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Section 1 - Calibration

SECTION 1 CALIBRATION

1.1 Routine Calibration

The main features of the routine calibration facilities are described
in the User's Handbook, covering:

External Calibration Section 8.
Internal Source Calibration Section 8.
Self Calibration Section 4.

1.2 Internal Access

The high accuracy of the instrument demands that its internal
environment remains undisturbed. The manufacturer's
calibration certificate is invalidated if either of the covers is
removed; this implies that at least a full External Calibration with
Internal Source Characterization must follow any internal 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
includedinitsconformity toIEEE488.2, againsta 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 isnot
required to operate at its full specification, a regular 4708 in a
remote system (e.g. Portocal) can easily be programmed to
perform this task.

1.4 Special Calibration

The main purpose of this section is to describe four 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 1.44.

CirNv Clearing a section of the non-volatile RAM.

Refer to paras 1.4.5.

Special Calibration following Memory Corruption
(e.g. When the battery 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 CIrNv 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.

1-1



Section 1 - Calibration
Special Calibration Procedures

1.4.1 Entry into the SPCL Menu

To carry out anyof the four special calibrations itis 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 Spel soft key transfers to the SPCL menu.

The SPCL Menu

The selection for setting the instrument to the local (S0Hz 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 4-51.

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. 1.4.2.2 A-D Modes and Resolution
The soft Adc key calibrates the different resolutions available
from the main A-D converter, so that there are no significant Fast-on Fast-off ;
differences in readings seen when changing resolutions with a
constant input value. ' resind+ C D
This calibration is provided for use at manufacture and should :2:::? 8 E
need no further adjustment during the life of the instrument. res|n7: G e
However, if the calibration stores have been cleared or corrupted resing+ G G
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. 1.4.2.3 A-D Modes and Power Line Cycles
1.4.21 To Calibrate:
No equipment is required, and the instrument does not need to be A-D Mode Power Line
in any particular function or range. Cycles
Once in the SPCL menu, merely press the Adc soft key. C 3.33ms
D 1
E 4
F 16
G 64

1-2
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Section 1 - Calibration

1.4.2.3 List of Error Code Numbers

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

Error Test Power A-D Mode Rdgs  Test Measured Test Limits
Code Pathway Line (Power Line (Discd) Type Function
No. No. Freq Cycles) Avgd
(Hz)
2030 PXXZ 50 G (64) (0)8 Zero Noise Std. Devn. < 0.2ppm
2031 PXXY 50 F (16) (0) 8 Zero Noise Std. Devn. < 0.4ppm
2032  PXXY 50 F (16) - (0) 8 Ext. Zero Noise ~ Std. Devn.  -200ppmR < 50Hz 16plc Zero < +200ppmR
2033  PXXV 50 - E (4) (0)8 Zero Noise Std. Devn. < 1ppm
2034  PXXV 50 E (4) (0)8 Ext. Zero Noise ~ Std. Devn. -200ppmR < 50Hz 4plc Zero < +200ppmR
2035  PXXX 50 D (1) (0)8 Zero Noise Std. Devn. < 2ppm
2036  PXXX 50 D (1) (0) 8 Ext. Zero Noise ~ Std. Devn. -200ppmR < 50Hz 1plc Zero < +200ppmR
2037  PXXW 50 C (3.33ms) (0)8 Zero Noise Std. Devn. < 10ppm
2038  PXXW 50 C (3.33ms) (0)8 Ext. Zero Noise ~ Std. Devn. -200ppmR < 50Hz 3.33ms Zero < +200ppmR
2040 PXXZ 60 G (64) (0) 8 Zero Noise Std. Devn. < 0.2ppm
2041  PXXZ 60 G (64) (0) 8 Ext. Zero Noise ~ Std. Devn. -200ppmR < 60Hz 84plc Zero < +200ppmR
2042  PXXY 60 F (16) (0) 8 Zero Noise Std. Devn. < 0.4ppm
2043  PXXY 60 F (16) (0) 8 Ext. Zero Noise  Std. Devn. -200ppmR < 60Hz 16plc Zero < +200ppmR
2044  PXXV 60 E (4) (0) 8 Zero, Noise Std. Devn. < 1ppm
2045  PXXV 60 E (4) (0)8 Ext. Zero Noise ~ Std. Devn. -200ppmR < 60Hz dplc Zero < +200ppmR
2046  PXXX 60 D (1) (0)8 Zero Noise Std. Devn. < 2ppm
2047  PXXX 60 D (1) (0) 8 Ext. Zero Noise Std. Devn.  -200ppmR < 60Hz 1plc Zero < +200ppmR
2048  PXXW 60 C (3.33ms) (0)8 Zero Noise Std. Devn. < 10ppm
2049  PXXW 60 C (3.33ms) (0)8 Ext. Zero Noise ~ Std. Devn. -200ppmR < 60Hz 3.33ms Zero < +200ppmR
2050 PXYz 50 G (64) (8)8 +FR Noise Std. Devn. < 0.2ppm
2051 PXYY 50 F (16) (8) 8 +FR Noise Std. Devn. < 0.4ppm
2052  PXYY 50 F (16) (8) 8 +FR + Ext. Zero  +FRgain  +FR - 100ppm < 50Hz 16plc +gain< +FR + 100ppm
2053  PXYV 50 E (4) -(8)8 +FR Noise Std. Devn. < 1ppm
2054  PXYV 50 E (4) (8)8 +FR + Ext. Zero  +FRgain’ +FR - 100ppm < 50Hz 4plc +gain< +FR + 100ppm
2055 PXYX 50 D (1) (8) 8 +FR Noise Std. Devn. < 2ppm
2056  PXYX 50 D (1) (8) 8 +FR + Ext. Zero  +FRgain  +FR - 100ppm < 50Hz 1plc +gain< +FR + 100ppm
2057  PXYW 50 C (3.33ms) (8)8 +FR Noise Std. Devn. < 10ppm
2058  PXYW 50 C (3.33ms) (8)8 +FR + Ext. Zero  +FR gain  +FR - 100ppm < 50Hz 3.33ms +gain< +FR + 100ppm
2060  PXYZ 60 G (64) (8) 8 +FR Noise Std. Devn. < 0.2ppm
2061 PXYZ 60 F (16) (8) 8 +FR + Ext. Zero  +FRgain  +FR - 100ppm < 60Hz 64plc +gain< +FR + 100ppm
2062  PXYY 60 F (16) (8)8  +FR'Noise Std. Devn. < 0.4ppm
2063  PXYY 60 F (16) (8)8 +FR + Ext. Zero  +FR gain  +FR- 100ppm < 60Hz 16plc +gain< +FR + 100ppm
2064  PXYV 60 E (4) (8) 8 +FR Noise Std. Devn. < 1ppm
2065  PXYV 60 E (4) (8)8 +FR + Ext. Zero  +FR gain " +FR - 100ppm < 60Hz 4plc +gain< +FR + 100ppm
2066 PXYX . 60 D (1) (8) 8 +FR Noise Std. Devn. < 2ppm
2067  PXYX 60 D (1) (8) 8 +FR + Ext. Zero +FRgain  +FR - 100ppm < 60Hz 1plc +gain< +FR + 100ppm
2068  PXYW 60 C (3.33ms) (8)8 +FR Noise Std. Devn. < 10ppm
2069  PXYW 60 C (3.33ms) (8)8 +FR + Ext. Zero  +FRgain  +FR - 100ppm < 60Hz 3.33ms +gain< +FR + 100ppm
2070  PXZz 50 G (64) (8) 8 -FR Noise Std. Devn. < 0.2ppm
2071 PXzZY 50 F (16) (8) 8 -FR Noise Std. Devn. < 0.4ppm
2072  PXZY 50 F (16) (8)8 -FR + Ext. Zero -FR gain -FR - 100ppm < 50Hz 16plc -gain< -FR + 100ppm
2073  PXzV 50 E (4) (8) 8 -FR Noise Std. Devn. < 1ppm
2074  PX2zZV 50 E (4) (8)8 -FR + Ext. Zero  -FR gain -FR - 100ppm < 50Hz 4plc -gain< -FR + 100ppm
2075  PXZX 50 D (1) (8) 8 -FR Noise Std. Devn. < 2ppm
2076 PXZX 50 D (1) (8) 8 -FR + Ext. Zero  -FR gain -FR - 100ppm < 50Hz 1plc -gain< -FR + 100ppm
2077  PXZW 50 C (3.33ms) (8)8 -FR Noise Std. Devn. < 10ppm
2078  PXZW 50 C (3.33ms) (8)8 -FR + Ext. Zero -FR gain -FR - 100ppm < 50Hz 3.33ms -gain< -FR + 100ppm
2080 PXZz 60 G (64) (8) 8 -FR Noise Std. Devn. < 0.2ppm
2081 PXzz 60 F (16) (8) 8 -FR + Ext. Zero -FR gain -FR - 100ppm < 60Hz 64plc -gain< -FR + 100ppm
2082  PXZY 60 F (16) (8) 8 -FR Noise Std. Devn. < 0.4ppm
2083  PXZY 60 F (16) (8) 8 -FR + Ext. Zero -FR gain -FR - 100ppm < 60Hz 16plc -gain< -FR + 100ppm
2084  PXZV 60 E (4) (8)8 -FR Noise Std. Devn. < 1ppm
2085  PXZV 60 E (4) (8) 8 -FR + Ext. Zero -FR gain -FR - 100ppm < 60Hz 4plc -gain< -FR + 100ppm
2086  PXZX 60 D (1) (8) 8 -FR Noise Std. Devn. < 2ppm
2087  PXZX 60 D (1) (8) 8 -FR + Ext. Zero -FR gain -FR - 100ppm < 60Hz 1plc -gain< -FR + 100ppm
2088 PXZW 60 C (38.33ms) (8)8 -FR Noise Std. Devn. < 10ppm

~
1
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Section 1 - Calibration

Special Calibration Procedures (Contd.)

