
front of the Ohms PCB. 

m. Release the Ohms PCB Assembly by lifting the five black 
Nylatch press fasteners. 

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

Fitting 

Reverse the removal procedure, being careful not to trap any 
wiring. 

Reverse the removal procedure, being careful not to trap any 
wiring. 



Sectlon 3 - Dismantling and Reassembly 

Mechanism 
3.5.8 Current F"CB Assembly I t  is not recommended that this mechanism be adjusted, removecl 

or replaced except by Datron's service representatives, as it 
Rcmovc rcar cotner b lo~ks  slid bottom covcr: 3.4.2. entails extcnsivc dismantling. 

Removal 
(Page 11.1 -1,480734 .Yh. 2) 
(Facrng page / I .  7- I ,  48074.3 Sh. 1 )  

a. Ensure that tile inssnlnlent 1s ~nvertcd. 

h .  Disconnect tile 3M r~blwn cable socket from P1,4.; at the rcar 
of thc Curacrll ISCR 

c. Disconnect thc h?oTcx cabic sockets from PL50/51/52 at Ihe 
front of the C:urrent PC-B. 
Note: !R early instr;:nrenE, tT.vo ily !ads fron: the Current 
Assembly are l a d  around the DC PCB and connected to PL 
l I l 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. 

m. Release the Current PCB Asrcmbly by lifting the five black 
Nylatch press fasteners, 

n. Gently lift the Current FCB Assembly (and the two fly-leads 
and sockets if fitted) out of the Guard Box, taking care not to 
damage my  cables or components, and remove. 

Fitting 

In the unlikely event of mechanical failure, contact your nearest 
Datron Service Center (a list of representatives is givenat the back 
of this handbook). 

Reverse the removal procedure, being careful not to trap any 
wiring. 



Sectier! 3 - Dismant!jng and Reassembly 

3.7 Transformer Assemblies 

3.7.1 Mains Transformer Assembly 
(This Assembly includes the Power Switch and Voltage Selector Switch) 

N.B. To fit a mains tranrsformer after removal, an M3 torque spanner capable of setting to 4Nm is required. 
For early versions: to refit requires a length of double-sided adhesive tape. 

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

Remove the Rear Panel: 3.4.4. 

Removal 
(Page 11 .l -1,  Drawing 480734 Sh. 2 )  
(Facing page 11 . l -4 ,  Drawing 480737 Sh. l )  
(Page 11 .l -5, Drawing 480737 Sh. 4 )  
(Facing page l l .l -8, Drawing 480749 Sh. 1 )  
(Facing page 11.4-1, Drawing DA400901 Sh. 1)  

a. Ensure that the instrument is inverted. 1. Slide back the sleeves on the blue andbrown leads which are 

b. Idenufy the Mains Transformer, Power Switch and Voltage connected to the two end tags of the power switch. Note the 

Selector Switch, in the right end of the sub-chassis at the rear positions and unsolder the leads from the tags. 

of the instment. m. 'Identify the Voltage Selector Switch located at the rear of the 

c. Identify the greenlyellow ground bonding lead from the sub-chassis. Remove two M3 X 8mm Pozi-countersunk 

mains transformer to the bonding point between the power screws, nuts and washers which secure the switch to the sub- 

input plug and the power fuse, on the sub-chassis. chassis. 

d. Remove the nut from the bonding point and remove the n. Remove the two switches and the mains transformer. 

green/yellow lead identified in (c) above. Replace the nut to 
retain the other bonding leads. Fitting 

e. Turn the instrument to its upright position and disconnect the 
Molex socket of the mains transformer cable from PL5 (A & 
B) on the Digital PCB Assembly. Carefully feed the cable 
and socket back through the gap at the end of the sub-chassis, 
to the same side as the mains transformer. 

f. Return the instrument to its inverted position. 

g. Remove the two M3 nuts and shakeproof washers which 
attach the mains transformer to the sub-chassis studs. 

Note: In early versions the tran.$orrner is'secured using long M 3  
countersunk screws, which are inserted from the upper side of the sub- 
chassis, and screwed into nuts encapsulated in epoxy resin in the 
traqformer body. Access to the screwheads ismore diflcult in this care, 
as the digitalassembly and the insulating card on the upper swface of the 
sub-chassis must be removed to expose the screwheads. Double-sided 
adhesive tape is required to secure the card afrer refitting a mains 
transformqr. 

h. Tip the instrument fo stand on its right side and remove the 
mains transformer, laying it down on the bench so that the 
remaining wiring is not strained. 

j. Identify the Power Switch assembly located in the slider of 
the right side extrusion. Remove two M3 X 8mm Pozi- 
countersunk screws which secure the backplate to aretaining 
plate inside the extrusion slide. 

k. Lever the white operating bar of the power switch out of its 
cranked slider, and remove the switch. 

a. Reverse the dismantling procedure. Pay particular attention 
to the following points: 
i. Solder the blue and brown leads to the correct power 

switch tags as noted in (I), and push the sleeves down to 
cover the joints completely. 

ii. To assist the positioning of the power switch retaining 
plate correctly in h e  right extrusion slide, stand the 
instrument on its right side. After securing the switch 
assembly to the retaining plate, ease off the screws and 
set the switch tooff. Adjust the fore-and-aft position by 
sliding the whole mechanical assembly until the key cap 
is flush with the surface of the front panel bezel. 
Retighten the screws and recheck the key cap 
alignment. 

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

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

v. For some early versions, double-sided adhesive tape is 
required to secure the insulating card on the upper 
surface of the sub-chassis after refitting a mains 
transformer. 

vi.  Carry out a final inspection to ensure that the 
component? are correctly fitted. Check that the wiring 
is set in the correct routing, is not trapped, and the 
connections are mechanically secure. 



nthng and Reassernbiy 

3.7.2 Law Voltage Transformer Assembly 
,V.B 7'0 f i t  a low volfuge tran.florrncr (zjicr rrrnovnl. trn A43 rorcjue sputner c-iipiiblc ofsctt infi f i ,  .?.Ym r.r ri!qiri;r-~d. 

For carly versions: 10 relit requires a li,ngth oj'iio~~hlc-sided izdhe.siile tupe. 

Kenrove rear corner block$, top and bcr!tcrm ~ o ~ j c r ~  3.4.1 and '3.3.2. 

Removal 
(Page 11 .l -1, Drawzng 4807.34 Sh. 2 )  
11'  rig pczgt' 11.1-4, Drawrtig 4807.37 Sit il 
(Pagc l 1  1-5, Drawing 480737 Sit. 4 )  
(1- mrng page 11 .l -H, Draitrng 380749 Sh. l )  
( F a ,  !i?gpagr I! 4-2, Drawing DAdOO9O7 T h  I ) 

a. Ensure that the instrument is inverted. 

b. Identify the Low Voltage Transformer in the cenrer of the 
sub-chassis at the rear of the instrument. 

c.  Identify the greedyellow ground bonding lead from the low 
voltage transformer to the bonding point between the power 
input plug and the power fuse, on the sub-chassis. 

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

e. Turn the instrument to its upright position and disconnect the 
Molex sockets of the two low voltage transformer cables 
from PL5 and PL6 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. 

f. Identify the two white 'guard' bonding leads from PL103 at 
the rear of the DC PCB to the two rivetted bonding points on 
the rear of the guard box and the tongue of its horizontal 
screen. 

g. Disconnect the Molex socket of the low voltage transformer 
cable from PL103 on the DC PCB Assembly. 

h. On the free socket, use a miniature screwdriver to extract the 
two pins of the leads identified 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, providing it has not 
been strained, the latch tongue will snap into place when 
the pin is pushed home. 

j. 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. 

k. Ke~urn the instrurnent to ifs 1111 erteci positii)!l. 

I .  Releaseoneendof theperspex cableretainer, by presslrig the 
peg in the ccntcr of the plastic split pin and M, itlldraalrng tl i i :  

L l ~ -scL lL l -  p m  Llf t the cabi,: m c l  sockcl out of UIC ~ u : o u ~ ,  (irr i - - 
the retainer in positlon using the spl~t  pin. 

m. Remove the two M3 nuts and shakeproof washcrs which 
attach the low voltage transformer to the sub-chassis studs. 

Note: In early versions the tran$ormer is secured usirig long A13 
countersunk screws, which are inserted from ihe upper side of the sub- 
chassis, and screwed into nuts encapsulated in epoxy resin in the 
transformer body. Access to the screwheads is more dificuit in this case, 
as  the rear panel, the digital assembly, and the insulating card on the 
upper surface of the sub-chassis must be removed to erpose the 
screwheads. Double-sidecf ddhesive tape is required to secure the card 
after refitting a low voltage transformer. 

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

Fitting 

a. Reverse the dismantling procedure. Pay particular attention 
to the following 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 some early versions, double-sided adhesive tape is 

required to secure the insulating card on the upper 
surface of the sub-chassis after refitting a low voltage 
transformer. 

iv. Carry out a final inspection to ensure that the 
components are correctly 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 
7 he only routine servicirlg required under normal condit~ons is the 
replacement of the Llthlum battery wh~ch powers the non-volatile 
cal tbratlon memory. 

The cal~brat~on requirements after changlng the battery are 
different depcnding on whether thc change was done with power 
off or v, ~ t h  power on Thew requrrrmentq are su~nmariretl in the 
tablc bclow. 

Summary 

l 

Servicing Procedure Calibratiot~ Calibration 
I 1 and T~me interval Section 4 Required Procedure 

- ~ -  --- - ~ -  

Change the Internal Battery with Power On 

No? greater than 5 years 4.3 

Change the Internal Battery with 

Not greater than 5 years 4.3 

Routine External Gal 
Internal Source Cal 

Off 

Special Cal 
Routine External Cat 
lnternal Source Cal 

User's 
User's 

User's 
User's 

Handbook 
Handbook 

Sect. 1.4 
Handbook 
Handbook 

Sect 8 
Sect 8 

Sect 8 
Sect 8 

4.2 Adjustment Following Replacement of PCBs 

The high accuracy of this instrument demands that its internal 
environment remains undisturbed after calibration. Thus the 
manufacturer's calibration certificate is invalidated by removal of 
the top or bottom cover. 

Section 2 gives help in locating the general area of a fault from the 
error code displayed after a self test. It follows that any 
investigation which involves access to PCBs will require that 
recalibration be carried out after the covers are replaced. This 
principle naturally extends to any PCB replacement. 

It is therefore strongly 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 powers the non-volatile RAM should be changed at or before 5 years from new, and at no greater than 
5-year intervals thereafter. 

The following procedures assume that the instrument will remain powered-up during the operations of disconnecting the old battery 
and connecting the new battery. To ensure memory integrity the soldering iron used must be isolated from line ground (mains earth) 
by at least 50m. 

External calibration with internal source characterization will be required (User's Handbook Section 8) because of the high accuracy 
of the instrument, whose internal environment will have been hsturbed by removing and replacing the top cover. Removal of either 
of the covers automatically invalidates the manufacturer's calibration certificate. 

If instrument power does not remain ON during the whole of the procedure 4.3.1 (or 4.3.2 for earlier versions), disconnecting the 
battery will reset the calibration memory to its nominal state. This will require a Special Calibration to be carried out (Section 1.4) 
as well as the full External Cahbration, before the instrument specification can be realized, as calibration data will be corrupted. 

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

4.3.1 Digital Assembly 400901 - Procedure 

1 a. Ensure that power ON is selected. 

b. Remove the top cover (Section 3 para. 3.4.1). 

c. Remove the battery (refer to Fig.  4.1): 

i.  Attach a heatsink to resistor R104 soldered to the 
battery positive terminal. Unsolder R104 from the 
battery terminal. 

ii. Attach a heatsink to the wire between the negative 
battery terminal and E101. Unsolder the wire from 
the battery terminal. 

iii. Remove the battery from its clip. 

/ d. Observing correct polarity, reverse the procedure of 1 
step (c) to fit a new battery and solder it in. 

1 Fig. 4.1 View of Battery from Rear of Instrument / 



4.3.2 Digital Assembly 400740 (earlier versian) - Procedure 
- p--- - - - - - - - - -- --- --p - - p 

a. Ensure that power ON is selected. 

b. Remove the top cover (Section 3 paru. 3.4.1). 

c. Remove the battery (refer to Fig. 4.1): 

i. Unsolder the wire from the positive battery terminal. 

ii. Attach a heatsink to R73. Unsolder R73 from the 
negative battery terminal. 

iii. Remove the battery from its clip. 

d. Observing correct polarity, reverse the procedure of step 
(c)  to fit a new battery and solder it in. 

I 

l Fig. 4.2 View of Battery from Rear of lnstrumenf 

4.3.3 Return to Use 
a. Refit the top cover (Section 3 para. 3.4.1). 

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

c .  Carry out Full Routine Recalibration with Internal Source Characterization (User's Handbook Section 8). 





SECTION 5 
TECHNICAL DESCRIPTIONS 
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5.1 Principles of Operation 

5.1 -1 Simplified Block Diagram 
Figure 5.1.1.1 illustrates the general functions and signal flow within the 128 1. 

I From 
C I I T.rmm.1. 

LJ i 

l 
l 1 l 

o\- Reference 
-- Seikei 

l l 

Interface 

FIG. 5.1.1.1 1281 SlMPLlFlED BLOCK DlAGRAM 

5.1.2 General Description 

The 1281 Selfcal Digital Multimeter is designed for calibration The instrument is electrically split into two sections divided by 
and standards laboratory applications. Its low drift and low ground and guard planes. Measurement circuits are 'in guard'; 
temperature coefficients are derived from the inherent qualities of whereas control circuits and display functions are 'out guard'. 
critical accuracy-defining components, which are selected and Front and rear inputs are routed directly to the measurement 
conditioned before assembly. Conditioning continues after circuitry, which includes the multi-slope A-D converter. 
assembly, and further checks are performed to ensure that the Digital computation circuits are out of guard; but digital control 

as a who1e performs well within its of some forty separate in-guard analog parameters, together with 
The 1281 employs a method of internal calibration whch is transfer of raw digital readings from the A-D converter and any 
designed to enhance performances across the entire range of its messages from the analog circuits, are effected via a serial 
functions. After characterizing a low-clrifflow-TC internal interface whose data and control lines are passed in and out of 
reference immediately following external calibration, the guard through opto-isolators. 
instrument can be regularly self-calibrated to extend its 
performance (maintaining approximately 90-day accuracies) up 
to a year from external cahbration. 
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-P 

5.1.2.1 DC Voltage 

The input signal is switched to a DC preamp which amplifies or 
attenuates the analog signal to a level compatible with the 
requirements of the Analog to Digital converter. The amplifier is 
also used to measure resistance and current (Options 20 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 
representative of the RMS of the applied signal. This DC level is 
then digtized by the A-D. 

