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INSTRUMENT DAMAGE

INPUT Terminals
This Instrument can he damaged by voltages in excess
of 240V DC or RMS AC being applied continuously,
or in excess of 1.1kV DC or RMS AC being applied for
more than 10 seconds, across the INPUT terminals.

OUTPUT Terminals
Damage can result from the application of a common-
mode voltage, in excess of 100V pk, between the

I- terminal and the INPUT Ground terminal (Chassis).

. S— INPUT terminals are sensitive
© to over-voltage

the INPUT or OUTPUT terminal
specifications













Section 1 - Introduction and General Desctiption

SECTION 1

The 4600 Autocal Transconductance Amplifier

Introduction

The 4600 complements the 4700 compadble series of calibrators,
providing amcans of incrcasing their range of DC and AC current
oufputsuploamaximumofl 11 Amps. Thisenablesthe4708,4700
and 4705 calibrators 10 cover the full calibration requirements of
many types of hand-held and bench-mounted digital multimeters.

Physically, the instrument is a separate unit which can be mounted
on top of a calibrator, as shown in the photograph above. It can
be used as a ‘dumb’ transconduciance amplifier, taking as its
reference the oulput [rom any voltage calibrator; but it reaches its
full potential when slaved to a compatible 4700-series calibrator.

General Description

The 4600 is a compact, full-rack unit, which can be bench-
mounted or fitred to a standard 19 inch rack. It converts an input
reference voltage to an output current through a transconductance
of 1 amp per volt,

It has two fundamental modes of operation: *‘SLAVE?’, in which
the 4600 and a compatible 4700-series calibrator are connected
together 1o perform as a single integrated system; or ‘SOLO’,
where the 4600 relies on the calibrator for only its input reference
voltage. The 4600 cannot be used in Slave mode with the Datron
4000A or 4200A.
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Section 2 - Installation

Connectors and Pin Designations

Front Terminals

Input Terminals
Three4mm ‘banana’ terminals are fitted in the INPUT field on the
left of the front panel. Their functions are as follows:

Hi Voltage [nput - High
Lo Voltage Input - Low
".'_L" Input Ground

Output Terminals
Two 4mm ‘banana’ teoninals are fitted in the QUTPUT field of
the front panel. Their functions are as follows:

I+ Current Quiput Source

I- Current Output Sink

J54 Slave Digital Connector (rear panel)

A 15-way cable provides the necessary digital control Jines
between 154 on the rear panel of the 4700-series calibratorand J54
on the 4600 rear panel. The cable (2130 part of optional accessory
lead kit: part no. 440151) is terminated at each end by a D-type
connector. Atthe 4600 end the cable socket is secured 1o the rear
pancl plug by two screws. Pin 9 carries the IDIGRBUSON_H
signal, which indicates if the cable is disconnected at either end,
informing the 4600 that the connection is broken.
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Pin Layout
Pin Designation

J66 Slave Analog Connector (rear panel)

‘When slaved to a 4700-series calibrator, a 6-way TEMO' cable
transfers the reference voltage from J56 on the calibrator rear
panel to J66 on the 4600 rear panel.

This provides a guarded 4-wire connection 1o deliver and sense
the calibrator’s output voltage at the 4600 input. One wire carries
the ANABUSON_L signal, which reverts to high if the cable is
disconnected ateither end, informing the 4600 that the connection
is broken.

Twokeyways locate the cable connector socket into J66, and ared
spoton the cable should be lined up with a similar spot on the 4600
rear panel plug. Once located, the cable is secared by pushing the
socket firmly home into the rear panel plug. It is removed by
sliding the knurled ferryle away from the plug to release the
securing mechanism, then continuing to pull toremove the socket.

Pin Layout and Designations

ANABUSON_L

Guard

Slave Connector Kit (optional accessory)

A kit of two cables provides the slaving connections between a
compatible 4700-series calibrator and the 4600.

The Datron Part no, for the kit is 440151, comprising:

Pin | Name Function i
1 SHIELD Case Ground
2 oV_6 Digital Common
3 | WR_R Write Strobe (Rising Edge)
4 |0V_6 Digital Common 4
5 ovV_6 Digital Common {
6 ICAL_RST L Not used on 4600 '
7 IA_H_D L Address/Data on ADO-AD4
8 IRD_L Read Strobe {Active Low)
9 IDIGBUSON_H +5V {5k) when 4700 is on.
10 [ OV_6 Digital Commen
11 | JADO
12 | IAD1 Bi-directional Address/Data
13 | IAD2 Lines, controlled by Strobas and |
14 | IAD3 IAH DL
15 | 1AD4

Connector Calibrator End 4600 End

Digital Bus Shrouded D-type Shrouded D-type

(15-way) plug, fitting J54 socket, fitting J54
socket. plug.

Anaiog Bus Push-fit LEMO Push-fit LEMO

(6-way) plug, fitting J56 plug, fitting J66
socket. socket.

2-3


















Section 3 - Using the 4600

Stave Mode - Operating Routines

Iri this text, ‘4700’ represents any compatible mode! in the range: 4700, 4705, 4707 or 4708, equipped with firmware of issue 5 or greater.

(A 4700 must be fitted with Option 20; a 4707 with Option 27.)

(The 4708 needs Option 30, with Option 10 for DC Current, and/or Option 20 for AC Current.)

—

N
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Fig. 3.1 SLAVE MODE - INTERCONNECTIONS P,

Interconnections

The 4600 should be linked to a 4700-series calibrator as shown in
Fig. 3.1. If either the digital or analog cable is not correctly
conneccted, the 4600 will operate in ‘Solo” mode. For the purposes
of this description it is assumed that the two connectors from the
optional-accessory lead kit (Part Number 440151) provide the
linkage.

It is also assumed that the current output lead Xt (optional
accessory - Part Number 440154) is used for connection from the
4600 QUTPUT terminals o the current ontput load. For AC
Current outputs, a lead connects the load Lo to the 4600 INPUT
Ground terminal {refer to the description of basic operation in
Section 1, page 1-3).

If either of the two 4600/4700 connectors is not present, the 4600
reverts to ‘Solo” mode, and the message ‘Error 97 appears on the
4700 MODE/FREQUENCY display when its 10A range is
selected.

Analog Bussing

Ensure that the 4700 and 4600 are linked as shown in Fig. 3.1. It
isalso possible to interlink the Current output terminals of the two
instruments in parallel, as the firmware isolates one ousput when
the other is selected. Thus a single output analog bus can be set
up, to which the outputs of the integrated system appear to derive

from a single instrument. This facility is most nseful when
operating in remote control via the IEEE 488 interface, but
remember to keep the leads short.

4700 Guard and Sense

Note that the operation of the 4600, in slaved mode, is designed
tobe transparent to an operator once the external connections have
been made. The firmware maintains the appearance (to the
operator) of the 4700 being used in just another Current range,
even though the 4700 is feeding a reference voltage to the 4600.
Thus when slaved, the operator has no control over the Guard and
Sense connections between the two instruments, these are auto-
selected for optimal performance by the 4700 firmware.

Calibration Corrections

In Slaved mode, the 4600 internal calibration adjustments are
inhibited. The output Current is corrected by auntomatic
adjustment of the Reference voltage from the 4700, due to factors
stored in the 4700’s non-volatile calibration memory. These
factors were derived at the most-recent calibration of the 4600
with that individual 4700.

Slave Mode calibration procedures are given in Section 5.
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Section 3 - Using the 4600

@ | B )

First ensure that the 4700 and 4600 have been powered ON and warmed up for at least 1 hour, then use the following
sequence 10 set up the slaved operation, from @ 10

4600 AUTOCAL
deatraon TRANSCONDUCTANCE
IHATAUMENYS AMPUFRER

e [ 60 | |

|AC Current
| only

| Select
Required

Connect Load
to OUTPUT
Terminals

Connect Load Lo
to INPUT Ground

- — it it Eoitina

FREQUENCY Uset4

( RANGE (or keys to adjust Select Uset 4 A single //’ﬁ
} Spot Frequency/ | FREQUENCY |1 OUTPUT keys to adjust keypress 4660%9’9'29

OUTPUT output,

RANGE 10

display

i\ on 4708 only) display (not /|
| foégy

MODE / FREQUENCY

il FREQUENCY RANGE ‘\
S gen Ae% e ek e
i o

-+ K £2 Fs Fd F&

M im e -

I
ERReYReR e R ey

Guard Sense Erior Oftsal Taxt J
61

Ramok 8

FUNCTION
1)

Select

Rear—Panel

-
/ Guard

Ensure

and Sense are either DC
{ auto-selected. or AC, then OFT{ED connections
function I I8 are correct

\No user-action

*#  To set Output Off, press the OUTPUT OFF key, either on the 4600 or on the 4700.

N Fig. 3.2 GENERAL SEQUENCE OF OPERATIONS - SLAVE MODE )
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Section 3 - Using the 4600

Slaved Facilities
Inherent 4600 Facilities

On/Off Switching

The slaved 4600 output can be turned on and off from its front
panel push-buttons. The on/off state isreported via the digital bus,
and the slaving 4700 output on/off controls can be used as
duplicates. Because the polarity of the 4600 DC output current is
determined by the polarity of its input voltage from the slaving
4700, there is no facility for changing 4600 output polarity on its
own front panel.

Status Checking

The 4600 continuously menitors its own analog operation,
reporting failures and errors via its front panel LEDs. Iis
operational status is also made available for monitoring by the
slaving 4700.

4600 Facilities Slaved by the 4700

Output Value and DC Polarity

Because the 4600 is just a transconductance amplifier, its current
output 1s a function of the instantaneouns values of its input
voltage. Thus its output value can only be controiled directly
from the slaving 4700. Thisincludes its DC output polarity, which
therefore depends on the state of the 4700 ON+/ON- swilching,
and the polarity shown on the 4700 OUTPUT DISPLAY.

Frequency Store

The 4700 fumware allows frequencies to be stored for use with the
4600 output. The procedure and effectis the same as for the 4700,
bearing in mind that the 4600 frequency span is extended o
20kHz, To avoid continual reference to the 4700 User’s
Handbook, Section 4; the operations are summarized below:

4700 Store Key - Summary

Press and Release:
Accesses F1-F5 for stored-frequency retrieval,

Second Press and Release:
Deselects Store to revert to normal frequency facility.

Press and Hold:

Allows the displayed frequency to be stored by pressing and
releasing the K1-F5 key of the required memory, while holding
the Store key pressed. Releasing the Store key leaves the chosen
{requency active, and present on the 4700 FREQUENCY display.

Spec Mode

The 4700 Spec mode is extended to cover Lhe uncertainties which
affect the 4600 output, operating as if its 10A range were a 4700
range. The figures appearing on the 4700 MODE display include
the 4600 and 4700 instrument specification uncertainties (related
to the setting of the Calibration Interval switch on the 4700 rear
panel); and Datron’s calibration uncertainties relative to National
Standards. They are held innon-volatile memory within the 4700,

along with the calibration corrections which affect the value of the
Reference voltage to be applied to the 4600 input. Thus if a4600
is slaved to a 4700 with which it was not calibrated, incorrect
calibration corrections and Spec mode uncertaintics will resutt.

The use of the Spec key io display the stored figures is described
in Section 4 of the 4700 User’s Handbook.

Error and Offset Modes

Because the value of the Reference voltage applied to the 4600 is
controlled by the internal programming of the 4700; all the
facilities which are available in the 4700 Current ranges can be
(and are) extended to the 4600 10A range, through this medium.
For DC outputs, both Errorand Offset modesare available; and for
AC outputs, Error mode only canbe used. Thisreflectsthe normal
sitnation which applies to the Current ranges of the 4700. Thus,
for Error and Offset mode operation of the 4600, the separate and
combined uses of the Error and Offset keys for the 4600 output
conform to the descriptions in Section 4 of the 4700 User’s
Handbook.

Reset

The 4600 is reset by the action of pressing the 4700 Reset key, or
if the 4700 ‘“Watchdog Bark™ (malfunction) occurs. The reset
command forces 4600 Power On state, with its switch mode
power supply and its output Off. To minimize any incipient
damage, these transitions are forced without sequencing,

Callbration

The entire AUTOCAL operation is controlled from the 4700, all
the calibration constants being stored within the 4700 non-volatile
calibration memory. Subsequently, these constants do not affect
the gain of the 4600 internal circuitry, but modify the value of the
reference voltage being fed from the 4700 via the analog cable to
the 4600. The 4600 should therefore be slaved only to the
individual 4700 which holds its calibration constants, otherwise
invalid corrections will be applied.

Self Test

Pressing the Test key on the 4700 automatically checks both the
4700 and the 4600. Thisis additional to the 4600’s normal testing,
which includes continuous monitoring for catastrophic failures
(such as power supplies), overload (overcompliance), input
overdrive and overtemperature. These conditions are reported on
the 4700 display as well as by the indicator LEDs on the 4600 front
panel. Output turns Off when appropriate.

The relevant 4700 Test mode checks for the 4600 are described
later in this section.
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Section 3 - Using the 4600

7

First ensure that the Reference Voltage Source and 4600 have been powered ON and warmed up for at least 1 hour, then use

the following sequence to set up the solo operation, from 1o @:

™N

4600 AUT!
TRANSCONDUCTANCE
AMPLIFIER

OCAL

)

WNPUT

A

[
(

QUTP

ut

/Co:ect
Voltage Source Qutput

10 4600 INPUT
as shown

only

Load Lo
to INPUT
Ground

AFC Cu.rreﬁt

“Set for
requirad
Frequency

Y

@ Connect Load
1o OUTPUT
Terminals

Set for required
Reference Voltage

Set

Vottage Source

Output ON

11) Set 4600

Ensure 4600
output is OFF

Ensure
Voltage Source
output is OFF

Select
DC or AC
Voltage

Sense to Remote;
Guard te Local.

)

@ Réference Voltage Source D
= =/

* To set Output Off, press the 4600 OUTPUT OFF key.

Fig. 3.3 GENERAL SEQUENCE OF OPERATIONS - SOLO MODE
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Seclion 4 - 4600 Specifications and Verification

4600 Specification Verification
Introduction

References

The factory calibration of the 4600 ensures traceable accuracy to
national standards. Figures of performance are quoted in the
specifications on page 4-1, related 1o time since calibration.

The following material deals with user-verification of the 4600
performance to specification, describing a recommended method
of verifying each of the various parameters,

The following supplementary informarion is given in Appendices
to the section:

Appendix 1:  Validity Tolerance Calcuiations.
Appendix 2:  Uncertainty and Traceability.
Appendix 3:  General Procedural Information.
Appendix 4:  Alternative AC Current Verification.
Appendix 5; Harmonic Distortion Measurement.

Verification Sequence Profiles

The methods and sequence of verification depend on how the
4600 is intended to be used, and whether it was acquired in
combination with a 4700-series calibrator. This leads to three
broad ways of setting about the verification.

1. Solo Only
If the 4600 is not to be slaved to any 4700-series calibrator,
then it will not be possible to verify its slaved operation. In this
case, verify the specifications as follows;
a. The Voltage Source to be used as reference for the 4600;
b. The 4600 in Solo mode.

2. Acquired in Combination with a 4700-series Calibrator
In this case the combination will have been calibrated by the
manufacturer. Verify the specifications in the following
sequence;

a. The calibrator

(detailed in Section 7 of its User’s Handbook);
b. The 4600 in Solo mode;
¢. The combination in Slave mode.

3. Slaved to an Existing 4700-series Calibrator

(IssueS firmware or later, fitted with Option 20 or 27, and with

the analog and digital slaving connectors)

In the case of a 4600 which has been acquired to be slaved to

suchanexisting 4700-series calibrator, the verification shoutd

be carried out using the following sequence:

a. Ensure that the specification of the existing 4700-series
calibrator is verified;

b. Use that calibrator to verify the 4600 in Solo mods;

c. Slave the 4600 to that same calibrator, and use the
calibrator front panel keys to calibrate the slaved
combination (refer o Secttan 5).

d. Verify the slaved combination.

Veritication Methods

Solo and Siave modes employ different independent methods of
applying calibration corrections, with implications to the methods
and criteria of verification for each mode:

« In Solo mode the corrections are applied, during calibration,
by adjusting internal trimpots. The 4600 essentially converts
a voltage to a current, so calibraton {and hence verification)
directly relates the current output to the vollage input, within
specification limits. Thus the specification can be verified
against any voltage source of suitable value and accuracy.

» InSlave mode the Solo mode wimpots are disconnected, (the
two calibrations being totally independent of each other). No
internal adjustments are provided, but the 4600 is
awmocalibrated as if it were just another Current range of its
slaving 4700. Thusits calibration cerrections are stored in the
non-volatile memory of the 4700-series calibrator with which
it was calibrated.

Therefore, if the 4600 is to be verified with a different 4700-
series calibrator, it will need to be re-calibrated first. If the
4700-series calibrator and the 4600 are purchased as a
combination, the calibration performed at the factory will be
on the combination of the two units, therefore verification may
proceed without recalibration.

In addition, the 4600 supplies both DC and AC outputs, so it is
necessary to employ different verification methods for each.

User’s Uncertainty Calculations

The range, accuracy and traceability of users” standards affects
the manner in which the performance of any new cquipment can
be verified.

Users will need to evaluate the effects of their own Standards’
unceriainties, so calcnlations for total tolerance limits (Validity
Tolerance) are given in Appendix 1 to this section.

On receipt from the manufacturer, the Validity Tolerance must
include the factory calibration uncertainties, but after user-
calibration, these uncertainties no longer apply, Theimplications
of this change, and other related matters, are discussed in
Appendix 2 to this section.



Section 4 - 4600 Specifications and Verification

4600 Solo Ve;rification

General Philosophy

Measurement of Transconductance

To verify a 4600 in Solo mode, we check its transconductance
value, by providing a traceable DC or AC valtage input and
measuring the current output. Verifying 10 amperes of DC or AC
current is not a simple matter, as most DMMSs which have a 10A
range cannot match the 4600°s accuracy; indeed the 4600 is
designed to calibrate such instruments,

CC Qutputs

For DC output the verification method relies on the accuracy
provided by the measurement of voltage across a precision 10A
shunt, using a high-quality (ie stable) DMM, used only as a
transfer-measurementdevice to remove its inherent uncertainties.
A DC voltage, from the same traceable voltage source used as
input to the 4600, is adjusted to achieve the same DMM reading
as that measured across the shunt. The output voltage setting of
the source is then compared against calculated limits.

The verification points used are: 0V, +10V and -10V of input
voltage, producing 0A, +10A and -10A respectively. The source
of DC voltage is referred to in the procedure as the ‘DCRVS’ (DC
Reference Voltage Source).

AC Outputs

To verify the AC output, an AC/DC thermal transfer can be used
with a 10A shunt. The AC reference voltage source is set to
nominal 10V AC, and the Shunted TTS is nulled to the 4600 AC
current output. The DCRVS isused as DC reference for the same
4600, and its outpul reference voltage is adjusted for the same
current null as for AC (its DC specification being sufficiently
accurate). The output voliage setting of the DC source is then
compared against calculated limits.

The AC checks should be carried out immediately after the DC
verification of the 4600, to take advantage of DC readings already
taken.

The verification points nsed are: 10V RMS of input voltage at
300Hz, 5kHz and 20kHz in turn, producing 10A RMS at the same
frequencies. To generate the reference DC current, the DCRVS
isused as input to the 4600. The source of AC voltage is referred
10 in the procedure as ‘ACRVS’ (AC Reference Voltage Source).

Shunt Values

In the following procedures, the shunt voltage values are given for
a 100mQ shunt; values for a 10mE shunt are indicated by square
braces [...].

4-4

Sequence Profile

Before embarking on any verification, decide which sequence
profile is to be followed, after reading the paragraphs headed
“‘Verification Sequence Profiles’ on page 4-3. The following
procedures should form only part of that profile.

Warm-up Period

It is recommended that the 4600, DCRVS, ACRVS, DMM and
Thermal Transfer Standard are powered on to warm up for at least
2 hours in the recommended environment, before carrying outany
steps of the verification process.

Interconnections

Interconnection instructions in this section are necessarily simple
and basic, and are mainly intended to show connections to the
4600. Itis recognized that they may need to be adapted to meet
an individual user’s requirements.

Operation of Standards Equipment
Tt is assumed that users will possess adequate knowledge of the
operation and use of the required standards equipment.

Validity Tolerance Calculations

The verification processes are modelled in Appendix 1 to this
section. The validity tolerance limits are derived by calculations
which are also given in Appendix 1.

Report Sheets
A report sheet is provided for each of the four recommended
verificalion processes.

They are on pages 4600 RS 1-1 to 1-5 ahead of the Appendices,
and should be used as masters for copying at each oceasion when
the 4600 is to be verified.

Alternative AC Current Veritication

An alternative method of verifying AC current output, using a
DMM for AC-AC transfer, can be found in Appendix 4 to this
section. The Validity Tolerance Caluculations, and Report Sheets
RS 2 for this method, are contained within Appendix 4.
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Solo DC Current Verification Procedure
Record results on Report Sheet 4600 RS 1, (Page RS1-2)

DC Output Current Measurement

DC Referance Voltage
o o

{ DANGER
¢ HIGH VOLTAGE

. DC DMM (1V [100mV] Range)

A——
+  QGuard

Hi ¢ Lo Guard

&3

28 ‘?@(’ @?55:\ dwi!sﬂ
g % @wren

Local Guard
Remote Guard

J

| —

Connect the DCRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection of DMM Lo to the 4600

INPUT ground).

Carry out operations (a) to (h) in tumn:

a. DMM
b. DCRVS

c. 4600
d. DMM

e. DCRVS
DMM

g. DCRVS
h. DMM

j. 4600
k. DCRVS

4-6

Set DC range o measure the shunt voltage.

Ensure that OUTPUT is OFF,
FUNCTION (o DC Voltage,
OUTPUT RANGE to 10V,
Sense and Guard to Remote.
OUTPUT voltage 0.00000V.
Set Output ON.

Set Output ON.

Record the reading in the Report SheetRS1, as
DMM Transfer Reading: ‘V0°.

Set Output to +10.00000V.

Record the reading in the Report SheetRS1, as
DMM Transfer Reading: ‘+V1’,

Set Cutput to -10.00000V.

Record thereading in the Report SheetRS1, as
DMM Transfer Reading: ‘-V1’,

Set Output OFF.
Set Qumput OFF.
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Slave DC Current Verification

Zero and Full Range Checks

The slaved 4600 is verified by measuring its output. We compare
the output current value against the 4700 OUTPUT setting. A
shuntconverts the output current to a voltage, measured across the
shunt using a DMM. The 4700 voltage output is then connecled
directly to the DMM and adjusted to give the same reading as for

the shunt voltage. The 4700 QUTPUT display setting iscompared
against calculated limits.

This DC - DC Transfer' ensures that the DMM uncertainties are
reduced to negligible levels.