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
scaled from any Function/Range combination to 1V Full Range at
low impedance, whose purpose is to drive a logging chart or other
recording 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 be greater than the specification; then Dac calibration
may be required.

To Calibrate:

Calibration Method

Calibration consists of stimulating the D-A from an internal
digital source (representing nominal outputs), feeding the analog
outputs from the I/O port back to the front panel Hi and Lo
terminals (so that an output is known to exist at the I/O port pins)
and using the (previously calibrated) 1V DCrange 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.

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.
4 ~
. SK8
/0 PORT H Y= Lo
Pin 8
O/P Hi
Pin 15 - -
Twisted Pair:
O/P La Pin 8 to Hi; Pini5 to Lo
Pin 10 Front Panel
An O/P
Enable
k External Connections for Dac Calibration )

Select the 1V DCrange and enter the SPCL menu via the EXT CAL menu.

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



Special Calibration Procedures (conua,)

1.4.4 Freq

Section 1 - Calibration

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

Frequency Readout Calibration

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

In the STATUS CONFIG menu, access is given to review the

spot frequencies at which the instrument has been calibrated; by

selecting SpotF. Accurate calibration of the RMS gain, ateach of
the six spot frequencies which can be allocated to each ACV
range, can be carried out when the instrument is in 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 the above cases is calibrated at manufacture. The frequency

stability of the detector is such that further calibration 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 a frequency error is suspected; then Freq calibration may be
required.

Calibration Method

Calibration consists of taking a measurement of an accurate
1MHz signal on the 1V AC range, and informing the computing
system that the frequency is an accurate 1MHz. The measured
frequency value contains the measurement error, which is used to
determine a digital comrection. This is 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 5.0V peak-to-peak
Example Datron Model 4708

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

To Calibrate:

Select the 1V ACrange and enter the SPCL menu via the EXT CAL
menu.

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

Press the Freq soft key.

1-5



Section 1 - Calibration
Special Calibration Procedures (Cond)

1.4.5 CirNv

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!

B

The CLEAR NV RAM Menu

Selecting CIrNv 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 aresult p ot
of consultation with technical staff at your nearest service center. : Y

Sefft  Hi  Quit

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 G

to nominal values determined by firmware.

Quit Transfers back to the SPCL menu.

1-6



Section 2 - Fault Diagnosis

SECTION 2

2.1 Introduction

2.1.1 Use of Error Codes

The 1281 incorporates an extensive set of error messages, each of which
includes a code number. These messages can summarize incorrect
application programming via the IEEE 488 bus, or a fault within the

GUIDE TO 1281 FAULT DIAGNOSIS

instrument. They are intended to give the user a first indication that all
isnot well with the measurement which has been setup, and point the way
to possible corrective action.

2.1.2 Code Groupings

The instrument is programmed in firmware to monitor its own operation,
including interface protocols used viathe IEEE 488 bus. Asaresultitwill
generate certain error codes to indicate that routine operations (including
remote operation and some ‘ aspects of external calibration) are
unsuccessful. Other error codes can be generated only from internal tests
which are part of particular facilities initiated by the user, such as Selftest
or Selfcal.

Because the remote operation of the instrument 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 that error codes and messages reported on the front panel
display are consistent, as far as possible, with those reported via theIEEE
488 bus. -

The type-names given to groupings of errors are thus primarily
determined by those described in the IEEE 488.2 Standard specifications.
Some 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 Errors and Device-
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 are 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 code number displayed on 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 instrument’s performance or localize any problem
via the code number system.
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Section 2 - Fault Diagno_sis

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 (page 4-30). Two forms of self-test are available in the TEST
menu, obtained by pressing the Test hard key:

Full Selftest

This measures the accuracy of all main instrument functions (DCV,
ACYV, DCI, ACI and Ohms) and ranges of those functions, after
checking the internal references and A-D operation. ‘PASS’ or
‘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 aquick ‘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
comparison between the reference 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
easier access.

2.1.4 References in this Section

The messages are interpreted in this section to assist in fault localization:

Fatal System Errors: 2.2
Command Errors: 2.3
Execution Errors: 24
Device-Dependent Errors - Index: 2.5
Device-Dependent Errors - Full Test List: 2.6
Device-Dependent Errors - Fast Test List: 27

A grouped index of Device-Dependent error codes is given in sub-section
2.5. Each code carries a further reference to specific paragraphs and
pages of sub-sections 2.6 and 2.7, in which the relevant element of the
self-testresponsible for generating the code numberis described. Further
references to the layout and circuit diagrams of Section 11 in Volume 2
also appear in sub-sections 2.6 and 2.7.

2.2 9000 Series Codes - Fatal System Errors

2.2.1

System errors which cannot be recovered cause the system to halt with a
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.

Introduction

2.2.2 Immediate Action

1. Record any Error Code and accompanying message displayed on the
front panel. Also record the hardware environment and any
operations in progress at the time of failure. Fatal System errors are
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 powering ON.

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

5. If (2) or (3) do not clear the error condition, or-if it recurs in (4);
communicate with your nearest Datron Service Center, quoting the
recorded data from (1), and any other details. A form of failure report
is given on the sheet inside the rear cover of this handbook.

2-2

2.2.3 Fatal System Error Codes
Code  Type of Fault

9000 System Kernel Fault

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

9005 Serial Interface Fault

9006 Option Test Failure

8007 Unknown Engine Instruction
9099 Undefined Fatal Error

£



Section 2 - Fault Diagnosis

2.3 Command Errors

Command Errors are reported inremote operation over the IEEE 488 bus.
They are generated when the command has been ‘parsed’, but does not
conform, either to the device command syntax, or to the IEEE 488.2
generic syntax.

The CME bit (5) is set true in the Standard-defined Event Status Byte, but
there is no associated queue so no index can be given. The error is
reported by the mechanisms described in the sub-section dealing with

status reporting, in Section 5 of the User’s Handbook.

2.4 1000 Series Codes - Execution Errors

2.4.1 Introduction

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

Local Operation

Most normal operations, from the front panel, lock out the conditions
which would give rise to Excecution errors, by the choices not being
offered in the appropriate menus. However, some selections can be made
using hard keys (such as pressing ACV when the option is not present in
the instrument) which cannot be locked out. In these cases the Execution
error is used as an aide-memoire for the 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-defined 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?.

2.4.2 Execution Error Codes

Code

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009

1010
1011
1012
1013
1014
1015
1016
1017
1018
1019

1020
1021
1022

Type of Error

EXE queue empty when recalled
Option not installed
Calibration disabled

Ratio/Function 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

lllegal Range/Function 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

Internal Source Cal required
Test not allowed when Cal enabled
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 set true
in the Standard-defined Event Status Byte, and the error code number is
appended to the Device-Dependent Error queue.

Remote Operation

In Remote, the error is reported by the mechanisms described in the sub-
section dealing with statusreporting 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 first-come, first-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
2011
2012
2013
2014
2015
2016
2017
2018
2019

2100"
2101*
2102*
2103”

Fuse Tests
2111

Others

2114
2115

Reference Ratio Tests

2121
2122°

2131*
2132"

2141*
2142
2143
2151
2152*
2153*
2154
2155
2156

Full Test Reference
Page

Sect.

26.4.1
2.6.4.1
2.6.4.1
2.6.4.1
26.4.1
2.6.4.1

2.6.4.1
2.6.4.1
2.6.4.1
26.4.2
2.6.4.2
26.4.2
26.4.2
2.6.4.2
2.64.2
2.6.4.2

2.6.5.1
26.5.1
26.5.1
2.6.5.1

26.5.2

2.6.5.3
2.6.5.3

2.6.6.1
2.6.6.1

26.6.2
2.66.2

2663
2.6.6.3
26.6.3

26.6.4
2664
2664
2664
2664
26.6.4

2-15
2-15
2-15
2-15
2-15
2-15

2-15
2-15
2-15
2-15
2-15
2-15
2-15
2-15
2-15
2-15
2-15
2-15
2-15
2-15

2-1

Fast Test Reference
Page

Sect

27141
27141
27141
27141

272
272

27.2
2.7.2

2.7.2
27.2

2.7.2
2.7.2
272
272

2-58
2-58
2-58
- 2-58

2-58
2-58

2-58
2-58

2-58
2-58

2-58
2-58
2-58
2-58
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Code Immediate Action

DC Voltage Tests

2161
2162
2163

217
2172
2173

2181*
2182
2183

2191
2192
2193

2201
2202
2203

2211
2212*
2213*
2214
2215*
2216*

2221
2222
2223
2224

2231
2232
2233
2234

2241
2242
2243

2251
2252
2253

2261
2262
2263

2271
2272
2273

2281*
2282*
2283

2291
2292
2293

2-6

Full Test Reference
Page

Sect.