The RMS converter can be switched to provide an AC to DC 
transfer measurement. This involves sampling and holding the 
RMS output, and recirculating it twice to obtain a correction for 
the RMS Converter gain. 

5.1.2.3 Option 20 - Resistance 

A constant current is passed through the resistor under test. The 
voltage developed across it due to the current is measured using 
the DC voltage circuits of the instrument. A wide range of 
constant currents and DC voltage ranges is employed to optimize 
performance for differing external conditions. 

A 'True Ohms' facility can be programmed which takes two 
readings: the first is of the resistance plus the DC offset across the 
resistor with the current flowing; the second is of the DC offset 
alone with the current off. Subsequent digital calculations 
subtract the second reading from the first, to eliminate the effects 
of the DC offset, and the result is presented as the 'True Ohms' 
measurement. 

5.1.2.4 Option 30 - DC and AC Current 
(Option 10 is required for AC Current) 

The unknown current is passed through precision internal shunts 
and the DC or AC voltages developed across them is measured 
using the DCV or ACV sections of the instrument. Heavy 
physical and electronic protection is applied. 

5.1.2.5 Analog to Digital Converter 

The instrument's multi-slope, multi-ramp A-D converter is a 
third-generation development of the basic dual-slope integrator 
and null detector. It has inherent sub-0.lppm linearity combined 
with high speed due to signal and reference being applied 
simultaneously. Flexibility in ramp control permits resolution 
(and hence speed) to be programmed from 4.5 digits at 200 
readings per second to 8.5 digits in 'Fast' mode at 1 reading per 
6 seconds. Once converted to digital form, readings are 
transferred out of guard via the serial interface to 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 specially 
conditioned and selected DC Reference Modules. These modules 
are also used as the internal sources of reference for the self- 
calibration process. 
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5.1.2.7 Serial interface 
Transmission 
Thi\ 1s rrd:italr,m\fcr systcrn In v ~ l i ~ c h  acontrol vi.o~dis loaded into 
a:) ASIC on tllc ciig~tal X9CCn, 3nd ~ t s b i t ~  are pas~;ed scnally through 
L F ?  3 0  : k I l'i~, I-ttntrol %err d reprerent., an 
lnc,trnrncnt itnti' riemmtlcd I.\" ti-ss uscr In C O ~ J U ~ C ~ I O I ~  with 
l ~irl'l ~ ~ ~ ~ ~ ~ ~ ~ l l l i ~ ~ i l l ~ ~  

Contrio% Functions 
Iix guard, the ~ o r d  i s  i j t ) ~ l i t 3 i i  ,crial1y through a sct of. control 
i igiii i i \  tiri illc :>@V, ACZ , OIi~iis a14 Cune!it I-CB:, until each 
b ~ t  is located In ihe s p c c i f i ~  register appropriate to its control 
1~11~tioi1. At i,l:~:, rlnle, ihc hlta e t r ~  C ~ O L ~ C J  tO th t  O U ~ P U ~ S  of the 
r cpdcrs (61 ~ i t ~ c k e d  into I!l,A:, ro Lonrrol rhe~r funcilona) and the 
analog c o ~ ~ ~ r o l  cucults ,.ire \witchetf by the overall bit pattern 
whtch, in bum. also represents the demanded instrument analog 
\t:jl? 

Analog Data Returns 
Some in  guard regibtcrb ;ire prcrgranlrnd to act as serial 
transmitters. In these cases the data bits presented at their inputs 
are clocked into the serial stream, and returned through a single 
opto-isolator out of guard. The serial 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 
single opto-isolator, circulation errors are checked by comparing 
it with the original construct. 

Benefits of Serial Interfacing 
Use of 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 
operation of the interface). If each data bit passed through its own 
dedicated isolator, then not only would the volume occupied by 
the isolators set a severe design problem, but also the capacitive 
and leakage effects in such a large number of isolators would 
impose prohibitive coupling between in-guard and out-guard 
areas of the instrument. 

5.1 2.8  Digital Circuitry 

All major communication, control, keyboard and display 
processing is performed out of guard, managed by a MC68000 
microprocessor. The 68000 is programmed in firmware, using 
12Xk X I h of EPROM to contain the oprating program, Imk-up 
kables ctr. Workspace consist3 of 32k X 16 of RAM, with an extra 
Xk x B of RAM permaricntly pc~weredasa non-voiatilc memory W 
i t c l r ~  calibration conections. 
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5.2 PCB Descriptions 
14' B.  The A-D section of the DC PCB is described in Secr5.2.5. 

5.2.1 .l Input Switching 
(Circuit Diugrarn 430238 shtl p1 1.2-1) 

The front channel input terminals are connected to the DC PGR at 
PL100/101/102 on the left front ofthe board. Rear input Channels 
, landB connectto theieftrearatPL150/151/152andPI,160/161/ 
i h?. respew\ eiy, 

The lenil5 of caci-i rnpur ~tranrrcl p a s  tfvougtl the cbmni-l's 
common rnodc chokc before king \uhjectcd to lnprrt switchins 
To enable the instrument to the connected into a system analog 
but, each channel is separately lsolatcd by relays whcn not 
selected. Separate rclays are used throughout for Hi and Lo 
cw~tch~ng to reduce interaction by l c~k ige  and capac~t~ve 
coupling, latching relays being employed to maintain low thermal 
EiklFs. These aspects are shown on page 11 2-1. 

Separate Lo switching (Relay RL108) is necessary to accomodate 
the different connection required for operation in Ohms function, 
when the Lo terminals connect to the OHMS LOW SENSE input 
of the Low Follower on the Ohms PCB. The R Guard terminals 
are loosely coupled (R101) to the main signal common 
'MECCA', except in Ohms function, when they are directly 
connected but protected by thermistor R103. 

The Guard terminals are always loosely coupled 01102) to 
MECCA; whereas the internal guard shields and tracks are 
directly connected to MECCA in Local Guard as shown, or to the 
Guard terminals in Remote Guard. 

The BS line from the output of the DCV Bootstrap Buffer M203 
('11.2-2) is connected to the screens of the Hi and I+ leads in the 
input cable loom to provide a low-impedance guard. 

5.2.1.2 internal Signal Bus 
(C~rcu i i  Draprm 43~7738 shf2 p l i  2 2) 

Quad C'MOS gate M202 provides swltsh~ng mainly for operation 

in Current measurement and m Selfcal. The INT-SIG-BUS line 
is uscd to sonncrt vartous Inputs to  he DC' volbge meawrernent 
clrcurts when they are ixlng employed W rnzawre ~n~crna l  
voltages zmct ncit for ~nltapeq 3npt:t from thc fron? arrm~nalc 
R1.201 make5 thrq seleci~on 

The internal signal bus comes Into npcratlori whcn tbc 
INTERNAL-H c ~ g n a l  at M ? O ?  B 3s 31 ~ O ~ I C  L .  Thc 
AC-CAL-SENSE line is connected to the bus by the 
AC-SENSE-M crgnnl Whtm ;t is necccsary to load the cggnal 
being transmitted vra the internid signal bus, the IOMLZ resistor 
R2W is connected by the 1QM-LOAD-L signal on M202-9. 
Similarly, a hard zero can be connected on the bus by the ZERO-L 
signal at M202-8. Refer to Section 2 .  Fault Diagnosis for the 
occasions when these facilities are required. 

AC-CAL-SENSE is used 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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5.2.1.3 DC Voltage Block Diagram 

DC Input Read DCV 
input - - - -  

p,$:Kr Exfernal Input Link J 
Anenuator I Chopper Path 

0 

1 V b  
1oornV 

1 OV To A-D 
n r  ccNCF L. 

CLOCK-L from A-D h h 
- " _ " L 1  *Y L_' I 

AC-CAL-SENSE 
,-------..--.--- 

ZERO-L 

1 OM-LOAD-L 

Bootstrap 

Bootstrapped 
Supplies 

-6v 

INTERNAL-H 

-4 
FIG. 5.2.1.1 DC VOLTAGE PREAMPLIFIER 

5.2.1.4 DC Voltage Preamp 
(Circuit Diagram 430738 shts 2 & 3 pp11.2-2 and 11.2-3) 

The DC Voltage Preamp is based on a chopper 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 
employing the amplifier in a synchronized chopper configuration. 
Noise is also reduced by this method. A second amplifier stage 
provides most of the forward gain with the frequency gain- 
compensation necessary to give an effective amplifier bandwidth 
of 600kHi. 

The signal is chopped by Q303/4/5/6 to modulate the input to 
differential amplifier Q3091Q312, synchronous with A-D 
switching (CLOCK-L). The signal is demodulated 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 Diagram 430738 sht 2 p11.2-2) 

To effect high input impedance, the DC amplifier also drives a 
Bootstrap buffer M203 (p11.2-2), which ensures that all 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 rejection, eliminating any 
potential common mode non-linearities. In addition, the buffer 
output sets the potential of PCB tracking which guards the input 
Hi track, to absorb PCB leakage currents that could otherwise be 
picked up by input Hi. 
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5.2.1.6 Range Switching 
(Circuit Diagram 430738 sht2 p11.2-2) 

Extremely stable resistance units configure the DC amplifier gain 
to define the DC Voltage ranges. Two attenuators, one at the input 
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 dnft problems in the 
attenuator chains; the pcb tracks connecting the resistor units to 
the circuit 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 
serial interface register M802 (page 11.2-8) and decoded close to 
the switching FETs (page 11.2-2). 

The input attenuator latching relay RL203 is controlled from the 
serial interface register M201 (page 11.2-8) via MOSFET Q801 
and powered by bipolar driver M807-3 (OV or +15V) and a 
regulated +7V supply. This arrangement ensures that no energy 
is dissipated in the relay solenoid (and in the solenoids of the other 
latching relays) except in the act of switching over. The local 
thermal stability in the guard box therefore remains undisturbed 
by relay activity. 

l OOmV - 10V Ranges 
For these low voltage ranges RL203 disconnects R212, so the 
~ n p u t  attenuator is not effective. Refer to Fig. 5.2.1.1. 

In the 10V Range the DC Preamp is connected as a voltage 
follower, and the output voltage is halved in the output 
attenuator giving a stage gain of 0.5. Thus input voltages in the 
range of OVf20V are reduced to the range OVklOV 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 
attenuation to the A-D. The stage gain is 5.0, so that input 
voltages in the range of OVf2V are amplified to the range 
OVklOV at the A-D input. 

The outputattenuator sets the feedback fraction for the 1 OOmV 
Range to 0.02, and the Reamp output is passed directly to the 
A-D. The stage gain is 50.0, so that input voltages in the range 
of OVk200mV are amplified to the range OVklOV for input to 
the A-D. 

l OOV & l kV Ranges 
For the high voltage ranges RL203 connects R212, so the 
input attenuator reduces the input voltage by a factor of 100 
ahead of the Preamp. 

The feedback fraction for the 100V Range is set at 0.2 by the 
output attenuator as for the 1V range, and the Preamp output 
is passed without attenuation to the A-D. The stage gain is 
0.05, so that input voltages in the range of OVf200V are 
reduced to the range OVklOV at the A-D input. 

In the l kV Range the DC Preamp is connected as a voltage 
follower, and the output voltage is halved in the output 
anenuator giving a stage gain of 0.005. Thus inpui voltages irt 
the range of OVf lOOOV are reduced to the range OVk5V for 
presentation to the A-D. 
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5.2.1.7 Protection 
(Circuit Diagram 430738 sht2 p11 2 - 2 )  

The instrument can measure up to 1000V. It must therefore be 
able to withstand continuous application of lOOOV on all DCV 
ranges, to ensure that such a voltage applied inadvertently does 
not damage internal components. 

%%PI? Lhe irpct Ittennztcr is switched in 92 t!e !!W er !kV 
ranges, 1000V at the input terminals will be reduced to 10V at the 
input to the DC Prearnp. But on low voltage ranges the attenuator 
is switched out, so static and dynamic methods are used for added 
protection. 

Preamp Input Protection 
The obvious way to protect the Preamp non-inverting input is 
by a series resistor chain and two back-to-back zener diodes. 
The 10Mn series element of the input attenuator could be used 
as the resistor chain, but it would create far too much Johnson 
noise to be permanently connected on low voltage ranges. 
However, as its dissipation is only some lOOmW for an 
applied voltage of lkV, it could form an efficient limiter if it 
were switched in only when these ranges are in overload. This 
is the method chosen for the 1281, using a second parallel 
resistor chain of 15kQ for normal operation. The purpose of 
the 15kn chain is to activate the back-to-back zeners for an 
overload greater than 24V at the Prearnp input while 
preventing problems due to Johnson noise. This is practicable 
only in the short-term as it will develop 4 0 W  of heat for an 
applied voltage of 1kV. 

To effect the changeover from the 15kQ operating chain to the 
l O M n  limiting chain, the non-inverting input to the Preamp 
needs to be sensed for overload. As the Bootstrap Buffer is 
already connected to the inverting input, it provides a suitable 
low impedance output (B) which follows the input. This is 
applied to a window comparator M201 which de-energizes 
RL202 only when the overload threshold of 21V is exceeded. 
Under non-overload conditions RL202 is energized, holding 
the two chains in parallel; but for overload conditions the 
RL202 contacts disconnect the 15kQ chain. 

Protection against High-Voltage HFAC and Transients 
As the Bootstrap is designed not to follow high frequencies 
and transients, 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 OVk22V. The time constant of R216/R217/C204 
ensures that when the comparator de-energizes RL203 due to 
a transient, it cannot be re-energized before its contacts have 
changed over. 

Preamp Output Protection 
As Bootstrap is driven from the feedback point it is vital that 
the two inputs of the Preamp remain at the same potential. 
Once the input and Bootstrap are clamped to 24V by the two 
back-to-back zeners, the F'reamp output could lock up due to 
loss of Bootstrap and hence collapse of the Preamp's 
bootstrapped supplies. The F'rearnp therefore has two clamps: 
a relative clamp between the output and inverting input to hold 
these points within 12V of one another, and an absolute limiter 
as the output approaches the 35V rails. 