Equipment Requirements

. The slaving 4700, DC voltage verified to suitable accuracy
at Zero, £10V and £1V [+100mV], and previously
calibrated in Slave mode with the 4600 to be verified.

. A Calibrated 10A Current Shunt of suitable accuracy, of
value 100m£2 [10mQ],

. A DMM of sufficient resolution and stability, for use as a
transfer device to measure the DC voltage across the shunt.
Example: A Datron 1281, 1081 or 1071,

CAUTION

When choosing a 10A current shunt, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
self-heating effects of the current being checked.

Summary of DC Procedure

General
The 4600 is verified at three output currents: 0A, +10A and -10A.
The outputs are passed through a precision cuwrent shunt of value
1060m£2 [or 10mQ], the resulting voltages of OV, +1V and -1V
[0V,+100mV and -100mV] being measured by aDC - DC transfer
method, using a DMM. .

!
4600 DC Output Current Measurement
The specification of the 4700 should be known to verify at the
voltages to be used. Itis connected in slave mode tothe 4600. The
OUTPUT I+ and I- temainals of the 4600 are connected to pass the
output current through the shunt, and the DMM is connected to
measure the voltage across the shunt. The 10A range OUTPUT
display is set to the three nominal verification points in turn, and
the DMM readings are noted.

DC - DC Transfer

The 4700 output is then connected directly to the DMM inpat
terminals, with the shunt connection removed. Its output voltage
setting is adjusted in tum to give the same DMM voltage readings
obtained across the shuat. For each of these readings the 4700
output setting is noted. The accumulated uncenainties are also
recorded, and the Validity Tolerance Limits are calculated. The
4600 verifies if the 4700 QUTPUT display settings are within
these tolerance limits,

Preparation

Before attempting any verification ensure that the following steps
have been carried out.

1. Before connecting and operating any equipment, consult the
manufacturers” handbooks.

2. Ensure that the 4700 and DMM specifications verify at the
following voltages:
4700 -10V; -1V [-100mV]; OV; +1V [100mV]; +10V.
DMM -1V [-100mV]; OV; +1V [+100mV].

3. Tum on the 4700, DMM and 4600 to be checked and allow at
least 2 hours® warm-up in the specified environment,

4. Ensure that the 4700 and 4600 Outputs are OFF.

5. The 4600 front panel LEDs should show no errors present.
Press the 4700 Test key to carry out the self-test routine on the
4700/4600 combination,

The procedure is detailed on pages 4-14/15.
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4600 Verification Report

TABLE 3. SLAVE DC CURRENT

Zaro and Full Range Checks

Calculate Total Measurement
Uncertainty

4600 Output Measurement Uncertainties (zppm of Full Range)

{Enter all uncertainties in ppm) 0A +1DA -10A
DCRVS Accuracy Um ]
Shunt Accuracy a
relative to Absoiute Ur
Slaved 4800/4700 Accuracy 24hr  80dy tyr 24hr  80dy Tyr 24hr  90dy tyr
relative to Cal. Stds. Us 50 50 52 81 104 217 81 104 217
Slaved 4600/4705 Accuracy 24hr  90dy Tyr 24hr  90dy 1yr 24hr  90dy Tyr
relative to Cal. Stds, Usi4 52 52 60 88 117 245 88 117 245
Slaved 4600/4707 Accuracy 24hr  90dy Tyr 24hr 900y Tyr 24hr  S0dy Tyr
relative to Cal. Stds. Ust 50 50 50 80 102 174 8C 102 174
Slaved 4600/4708 Accuracy 24hr  Q0dy Tyr 24hr  90dy 1yr 24hr  90dy 1yr
ralative to Cal. Stds. Us 50 50 50 80 100 170 80 100 170
Datron Cal Std uncertainty
relative 1o Absolute Uam 30 30 30 30 30 30 30 30 30
User's Cal Std uncertainty
relative to Absolute Ut
Total Measurement Uncertainty
(Validity Tolerance) DCUt
Calculate Validity Tolerance Limits
Value of DG Current Shunt
As Q Q 0
Target Value for Vi
TgtVmidl v v v
Upper Tolerance Limit for Vm
ULVm v Y v
Lower Tolerance Limit for Vm
LLVm v \Y v
DMM Readings and 4700 Settings
DMM Transfer Readings VO' = +Vt = Vi =
1 v vV v
Actual 4700 Settings (Vm)
for DMM Transfer Reading ¥m v v Vv

Notes:

1. Use Ud only it the 4600 was last calibrated by Datron.
2, Use Uconly if the 4600 was nat last calibrated by Datron.
Enter the calibration uncartainty for tha most-recent calibration.
3. The value of TgtVm is dependent on the value Rs of the shunt.
4. Use only one value of Us: the one appropriate to the slaving calibrator in use.

4600 RS 1-4



TABLE 4. SLAVE AC CURRENT

Full Range Checks

4600 Output Measurement Uncertaintiea (+ppm of Full Range)

Calculate Tolal Measurement - Varification Frequencies -

Uncetrtainty (ppm) ; 300Hz 5kHz 20kHz
Total DC Measurement Uncer-
tainty (from DC Verification) DCui
Slaved 4600/4700 AC Accuracy | 24hr  90dy Tyt 24hr  90dy Tyr 24hr  20dy tyr
relative to Calibration Stangards | ACUs!®! 520 590 820 930 1000 1220 7420 B96C 10980
Slaved 4600/4705 AC Accuracy 2¢hr  90dy Tyr 24hr  90dy Tyr 24hr  G0dy tyr ¢
relative to Calibration Standards | ACUs®® | 8630 730 940 1090 1190 1360 7620 9320 11270
Slaved 4600/4707 AC Accuracy - 24hr  90dy Tyr 24hr  90dy Tyr 24hr  Q0dy Tyr
relative to Calibration Standards | ACUs!® | 4C0 470 570 860 940 1030 7320 B770 10410
Slaved 46CC/4708 AC Accuracy 24hr  S0dy Iyr | 24hr  S0dy Tyr 2¢hr  80dy Tyr
relative to Calibration Standards | ACUs/® 340 410 470 810 870 940 7320 B720 10340

Datron AC Cal. Standard Uncert.
relative 1o Absoiute ACUd® 110 110 110 110 110 110 250" 2507 250~

User's AC Cal. Standard Uncert. |
relative 1o Absolute ACUcM

Total Measurement Uncsartainty
(Validity Tolerance) ACLh

Calculate Validity Tolerance Limits

TTS Transfer Function ‘ ],

Fir
Target Value for DCIm Tyt

DCimt41 | A A A
Upper Tolerance Limit for DCim

ULim A A A
Lower Tolerance Limit for DCim

LLm A A A
4700 AC Cument sefting

for Thermal Transter Null DCIm A A A

Notes:
1. DCUt was calculated during the previous Slave DC verification.
Ensurs that the correct Cal. Std, Uncertainty (Ud or Uc) was included.
2. Use AGUd only if the 4600 was last calibraled by Datron.
3. Use ACUc only if the 4600 was not last calibrated by Datron,
Enter the calibration uncertainty for the most-recent calibration.
4. The value of TgtDCim is dependent on the Shunt/TTS Transfer Function (Fir).
5, Use only one value of ACUs: tha one appropriate to the slaving calibrator in use.

Estimated
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Validity Tolerance Limit Calculations

This appendix deals with the calculations necessary to determine the Validity Tolerance Limits for each

Appendix 1 to:
4600 User's Handhook
Section 4

of the verification procedures. Reference to the appropriate calculation is given in each procedure.

Solo Verifications

To confirm the 4600 specification it is necessary to measure its transconductance Gm, whose nominal value is 1 siemens.
Gm = Jout / Vin, where Vout is constant.

DC Current (Page RS 1-2 Table 1)

Measurement of Gm

Gm cannot be measured directly, so the method described on pages 4-5 to4-7 employs a precision shunt (value Rs) to convert the output
current into a voltage. The shunt voliage is then measured (again indirectly - via a 'transfer' procedure). The method minimizes the

effects of the DMM uncertainties.

Procedural Model

Vin Gm jout Rs Vout
Phase 1 | I
DCRVS ,—{ 4600 L Shunt DMM 71
P H L J | b m——— |
I Y Ug Ur I
Vm/NVin Same reading, so
ratio error short term stability
negligible error negligible
! _ Vm |
Phase 2 ‘ r
DCRVS 1 DMM
_ |
Um

To relate Phase 1 to the value of Gm, the above equation is
transposed to place Vout as the subject;

Yout = Vinx Gm x Rs

Vout remaing constant, as in Phase 2 it is measured by adjusting
the DCRVS to obtain the same DMM voltage reading. Thus the
basic equation becomes:

Vm = Vio x Gm x Rs

Impllcit Uncartalntles
The uncertainties implicit in the above equation are as follows:

Uv:  Traceable accuracy of the DCRVS OV and 10V outputs
relative to Absolute accuracy.

Um: Traceable accuracy of the DCRVS 0V and 1V [100mV]
oufputs, relative to Absolute accuracy.

Ur: Traceable accuracy of the shunt resistance relative to
Absolute accuracy.

Ug:  Traceable accuracy of the 4600 relative to Calibration
Standards.

Ux:  Short term transfer stability of the DMM.

The calculations to find the Validity Tolerance for this equation
for each of the verification points are lengthy and complicated,
possibly with unrealistically-large result. But the method itself
introduces two major simplifications:

1. By using the DMM only as a transfer standard, adjusting the
DCRVS for the same reading during Phase 2, the accuracy
required of the DMM ig limited to its short-term stability,

2. By using a suitable Datron calibrator as DCRVS (assuggested
in 'Equipment Reguirements") the ratio error between Vinand
Vm is very smatl,

Both these uncertainties are minute compared with other traceable
accuracies in the equation. By assuming that they do not exist (in
the interests of simplifying the calcuiations), the Validity
Tolerance is made marginally tighter but remains well within the
capability of the 4600. The calculation of Validity Tolerance and
Vm Limits, detailed overleaf, makes the assumption that the
suggested equipment will be used. Note that this may not be valid
for other DCRVS/DMM combinadons.
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Section 4 - 4600 Verification - Appendix 1

Solo Verifications (Contd.)
AC Current (Page RS 1-3 Table 2)

Measurement of Gm

Gm cannot be measured directly, so the method described on pages 4-9 to 4-11 performs an AC/DC thermal transfer with precision
shunt (value Rt), using the 4600 as the DC current reference source.

Procedurai Model

ACVin ACGm AClout
Phase 1 ~Oy Shunted Thermal
ACRVS 4800 Transfer Standard
ACUv ACUg I
Same null, so
short term TIS transfar
arror stability negligible
DCVin DCGm DClout |
Phass 2 Shunted Thermal
DCRVS 4600 Transfer Standard
DCUy DCUg

Overall Modsl Formula
To relate the method to the value of ACGm; in Phase 1 the basic
Solo equation is transposed to place AClout as the subject:

AClIout = ACVin x ACGm

The ACRVS is set to nominal 10V ACVin. The TTS isnulled to
the 4600 AC 10A output, AClout passing through the shunt.

In Phase 2, DCIout is set by adjustment of DCVir, to obtain the
same null on the thermal transfer. Thus DClout carries the
uncertainties due to ACVin and ACGm. DClout value is also
affected by the DC— AC transfer function Fir of the shunted TTS
at cach of the frequencies to be verified, so this is accounted for
in the expanded equation.

DClout = ACVin x ACGm / Ftr
DClout is the result of adjusting DCVin such that:
DClIout = DCVIa x DCGm.

When the equation is expanded and transposed to make DCVin the
subject, we have the model formula for the method:

DCVin = (ACVin x ACGm) / (Ftr x DCGm)

The nominal value of Fir is usually unity; ie. LA(RMS)/ 1A (DC);
any deviation from this value at the specified frequencies of
300Hz, 5kHz and 20kHz will be known from the calibration data
of the Shunt/TTS. The value is used o determine the Target DC
Vin setting (Vm)

Implicit Uncertaintiss
The uncertainties implicit in the above equation are as follows:

ACUv: Traceable accuracy of the ACRVS 10V outputrelative
to Absolute accuracy.

ACUg: AC Traceable accuracy of the 4600 relative to
calibration standards.

Etr: Shunt/TTS Transfer-Function Error.

The method itself introduces two major simplifications:

1. By using the verified DCRVS/4600 as the DCI source,
DCUv and DCUyg are known, and DCUt has already been
calculated.

2. By using the Shuny/TTS only as a transfer standard,
adjusting the DCRVS for the same reading during Phase 2,
the accuracy required of the transfer is limited to its short-
term stability.

This uncertainty is minute compared with other traceable
accuracies in the equation. By assuming that it does not
exist (in the interests of simplifying the calculations), the
Validity Tolerance is made marginally tighter but remains
well within the capability of the 4600.
The calculation of Vatidity Tolerance and Vm Limits, detailed
overleaf, makes the assumption that the suggested equipment will

be used. Note that this may not be valid for other ACRVS/
DCRVS/Shunt/TTS combinations.
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Validity Tolerance

The assumptions made on the previous page allow us to discard
any uncertainties associated with the Shunt/TTS transfer error
(Ew). Thus we need only sum DCUt, DCUv, ACUv and AC Ug,
plus the uncertainties associated with the most-recent AC
calibration of the 4600; to arrive at the validity tolerance:

Specific Uncertaintles

4600 AC Gm

The allowed uncertainty of Gm consists of its basic accuracy
specification relative to calibration standards (ACUg), plus the
uncertainty to absolute accuracy of its most-recent calibration. It
is possible to give both of these if the instrument was last
calibrated by Datron, In verification report RS 1 Table 2, the
values are already entered against ACUg and ACUd at the
verification frequencies. For verifications after any calibration
other than by Datron, then Datron's calibration uncertainty
(ACUd) must be replaced by the uncertainty associated the most-
recent calibration (ACUc). A space is provided in the table for
ACUec to be entered. Fora verification immediately following a
recalibration, using the same equipment in the same conditions,
both ACUd and ACUc can be discarded.

ACVin and previous DC Verification

The uncertainties relative to absolute accuracy associated with
the ACRVS (ACUv) will need to be calculated and added to the
total for the AC Gm. These two, plus the total DC uncertainty of
DCUv (DCUt - see the previous page) form the total uncertainty
ACUt for the present verification, and spaces are provided in the
table for them to be entered.

Summing in ppm

The total measurement uncertainty calculation is best carried out
all in the same units, and for parts-per-million (ppm) it is a simple
sum of the relevant uncertainties. So units such as % should be
converted to ppm before summing. A space is provided for entry
of the total measurement uncertainty ACUt.

Upper and Lower Limits

N.B. The DCRVS setting required to provide the correct DCVin
for the TTS null is given the symbol Vm, as it is this setting
which is measured against the uncertainty tolerance limits,

Once the validity tolerance in ppm has been calculated for the
particular verification being carried out (the interval since the last
calibration is significant), the figure is applied to the target value
of Vm (TgtVm = nominal DCVin / nominal Frr), in order to
determine the upper and lower voliage tolerances to be placed on
the Vm setting for validity of the verification. Spacesare provided
in the table to register these limits.
"Measurement Results

A space is provided in the table to enter the actual Vm setting, for
comparison with the tolerance limits.

Summary of Symbols
The symbols used in the calculations appear in Table 2 in
Verification Report RS 1,

4-Al4

Relevant Formulae for Solo AC Verification at
Full Range Value
(10A RMS at three frequencles)

A. When the Last Calibration was by Datron:

For each 4600 OUTPUT Frequency (300Hz, SkHz and 20kHz)
calculate the Validity Tolerance Limits, using the 90dy figures for
ACUg, as follows:

« First enter the three user's uncertainties in ppm:

DCUt, DCUv and ACUv
(ACUg and ACUd are already entered for three intervals)

» Next sum the five uncertainties:
DCUv + DCUt + ACUv + ACUg + ACUd
Enter the result on the AC Current table as ACUL.

» Determine the Target Measurement Voltage for each of the
three frequencies:

TgtVm = nominal ACVin / nominal Ftr

»  Thencalculate the Validity Tolerance Limits ateach frequency:
ULVm = TgtVm [1 + (ACUt x 10%)]
LLVm = TgtVm [1 - (ACUt x 10%)]

Enter the results in the AC Current table as Upper and Lower
Tolerance Limits for Vm respectively.

B. When the Last Calibration was not by Datron:
Use the calculations in (A), but substitute ACUc for ACUd.

C. Immediately Following a User-Calibration
(Same equipment, same conditions)

Use the calculations in (A), but discard both ACUe and ACUd,
and use the 24hr specification interval figure for ACUg,
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Slave Verifications (Contd.)

AC Current (Page RS 1 Table 4)
Measurament of AClout

ACJXont cannot be measured directly, so the method described on pages4-17 to4-19 performs an AC/DC thermal transfer with precision
shunt (value Rt), using the slaved 4700/4600 as the DC current reference source.

Procedural Modesl

AC 10A satting AClout.
Phase 1 , Shunted Thermal
4700 (AC) 4600 Transfer Standard
ACUs |
Same null, so
short term TTS transfer
anror stabllity negligible
DClm DClowt |
Phase 2 - Shunted Thermal
4700 (DC) 4600 Transfer Standard

DCUt

Overall Mode!l Formula
Torelate Phase 1 to the AC Slave Error, the basic equation places
AClour as the subject:

AClout = 16A x AC Slave Error

The 4700 is setto nominal 10A. The TTS is nulled 1o the 4600 AC
10A output, AClout passing through the shunt.

In Phase 2, DCIout is set by adjustment of DCIm, to obtain the
same nuil on the thermal transfer. Thus DClout carmies the
uncertainties due to the 4700 reference voltage output and the
4600 transconductance. DClout value is also affected by the
DC—AC transfer function Ftr of the shunted TTS at each of the
frequencies to be verified, so this is accounted for in the expanded
equation.

DClIout = 10A x AC Slave Error / Ftr
DClout is the result of adjusting DCVin such that:

DClout = DCIm x DC Slave Error. -

When the equation is expanded and transposed to make DCIm the
subject, we have the model formula for the method:

DCIm = (10A x AC Stave Error) / (Ftr x DC Slave Ervor)

The nominal value of Fir is usually unity; ie. } ARMS)/ 1A (DC);
any deviation from this value at the specified frequencies of
300Hz, 5kHz and 20kHz will be known from the calibration data
of the Shunt/TTS. The value is used to determine the 4700 Targes
Current OUTPUT setting (TgtA CIm).

Implicit Uncartalntiaa
The uncertainties implicit in the above equation are as follows:

ACUs: Traceable accuracy of the slaved 4700/4600 10A
output relative to Absolute accuracy.,

DCUt:  Total Traceable accuracy of the slaved 4700/4600 DC
verification at 1GA.

Etr: Shunt/TTS Transfer-Function Error.

The method itself introduces two major simplifications:
1. By using the verified slaved 470074600 as the DCI source,
DCUt has already been calculated,

2. By using the Shunt/TTS only as a transfer standard,
adjusting the slaved 4700/4600 DCI OUTPUT for the
same reading during Phase 2; the accuracy required of the
transfer is limited to its short-term stability.

This uncertainty is minute compared with other traceable
accuracies in the equation. By assuming that it does not
exist (in the interests of simplifying the calculations), the
Validity Tolerance is made marginally tighter but remains
well within the capability of the 4600.

The calculation of Validity Tolerance and DCIm Limits, detailed
overleaf, makes the assumption that the suggested method will be
used.
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Validity Tolerance

The assumptions made on the previous page allow us to discard
uncertainties associated with the Shunt/TTS transfer error (Er).
Thus we need only sum DCUt and ACUs, plus the uncertainties
associated with the most-recent AC calibration of the 4600 and
4700; to arrive at the validity tolerance:

Specific Uncertaintles

4600/4700 Slaved Combination

The allowed uncertainty of the slaved combination consists of its
basic accuracy specification relative to calibration standards
(ACUs), plus the uncertainty to absolute accuracy of its most-
recent calibration. It is possible to give both of these if the
instrument was last calibrated by Datron. In the verification report
RS 1 Table 4, the values are already entered against ACUs and
ACUd at the verification frequencies. For verifications after any
calibration other than by Datron, then Datron's calibration
uncertainty (ACUd) must be replaced by the uncertainty
associated the most-recent calibration (ACUc). A space is
provided in the table for ACUc to be entered. For a verification
immediately following a recalibration, using the same equipment
in the same conditions, both ACUd and ACUc can be discarded.

Components of the Validity Tolerance

The total DC measurement uncertainty (DCUt - see previous
page), plus ACUs and either ACUd or ACUc, account for the total
measurement uncertainty ACUt (Validity Tolerance) for the
present verification.

Summing In ppm

The total measurement uncertainty calculation is best carried out
all in the same units, and for parts-per-million (ppm) it is a simple
sum of the relevant uncertainties. So units such as % should be
converted to ppm before summing. A space is provided for entry
of the total measurement uncertainty ACUt.

Upper and Lower Limits

N.B. The 4700 DC 10A range output setting required to provide
the correct output current for the TTS null is given the
symbol DCIm, as it is this setting which is measured
against the uncertainty tolerance limits,

Once the ACUt has been calculated in ppm for the particular
verification being carried out (the interval since the last
calibration is significant), the figure is applied to the target value
of DCIm (TgtDCIm = nominal AClIout/ nominal Ftr), in order to
determine the upper and lower voltage tolerances to be placed on
the DCIm setting for validity of the verification. Spaces are
provided in the table to register these limits.

Measurement Results

A space is provided in the table to enter the actual DCIm setting
which gives TTS null, for comparison with the tolerance limits,

Summary of Symbols
The symbols used in the calculations appear in Tables 4 in
Verification Report RS 1.
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Relevant Formulae for Slave AC Verification at
Full Range Value
(10A RMS at three frequencies)

A. When the Last Calibration was by Datron:

For each 4600 OUTPUT Frequeocy (300Hz, 5kHz and 20kHz)
calculate the Validity Tolerance Limits, using the 90dy figures for
ACUs, as follows:
»  First enter the total DC uncertainty in ppm:
DCUt
(ACUs and ACUd are already entered for three intervals)

»  Next sum the three uncertainties:
DCUt + ACUs + ACUd
Enter the result on the AC Current table as ACUL,

+  Determine the Target Measurement Voltage for each of the
three frequencies:

TgtDClm = nominal AClout / nominat Fir

»  Thencalculatethe Validity Tolerance Limits ateach frequency:

ULIm = TgtDCIm[1 + (ACUt x 10%)]
LLim = TgtDCIm [1 - (ACUt x 10%)]

nn

Enter the results in the AC Current table as Upper and Lower
Tolerance Limits for DCIm respectively.