286.7.1
26.7.1
26.7.1

26.7.1
26.7.1
2.6.71

26.7.1
26.71
26.7.1

26.7.1
2.6.7.1
26.7.1

26.71
26.7.1
26.7.1

26.7.2
26.7.2
26.7.2
26.7.2
26.7.2
2.6.7.2

26.7.3
26.7.2
26.7.2
26.7.2

26.7.2
26.7.2
26.7.2
26.7.2

26.7.2
26.7.2
26.7.2

26.7.2
26.7.2
26.7.2

26.7.2
2.6.7.2
26.7.2

26.7.2
26.7.2
26.7.2

26.7.2
26.7.2
26.7.2

26.7.2
26.7.2
2.6.7.2

1

0
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Fast Test Reference

Sect

2.7.31
2.7.3.1

2.73.2
2.73.2
2.73.2
2.73.2
2.73.2
2.73.2

2.7.3.3
2.7.3.3

Page

2-60
2-60

2-60

2-60

2-60 . BE
2-60 PoE
2-60 %
2-60

2-60
2-60
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Code Immediate Action

AC Voltage Tests

2301
2302

2311*
2312*

2321*
2322"

2331
2332

2341*
2342*

2351
2352

2361
2362

2371
2372

2381
2382

2391
2392

2401
2402

2411
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

2511*
2512*
2513

Full Test Reference
Page

Sect.

2.6.8.1
2.6.8.1

2.6.8.1
2.6.8.1

2.6.8.1
2.6.8.1

26.8.1
2.6.8.1

2.6.8.1
2.6.8.1

2.6.8.1
2.6.8.1

. 26.8.1

2.6.8.1

2.6.8.1
2.6.8.1

2.6.8.1
2.6.8.1

2.6.8.1
2.6.8.1

2.6.8.1
2.6.8.1

2.6.8.2
2.6.8.2

26.8.2
2.6.8.2

26.8.2
26.8.2
26.8.2
2.6.8.2
26.8.2
2.6.8.2
2.6.8.2
2.6.8.2

2.6.8.2
2.6.8.2

2.6.8.2
2682
2.6.8.2

2682
2.6.8.2

2.6.8.2
2.6.8.2
2682

26.8.2
26.8.2

26.8.2
2.6.8.2
2682

2.6.8.2
2.6.8.2

2682
2682
2.6.8.2

2-26
2-26

2-26
2-26

2-26
2-26

2-26
2-26

2-26
2-26

2-28
2-28

2-28
2-28

2-28
2-28

2-28
2-28

2-28
2-28

2-28
2-28

2-30
2-30

2-30
2-30

2-30
2-30
2-30
2-30
2-30
2-30
2-30
2-30

2-32
2-32

2-32
2-32
2-32
2-32
2-32
2-32
2-32
2-32
2-34
2-34
2-34
2-34

2-34

2-34
2-34
2-34

2-34
2-34

Fast Test Reference

Sect Page
2741 2-62
2.7.4.1 2-62
2741 2-62
2.7.41 2-62
2.7.4.1 2-62
2.7.4.1 2-62
2742 2-64
2742 2-64
2742 2-64
2742 2-64

2742 2-64
2.7.4.2 2-64
2742 2-64
2742 2-64
2.7.42 2-64 ‘
2742 2-64
2-7
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Code Immediate Action

DC Current Tests

2521
2522
2523
2524
2525

2531
2532
2533

2541
2542
2543

2551*
2552
2553

2561
2562
2563

2571*
2572*
2573

2581
2582
2583

2591*
2592*
2593

2601
2602
2603

2611*
2612*
2613

2-8

Full Test Reference
Page

Sect.

26.9
2.6.9
2.6.9
26.9
2.6.9

2.6.9
2.6.9
2.6.9

26.9
26.9
26.9

2.6.9
26.9
26.9

26.9
26.9
26.9

26.9
26.9
2.6.9

2.6.9
269
2.6.9

26.9
26.9
26.9

26.9
2.6.9
2.6.9

2.6.9
2.6.9
269

2-36
2-36
2-36
2-36
2-36

2-36
2-36
2-36

2-38
2-38
2-38

2-38
2-38
2-38

2-38
2-38
2-38

2-38
2-38
2-38

2-40
2-40
2-40

2-40
2-40
2-40

2-40
2-40
2-40
2-40
2-40
2-40

Fast Test Reference

Sect

2.7.5
275

2.75
275

275
2.75

275
275

2.75
275

Page

2-66
2-66

2-66
2-66

2-66
2-66

2-66
2-66

2-66
2-66

43
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Fast Test Reference

Code Immediate Action Full Test Reference

Sect. Page Sect Page
AC Current Tests
2621 2.6.10 2-42
2622 2.6.10 2-42
2623 2.6.10 2-42
2631 2.6.10 2-42
2632 2.6.10 2-42
2633 2.6.10 2-42
Resistor Ratio Tests
2721 2.6.11 2-44
2722 2.6.11 2-44
2723 2.6.11 2-44
2724 2.6.11 2-44
2725 2.6.11 2-44
2726 2.6.11 2-44
2731 2.6.11 2-44
2732 2.6.11 2-44
2733 2.6.11 2-44
2734* 2.6.11 2-44 276 2-68
2735* 2.6.11 2-44 276 2-68
2736 26.11 2-44
2737 2.6.11 2-44



Section 2 - Fault Diagnosis

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

2811
2812
2813

2821*
2822*
2823

2831
2832
2833

2841
2842
2843*
2844~
2845

2851
2852
2853

2861
2862
2863

2871
2872
2873

2881
2882
2883

2891
2892
2893

High Ohms Tests

2901
2902
2903

2911
2912
2913

2-10

Full Test Reference
Page

Sect.

2612
2.6.12
26.12

2.6.12
2.6.12
2.6.12
2.6.12
2.6.12

2.6.12
2.6.12
26.12

2.6.12
26.12
26.12

26.12
26.12
2.6.12

2.6.12
26.12
2.6.12

2.6.12
2.6.12
2.6.12

26.12
26.12
26.12

2.6.12
26.12
26.12

26.12
2.6.12
26.12

26.12
26.12
26.12
26.12
26.12

26.12
26.12
2.6.12

2.6.12
2.6.12
26.12

2.6.12
26.12
2.6.12

2.6.12
2.6.12
2.6.12

2.6.12
2.6.12
2.6.12

2.6.13
2.6.13
2.6.13

2.6.13
2.6.13
2.6.13

2-46
2-46
2-46

2-46
2-46
2-46
2-46
2-46

2-46
2-46
2-46

2-48
2-48
2-48

2-48
2-48
2-48
2-48
2-48
2-48

2-48.

2-48
2-48

2-50
2-50
2-50

2-50
2-50
2-50

2-52
2-52
2-52

2-52
2-52
2-52
2-52
2-52

2-52
2-52
2-52

2-52
2-52
2-52

2-54
2-54
2-54

2-54
2-54
2-54

2-54
2-54
2-54

2-56
2-56
2-56
2-56
2-56
2-56

Fast Test Reference
Page

Sect

2.7.7
2.7.7
2.7.7
2.7.7

2.7.7
2.7.7

277
277

277
2.7.7

2-70
2-70
2-70
2-70

2-70
2-70

2-70
2-70

2-70
2-70
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2.6 2000 Series Codes - Device-Dependent Errors - Localization
Codes used for Internal Source Cal, Selfcal and Full Test Start Overleaf

Codes used for Fast Test are in Sect 2.7, Starting on Page 2-58

2-11



Section 2 - Fault Diagnosis

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
the published specification, whose run time is about 10 minutes (for an
instrument fully-loaded with all options); and a faster check of selected
parameters, usually withreduced 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 1281 itself.

The purpose of this sub-section is to identify the nature of each test and
the part of the instrument which is being checked; to show test paths, with
stimulation and measurement 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 diagrams in Volume 2 of this handbook.

The meanings of ‘Fatal System Error’, ‘Command Error’ and *Execution
Error’ codes are described Section 5 of the User’s Handbook, as they are
concerned mainly with IEEE 488 operations.

4 A
( Output Selfcal Ref
Front internal L Enable Multiplier Offset References
Rear S:?Snal
Ref y
DC High
Input ( [ DC 1 A-D DC A-D
Switching S"gl):(l:t u\/geg LPreamp Multiplexer Filter Converter
Input AC Cal Sense
us . y
Lo & AC e
Switching Input Recitifier = Fﬁt?ar
Guard | Select
~—=4 Ohms Select -
| Zawie | took Shms
rue Zero | -} Sellcal
Clamp : 10nA-10mA
Current - |- | Current
Enable Ranges
“Currént Option ..
1281 Software Model
(- J
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2.6.2 Access to Error Codes via the 1281 Menu Keys

(Refer to the User’s Handbook, Page 4-31)

2.6.2.1

Each of the two forms of self test runs at high 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 the display, itis deleted
from the queue and cannot be recalled again, so the code numbers should
be noted as they appear.

Reading the Error Codes

When the self test has stopped, and the error code numbers have been

noted, it is possible to access information about each test. Each error code.

is associated with a unique test pathway, which is numbered, the path
number being shown on the tables (indexed by error code).

2.6.2.2 Access to Pathway Information

Certain menukeys allow a user to select path numbers. For each selection
the live measurement readings for the path are presented on the Main
Display, and can be compared against the limits shown in the table which
carries 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 1V 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 1V DC Range
s

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

100mV

V. 10V 100V 1KV

N
3
8

.

- |

ACvV

N N\ N A\ N Cal
4 +/- Exp Enter Quit ‘
9 . - Last rdg
Input Monitor || Test

datron

Select the Pathway Facility
=

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

[Status

[ Config

e

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

<<= (Exp) decrements the path number by 1;
(+/-) decrements the path number. by 20;

=>> (Enter) increments the path number by 1.
(Quit) increments the path number by 20.

Press the ==>> soft key once. This reveals the number of power-line
cycles in use by the A-D. For the basic 1V DC range it will show PL 64,

Press the ==>> soft key a second time. This selects pathway POO1; the
next press selects pathway P002, and so on.

2-13



Section 2 - Fault Diagnosis

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, the data should be recorded and reported for interpretation to your
nearest Datron Service Center.

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

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

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 severalreadings are taken. A firstgroup
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.