Guarding 
The input zeners and output clamps are guarded out by 
Bootstrap to prevent clamp leakage causing inaccuracies 
during normal operation. 



5.2.2 AC PCB - Option 10 
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5.2.2 AC PCB - Option 10 

5.2.2.1 AC Voltage - General Principles 

The preamplifier buffers and ranges the signal in order to present its output to the RMS to DC converter at the required voltage levels. 

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 p11 5 - 1 )  

> 
ACV 

Select 

Bootstrapped Input Follower V 

1 M n  Input HF Ampllfmr 

ACV g ,lu 
Select 

A C + D C  j 
4 

Coupling r----: 

t ; .... 
ACOnty , INTERNAL - 5 

HF Cal - Digital 
Numenc Data 

D - A  
Converter 

HF Trimmers 

I kV 

l wv 
Innut 

I 21 OV Range I A 

l 
l V  HF 

1V HF Cal Feedback 
Buffer 

l OOmV 
HF Tnm 

I FIG. 5.2.2.1 - AC PREAMP I 

The requirement for the inverting preamp is to provide good This complex design uses several gain elements in conjunction 
flatness from DC to IMHz, while the offset voltage at its output with one another. 
must be minimized to ensure good DC-coupled performance. 
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inputs 
For normal ACV operation, the input Hi is fed from the DC PCB 
at PL32-4. Relay RLlOl connects Hi to an AC/AC+DC 
changeover network, and ensures that the hi-SIG-BUS is 
disconnected from the input to the Preamp. RL102 performs the 
changeovcr by shunting the AC coupling capacitor Cl01 when 
AC+DC 1s selected. 

During AC Current operation or Selfcal, RLlOl disconnects Hi, 
and connecls the INT-SIG-BUS to the Reamp input instead. A 
second AC/AC'+DC changeover network is switched by RL102 
for use In these modes. 

Low Frequencies 
As the Prcamp is an inverting amplifier. the closed loop gain at 
iow frequencies is set by input and feedback resistance. The input 
resistance of 1MCZ is formed by four 2501cSZ resistors in a series 
chain, spreading the input voltage and 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 voltage ranges. The 
basic range is the 1V range with an overall gain of 1, using two 
500kQ resistors in series as feedback. FET Q1 16 is switched on 
for all ranges except the 100mV range. For the lOOmV range, the 
feedback is divided in the ratio 1: 10 by R186/R187 by switched 
Q1 16 off and Q1 17 on, still using the 1V range resistors to feed 
back to the input. 

For the three higher voltage ranges, relay RL107 connects the 
preamp output to the three feedbackresistors. For the 10V range, 
feedback resistor R168 is effectively connected in parallel with 
the lVrange feedbackresistanceR148/R169 by relay RL106. For 
the lOOV range, feedback resistor R167 is added in parallel with 
the combined 10V range feedback resistance by relay RL105; and 
for the 1kV range, RL 104 adds R 19 1 in parallel with the combined 
l OOV feedback resistance. As the 1kV range has both a full range 
and full scale of IkV, it is not necessary toreduce thegain to .0001. 
Using the larger value of 2.4W2 for R19 1 gives an overall gain of 
approx ,0019, reducing the value of the required compensation 
capacitor. The 1kV range thus behaves internally as though it 
were a 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 
resistors allow the compensation to be pre-set once the AC PCB 
is fitted into its guarded environment in the instrument. Voltage 
followers M103 buffer the HF feedback drive on the lOOV and 
l kV ranges, which have lower-value feedback resistors and hence 
larger compensation capacitors. 

FET Q 1 15 and transistor Q 120 form an HI; feedback buffer for the 
1V and l00mV ranges. After DC isolation by electrolytic C140, 
the bufferedoutput is trimmedby pot R178 and fed back via C148. 
The buffered output also energizes the HF autocalibration voltage 
divider formed by R174 and VCR FET Q1 19. 

LF Autocalibration 
The low frequency gain is cahbrated 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 gain, separate digital correction factors are 
derived from measurements of known HF inputs, and reapplied as 
a DC voltages to M1Q4 via a ladder network D-A convetter R1 89. 
The HF correction factor for the currently-selected range is passed 
from the microprocessor to the AC PCB via the serial interface, 
latched into M402 (page 11.5-4), and delivered direct to the D-A 
K I X Y  (page 11.5-1). 

The output of M 104 controls FET Q1 19, which acts as a voltage- 
controlled resistor. The buffered and isolated preamp output 
voltage is developed across R174 and 4119, and the voltage 
across Q 1 19 is applied via Q 1 18 and C 147 to the preamp input. 
Thus the correction factor embodied in the bit pattern on the input 
to the D-A R189 controls the amplitude of the HF feedback and 
hence the HF gain of the preamp. 

FET Q1 14 is included to compensate for any non-linearity in FET 
Q1 19, the two FETs forming a matched pair, with common-value 
bias resistors. Thus the source-drain currents in both FETs are 
identical, the amplitude of the AC voltage across Q1 19 is linearly 
proportional to the resistive current from the D-A to M104 input, 
and hence is also proportional to the quantative value of the bit 
pattern delivered to R 189. 

Selfcal 
For self-calibration and self-testing purposes, the internal DC 
Source can be characterized during external calibration. During 
Selfcal, the appropriate value of DC reference is applied via the 
INT_SIG-BUS line, and the AC+DC gain of the preamp is 
measured by the DC voltage system via the AC-CAL-SENSE 
line. Further measurements are taken from the output of the RMS 
section directly via the A-D. 
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5.2.2.3 Electronic RMS 
The principles behind the RMS conversion technique are shown 
in Fig. 5.2.2.2. 

S - Sample 
T - Transfer 

F e e W  
Log Amp - 

I FIG. 5.2.2.2 - PRINCIPLES OF ELECTRONIC RMS CONVERSION I 

Rectifying the Preamp Output 
With the instrument set to its 'Normal' mode, and for the first of 
three readings when using the 'Transfer' facility; the output signal 
from the Preamp is applied to the Precision Rectifier. This is 
required to provide full-wave rectification with identical AC and 
DC gain for both positive and negative excursions, and to ensure 
that the crest factor of sinusoidal and non-sinusoidal signals is not 
altered in the process. 

To achieve this, positive excursions are removed by half-wave 
rectification, the negative excursions being inverted by h e  
rectifier. The amplitude of the rectifier output can be adjusted 
using the DC-to-DC Turnover control, which incrementally 
changes the rectifier gain around a factor of 2. The rectifier output 
is then summed with the Preamp output. The result, shown inFig. 
5.2.2.3 for a sine waveform, is a full-wave signal which can be set 
to give identical gain on both positive and negative excursions. 
This is input to the squaring log amp (as Vin). 

f \ 

lnput Voltage 
from Preamp 

Log Amp lnput Current 
due to X2 Rectifier Cutput 

Log Amp lnput Current 
due to lnput Slgnal 

DC-DC Turnover 
Sum of Log Amp - Control Balances 

Input Currents Alternate Half-Cycles 

FIG. 5.2.2.3 - ACTION OF PRECISION RECTIFIER 

L J 



Squaring the Rectified Input 
The Log Amp squares instantaneous values of Vin, by converting 
them into logarithmic values and then multiplying by two. Its 
instantaneous log output voltage is therefore proportional to 
2IogVin, which can be expressed as log[Vin]2. 

Dividing by the Converter Output 
The Log Amp output volbge is applied to a summing circuit, 
togcthcr with a feedback DC voltage whose value is proportional 
to -1ogVf (Vf 1s a DC voltage - the mean output vollage from the 
uonvertcr, returned via the feedback Log Amp). The current from 
the summing junction is proportional to l~g[Vin]~-logVf, which 
can bc rewritteri as lug[Vin2flfi. i t  drives e~poirentid stage 
whose output voltage is proportional to the antilog of its input 
current, in this case proportional to Vin2/Vf. 

Taking the Mean 
The output from the exponential rtage is smoothed by a 3-pole 
Bessel filter, resulting in aDC voltage for a settled periodic signal. 
This is therefore proportional to the mean of [Vin2/Vfl. 

As Vf is DC and therefore equal to its mean, this is the same as: 
[mean Vin2]/Vf. 

Closing the Square-Root Loop 
' f ie  feedback loop Is closed by feeding Vf back Into thc 
computation, a? lnentioned carher, to ensure that the DC output 
signal Vf = [mean Vin21/Vf. From this it can be seen that VfZ = 
[mean Vin2], and Vf = d[mean VlnL], wh~ch is the nonnal~j.ed 
rcx~t-me=]-squw value of Vin. 

Normal Mode Settling 
TheBessel filter is chosen for its optimum settling time, andoffers 
seleclable configurauons to permlt operation down to 1 Hz. A 
sample and hold circuit with isolaung buffer (for use in 'Transfer' 
mode - see below) provides further filtering at higher frequencies, 
after which the srnoothcd signal is taken to an ainplifjiing buffcr 
which drives the instrument's analog to digital converter, 

Simplified Circuitry 
A simplified version of the RMS analog computing circuitry is 
given atFig. 5.2.2.4. Note that the input and feedback components 
responsible for the logging, squaring and antilogging are 
contained within the 'RMS Chip'. 
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5.2.2.4 AC-DC Transfer Mode 
So far, the described circuit is a straightforward electronic RMS This requires three readings, shown in Fig. 5.2.2.5 as 'Normal', 
measuring system. As an alternative, the AC circuit also employs 'Sample' and 'Transfer', equivalent to the switching positions 
a refinement on the basic technique, using an AC-DC transfer shown on Fig. 5.2.2.2. 
mechanism to improve linearity by measuring and correcting the 
gain of the RMS Converter. 

Refer to Fig. 5.2.2.5. 

Normal 

Sample 
Y2 fed back to start rectifier and RMS converter setding No - 

Y T  
Y2 = Y1 

I 
7 

RMS converter wtplt not buffered to I - 
O J p l  fed bsck to stm R ~ S  converter seming 

I 

Transfer 
Y2 is now the inplt to the rectifier Y2 not wtput - - - Change to 

T r m a f r '  
and Hdd 

Y3 

'Transfer' 

Y3 = (Y2 X gain of RMS converter): tuffered to outpm * N = Normal - 
S = Sample - 
T = Transfer Y3 fed back as Vf 

I FIG. 5.2.2.5 - TRANSFER MODE - STAGES I 
First Reading - Normal Second Reading - Sample 
With the circuit connected as in Normal Mode, a reading Y1 is The input to the Sample and Hold circuit is removed to store the 
taken and delivered via the A-D to the digital circuitry. This is capacitor voltage. A second 'Sample' reading Y2 is taken via the 
memorized by the microprocessor. Meanwhile the Sample and A-D. This reading is the instantaneous value at the time when the 
Hold capacitor has charged up to Y 1. input signal was removed. It is approximately equal to Y1. 
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Third Reading - Transfer 
The Snrnpled voltage Y2 is ~taqseci through the RMS Converter, 
and the output from the Antilog Amp is measured as Y3. 

There are now three digitally stored readings: 
Y l :  is the fully-converted uncorrected reading of the 

input to thc inswumenl; 
Y2: is the voltage stored on the sample-and-hold 

capacrtor; 
Y3: 1s the result of recirculating the sample-and- hold 

voltage through the RMS Converter (the signal 
does not rcquire filtering as it is already DC). 

Thi: qecond reading Y2 is necessary only Secsnse che input could 
have been broken at the peak or trough of the small amount of 
rrpple which could be present. Both Y2 andY3 are now taken with 
respect to the same DC voltage, so the ratio Y31Y2 is a measure 
of the DC gain of the RMS Converter. To correct for the RMS 
Conkerter gain, Lhe inverse ratio Y2iY3 can now be applied to the 
raw signal Y 1. 

The microprocessor therefore computes the corrected reading of 
the input to the instrument by: 

Corrected Reading = Y l  X (Y2 I Y3) 

Because the second and third readings use only the DC sample- 
and-hold voltage as input, the correction is equivalent to an AC to 
DC conversion. Because the signal level of the DC readings is at 
the same level as the signal to be corrected, any gain or linearity 
errors in the RMS conversion are virtually eliminated. 

5.2.2.5 Frequency Sensing and Display 
(Fig. 5.2.2.4 and Circuit Diagrms430741 sheets 2 & 4 ,  

Pages 11 5 - 2  & 11.5-4) 

Frequency Sensing 
The Preamp output is AC-coupled to differential buffer Q201 
(page l 1  3-2). This provides split-phase versions of the signal to 
drive M409 comparator (page 1 1 - 5 4 ) ,  which squares the 
fundamental while suppressing harmonics. The resulting output 
from the comparator is passed to the ELI, ULA M412. 

Counting and Encoding 
The frequency is counted by the ULA within a long or short gate 
initiated by the CI2-.R signal. The output from the 4MHz crystal 
clock X401 is also counted, within the selected gate, as frequency 
reference. The -iJLA computes the frequency by comparison 
between the two counts, and constructs a data word representing 
the signal frequency. This word is placed into the ULA serial 
interface register and the microprocessor is alerted by the RTX-R 
signal that a message is ready. 

Frequency Display 
The processor then performs the necessary serial transfer toobtain 
the message for decoding and display. The frequency can be 
presented on the menu display at the same time as its RMS value 
is being shown on the main display, by using Freq in the 
MONITOR menu when ACV is selected. If the instrument is in 
ACV SPOT FREQUENCY mode there is also 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-defined frequencies, reducing flamess errors within rt 10% of 
the spot frequency. The process is performed entirely in software, 
no alteration to the hardware configuration being involved. 

5.2.2.7 AC Current Measurement 

The input AC current to be measured is passed through one of the 
shunts on the Current PCB, and the resulting shunt voltage is 
transferred to the AC PCB to be measured on the lOOmV range. 
The voltage is developed between INT-SIG-BUS and OV(10) on 
the Current PCB, andappears between INT-SIGBUS and OV(7) 
on the AC PCB. Both commons are joined at MECCA on the DC 
PCB . 
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5.2.3 Resistance - Option 20 

This function is achieved using a set of constant current sources in conjunction with the DCV measurement capability. 