B. When the Last Calibration was not by Datron:
Use the calculations in (A), but substitute ACUc for ACUd.

C. Immediately Following a User-Callbration
(Same equipment, same conditions)

Use the calculations in (A}, but discard both ACUe and ACUd,
and use the 24hr specification interval figure for ACUg.
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Uncertainty and Traceability

Cumulative Tolerances

If an instrument was correctly calibrated against the factory
standard at its uncertainty limit, and then verified against a user's
standard, also at its limit; there are two extremes o the range of
traceable results which could be obtained. If, for example, both
standards’ traceable errors were equal and in the same sense, the
instrument would appear to verify as absolutely accurate. But if
the errors were in opposite sense, it could appear to be inaccurate
by the sum of the two limits of uncertainty.

In the following numerical example, a 4600 is verified in the
factory at 10A, and with Oppm error against a Sppm-high standard
(relative to Absolute Accuracy):

DC Sid
+5ppm

4800

B +5ppm

It remains correctly calibrated, and could be delivered to one of
two users: one user's standard is Sppm higher than Absolute, and
the other's is S5ppm lower.

géeété User 2
: DC Std
v 4600
+5ppm +5ppm -5ppm
N Check 1 , Check 2 Gz
0 ppm " +10 ppm|

Despite the instrument sustaining its original accuracy of +5ppm,
and the standards all being within Sppm of Absolule; the first user
would verify the 4600 as having Oppm error, but the second would
obtain an error of +10ppnt,

The increased uncertainty is unavoidable unless the same standard
1s used for each verificadon. This is clearly not a practical
proposition following delivery. Butafter the first autocalibration
against the user's standard, Datron's calibration ancertainty no
longer applies.

Appendix 2 to
4600 User's Handbook
Section 4

Verification Uncertainties

Each element in the calibration traceability chain (on the next
page) contributes its uncertainty toinfluence the overall verification
tolerance limits. All uncertainties must be accounted for when
calculating the total tolerances.

In addition, if two separate systems are used, one for calibration
and the other for verification, then the cumulative iotal tolerance
('Validity Tolerance’) is the sum of those established for each
systemn (as described earlier),

Thus on receipt of the 4600, Datron's uncertainties must be
included in the total tolerance limits; but when verifying against
the same Standards setup used to calibrate the instrument, they are
excluded

Two formulae for calcnlating the total tolerance limits are given
for each procedure, covering the two types of verification occasions
mentioned.

Validity Tolerance Limit Calculations

The 4600 is verified by comparing its transcondnctance with the
Validity (Total} Tolerance Limits. These have to be calculated by
summing the appropriate uncertainties from the traceability chain,
and expressing the result in upper and lower absolute deviations
from the chosen verification value. The 4600 checks out if its
measured transconductance is between the limits.

Where possible, the 4600 specification and Datron calibration
uncertainties are given in a form spitable for calcnlation (see
Report Sheet RS 1 where actual uncertainties are entered), Where
this is not possible they can be assembled from the specifications
in Section & (refer to Appendix 1).

User’s uncertainties need to be assembled and included, expressed
in the form appropriate to the calculations.

Whereas Datron's uncerfainties are normally included in the
calculations only once (on receipt), user's uncertainties must
always be included. So it is sensible to provide a permanent
record, eg on Report Sheets.

Once the relevant uncertainties have been entered on the Report

Sheet, the Validity Tolerance Limits can be calculated. The
correct calculations are identified in the individnal procedures.
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Repont Sheet RS2 - Alternative ACI Verification Using AC DMM Section 4 - 4600 Verification - Appendix 4
TABLE 2. SLAVE AC CURRENT

Full Range Checks

Calculate Total Meassurement 4600 Output Measuremant Uncertaintles (xppm of Full Range)

Uncertainty - Verification Frequencies -

(Enter ali uncertainties in ppm) 300Hz 5kHz 20kHz
Meaéﬁmhen{ Voltage Vm
accuracy relative to absolute Um
Shunt Accuracy
refative 1o Absolute Ur
Siaved 4600/4700 AC Accuracy 24hr  90dy fyr 24hr  90cdy Tyr 24hr  S0dy 1yr
relative to Calibration Standards | Us™ 520 530 820 830 1000 1220 7420 8960 10980
Slaved 4600/4705 AG Accuracy 2dhr  90dy  fyr 24hr  80dy  Tyr 24hr  90dy  Tyr
refativa to Calibration Standards | Us 4! 630 730 840 1080 1190 1360 7620 9320 11270
Slavad 4600/4707 AG Accuracy 24hr  90dy tyr 24hr  90dy 1yr 24hr  SOdy Tyr
relative to Calibration Standards | Us 400 470 570 860 940 1030 7320 8770 10410
Slaved 4600/4708 AG Accuracy 24hr  S0dy fyr 24hr  90dy Iyr 24hr  S0dy Tyr
rolative to Calibration Standards | Us !4l 340 410 470 810 870 940 7320 8720 10340

Datron Cal Std uncartainty
relative to Absoiute udm 110 110 110 110 110 110 250~ 250  250°

User's Cal Std uncertainty
relative to Absoluts U

Total Measurement Uncertainty
{Validity Tolerance) AClt

Calculate Validity Tolarance Limits

Valuse of AC Current Shunt

Ra Q 9] Q
Target Value for Vm -
. TgtVm?} v v v
Upper Tolerance Limit for Vm ‘
ULVm v v v
Lower Tolerance Limit for Vm
LLVm Vv v v

DMM Readings and 4700 Settings

DMM Transfer Readings V300' = V5K = Véok; =
v v v
Actual 4700 Settings (Vm)
for DMM Transfer Reading Vm v v v
Notes:

. Use Ud only If the 4600 was last calibrated by Datron.

Use Uc only if the 4600 was not last calibrated by Datron,

Enter the calibration uncertainty for the most-recent calibration.

The value of TgtVm is dependent on the valus Rs of the shunt.

Use only one value of Us: the one appropriata 1o the slaving calibrator in use.

Estimated
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Section 5 - 4600 Calibration

SECTION 5 4600 Calibration

Routine Calibration

Reasons for Recalibration
Scheduled Recalibration

Calibration Modes

The 4600 has two separate modes of operation: Solo and Slave modes.
Each mode is calibrated independently of the other by different methods,
there being no mutual interaction.

Routine calibration in Solo mode consists of adjusting two internal trim
potentiometers and an adjustable trimimer capacitor, which are connected
into the circuit only in Sole mode.

Routine calibration in Slave mode is carried out from the front panel of
the slaving 4700-series calibrator. This process corrects the reference
voltage by which the 4700 contrals the 4600 output, but makes no
physical adjustment 1o the 4600 itself, Although the reference voltage is
derived from the 4700's 10V range circuitry, routine recalibration of the
10V range does not affect the 4600 calibration {(and vice versa), as the
10V range and reference vollage have separate calibration corrections,
each held in separate non-volatile memory stores.

In effect, the slaved combination behaves as if the 10A range provided by
the 4600 were merely another range built in to the 4700. All the built-in
4700 facilities such as Error and Offset modes (and the SET and STD
calibrations), are available for the 10A range.

Calibration of Slave Mode on Receipt (Special Case)

The 4600 is fully calibrated in Sole and Slave modes before leaving the
factory, but from the previous description it can be seen that the Slave
meode corrections are held in the non-volatile memory of the 4700-series
mstrument with which it was calibrated. If both calibrator and 4600 were
supplied as a combination, the 4600 factory calibration is still valid. But
if the 4600 was supplied on its own (possibly for use with an existing
compatible 4700-scries calibrator, or for use in Solo mode with existing
voltage reference sources), then it will be necessary to repeat the Slave
mode calibration in combination with any compatible 4700-series
calibrator to which it is to be slaved.

Calibration Intervals

The specifications for the 4600 are based on standard intervals of up to
24 hours, 90 days or 1 year from calibration. Some users will wish to
maintain the highest accuracy by recalibrating at short intervals (e.g.
every 24 hours). In these cases, recalibration becomes a routine task,
Users may wish to choose alternative schemes, accounting for:

» The accuracy required when in use,

»  The instrument specifications (this handbook Section 4),

+ The scheduled calibration intervals normally adopted by the user’s
organization

Restandardization (Slave mode)

Occasions may arise when it is necessary to trim the slaving 4700's
internal Master Reference. For example, when the combination is to be
made raceable o a different Nazional Standard, after transportation from
one country to mnother (Refer to AUTOCAL FACILITIES, page 1-3 of the
Calibration and Servicing Handbook for the relevant 4700-series
calibrator). Carricdoutonthe 10V or 1V DC range, this process corrects
all Voltage and Current ranges, including the 4600 10A range output.

Pra-catibratlon Procedures (Slave mode)

I an initial internal calibration process at manufacture of the 4700-series
calibrator, certain 'Pre-cal' parameters are established in a special
calibration memory.

Under certain conditions (detailed in Table 1.1 of the Calibration and
Servicing Handbook for the relevant 4700-series calibrator) these
parameters need to be re-established by completing the 'Pre-Cal' procedure
before a Full Routine Autocalibration. Subsequent to this Pre-Cal, the
4600 Routine Calibration will also be required.

Calibration Memory Corrupiion (Slave Mode)

Battery Change

Calibration corrections for a staved 46(X) are stored by the slaving 4700
in an internal memory which remains energized by a battery. The
Lithium battery which powers the non-volatile calibration memory
should be replaced after S years (Refer toSection4.3 of the Calibration
and Servicing Handbook for the relevant 4700-series calibrator). After
replacement, a full Pre-calibration is required followed by a complete
Routine Autocalibration (this includes the 4700/4600 10A range).

Memory Check failure

When the slaving 4700 Cal key is pressed to effect the 4600 calibration,
the correction constant is checked w be within prescribed limits before
being stored. Values outside preseribed lumits flag a Fail 6. On the
following occasions, the same check is performed and Fail 6 can indicate
a corruption in the slaved 460{'s correction memory:

:  When the 4700 is powered-up,

= When the 4700 10A range is selected,

s Each time the output is switched ON,

+  During each self-test routine.

Critical Part Changas

Recalibration (or Verification) is necessary afterreplacement of a critical
PCB assembly or a cntical component. These are listed in Section 8§,
Table 8.1, indicating the extent of the recalibration necessary.
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Recalibration Procedures
in this Section

Rouline Calibration (Solo mode)
Routine Autocalibration (Slave mode)

These Routine Calibration procedures are sufficient for all normal
recalibration purposes, except when Common mode, DC Offset
or Autobias correction is called for (refer to Table 8.1).

Remote Calibration
via the IEEE 488 Interface (Slave mode)

The 4600 has no IEEE 488 interface of its own, 50 remote control
in Solo mode is unavailable.

The device-dependent commands necessary for routine calibration
of the slaved 4600 via the IEEE 488 bus are given in Secton 3,
page 3-12. A guide-line example is given in Section 1 of the
relevant Calibration and Servicing Handbook for the slaving 4700
(Vol 1), but this needs to be adapted for the bus controller in use.

Calibration Sequence Profiles

The methods and sequence of calibration depend on how the 4600
is intended to be used, and whether it 1s to be slaved to a 4700-
series caltbrator, This leads to two ways of setting about the
calibration.

1. Solo Only
If the 4600 is not to be slaved to any 4700-series calibrator,
then it will not be possible to calibrate its slaved operation. In
this case, proceed as follows:
a. Verify the Voltage Source to be used as reference for the
4600;
b. Calibrate the 4600 in Solo mode,

o

Slaved to a 4700-series Calibrator

Use the following scquence:

a. Enswre that the specification of the 4700-series calibrator
1s verified;

b. Use that calibrator 1o calibrate the 4600 in Solo mode;

c. Slave the 4600 to that same calibrator, and use the
calibrator front panel keys to calibrate the slaved
combination.

5-2

Option Requirements for Slave Mode

Slave Mode needs issue 5 firmware or later.

4700 needs option 20 for current outputs.

4707 needs option 27 for current outpuls,

4708 needs options 10 and 30 for DC current outputs,
or 20 and 30 for AC Current ourputs.

Evaluating User’s Calibration Uncertainties

Naturally, the performance of any equipment is affected by the
range, accuracy and traceability of the users’ standards against
which it is calibrated.

Where traceability is of importance, users will need to evaluate the
effects of their own Standards’ uncertainties on the performance
of equipment such as the 4600.

Section 4 and its appendices contain descriptions and calculations
which are necessary to establish a "Validity Tolerance' for the
results of verification procedures. The calibration processes in
this section can be a means of reducing the magnitude of
uncertainties which go t make up the Validity Tolerance, and so
the calculations in Section 4 appendices can assist in evaluating
these uncertainties.
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4600 Solo Calibration

General Philosophy

Correction of Transconductance

To calibrate a 4600 in Solo mode, we correct its transconductance
value, by providing a traceable DC or AC vehiage inpat and
correcting the current output.

DC Outputs

For DC output the calibration method relies on the accuracy
provided by the measurement of voltage across a precision 10A
shunt, using a high-quality (ie stable) DMM, used only as a
transfer-measurementdevice to rernove its inherent uncertainties.

The DMM is first standardized to the same traceable voltage
source used as input to the 4600, at the expected voltage due to the
value of the selected shunt. The calibration points are: OV and
+10V of input voltage, producing OA and +10A respectively. The
source of DC voltage is referred to in the procedure as the
‘DCRVS’ (DC Reference Voltage Source).

AC Outputs

To correct the AC output, a DC/AC theral transfer can be used
with a 10A shunt. The DC output of the same 4600 can be used
as the reference DC current source for the transfer, its DC
specification being sufficiently accurate. The AC calibration
should be carried out immediately after the DC calibration of the
4600, to take advantage of readings already taken. The calibration
points are: 10V RMS of input voltage at 300Hz and SkHz in turn,
producing 10A RMS at the same frequencies. To generate the
reference DC current, the DCRVS is used as input to the 4600; the
source of AC voltage for correction of the cutput is referred to in
the procedure as the ‘ACRVS’ (AC Reference Voltage Source).

Shunt Values

In the following procedures, the shunt voltage values are given for
a 100m£2 shunt; values for a 10mQ shunt are indicated by square
braces [...).

Sequence Profile

Before embarking on any calibration, decide which sequence
profile is to be followed, after reading the paragraphs headed
‘Calibration Sequence Profiles’ on page 5-2. The following
procedures should form only part of that profile.

Interconnections

Interconnection instructions in thig section are necessarily simple
and basic, and are mainly intended to show connections to the
4600. It1isrecognized that they may need to be adapted to meet
an individual user’s requirements.

Operation of Standards Equipment
It is assumed that users will possess adequate knowledge of the
operation and use of the required standards equipment.

Alternative AC Current Calibration

An alternative method of calibrating AC current output, using a
DMM for AC-AC transfer, can be found in Appendix 1 to this
section.

Location of internal Controls

The internal trimpots and trimming capacitors, used to correct the
4600 output, are at the left front of of the Sense Assembly (shown
in Fig. 5.1 below).

4 “
- SV —
Fig. 5.1 LOCATIONS OF INTERNAL TRIMMING COMPONENTS
\_ {Sole Mode calibration) Yy,
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Correct the 4600 DC Output

DC Reference Voltage
s O (OORNDY

§ DANGER
! HIGH VOLTAGE

e

DG DMM (1V [100mV] Range)

~

I+

H ¥

@ g’»"{% 5% [glawien
% % lawen

A

I QGuard

te Guard
PN

S Local Guard
N Remote Guard

—

STANDARD
SHUNT

ouTPUT

Connect the DCRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection of DMM Lo to the 4600

INPUT ground).

Carry out operations (1) to (j).

f. DCRVS
{dC

Offser)

g. 4600

h. DCRVS

ii.

iii.

iv.

iL
iii.

iv.

Set FUNCTION to DC Voltage.

Select the 10V range,
Sense and Guard to Remote,

Set Cutput to 0.60000V.
Set Output ON.

Set Output ON.

Lift the top cover and locate R411
(DC Offset trimpot).

Adjust R411 to obtain a DMM reading
of 0.00000V.

Refit the top cover (do nol secure).
Check that the DMM reading is
0.00000V

Set FUNCTION to DC Voltage.,
Select the 10V range, Remote Guard.
Set Output to +10.00000V.

Set Output ON.

j. 4600 i

ii.

iv.

V.

Set Output ON.

Lift the top cover and locate R417
(Gain trimpot).

Adjust R417 10 obtain a DMM reading
of ‘+ V1’ noted in (d).

Refii the top cover (do not secure).
Check that the DMM reading is '+V1’.

Verify the DC specification as in Section 4, pages 4-5 to 4-7.
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Solo AC Current Calibration

Full Range

The Solo 4600 is calibrated by correcting its transconductance. A
Thermal Transfer Standard (TTS), in conjunction with a 10A
shunt, is first nulled at the verified DC current oulput from the
4600; using the DCRVS to provide the 4600 input reference
vollage.

We then use the ACRVS to input SkHz AC voltage to the 4600,
adjusting an intemal trimmer capacitor to to obtain a null on the

TTS.

Eqﬁipm;ht Requirements

. The DC Reference Voltage Source (DCRVS) used in the
previous procedure to verify the 4600 DC current output,
Example: A Datron 4000/A, 4700 or 4708.

. An AC Reference Voliage Source (ACRVS) of suitable
accuracy, with ils specification verified for 10V RMS
outputs at SkHz.

Example: A Datron 4200A, 4700 or 4708.

. A Calibrated AC 10A Thermal Transfer Current Shunt of
suitable accuracy, of value 100mQ [10mS].
Example: Hoit HCS 1.

. A Thermal Transfer Standard of sufficient resolution and
slability, for use in conjunction with the shunt.

CAUTION

When choosing a 10A current shunt, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
sell-heating effects of the current being checked.

Summary of AC Procedure

General

The 4600 DC output is used as reference current. The 4600 is
corrected at SkHz; for an input voltage of 10V RMS. The AC
output is measured using a thermal transfer standard with a
precision current shunt of value 100m< for 10mQ],

TTS Null to DC Reference Current

The OUTPUT I+ and I- terminals of the 4600 are connected to
pass the output current to a thermal transfer standard, used in
conjunction with a 10A current shunt. The TTS is nulled fora DC
reference current, derived by driving the 4600 from the DCRVS
set 1o the voltage previously recorded for 10A DC output.

4600 AC Current Calibration

The 4600 input voltage is set to nominal 10V at SkHz. The 4600
internal '"HF Gain Compensation’ trimmer capacitor C424 is
adjusted for the 4600 output current to give a null on the TTS,

Preparation

N.B. The following gives the full preparation assuming that DC
Cal. has not been carried out. For best results the DC Cal. should
immediately precede AC Cal, so some of the itemns will be
unnecessary.

Before attempling any verification ensure that the following steps
have been carried out.

1. Before connecting and operating any equipment, consult the
manufacturers’ handbooks.

2. Checkthatthe ACRVS specification is verified for 10V output
at SkHz.

3. Checkthatthe Solo 4600 specification is verified for+10A DC
output.

3. Comply with the instructions for Preparing the 4600 for
Calibration' on page 5-3.

4. The 4600 front panel LEDs should show no errors present.
Carry ot any self-test routines on the DCRVS and ACRVS.

The procedure is detailed on pages 5-10/11.

5-9












Secticn 5 - 4600 Calibration

Slave DC Current Autocalibration

Zero and Full Range

The 4700/4600 combination is calibrated by correcting its ontput.
Weuse the 4700 Cal mode to adjust the output current value so that
it agrees with the 4700 OUTPUT setting. A shunt converts the
output current to a voltage, measured across the shunt using a
DMM which we have first ‘Standardized” to the 4700 voltage.

‘Standardizing’ ensures that the DMM isaligned to the4700 at the
expected values of shunt voltage. 10A will produce 1V across a
100m< 2 shunt {100mV across 2 10mQ shunt]. A table givenin the
procedure relates the 4700 settings used to standardize the DMM
1o the expected voltages, for each shunt vatue.

Eauipmer:t heq uirements

. The slaving 4700, DC voltage verified to suitable accuracy
at Zero, +10V and +1V [+100mV].

. A Calibrated 10A Current Shunt of suitable accuracy, of
value 100m<2 [10mS].

. A DMM of sufficient resolution and stability, foruse asa
transfer device to measure the DC voltage across the shunt.
Example: A Datren 1281, 1081 or 1071.

CAUTION

When choosing a 10A current shunt, ensure that its rated power
dissipation is sufficient to avoid permanent degradation from the
self-heating effects of the current being checked.

Summary of DC Procedure

General

The 4600 is calibrated at two output currents: OA and +10A. The
outputs are passed through a precision current shunt of value
100m&Q [or 10mQ}, the resulting voltages of OV and +1V [0V and
+100mV] being measured via a previously-standardized DMM.
The 4600 outpat is corrected at these two values, and then verified
in accordance with Section 4,

DMM Standardization

The specification of the 4700 should be known to verify at the
voltages to be used. Itis then used to standardize the DMM, at the
voliages it will be measuring.

Stave DC Current Calibration

The 4600 is connected in Slave mode to he 4700. The 4600
OUTPUT I+ and I- terminals are connected to pass the ontput
current through the shunt, and the DMM is connected t0 measure
the voltage across the shunt.

The 4700 10A DC OUTPUT RANGE is selected. With its
OUTPUT display set to nominal 0A, the shunt vollage is
measured. The 4700 Cal mode is used to calibrate Zero for a
standardized reading on the DMM. With the 4700 outpnt set to
nominal +10A,the 4700 Cal mode is used o calibrate Full Range
ata second standardized reading on the DMM.

The 4600 should then be verified at 0A and 210A in accordance
with the procedure on pages 4-14 to 4-15 of Section 4,

Preparation

Before attempting any calibration ensure that the following steps
have been carried out.

1. Before connecting and operating any equipment, consult the
manufacturers’ handbooks.

2. Ensure that the 4700 and DMM specifications verify at the
following voltages:
4700 OV; +1V [100mV]; +10V.
DMM  OV:+1V [+100mV).

3. Comply with the instructions for ‘Preparing the 4600 for
Calibration' on page 5-3.

4. The 4600 front panel LEDs should show no errors$ present.
Press the 4700 Test key to carry out the self-test routine on the
4700/4600 combination.

The procedure is detailed on pages 5-14/15.
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Section 5 - 4600 Verification - Appendix 1

Alternative AC Current Calibration
(Using a siandardized AC DMM instead of @ Thermal Transfer Standard)

N.B. Shunt Values

Appendix 1 to:
4600 User's Handbook
Section 5

In this appendix, in the interests of clarity, an assumption is made that a 100m< shunt wilt be used. The shunt value and shunt voltage
values are given for a 100mQ shunt; values for a 10mQ shunt are indicated by square braces [...].

Solo Mode
Full Range

The Solo 4600 is calibrated by correcting its transconductance.
We use the ACRVS to input verified 10V RMS, and correct the
oulpuat current at 10A RMS. A shunt converts the output current
to a voltage, measured across the shunt using an AC DMM which
we have first ‘Standardized’ to the ACRVS.

‘Standardizing” ensures that the DMM is aligned to the ACRVS,
al the expected values of shunt voltage. 10A will produce 1V
acrossa 100mQ shunt [100mV fora 10m&2 shunt]. The procedure
compares the ACRVS settings used to standardize the DMM to
the expected voltages, for the shunt value in use.