2-14

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’.
These are not detailed further, as the switching information is contained
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 error-code sequence. Those
appearing in sub-section 2.6 are all included in ‘Full Selftest’, ‘Selfcal’
and ‘Internal Source Cal’. Butnot all are included in ‘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 Internal 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.
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2.6.4 External Calibration Operations

2.6.4.1 Correction Errors

2000 Zero
2001 Gain+
2002 Gain-

2003 HF trim
2004 Input 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

2.6.5 Memory Tests

2.6.5.1 Non-volatile RAM Checksum Errors

2100 Primary.
2101 Secondary.

2102 Input Zero.
2103 Frequency.
2.6.5.2 Fuse Tests

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

2.6.5.3 Others

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

Test Setup Model

f
References
Ref Ref + -
1 2 Ref Ref
}2141 )2131 2151 )2153
2142 2132 2152 2154
A-D
‘2 Converter
2.6.6: Reference Ratio Tests
Y Simplified Test Setup Diagram

Volume 2 References

M408/M409

Measurement

2-16
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List of Reference Ratio Tests

P0O1

2121
2122

P003

2131
2132

Poo2

2141
2142

Dig.
2143
P004

2151
2152

P005

2153
2154

Dig.
2155
Dig.

2156

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

Noise Standard Deviation < 5ppm of FR

Magnitude | Mean Ref zero | < 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 Standard Deviation < 5ppm of FR

Magnitude 0.703x FS < Mean Ref2 < 0.743 xFS

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

Noise Standard Deviation < 5ppm of FR
Magnitude 0.703 x FS < Mean Ref 1 < 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 < +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 < 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 Standard Deviation < 5ppm of FR
Magnitude 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 10°® < Ratio drift < +10 x 10°¢
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2.6.7

2.6.7.1

DC Voitage Tests

True Zero Checks

Test Setup Model

-~

} Output

Internal
Signal
Bus

All tests
2161 to 2203
place hard zero
on INT_SIG_BUS

Selfcal Ref
‘ Enable Multiplier Offset References
Output References used
Disable <ER R for normal
measurement .
N ' w )
ot Vol DC AD AD
‘ Pream Multi
Input | Select Atten o] ultiplexer Converter
Bus {_
INT_SIG_BUS Range Selection: 2161-3:10V; -
Selected 2171-3:1V;  2181-3: 100mV;
2191-3:100V;  2201-3: 1KV.

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

Volume 2 References

(" 100VHKY

Stimulus

11.2-2 Range Selection

sy
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List of True Zero Measurements

P006

2161
2162

Dig.
2163
Po11

2171
2172

Dig.
2173
P0O186

2181
2182

Dig.
2183
Po21

2191
2192

Dig.
2193
P028

2201
2202

Dig.

2203

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

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

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

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

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

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

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

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

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

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

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

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

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

Noise ' Standard Deviation < 1mV
Magnitude -imV < Mean 100V Zero < +1mV

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

Zero Drift -600uV < 100V Zero Drift < +600pV

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

Noise Standard Deviation < 10mV
Magnitude -10mV < Mean 1kV Zero < +10mV

10kV Range True Zero Magnitude Ratio Drift

Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
Zero Drift -4mV < 1000V Zero Drift < +4mV
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2.6.7 DC Voltage Tests (Contd)

2.6.7.2 Negative Gain Measurefnents g
[Offset (Zero) and References]

Test Setup Model

4 N
Reference Selection:
-10V: Pathway P138. (Error Codes 2215/6)
-1V: Pathways P142 & P143. = 5
+ (Error Codes 2211-2214)
) ) i
Output Selfcal Ref
- e References
Internal L Enable Multiplier Offset
Signal
Bus o Enabled 9
, Ufp% e Offset Selected by Pathway P142. — 3= References used
Negative Gain (Error Codes 2211/2) <, Y Y Y >— fornormal
measurements measurement j
_ ‘b
o DC A-D A-D ‘
'\ Input Srgl)ect Preamp Multiplexer Converter 28
Bus i
10MQ % ﬁ :
10MQ Load Resistor INT_SIG_BUS 100:1 Attenuator Range Selections:
switched OUT for Selected for all NOT selected for 10VDC: Pathway P138. (Error Codes 2215/6) B
all Negative Gain Negative Gain all Negative Gain 1VDC: Pathways P142 & P143. (Error Codes 2211-2214)
Measurements Measurements Measurements _
S DC Voitage Ranges. 2.6.7.2: Negative Gain Measurements - Simplified Test Setup Diagram ) -

Volume 2 References . -

Nl B
N .
i (1| (wa2)
N : -1/2/3 T
Circuit _ Layout (b1 e8] 7 Cireuit
Stimulus 11.2-6 Range Selection 11.2-2
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List of Negative Gain Measurements

P142

2211
2212

P143

2213
2214

P138

2215
2216

1V Range -Offset Zero Checks

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

Noise

Magnitude

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

1V Range -Reference Checks

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

Noise

Magnitude

Standard Deviation £ 10mV
-1.040V < Mean -1V Ref < -0.960V

10V Range -Reference Checks

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

Noise

Magnitude

Standard Deviation < 100mV
-10.2V < -10V Ref < -9.4V
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2.6.7 DC Voltage Tests (Contd)

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

Test Setup Model

4 N
Reference Selection:
+10V: Pathways P008, P 018, P023 & P025.
(Error Codes 2251-3, 2221-2242)
+1V: Pathway P013. (Error Codes 2291/3)
Output Selfcal Ref R
« o eferences
iplier Offse
Internal | Enable Multip ffset
Signal
Bus
y 3 References used
Output Enabled for all
DCpVollage Gain tests Offset Selected by Pathways J v 1 ¥ for normal
P007, P012, P 022, P024 & P142. : measurement
(Error Codes 2211/2 2221-2242)
it Vot DC AD AD
Pream Multiplexe onverter
é\ Input | Select Atten P piexer C
Bus
Test Pathways
P022 and P023 INT SIG BUS
oM load INT_SIG_BUS  sejected for all
with 10MQ DC Voltage tests Range Selections:
(Error Codes 10VDC:  Pathways P007, P008, P022 & P023.
2223/4 & 2261/2/3) (Error Codes 2221-2224 & 2251-2263)
1VDC: Pathways P012, P013, P018 & P020.
100:1 Attenuator Selections: (Error Codes 2231/2, 2241/2, 2271/2 & 2291/2)
Pathways P018, P020, P024 & P025 100mVDC: Pathways P024, P025.
(Error Codes 2231-4, 2271-3 & 2281-3) (Error Codes 2233/4 & 2281-3)
g DC Voltage Ranges. 2.6.7.3: Positive Gain Measurements - Simplified Test Setup Diagram y
Volume 2 References
l | M603/4 & gl .m_ﬁm
I I | Galing o | |
S | [ | B | (ma02
LiE e b N R o : 1/2/3 .
Layout™- =+ > " |R| - Circuit “Layout | § 678 Circuit -
Stimulus 11.2-6 Range Selection 11.2-2

NS}
'

NS

N




Section 2 - Fault Diagnosis

List of Positive Gain Measurements

P0o07

2221
2222

pPo22

2223
2224

P020

2231
2232

P024

2233
2234

pPo12

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

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

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

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

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

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

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

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

1V Range - +1V Offset Zero

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

2241
2242

Po08

2251
2252

Dig.

2253

P023

2261
2262
Dig.

2263

Noise Standard Deviation < 3pV
Magnitude -250pV < +Offset < +250pV

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

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

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

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

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

"Noise Standard Deviation < 30pV

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

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

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

Test Setup Model

—
Reference Selection:
+10V: Pathways P008, P 018, P023 & P025.
(Error Codes 2251-3, 2221-2242)
+1V: Pathway P013. (Error Codes 2291/3)
Output Selfcal Ref
- L References
ie fiset
Internal { Enable Multiplier [Of
Signal
Bus
f Output Enabled for all References used

DC Voltage Gain tests

Offset Selected by Pathways
P007, P012, P 022, P024 & P142.
(Error Codes 2211/2 2221-2242)

- %Qy A\ A £ D——

for normal
measurement

— o Vois 0o AD AD
\ Input Se?ect Atten Preamp Multiplexer Converter
ﬁ Lo
Test Pathways
P022 and P023 INT SIG BUS -
10MQ load INT_SIG_BUS  sejected for all
with 10MQ DC Voltage tests Range Selections:
(Error Codes 10VDC:  Pathways P007, PO0S, P022 & P023.
2223/4 & 2261/2/3) (Error Codes 2221-2224 & 2251-2263)
1VDC:  Pathways P012, P013, P018 & P020.
100:1 Attenuator Selections: (Error Codes 2231/2, 2241/2, 2271/2 & 2291/2)
Pathways P018, P020, P024 & P025 100mVDC: Pathways P024, P025.
(Error Codes 2231-4, 2271-3 & 2281-3) (Error Codes 2233/4 & 2281-3)
9 DC Voltage Ranges. 2.6.7.3: Positive Gain Measurements - Simplified Test Setup Diagram

Volume 2 References

M603/4 &
Gating | -

_Circuit

Stimulus
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Range Selection
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List of Positive Gain Measurements (Contd.)

Po18

2271
2272

Dig.
2273
Po25
2281
2282
Dig.
2283
P013

2291
2292

Dig.