5.2.3.1 Normal Ohms - Functional Block Diagram 

I I Input Terminals I l I 

I FIG. 5.2.3.1 OHMS BLOCK DIAGRAM I 
5.2.3.2 Switched Constant Current Sink 

(Circuit Diagram 430742 Sheet 2 Page 11.6-2) 

Reference 
The accuracy of all the values of current available for resistance 
measurement is derived from the Internal Reference on the DC 
PCB. The, reference voltage is one of the outputs of the Reference 
Buffer M403 (page 11.24), which is developed between R REF 
and OV(12). On the Ohms PCB, this is isolated by a 'Flying 
Capacitor' pump circuit switched by astable multivibrator M204. 
M204 is enabled only when resistance measurements are to be 
taken, or when an Ohms constant current is to be used as input to 
the current-to-voltage converter on the Current PCB in Selfcal and 
Self Test. At times when the pump circuit is disabled, the zener 
D202 is used as reference for the voltage mirror. 

The astable M204 is enabled by the 'OSC' signal, which passes 
from the processor to the Ohms PCB via the serial interface, 
latched into M30 1 (page 11.6-3). It is then decoded, and delivered 
to M2W-4/9 (page 11.6-2). 

Sink Circuit 
Voltage mirror M20314208 maintains a constant voltage across a 
series resistor chain R204, R214, R219 and R21 7/R218 (parallel 
to spread the load for lOmA selection). 

Constant Current Switching 
By shunting and picking off currents, any one of the range of 
constant currents can be drawn through the resistor under test. 
Each Resistance Mode andRange combination is assigned its own 
value of current, the FET/Relay activation pattern being 
conUolled in firmware. Switching arrangements for the currents 
are shown in simplified form on Fig. 5.2.3.2. Table 5.2.3.1 relates 
the constant current value to the Mode and Ohms range selected 
by the user. 



l OmA 1 PA 

l OOyA 

l OOnA 

5.. 5'- 
tl OnA 

FIG. 5.2.3.2 OHMS CURRENT SWITCHING 
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5.2.3.3 Low Current Ohms 
Where low compliance or low open circuit voltages across the 
DMM's terminals are needed, a special low current mode (LoI) 
can be selected. Applications where this can be useful include in- 
circuit measurement of components in parallel with diode 
junctions, or the measurement of temperature using Platinum 
Resistance Thermometers, where the self-heating effects of the 
current passing through the resistive element are important. 

The lOOmV DC Voltage range is used for all low current Ohms 
measurements 

5.2.3.4 True Ohms 
In addition, for those applications where external thermal emfs 
present measurement problems, a mode is provided where a zero 
reference reading is automatically taken with the measurement 
current turned off (TN Q). This zero measurement is 
subsequently subtracted from that made with the current flowing, 
to give a resultant value where the effect of any thermal emfs have 
been eliminated. 

5.2.3.5 Low Follower and Voltage Detection 

External errors produced by specific connections can be reduced 
using four-wire sensing and Ohms guarding techniques. Four- 
wire sensed measurement can be made with up to 1 OOL! in any 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 measuremer?t of 
components in parallel with other resistive elements. 

The aim of the Low Follower is to separate the 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 (Fig 5.2.3.1) 
(Circuit Diagram 430742 Sheet l Page 11.6-1) 
The resistor under test Rx is connected between I+ and I-. The 
energizing current is drawn from I- by the constant current sink, 
and sourced through the power output stage of the Low Follower 
into I+. The value of the constant current is switched at the sink 
as described above. 

Lo is connected to the Low Follower inverting input, and because 
this places Rx as the feedback resistor, Lo is forced to the same 
potential as Common-8 at the Low-Follower non-inverting input. 
Virtually no current flows in the low line, as the bias current 
required by the Low Follower is very low . 
When measuring in 4-wire, I- and Lo are connected together only 
at Rx, so current in the I- line does not pass through any part of the 
Lo line, and the resistor Lo terminal is held at the potential of 
Common-8. With 2-wire selected, the constant current does pass 
through part of the Lo line, and an IR drop is generated across the 
ends of the path. At the Hi end of the resistor, the source current 
is drawn through the I+ line, and in 4-wire it does not pass through 
any part of the Hi line. 

Voltage Measurement across Rx 
The voltage due to the constant current in Rx alone is presented 
between Hi and Lo with no other IR drop. The Lo end is at held 
at common-8, which is the same as the 'MECCA' on theDC PCB. 
The DC Preamp presents an extremely high impedance to Hi, so 
the voltage measured by the DC Voltage circuitry is that across the 
resistor Rx alone. 

When a particular Resistance range is selected, its energizing 
current value is determined by firmware, the results of the 
measurements being modified by calibration constants. The setup 
must have optimum constant current and DC Voltage 
measurement range for low noise and stability. This choice is 
predetermined and set in the program; the range of setup 
conditions are shown in Table 5.2.3.1. 
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Low Follower Amplifiers 
Thc I ow Follower is acornpound amplifier, with M103 and Q108 
DC-stabilizing Q104 and M102. The two paths are recombined 
by h11 04 summing amplifier. 

Alternate Current Sourcing 
F,,r ihsir-i~al rcxxin-,, Q110 I \  supplied from 135V for low crment 
1 3 1 ~ ~ 5 ,  ;incl +5V for high currents. The changeovcr occurs via 
dtodc L) 106. 

Clamping 
Clamping is used to limit the voltage drive to Q110, at values 
ifependcnt on the DCV range used to rneac;ure the voltage across 
Pu For the !QV range, the CLAMP S~SD.;F! is at. J ~ V ,  and the 
voltage at the juncuon ot R 137/138 limlts at +25\/. With the 
1f)OrnV or 1 V range in use, CLAMP changes to OV and the limit 
IS reduced to +5V The CLAMP s~gnal is set by the processor via 
the serial data Ilnk, the programmed level appearing at DI07, pin 
i ; 3  oi h1301 (pi~gt' 21.6-3,. 

Ohms Low Sense 
'ilie Input chaxlnei Lo termmal cannot not taken directly to 
'MECCA' common when resistance is being measured; instead it 
is switched to the R LOW SENSE line into the Ohms PCB. It is 
maintained at high impedance while being referred to OV(8) by 
the action of the Low Follower. 

Low switching is performed by relay RL108 on the DC PCB 
(Circuit Diagram 430738 page 11.2.1). 

2-Wire/4-Wire Switching 
The input channel Hi is fed directly to the DC PGB for the voltage 
measurement across the resistor Rx, and for this purpose does not 
need to appear on the Ohms PCB. However, the 2-wirel4-wire 
switching is performed by Ohms relay RL l01 between Hi and I+, 
so Hi is brought on to the Ohms PCB ID be switched. On the Lo 
side, RLSOS connects R LOW SENSE to I- in 2-wire. The 2-wire 
links arc proiectcd by thermistors. 

True Ohms Switching 
The first of the pair of True Ohms readings is a the same as normal, 
with rclay KT- 104 cncrgized at contact 1. The second is taken with 
no current drawn through Rx via I-, as RL104 is unenergized at 
contact 13. Thus the constant current sink is sourced directly from 
Common-2. 

Selfcal and Selftest 
D u h g  self-calibration the Ohms ranges are calibrated with 
rcference to two standard resistors fitted on the Ohms PCB - R105 
and R106 These are switched out by RL102 being energized 
during normal operation, but for Selfcal and Selfrest the I+ input 
is disconnected, and the Ohms circuit measures the values of the 
two resistors as they are switched in by the contacts of the de- 
energized RL102. For a low standard resistance R 106 ( l  .OkR) is 
selected on its own, and for high resistance R105 and R106 are 
connected in series (101WZ); the switching being performed by 
RL105. The software models for Selfcal and Selftest are given in 
Section 2. 

Filter 
C108 and R126 provide H F  compensation for the whole Low 
Follower. When Filter is selected, the F signal at +5V introduces 
C 107 in parallel with C 108 to reduce the frequency response of the 
follower. In this state, Q107 is turned off to turn Q106 on. The 
F signal originates on the DC PCB as FILTER @age 1 1.2-8), its 
level having been set at pin 1 of the register M802, by the 
processor via the serial data interface. So both the DC Voltage and 
Ohms filters are switched in and out simultaneously. 
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5.2.3.7 3-Bit Word Transfer and Decoding 
A 3-bit word which represents the current switching pattern is When a particular ModeDange combination is selected in 
passed from the microprocessor to the Ohms PCB via the serial Resistance Function, the Processor translates the selection into 
interface, latched into M301 (page 11.6-3), and D10 21314 is the corresponding 3-bit pattern to activate the current. It also sets 
delivered to M304 1/2/3 for decoding. Signal D10 4 is also added the appropriate DC Voltage range. Table 5.2.3.1 relates the 
to the decode, and the resulting decoded lines are used to generate constant current value and DC Voltage range used, to the Mode 
the FET/Relay switching pattern. and Ohms range selected by the user. 

Table 5.2.3.1 Ohms Range, Mode and Current; with DC Voltage Range Employed 

Ohms 
Range 

1 OR 

l OOR 

1kR 

1OkR 

lOnA 

l OOkR 

1 MR 

l OMR 

lOOMR 

1 GR 

L 

l OOnA 

Lol lOOmV 

HIR 10V 

1 PA 

Lol lOOrnV 

HIR 10V 

Ohms Current 

1 OpA 

Lol lOOmV 

Lol lOOmV 

Normal 10V 

--- 

Normal 10V 

Normal 10V 
TruD 10V 

1 o o p ~  

Lol 100mV 

Normal 1V 
TruR 1V 

- 

I r n ~  

Lol lOOrnV 

Normal 1V 
TruR 1V 

l o m ~  

TruR lOOrnV 

Normal 1V 
Trun 1V 



5.2.4 DC and AC Current - Option 30 
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The DC Current function is achieved using a set of precision shunts in conjunction with the DCV measurement capability. The AC 
Current function uses the same set of shunts in conjunction wlrh the ACV measurement capabrirty. Optlon 30 requlres Opt~on 20 aiso 
to be fitted, as it is self-tested and self-calibrated uslng currents provided by tbc Ohms circuitry, 

5.2.4.1 Functional Block Diagram 

Note: F~rnlware pevenls DC! and ACI bang selected regether 

I FIG. 5.2.4.1 AC/DC CURRENT BLOCK DlAGRA M I 
5.2.4.2 Switched Current Shunts 

General Input Current Routing 
For Current measurement, five precision shunts are switched The current from the selected input channel enters the Current 
internally to correspond with selection of the five ranges. The PCB atPL52- 1 (Hi), passes through the fuse and selected shunt(s), 
unknown current passes through one or more of these shunts, and and exits by PL50-6 (Lo). 
the volage is measured using the loomV DC Or AC on the Current P('-' the path is intempled by Ulree open 
range circuitry. The shunts arid the so-mce of the clirreni are contacts ofRLlOO when the Current Function is not selected. The 
protected both electronically and by a 1.6Afuse, accessibleon the are closed in Current Function, 
rear panel. 
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Shunt/ Range Correspondence 
Table 5.2.4.1 relates the range switching to the selected range and range shunts utilized. 

Table 5.2.4.1 Current Range Switching 

1 Range Shunts 

R I  l l R112 R1 13 R114 R115 
9on gn i R  0.1 R I 

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-l0 is connected directly to 
MECCA on the DC PCB (page 11.2-1). 

For ranges up to 100mA, the unenergized relay RL 104 contacts 21 
3 (closed) and415 (open) connect GND-l0 toRl14, switchingout 
the volts drop across the 1A shunt R115 (although the input 
current for each range passes through R1 15 on its way to I-). On 
the 1A range, RL104 is energized to connect GND-10 to R1 15 
instead of R1 14. 

Measurement (DC Current) 
The DC voltage circuitry is referred to MECCA (page 11.2-1). 
For the DC Current function, the input to the DC Voltage prearnp 
is connected to INT-SIGBUS instead of the extemal inputs. The 
INT-SIG-BUS line is selected on the DC PCB by M202- 1 and the 
unenergized relay RL201 (page 11.2-2). The DC prearnp passes 
the conditioned DC signal to the A-D. 

Measurement (AC Current) 
The AC voltage circuitry is referred to MECCA via common OV-7 
(page 11.2-1). For the AC Current function, the input to the AC 
Voltage preamp is connected to INT-SIG-BUS instead of the 
extemal inputs. The INT-SIGBUS line is selected on the AC 
PCB by RL103-514 and the unenergized relay RL101-213 (page 
11.5-1). The AC circuitry converts the AC voltage to aDC (RMS) 
voltage, which is passed to the A-D. 

5.2.4.4 Protection 

Fuse 
The 1.6A Current fuse is located for access on the rear panel, and 
connected in series with the I+ line via PL54-112. The fuse is 
tested during Selftcst (see below), and although not specifically 
tested in Selfcal, will cause Selfcal to fail if it is not intact. 

Diodes 
Four diodes D103-D106 protect the shunts when an attempt is 
made to measure acurrent which is too large for the range in use, 
limiting the voltage across the shunt(s) and blowing the fuse if the 
excess current is large enough. For normal operation, any leakage 
current in the dlodes is guarded out by the bootstrap M102. 

Bootstrap 
M102 buffers the voltage at the high end of the shunt chain as 
OV-B, which in Current function drives the center connection of 
the four protection diodes. Thus there is no voltage across the top 
two diodes, so all the input current passes through the shunt(s). 
The bootstrap forces the shunt voltage across the bottom two 
diodes, so leakagecurrent is diverted to GND-10and back into the 
power supply for buffer M102. 

In Selftest and Selfcal, the input test current is sourced, via the I+ 
line, from the Low Follower output on the Ohms PCB. It returns 
to (and is controlled by) the constant current sink on the Ohms 
PCB, via the I- line. In this case RLlOl is energized, forcing OV-2 
at the diode junction. This maintains zero voltage across the 
bottom pair of diodes, and diverts leakage current from the top two 
diodes into OV-2, instead of into the constant current sink. The 
bootstrap buffer is not used. 

In both the above cases, leakage current in the protection diodes 
is diverted from the voltage measurement circuit, and so does not 
affect the shunt voltage passed out via INT-SIG-BUS. 
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5.2.4.5 Selfcal and Selftest 

Circuit Changes 
As mentioned above, the internal circuitry is changed to perform 
these functions. The Input switching ~ ~ S C O M ~ C ~ S  the I+ and I- 
lines from the input channel terminals. Current to test the Current 
PCB is sourced from the output stage of the Low Follower on the 
Ohms PCB, via the I+ line; and controlled by the Ohms constant 
curreni sink, via the I- line. 

The shunt voltage is no longer referred to CND-10. Instead, the 
low end of the shunt is switched to a special LO-SENSE line, 
which provides the low input to the low follower. Relay RLlOl 
on the Current PCB is energized during Selfcal and Selftest to 
perform this changeover. The voltage at the high end of the shunt 
chain is passed to the DC PCB via the INT-SIC-BUS line as in 
normal Current function. 