Equipment Requirements

= An AC Reference Voltage Source (ACRVS), calibrated to
suitable accuracy for 10V and 1V [100mV] RMS at SkHz.
Example: Datron 42004, 4700 or 4708,

= A Calibrated 10A AC Current Shunt of suitable accuracy, of
valoe 100m$2 {10mQ].

+ A DMM of sufficient resolution and stability, for use as a
transfer device to measure the AC voltage across Lhe shunt.
Example: Datron 1281, 1081 or 1071 with Option 10.

CAUTION

Ensure that the shunt's rated power dissipation is sufficient to
avoid permanent degradation from the self-heating effects of the
current being checked.

Summary of AC Procedure

General

The 4600 is corrected at 10A RMS at 5kHz, corresponding to an
input valtage of 10VRMS. The output passes through a calibrated
AC current shunt of value 100mQ {10mQ]; the resulting voliage
is measured using a previously-standardized AC DMM,

DMM Standardization
The ACReference Voltage Source at SkHz is used to standardize
the DMM at the expected nominal shunt voltage.

4600 AC Current Correction

The ACRVS SkHz output at 10V RMS is then applied to the Solo
4600 INPUT terminats, whose OUTPUT terminals are connected
to pass the output current through the shont, with the DMM
connected to measure the shunt voltage.

The 4600 internal 'HF Gain Compensation' trirnmer capacitor
C424 is adjusted until the DMM voltage reading represents
nominal full range output into the shunt,

Preparation

Before attempting any calibration ensure that the following steps
have been carried out.

1. Before connecting and operating any equipment, consult the
manufacturers’ handbooks.

2. Ensure that the ACRVS and DMM specifications verify at the
following voltages:
ACRYVS 1V [100mV] RMS; 10V RMS.
DMM 1V [100mV]) RMS.

3. Comply with the instructions for 'Prepanng the 4600 for
Calibration' on page 5-3.

4, The 4600 front panel LEDs should show no errors present.
Carry out any self-test rontine on the ACRVS.

The procedure is detailed or pages 5-A1-2/3.

S5-Al-1












Section 5 - 4600 Verification - Appendix 1

Alternative AC Current Calibration cona

(Using a standardized AC DMM instead of a Thermal Transfer Standard)

Slave Mode
Full Range Checks

The slaved 4600 is calibrated by correcting its output. We use the
4700 Cal mode to adjust the 4600 output current 5o that it agrees
with the 4700 OUTPUT setling. A shunt converts the output
current Lo a vollage, measured across the shunt using a DMM
which we have first ‘Standardized” to the 4700 voltage output.

‘Standardizing’ ensures that the DMM ig aligned 1o the 4700 at the
expected values of shunt voltage. 10A will produce 1V across a
100m€Q shunt [100mV across a 10m{2 shunt]. The procedure
compares the 4700 settings used to standardize the DMM to the
expected voltages, for the shunt value in use,

Equipment Requirements

« Theslaving 4700, AC voltage verified to snitable accuracy for
frequencies of 300Hz and SkHz at 10V and 1V [100mV]
RMS.

» A Calibrated 10A AC Current Shunt of suitable accuracy, of
value 100m&2 [10m<L].

+ A DMM of sufficient resolution and swability, for use as a
transfer device to measure the AC voltage across the shunt.
Example: Datron 1281, 1081 or 1071 with Option 10,

CAUTION

Ensure that the shunt's raled power dissipation is sufficient to
avoid permanent degradation from the self-heating effects of the
current being checked.

Summary of AC Procedure

General

The 4700/4600 combination is calibrated at 10A RMS for two
output frequencics: 300Hz and SkHz. The output passes through
a preciston AC current shunt of vafue 100mQ {or 10m2); the
rcsulling voltages are mcasured by a previously-standardized AC
DMM. The 4600 output iscorrected at these two frequencies, and
then verified in accordance with Section 4.

DMM Standardization
For cach frequency the slaving 4700 is used to standardize the
DMM at the expected nominal shunt voltage.

Slave AC Current Calibration

The 4600 is connected in Slave mode to the 4700. The 4600
OUTPUT terminals are connected 1o pass the ouoiput current
Lthrough the shunt, with the DMM connected to measure the shunt
voltage. The 4700 AC 10A OUTPUT RANGE is selected, For
cach frequency, its QUTPUT display is adjusted until the DMM
voltage reading represents nominal full range output into the
shunt At this setting the 4700 Cal key is pressed.

Preparation

Before auempting any calibration ensure that the following steps
have been carried out.

1. Before connecting and operating any equipment, consilt the
manufacturers’ handbcoks.

2. Ensure that the 4700 and DMM specifications verify at 300Hz
and 5kHz for the following voltages:
4700 1V [100mV] RMS; 10V RMS.
DMM 1V [100mV] RMS.

3. Comply with the instructions for 'Preparing the 4600 for
Calibration’ on page 5-3.

4. The 4600 front panel LEDs should show no errors prescnt
Press the 4700 Test key to carry ont the self-test routine on the
4700/4600 combinalion.

The procedure is detailed on pages 5-A1-6/7.
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Overtemperature

Section 6 - Fault Diagnosis

RECOVERY CONDITION

If the overtemperaturs was due to external factors; such as the
airway behind the instrument being blocked, or it being enclosed
so that the exhaust air is drawn back into the iniake; then once
Lhese have been corrected, the output on condition canbe recovered.
This is contrclled by the digital sequencing as follows:

The temperature in the Output PCB Heatsink Assembly falls
below the sensor trip threshold; the Overtemp LED goes out, (and
if in Slave mode the FATL 1 message is cleared).

OVTP (and thus OVTEMP) reverting to false releases the reseis
on the Key Latch and On Latch.

Subsequent action depends on which mode was selected at the
time of the overtemperature:

Solo Mode (at least one of the bus cables disconnected)

From state 81, OVTP false forces transition to state S2 (see the
slate diagram on page 9.4-4). PSUEN goes true, 50 the SMPS
switches on, The instrument output was latched off by the
overtemperatureresetting the Key Latch, so the GUTPUT ONkey
needs to be pressed for total recovery. Although this sets the Key
Latch, it cannot turn the output on until the PSUEN delay (U202-
10) has timed out after approximately 1 second from PSUEN
going true, setting the PODLY signal false. Then, providing the
Key Latch is set, the sequence transits through to S5 state, and the
output is turned on.

Slave Mode (both bus cables connected)

From state S1, OVTP false (with the bus cables connected) forces
transition to state R1 (see the state digram on page 9.44). If the
10A range is selected on the 4700, then CK_SELBIT is true, and
the sequence transits to R2 state. PSUEN goes true, 5o the SMPS
swilches on. The instrument output was latched off by the
overtemperature resetting the On Latch, so the 4600 or 4700
OUTPUT ONkey needs to be pressed for total recovery. Although
this sets the OnLatch, it cannot turn the output on until the PSUEN
delay (U202-10) has timed out after approximately 1 second from
PSUEN going true, setting the PODLY signal false. Then,
providing the On Latch is set, the sequence transits through to RS
state, and the output is turned on.

If the cause of the overtemperature has not been cleared, them

excessive lemperature wilt bedetectsd and the output will sequence
off again,

POSSIBLE FAULT LOCATIONS

« External heat-retaining factors, such as the airway behind the
instrument being blocked, or it being enclosed so that the
exhaust air is drawn back into the intake.

« Blocked air-intake filter.

» Internal cooling-air fan inoperative.

*  Qutput PCB (page 10.1-14)

+  SMPS Main PCB (page 10.1-16)

Itis unlikely for the SMPS to be the cause of an overtemperature.
Because the £7.5V supply is curreni-fed, the SMPS heatsink
should not overheat unless the Output PCB has also overheated.

FURTHER INFORMATION IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 - Analog (especially 9.2 4)
Secrion 9.4 - Digital (especially 9.4.5)
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Seclion 6 - Fault Diagnosis

~ Power Supply Failure

6.2.2 Psu LED Lit (FAIL 9)

(Power Supply Failure)

AUTOMATIC INITIAL ACTION

1. The 4600 will have defaulted to OUTPUT OFF, and disabled
the SMPS.
Il in Slave mode the 4700 has defaulted 10 OUTPUT OFF,

RECOVERY ACTION

Although unlikely, it is possible that a very severe ‘Glitch” in the
line supply could cause one of the power supplies to operate its
{ailure detector. Because of this, it is worth an attempt to recover
the situation belore removing covers to investigate. Todo this we
must clear the CK_LTPSUFL latch in U204 (Sense PCB):

Solo Mode
1. Sctthe Front Panel Power swiich to OFF, then ON again.

2. Psu LED lights and remains green - no further action. If the
LED lights red - fault persists.

Shive Mode
1. Press the 4700 Reset key.
2. Sclect the 10A range.

3. 4600 Psu LED lights and remains green and FAIL 9 message
docs not appear - no further action. If the LED lights red and
the FAIL 9 message recurs - fault persists.

FAULT CONDITION

Onc of lour failures of in-guard power supplics has been detected:

I. An overvoltage or undervoltage has been sensed in the SMPS
Control PCB when the SMPS was enabled by PSUEN true,
and has sct fault-indication signal SMPS_FAIL true.

or:

[R]

Failure of the 15V_2 supply has been sensed by Q9 on the
SMPS Control PCB sctiing signal PSUFAIL_2 true.

or:
3. Failure of the 15V _3 supply has been sensed by Q309 on the
Sense PCB sctting fault-indication signal PSUFAIL_3 true.

or:

4. Excessive powcer in the SMPS tank circuit has been sensed in
the outguard secondary of T3 on the SMPS Main PCB. The
cxcessive rectified output voltage of T3 (signal PWR_SIG)
has becn detected by comparator U315 on the Sense PCB,
setting outguard fault-indication signal OVPWR true.

6-4

The SMPS_FAIL, PSUFAIL_2 and PSUFAIL_3 signals are
ORed by U319 on the Sense PCB to generate the PSUFL signal,
sothatif any one or more of the three failures occurs, then PSUFL
is set true.

PSUFL is passed out of guard and ORed with the OVPWR signal;
theresulting signal drives the sequencecontroller U204 to generate
the latched signal CK_LTPSUFL true at the next 30ms clock. An
Off sequence is initiated, due to U204 resetting the Key Latch and

"On Latch. The sequence reverts to S1 state, whether in Slave or

Solomode. While CK_LTPSUFL true remains latched, itis gated
inside U204 to set PSUEN false, disabling the Switch Mode
Power Supply. Notein this case the SMPS has been turned off due
to the LTPSUFL signal being set true, so the Psu LED on the 4600
front panel changes to red.

In Slave mode, the CK_LTPSUFL_H signal is one of those polled
by the4700 via U111, If the poll discovers that CK_LTPSUFL_H
is set, the 4700 CPU commands OUTPUT OFF and presents the
FAIL 9 message on its MODE display.

POSSIBLE FAULT LOCATIONS

+  SMPS Control PCB page (10.1-18).
. SMPS Main PCB (page 10.1-16).

« Sense PCB (page 10.1-4).

= Ourput PCB (page 10.1-14).

It is unlikely that a real fault can be cleared without removing the
covers, if only to access a blown fuse.

FURTHER INFORMATION IN THIS HANDBOOK

Technical Descriptions:

Section 9.2 - Analog (epecially 9.2-4).
Section 9.3 - SMPS.

Section 94 - Digital (especially 9.4.5).
Section 9.5 - Power Supplies.



OQverdrive

Section 6 - Fault Diagnosis

6.2.3 Overdrive LED Lit (Error OL)

(Excessive Input Reference Voltage or Frequency)

AUTOMATIC INITIAL ACTION

1. The 4600 will have defaulted to QUTPUT OFF, the SMPS
remains enabled.
Ifin Slave mode the 4700 will also have defaulted to OUTPUT
OFF, the Reference Voltage is switched off.
No immediate user-action is required.

RECOVERY ACTION

After the Input Reference Voltage falls to zero, the Overdrive
LED goes off (and the Error OL message on the 4700 is cleared
if in Slave mode) so an attempt can be made to restore Output On
after reducing the Reference Voltage to within limits:

Solo Mode

1. Pressthe46000OUTPUT ONkey. Theoutput will be sequenced
ot again.

2. Overdrive LED remaings unlit - corrective action was successful.
If the LED relights - fauit persists.

Stave Mode

1. Ensure that the 4700 10A range is selected. Press the 4700 or
4600 QUTPUT ON key. The output will sequence on again.

2. Overdrive LED remains unlit and FAIL 1 message does not
appear - corrective action was successful. If the LED relights
and the FAIL 1 message recurs - fault persists.

FAULT CONDITION

Excessive Input Reference Vollage has been sensed at the output
of the differential input amplifier on the Sense PCB (Vin),

[nguard fault-indication signal OVDR_H has been set true by the
QOverdrive Detector on the Sense PCB, and passed outguard to turn
on the Overdrive LED and drive the sequence controller U204,
An Off sequence is initiated, due to U204 resetting the Key Latch
and On Latch. If in Solo mode the sequence reverts 1o S2 state, if
in Slave mode 10 R2 state (because PSUFL and OVTP are still
false, the sequence does not transit to S1 state). PSUEN_H
remains true, so the Switch Mode Power Supply is not disabled.

OVDR and the stretched Overload signal are ORed in U204 to
generate the signal OVDRLD_H. In Slave mode, the OVDRLD_H
signal is one of those polled by the 4700 via U111. If the polt
discovers thatOVDRLD_His set, the 4700 CPU turns its QUTPUT
OFF and presents the Error OL message on its MODE display.

RECOVERY CONDITION

If the overdrive was due to the Input Reference Voltage 1o the
4600 being excessive; then once this has been corrected, the
output on condition can be recovered. This is controlled by the
digital sequencing as follows:

Vin falls below the sensor trip threshold; the Overdrive LED goes
out, (and if in Slave mode the Error OL message is cleared).

OVDR reverting (o false releases the resets on the Key Latch and
On Latch.

Subsequent action depends on which mode was selecled at the
time of the overdrive:

Solo Mode (at least one of the bus cables disconnecied)

The instrament output was laiched off by the overdrive resetting
the Key Latch, so the OUTPUT ON key needs to be pressed for
total recovery. As the PSUEN signal is still true, the PODLY
signal is false. Then, providing the Key Latch s set, the sequence
transits through to S5 state, and the output is turned on.

Slave Mode (both bus cables connected)

1f the 10A range remained selected on the4700, then CK_SELBIT
is oue, and the sequence is in R2 state. PSUEN is true, so the
SMPS is on. The instrument output was latched off by the
overdrive resetting the On Latch, so the 4600 or 4700 OUTPUT
ON key needs to be pressed for total recovery. As the PSUEN
signal is still true, the PODLY signal is false. Then, providing the
On Latch is set, the sequence transits through to RS state, and the
output is tarned on.

If the cause of the overdrive has not been cleared, then excessive
Vin will be detected and the output will sequence off again.

POSSIBLE FAULT LOCATIONS

« Excessive Input Reference Voltage.
»  Sense PCB (page 10.1-4)

Although the most probable cause of an overdrive is an excessive
input voltage, it is possible for a fault to exist (eg. in the input
differential amplifier) to cause Vin to be excessive; or a fault may
exist in the detector itself. This will show up if the Overdrive LED
remains lit after the input has been reduced (in Slave mode after
the OFF key LEDs have tit on the 4600 and 4700).

FURTHER INFORMATION IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 - Analog (especially 9.2.3)
Section 9.4 - Digital (especially 9.4.5)





















Section 7 - Dismantling and Reassembly

7.3 Location and Access

7.3.1 External Construction

Both the front and rear panels are held together by two side
extrusions nmning from front (o rear. These extrusions provide
slots for the handles or rack mounting ‘ears’, and locating points
for the structural foam covers.

The bottom cover is fitted with the tilt-stand and four rubber feet.
Ground screening of the covers is provided by steel plates, heat-
staked to the inside of the covers with electrical connections made
by spring contacts.

7.3.2 Internal Construction
Internal Supports

Four supports are secured io the front panel, rear pane] and side
extrusions:

(Page 10.2-5, Assembly Drawing DA400786 Sheet 1)

= (Part no. 450684)
A complex angled steel bracket acts as the main internal
support. Aswell as supponting the right side of the Sense PCB,
three corners of the Output PCB and the front of the SMPS
box, it also carries the mains transformer and the cooling fan.
It is screwed to both the rear panel and the right extrusion.

« (Partno. 450621)
Screwed to the Jeft extrusion, a full-length steel bracket has a
right- angled extension at the front to carry the three INPUT
terminals, Its bottom edge, fitted with four swaged nuts, is
turned up at 90° to form attachmenis for the left side of the
Sense PCB.

(Page 10.2-7, Assembly Drawing DA400786 Sheet 3)

v (Part no. 450685)
A steel angle bracket is screwed into the rear of the right
extrusion. It supportstherear of the SMPS screening box, and
the SMPS within.

(Page 10.2-15, Assembly Drawing DA400856)

«  (Part no.450705)
The fourth support is an angled aluminium plate, screwed 10
the rear panel between the exhaust vents and louvres, supports
a comer of the Output PCB.

A support for the Sense resistor, Qutput relay and the two Output
terminals, mounted on the Sense PCB, is also secured to the Front
Panel.

Printed Clrcuit Boards
The instrurment contains five printed circuit boards:

» Sense PCB: fitted component side up at the bottom of the left
side of the instrument.

*  Qutput PCB: fitted component side up at the bottom rear of
the right side of the instrument, inboard of the SMPS screening
box. A double-sided, finned heatsink is mounted at top center
of the PCB, in the direct airflow from the cooling-air fan.

«  SMPS Main PCB: fitted within its screening box on the rear
right side of the instrument.

» SMPS Control PCB: fits vertically into slots on 1op of the
SMPS Main PCB, within the screening box. A finned heatsink
is mechanically and thermally attached to the left of the box,
overlapping the right side of the Output PCB, in the direct
airflow from the cooling-air fan,

« Front Panel PCB: fitted behind the Pront Panel, on the right
side of the instrument.

Cooling Airtlow

The cooling-air fan is positioned on the front lateral part of the
center support. Ambient air is drawn into the instrument from the
external intake filter on the Rear Panel, through the front/left side
cavity, and forced rearwards through the Output PCB and SMPS
Box heatsinks to be expelied through the vents and louvres in the
Rear Panel. The lonvres deflect the airflow away from the intake
filter.

The construction around the heatsinks forms an enclosed duct,
bounded on the left by the center support and on the right by the
SMPS Box (drilled to allow airflow across the SMPS high power
components). The Qutput PCB forms the bottom, and the top is
sealed by a flat foam insulator. This minimizes leakage of the
heated air from the sinks back into the rest of the instrument.

Malns Transformer Assambly

This is a self-contained nnit, all its connections being made to the
Front PCB by removable Molex sockets. It is mounted with
insulators and retainer onto a thick spindle, which is secured by a
countersunk screw 10 the front of the lateral section of the center
support. The other end of the spindle is extended as a thin stb,
which locates into a hole in the front PCB. The orientation of the
transformer body is set at manufacture using foam pads, an
endplate and a Nylock nut to secure it to the spindle.

Bus-bars

A feature of the internal appearance of the instrument is the
presence of sitver-colored bus-bar strips, which provide a low
resistance path for the high output current. Bends position them
correctly, and where they run close together, they are separated by
insulating foam spacers.















Section 7 - Dismantling and Reassembly

7.5.6 SMPS Control PCB

-

Remove top and bottom covers: 7.4,1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove SMPS Box: 7.5.4.

Remove SMPS Main PCB Assembly from its Box: 7.5.5.
Removal

Ease the SMPS Control PCB away from the SMPS Main PCB until
the two plugs and sockets (J/P1 and J/P28) have separated.

Lift the Control PCB out of its end-slots and remove.

Fitting

Reverse the removal procedure; do not press the PCB home until the plug/
sacket pins are correctly located in their slots.

7.5.7 Mains Transformer

+  Remove top and botlom covers: 7.4.1 and 7.4.2.

«  Remove insulating pieces: 7.4.3.

«  Remove top and bottom finger plates: 7.44 and 7.4.5.
¢« Remove Front Panel Assembly: 7.4.6.

*  Removal

N.B. Do not attempt to remove the transformer spindle from the center
support, as the large screw which retaing itis secured with ‘Smdlock”.

a.  (Page 10.2-5, DA400786 Sh. 1)
Remove the M6 Nylock nut and washer which secure the transformer
to its spindle screw. Carefully withdraw the transformer, endplate
and pad from the spindle; replace the endplate, pad, washer and
lockrut until ready to refit a transformer to the spindle.

«  Fitting

Reverse the removal procedure, ensuring correct orientation of the
transformer body.

7.5.8 Cooling Fan

*  Remove top and bottom covers: 7.4.1 and 7.4.2.

»  Remove insulating pieces: 7.4.3.

»  Remove top and bottom finger plates: 7.4.4 and 7.4.5.
*  Remove Front Panel Assembly: 7.4.6.

*  Removal

8. (Page10.2-5 & 10.2-17, DA400786 Sh. I & DA400788 Sh. 1)
Disconnect the Fan Drive Molex connector (two leads) from J50 on
the right side of the Sense PCB.

b.  (Page 10.2-5, DA400786 Sh. 1}
Remove the four M3 x 8mm screws and shakeproof washers
securing the Fan to the center support, Lift the Fan and lead away
from the instrurnent.

¢« Fitting

Reverse the removal procedure, ensuring correct orientation of the Fan
body. Push the lead grommet into the slot in the center support.

7-7
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Section 8 Servicing and Internal Adjstments

SECTION 8

8.1 Introduction

This section provides procedures for maintenance operations

SERVICING AND INTERNAL ADJUSTMENTS

The operations fall into three categories, as described in Table 8.1

which require removal of covers or partial dismantling. balow.
.., Category A - Routiné Servicing
: Searvicing Procadure Calibration Callbration
and Time Interval Saction 8 Required? Procadurs

Clean the Alr Intake Filter

1 year (or less in 82
adverse conditions)

No

djustments

PCB Assembly Procedura Calibration Calibration
and Adjusiment Sausifon 8 Required? Procadure
Sense PCB (at yearly intarvals)
Differential Amplifier 83 Yes Adjust Autobias
Common Mode Mull before Calibrating
and DC Otfset.
Output Amplifier 8.4 Yes Section 5
Autabias Level.

A S S RS SRR L

" Category € - Adjustment Following Replacement-of PCBs-

Assy Replaced Adjustment Callbration Routlne

and Adjustment Procedure Requirad? Reacalibration
Saction 8 Procedure

Sense PCB; Sense Reslstor; Output Ralay.

Differential Amplifiar 83 Yas Autcbias next

Common Mode Null

and DC Offset.

Output Amplifiar 8.4 Yes Section 5

Autobias Level.

Output PCB

Output Amplifier 84 Yes Seaction §

Autobias Level.

SMPS Main PCB; SMPS Control PCB.