2293

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

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

1V Range - Attenuated +10V Ref Magnitude Drift
Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
+100mV Signal Mag. Drift 1-(10 x 10%) < drift < 1+ (10 x 10°9)

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

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

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

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

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

Noise Standard Deviation < 3uV
Magnitude +0.965V < +1V Ref < +1.025V

1V Range - +1V Ref Magnitude Drift

Digital comparison of the present magnitude against that recorded at the most-recent Internal Source Cal.
Drift 1-(10x10°€) < Refdrift < 1 +(10x 10°%)
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2.6.8 AC Voltage Tests

2.6.8.1 Positive Tests

Test Setup Model
4 N
Reference Se/ections:/’__\ N \
1VDC: Pathways P012, P059, P060 & P063.
(Error Codes 2301/2, 2311/2 & 2321/2) Selfcal
100mVDC: Pathways P077, PO78. < Multiolier References
(Error Codes 2331/2 & 2341/2) |NT_S|G_BUS L P
y 1 7 17
DCV Measurements: )
AC Preamp Input at INT_SIG_BUS: A-D A-D
Pathways P012, P059, P077. H
(Error Codes 2301/2 & 2331/2) Multiplexer Converter
AC Preamp Output at AC_CAL_SENSE:
Pathways P060 & P078.
(Error Codes 2311/2 & 2341/2) .
p—————O
) AC_CAL_SENSE
\ ACV Measurements:
RMS Output via A-D Direct:
Pathway P063.
Range Selections: Rectifier (Error Codes 2321/2)
1VAC: Pathways P012, P059, P0O60 & P063.
(Error Codes 2301/2, 2311/2 & 2321/2)
100mVAC: Pathways P077, P078.
(Error Codes 2331/2 & 2341/2)
9 AC Voltage. 2.6.8.1: Positive Checks - 1V & 100mV Ranges - Simplified Test Setup Diagram )

Volume 2 References

FRLT02 Y
RL103 RL101

l

l

l >
: 100mvAC | | [@;1 -

Stimulus

Signal Application, Range Selection
and Preamp Output Sensing

“M401 A-D)
Muttiplexer }. >

.| AC Cal Senss }

T\ M202-14/15/18)": -

AC Cal Sense [ Int Sig Bus Int Sig Bus -
“\ PLI20 A PLI4T ) 1 M202- 1/2/3 )

eamp Output | ..

I' :

P
(retes)
I =

ex-LK102) .

Measurement of Input and Preamp Output

via DC Voltage Ranges

RMS Input

l
i
|
l
|

RMS Chip)
& Log Amp .
Connections o

RMS Qutput
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List of Positive Measurements

1V AC Range

Po12

P059

2301
2302

P060

2311
2312

P063

2321
2322

1V AC Range - Settling Time

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

Measure and Discard — (settling)

1V AC Range - +1V DC Input Checks

Input: +1VDC to AC Preamp set to 1VAC Range. Measure: Input using 1V DC Range at INT_SIG_BUS.

No. of Readings: 8 Discarded; 8 Processed.
Input Noise Standard Deviation < 20ppm of FS
Input Magnitude +0.96V < Mean Signal < +1.04V

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

Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

Preamp Output Noise Standard Deviation < 50ppm of FS

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

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

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

100mV AC Range

Po77

2331
2332

Po78

2341
2342

100mV AC Range - +100mV DC Input Checks

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

Input Noise Standard Deviation < 20ppm of FS

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

100mV AC Range - +100mV DC input - Checks at AC Preamp Output
Input: +100mVDC to AC Preamp set to 100mVAC Range.

Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.

No. of Readings: 2 Discarded; 32 Processed. -

Preamp Output Noise Standard Deviation < 50ppm of FS

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

Test Setup Model

—

Reference Seleclions:

AC Preamp Input at INT_SIG_BUS:
Pathways P017, P065, PO69 & P0O73.
(Error Codes 2351/2, 2371/2 & 2391/2)

AC Preamp Output at AC_CAL_SENSE:
Pathways P066, PO70 & P074.

(Error Codes 2361/2, 2381/2 & 2401/2)

Range Selections:

100VAC:  Pathways P069 & P070.
1kVAC: Pathways P073 & P0O74.

o

Ty

10VDC:  Pathways P017, PO65, PO66, PO69, PO70, PO73 & PO74.
(Error Codes 2351 to 2402)

INT_SIG_BUS

DCV Measurements: - T

( A
Selfcal
| Multiplier .4——lReferences
Y Y
N
DC A-D A-D
Preamp Multiplexer Converter

AC_CAL_SENSE

10VAC:  Pathways P017, P0O65 & PO66.
(Error Codes 2351/2 & 2361/2)

Rectifier
(Error Codes 2371/2 & 2381/2)

(Error Codes 2391/2 & 2401/2)

DCV Preamp Range Selections:
10VDC:  Pathways P017, P065, P069 & P0O73.

1VDC: Pathway P066.

(Error Codes 2361/2)
100mVAC: Pathways P070 & PO74.

(Error Codes 2381/2 & 2401/2)

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

Volume 2 References

Stimulus

o

(Error Codes 235172, 2371/2 & 2391/2)

AC CalSense | = ..
M202-14/15/16 | * 5

Int Sig Bus

M202 - 1/2/3

Measurement of Input and Preamp Output

via DC Voltage Ranges
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List of Positive Measurements (Contd.)

10V AC Range

Po17

Po6s

2351
2352

P066

2361
2362

10V AC Range - Settling Time

Input: +10VDC to AC Preamp set to 10VAC Range.

Measure: Input 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)

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

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

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

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

100V AC Range

P069

2371
2372

P070

2381
2382

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

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

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

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

Preamp Output Noise Standard Deviation < 50ppm of FS

Preamp Output Magnitude  -102mV < Mean Signal < -94mV

1kV AC Range

P073

2391
2392

Po74

2401
2402

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

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

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

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

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

|
|
|
10V AC Range - +10V DC Input - Checks at AC Preamp Output '
Input: +10VDC to AC Preamp set to 10VAC Range.
2-29
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2.6.8 AC Voltage Tests (Contd.)

2.6.8.2 Negative Tests

Test Setup Model

4 N
Reference Selecrions;/—"_\ )
-1VDC: Pathways PO61, PO62 & P0O64. W
Error Codes 2411-2438
( ) - Msljilifcl?elr References
INT_SIG_BUS L P
y y y y
DCV Measurements: )
AC Preamp Input at INT_SIG_BUS: DC A-D A-D
Pathway PO61. :
(Error Codes 2411/2) Preamp Multiplexer Converter
AC Preamp Output at AC_CAL_SENSE:
Pathway PO62.
(Error Codes 2421/2)
y——>—O
) AC_CAL_SENSE
, ACV Measurements:
RMS Output via A-D Direct:
Pathway P064.
: (Error Codes 2431/2)
1 Rectifier
Range Selections:
1VAC: Pathways P061, PO62 & P0O64.
(Error Codes 2411-2438) Digital Calculations:
(Error Codes 2433-8)
S AC Voliage. 2.6.8.2: Negative Checks - 1V Range - Simplified Test Setup Diagram y

Volume 2 References

RL102
RL103 RL101 )

AC Cal
Sense

Stimulus

11.5-1

Multiplexer ! .

.f A 58
M202 -14/15/16 ) -

AC Cal Sense | Int Sig Bué
A PL120 PL141 |

: Int Sig Bus
A M202-1/23

' Preamp Output
(ex-LK102)

Measurement of Input and Preamp Output

via DC Voltage Ranges

Layout

Circuit

RMS Output

11.5-3
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List of Negative Measurements

1V AC Range

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

Measure and Discard — (settling)

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

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

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

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

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

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

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

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

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

2434 Preamp Gain Drift 0.999,650 < Drift Ratio < 1.000,350

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

2435 +RMS Gain 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 < 1.000,700

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

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

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

2438 -RMS Gain Drift Ratio 0.999,300 < Drift Ratio < 1.000,700
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2.6.8.2 Negative Tests (Contd.)

Test Setup Model

f N

Reference S elections/’—_\

S10VDC:  Pathways P017, PO19, PO67 & PO68.
(Error Codes 2461/2 & 2471/2) Selfcal
-100mVDC: Pathways P079 & P080. + Multiplier
(Error Cades 2441/2 & 2451/2) INT SIG BUS [ p

) )

References

DCV Measurements: -
AC Preamp Input at INT_SIG_BUS: DC A-D A-D
Pathways P019, P067 & PO79. :
(Error Codes 2441/2 & 2461/2) Preamp Multiplexer Converter
AC Preamp Output at AC_CAL_SENSE: {

Pathways P017, PO68 & P080.
(Error Codes 2451/2 & 2471/2)

$——o° AC_CAL_SENSE

§ DCV Preamp Range Selections:
10VDC:.  Pathways P019 & P067.
(Error Codes 2461/2)
1VDC: Pathways P017, PO68 & P080.
(Error Codes 2451/2 & 2471/2)
100mVAC: Pathway P079.

Range Selections:
10VAC: Pathways P017, P019, PO67 & P068.

(Error Codes 2461-2473)
100mVAC: Pathways P079 & P08O0. (Error Codes 2441/2)
(Error Codes 2441-2453)
Digital Calculations:

(Error Codes 2453 & 2473)

Volume 2 References

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

). [ 100mv
7| Range
| Switching

11.5-1

Stimulus

. M4di A-D .[ ACCalSense | .
- | Multiplexer . “{ M202 -14/15/16) - :
Int Sig Bus | - £
\ m202- 1723 )
Measurement of Input and Preamp Output
via DC Voltage Ranges
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List of Negative Measurements (Contd.)

100mV AC Range

P079

2441
2442

P080

2451
2452

Dig.

2453

100mV AC Range - -100mV DC Input Checks

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

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

100mV AC Range - -100mV DC Input - Checks at AC Preamp Output
Input: -100mVDC to AC Preamp set to 100mVAC Range.

Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.

No. of Readings: 2 Discarded; 32 Processed.