In effect, the resistance of the shunt chain is measured by the 
Ohms function. All five ranges are calibrated and tested by this 
method. The arrangement is shown on the Test Setup Diagram in 
Section 2 (page 2-38). 

Fuse Test 
This is performed as part of Selftest. The instrument is 
programmed into the DC lOmA range, with the test current being 
drawn from the Ohms PCB. If the fuse is intact, the voltage 
measured on the INT-SIC-BUS will be positive, and a pass 
condition is registered. If it has blown, the voltage will be negative 
due to the Ohms coilsAuili current being forced to z~ei-ti, indicating 
a failure condition. 
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5.2.5 Analog-to-Digital Conversion 

5.2.5.1 Functional Diagram 

Integrator First Null Second Null 
Detector Detector r,.;> l 

l i 
i 
i 

Sub Ref 

Ref- 

Control 
Logic 

FIG. 5.2.5.1 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-slope, integrating A-D. This 
provides: 

High linearity - < 0.2ppm without adjustment; 
Low noise of < O.05ppm of full scale; 
High speed - signal and reference are applied together 
simultaneously, greatly reducing the conversion time; 

4. 100% overrange, giving a maximum discriminatiun of 1 
part in 200 million; 

5. Flexible operation - resolution (and hence speed) are 
programmable, from 4.5 digits at 200 readings per second 
to 8.5 digits per second at one reading per 6.5 seconds. 

A digital autozero system avoids the need for the more common 
sample-and-hold type of autozero circuit. 

The control logic determines the parameters of the conversion, by 
counts and timings which are selected by the processor and 
mnsferred via the serial interface in four bytes of data. Timing, 
counting and control are executed by a custom 'ASIC' 
(Application-Specific Integrated Circuit), resulting in a design 
which offers both variable integration times and user-selectable 
resolutions. 

The digital result of a measurement is transferred back to the 
processor via the serial data interface. 

Reference switching errors are reduced to a constant value, which 
are subtracted from the reading by the instrument's 
microprocessor. 

Multislope operation permits the integration capacitor value to be 
smaller than normally required for a more conventional circuit, 
greatly reducing problems due to dielectric absorption. 



5.2.5.3 Reset 

'Reset' mode replaces the more conventional analog 'Autozero'. It is imposed by the ASIC except when a conversion is in progress. 
The four phases of reset activate the convcrter to ramp through small excursions about ;rero, eliminating zero drift and holding the 
converter in a quiescent state. The ramps and timings are shown in Fig. 5.2.5.2. 

. - - - - - - - - 

___) 

time 

FIG. 5.2.5.2 A-D CONVERTER - RESET CYCLE 

The Reset Cycle 
There are four phases in thereset cycle, numbered onFig. 5.2.5.2: 

01. Zero is applied to both Signal and Reference inputs. This 
time is set by the ASIC, and the slope is determined by the 
integrator drift (exaggerated on the dagram). 

02. Zero is applied to the Signal input, and -Ref/256 to the 
Reference input. The integrator ramps up and crosses zero. 
The Null Detector has a standard delay, and for a fixed period 
after this, the ASIC continues to apply -Ref/256. These three 
times constitute the time of phase 2. 

03. Zero is applied to both Sig and Ref inputs as in phase 1 for 
avery short period, to guardagainst any overlap in switching. 
The integrator dnfts during this time. 

04. Zero is applied to the Signal input, and +Ref/256 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 thee times constitute the time of phase 4. 

The cycle is repeated, maintaining the integrator output near zero 
(within approx. 25pV). The overshoot in phases 2 and 4 is 
deliberately introduced to ensure a clean transition through zero. 
As can be seen from the diagram, the integrator output always 
reaches the same value at the end of Phase 4, due to the two fixed 
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 
The A-D continues in Reset mode until instructed to start areading 
conversion. A separate control line (CIl-R), with its own opto- 
coupler (M703-3/6), initiates the conversion. 
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5.2.5.4 Conversion Initiation 

Triggering 
Depending on the type of measurement trigger received, the 
instrument can be called upon to execute single or multiple 
readings, the latter being processed in some way to arrive at a 
'measurement'. This could be as a result of an external trigger, a 
manual irigger (sampiej or a trigger received over the EEE 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, the Conversion Initiate signal (CI1-R) 
is set high to star1 a conversion on its rising edge. As a result, the 
A-D executes a Reset cycle, ensuring that the conversion starts 
from a known integrator output value. The cycle is terminated by 
the A3iC 3iG iines being activated to appiy the conditioned signai 
to the integrator input. The result of C1 1-R is shown in Fig. 5.2.5.3 
for a negative signal input. 

SIG 7 

FIG. 5.2.5.3 A-D CONVERTER - EFFECT OF 'CONVERSION INITIATE' SIGNAL 
\ 
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Single and Multiple Ramp Conversions 

Notes 
Pages 5-30 to 5-35 illustrate examples of the forms of conversions The control signal waveforms are intended to illustrate 
used in the 1281. Recausc of the wide range of amplitudes and sequencing only - in some cases there an several versions of a 
timings which are involved in the sequences, the waveforms given signal. Polarities and amplitudes in the figures are therefore not 
in the figures are not to scale - some exaggeration is required to to be regarded as accurate. 
show the changes. 
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5.2.5.5 Single Ramp Conversions 

The integrator output and control signals for a single conversion Note that the time 'l' is fixed, as are the durations of phases 11, 
with positive and negative inputs are illustrated in Fig. 5.2.5.4 and 12,13 and 14. There is also the fixed Null Detector delay, and a 
5.2.5.5 respectively. Time starts at Phase 5 after the Reset fixed overshoot delay after null is detected in phase 10. Bias is 
initiated by the C1 signal. There are several versions of the control applied during phase 8. 
signals, those shown in the diagrams indicate timing only, and not 
pp&--iiy-. 

Positive Signal Input 
The phases in the conversion cycle for positive signal input are 
numbered on Fig. 5.2.5.4: 

05. Zero is applied to both Signal andReference inputs, this is 
the final stage of CI. 

06. The positive signal is applied to the Signal input, with zero 
on the Reference input. The integrator ramps down for a 
fixed period. 

07. The signal is applied to the Signal input, with +Ref on the 
Reference input. This 'bias' is applied for a fixed period 
with Ref polarity determined by the state of the Null 
Detector. It is arranged for the integrator to ramp further 
away from null. 

88; 09: 
Zero is applied to both Sig and Ref inputs to ensure that two 
references are not applied together. 

010. Zero is applied to Sig input and -Ref to theRef input. The 
integrator ramps up and eventually crosses null. The Null 
Detector has the standard delay, and the ASIC continues to 
apply -Ref for a further fixed period. The integrator 
therefore overshoots. 

011. Zero is applied to Sig and Ref inputs for a fixed period. 
This 'wait' allows the dielecmc absorption in the 
integrator capacitor to be recovered. Note that the 
conditions of phase 11 are applied three times. 

1 2 .  Zero is applied to Sig input and +Ref/l6 to the Ref input. 
The integrator ramps down and crosses null. The Null 
Detector has the standard delay, the ASIC continues to 
apply the +Ref/l6 for a further fixed period, and the 
integrator overshoots. 

013. Zero is applied to sig input and -Ref/l6 to the Ref input. 
The integrator ramps upand overshoots null, controlled by 
the Null Detector and ASIC delays. 

End of Conversion - RTX Signal 
The conversion is now complete and the A-D reverts to Reset 
mode. To signify the end of the conversion the ASIC sets RTX 
high. Data may now be shifted out of the A-D via the serial 
interface. RTX remains high until the next C1 is received. 

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, so it is back where it started before the conversion. 
Hence the accumulated amount of the references applied is a 
measure of the signal applied. 

014. Zero is applied to Sig input and +Ref/256 to the Ref input. 
The integrator ramps down very slowly and crosses null. 
The integrator overshoots null, controlled by the Null 
Detector and ASIC delays. 



11 12 11 13 11 14 1 

+REF/256 J 1 

RTX l 

FIG. 5.2.5.4 SINGLE RAMP CONVERSION - POSITIVE INPUT 
L 1 
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5.2.5.5 Single Ramp Conversions (Contd.) 

Negative Signal Input 
The phases in the conversion cycle for negative signal input are 
numbered on Fig. 5.2.5.5. The conversion is subtly different, 
becauseof the integrator output starting and finishing at anegative 
value. This shlfts some of the null crossings, and the general 
waveform is not merely an inversion of that for the positive input. 
Nevertheless, the principle of operation and sequence of phases 
remain the same. 
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FIG. 5.2.5.5 SINGLE RAMP CONVERSION - NEGATIVE INPUT 
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5.2.5.6 Multiple-Ramp Conversion 

Sequence of Phases 
The integrator output and control signals for a multi-ramp 
conversion with positive input is illustrated in Fig. 5.2.5.6. 

01 to 05 These are as described earlier for Reset. 

86 &-,d @7 - - &L- 
I IGSG arc u~r; ~ a n t :  as UI the single-ramp 
conversion. 

08 to 014 These are the same as in the positive single-ramp 
conversion. 

015 This is similar to 08 for the single ramp; but the positive 
input signal is reapplied to the Signal Input instead of zero. 
The slope of the ramp is the same as in 6. 

016 Signal and Reference are applied. The polarity of the 
chosen reference is such as to ramp back towards null. The 
ramp overshoots null due to null detector and ASIC delays. 

017 Signal only is applied. No 'wait' time is required between 
0 16 and 0 17, as the reference is not applied in 0 17, and so 
there is no possibility of shorting two references together. 
The slope of the ramp is the same as in 6. 

The cycle of phases 17,7,15 and 16 continues for as many ramps 
as are required for the programmed configuration. The final cycle 
is the same as the single-ramp version. 

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 the left. The first ramp is reduced to about half 
the size of subsequent ones, and they are not all the same size. This 
is normal behavior, and is not indicative of a fault. 

Counting 
The rules for counting the amount of reference applied are quite 
simple: 

1. Counting occurs whenever a reference is applied. 

2. The count is up for negative references; down for positive 
references. 

3. If Ref is applied the count increments in units of 256. 

4. If Refll6 is applied the count increments in units of 16. 

5. If Refl256 is applied the count increments in units of 1. 

This ensures that even with overshoot the correct result is 
obtained. A normal 32-bit upldown counter within the ASIC is 
used, that is reset to zero by the signal CI. 

Once again, the accumulated amount of the references applied is 
a measure of the signal applied. 
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FIG. 5.2.5.6 MULTIPLE RAMP CONVERSION - POSITIVE INPUT 
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NG. 5.2.7.1 DlGlTAL PCB - MAIN FUNCTlONS 
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5.2.6 Internal References 

5.2.6.1 Reference Modules 
Module Description 
The reference used in the analog to digital conversion is derived 
from two specially conditioned zener reference modules. Each 
contains the reference device and its associated buffer circuits, 
which are all hermetically encapsulated together in order to ensure 
constant temperature across the module. 

The modules are stable to within +3ppm per year, produce noise 
of less than O.lppm, and have temperature coefficients of better 
than O.lppm/"C. This temperature coefficient is held over a very 
wide temperature span of 0°C to 70°C and the references exhibit 
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. 
These are applied via switched attenuators to generate the positive 
and negative 'REF', 'REF/16' and 'REFt256' signals which are 
used in the complex A-D sequences. 

During Selfcal, A-D Cal and Selftest; the module outputs and the 
totem-pole buffer outputs 2re passed to the Signal Multiplexer 
(M401) to be applied to the A-D for specific calibrations and 
checks. 

When Option 20 is fitted, the reference for the Ohms circuitry is 
buffered directly from the module outputs (M403) as 'WEF'. 

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 at the 
inputs to the Reference Buffer-Amplifier M402. As the module 
outputs are negative, the negative output from Q40 1 is inverted by 
a 'Flying Capacitor' pump circuit M405, which is clocked by 
CLOCK-H from the A-D digital ASIC. Any clock transients are 
filtered out before being applied to M406. The compensated 
negative output of M402 is fed directly as input to M407. 

M406/M407 are referred to Common-11, which is the A-D 
reference common. The totem-pole currents of Q408 and Q409 
are sourced from the 15V Common-13 supply, to avoid 
interference with the reference signals. 

Gates M503-9 and M504-9 compensate for the effects of the 
attenuator switching gates at the A-D input. 

(Circuit Diagram 430738 Sheet 5; page 11.2-5) 
The outputs from Q408 and Q409 are the two compensated 
reference signals '+VREF COMP' and '-VREF COMP. These 
are fed totheREF SWITCH and SUBREF SWITCH, which select 
the A-D reference levels under 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 
PL 107- 1 1 to the Ohms PCB at PL43- l l. This level is also passed, 
as the 'CAL REF' signal, to the Selfcal Multiplier circuit. During 
Selfcal and Selftest CAL REF is switched as the input to the Error 
Amplifier of the Selfcal 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 main groups of functional circuits on the Digital PCB. 

5.2.7.2 Processing, Memory and Organization 
Clocks 
(Circuit Diagram DC400901 Sheet l ; Page 11.4-2) 
All synchronizing clocks used on the Digital PCB are derived 
from 16MHz crystal oscillator Y 301. Four are required; produced 
by division in UlOl: 

CLKI): 8MHz for the Processor and Digtal ASIC ( p  11.4-3); 
CLK4: 4MIIz for the IEEE 488 I/F Controller (p  11.4-5); 
CLK1: lMHz for the Digital ASIC (p 11.4-3); 
CLK0.5: 500kIk for the Display Controller (p 11.4-4). 

Processor 
(Circuit Diagram DC400901 Sheet l ; Page 11.4-2) 
The instrument is internally controlled by a 68000-series 
microprocessor. It ultimately translates all information, from the 
front panel keys and IEEE 488 interface, into control signals 
which determine the instrument's operation. 

Data Transfers 
Normal data transfers are processed via all address lines A1:23 
(Address Bus) and all data lines D0:15 (Data Bus), using the 
inherent 68000 wordand byte divisions and strobes. Other control 
signals in and out of the processor are grouped in the circuit 
diagramsas a 'Control Bus', but this is merely for clarity - the lines 
are dismbuted on the PCB. 