Repair at Datron 85 Yes Section 5

Service Center

Front Panel PCB; Malns Transformer; Cooting Fan.

—_ — Yas Section 5










Section 8 Servicing and Internal Adjstments

LF CMRAA

8.3 Differential Amplifier -

Common Mode Null and DC Offset Adjustment

(Refer to page 10.1-8)

8.3.1 Preamble

The following three adjustments account for small variatons
which may have occurred due to ageing of components. They
should only be necessary at yearly intervals, or after a different
Sense PCB is fitted into the instrument. For these reasons both of
the common mode adjustments are preceded by a check, which
determines whether or not the adjustment is needed. The DC
offset adjustment accounts for any changes resulting from the DC
and LF common mode adjustment.

A routine calibration is required after the adjustments are
completed.

8.3.3 Test Equipment Required

AC Reference Voltage Source; Oscillescope and DVM.

8.3.4 Initial Conditions

Solo Mode
Remove Top Cover - 7.4.1; p7-3.

8.3.5 DC and LF CMRR

a. Remove any input to the instrument and short INPUT Hi to
INPUT Lo, using a shorting bar or the shortest possible lead.

b. Connectan ACReference Source of I0VRMS at 10Hz to the
instrument as follows; do not switch the source on yet:

i. Source Lo to TP404 on the Sense PCB (between
inductors 1401 and L402, to the right of relay RLAQ? at
the front of the PCB).

ii.  Source Hi to the shorted INPUT terminals.

¢. Connect an oscilloscope via a 2.5kHz bandwidth limiter as
follows:
i.  Scope Lo to TP404.
it. Scope Input 1o TP414 (to the rear left of Relay READ!]
at the front of the PCB).

d. Switch on the instrument and the AC source, and adjust the
oscilloscope contrels to obtain a measurable waveform.
Ignoring any 50/60Hx line signal that may be present, check
that the 10Hz waveform on the oscilloscope is less than
500V peak-to-peak,

Ignore operations (e) to (m) if the SO0V check in operation (d)

was successful.

Note: The term ‘FSV’ means ‘Factory-Selected Value’.

An isolated soldering iron should be used.

84

e. Notethe peak-10-peak value of the scope waveform. SWITCH
OFF the instrument. Carefully unsolder and remove ESV
resistor R409; suck out the solder from the FSV terminals.

f.  Nole the value of the removed resistor. Select a 1% metal
film resistor of value one increment {arger, and fit into the
ESV terminals, but do not solder in. Switch the instrument
on, allow to setile and note the peak-to-peak value of the
scope waveform,

SWITCH OFF the instrument and remove the resistor.

Carry out operation (g) only if the peak-to-peak reading in (f) was
less than that in (e).

g. Repeat operation (f) untl the peak-to-peak reading has
passed through a minimum value and started (o rise again.
Select the resistor which provided the minimum peak-to-
peak reading and refit to the FSV terminals.

Carry out operations (h) and (j) only if the peak-to-peak reading
in (f) was greater than that in {e).

h. Note the value of the removed resistor. Select a 1% melal
film resistor of value one increment smaller, and fit into the
FSV terminals, but do not solder in, Switch the instrument
on, allow to settle and note the peak-to-peak value of the
scope waveform. SWITCH OFF the instrument and remove
the resistor,

j.  Repeat operation (h) until the peak-to-peak reading has
passed through a minimum value and started to rise again.
Select the resistor which provided the minimum peak-to-
peak reading and refit 10 R409 FSV terminals.

k. Switchon the instrument and check that the 10Hz waveform
on the oscilloscopeis less than SO0V peak-1o-peak. SWITCH
OFF the instrument and remove the resistor.

Ignore operation (1) if the 5001V check in operation (k) was
successful.

1. Reselect values of resistor for R409 as described above, and
recheck the peak-to-peak values until a minimum of less than
5001tV is obtained. (If this cannot be achieved, a fanlt exists
which must be corrected before proceeding.)

m. Trim the leads of the successful resistor to size and carefully
solder it into the FSV terminals. Allow to cool and switch on
the instrument.

n. Check that the 10Hz waveform on the oscilloscope is sdll
less than 5001LV peak-to-peak. Reduce the output of the AC
reference source in 1V steps from 10VRMS to 1VRMS,
checking at each step that the peak-to-peak waveform value
1s less than 1mV,

p. SWITCH OFF the instrument, leaving the AC reference
source and oscilloscope connected, and proceed to 8.3.6.









Autobias Adjustment

Section 8 Servicing and Internal Adjstments

8.4.7 Current-Sharing Check

{Only to be carried out if the Total Bias Current Measurement
Procedure 8.4.6 Operation {a] was unsuccessfil)

a. SWITCH OFF the instrument, and disconnect the ammeter.
Replace and secure the bus-bar screw at E26 on the Output
PCB.

b. Placethe instrument upside-down on the bench. Identify the
connections to the power transistors Q120, Q121, Q122;
Q124,Q125, Q126; Q128, Q129, Q130 on the Output PCB.
The emitters are the square pads on the solder side of the
PCB; these are positioned at intervals along the right side of
the line of the heatsink, with Q130 at the front.

c¢.  SWITCH ON the instrument and allow it to settle for approx.
20 seconds. SetaDVM to its 100mV range and connect its
Lo input o the emitter of Q130, Use the Hi input to probe the
emitters of each of the other transistors listed in operation (b)
in wrn, noting the DVM reading for each emitter,

d. Identify the emitters of the power transistors Q108, Q109,
Q110; Q112,Q113,Q114; Q116,Q117, Q118 (also square
pads). They are positioned along the left side of the line of
the heatsink, with Q118 at the front,

e. Sctthe DVM toits 100mV range and connect its Lo input 1o
the emitizr of Q118. Use the Hi input Lo probe the emitters
of each of the other transistors listed in operation (d) in turn,
neting the DVM reading for each emitter.

f. Disconncct the DVM. The readings obtained in operations
(¢) and (e) should be between -50mV and +50mV. If any
reading is outside this value, a faulty component (most likely
the transistor) may be causing the deviation. A reading of
volts, rather than millivolts, could represent a catastrophic
failure.

g. SWITCH OFF the instrument.  After correcting any indi-
cated faults, reconnect the ammeter as in procedure 8.4.5,
and use procedure 8.4.6 to check the total bias current again.

8.4.8 Total Bias Current Adjustment

(Only to be carried out if the Total Bias Current Measurement
Procedure 8.4.6 Operation {b] only was unsuccessful)

a. Note the ammeter reading. SWITCH OFF the instrument.
Identify FSV resistor R313 at the center front of the Sense
PCB, to the rear of the test link TLA0O2 between U310 and
U405, Carefully unsolder and remove R313; suck out the
solder from the FSV (erminals.

Adjustment for Low Current
Carry out operations (b) to (F) only if the ammeter reading noted
in (a) was less than 8.82A.

b. Note the value of the removed resistor. Select a 1% metal
film resistor of value one increment larger; fit into the FSVY
terminals, but do not solder in. Switch the instrument on,
allow to settle and note the ammeter reading, SWITCH OFF
the instrument and remove the resistor.

¢.  Keep repeating operation (b), increasing the value of R313,
until the first ammeter reading above 9.1A igsreached. Select
the resistor which provided the closest approach 109.1A, and
refit it to R313 FSV terminals.

d. Switch on the instrument and check thatthe ammeterreading
is between 9.00A and 9.18A. SWITCH OFF the instrument
and remove the resistor.

e. Trim the leads of the successful resistor to size and carefully
solder itinto the FSV terminals. Allow to cooland switrhon
the instrument.

f.  Check that the ammeter reading remains betwean 9.00A and
9,184,

Adjustment for High Current
Carry out operations (g) to (I) only if the ammeter reading in (a)
was greater than 9.18A.

g. Note the value of the removed resistor. Select a 1% metal
film resistor of value one increment smaller; fit into the ESV
terminals, but do not solder in. Switch the instrument on,

= allow to settle and note the ammeter reading. SWYTCH OFF
the instrument and remove the resistor.

"h. Keep repeating operation (g) reducing the value of R313

until the first ammeter reading below 8.9A is reached. Select
the resistor which provided the closest approach to 8.9A and
refit it to R313 FSV terminals.

Switch on the instrument and check that the ammeter reading
isbetween 8.82A and 9.00A. SWITCH OFF the instument
and remove the resistor.

Ce

Final Check and Recovery

k. Trim the leads of the successful resistor 1o size and carefully
solderitinto the FSV terminals. Allow to cool and switchon
the instrument.

1. Check that the ammeter reading remains between 8.82A and
9.00A.

m. SWITCH OFF the instrument, and disconnect the ammeter.
Replace and secure the bus-bar screw at E26 on the Output
PCB,

8.4.7 Return to Use

Refit the Bottom and Back Insulation Sheets - 7.4.3; p7-3
Refit Top & Bottom Covers - 7.4.1/2; p7-3.
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SECTION 9 TECHNICAL DESCRIPTIONS

9.1 PRINCIPLES OF OPERATION

9.1.1 Introduction

Functional Dlagram
Fig. 9.1.1.1 illustrates the basic principles of the 4600.

Instrument Description and Slaving Options

The 4600 Autocal Transconductance Amplifier is an accurate DC or
Sinewave AC current source, whose output amplitude (and frequency for
AC) are determined by user inputs (within the specifications detailed in
Section4). In ‘Solo' mode, it takes its AC or DC reference voltage input
from any suitable source. In ‘Slave’ mode, it increases the DC and AC
current outputs ranges of the 4700 compatible series of calibrators, up to
a maximum of 11 Amps (DC or RMS AC). For Slave operation, the
option requiremnents for the medels in the range are as follows:

4700 Option 20
4705  Option 20
4708 DC Current: Options 10 and 30.
AC Current: Options 20 and 30.
DC and AC Current: Options 10, 20 and 30.

For all models, the firmware must be at issue 5 or later.

9.1.2 General Description
(Refer to Fig. 9.4.1.1)

Transfer Functions

As a 'Black Box', the 4600 defines a transfer function which is a linear
"Transconductance'. Between DC inputvoltage limitsof +11V and -11V,
the output is a current whose value lies between +11A and -11A and is
defined by the linear equation: Iout= Vin x 1A/V.

For AC voltage inputs, the same equation operates, generating output
currents between 0.9A RMS and 11A RMS corresponding to input
voliages between 0.9V RMS and 11V RMS, at frequencies between
10Hz and 20kHz.

All outputs are subject to the specifications given in Section 4.

Forward Amplification

A DC or AC voltage is delivered to the input of a non-inverting
Differential Amplifier, which acts as a fixed-gain buffer to maximize
common-mode rejection. Its conditioned output voltage is input to a
'Sense Amplifier', which drives a power amplifier capable of delivering
the full range of output currents.

Sensing the Output

All the load current is passed through an internal series resistor. This
provides a sense voltage which feeds back negatively as the other input
1o the Sense Amplifier, thus controlling the overall transconductance.

Digital Control

In Slave mode, a digital interface transfers contrel information from the
slaving 4700-series calibrator to command the 4600, and retrieves status
data. Solo mode is controlled by internal digital circuits.

For both modes, the Switch Mode Power Supply and Output On/Off
switching are subjected to digitally-controlled sequencing to maintain
safety, and protect the intemal analog circuitry.

! )
4600 Digital
ety M| “smmm
\_ FIG. 9.1.1.1 4600 FUNCTIONAL DIAGRAM y
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9.2 ANALOG CIRCUITRY

9.21 Introduction
The circuits described in this section perform the followng functions:

Differentlal Amplifier:
Buffers the Input Reference Voltage, maximizing common-mode
rejection.

Sense Amplifier:

Senses the current output as the voltage scross the internal series Sense
Resistor, which carries the full output current. Ituses the sensed voltage
to determine the amount of drive to the Power Amplifier,

Power Amplifier:

Converts the drive from the Sense Amplifier into a current in the range
-11A to +11A DC or RMS AC. This current is passed out of the Front
Panel QUTPUT I+ terminal, and is retumed to the mternal Output
Common 0V_2 through the internal series ‘Sense’ resistor via the
OUTPUT I- terminal.

The Differential and Sense Amplifiers are located on the Sense PCB, the
Power Amplifier occupies the Qutput PCB, and the Sense resistor is
mounted separately within the instrument.

Fig.9.2.1.1 illustrales the analog techniques by which the 4600 converts
its Reference Voliage input into a defined current output.

— ™
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S Reference Power
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Signais
Input Output
Oerdrive &n Supply overioad
nse Output Open Circuit //, Sonos
Output On
Overtemp
Sense
nGuard L
OurGuard ~~~ | T
ANABUS ON
047321- ' S in
igl Jequenc
Cognrol External egignals 9
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< Digltal Processes (see sect. 9.4)
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|
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Analog Circuitry - Current Output

9.2.4 Current Amplification
(Cirmfit Diagram DC400789, page 10.1-15)

Buffer

M101 is connected as a mon-inverting, unity-gain, differential-input
buffer, The output current from the Sense amplifier is driven via J21-6,
R101 and R105 into Common0V_2, whichis theoutputcurrentsink. The
output current at M101-6 is driven viaR 107 and R 102 back into Common
0V_1, which is the Input Reference Voltage and Sense Voltage common.
Thus the differential input to M101 is referred to both commens, in a
sense which rejects common-mode disurbances between the two.

The buffer output eventually drives the two complementary sets of three
Darlington output stages, but it first needs to be inverted and level-
shifted.

Inversion and Levsl-Shifting

The complementary inverters Q103 and Q104 are paralle] fed from the
buffer output. This eventually canses the Darlingtons to give a push-pull
drive to their heatsink output. As the two transistors are in commeon-
cmilter mods, their collector outputs are inverted.

The two inverters are biassed to establish the correct class A conditions
for the Darlingtons. Q101 provides a 2.4mA constant current drive to the
bias circuit, to shift the levels of the split buffer ourputs o the porentials
required for the inverters. These potentials also need to compensate for
variations of the mean Darlington current. 50 the negative end of the bias
chainis taken to the output of an ‘Autobias’ generator, which senses sach
of the Darlington emitter currents, and carries out the averaging process.

Emiter-followers Q102 and Q105 buffer the outputs from the inverters
before driving the Darlingtons.

Autoblas

The output Darlingtons operate in class A push-pull, to eliminate the
crossover distortion in the output which would be assocjated with class
B or C operation. In class A, even with no input, a standing bias current
is established through each of the 18 Darlington transistors, whose
collectors are thermally attached to the heatsink. Variations of heatsink
temperarure can ocour (particularly for a few minutes after a cold start-
up), and unless compensation is applied, these variations, or component
ageing, could cause the standing bias current to drift.

To reduce the drift 10 a manageable level, any compensation mast detect
variations in the total current affected by the heatsink temperature, and
provide a bias which restores it to its correct value, Fortunately i class
A, any current taken off as output increases the current in one side of the
push-pull output by an amount equal to the decrease it causes in the other
side. Sothe total current affected by the heatsink ternperature remains the
sumn of all the individual transistor currents, and can be represented by
their mean value; regardless of the value of output current.

In the 4600, the compensation is applied as a form of *Autobias’, which
detects the emitter current in each of the output transistors, calculates the
mean value to determine the amount of bias to be generated, and then
superimposes that bias on the drive voltages to the two inverters Q103 and
Q104. The necessary processing is done on the Sense PCB, using analog
techniques (Circuit Diagram DC400788 Sheet 3, page 10.1-9).

9.24

Autoblas Generatlon

Each of the nine positive-side Darlington output transistors has its output
currentsensed separately, by a low-value resistor placed in series with its
emitter. The nine voltages across the resistors are summed at a star-point
to form the +SENSE signal. Similarly the negative-side star-point is the
SENSE- signal. These two signals (together with their associated SMPS
47.5V supply line potentials) are passed to the Sense PCB viaJ21 and J22
to drive the Autobias Generator. The bias supply, (x15V_CP on
Common 0V_2) is also passed to the Sense PCB to power the circuit.

Thus the Antobias Generator has two puts:

» The+SENSEsignal referred tothe SMPS +7.5V supply-line potential,
applied to the inverting input U308-2;

= The-SENSE signal referred to the SMPS -7.5V supply-line potential,
applied to the non-inverting input U308-5.

Both halves of U308 are cormected as differential amplifiers to reject the
17.5V common-mode components of the inputs. The two outputs are
summed into the inverting input of Error Amplifier U310, to be compared
against a reference voltage produced at the junction of R313 and R314.
U310 is connected a5 an integrator to match the slow slew rates of
thermally-dependent variations, and not be affected by any AC components
of signals in the OQutput Amplifier. The output current from U310 drives
the base of current-mirror Q316, whose collector draws current throngh
the Oulput Amplifier 'AUTOBIAS' line.

Variations in the mean of the emnitter currents of the Power Transistors in
the Output Amplifier will thus cause variations in the current in the
AUTOBIAS line at J21-13 (Circuit Diagram DC400789, page 10.1-15).
To show that the action gives the required compensation we need o irace
the sense of the autobias signals from cause 10 effect.















EMPS - Supply Generation

4600 User's Handbook - Section 9 - Technical Descriptions

Resonant Tank Cireuit

The tank is a series tuned circuit with a resonant frequency of
approximately 200kHz, comprising C7 and C8 together with the leakage
inductance of cascaded power transformers T4/S (24pH). The 2.5ps
current pulses, being applied via the center-node of the two MOSFETS,
are forced to be sinusoidal; so a half-sine of current is produced in the
power transformer primary for each pulse applied.

The magnitude of the primary current is determined by the magnitude of
the supply voltage, the reflected transformer voliage, and the
characteristic impedance of the resonant tank. Fast-recovery diodes D7
and D3 restrict the voltage across C7/C8 to be always within the supply
rails of the switching stage.

When a switch is turned on, the charging current rise is held back by the
leakage inductance, so the capacitor voltage (Vc¢) rises sinusoidally to
cross the supply voltage level (Vin) just after 71/2 of the resonant cycle
(=1.3us). As it continues towards its overswing of 2Vin, one of the
damping diodes conducts at Vin + the diode drop and so Ve can mcrease
no further. The leakage inductance field collapses, forcing currcnt
through the damping diode and transformer primary (to the load). The
current falls linearly to reach zero at about the half-cycle point (=2.51s),
at which time the switch stops conducting, leaving the capacitor charged.
Setting the ON times of the switches to 2.511s (tuned to half a resonant
cycle) ensures that the energy stored in the inductor field is close to iis
zero-crossing al the point of breaking Lhe series connection.

The series resonant circuit cannot ‘ring’ during the dead band, as it
requires at least one of the switching MOSFETS to be conducting to
complete the series resonant circuit, and both are switched off during chis
period. The capacitor remains charged.

When the complementary switch is turmned on, the cumrent in the
transformer is reversed, and the process is repeated to charge the other
capacitor. By this means, alternate half-cycles of sinusoidal current are
passed through the transformer primary, separated by short period of zero
current. The two capacitors alternately charge and discharge, so that at
their junction the voltage waveform is virtually trapezoidal.

Because thepowerswitch ON times remain constant at 2.5}is, an increase
in the frequency of the YCO is manifested as a reduced length of ‘dead
band’. The mean power in the tank is increased, resulting in an increased
mean current in the power transformer primary and thus a higher DC
voltage across the rail reservoir capacitors, Conversely, a reduction in
VCO frequency reduces the voltage on the rails. Fig. 9.3.2 shows the
transformer current and capacitor voltage waveforms.

Caution:

The voltage waveforms are included only to assist understanding of the
tank action, and are in idealized form. Under no circumstances should an
attempt be made to view the waveforms directly, as high 50/60Hz
common-mode voltages are involved, In any case, probing this circuit
will intreduce distortion and radiation, so the results are not worth the
danger and difficulty of measurement. The Current waveform inthe tank
circuit can be safely viewed at the secondary of transformer T3 (TP301
cn the Sense PCB, or TP3 on the SMPS main PCB).

Power Tranaformers

T4 and T5 are cascaded to minimize electrostatic noise coupling to the in-
guard 7.5V rails. To minimize common-mode transfer, the powear is
transferred across guard via low voltage, ground-related, balanced lines.

+7.5V Voltage Ralls

The cutput from TS secondary is bridge-reciified by high-frequency
Schottky diodes D11-14, each diode having its own damping network.
Six low-impedance electrolytic capacitors are used for bulk-smoothing
on each of the supply rails, and further L-C filtering reduces output
differential noise to the required level. Any common-mode HF noise on
the cutput bus is filtered out by C32-34.

Voitage Regulation

The on-time of both MOSFETS is fixed at 2.5ps, but the dead tume is
varied automatically by adjustment of the switching frequency (and
hence the switching mark/period ratio). Sensors on the 7.5V rails control
the duration of the dead time using a negative feedback loop, and so
regulate the rail voltage.

Current Monitor
Transformer T3 is present for two purposes:

* To provide a safe test point for viewing the tank circuit current
waveform. TP3 (and TP 301 on the Sense PCB) are ground-rejated,
so no large common-mode voltages occur at these test points.

s+ Tosensethe mean current in the tank circuit which, because the 1ank
peak voltage remains constant, is a measure of the power provided by
the 7.5V supply. The rectified and smoothed sgnal PWR_SIG is
passed to the Sense PCB, where it is compared against a reference
voltage 1o become the signal OVPWR_H (refer to Sub-section9.45
onpage 9.4.42; Circuit Diagram DC400788 sheet 3 - page 10.1-9).

93-3
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SMPS - Supply Control

9.3.3 +7.5V Control
(Circuit Diagram DC400791 Sheet I page 10.1-19)

e “
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\_ Fig. 9.3.3 SMPS GENERATION AND CONTROL CIRCUIT BLOCKS -/

+7.5V Rall Voltage Sensing

The sense amplifiers M1-7 and M1-1 provide mverting and non-inverting
unity gain buffers for the balanced 7.5V rails. D1, D2 and R3 form a
‘Sense Commutator’, so that the Error Amplifier always senses only the
rail whose voltage magnitude is the lesser. This method accounts for
occasions when the rail loads are unbalanced (for instance when a DC
Current is being output from the 4600), ensuring that the most-heavily
loaded rail is the one which is actively regulated by the control loop.

Error Ampiifier

The error amplifier is in two stages: M2-1 is a unity-gain buffer, while
mverting amplifier M2-7 determines the control loop gain. D20 biases
M2-5 and tracks the temperature coefficients of D1 and D2. The error
amplifier output from M2-7 controls the frequency of the VCO in M3.

vCo

M3 is a PLL device used only for its VCO (the comparators are not
cormected). The VCO frequency end-stops are set by C3, R17, R18 and
R19, and controlled between these limits by the error amplifier output
into M3-9.

9.3-4

2.5us Monostable, +2 Stage and Gating

The VCO output from M3 4 is passed to monostable M4(1-7) where the
positive-going edge at M4-4 wriggers a positive pulse ai M4-6, whoze
puise-width is set at 2.5(.s by C6, R20 and R21. The monostable operates
only when the PSUEN_H signal on M4-3 is active. The positive M4-6
pulses are applied to the four AND gates (M7).