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

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

Preamp Gain Drift 0.999,650 < Drift Ratio < 1.000,350

10V AC Range

P0O19

P067

2461
2462

Po17

Po68

2471
2472

Dig.

2473

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

Measure and Discard — (Settling)

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

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

10V AC Range - Settling Time

Input: -10VDC to AC Preamp set to 10VAC Range.

Measure: Preamp Output using 1V DC Range at AC_CAL_SENSE.

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

Measure and Discard P017 0 ; 8 (Settling)

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

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

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

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

Preamp Gain Drift 0.999,650 < Drift Ratio <« 1.000,350
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2.6.8.2 Negative Tests (Contd.)

Test Setup Model

/.
Reference Se/ecﬁons/’—_\ N -
-10VDC:  Pathways P071, P072, PO75 & PO76. l
Error Codes 2481-2513)
( - M%ilifgﬂ r <« References
INT_SIG_BUS L
N\
Y
DCV Measurements: 5 1 ) -
AC Preamp Input at INT_SIG_BUS: DC A-D A-D
Pathways P071 & PO75. g :
(Error Codes 2481/2 & 2501/2) Preamp Multiplexer Converter
AC Preamp Output at AC_CAL_SENSE:
Pathways P072 & P076.
(Error Codes 2491/3 & 2511/3)
p————0
) AC_CAL_SENSE
i~ DCV Preamp Range Seleé:tions:
10VDC:  Pathways PO71 & P075.
(Error Codes 2481/2 & 2501/2)
Range Selections: 100mVAC: Pathways P072 & P076.
100VAC:  Pathways PO71 & PO72 P RMS (Error Codes 2491/2 & 2511/2)
(Error Codes 2481/2 & 2491/2) reamp
1kVAC: Pathways P075 & P076.
(Error Codes 2501/2 & 2511/2)
Digital Calculations:
(Error Codes 2493 & 2513)
Y AC Voltage. 2.6.8.2: Negative Checks - 100V & 1kV Ranges - Simplified Test Setup Diagram

Volume 2 References

Cireuit

102 !

\ RL103 RL101 ),

Stimulus 11.2-6

e - [ AccalSense )i
) . . M202 -14/15/16 ) .

: Int Sig Bus
M202 - 1/2/3

Measurement of Input and Preamp Output

via DC Voltage Ranges

2-34
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List of Negative Measurements (Contd.)

100V AC Range

P071 100V AC Range - -10V DC Input Checks
Input: -10VDC to AC Preamp set to 100VAC Range. Measure: Input using 10V DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

2481 Input Noise Standard Deviation < 20ppm of FS
2482 Input Magnitude -10.2V < Mean Signal < -9.4V

P072 100V AC Range - -10V DC Input - Checks at AC Preamp Output
Input: -10VDC to AC Preamp set to 100VAC Range.
Measure: Preamp Qutput using 100mV DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

2491 Preamp Output Noise Standard Deviation < 50ppm of FS
2492 Preamp Output Magnitude  +94mV < Mean Signal < +102mV

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

2493 Preamp Gain Drift 0.999,650 < Drift Ratio < 1.000,350

1000V AC Range

Po75 1kV AC Range - -10V DC Input Checks
Input: -10VDC to AC Preamp set to 1kVAC Range. Measure: Input using 10V DC Range at INT_SIG_BUS.
No. of Readings: 8 Discarded; 8 Processed.

2501 Input Noise Standard Deviation < 20ppm of FS
2502 Input Magnitude -10.2V < Mean Signal < -9.4V

P0o76 1kV AC Range - -10V DC Input - Checks at AC Preamp Output
Input: -10VDC to AC Preamp set to 1kVAC Range.
Measure: Preamp Output using 100mV DC Range at AC_CAL_SENSE.
No. of Readings: 2 Discarded; 16 Processed.

2511 Preamp Output Noise Standard Deviation < 50ppm of FS
2512 Preamp Output Magnitude  +18.624mV < Mean Signal < +20.176mV

Dig. 1kV 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 < 1.000,350



Section 2 - Fault Diaghosis

2.6.9 DC Current Tests

Test Setup Models

—

-

Fomine  Fnway Poas. (i eang | References
(Error Codes 2521/3) Ee/or Co{ies)
Input I Y 7
Deselect Y [ 1
Shunt

I+ O o Current Voltage ‘ DC A-D A-D
. , INPUT_BUS Ranges "INT SIG BUS {Preamp Multiplexer Converter
Input
Terminals

DC Current. 2.6.9: 10mA Range - Zero Checks - Simplified Test Setup Diagram

Q_REF
- References
Reference Voltage 100mVDC Range
( (All pathways .
an 1
Error Codes) 7 7

<— Shunt Voltage —

LOW_SENSE I+

i .+ Ohms Current: 10mA from
. 100Q2 Normal Ohms Range.

- 10mA Range Gain: P084.

INPUT_BUS Current INT_SIG_BUS ( ( )
T DC A-D
Range Shunt Voltage / p .
Low-Foll reamp Multiplexer
Shunts b sar e L

INPUT_BUS

A-D

Converter

—— Range Selections:
10mADC:  Pathways P084, P103,
(Error Codes 2524-2533)

(Error Codes 2531/3)

DC Current. 2.6.9: 10mA Range - Offset Zero and Gain Checks - Simplified Test Setup Diagram

J
Volume 2 References
i ) : Ohms Current Lo . : (ﬂ"ﬂ)—"')
o - J Swnchmg e M102/3/4
J Vo age to Currem Fo%lz\clver
) Converter .
Circuit
Ohms Current Source 11.6-1

Cfrcun

Low Sense o
PL5O RL101

" Layout

o (-W@ S
o P Multiplexer | . l
won ()

"[bcout
to A-D

Int Sig Bus B
M202 - 1/2/3 )

Circuit

11.7-1

Current to Voltage Converter
Inputs and Sensing

2-36

Measurement of Shunt Voltage
via DC Voltage Ranges

11.2-2

s
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List of DC Current Measurements

10mA DC Range

Po83

2521
2522

Dig.

2523

P103

2524
2525

Po84

2531
2532

Dig.

2533

10mA Range True Zero Checks

Ohms Current: Deselected. Input Bus: Inputs deselected.

Measure: 10mA DC Range via INT_SIG_BUS, 100mV DC Range and A-D.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation £ 10ppm of FS

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

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

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

10mA Range - Ohms Low-Follower Zero Offset Checks

All inputs deselected. Selfcal Current open circuit.

Measure: 10mA DC Range Shunt using 100Q Normal Ohms Range (Zero Offset only).
No. of Readings: 4 Discarded; 16 Processed.

Zero Offset Noise Standard Deviation < 10ppm of FS
Zero Offset Magnitude -100ppm of FS < Mean Magnitude < +100ppm of FS

10mA Range - Gain Checks

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

No. of Readings: 8 Discarded; 8 Processed.

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

10mA DC Range Gain Magnitude Drift

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

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



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

Test Setup Models 78
e Y
Range Selections:
1ADC: Pathway P087. .
(Error Codes 2561/3) 100mVDC Range | References
100mADC: Pathway P085. (All pathways and
(Error Codes 2541/3) Error Codes) ‘e
ipur |
s Y 111t
\ Shunt :
I+ O ° NPUT BUS Current Voltage DC A-D A-D
L N — Ranges INT_SIG_BUS I Preamp Multiplexer Converter
Input h o
Terminals
\_ DC Current. 2.6.9: 100mA & 1A Ranges - Zero Checks - Simplified Test Setup Diagram )
|
a N
) &3
©_REF References
Reference Voltage 100mVDC Range
( (All pathways N
and @B
Error Codes) " 7 1
INPUT_BUS Current INT_SIG_BUS [ (
DC A-D A-D =¥
Relay | gange r gﬁ&?g ffgwl‘:/ﬂfﬁrf‘ Preamp Multiplexer Converter
RCTos e \_ )
V <— Shunt Voltage — ——  Range Selections: o
1ADC: Pathway P088. (Error Codes 2571-3) Ln
LOW SENSE I+ INPUT_BUS 100mADC: Pathway P086. (Error Codes 2551/3)
;
1A Range Gain: P088. (Error Codes 2571-3) !
Ohms Current: 10mA from 1002 Normal Ohms Range.
100mA Range Gain: P086. (Error Codes 2551/3)
Ohms Current: 10mA from 1002 Normal Ohms Range.
DC Current. 2.6.9: 100mA & 1A Ranges - Offset Zero and Gain Checks - Simplified Test Setup Diagram

o

Volume 2 References

(" Ohms Current
.| Range Switching

R 1

. Voltage to Current
o Converter
Q Ref from

Internal Source

© T w03 Y Noa Y

Ohms Current Source 11.6-2 Ohms Current Switching
| | GuSigeusplen) N N :
. SSRN | : : G\Fﬁi:a:A'DJ =l i
. - R . . B ultiplexer S R LTI
e B “(RL101) A R s Sa— s SRR :
Low Sense) . ... ; T o 3 [ Int Sig B Int Sig B B
o e Iy o | [teeir (S ) e
Current to Voltage Converter 11.7-1 Measurement of Shunt Voltage 11.2-2
Inputs and Sensing via DC Voltage Ranges I
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List of DC Current Measurements (Contd.)