Different devices need different access times, and the processor 
requires readfwrite cycles to be terminated by the handshaking 
device to achieve maximum operating speed. The instrument 
accounts for three different access times: 

25011s: Normal RAM, EPROM, ASIC 
and Interrupt Acknowledge; 

50011s: IEEE 488 Controller, NV RAM, 
Display and I/O Port; 

1 ys: Switches 
2 ~ s :  Analog-Output D-A. 

Memory Assignment 
(Circuit Diagram DC400901 Sheet I ;  Page 11.4-2) 
EPROMs U103 and U104 hold the 128k X 16 of operating 
program and fixed data; RAMS U1 12 and U105 contain 32k X 16 
of workspace. 

U106 is a low-power static 8k X 8 RAM which is permanently 
powered: either by the +5V supply, or by 112 AA battery BT1 
when the instrument is switched off. Its 'non-volatile' memory is 
occupied by constants which are stored during calibration, and 
subsequently used to correct readings when in normal u.se. 

Memory Access 
All memory is held in 8-data-bit devices. 

The EPROM chips are device-enabled by the Decoder PAL U1 10 
from addresses A20:23. U103 and U104 are chip-enablcd 
together by A19, and addressed via lines A3:17. Data hytcc are 
read In parallel by simultaneous addressing; TJ103 provldes the 
'upper' bytconto data bus lines D8: 1 5, and the 'lowcr' byte is read 
from U103 onto D0:7. 

The workspace RAM chips are selected by the Decoder PAL 
U1 10, and addressed via lines AI: 15. Data bytes are read in 
parallel by simultaneous addressing. For RAM data. U112 is 
served by the 'upper' byte D8:15 and U105 by the 'lower9 byte 
D0:7. Device-enable and read-write are selected via the control 
bus. 

The non-volatile RAM is also selected by the Decoder PAL U1 10, 
and addressed via lines A1: 14. For RAM data, U106 is served by 
the 'lower' byte D0:7. Device-enable and read-write are selected 
via the control bus, and write is inhibited unless calibration 1s 
enabled. NV RAM (U106; page 11.4-2) is divided into three 
areas: 

1. Primary Calibration Constants (External Calibration); 
2. Secondary Calibration Constants (Self Calibration); 
3. User NV (Input Zero, Password, Bus Address etc.). 

The Primary Calibration Constant area is protected against 
unauthorised Write access by the rear panel CaliRun keyswitch. 
Secondary Calibration Constants and User NV, by necessity, are 
not keyswitch protected. 

Control Decoding 
(Circuit Diagram DC400901 Sheet 1 ; Page 11.4-2) 
Three PALS: U107, U1 l 0  and U1 11, manipulate the various 
signals which are used to control instrument operation. Generally, 
U110 deals mainly with memory selection and calibration 
processes; the inputs to U1 11 are decoded to select devices other 
than memory. U107 operates mainly on handshake signals to and 
from devices which require longer access times. 

Buffered Data Bus 
(Circuit Diagram DC400901 Sheet 2;  Page 11.4-3) 
The lower data bus D0-7 is connected to the two-way buffer U20 1 
to provide the Buffered Data Bus BD0:7. This is used to access 
several devices: Keyboard, Cal Mode Buffer, Digital ASIC, IEEE 
488 Interface Controller, Analog Output D-A Converter and the 
I10 Port. U201 is enabled by EN-BUKL, and its direction is 
controlled by signal BR-HW-L. 
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5.2.7.3 Digital ASIC 

The Digital ASIC (U203 on page 11.4-3) is a 68000 support chip 
for digital multimeters. It interfaces via 16 read-write registers 
and an interrupt handler. 

Functions 
(Circuit Diagram DC400901 Sheet 2; Page 11.4-3) 

1. 68000 bus time-out for one or more wait state pairs 
(DTACK). Bus error generation on invalid address time- 
out (BERR). 

2. 68000 reset power delay PFAIL to RESET. 

3. Switching counter 1 to 256ms delay gives interrupt. 

4. Tick interrupt lOms or looms period. 

5. Internal counter - free-running for internal triggers OS to 
10s: 10-bit with four prescales (lops; 100ps; lms and 
10ms). Software triggers are used for delays greater than 
10 seconds. 

6. Delay counter - one-shot to delay conversion after trigger 
OS to 10s: 10-bit with fourprescales (lops; 100ps; lms and 
IOms). Software delays are used for intervals greater than 
10 seconds. 

7. Serial Interface - two-way communication between the 
68000 and the Analog Sub-System. 

8. Measurement time-out intermpt if the A-D Converter 
locks up. 

9. Write enable for non-volatile memory; and lockout circuit 
to detect illegal access. 

10. Trigger conditioning: 

GET from IEEE 488 interface or front panel 
SAMPLE key. 
TRIG from rear panel BNC socket. 
HOLD from 110 Port. 
Internal interval counter. 

11. 68000 interrupt handler - interrupts from serial interface, 
triggers and external pins (NMI; GPIA; ERR; FPINT; 
RTCINT). 

5.2.7.4 Conversion Initiate (Cl-R) 

Triggers 
Firmware determines the way triggers are treated in the digital 
ASIC uigger conditioning circuit. Triggers may be disabled, 
cause an interrupt, or produce CI-R depending on conditions. The 
maximum rate at which the analog sub-system can respond to 
CI-R's is determined by the mode of the A-D convertor and the 
need to collect measurement information via the serial interface 
between triggers. Three sources of triggers are: 

Internal: Interval Counter - Hardware or Software 
External: TRIG-F - rear Trigger BNC connector. 

GET-R - from the IEEE bus. 
SAMPLE - from the Front Panel key 

A timer in the digital ASIC produces CI-R (20-40 CLKl periods) 
from the various triggers. 

Internal triggers are generated by the Interval Counter in the 
digital ASIC at arate controlledover the data bus by the processor. 
Where the trigger period is less than 10 seconds a programmable 
free running counter produces 'direct' triggers at a rate set by the 
processor. For trigger intervals greater than 10 seconds, 'indirect' 
triggers are produced by software in response to RTX-R. 

External triggers are conditioned; the conditioned triggers 
causing eitheran 'immediate' or 'delayed' trigger, oran interrupt, 
depending on the configuration set by the processor. In the case 
of an intermpt, the trigger is eventually produced from the interval 
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 
allowed by the set configuration, triggering continues at the 
maximum possible rate and 'Trigger Too Fast' is flagged. The 
processor signals this to the I/O port via the data bus and U208-6 
(page 11.4-3). 

To summarise trigger forms: 

1. Internal triggers - Interval counter: 
Hardware: < 10 Seconds 
Software: > 10 Seconds 

2. External triggers - Software 
3. Direct triggers come from hardware. 
4. Indirect triggers come from software. 
5. Delayed triggers pass through the Delay Counter 

(max 10 Second delay). 
6. Immediate triggers by-pass the Delay Counter. 

In order to offer external control facilities (other than the IEEE 
bus), an 110 Port has been fitted in the instrumentrear panel. This 
could be used; for example: in conjunction with the Rear Trigger 
input in a process control system. 

The rear Trigger input is a BNC connector on the rear panel. 



Section 5 - Technical Descriptions 

5.2.7.5 Display Management 
(page 11.4-4)  

Data to be displayed on the front panel is stored in RAM. The 
processor employs 'Bus Arbitration' so that the Display 
Management System can gain access to this information. 

Display Data Access 
When Display Management requires data, it asserts BR-L (Bus 
Request). In rcply, the processor asserts BG-L (Bus Grant) to 
indicate that control of the bus will be released at the end of thc 
current processor cycle. The end of the cycle is signalled to each 
of the control P,&s by A u b e i n g  cleared, which is deccded with 
BG-L by U107 (System Conuol PAL) as ST-BG-L. 

This signal causes the Display Management system to take 
control, which it acknowledges by asserting BGACK-L (Bus 
Grant Acknowledge). 

Display Management now has control of the bus. Signal DMA-L 
(Direct Memory Access) enables the RAM, and data is extracted 
using the Address and Data buses. Control of the bus is returned 
to the processor when BGACK-L is cleared. 

Anode Data 
DSHFT-R clocks anode data into the display's 100-bit serial 
register (page 11.3-1)  as seven 16-bit words via DDATA-H. 
DLTCH-H latches this pattern when the next pattern is shifted in. 
The display is scanned by walking a Logic- l along the 20-bit grid 
register, one step for each 7-word set of anode data. The Logic- 
1 is clocked by DLTCH-H. 

DDATA-H 
U309 and U310 form a 16-bit serial-inlparallel-out register to 
provide the serial data stream DDATA-H. 

RAM Addressing 
U304 is a +l6 counter whose output DMA-REQH signals 
completion of each word toU305 and the Bus Arbitration System. 
U305 divides by seven and provides a word count for RAM 
addressing on WRDO, WRD0 and WRD0. 

The output from the +20 counter U306/U307 is a character (grid) 
count used for RAM addressing via octal buffer U303. 

Tthe divide-by-16 counter U304 is clocked by CLKO.5 through 
U302-8, U3 11-4 and U308-4. At the count of 15 the cany out bit 
U304-15 goes high setting DMA-REQ-H at U3 12-12. on the next 
edge of CLKO.5, BR-L is set at U312-8 to request bus control. 
While BR-L is set, the CLK0.5 input is disabled by U313/U302 
and all counting and shifting is stopped. 

The processor asserts BG-L but ST-BG-H stays low until AS-L 
iscleared. When AS-L goes high at the end of the processor cycle, 
ST-BG-H goes high and U313-6 is clocked low by CLK8 to 
assert BGACK-L. 

CLK0.5 remains inhibited, now viaU313-5, U3 11-1 to U302-12. 
U3 13-5 also sets U313-12 high, and on the next CLK8, DMA-L 
is set zt U3 13-8. This clears BR-L. 

DMA-L enables RAM U1 12 and U105 via SEL-RAM-L from 
U1 10-19 (page 11.4-2). DMQ also enables the address buffer 
U303, so the address set by WRD0:2 and CHR0:4 is applied to 
the address bus. The first of the seven anode data words is thus 
loaded into U3091U3 10 via the data bus. 

In reponse to BGACK-L the processor clears B G L ,  and hence 
ST-BG-H. 

U313-9 going low removes the inhibit on CLKO.5 at U302-12, 
causes DMA-L to be cleared at U313-8, and thus removes the 
enable on address buffer U303. 

D S m R  is produced from CLKO.5 via U302-8, U308-4 and 
U3 11-10. Sixteen edges of DSHFT-R load the U309fU3 10 data 
word into the display anodes serial register. The series of sixteen 
CLKO.5 clocks also produces another DMA-REQHat U304 15, 
so the DMA cycle is repeated. 

U305 counts DMA-REQH to generate the seven-word count, 
U305-15 incrementing the character counter U306lU307 after 
each seven words, latching the pattern on the Front Panel. This 
causes the Logic- l in the display grid register to be shifted to the 
next grid by DLTCH-H via U308-12. 

WRDI, WRD2 and CLKO.5 are gated by U207-11 andU3 12-5 to 
produce DBLK-H which blanks the display while the last two of 
each group of seven words are being loaded. 

DG20-H is produced at U308-8 from U307- 15 after each set of 20 
characters (140 words) to load a Logic-l into the display grid 
register. 

After a system reset, the display is blanked for approx. 500ms by 
R3061C302 to allow the RAM to be re-initialized by the 
processor; and to allow the display registers to synchronize with 
the Display Management address counters. 

Display scan is inhibited by the action of DBLK-H in the display 
circuit. 

The facility for display blanking by DOFYH is not used in the 
128 1. DOFTH is cleared by the processor via the data bus and 
U208-19 (page 11.4-3) at power up reset. 

As well as being the response to BG-L, BGACK-L provides an 
enable for the parallel-inlserial-out Display Data Shift Registers 
U309/U3 10. 
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5.2.7.6 Keyboard Interrupt 
(pages 11.4-2 to 11.4-4) 

KB5 from the keyboard encoder sets the Key Press Latch by 
clocking U302-3. This signals FP_INT-L to the digital ASIC 
interrupt Handler at U203-39 (page 11.4-3). 

The digital ASIC sets the interrupt level '2' on IPLl and IPL0/2 
(U203-40141) to indicate an interrupt to the processor. 

The processor compares the interrupt level with its internal mask. 
Assuming that the interrupt is of higher priority, the processor 
completes the current instruction then sets its mask at level 2. 

The processor then sets the interrupt level 2 on A1-A3, asserts 
AS-L and sets R-H/W-L high. At the same time FCO-H, FC1-H 
and FC2-H are set, asserting IACK-L at U107- 19 (page 11,4-2). 

R-H/W-L and AS-L with IACK-L at U203-4/57/58 cause the 
digital ASIC to output the relevant exception number on BD@:7. 
Access time-out is by U107 setting UIDTACK-L, which drives 
the processor via U1 10- 16. 

The processor is now in an exception cycle. From ROM it fetches 
the exception vector indicated by the digital ASIC. The two vector 
words hold the first of a series of addresses which contain the 
instructions to read the front panel keys. 
(Note: should an interrupt of higher level occur (such as ERR-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. This is decoded to assert RDFP-L by the address 
decoder U l l l  at pin 19. RDFP-L carries out the following 
actions: 

1. resets the Key Press Latch by U302-1; 
2. enables the Keyboard Buffer U301; 
3. causes DTACK-L to be asserted after 500ns via the digital 

ASIC access timeout circuit. 

The Keyboard Buffer places the encoded key number at KB(a:5 
onto the buffered data bus BD0:7. The two-way buffer U201 
(page 11.4-3) has been enabled by AS-L (1ACK.AS-L) and its 
direction has been set by R - W L .  The keyboard code is thus 
passed vig D0:7 to the processor which takes appropriate action 
determined by the particular key which was pressed. 

5.2.7.7 110 Port Sk8 

The 110 Port is a 'D' connector allowing the following TTL 
compatible inputs 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. 

REAR TRIG 
Trigger input via SK9 to the digital ASIC trigger 
conditioning circuit. 

Outputs: 

DATA VALID-L 
Indicates that outputs are valid. 

TRiG TOO FAST 
Indicates missed triggers. 

HIGH LIMIT-L 
Asserted when the applied input signal is more positive 
than a limit preset via the instrument keyboard. 

LOW LIMIT-L 
Asserted whcn the applied input signal is more negative 
than a limit pre-set via the instrument keyboard. 

Note: The above outputs are driven by the processor via latch 
U208 on the buffered data bus. U208 is enabled by WRLTCH-L 
from address decoding (U1 1 1 - 16, page 11.4-2). When limits are 
set they are storcd in the user area of NV RAM. 