M4-7Q2_L cutput clocks a +2 bistable M10(8-13), which enables pairs
of M7 gates in narn, steering the 2.51s pulses from M4-6 alternately to the
two power switch drivers. Thus the drivers are switched on and off in the
following sequence: Q4/Q5 on; both off; Q6/Q7 on; both off; and so on.
As allthe “on” times are fixed at 2.5 s, and as the VCQ frequency is varied
by the action of the error amplifier; so the effect of achange mthe £7.5V
rail voltage is to alter the duration of the “both off* times in the sequence
of driver conduction.
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SMPS - Control Sequence

9.3.4 SMPS Control Sequencing
(Circuit Diagram DC400791 Sht I page 10.1-19)

s

PSUEN_H
Enables Startup

M5-9/11
1 second mono pulse

M10-2 (VCO Inh)
When High stops VCO

+7.5V Output Voltage
being sensed by
undervoltage detecior

MB-1/7
+7.5V FAIL_L befare level-
shifting for input to M10-5,

M4-11 (Via MOSFET)
Forces 100ms-delayed 'read’
of the 7.5V FAIL_L output
from the detectors.

M10-3 {100ms mono Q_L)

Triggers M10 ‘D’ input 'read'.
State of VCO Inh depends
on state of 7.5V FAIL_L.

Startup Successful

.

FIG. 9.3.5 SMPS STARTUP WAVEFORMS y.

Startup Unsuccessful

SMPS Startup Sequencs

When the 4600 output is off, M10(1-6) is in reset. This holds the
‘INHIBIT” input to M3 active at +15V, so the VCO is inoperative. Thus
the power swilches are both tumed off, the power supply is not running
and the 7.5V rails are at0V. The 1-second monostable M5(8-14) is timed-
out in reset state.

Some 500ms after the output is switched on {or the 4600 recovers from
afault) tlhe PSUEN-H signal at P1-1 is taker from OV to +15V, remaining
active a2 +15V until either the output is switched off or a fault occurs. It
is passed via a spike filter to M5-12, MS5-5, M4-3 and R46. At M4.3,
PSUEN_H highlevel enables the 2.5(1s mono in preparation for the VCO
clock pulses. It has no effect at M5-5, this is connected for the SMPS off
sequence.

The rising edge of PSUEN_H at M5-12 generates a 1 second positive-
going pulse at M5-10 (negative-going at M5-9) which sets M10(1-6).
The 'Q_L' cutputat M10-2 falls to 0V, removing the inhibit from the M3
VCO, also setting the Soft-Start integrator (M2-14) on its ramp-up. The
VCO starts to oscillate at a low frequency, so the 7.5V rails start at low
voltage and ramp up as the VCO frequency is increased by the soft start
ramp.

9.3-6

WhenM5-9 ‘Q_L' retumns to high after its 1-second pulse, the rising edge
couples through R39/C12 10 the MOSFET switch Q8, turning it on briefly
and clocking the monostable M4(9-15). Diode D11 prevents the negative
backswing on the gare of Q8 coupling through the device capacitance and
triggering M4 directly.

M4 output duration is =100ms, and when it times out the rising edge of
its Q_L output (M4-9) is used 1o ‘read’ the D input of M10, which is the
output from the over-undervoltage detectors, If allis well and the SMPS
is running, then D will be high and the D-type will not change state, VCO
Inh stays low and the SMPS continues to run. If D is low for any reason,
the D-type will change state and inhibit the VCO.

1f the detector ouiputs go low while the SMPS is running, M4 is clocked
via C9/R33. Againthe D input is read after M4 times out, and the SMPS
will be shut down if D is still low. Because of the 100ms delay, the
sequencer ignores any ‘glitch’ low outputs from the detectors whose
duration is less than 100ms.

Diode D21, and resistors R48/R32 interface the +15V swings of the
detectors into the CMOS logic devices running from +15V/0V supplies.
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Digital Circuitry - On/Off Sequence

-
_ ., CK_BUSCN (rue)
e N N PSUEN OFF TE
“ e <}|__OPoN oN_[E
LTESURL. (bue) : OPOC 500 [TH
vl IFON SOLOLED | T
CK‘BL:'?UNW) '
CK_SELHIT {¥ue) o and (e B ! LTPSUFL (tue)
ang LTPSUFL (isse) LTPSUFL {faise) or
ONTP {xiza) and and OVTR {rue)
and | OVTP (e} - OVTP (falee)
LTPSIFL {falsa) } r
PSUEN |T OFF T PSUEN | T OFF T
OPON  {F: ON P OPON |F ON E
oPOC 4 soo  [FLR2 SRR = 82 oroc F§ soo |1
IPON F§ SOLOLED [FE IPON .F# SOLOLED |T
CK_ONBIT (rue]
ey M,
CH_SELBIT (bue) LTPSUFL (faiza)
an and
CK_ONBIT (falzs) OVTP (lalss) OVTP (faism) CK_LTKEY tlalce)
and and
CK_PODLY {talss) CK_PCOLY (hise)
and and
[ LTPSUFL (fatss) K _LTKEY (vwe) | I
PSUEN |T OFF F PSUEN |T OFF F
OPON T ON F - - CPON T ON F
oPOC__|E# solo | SF oroc [FE solo T
IPON F# SOLOLED [F PON (FE SOLOLED (T
¢ 1 + t
GK_ONBIT (falss) CK_ONBIT {rus) CK_LTKEY [tue) CK_LTKEY (iNew)
+
PSUEN [T OFF  IF.
OPON |T ON &
OPOC T SCLO F a
1PON .FH§ SOLOLED |F
t 4
CK_ONBIT (llse) CK_ONBIT {tue) CK_LTKEY twus) CK_LTKEY (takée)
L FIG. 9.4.3.1 OUTPUT ON/OFF SEQUENCE - STATE DIAGRAM
Q4d-d

Section 9 - Technical Descriptions

Digital Circuitry - On/Off Sequence

9.4.3 Output On/Oft Sequencing
(Circuit Diagram DC400788 sheet 2, page 10.1-7)

Slave/Solo Control
The 4600 is designed ta operate, at any time, in one of two modes:

« Slave mode, in which the 4600 output is referenced to, and
controlled by, a controlling 4700-series calibrator;

»  Solo mode, where the 4600 output is referenced to any suitable
voltage source, but otherwise controls itself.

Mode selection is thus necessarily carried out by the 4600 itself. Two
signals, one carried by each of the external bus cables, are decoded on the
Sense PCB (refer to page 9.4-2) to generate signal BUSON_L.

When the external Analog and Digital bus cables are correctly connected,
BUSON_L is true (low). If the 4600 is already operating in Sole mode
when the cables are connected, the 4600 automatically s its outputoff
and reverts to a Slave mode state with output off. The OUTPUT ON key
on either the 4700 or 4600 must then be pressed to reassert output on.

Similarly, if operating in Slave mode, BUSON_L is true (low). Removal
of any one of the cables will set BUSON_L false (high), and the 4600
turns the output off and reverts to a Solo mode state with output off. The
OUTPUT ON key on the 4600 must then be pressed toreassert outputon.

The actions required to effect these mode changes form part of the
scquencing circuitry described below.

GALs U204 & U206 - Signal Processing

The logic diagrams for the GAL U204 Sequence Controller can be found
in Appendix 1 to this section, on pages 9-A1-2/3. They relate each of the
eight U204 outputs to its constituent inputs.

The State diagram is given on the foldout of this page; and tables for the
GAL U206 Sequencer can be found in Appendix 1 to this section, on
pages 9-A1-4/5. They show how changes of inpuis generate the Output
On and Off sequences.

9.4-4

Power On or Reset

(Refer to Fig.9.4.3.2)

The power on reset signal POR_L is asserted true (low) when the
regulator U501 (Circuit Diagram 400788 sheet 5, page 10X) detects a
power failure, or during a delay of some 900ms (C502) after the
instrument has been switched on. At Power On this signal sets all U206
outputs to high impedance by driving U206-11 high via U207-8, to
prevent the energization of in-guard relays by signals derived from U206.

The slaving reset command from the 4700 (BUSON_L low with both
RD_L and WR-R low together) is ORed with POR_L in the Address
Decoder U105 to generate thesignal RST_L. U205 synchronizes RST_L
to the falling clock, and when CK_RST_L is true the sequence controller
U204 is reset. U204 in tum resets the Key Latch by U109-13, also
resetting the On Latch and Control Latch by U109-1 and U108-1 (sheet
1) respectively. The three signals LTKEY, ONBIT and SELBIT all
become false so thatif the outputis on, whether the 4600 is in Slave mode
or Solo mode, the Qutput Off sequence starts (refer to the state diagram
for U206). The rest of the system is not reset until three falling clock
edges later at U206-9 (refer to ‘Clock Dependence’, on the next page).

Transistor Q201 provides a signal PSUCLP_L which affects the line
input to the SMPS. To avoid excessive inrush current to the SMPS
reservoir capacitors, aresistor and fuse are placed in series with the input
to the bridge rectifier circuit at Power On. PSUCLP_L false high)
energizes relay RL3 on the SMPS Main PCB, whose contact shorts the
fuse F2 and resistor R1. For normal operation, POR_L and the delayed
CK_RST_L are both false (high), so PSUCLP_L is pulled high by Q201,
the relay is energized and the resistor/fuse short is applied.

At the instant of Power On, POL._L is true, so the short is absent.
PSUCLP_L cannot go false until the delayed CK_RESET_L is also false
some 1 second after Power On, when the +5V supply has seittled. If
regulator US01 senses a fall of 150mV in the +5V supply, POR_Lisagain
driven true, so PSUCLP_L and CK_RST_L go true, followed by the
delayed CK_RST_L. The output is sequenced off and the resistor/fuse
short is removed until the +5V supply is restored.
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Output On/Off Sequancing

Whether in Siave or Solo mode, the outputis sequenced on in a controlled
way paying dueregard to user-errors or any faults which may exist within
the in-guard analog circuiry. Four signals are retumed via opto-
couplers, which when true inhibit the cutput on sequence:

PSUFL:  Trueif anyin-guard power supply fails, including the
Switch Mode Power Supply (SMPS). In the case of
the SMPS, PSUFL clears 1o false (in-guard) when the
SMPS enable (PSUEN) goes false in response to the
fault. For this reason the PSUFL signal is laiched
out-guard in U204, and cannot be cleared until U204
istesetby CK_RESET. PSUFL starts the Output Off

sequence, and the SMPS is disabled,

True if the output stage heatsink temperature 1s
excessively high, and the Output Off sequence is
started. When the sequence is finished, the SMPS is
switched off until OVTP clears to false.

OVTPE:

OVDR:  True if the selected input (Slave or Solo) is being

overdriver. The output is sequenced off.

OVLD:  True if the output voltage (compliance) becomes
excessive. The output is sequenced off, but this
action will set OVLD false in-guard. The OVLD
signal is therefore stretched to approx. 1 second by
monostable U202-7. This allows time for theslaving
4700 to acquire the fault signal, and the
OVERLCAD LED remains lit until the monostable

times out,

Thelogic sense of (hese signals is arranged so that at Power On, they will
not become active. If an opto-coupler fails, then the control funciion will
be deselected or the status will indicate a faujt.

Clock-Dependance

All state changes in the sequences occur on the edges of a 30ms clock
waveform, generated by astable U201. This allows time for rclay
contacts to be made for one state before passing to the next. The output
is sequenced on the rising edges by U206, whose inputs from U204 are
also synchronized to rising edges, whereas those from U205 are
transferred on falling edges.

WhenRST _L goes true at U205-13, the clocked CK_RST_L from U205-
12 to U204-9 occurs on the next falling clock edge; but CK_RST_L from
U205-18 to U206-9 is transferred some 90ms later, due to the three exira
stages of U105, During this time the reset action of U205 has time to force
U206 to sequence the output off, before U206 is itself reset.

Power On Status

(Refer to Figs, 94.3.1 [Page 94-4) and 9.4.3.3 [Page $.4-7))

From Fig. 9.4.3.1 it can be seen that Slave state R1 is the Power On
condition, and Rl 1s also entered whenever the delayed CK_RESET
signal goes true.

S1  Signal CK_BUSON is faise if one of the external bus cables is
not connected, so in this case the status transfers to either $1 or
S2 at the next rising clock edge, dependent on the condition of
the LTPSUFL (true if an analog power supply fault is reported)
and QVTP (true if the Ouiput PCB heatsink temperature is
excessive). State §2 is the quiescent output-off state for Solo
operation. State S§1 is only entered in the event of a fault as
reported by LTPSUFL or OVTP,

Rt If the external bus cables are correctly connected, then
CK_BUSON will be true, then the sequence remains in its
quiescent Slave output-off state R1 until further instructions arc
received from the 4700.,

’ =
Slave Mods U204-9
CK_SUSON_L CK_RST_L
(Clears On Latch,
N ‘Control Latch & Koy Latch)
REW:_O ;;ut IaL RD_L AST L [
= — = [ E— & U206-
mm.m\"ﬂ_ﬂ WRR 5[0S O5(;8;i06 Q8lm7D? Q7fFpP8 8l TR 3
] A (Resets OOt Sequance)
+5V Supply FOR L.
‘ Ragutator U105 - Address Decodar CLX L205 - Cock Synchronizer
‘* 19|
U206-1
U501 POR L[5 pi L] CE_L %
crcex_LTomi) : o e
e whan high)
| 3V
AAA Q201
PSUCLP_L
({Insens SMPS
inrush Limk Resistor
when low)
L FIG. 9.4.3.2 INSTRUMENT RESET - SIMPLIFIED DIAGRAM y

9.4-5
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Sole Mode ‘On’ Sequencing

(Refer 10 Figs. 9.4 3.1 [Page 9.4-4] and 9.4 3.3 [Page 9.4-7])

From Fig. 9.3.3.3 it can be seen that the Front Pane! ON key provides a
rising clock edge to the key latch U109, whose permanenily-high D input
results in LTKEY _Ltrue (low). Conversely the OFF key resets the laich,
via U204 and CLR_LTKEY_L, to set LTKEY_L false (high). On the
next falling 30ms clock edge after either of these actions, LTKEY _L is
clocked to the output of the Clock Syne Latch U205, as CK_LTKEY L
at U206-6. What happens next depends on the current stafus of the on/
off sequence, and the conditions of the other U206 inputs.

§2 Under normal Solo mode output-off conditions, the starus is
quiescent in S2 state, and the SMPS is powered up - PSUEN
rue wrns the SMPS on via opo-coupler U212-5 and J4B4
{refer to Paras 8.3 ), The OFF and SOLO LEDs are lit.

83 When the Fromt Pane]l OUTPUT ON switch is pressed,
CK.LTKEY_L at U206-6 is true and the status transfers to S3
state at the next rising clock edge, providing the SMPS isnot in
the process of being mumed on. The PSUEN delay monostable
U202-10 causes CK_PODLY to be true for approx. 1 second
after the sequence enters 82 state, to inhibit selection of Power
On untl the SMPS has powered up and settled.

In 83 state U206-14 OFF_L signal is false (high), so the OFF
LED is unlit. Note that both ON and OFF key LEDS remain
unlit during sequencing on or off.

The CPON_L signal at U206-17 is true (low), energizing the
output relay (A) which connects the output stage and sense
resistor to the Front Panel OUTPUT terminals. OPON is
transferred into guard via U213-8, also removing the inhibit
placed on the. overload detector in S1 and S2 states
(OVLD_INH_L goes false at U213-8).

The OPOC signal remains false, ensuring that the internal load
is not removed from across the output (relay RL 403 on the
Sense PCB remains un-energized, so the 18 resistor R437

sS4

S5

This state can only be entered from $3 if CK_LTKEY is true at
thenextrising clock edge. The only action is 10 open-circuit the
internal load resistor mentioned above for S3, with the faults
associated with CLR_LTKEY_L (true) absent. Thisis doneby
the OPOC_L signal at U206-16 going true.

The final stage in sefting the cutput on, 15 to activate the
reference voltage from the extemnal voltage source. To do this,
the TPON signal is set true, which open~circuits FET shorts to
*Common 1’ in the Sense Amplifier {see circuir diagram
DC400788 sheet 4 page 10.1-11).

Solo Mode ‘O’ Sequencing
§5-82

s2

S1

Once the output is on, the nstrument status remains at S5 unti}
someéthing accurs  set CLR_LTKEY true (low). For normal
operation, this will be by the Front Panel OFF key being
pressed; the other causes are shown on the U204 wansfer-
function diagrams in Appendix 1. Then CK_LTKEY is set
false and the status is sequenced back through $4 and §3 w0 52,
by successive rising clock edges.

If the Output Off sequence was started by pressing the OFF key,
then the status remains quiescent in $2. If it was started by a
power supply failure (LTPSUFL) or an overtemperature
(OVTP), then status transfers to S1. But if the external bus
cables were reconnected while the output was on (although this
is not recommended), the CK_BUSON (true) signal will
initiate the Output Off sequence back to S2, and then the next
rising clock edge will cause a transfer to Slave mode R1.

This isreally a holding state for psu and overtemperature faults.
‘When the fault is cleared, the status reverts to S2.

Siave Mode Control

across the output is not open-circuited - see circuil diagram

DCH00788 sheet 4 page 10.1-11).

From $3 siate the sequence tracks through to S5 on successive
rising clock edges, so long as the CK_LTKEY_L signal
remains true and the Key latch is not cleared by the signal
CLR_LTKEY_L. To clear the Key Latch either the OFF key

must be pressed, or there must be a power supply failure, an:

overdrive, overload, overtemperature or reset condition; or the
external bus cables must have been connected (refer 1o the
U204 wansfer-function diagrams in Appendix 1).

The external Digital Bus cable carries nine signal lines so that the 4700
can address peripherals connected to the bus. Toread or write an addiess
the 4700 writes the required address into the Address Latch U104, with
the Address/Data control line JA_H_D _L set w ‘Address’ (high). To
write command data to the 4600, the address decode from U105 chip-
selects the Control Latch U108 and On Latch U109. :

Conrrol data is written into these latches via the internal AD(4-@) bus.
Each bus line carries a separate signal bit, and the whole combination is
decoded by U107,U108 and U109 for specific purposes, as shown in
Table 9.4.3.1, below.

AD4 AD3 AD2 AD3Y ADG Decode
TEST3_H TEST2_H TEST1_H ONBIT_H SELBIT_H
X X X & %) Output Off - Power Supply Off
X X X %} 1 Output Off - Pawer Supply On
X X X 1 1 Qutput On - Power Supply On
(%] X X 1 %] Output Off - Powar Supply Off - Enable Tes! Mode
%] %] (%] 1 %] Test - No LED selectad
%) D 1 1 (%] Test - Solo LED selectad
) 1 %] 1 (%} f Test - On LED selected
1 1 1 1 (4] | Test- Off LED selocted
i %} %) 1 (5] | Test- Ovarload LED selscted
1 %] 1 1 (%] I Test - Gverdrive LED selecied
i 1 2 1 (%] | Test- Overtemp LED selected
1 1 1 1 %] Test - Psu LED (green off / red on selected)

9.4-6

Table 9.4.3.1 AD{4-O) Internal Bus - Command Slignal Decodas
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Siave Moda Signals from the 4700

{Refer to Fig. 9.4.3.3) ’

The Slaving 4700 uses two main signals to control the Qutput On/Off
swilching in the 4600;

< *SELBIT": true when 4700 10A range is selected. Its fumction is
to turn on the SMPS, ready 1o set the cutput on.
= 'ONBIT':true when 4700 10A range and Output On are selected.

When the 4700 is not in the 10A range, both signals are false.

Slave Mode '‘On’ Sequencing

In Slave mode, the 4600 output can be switched on and off using the front
panel keys on either the 4700 or the 4600. The 4600 ON and OFF key
states are returned as KON_H and KOFF_H to the digital bus interface
ard thence to the 4700, which processes them (o set the ONBIT bus
message either true or false. Thus ultimate control still remains with the
slaving calibralor, as the Key Latch U109-8 remains cleared (high) by
BUSON_L true whenever the 46({) is in Slave mode. In the following
sequence description, either the 4700 or 4600 front panel ON/OFF keys
will produce the required effect.

Consider the condition before the 4700 10A range is selected. Both
SELBIT and ONBIT signals are false, and with the two external bus
cables connected, the BUSON signal is true, The 4600 is already
powered on, in R1 state.

Once the 4700 10A range is selected, the ‘SELBIT true’ signal is
transmitted across the digital bus to the 4600. This is decoded by U105,
and lawched into U108/109 to give SELBIT_L true atU108-3. SELBIT_L
is applied to U204-7 and. providing no power supply or overtemperature
faults are signalled, the CK_SELNPSUNTP_L is set true at U204-15 and
V206-4, on the next rising 30ms clock edge.

Rt Under normal Slave mode 10A unselected conditions, the
status is quiescent in R1 state, and the SMPS is powered off.

R2 CK_SELNPSUNTP_L true sets the conditions required for
transfer from state R1 to state R2. The only effect on U206 is
to set PSUEN_L true at U206-18. PSUEN true nims the SMPS
on via opto-coupler U212-5 and J4B-4 (refer to Paras 9.3). The
OFF LED is lit.

R3  When the 4700 or 4600 Front Panel OUTPUT ON switch is
pressed, the ‘SELBIT and ONBIT true’ signal is transmitted
across the digital bus to the 4600. This is decoded by U103,
latched into U108/109 and combined at U107-11 as ONBIT_L
true, which is latched on the next falling 30ms clock edge into
U205. CK_ONRBIT_L at U205-6 and U206-7 is true and the
status transfers 1o R3 state at the next rising clock edge,
providing the SMPS is not in the process of being turned on.
The PSUEN delay monostable U202-10 causes CK_PODLY to
be true for approx. 1 second after the sequence enters 52 state,
10 inhibit selection of Power On until the SMPS has powered np
and settled.

In R3 state U206-14 OFF_L signal is false (high), so the OFF
LED is unlit. Note that both ON and OFF key LEDS remain
unlit during sequencing on or off.

The OPON_L signal at U206-17 is lrue (low), energizing the
output relay {A) which connects the output stage and sense
resisior to the Front Panel QUTPUT terminals. QPON is
transferred into guard via U213-8, also removing the inhibit
placed on the overload detector in R1 and R2 states
(OVLD_INH_L goes false at U213-8).

R3 {Contd)

R4

RS

The OPOC signal remains false, ensuring that the internal load
is not removed from across the output (relay RL 403 on the
Sense PCB remains un-energized, so the 182 resistor R437
across the output is not open-circuited - see circuit diagram
DC400788 sheet 4 page 10.1-11).

From R3 state the sequence tracks through 1o RS on successive
rising clock edges, so Jong as the CK_ONBIT_L signal remains
true and the Conirol latch U108 and On latch are nol cleared (by
CLR_CTRL_L or CLR_ON_L).