100mA DC Range

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

Test Setup Models

- N
Range Selections:
1mARC: Pg rhwacy 508%58 1/3, 100mVDC R: Refi
S m lange
100uADC: }(—’al;;:ovl\-/a ; PgQI. ) (All pathways agd elerences
(Error Codes 2601/3) Error Codes)
| |
I
D:spﬁgct Y T
\_ ) Shunt
I+ O °® - Current Voktage DC A-D A-D
L N INPUT_BUS INT_SIG_BUS LPreamp Multiplexer Converter
Input
Terminals
\_ DC Current. 2.6.9: 1TmA & 1000A Ranges - Zero Checks - Simplified Test Setup Diagram )
- I
S
< Q_REF References
Reference Voltage 100mVDC Range
( (All pathways
and
A Error Codes) 7
INPUT_BUS INT_SIG_BUS |
I %urrent Shunt Voltage /* DC . A-D
: ange - S e Preamp Multiplexer Converter
Shunts W\.
- ——  Range Selections:
1mADC: Pathway P090. (Error Codes 2591-3)
LOW__SENSE INPUT_BUS 1000ADC: Pathway P092. (Error Codes 2611-3)
; .
1mA Range Gain: P090. (Error Codes 2591-3)
Ohms Current: 1mA from 100Q Lol Ohms Range.
100uA Range Gain: P092. (Error Codes 2611-3)
Ohms Current: 100uA from 1k Lol Ohms Range.
K DC Current. 2.6.9: TmA & 1001A Ranges - Offset Zero and Gain Checks - Simplified Test Setup Diagram
Volume 2 References
Ohmscurrem 5 T
|'|ntSigBusPL@ Low I
Voltage to Current .| Follower B
A Converter ) l .
g Internal Source : N T
ittt et ~Circuit

Ohms Current Source

11.6-1

“(RL101) [PL50 |

| :

l” - a2 and
| L

l

|

Series
Shunts

| Range [T
Switching ).~

o (Ma01 AD Y
o Multiplexer ). -

“[ IntSig Bus '
M202-1/23 .

. [ bCouT
to A-D

Low Sense). .- R Int Sig B ' .

i e 549 . Gircuit. Layout ”. o nPL,_?MUSl - Circuit
Current to Voltage Converter 11.7-1 Measurement of Shunt Voltage 11.2-2 |
g g 1122 |

Inputs and Sensing

2-40

via DC Voltage Ranges
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List of DC Current Measurements (Contd.)

1mA DC Range

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

2581 Noise Standard Deviation < 10ppm of FS
2582 Magnitude -100ppm of FS < Mean Magnitude < +100ppm 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 < Drift < +20ppm of FS

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

2591 Range Gain Noise Standard Deviation < 10ppm of FS
2592 Range Gain Magnitude +FR - 2% < Mean Magnitude < +FR + 2%

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

2593 Magnitude Drift +0.999,750 < Drift Ratio < +1.000,250 -

100pA DC Range

P091  100pA Range True Zero Checks
Ohms Current: Deselected. Input Bus: Inputs deselected.
Measure: 100pA DC Range via INT_SIG_BUS, 100mV DC Range and A-D.
No. of Readings: 4 Discarded; 8 Processed.

2601  Noise " Standard Deviation < 10ppm of FS
2602 Magnitude -100ppm of FS < Mean Magnitude < +100ppm of FS

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

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

P092 100uA Range - Gain Checks
Inputs: 100pA Ohms Current via LOW_SENSE; 100pA Selfcal Current Selected.
Measure: 100pA DC Range Shunt value using 1kQ Lol Ohms Range.
No. of Readings: 4 Discarded; 8 Processed.

2611 Range Gain Noise Standard Deviation < 10ppm of FS
2612 Range Gain Magnitude +FR - 2% < Mean Magnitude < +FR + 2%

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

2613 Magnitude Drift Ratio +0.999,750 < Drift Ratio < +1.000,250
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2.6.10 AC Current Testis

Test Setup Model

/

Q_REF

—

References

Refarence Voltage

INPUT_BUS
I-

selected

LOW_SENSE

Ohms Current: 10mADC from
100Q Normal Ohms Range.
Pathway Pxxx.

(Error Codes 26ab-c)

Ohms Current: 100LADC from
1kQ Lol Ohms Range.
Pathway Pyyy.

Current
Range
Shunts

10mA AC Range Gains:
Pathways Pxxx & Pyyy.
(Error Codes 26ab

NT_SIG_BUS

100mVAC Range
Co

< Shunt Vbltags —

I+ 4 INPUT_BUS

Shunt Voltage Vd
+ Low-Followe
Offsat

Rectifier
& RMS

A-D
Multiplexer

A-D
Converter

\_ AC Current Ranges. 2.6.10: Gain Checks at 100% and 1% of Full Range - Simplified Test Setup Diagram )

Volume 2 References

Ohms
Range Switching

rent

Series
Shunts

/ RLi02
\BL103 AL101

PL3O/31 |

-ayout,

100mVAC |
Rangs |,
Switching |

2

| Preamp
“| Output
|| 100mV

Range |

Switching |:-

Current to Voltage Converter
Inputs and Sensing

Measurement: 100mVAC Preamp

11.5-1

(ex-LK102

(" Preamp Output }

)

) . vaog Amp
: 202

[P ]

Layout 2

- Cireuit

11.5-2

Measurement: RMS Output

11.5-3
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List of AC Current Measurements

10mA AC Range

P093

2621
2622

Dig.

2623

P093

2631
2632

Dig.

2633

10mA AC Range - Gain Checks

Inputs: 10mA Ohms Current via LOW_SENSE; 10mA Selfcal Current Selected.

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

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

10mA AC Range Gain Magnitude Drift

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

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

10mA AC Range - Gain Checks

Inputs: 100pA Ohms Current via LOW_SENSE; 100uA Selfcal Current Selected.

Measure: 10mA Range Shunt value using 1kQ Lol Ohms Range (using 100mA AC Range and A -D).
No. of Readings: 4 Discarded; 8 Processed.

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

10mA AC Range Gain Magnitude Drift

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

Magnitude Drift +0.999,750 < Drift Ratio < +1.000,250
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2.6.11 Resistor Ratio Tests

Test Setup Model

- ™
Q _REF !
= References .
INT_SIG_BUS | ) )
Standard Resistor / P DC M ]A_ID c A-D i
Voltage ream ultiplexer onverter
Re‘ay Q Selfcal: + Low-Follower \ P P
RL103 Wl po3s5-8 Offset .
I- 4-————90
Q Select: ® 13 3
not used 1kQ Resistor Tests:
R 100mVDC Range
Pathways P035, PO36 L
Error Codes 2721-6 & 2737 e
100k Resistor Tests: \
10VDC Range =
True Zeros: Pathways P037, P038 b
PO035, PO37 Error Codes 2731-7
Ohms Current: 100uA for 1kQ Resistor Tests: ;;
Pathways P035, P036. Error Codes 2721-6 & 2737.
Ohms Current: 1001 A for 100kQ2 Resistor Tests: 5
Pathways P037, P038. Error Codes 2731-7.
w
\_ Standard Resistor Tests. 2.6.11: Simplified Test Setup Diagram )i 3

Volume 2 References S

NGEIDNE - v Cireuit

Ohms Current Switching 11.6-1

Ohms Current Source

: 100mV
3 Int Sig Bus - ~-...| Range
\_ m202- 1723 ) Gircuit- |switching

Measurement of Standard Resistors 11.2-2
via DC Voltage Ranges

2-44
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List of Standard Resistor Measurements

1kQ Standard Resistor

P035

2721
2722

Dig.
2723
P036

2724
2725

Dig.

2726

1kQ Standard Resistor True Zero
Ohms Current: True Zero. DCV Range: 100mV. No. of Readings: 32 Discarded; 8 Processed.

Noise Standard Deviation < 10ppm of FS

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

Zero Drift

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

1kQ Standard Resistor Value
Ohms Current: 100pA. DCV Range: 100mV. No. of Readings: 8 Discarded; 8 Processed.

Noise Standard Deviation < 10ppm of FS
Magnitude 9800 < Mean < 1020Q
Value Drift

Digital comparison of the present Value against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0.999,800 < Drift Ratio < 1.000,200

100kQ2 Standard Resistor

pPo37

2731
2732

Dig.

2733

pPo38

2734
2735

Dig.

2736

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

Noise Standard Deviation < 2ppm of FS

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

Zero Drift

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

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

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

Noise Standard Deviation < 2ppm of FS

Magnitude 98kQ < Magnitude < 102kQ

Value Drift

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

Standard Resistor Ratio

Dig.

2737

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

Value-Ratio Drift -100 x 10°% < Drift < +100x 10°®
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2.6.12 Ohms Tesis

Test Setup Model -

/

Q_REF References

Raference Voltage
1kQ Selacted for all 100Q Tests
INT_SIG_BUS
Standard Resistor / P DC M l?-ID c A-Dt
Relay reamp ultiplexer onverter
RL103
I 9
Q Select: l N\ 1ovnC Range:
Pathways P040, PO41.
Error Codas 2751-5.
1VDC Range:
Pathway P039.
Error Codes 2741-3.
True Zeros:
Por;; & ;’342_ 100mVDC Range:
. Pathway P042.
Zero Offset:
P040. Error Codes 2761-3.
Ohms Current: 10mA for Pathways P039-41.
Error Codes 2741-3 & 2751-5.
Ohms Current: 1mA for Pathway P042.
Error Codes 2761-3.
\_ Ohms Ranges. 2.6.12: 100Q Range - Simplified Test Setup Diagram

Volume 2 References

Ohms Current Source

Ohms Current Switching

100mV Y.
Range
L [Switching }:

Measurement of 100Q2 Range
via DC Voltage Ranges

2-46
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List of Ohms Measurements

10002 Range

P039

2741
2742

Dig.

2743

P040

2751
2752

P041

2753
2754

Dig.

2755

Po42

2761
2762

Dig.