NOT SAMPL-L 
Asserted between measurements to indicate that the input 
signal may be changed. This output is an inversion of the 
Digital ASIC output SMPL-L derived in the trigger 
conditioning circuit. 

ANALOG OV 
Separate ground to minimise processor noise on the 
Analog output. 

ANALOG O/P 
DC level via the D-A converter. The output is bipolar with 
2V representing full scale input on any range. 
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FIG. 5.2.8.1 SERIAL INTERFACE FUNCTIONAL LOOP 
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5.2.7.8 Analog Output 

Analog output voltage is derived from measurement data stored in 
RAM (corrected by calibration constants). The processor writes 
data to the D-A convertor U205 on BD0:7 and D8:l l .  Data is 
latched into the DAC by SEL-WORD-L (UDS-L and LDS-L 
combined at U l l l -15  page 12.4-2). U205 is selected by 
WR-DAC-L from address decoding U 1 1 1 - 13. 

When all the data is Logic-l, the Analog Output is -2.45V. All 
data at Logic-@ produces +2.45V. An output of OV is 
theoretically produced for inputs between hex 7FF and hex 8 0 0 .  
In practice the output, although linear, is initially offset and 
requires calibration. 

D201 provides a +2.45V reference to the 'R/2RY 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 protects U206-7 output, C203 and C205 prevent oscillation 
and D202-D205 are clamps. The Analog output is filtered by 
R205 and C204. 

5.2.7.9 IEEE Interface 

The IEEE controller (GPIA) U401 is connected to the IEEE bus 
via the buffers U402 and U403. Data is passed to and from the 
GPIA on the buffered data bus. Note that BD0  connects to D7, 
BD1 to D6 etc. 

The GPIA is addressed via Al-A3, and runs on CLK4 to maintain 
bus handshake speed. It is enabled by SEL GPIA-L, derived from 
U1 11-18 (page 11.4-2) and readwrite is selected 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 a valid 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. Interrupts generated atU401-9 (GPIA-INT-L) are 
fed 10 the interrupt handler in the digital ASIC. 

The buffers U402 and U403 are selected to Send or Receive by the 
GPIA U401-21. Additionally, 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'). Special 
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 R4021 
C402 to avoid problems which could arise due to external noise on 
IFC and REN. 
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5.2.8 Serial Data interface 

5.2.8.1 Functional Block Diagram 

Fig. 5.2.8.1 (opposite) shows the elements and routing of the Serial Data Interface. 

5.2.8.2 Need for a Serial Interface 

If the analog control signals and the necessary analog status By passing a stream of data around an out-guard/in-guard serial 
s~gnals were to bc passed through the guafd plane, each through loop, which needs only two isolators, the total number of active 
its own dcdrcated isolator, then more than 50 isolators would be devices is reduced to seven (the TRK-H signal is not used in the 
required. This would impose space penalties and introduce 1281). This includes provision for two asynchronous signals (not 
llltolerabic capaclfive coupling and leakage between in-guard and directly connected with i n t e r f ~ e  Wiulsfers) and rhree interface 
out-guard circuits. control signals. 
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5.2.8.3 Interface Control 

Processor Control of the lnterface 
The Interface Controller is incorporated into the Digital ASIC. 
The 68000 processor controls the interface using A1:4 and 
DB0:7, together with address decodes SEL-ULA-L, LDS-L, 
R-HW-L and AS-L. Signal UDTACK-L handshakes 
acknowledgement of sufficient access time (250ns). 

There are three main states of the interface: 

WAIT: The interface is quiescent, awaiting instructions 
from the processor. 

WRITE: The processor commands a change of instrument 
analog state via the interface. 

READ: Status data is passed back to the processor from 
the analog circuits. 

The processor instructs the Interface Controller to change the state 
of the interface by writing to the ASIC's command register over 
the buffered data bus BD0:7. The controller can find out the 
interface state and any status information by reading the ASIC's 
status register via BD0:7. " 

The Interface Controller can instruct the ASIC to request a 
processor interrupt via the IPL0:2 lines. When requested the 
processor responds by returning the same priority level via the 
FC0:2 lines. When the processor reaches the interface interrupt 
in the interrupt queue, it services it by setting IACK-L low at the 
ASIC. This acts as achip-select, and the interrupt data is read back 

Power-up and Reset 
The ASIC is placed into Reset condition at power-up. When it is 
released from reset, at this or any other time, the Interface 
Controller places the interface into the WAIT state. This causes 
all the in-guard Tx/Rx devices to take their serial registers off-line, 
and they become 'transparent' to any signals on the serial path, 
which effectively bypasses them. 

From this point the processor controls the state of the interface, 
and via the interface, the instrument analog state. 

Changing the Instrument Analog State 
To do this the processor commands the interface state to WRITE 
and a write cycle begins. Control data to be transmitted via the 
interface is passed over the buffered data bus in 'Long Words' (32 
bits). This data is transferred over the interface in a series of 64- 
bit groups, each comprising four bytes of true data interlaced with 
four bytes of complement data. The ASIC implements the word- 
group conversion. The in-guard Tx/Rx devices are set to receive. 

Obtaining Measurement and Status Data 
To do this the processor commands the interface state to READ 
and a read cycle begins. The in-guard Tx/Rx devices are set 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 serial registers, 
and are transmitted through guard to the digital ASIC. 

to the processor via the buffered data bus. AS aiesulr the processor 
carries out the next step in the write or read cycle. 
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5.2.8.4 Data and Control Lines 

DOUT-H and DRET-H 
The Digital ASIC is buffered from the opto isolators on the DC 
PCB by U403 (page 11.4-5). From Fig.5.2.8.1 it can be seen that 
the data line loops around all the Tx/Rx devices in the analog sub- 
system. entering via the opto-isolator M703 on the DC PCB as 
DOUT-H, and returning via M704 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 purpose is to clock the data 
round the serial loop. 

EN-H (Transfer Enable) 
This signal goes high to enable data transfers around the loop. The 
condition of the serial data line during the first four SCLK-F 
pulses when EN-H is high determines the 'Receive/SendY state of 
the in-guard Tx/Rx devices. When EN-H is low, the Tx/Rx 
devices are placed into 'WAIT' state. 

TRK-H 
This signal is not used. 

ERR-L (Transfer Error Warning) 
During a write cycle the Tx/Rx devices compare the transmitted 
bytes of true data against their transmitted complements. If there 
is any disparity, ERR-L is asserted. The ERR-L line remains high 
when there are no errors. 

The ERR-L line can also be pulled low if a Tx/Rx device does not 
recognize the bit-pattern of its received true data as a valid 
command, or if its internal processing is defective. 

Cl-R (Conversion Initiate) 
This s~gnal is used to inltlate an A-D conversion. Oncc the conrcct 
trigger is present, and the analog sub-system has been configured 
by data transfers, and any digital delays have expired, the CI-R 
line~s set high. The rising edge of Cl-R into M509 on the DCPCR 
m~t~aws d read~ilg convcrston. At thc same tlrne, for AC 
rneasureaicnL%, the irequilncy countcr M412 on the AC PCR rc 
activated. 

RTX-R (Conversion and Count Complete) 
The A-D LJLA (M509 on the DC PCR) has an open-collector 
output RTXI, which is pulled low during a conversion as a result 
of Ci-R. Once the conversion is cornpieid ihe A-D LTA 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 RTX2 is released from low. When 
both RTX 1 andRTX2 have been released, pull-up resistors on the 
DC PCB set theRTX line to high. This is passed through iso!ator 
M704 to the Digital ASIC, where the rising edge signifies that t!e 
two operations are finished. 
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5.2.8.5 WRITE Cycle 

/ 7 
1 Wait 'Receive' / Transfer Data 
l Command 

EN-H 

64 clocks-------+l 16 clocks 

SCLK-F 
- - - - - - - - - -  - - - -  U- I 

DOUT-H 

= Don't Care - 

FIG. 5.2.8.2 WRITE CYCLE - SEQUENCE 
L J 

There are four phases in the cycle, controlled by EN-H, SCLK-F and the data line DOUT-H itself. They are: 

Wait: 
EN-H is low, no clock pulses are present. All in-guard Tx/Rx 
devices ignore 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. The in-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 
registers on line at the start of EN-H true, the inputs and outputs 
of the Tx/Rx devices are still shorted, so the whole of the signal 
path has time to fall to low. 

Process Data: 
EN-H goes low to disable the data transfer. The data in the Tx/ 
Rx serial data registers is held, as the regsters are taken out of the 
data path. Sixteen SCLK-F pulses are transmitted which cause 
the Tx/Rx devices to check the true data against its complement. 

If there is no corruption, the true control data is latched into the 
device's D10 lines (a similar checking facility is incorporated into 
the A-D and frequency counter ULAs, but correct true data is 
latched internally). The data is used to reconfigure the analog 
circuits controlled by the device. 

If a device discovers an error, it pulls its ERR-L line low, and 
latches its D10 lines at high impedance. In this condition, a set of 
pull upldown resistors dominates the device's D10 output lines, 
setting a safe analog state. 

Transfer Data: ERR-L is an open-collector output and input. When it is pulled 
EN-H remains high' The 64 data bits the first group are low for an error by one device, the change is detected by all the 
injected into the data path via DOUT-H, a bit at a time, while 64 devices in the loop, which also set thei DIO lines to high 
sCLKAF pulses the bits through the of the impdance (but without latching). This causes the whole analog 
Tx/Rx devices. This transmission of @-bit groups continues until sub-system to revert to a safe condition. 
the data is located in the correct Tx/Rx serial registers for the 
instrument's option fit. Each 8-bit device in fact introduces a 16- There is a further benefit in latching only the device which 
bit serial register into the data path, half for a true data byte, the detected the error. When fault-finding, if the Txmx chips are 
other half for its following complement data byte. This allows removed one at a time, then the ERR-L line will remain low until 

error checking in the Process Data phase. the one which reported the error is removed. This locates the part 
of the data stream which is corrupted, as a lead-in to subsequent 
diagnosis. 



Section 5 - Technical Descriptions - - .... -. . -- - -- 

[F--:] (Relays !nput HI RL101 & Lo Control to RL106) 

l 
Lo Switch~ng (RL108) 
Guard Switching (RL107) 

b6-5 internal Bus Swrtching 12113 
!RL2C1, M202-1 & M202-16) 

D 1  Attenudtor In/Out (R1203) ' 1  

Bits Functions 
b 0  CAL_ZERO-L (M202-9) 
b l  1 OMQ-LOAqL (M202-9) 

b3 REFH~.ZERO L (M601 -9116) 
b6-4 Ref Output Value Selection 

(CAL 'A', 'B' & 'C' Signals :o M61 1) 
Ref NEG-H-POS-L (M606) 

Bits Functions Pins 
b 0  Transfer EnableiDisable 1 
b2-1 AC Filter Selections 17/18 
b3 Signalisample Selection 15 
b4 AC-CAL..SENSE Output OniOff 14 
b5 100mVil V Range Switching 13 
b6 100mV Range OnlOff 12 
57 Signal & Sample EnablelDisable 11 

AC NF Cal Correction Data 

Bits Functions 
b7-0 Correction Data Byte 

(Controls R1 89 D-A) 

Bits Functions 
b 0  AC Input OnlOff (RL101) 
b l  ACIDC Coupling (RL102) 
b4-2 111 0/100/1000V Range Selection 14/15/1 

(RL106; RL104; RL105 Resp.) 
b5 INT-SIG-BUS OnIOff (RL103) 
b6 Feedback OnIOff (0203) 
b7 Not Used 

One byte is delivered to the Frequency Detector FLL 
ULA. The byte controls the FLL's operating mode and 
is not accessible directly on the chip pins. 

Ohms Converter Control 

s Functions 
Bits Functions 

Salecffdeselect I+, I-. INT-SIG-BUS 1 
b7+b0 Ohms On/Off or Self-test Selector 1111 

Selsct NormallSelfczl 
b3-l Ohms Ranges Switching 

6-2 Current Ranges Switching 
b4 214 Wtre Switching 
b5 True ZeroINormal Switching 

7 Select NormaVFuse-Tost b6 Compliance Limit Level-Switching 12 

FIG. 5.2.8.3 SERIAL INTERFACE REGISTERS - COMMAND DATA (DEVICES SET TO RECEIVE) 
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5.2.8.6 READ Cycle 

There are four phases in the read cycle, also controlled by EN-H, SCLK-F and the data line DOUT-H. They are: 

f \ 

1 Wait 1 'Send' 1 Transfer Data 1 Prop;? 1 
/ Command 1 

Wait: Transfer Data: 
EN-H is low, no clock pulses are present. All in-guard Tx/Rx EN-Hremains high. 64 preset serial databits of the first group are 
devices ignore any data on the data line, which bypasses their injected into the data path via DOUT-H, a bit at a time, while 64 
serial registers. SCLK-F pulses clock the bits through the A-D and Frequency 

EN-H 

Instruct All Tx/Rx Devices into their Preset Send Modes: 
EN-H goes high to enable the data transfer. Four SCLK-Fpulses 
are transmitted, while DOUT-H is held high, to announce that the 
processor is about to command the 'Send' devices to transmit 
data. The 8-bit in-guard Tx/Rx devices are preset in hardware as 
'receiver only' and so assume the 'Wait' condition, in which they 
are transparent to signals on the serial data path. The A-D and 
Frequency ULAs activate to transmit data via DRET-H, placing 
their serial registers into the data path. During the time taken to 
place the registers on lineat the start of EN-H true, the inputs and 
outputs of the Tx/Rx devices are still shorted, so the whole of the 
signal path has time to rise to high. 

r 

ULA serial registers. This transmission of @-bit groups 
continues until the preset data is returned to the digital ASIC serial 
registers. The two ULAs introduce both true and complement 
data bytes, to permit error checking by the digital ASIC during the 
Process Data phase. 

64 clocks---+I 16 clocks 

SCLK-F 
. . . . . . . . . . . . . . . . . . . .  

DOUT-H 'Send' 

= Don't Care 

FIG. 5.2.8.4 READ CYCLE - SEQUENCE J 

Process Data: 
EN-H goes low to disable the data transfer. The data in the Tx/ 
Rx serial data registers is held, as the registers are taken out of the 
data path. Sixteen SCLK-F pulses are transmitted which cause 
the two ULAs to check the preset data against its complement. 
During this time the ASIC checks the returned true and 
complement data from the ULAs. 