This state can only be entered from R3 if CK_ONBIT is true at
the next rising clock edge. The only action is to open-circuit the
internal load resistor mentioned above for R3. This is done by
the OPOC_L signal at U206-16 going true.

The final stage in seiting the output on, is fo zctivate the
reference voltage from the external voltage source. To do this,
the IPON signal is sel true, which open-circuits FET shorts to
‘Commeon 1' in the Sense Amplifier (see circuit diagram
DC400788 sheet 4 page 10.1-11).

Slave Mode 'Off' Sequencing

RS -

R2

Omce the output is on the instrument status remains at RS until
something occurs to set CK_ONBIT faise (high). For normal
operation this will be by the 4700 or 4600 Front Panel OFF key
being pressed; other causes are shown on the U204 transfer-
function diagrams in Appendix 1. Then CK_ONBIT is set false
and the status is sequenced back through R4 and R3 to R2, by

successive rising clock edges.

R2 and Rt

R1

If the Output Off sequence -was started by pressing the 4700
OFF key, then the status remains quiescent in R2. If it was
started by a power supply failure (LTPSUFL) or an
overtemperature {OVTP), then status transfers to R1.

If an external bus cable is disconnected while the output is on
(although this is not recommended), the CK_BUSON (falss)
signal initiates the Qutput Off sequence to R1, and then to $2.

If the Output Off sequence was started by selecting a 4700
output range or function other than 10A while the output was
on, then the 4700 would first have cleared ONBIT, and then
SELBIT. The ONBIT_L signal at U107-11 is set false (high),
and the SELBIT_H signal at U108-2 and U107-13 is set false
(low). This initiates a transfer to R2, then R1.
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FIG. 9.4.3.3 OUTPUT ON/OFF - SIMPLIFIED SCHEMATIC
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9.45 Front Panel LED Signals
(Circuit Diagram DC400788 sheet 2, page 10.1-7)

Eightstatus indicator LEDs are located on the Front Panel. Twao are fitted
into the ON/OFF keys, the remaining six are positioned together in the
upper right-hand group. The operation of the LEDs, under the control of
their driving signals, is described below.

LED Supplles

The common cathode of the red/green Psu indicator D111 is taken to the
OV_RAW_OGline, which is the common output from the bridge rectifier
WO001 on the Front Panel. Thisis therectifier used to drive the Sense PCB
+5V main digital supply regulator, so the 0V_RAW_OG line is tied to the
Common star-point for that supply, from which the Psu LED signals are
driven. Each of these signals is true (1o light its LED) when high; they
cannot both be lit at the same time.

All other LED anodes are connected directly to the Sense PCB +5V_5
supply line, via J9-20 on the Sense PCB and J31-20 on the Front Panel.
Their cathodes are driven by signals, derived from the Sense PCB digital
cirevilry, which are true (1o Light the LEDs) wwhen low.

ON Key LED
This is lit only after all the stages of the Output On sequence have been
completed, that is in either $5 or RS state.

OFF Key LED
This is 1it only in stages R1, R2, S1 and S2 of the Output On sequence.

N.B. To avoid an ambiguous indication to the user, the transitory states
R3,R4, §3 and 54 ensure that both ON and OFF LEDs are not lit.

Solo LED
This is lit only when the sequencer U206 has activated Sole mode, i.e is
in one of the five states S1 to S5,

The ON and OFF key LEDs and the SOLO LED are driven, directly via
isolating diedes, by outputs ONLED_L, OFFLED_L and SOLOLED_L
Tespectively from the Sequencer U206 in the Sense PCB.

Overtemp LED

Ttits is lit by the TEMPLED_L signal being true (low). TEMPLED_L
originates at a thermistor, attached to the heatsink for the power stages,
inthe Output PCB (Circuit Diagram DC400789, page 10.1-15). Oneend
of the thermistor is connected to +15V_3, and the other (signal RT1) to
the inverting input of the Temperarure Sensecomparator U301-2(Circuil
Diaggram DC400788 sheet 3, page 10.1-9). At normal heatsink
emperatures the high thermistor resistance in series with R337 holds
RT1 at alow enough voltage to ensure that U301 -1 open-collector output
is pulled high by R339. As the temperature rises above normal, the
negative thermal coefficient of the thermistor reduces the thermistor
resistance so that RT1 voltage rises above the reference, pulling U301-
1low. This is signal OVERTEMP, which is true when low.

OVERTEMP is inverted by the open-collector buffer U318-7/10,
becoming OVTP_H at the input of the opto-isolator U210-3. At normal
temperatures the opto LED is conducting (OVTP_H low) and the
transistor collector output at U210-6 is low; but when a high heatsink
temperature sends OVTP_H high, the LED cuts off and so does the
transistor, sending U210-6 high. This signal is transferred viaTP215 and
buffer U203 to U204-3, where it is combined with other signals to affecst
the On/Off sequence.

The outguard OVTP_H signal is also passed to the external bus interface
at U111-10 for transmission to any controlling 4700, and to the LED
Driver at U208-2. The signal is inverted at U208-15 as TEMPLED_L,
which energizes the Overtemp LED on the Front Panel by pulling its
cathode Tow.

(Overdrive LED See cverigaf)
94-9
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Overdrive LED

This islitby the OVDBRLED_L signal being true (low), indicating that the
Input Reference Voltage to the 4600 is oo large (>112.25VI).
OVDRLED_L originates as the voltage output Vin of the main
differential amplifier (gain = 0.7), at TP414 (Sheet 4). This voltage is
passed to the inverting buffer (gain = 0.3) at U314-6 (Sheet 3).

Overdrive Comparator

‘The buffered signal is applied to a window comparator with hysteresis at
V303477 (whose 245V reference D303/D305 is shared with the
Overload comparator). If the buffer outpul is between £2.45V, both
comparator open-collector outputs at 303-1/2 are pulled high at inverter
U304-1/2 by R322. Butif the buffered voltage (DC or peak AC)is ouside
this window, one of the comparator outputs and the mverter input U304~
1/2 will be pulled low,

Single Puise Detection (with Glitch Rafection)

The inverted comparator cutput at U304-3 is applied to two delay
monostables at U305-12 (15ms) and U305-4 (90ms). Itis also applied to
D308, part of a diode OR gate with D304 (but used in negative logic as
an AND function). With no overdrive, the U304-3 is low ai 0V_3
potential. This pulls TP306 low via D308, and the mono output U305-
9 is open-collector,

Any overdrive output from the comparators will appear at U304-3 as a
+135V pulse (AC), or the positive-going adge of a +15V DC level. This
signal releases diode D308 so TP306 can rise. But the pulse is also
applied to U305-12, which when triggered generates a 15ms negatve-
going pulse at U305-9. This takes over to pull TP306 low after a 220ns
positive ‘pip’ at TP306, due to propagation time in U305. The pip
amplitude is reduced by absorption in C312 and U304-6/8 remain below
threshold level.

If the positive output pulse from the invertor at U304-3 15 less than 15ms,
then it will return to low before the mono times ont and TP306 willremain
low. Butif it persists until after the mono has timed out, then both diodes
will be cut off, and TP306 will be pulled high by R324. Thus TP306 is
set high only if the comparators respond t¢ an overdrive which persists
for more than 15ms. This is illustrated in the waveforms of Fig. 9.4.5.2.

AC Overdrive Detection

The circuit described above carmot detect overdrives for AC of higher
frequencies, as the comparator pulses will be short enough to be rejected
as glitches; so the inverted comparator oufput is applied to a second
mono. Any positive pulses applied to U305-4 will cause anegative-going
output pulse from U305-7 of 930ms duration (the lowest frequencyon AC
is 10Hz). This is buffered by Q303 which charges C319 via R334 until
U305 1s miggered. Transistor Q314 draims constant current from C319 so
repetitive overloads reduce the voltage on C319, which is applied to
comparator U312,

For low frequencies, Q314 collector voltage has time 1o recover between
successive comparator output pulses. No pulses cause the input lo
comparator U312-11 1o fall below its +4.7V reference on U312-10, and
U312-13 voltage remains low.

At higher frequencies, Q314 collector voltage is not able 10 recover in
time for the next pulse, so this second pulse drives U312-11 below iis
reference threshold. U312-13 open-collector output and the NOR-gzate
input U304-9 are pulled up w +15V by R390.

The input 1§ always comected to the Overdrive detector, even when the
output is off.

9.4-10

Detactor Output Gating

Under no overdrive conditions TP306 and U312-13 are at Common 0V_3
potenzial. Thus the NOR- gate output at U304-10 is at +15V. Providing
the output meno U306-6 has timed cut, U304-5/6 are also at OV_3 and
U3044 is also at +15V. Both diodes D333/334 are cut off and the
OVERDRIVE_L signal into buffer-inverter U318-4 is pulled to +15V by
R388. Thus CVDR_H at U318-13 is low (false).

DC and AC overdrives result in +15V pulses at TP3G6 or U312-13.
U304-10 goes low, triggering the cutput mono at U306-5 to generate a
160ms, +15V pulse. So both NOR-gate outputs are set to OV_3. The
OVERDRIVE_L signal is true, and must remain true until at least the
160ms mono times out. Thus whenever a real (non-glitch) overdrive is
detected, the OVDR_H signal is held true (high) for at least 160ms.

Fig. 9.4.53 illustrates this AC case.

Overload LED

This is lit by the OVLDLED_L signal being tue (fow). OVLDLED_L
originates as the voltage developed across the 4600 outputload, dueto the
output current flowing init. This voltage is picked off the instrument side
of the output relay, and passed into the Sense PCB at J12-3 {Circuit
Diagram DC400788 Sheet 4, page 10.1-11), At the 'HY’ side of the
internal Toad resistor R437, the signal SENSE_OUT goes to the non-
inverting buffers at U302-3 (Sheer 3).

Overload Comparator

The buffered signal (buffer gain 0.66 by R3I30/R335) is applied to 2
window comparator st U303-9/10 (whose £2 .43V reference Q303/Q305
is shared with the Overdrive comparator). If the buffered output is
between +2.45V, both comparator open-collector outputs U303-13/14
are pulled high at NOR-gate U313-6 by R344/R350. But if the buffered
voltage (DC or peak AC) is outside this window, one of the comparator
outputs and the NOR-gate input U313-6 will be pulled low.

Overload Datactor Inhibit

The other NOR-gate inpur at U313-5 is controlled by the OVLD_INH_L
signal which is true only durfig the On/Off sequence states R1, R2, S1
and 82, when OPON is false. When it is true, U313-1/2 are low, U313-
5 is held high and U313-4 is held low. So no low-going pulses from the
comparator will be able to affect the NOR-gate output. In the other On/
Off sequence states, the inhibit is removed.

Remainder of Overload Detector

The descriptions for the Overdrive Detector epply eqgually to the
Overload Detector, as the Glitch Rajection, AC Overload Detection and
Output Galing circuits are virtually identical.
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Test LED

The Test LED is provided for Slave mode, to indicale that the slaving
4700 has entered Test mode, and that any other 4600 LED indications are
part of the 4700 test.

4700 Test Sequence
The 4700 Self Test is composed of four stages, and the 4600 is tested as
a supplement to stages 3 and 4:

1. Hardware Test
Irmmmediately after the Test key is pressed, followed by the Reset
key, the 4700 program tests its hardware. No test of the 4600
hardware is performed, but if the 4600 ourput is On, it is
sequenced Offto stateR1. Consequently the Psu LED is Iit green.
The Test LED is lit, and remains lit throughout the test sequence.

2. Display Test
The display testitself does not affect the 4600. Buton completion
of this test the 4600 LEDs are liz, then extinguished, in the
following sequence: Overtemp, Overload, Overdrive and Solo.
The Psu LED is cycled from green to red to green.

3. Key LED Test
Each 4700 key LED is lit in turn, followed by the 4600 ON key
LED and OFF key LED.

4. Key Test
After the Key LED test is completed, the 4700 MODE/
FREQUENCY display shows a double offset ‘0°, to indicate that
the Key Test stage is enabled. The 4600 ON and OFF keys are
also available for testing in this mode. When either key is
pressed, its LED lights and the previous LED is extinguished.

Implementation in the 460C

As soon as the 4700 Test key 1s pressed, the 4700 requests Test mode in
the 4600 via the extemal digital bus, by setting SELBIT faise and ONBIT
irue. (For normal operation this is an mvalid command.)

In the Sense PCB, the SELBIT and ONBIT stales are passed via the
internal AD bus to the Control Lawch U108 {Circuit Diagram DC 400788
sheet 1, page 10.1-5). For the Test sequence, UI0B output sets both
U107-9 and U107-10 high. The NAND gate output at U107-8 is set low;
this is the *TESTEN_L' signal, which places the 4600 into Test mode.

TESTEN_L is clocked mto U206 by U205 (Shee? 2). The effect of
CK_TESTEN_L when true is to prevent U206 from supplying the
OFFLED_L, ONLED_L and SOLOLED_L signals to drive the
corresponding front panel LEDs. It also drives U203-1 via U207-11 so
that the front panel warning LEDS will not be lit. Thus the Psn LED is
green, even if there had been & power failure. U207-11 is passed via
U208-5/12 as TESTLED_L true, to light the Test LED,

LED Test

After testing its own LEDs in stage 3 of the test sequence, the 4700 cycles
the signals TEST1_H, TEST2_H and TEST3_H via the external digital
bus, 10 test the 4600 LEDs. The 4600 internal AD bus versions of these
signals are latched in the Control Laich U108, and passed 1o a decoder
U209. CK_TESTEN_L a1 U209-2/14 enables U209 decoded outputs,
which are cycled by its inpuls to light each LED in mm. Diodes D202,
D203 and D204 isolate each U209 low (driven) output from the
corresponding open-collector outputs of the sequencer U206.

The Psu LED, which is normally green, will turn red when its code ison
the decoder inputs. The unconnected ourput U209-7 position is encoded
by the 4700 for ‘no LEDs’, so for this decode just the Test LED and the
Psu green LED are lit.

Key Test

At the end of the LED test, when the double offset ‘0" is on the 4700
MODE/FREQUENCY display, the states of the 4600 ON and OFF keys
are returned to the 4700 via the exlernal digital bus.

Thesignals OFFKEY_H and ONKEY _H are passed from the Front Panel
to the Sense PCB at J9-18 and 39-19, and read back onto the internal AD
bus at U110, When either of the keys is pressed, and the corresponding
state change is read by the 4700 in Test mode, it sends the appropriate
code back lo the 4600 1o light the pressed key s LED. To the user, the two
4600 keys appear to behave in the same way as do otherkeys on the 4700.

End of Test

When the 4700 Test or Zero key is pressed, the 4700 addresses the
Control Latch U108, and removes the latched TESTEN code from its
output. The 4600 reverts to On/Off Sequence siate R'1, and awzits further
programming from the 4709,
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DATRON INSTRUMERTS LTD  PARTS LIST 23-Mar-89 DBSC: ASSY PCB SENSE 4600 ORG NO: LP400788-1 REY: 4 PAGE NO1 ]

2 % -
A EES AR A .- - EEEEEmsmmEE  esAssmsan AN ANRN TR NS MNP IS AN AT ARAACNARARTEImmsEEEEN  EABASCEw S -