2763

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

Noise Standard Deviation < 5ppm of FS

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

Zero Drift

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

1009 Range Zero (Measured using the 10V DC Range)

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

Noise Standard Deviation < 3ppm of FS

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

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

Noise Standard Deviation < 3ppm of FS

Magnitude 96Q < Mean Magnitude < 104Q

Gain Drift

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

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

Noise Standard Deviation < 15ppm of FS

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

Zero Drift ,
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift -100ppm of FS < Drift < +100ppm of FS
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2.6.12 Ohms Tests (Contd.)

g_?‘ b2 ]
Test Setup Model T i
4 - N
i
Q REF :
References z2
1kQ Selacted for all 1kQ & 10k Tests
INT_SIG_BUS ( r
Standard Resistor / DC A'D A-D :
Rel : Voltage N Preamp Multiplexer Converter I
elay Q Selfcal + Low-Follower <
RL103 1 A Offset .
9 'Pathways K )
Q Select: P13 1VDC Range: . EE
not used Pathways P044 & P045. ER
Error Codas 2781-3 & 2791-3. §
100mVDC Aange: '
Pathways P043 & P046.
Error Codes 2771-3 & 2801-3. RPE
True Zeros: :
P043, P045
& PO46. e
Ohms Currant: 1mA for Pathways P043-4. :/
Error Codes 2771-3 & 2781-3. P
Ohms Current: 100uA for Pathway P045. :
Error Codes 2791-3.
Ohms Current: 101A for Pathway P046. Cn
Error Codes 2801-3.

\_ Ohms Ranges. 2.6.12: 1kQ and 10kQ2 Ranges - Simplified Test Setup Diagram )

Volume 2 References

i M102/3/4
d Low
Follower

| Q204 2029 Ohrns M101- 16
I 10}LA OOpA Currsnt 1mA .

(a Ref from lnlernal
- Source M201

Ci'r_'cui:t

11.6-1

Ohms Current Source

I = 100mV
Int Sig Bus
M202 - 1/2/3 CH’CUII Swnchmg

Measurement of 1kQ2 & 10kQ Ranges 11.2-2
via DC Voltage Ranges ‘—‘J

2-48
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List of Ohms Measurements (Contd.)

1kQ Range

P043

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

2771 Noise Standard Deviation < Sppm of FS
2772 Magnitude -40ppm of FS < Mean Magnitude < +40ppm of FS
Dig. Zero Drift
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
2773 Magnitude Drift -15ppm of FS < Drift < +15ppm of FS
P044 1kQ Range Gain (Measured using the 1V DC Range)
Ohms Current: 1mA. Standard Resistor: 1kQ. DCV Range: 1V.
No. of Readings: 4 Discarded; 8 Processed.
2781 Noise Standard Deviation < 5ppm of FS
2782 Magnitude 960Q < Mean Magnitude < 1040Q
Dig. Gain Drift
Digital comparison of the present Gain Magnitude against that recorded at the most-recent Internal Source Cal.
2783 Magnitude Drift 0.999,750 < Drift Ratio < 1.000,250
10kQ Range
P045 10kQ Range True Zero (Measured using the 1V DC Range)
Ohms Current: True Zero (100uA selected). Standard Resistor: 1kQ. DCV Range: 1V.
No. of Readings: 4 Discarded; 8 Processed.
2791 Noise Standard Deviation < 5ppm of FS
2792 Magnitude -40ppm of FS < Mean Magnitude < +40ppm of FS
Dig. Zero Drift
Digital comparison of the present Zero Magnitude against that recorded at the most-recent Internal Source Cal.
2793 Magnitude Drift -15ppm of FS < Drift < +15ppm of FS
Po46 10kQ Range True Zero (Measured using the 100mV DC Range)
Ohms Current: True Zero (10pA selected). Standard Resistor: 1kQ. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.
2801 Noise Standard Deviation < 15ppm of FS
2802 Magnitude -200ppm of FS < Mean Magnitude < +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 < Drift < +100ppm of FS

(OS]
|

A

O
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2.6.12 Ohims Tests (Contd.)

Test Setup Model

" I
Ty
QR
...... _REF References
101kQ Selected for 100kQ Tests '
INT_SIG_BUS )
Standard F(asismr/ DC A' D A-D
Voltage N Preamp Multiplexer Converter
+ Low-Follower
Offset
\ 100mVDC Range:
Pathways P047/8.
Error Codes 2811-3 & 2821-3.
Ohms Current: 1u.A for Pathways P047/8. v
Error Codes 2811-3 & 2821-3.
L Ohms Ranges. 2.6.12: 100k Range - Simplified Test Setup Diagram )

Volume 2 References

‘| Voltage to Current }:
| Converter M203

Q Ref from Internal 1
: Source M201

Ohms Current Source

-[ Int Sig Bus |}y
PL141 l

‘(' Int Sig Bus
A\ M202- 17273

Measurement of 100kQ Range
via DC Voltage Ranges

2-50
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List of Ohms Measurements (Contd.)

100k Range

pPo47

2811
2812

Dig.

2813

Po48

2821
2822

Dig.

2823

100kQ 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.

Noise Standard Deviation < 15ppm of FS
Magnitude -250Q < Mean Magnitude < +250Q
Zero Drift

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

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

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

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

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

Magnitude Drift 0.999,650 < Drift Ratio < 1.000,350
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2.6.12 Ohms Tests (Contd.)

Test Setup Model

QO _REF
- = | References
Referance Voltag L
101kQ Salacted for all 1M Tests
INT_SIG_BUS [
Standard Resistor /* DC A‘D A-D
Rel Voltage " Preamp Multiplexer Converter
elay Q Selfcal: + Low-Follower
RL103 All Offset
I- 9 \
10VDC Range:
not used Pathway P049.
Error Codes 2831-3.
1VDC Range:
Pathways P050/1.
Error Codes 2841-5.
;‘51;99 235%.2: 100mVDC Range:
Zaro Offset: Pathways P052/3.
Po51. v Error Codes 2851-3 & 2861-3.
Ohms Current: 10u.A for Pathways P049-51.
Error Codes 2631-3 & 2841-5.
Ohms Current: 100nA for Pathways P052/3.
Error Codes 2851-3 & 2861-3.
_ Ohms Ranges. 2.6.12: 1M Range - Simplified Test Setup Diagram

Volume 2 References

(

Ohms M202-8 |:
Current 100nA

Q204
10pA

(RL104 )~

.| Int Sig Bus PL 41

N Circuit

Ohms Current Source 11.6-2

Ohms Current Switching

Int Sig Bus
\__PL141 )

I
|
I
I
|

[ Int Sig Bus
‘L M202- 17273

) Gireui

10vVIv
Range to
='{ Switching

100mV
Range
Switching

Measurement of 1MQ Range
via DC Voltage Ranges

2-52
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List of Ohms Measurements (Contd.)

1MQ Range

P049

2831
2832

Dig.

2833

P050

2841
2842

P051

2843
2844

Dig.
2845

P052

2851
2852

Dig.

2853

P053

2861
2862

Dig.

2863

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

Noise Standard Deviation < 3ppm of FS

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

Zero Drift

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

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

Noise Standard Deviation < 5ppm of FS
Magnitude -50ppm of FS < Mean Magnitude < +50ppm of FS

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

Noise Standard Deviation < 5ppm of FS

Magnitude ' 960kQ < Mean Magnitude < 1040kQ

Gain Drift

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

1MQ Range True Zero (Measured using the 100mV DC Range)
Ohms Current: True Zero (100nA selected). Standard Resistor: 100kQ2. DCV Range: 100mV.
No. of Readings: 4 Discarded; 8 Processed.

Noise Standard Deviation < 15ppm of FS

Magnitude -250Q < Mean Magnitude < +250Q

Zero Drift

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

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

Noise Standard Deviation < 15ppm of FS

Magnitude 196kQ < Mean Magnitude < 104kQ

Gain Drift

Digital comparison of the present Gain Magnitude against that recorded at the most-recent Internal Source Cal.
Magnitude Drift 0.999,000 < Drift Ratio < 1.001,000
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2.6.12 Ohms Tests (Contd.)

Test Setup Model

/
Q_REF
References
Refsraence Voltage L

101kQ Selacted for all 10MQ. Tests

INT_SIG_BUS

Standard Resistor / DC A‘D A-D

Voltage " Preamp Multiplexer Converter
+ Low-Follower
Offset
\ 10VDC Range:
Pathways P054/5.
Error Codes 2871-3 & 2881-3.
100mVDC Range:
Pathway P056.
Error Codes 2891-3.
True Zeros:
P054, PO5S.
bhms Curranr..' 1uA for wa y P054. V
Error Codes 2871-3.
Ohms Current: 10nA for Pathways P055/6.
Error Codes 2881-3 & 26891-3.
k Ohms Ranges. 2.6.12: 10MQ Range - Simplified Test Setup Diagram

Volume 2 References

Ohms (M202-16 [ M202-1
Current{ 10nA 1pA

‘[ Vofhtage to Current
-\ Converter M203

[ © Ref from Internal }-
: Source M201 .

{_RL104 }

-| M102/3/4

Low
Follower

Ohms Current Source

2-54

?[

ERIEGEE “100mv Y
Int Sig Bus e’ Range
m202- 1723 J “Circuit (Switching

Measurement of 10MQ Range
via DC Voltage Ranges

L11.2—2
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List of Ohms Measurements (Contd.)

10MQ Range

P054

2871
2872

. Dig.

2873

PO055

2881
2882

Dig.

2883

P056

2891
2892

Dig.

2893

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

Noise Standard Deviation < 3ppm of FS

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

Zero Drift

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

10MQ Range True Zero (Measured using 10nA Ohms Current)
Ohms Current: True Zero (10nA selected). Standard Resistor: 100kQ. DCV Range: 10V.
No. of Readings: 4 Discarded; 8 P<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>