If there is no corruption, the returned true data is transferred to the 
processor. 



evice transparent to serial data. Dev~ce 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. It is assumed that all instruments will contain an A-D converter, 

Introduction 
This is one of the first transfer commands from the processor to the 
Interface Controller following a Reset (including the power-up 
reset). Its is included so that the processor can discover which 
options are fitted in the instrument, to enable the correct firmware 
options to be selected: e.g. how many 64-bit groups are required 
for a complete transfer during the write cycle (the read cycle is 
fixed at one group only). The facility caters for recognition of 
other future options which may be fitted in place of the standard 
options. Option Test also serves to set the analog sub-system to 
a known safe state before it is configured into the default mode. 

The 8-bit Tx/Rx devices are preset in hardware to act only as 
receivers, but they are designed so that this preset can be 
overridden when commanded via the serial interface. Once 
overridden, they can revert to 'receiver only' only when the 
override is cancelled by a write cycle, or after a reset. 

The Option Test command generates three transfers, overriding 
the hardware preset. The first two are abbreviated Read cycles, 
which command all Tx/Rx devices (except the A-D ULA) to 
convert into 'Senders' and set their D10 lines at high impedance. 
The analog sub-system is thus configured safe by the dominant 
pull-up/down resistors on the D10 lines. This imposes a unique 
bit-pattern for each Tx/Rx, which is detected by the device as an 
input from the D10 lines, and is loaded (with its complement data) 
into the device's serial register in the serial data path. 

so the A-D ULA is excludedfrorn the Option Test procedure. 

Wait: 
EN-H is low, no clock pulses are present. All in-guard Tx/Rx 
devices ignore any data on the data line, which bypasses their 
serial registers. 

lnstruct Tx/Rx Devices to Select Option Test Mode: 
EN-H goes high. Four SCLK-F pulses are transmitted, while 
DOUT-H is held high. EN-H immediately returns to low, and 16 
SCLK-F pulses are transmitted to clock the 'Process Data' 
sequence in the Txmx devices. Each in-guard Tx/Rx device 
(except the A-D ULA) interprets this sequence as the ovemding 
'All Send Option Data' command. It reconfigures itself as a 
sender, setting its D10 lines at high impedance and loading the 
D10 bit-pattern into its serial register. During the time taken to 
place the registers on line at the start of EN-H true, the inputs and 
outputs of the Tx/Rx devices are still shorted, so the whole of the 
signal path has time to rise to high. 

To ensure that the Tx/Rx devices have enough time to reconfigure 
themselves, the instruction is repeated a second time. 

Instruct Tx/Rx Devices to Send Data: 
The processor commands a Read cycle to obtain the option state. 
Because the option fit is not known at this point, it is necessary for 
this cycle to return 4 X 64-bit groups (required for the possibility 
that the instrument is fully-loaded). 

The third transfer is a standard Read cycle, which passes the data 
from the Tx/Rx devices to the digital ASIC. After checking for 
errors, the ASIC releases the data for the processor to read. The 
processor interprets the unique bit-patterns as 'options fitted' 
information. 

f > 
'Option Process 1 1 Test' Command 

I /command 

E N-H 

4 clocks 16 clocks 

SCLK-F 

DOUT-H 

= Don't Care - - 

FIG. 5.2.8.6 OPTION TEST SELECT - SEQUENCE 
L J 
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5.2.8.8 Power On and Reset 

Interface Flushing 
At power on, the d~g~t ! I  Illaster reset ILfR-L IS ascertcd, to be 
turned off after 200ms-300ms. The Txmx devlce serial data 
rcglsters could power up any random cond~tron, so they must be 
inrt1d1l~c.d. Thc ilr\t actlon by thc processor on thc ~ntcrfacc. is eo 
fii~sh [he m-guard data path by 16 SCLK-F pulses, wh~ll: 
DOUT-H and EN -H are held low. The Tx/Rx devlces' are thus 
111 the safe 'W~IL '  slate, Lhe~r DiO Imes bcilng at h~gh ~rnpcdmce 
due to EN-FI being low, serial data registers off-hne, and ser~al 

A-D Aclisrr 
Aficr the dlgital ma\tcr rcset ha\ been removed, Cl-R rcmalnc; 
inactive untll the optlon test has been successfully completed, to 
allow the A-I1 ULA to c-&brl~~e the A-D analog circurt. W~th  CV 
at rts srgxd1 rnptle, the %-D powers up w ~ t h  Its Integr~ttor oarptit 
PO\I~IVC, ancl ihc A-D ['I.(?. Impoce\ +REF/2Sh t return t h~s  cerq 
slowly towards 7ero. %leanwhile, durrng the master rcset period, 
rhe A-D ,ind F I C ~ U C I I C ~  LLAs kid rcl~tsed rhelr open-clriurt 
RTX-R outputs, which rcmaln pulled to hlgh. 

data inputs and oulputs shorted togcthcr. The 16 SCLK-Fpulses After Uptlon .I.cst has been successlully, a 
arc therefore sufficient to set of the data path c o n v ~ s i o ~  is ifliliapd by CI-R hcing set high for some 3[)ms. The 
low. rising edge of CI-R has the effect of imposing +REF at the A-D 
interface Reset 
Two Write cycles are processed with DOUT-H remaining low. 
This time the TxRx registers are put into the serial data path by 
EN-H high, and are all reset to zero by the low on the data path. 
This is a safe state, and after the reset the Txmx devices return to 
'Walt' state. 

Option Test 
Two optlon 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 complete test of all 
options will be completed if the instrument is fully 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. 

The Tx/Rx devices remain in their 'Wait' condition, imposing the 
Power On Reset (default) condition on the analog sub-system, 
until a Write cycle is processed to change their serial register 
contents. The processor now knows the instrument's option fit, 
and so tailors subsequent interface operations to accommodate the 
correct number and positions of the serial registers in the serial 
data path. 

input, which rapidly drives the A-D output to zero, and the A-D 
starts a conversion with zero input. At the same time the RTX-R 
line is forced low. The processor waits for the RTX-R line to rise 
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 sets RTX-R back to high, and the 
interface power-on sequence is complete. Unless the instrument 
is commanded otherwise, the power-on default state persists, and 
the A-D is internally 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: .......................................................................................................................... 
...................................................... .................................... Division: DepartmentlMail Stop 

.................................... .................... User, Name: ...................................... Telephone Ext 
.................................................................................................................... Serial number: 

............................. ............................. Datron Return Authorisation number Date of failure 

Brief description of fault: ..................................................................................................... 

Fault details: 
is the fault present on all ranges? Yes /? No m Not Applicable [I 

..................................................................................................................... if no describe: 
is the fault present on all functions? Yes No m Not Applicable m 
is the fault: Permanent Intermittent m 
if intermittent under what conditions does the fault re-appear ........................................... 

Does the instrument pass 'self test?' Yes No 
Any faillerror message displayed: 
Now: Yes m No m if yes describe .................................................... 
........................................................................................................................................... 
At the time of fault: yes U NO E 

.................................................................................................................... if yes describe 

Prior to fault: yes a NO D 
if yes describe .................................................................................................................... 

m Is the instrument used on 1.E.E.E 488 bus? Yes / No 

Is the instrument normally enclosed in a rack? Yes / No m 
Approximate ambient temperature ..................................................................................... 



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 all information and drawings to enable us to put the work in hand. 
Wheredelivery is to take place by instalments eachsuch instalmentshallconstitute 
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 madenet cash within thirty (30) days of delivery or in 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 to you 
or terminate the contract andlor 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 must begiven at thetime of placing theorderand notice 
of readlnesswill then begiven 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 out inspection by you after seven (7) days noticeof readiness the tests will 
proceed in your absence and shall be deemed to have been made in your 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 prov~ded. 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 
Weagree tocorrect,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 
clamed defective must be promptly returned to us carriage paid unless otherwise 
arrariged 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 you may incur and forwhich 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 g~ving 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 ensueand 
all negotiations for asettlement of the claim or action. You on your partwarrant that 
any design or instruction furnished or given by you shall not cause us to infringe any 
Letter Patent, Registered Design, Trade Markor Copyright in the execution of your 
order. 

11. DOCUMENTATION 
All drawings, plans, designs, software specif~cations, 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 treat the 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. 



Sales and Service 

Datron Sales and Service Representatives Worldwide 

COUNTRY and REPRESENTATIVE Telephone Telex 

AUSTRALIA 
Scientific Devices Ptg; Ltd 
2 Jacks Road, South Oakleigh, 
Victoria 3 167 

AUSTRIA 
Walter Rekirsch Elektronisch Geraete GmbH & Co. 
Obachgasse 28, 222 253626 
A-1220 Wien 

BELGIUM 
Air-Parts International B. V. 
Avenue Huart-Harnoir, l -Box 34, 2 241 6460 
1030 Bruxelles 

BRAZIL 
Comercial Goncalves 
Rua Deocleciana, 77, Cep 01 106 
Ponte Pequena, Sao Paulo SP 

CHINA 
Tianjin Zhong Huan Scientific Instruments Corp. 
No. 59 Zhao Jia Chang Street, Tianjin 
Hong Qiao Section, Tianjin 753732 

DENMARK 
Instrutek AIS, 
Christiansholmsgade 
8700 Horsens 

EASTERN EUROPE 
Amtest Associates Ltd 
Amtest House, 75-79 Guildford Street, 0932 568355 
Chertsey, Surrey KT16 9AS, England 

EGYPT & MIDDLE EAST 
EPIC 
20-22 Ashmoun St, PO Box 2682, 2 661767 
Horriy a, Heliopolis 2 66Y861 

FINLAND 
Profelec OY 
PO Box 67,00421 Helsinki 42 

AA32742 

134759 

25 146 APl B 

23033 CHAKA UN 
23315 EPIC UN 

125225 PROFE SF 

Fax 
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COUNTRY and REPRESENTATIVE Telephone 

FRANCE 
M. B. Electronique 
606 Rue Fourny, Zi de Buc, 78530 Buc 1 39 568131 

WEST GERMANY 
Wavetek Electronics GmbH 
Hans-Pinsel Strasse 9-10, 
8013 Haar bei Miinchen 

GREECE 
American Technical Enterprises SA 
PO Box 3 156.48 Patission Street, 1 8219470 
Athens 147 

HONG KONG 
Eurotherm (Far East) Ltd 
2 l F  Kai Tak Commercial Building 5 41 1268 
317-321 Des Voeux Road C, Hong Kong 

INDIA 
Technical Trade Links 
42, Navketan Estate, Mahakali caves Road, 
Andheri (East), Post Box No. 9447, 22 6322412 
Bombay 400 093 

IRELAND 
Euro Instruments & Electronics 
Euro House, Swords Road, 
Santry, Dublin 9 

ISRAEL 
Racom Electronics Co. Ltd 
7 Kehilat Saloniki St., 
P. 0. Box 21120, Tel-Aviv 61210 

ITALY (1) 
Sistrel SPA 
Via Pellizza da Volpedo 59 
20092 Cinisello Balsamo, Milano 

ITALY (2) 
Sistrel SPA 
Viale Erminio Spalla 41 
00142 Roma 

ITALY (3) 
Sistrel SPA 
Via Cintia Paco S. Paolo 35 
80126 Napoli 

JAPAN 
G & G Japan Inc 
No. 406, 12-14,4-Chome, 
Hongoh, Bunkyo-ku, Tokyo 

KOREA 
Sama Trading Corporation 
CPO Box 2447, Swul 

Telex 

695414 

Fax 

1 39 565344 

841 521 1296 WVTKD 89 463223 

2 1 6046 ATE GR 

72449 EFELD HX 

318121 

33808 RACEL IL 

334643 

2722884 ICHAIN J 

K26375 SAhlATR 
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COUNTRY and REPRESENTATIVE Telephone 

MALiZY SIA 
TME Systems Pte Ltd 
21 Moonstone Lane, 
No. 06-01, Poh Leng Building, 
Singapore 1232 

NETHERLANDS 
Air Parts International BV 
PO Box 255, 12 Kalkovenweg, 
2400 AG Alphen a m  den Rijn 

NEW ZEALASD 
G. T. S. Engineering Ltd 
5 Porters Avenue, Eden Terrace, 9 392 464 
PO Box 9613 Newmarket AUCKLAND 

NORWAY 
Morgenstierne & Co. 
Konghellegaten 315, 
0569 Oslo 5 

PORTUGAL 
Decada SA 
Rua Margarida, 
Palla. 11, 
1495 Alges. 

SINGAPORE 
Mecomb Singapore Ltd 
Sime Darby Centre, 469 8833 
895 Dunearn Road, 04-2 Singapore 2158 

SOUTH AFRICA 
Altech Instruments (Pty) Ltd 
PO Box 39451, Wynberg 2018 11 887 7455 

SPAIN 
ESSA (Equipos y Systemas SA) 
CIApolonio Morales 13-B, Madrid 16 

SWEDEN 
Ferner Electronics AB 
Snormakarvagen 35, Box 125, 
S-1 6126 Stockholm-Bromrna 

SWITZERLAND 
Kontron Electronic AG 
Bemerstrasse-Siid 169, 8048 Zurich 1435 4111 

TAIWAN 
Evergo Corporation 
Room A, 9th Floor, 305 Section, 
3 Nan King East Road, 
P. 0 .  Box 96-546, Taipei 

Telex 

786 37545 

..... 

71 719 MOROF 

24476 ESPEC P 

Fax 

288 5935 

822196 + KOEL CH 1 432 2464 

27027 EVERGOEC 2 7122466 
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COUNTRY and REPRESENTATIVE Telephone Telex 

UNITED KINGDOM 
Datron Instruments Ltd 
Hurricane Way, Norwich Airport, 0603404824 
Norwich, Norfolk NR6 6JB, England 

UNITED STATES of AMERICA 
Datron Instruments Inc 
C/O Wavetek RF Products Inc. 
5808 Churchman Bypass, 
Indianapolis, Indiana 46203 

Wavetek Northeast Area Sales 
1 Executive Blvd. Suite 206, 
Suffern New York 10901 

Wavetek Western Area Sales 
9045 Balboa Avenue, San Diego, 
California 92123 

TWX 
(619) 565 9234 (910) 335 2007 

Fax 

0603 483670 

For customers in countries not listed please contact DATRON INSTRUMENTS in the United Kingdom: 

Datron Instruments Ltd 
Hurricane Way, Norwich Airport, 0603404824 975173 
Norwich, Norfolk NR6 6JB, England 
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