DESIG PART NO DESCRIPTION PRINC MANUF MANUF PART NUMBER CLASS UM QUANTITY CHANGES
R101 090177 RES NTWK 3K3 X 8 2% BECKMAN L09-1-R3IK3 BA 6
R102 090105 RES PACK JQOR X 4 2% BECKMAN LO8-3-R100 EA 2
R103 013321 RES MP 3K32 1% .12W 50PPH HOLSWORTHY HBC A l’%A 6
R104 080177 RES NTWK 3K3 X 8 2% BECKMAN LO3%-1-R3K3 A -
R105 090105 RES PACK 100R X 4 21 BECKMAN L08-3-R100 EA -
R106 011002 RES MP 10K0 1% .12W SOPPH HOLSWORTHY ‘HaC A EA 19
R107 011002 RES MP iDK0 1% .12H SOPPM HOLSWORTHY HOC A BA -
R102 011003 RES MF 100§ 1% .12W SOPPM IIOLSWORTHY REBC A & 11
R10% 013012 RES MP 30K1 1% .12W SOPPM HOLSWORTHY HBC A EA &
R110 011003 RES MF 100K 1% .12W 50FPM HOLSWORTHY HBC A EA -
Ril1 044753 RES MF 475K 19 .12W SOPPH HOLSH#ORTHY HE&C A ERA 1
R202 019762 RES MF 97&6 11 .126 S59PPM HOLSRORTHY R8C A €A-1
R203 012003 RES #F 200K iV .120W 540PPH HOLSWONTHY HAC A EA 1
R204 050177 RES HTWK 3K X B 2% RACKANN LOS-1-R3K3 EA -
R205 d13321 RES MF 3K32 1% ..12W SOPPH HOLSVIORTHY H8C A EA -
R206 011053 RES MF 105K 1% .12w S0PPM HOLSWORTHY HBC A EA 1
RZ08 490131 RES PACK 10K X 4 2% BECKMAN LOB-3-R10X BA S5
R209 ¢50131 RES PACK 10K X & 2% BECKMAN LoB-3-RY0OK EA -
R214 050131 RES PACK 10X X 4 2% BECKHAN $08-3-R10K BA -
R211 050177 RES NTWX 3X3 X B 2% BECKMAN 109-1-R3IK3 EA -~
R2L2 090162 RES PACK 2708 x 4 2% AB 770-B3~-270R EA 3
R213 090162 RES PACK 2708 x 4 2% AB 770-83-270R EA =
a214 090177 AES NTWK 3K3 X 8 2% BECKHAN LOS-1~-R3K3 EA -
R215 013321 RES WP 332 1% .12W 50PPH HOLSWOR THY H8C A EA -
R216& 013321 RES MP 3K32 18 .12W 30PPHM HOLSWORTHY HBC A EA -
R217 012740 RES MNP 274R 1% .12W 50PPH HOLSWORTHY HBC A BA t
R218 090162 ARS PACK 270R x 4 2% AB 770-01-270R EA -
R219 018250 RES MP 825R 1% .12W 50PPM HOLSWORTHY HBC A BA 2
A220 018250 RES MF 825R 1% .12W 50FPH HOLSWORTHY HBC A EA -
R222 050163 RES NTWK 10K x 8 2% BECKMAN LO9-1-R10K EA 1
R223 050132 RES PACK 10K X 4 2% BECKHAN L08-3-R10K EA -
R225 013002 RES MF 10K3 1% .12W 30PPH HOLSWORTHY H8C A EA -
R226 012211 RES MF 2K21 1% .12W 50PPH HOLSWOR'THY HaC A BA 5
R22? 011301 RES MP 1K310 1% .)12W 50PPM HOLSWORTHY HBC A EA 4
R22% 0131301 RES MPF 1K30 1% .12W S50PPM HOLSWORTIHY H8¢ A EA -
R229 011301 RES MP 1K30 1% .12W 50PPM HOLSWORTHY HSC A BA -
R230 011301 RES MF :X30 1% 12w 50PPM HOLSWORTHY H8C A EA -
R231 012211 RES MF 2K21 1% .12W S50PPM HOLSRORTHY HAC A 2A -
R212 000473 REBS CF 4R7 5% .25W NEOHN CFR25 A EA 1
R233 011001 RES MP 1K0O0 1% .12W SOPPM HOLSWORTHY H8C A EA ]
R234 011500 RES MP 150R 1§ .12% 5S0PPM HOLSRORTHY H8C A EA &
R237 090131 RES PACK 10K X 4 2% BECKMAN LO8-3~-R10K EA ~
R238 090177 RES NTWK 3K3 X 8 2% BECKMAN LOS-1-f3K1 EA -
R239 011500 RES MF 150R 1% .12W SOPPHM {IOLSWORTHY Hs8C A EA -
R240 019312 RES MF S3K1 1% .12W SOPPM HOLSWORTHY HBC A EA 1
DATRON IHSTRUMENTS LTD PARTS LIST 23-Mar-89 DESC: ASSY PCB SENSE 4600 DRG NG: LP400788-1 REV: 4 PAGE NO: 2
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R241 011003 RES MF 100K 1% ,12W 50PPH HOILSWORTHY H8C ) EA -
R301 011003 RES MF 1K0O [R® ,12W S50PPH HOLSWORTHY HBC A EA -
R302 011001 RES MF 1KOD 1% .12W 50PPM HOLSWORTHY HBC A BA -
R3G2 013573 RES MF 357K 1V .124 50PPM HOLSWQRTHY HaC A HA 3
R30S 011821 RES MF 1K82 1% .12W 50PPM HOLSWORTHY HEC A EA &
R306 011821 RES MF 1K62 16 .12W 50PPH HOLSWORTHY HBC A EA -
R307 01d21 RES MF 1K82 1% .12W S50PPM HOLSWORTHY 18c A EA =~
R3CH 011821 RES MP 1X82 1% _12W 50PPM HOLSHORTHY HBC A EA -
R30S 0116821 RES MF 1K82 1% ,)2W S0PPH HOLSWORTHY HBC 3 EA -
R310 011821 ARS MP 1K82 1% .12W 50PPM {IOLSWORTHY Hac R EA -
R311 0120021 RES MF 2K00 1% .12W SOPPM HOLSWORTHY HEC A BA 3
R312 012001 RES MFP 2K00 1% .12W 50PPH HOLSWOATHY HBC A EA -
R312 00000P RES PSV BA S
R314 013651 RES MF JK65 1% .12W S0PPH IIOLSWORTHY HBC A EA )
R31S 012213 RES MP 221K 18§ .12W 50PPM HO:.SHORTHY HBC a EA )
R316 011003 RES MP 100K 1% .12W S0PPM HOLSWORTHY HBC A BA -
R317 a1110t RES MF 1K10 1% .12W S50PPM HOLSWORTHY HBC A EA )
218 013322 RES MF J9K2 18 .12W 50PPM HOLSWORTHY HBC A EA 2
R319 011003 RES MF 100K 1% ,12W SOPPM tIOLSYORTHY 1ac A cAa -
R320 011500 RES MF 150R 1% .12W 50PPM HOLSRORTY 116C A FA -
R321 013161 RES MF J3K16 1% .12W 50PPM HOLSWORTHY KeC A BA 6
a322 013161 RES MF JK16 18 .12W SOPPM HOLSWORTHY H8C A BA ~
R323 0riol2 RES MF J0K1 1% .12W SOPPM HOLSWORTHY H8C A EA -
R324 011002 RES Mt 10KO 1% ,12W SOPPM HOLSWORTHY H8C A EA -
RI25 0131373 RES MF 137K 1% .12W S0PPM HOLSWORTHY HBC A EA L
R326 0118500 RES MF 150R 18§ _12W 50PPM HOLSWORTHY HBC FY A -
R327 013321 RES MF JK32 1% .12W SOPPH 1IOLSHWOATHY HBC A EA -
R328 013012 RES MF 30K1 1% ,12W S50PPM HOLSWORTHY H8C A EA -
R329 012001 RES MF 2K00 1% ,12W SOPPM HOLSWORTHY HBC A Ea -
R330 012211 RES MF 2K21 1% .12W SOPPH HOLSWORTHY H8C A A -
R331 013321 RES MF JK32 1% .12W 50PPM HOLSWORTHY H8C A BEA -
R332 011002 RES MF 10K0 1% .12 SOPPM HIOLSWORTHY H8C A A -
RJ33 012003 RES MP 200K 1% .12W@ SOPPM HOLSWORTHY Hac A EA -
R334 613573 RES MP 357K 1% .12W 50PPH HOLSWORTHY nac a EA -
R335 Q14321 RES MF 4K32 )% .124W 50pPM HOLSWORTHY 4BC A BA 1
R3386 013161 RES MF 3K16 1% .12W S0PPH HOLSWORTHY Hac A BA -
R337 011331 RES MP K33 1% .12H SOPPH HOLSHORTHY {f8C A £4 1
R338 011002 RES MF 10KO 1% .12 SOPPM HOLSWORTHY HoC A EA -
R339 013011 RES MP 3X0L 1% ,124 50PPH HOLSHORTINY Hse A £A 1
R340 011500 RES MF 150R 1% .124 SOPPM HOLSWORTIE nec A BA -
R341 011500 RES ME 150R 1% .12W 50PPM HOLSWORTHY HB A -
R342 011003 RES MF 100K 1V .12W SOPPM HOT.SHORTHY :a(c: i fﬁ -
R343 011003 RES MF 100K 18 .12W 50PPM 1HOLSHOAMY H8c A EA -
RIM4 017161 RES MF 3K16 1% .12¢ SOPPH HOLSWORT1IY HBC A FA -
R34S 012003 RES MF 200K 18 .12H SOPPH HOLSWORTIY nac A pA -
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R348 013573 RES MF 357K 1t .12W SOPPM HOLSWORTHY HBC A ea -
R349 017500 RES MF 7S0R IV .12W SOPPHM HOLSWOR'THY H8C I3 EA 1
R350 013161 RES MF 3K16 1t .12W SOPPM HOLSWORTHIT Hsc L3 EA -
®351 D130 2 RES MF 30K1 1% ,12W 30PPM HOLSWORTHY HBC I3 E2 -
H351 013161 RES MF 3K16 1% .12W SOPPM BOLSWORTIY HAC A EA -
R3S5 011003 RES MP 100K 1% .12W 5S0PPM HOLSWORTIY nsc A BA =
B356  011€51 RES MP 1K6% 13 12W SOPPM HOLSWORTIIY Has A EA
KI5] 011621 RES MP IRK&62 1% .1200 SOPPM BOLSWORTIY nsc K EA 2
K358 015621 HES MF 5K62 1% .12W SOPPM HOLSWOR'IUY Hgc A kA 3
R35%  063)03 RES CT 10K HORZ S/'° BECEWAN 7P A EA 1
RI72  0li0C2 RES MF 10KO 1% .12W 5(PPM HOLSHORTIY HBC A EA -
#3714 011092 RES ME 10KC 13 .12W SOPPM 1HO[SKWORT31Y 11ec A en -
R3I?S 011002 RES MFP 10KO 1% .12W 50PPM HOLSWORTHIY Nec A FA -~
k375  01:00) RES MF 100K 13 .)20 509PM ({OLSWORTHIY use A EA -
K377 011002 RES HF 10RO 1% .12¢ SOPPH HHOLSHOR T3Y IBC A BA -
R378 011002 RES MF 10KO 1% _12W 509PPH HOLSWORTHY JIBC A KA -
R37% 014751 RES NF 4K75 1V .12W S0PPN HOLSHORTHY MG A A A4
R33C 011002 RES MF INKQO it .12W SOPPM HOLSWORTHY e A A
R38Z Q11602 RES MF 10K0G 1% .12W SOPPM HOLSWOR'THY HBC A EA -
k292 014751 RES !4? 4K75 1% 120 SOPPM HOLSWOKR THY HUTs A EA
R84 011002 RES MP 10KO 14 .12W SOPPM HOLSHORTHY 310 A FA
R8BS 014751 RES MP 4K75 % .12W 50PPH HOLSHORTINY 1H8c A EA -
R3IBG 011002 RES Mf 10K0 13 .)2w 50PPii NOLSWORSITY Hac A FA -
RIBT 045624 RES MF 5M62 U .12« 100¥PN STEATITE KE2 A EA )
R398 011002 RES MF 1DKO )L ,12W S0PPM HOLSWORTHY ([i] A EA -
R390 011003 RES MF 100K )V .12W 50PPM HOLSHORTHY HBC A BA
R392 011003 RES HF' 100K 11 .12W 50PPH HOLSHORTILY e A A
R393 011002 RES MF 10K0 1% .12W SOPPH NOLSHORTHY Hae A LA -
R391 011002 HES MF 1OKO it 120 50PPM HOLSHORTItY iec A A -
R39S 00000P RES FSV EA ~
R396  00000F RES PSV BA -
387 012212 RES MF 22K1 )& .)12W SDPPH HOLSWORTINY nac A EA 1
1158 011002 RES MF JORO 1% 12W SOPEM HOLSWOR'IIY nec A EA
R3%9  01475) RES MP 6K75 1% ,12W S0PPM IOLSHORTINY n8c A BA -
401 080142 KES FL 2BK125 0.05% VISKAY MANN 5102L EA 2
R402 080142 RES FL 28K125 0.05% YISHAY MANN s1021 1A
R403 080142 RES FL 2BK125 0.052 VTSHAY MANH 51021, [
Ri04 080139 RES FL 56K25 0.05% VISIIAY MAR S102L EA 2
R405 080138 PES FL 37k50 0.05% YTISIAY MANN 5102L EA 2
K106  08013& RES FL 37X50 0.05% VISHAY MANN 5102i: EA -
R408 080137 RES FL 104K4¢ 0.05% YISHAY MANN 51021, B4 2
K409  00N0OP RBS SV FA -
R410 012102 RES MF 21KO 1% .12W 50PPM HOLSWORTINY HBC A EA 2
P41l 065012 RES CT 50K VERT M/T BOURNS 3296W- 30K EA )
B2 013102 RES MF 2iK0 )% .12W SOPPH HOLSUORTIHY nac A FA
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R413  DEO13? RES FI, 104K4 0.05t VISIAY MANN S1021. KA -
R414  0J2670 RES MF 267K 1t .12W SOPPM HOLSWORTHY sc A FA 1
R4)S 080141 RES L 20K0 0.05% VTSHAY “ARN §1028, EA 1
R436  000OOF RES SV VA
R417 065009 RES CT 200K YERT W/T ROURNS 12964-200% [0
RE19 013922 RES MF IIK2 1% .12W 50PPM HOLSWRTHY 8¢ A EA -
4120 013870 RES MF 3B3R J3 .12W SOPPH HOLSWORTIIY l8C A A )
422 016u1) RES MF GKO) 1% .12W SoPPM HOLSWORTIY nse A th 1
®422  0468)3 RES &F 681K 1% .13W SGPPM HOLEAVIR Y 8 3 PA L
Réz4 (12800 RES MF 2508 1t .12W 50PPM NOLSWORTIY HBC A A )
R431 016810 RES MF' 681R 1% ,12H SOPPM HOLSHWORTHY Nee A A 2
432 QJ6610 RES MF G8IR 1% .]2W SOPPM HOLSWORTHY 1e¢ A RA
R433 012000 RES MF 200R 13 .12W 50PN HOLSWOR'HY B¢ A kA 2
R434 0113923 HES NE 352K 1% 120 50PPM HCLSWORTHY HEC I EA 1
H435 041004 RES MF 1HOO % )24 50PPM HOLSWOR'THY e h FA L
R436 0BO140 RES PL 2B9R3 0.05% 7ISHAY MANN s1021, EA L
R437 0068082 RES WW 18R 5% 2.5W WELWYN w21 FA L
R432 012000 QES NF 200R 11 ,)2W SOPPM HOLSWORTHY nec A EA
R339  D147S8 RES MP 47RS YV .12W 50PPM HOLSWORTHY 1T A EA 2
R440 014798 RES ME 47RS 1% .)2W 50PPM HOLSWORTNY nse A A
K441 080139 RES FL S6K25 0.0S5% VISHAY MANN 51024, EA
R442 011008 RES MF 10RO 1% .124 50PPM HIOLSHORTIIY 8c A EA 2
R443 011008 RES MP 10RO 1t .12R SOPPM HOLSWORTHY nsc A EA -
Ri44 011000 RES MF 100R 1% .12W SOPPM HOLSWORTHY nsc ) FA 1
H445 080142 RES PL 28K125 0.05% YISHAY MANN S1021. FA -
R446 011503 RES NF 150K 1% .12W S0PPM HOLSWORTPHY nse A PA 3
S0y  noos18 HES CF SRI 5% .25W NEOHM CPR2S A At
C10) 100472 GAP CP 4NTF 10t 100V PHTLIPS 2222 636 19477 EA 10
C102 100472 Cap CP 4UT7F 30% )00V PHILIPS 2222 830 19472 EA -
€103 100472 CAP CP 4u7F }0% 100Y PHILIPS 2222 30 19172 FA -
100472 CAP CP 4H7F 10% 100V PHILIPS 2222 630 19472 EA -
100472 CAP CP 4H7F 10% 100V BHILIPS 2222 630 19472 EA -
100472 CAP CP an7F 1HL 100V PHYLIPS 2222 30 19472 KA -
100472 CAP CP 4M7F 101 )00Y LPHILIPS 2222 630 19472 FA -
100472 CAP CP 4N7F )0V 100V PHILIPS 2222 630 19472 kA -
1060472 CAP CP 4H7F 103 100Y PHILIPS 2222 630 19472 KA -
100372 CAP CP 4N7F uu 100V PHILIPS 2222 630 194/2 EA ~
150002 CAP DT JOUF 16V AVX TAP) UM GF A KA 3
116035 cAP PR cmp 2ne 63v W1MA MKS2 Eh )
11004) CAP PE mm-’ 208 100y WIMA I"K52 A 2
150006 CAP DT 4U7F 2003 16V AVX TAPARIMY 6F A KA 9
150006 GRPP DT 417F 20D% 16V AVX LARAK NI LI & RA
104033 CAI* MIWE INF X 7 20% MURATA 4321 A KA )
104033 CRP HTWE LUF X 7 20% MORATA 4321 A KA -
JRTOTTE R CAf IPHIE BHF X ) 204 MIIATA 4320 & KA




DATRON INSTRUMENTS LTD PARTS LIST 23-Mar-89 DESC: ASSY PCB SENSE 4600 DRG NO: LP4007€8-1 REV: 4 PAGE NO: H

e EmAmEXImEmRG eaaEaEeeex EmEARALA e SRR SN AE AR AT E T Ens AASSPEANAEEmssBesAns E“NAANEWE NOsGausmas==

DESIG PART NO DESCRIPTION PRINC MANUP MANUF PART NUMBER CLASS UM QUANTITY CHANGES
C301 150006 CAP DT 4478 2008 16V AVX TAP4RIM1GF A EA -
€307 110051 CAP PE 470MF 10% 63V WIMA HES2 EA §
cl08 110039 CAP PE 470NF 20% 63V WIMA MES2 EA 2
€309 130006 CAP DT aU?TE 2008 16V AVX TAP4RIMIGF A BA -
C310 150006 CAP DT 4U7F 2008 16V AvX TRPIRTHIGF A EA -
€311 11003% CAP PE 470NP 20% 63V WIMA HES2 EA -
€312 100471 CAP CP 470PF 10% 100V PHILIPS 2222 630 19471 EA 2
€313 110051 CAP PE 470NF 10% 63V WIMA MKS2 EA -
€314 100471 CAP CP 470PF )10% 100V PHILIFS 2222 630 1947 EA -
€216 110051 CAP PE 4706F 0% 43V WIMA HKS2 BA -
C317 150006 CAP DT 4U7F 200%& 16V AVX TAP4R7H1I6F A EA -
€318 110051 CAP PE 470NF 10% 63V WIMA HKS2 EA -
€319 150002 CAP DT 10UF z0% 16V AVX TAP1OM] 6F A EA -
€321 110051 CAP PE 470NF 10% 63V WIMA MKS2 BA -
c322 150002 CAP DT 10UF 20% 16V AVX TAP10M16F A EA -
€323 15001S CAP DT 10UF 20% 35SV AVX TAP10MISF A EA 4
€324 100151 CAP CP 150PF 2% 100V PHILIPS 2222 581 34151 EA L
€325 150015 CAP 7T 100P 203 1SV AVX TAP1OHM3SF A EA -
€326 110051 CAP PE 470HF it 63V WIMA MES2 EA -
C101 104025 CAP CD 130NP +BOR=-29% 50V SIEMENS B37449 Ea B
€402 140072G-1  CAP VAR 16PF TRONSER SEE ORG A EA 2
€403 103025 CAP CD 100HP +80%-20% S0V STEMENS 837449 EA -
C404 104057 CAP CA 39PP 10% 100V STEATITE ASC 30¢ EA 1
C406  10000F CAP - FSY EA L
C407  13008O CAP PS 4NTF 1% 160V PHILIPS 425 44702 EA 2
C408 110042 CAP PE 100NP 20% 63V WIHA MKS2 EA 2
€409 110042 CAP PE 100NF 20% 63V WIMA MKS2 EA -
C410 150023 CAP DT 33UF 20% 25V AVX TAPIIM25P A EA 4
a1l 140078 CAP PP INF 5% 100V WIMA FKP2 EA 1
€412 150023 CAP DT 33UF 20% 25V AYX TAPIIMZSF A EA -
C413 104025 CAP CD 100NFP +80%-20% SOV SIEMENS B37449 EA -
C414 130089 CAP PS 4N7F 1% 160V PHILIPS 425 44702 BA -
C416  15302¢ CAP D? 470F 20 16V AVX TAP4THLEP By ER 1
C417 104025 CAP CD 100HF +80%-20% 50V SIEMENS B37449 EA -
C41B 104025 CAP CD 100HF +80%8-20% 50V SIEMENS 837449 EA -
C419 150023 CAP DP 33UF 20% 25V AYX TAPIIM2SF A ea -
C420 150023 CAP DT 33UF 20% 25V AVX TAP3IIM2SF A EA -
C421 104025 CAP CD 10ONF *80%-20% S0V SIEMENS BI7449 BA -
€422 11004} CAP PE 10NE 20% 100V QIHA PKS2 BA -
423 104025 CAP CD LOONF +B0%-201 50V SLEMENS 837449 EA -
€424  140076-1 CAP VAR 16PP TRONSER SBE DRS A EA -
C425 104058 CAP CA J3PF 10%v 100V STEATITR ASC 304 EA 1
€426 150016 CAP DT IUF 20% 35V AVX TAPIRGU3SY A EA 1
€501 104025 CAP CD 100NF +80%-201 SOV STEMENS B37449 FA -
c502 150006 CAP DT 4U7¢ 200% 16_\‘ AVX TAPAR7HI6F A €n -
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€503 104026 CAP €D 47NF r50%-201 SOV STEMFNS B37449 KA 30
C504 150017 CAP DT 10UIIF 208 16V AVX TARIOOM]6F & KA
€505 104026 CAP CD 47NF ¥50%-20% S0V SI1EMENS 837449 1 -
506 104026 CAP CD 47HE £50%-20% 50V SIEMENS B37449 EA -
C507 104026 CAP CD 47NF +50%-203 S0V 5 (EMEHS 817449 A -
C508 104026 CAP CD 4TUHP +50%-20% S0V SYEMENS B37449 KA -
C509 104026 CAP CD 47HF +50€-20% S0V S1EMENS BI7449 ea -
€510 104026 CAP CD ATHF +50-20% 50V SIFMENS 837449 EA -
C511 104026 CAP CD A7HF +508=20% 50V SIEMENS 817449 BA =
c512 104026 CAP CD 47NF #508-20% 50Y STEMENS B17449 EA -
C513 104026 CAP CD 47nF +80%-20% SOV SIEMEXS B37449 BA -
€514 104n26 CAP CD 470F «50%-20% SOV SIEMENS 837149 EA -
6515 104026 CAP €D 47NF +508-20% SOV SIEMENS 837449 PA -
C516 184026 CAP CD 47Uf +50%-20% SaV SIEMENS B37449 EA -
CcS17 150020 CAP D1 13UF 20% 25V AVY TAP10M2SF A EA 7
CS18 150020 CAP DT 10UF 20% 25Y AVX TAP1OM25F A EA -
CS19 150020 CAP DT 10UF 20% 25V AYX TAPLOM25P A EA -
C520 150020 CAP DT 10UF 20% 25V AVZ TAP1OM2SF A EA -
€521 104026 CAP CD 47NF +50%-20% SOV SIEMENS B37449 EA -
CS22 104026 CAP CD 47NF +50%-20% 53V STHEMENS B37449 FA ~
€523 104026 CAP CD 47HF +50%-20% 50V SICKENS B17449 A -
€524 104026 CAP CD 47NF +50%-20% 5aV STEMENS B37449 ER -
0825 104026 CAP CD &7NF +508-20% 50V SIPMENS B37449 EA -
€526 150015 CAP DT 10UF 20% 35V avx TAPIOM3SP A EA -
€527 150015 CAP DT 1QUP 20%- 35V AVX TAPIOMISE a EA -
€528 104026 CAP CD 47NF +50%-20% 50¥ STEMENS 837449 EA -
€529 103026 CAP CD 47HF +S0%-20% SOV SIEHMENS 37449 HA -
€530 104026 CAP CD _47HF +50%3-201 50V SIEMENS B372445 EA -
€531 104026 CAP CD 4THF +504-20% 50V STEMENS B37449 EA -
€532 104026 CAP CD 47HP +50%-20% 50v SIEMENS 837449 LA -
€333 104026 CAP CD 47NP +501-20%1 50V STEMENS 837449 BA -
€334 150020 CAP DT 10UF 20% 25V AVX TAPLOM25F A T
€335 150020 CAP DT 100F 20% 25V AVX TAPIOM2YF A A -
C536 104026 CAP CD 47L:F 450%-20% 50Y S{EMENS B37449 KA
C537 104028 CAP CD q7F +501-20t 50V SIFMENS B37449 EA -
€538 150020 CAP DT 10UF 20% 25V AVX TAP)OM25P A EA ~
€539 104026 CAP CD 47HF +504-203 SOV SIEMENS B37449 KA -
€540 104026 CAP 7D 17UF +504-301 50V STEMENS B37449 BA -
[=-1 8 104026 CaP CD 470F +50%-20% 50V STENERS 837449 FA -
€542 104026 CAP CD 47HE +50G-20% 50V STEMENS 837449 KA -
€543 180024 CAP AE )OUF &3V PHILIPS 630-38)09 A EA 2
C544  1B0024 ChP AE 10UF 83V PHILIPS 930-38109 A R -
€545 180044 CAP RE 220UP 40V STEATLITE ERMOGDR 3220 BA 1
D1a1 213006 DIODE ZN 5V 5W UHI'PRODE TVS305 2
D201 226044 DIODE LE RED HIEFP Gl HLHE--1700 EA 4
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DESIG PHERT ND DESCRIPTION PRINC MANUK MANUE PART NUMBER CLAS3 UM QUANTITY CHANGES
R101 012001 RES MF 2K00D 1% .12W 30PPM HOLSWORTIY HBC A EA 4
R102 012001 RES MF 2K00 1% .120 50PPM HOLSHORTHY 1BC A BA -
R103 011500 RES MF I1SOR 1% .12W SOPPM HOLSVIORTHY HaC A EA 2
R104 012210 RES MF 221R )% .12¥ SOPPM HOLSHORTHY N8C A EN 2
R105 012001 RES MP 2K00 1% . 120 50PPM HOLSHORTHY HBC A EA -
R106 015118 RES MF Sifl 1% .12W SOPPH HOLSHORTHY Hac N EA 2
RID7 012061 RES MF 2X00 1% .12 50PPM HOLSHWORTHY HEC A BA -
R1068 016810 RES MF 681R 1% .12W 30PPH HOLSHORTHY HE8C A BA 2
R109 Q16810 RES MF 6BIR 1% .12W 30PPM HOLSHORTITY Hac A BA -
R110 012210 RES MF 221R 1% .12W 50PPM HOLSHORTHY H8C A EA -
k111 011500 RES MF 1SOR 1% .12W 50PPM HOLSHORTHY HEC A EA -
R112 000150 RES CF ISR 5% .25W NECHH CFR25 A EA 6
£113 050085 RES MF 1OR 1% 0.75@ 100PPH WELRYN MFRS EA 8
RI1l4 011522 RES MF 16K2 1% ,12W 50PPH HOLSHWORTRY HEC A BEA 18
RI115 008021 RES W& OR47 5% 2.5W WELWYN. W21-0R47 EA 18
R116 011422 RES MF 16K2 1% .12W SOPPH HOLSWORTHY HBC A EA -
R11? 008021 RES WW OR47 5% 2.5W WELWYN W21-0R47 EA -
R118 011622 RES MF 18K2 1% .12W S0PPH HOLSWORTHY HBC A EA -
RI119 00802 RES WW OR47 5% 2.5W WELWYN W21-0R47 EA -
R120 000150 RES CF 15R 5% .25W NEGHYM CFR2S A Ex -
R121 050085 RES MF JOR 1% 0.759 100PPM WELWYR HERS ER =
R122Z 011622 RES MF 16K2 1% .12W 50PPH ROLSWOR'LHY 18c A EA -
®123 008021 RES Wi QR47 5% 2.5W WELWYN W21-0R47 EA -
R124  01i622 RES HPF 16K2 1% .12W 50PPM ROLSWORTIY HBC A £a -
R125 008021 RES WM OR47 5% 2.5W WELWYHN W21-0R&7 BA -
R126 011622 RES HF 16K2 1% .12W S0PPM HOLSWORTHY H&C A EA -
x127  0DBO2L RES WW OR47 5% 2.54 WELWYN H21-0R47 EA -
R128 000150 RES CF 15R 5% .25W NEOHM CPR25 A EA -
R129 050085 RES MP 1OR 1% 0.75W 100PPM WELWYN MFRS BA -
®130 031622 RES MF 16K2 1% .)2W S0PPM HOLSWORLIY Hac A EA -
R131 008021 RES WW OR4? 5% 2.5W WELWYN W21-0R47 EA -
R132 011632 RES MP 16K2 1% .12W 50PPH BOLSWORTHY HOC A EA -
RI133 008021 RES W+ QR47 S% 2,54 WELWYN W21-0R47 EA -
R1J4 011622 RES ME 16K2 1% . 120 50PPM HOLSWORTHY Hac a EA -
R13IS 008021 RES WW OR47 5% 2.5W WELWYH W21-OR87 EA -
R116  0DO150 RES CF 15R 5% .25W NEOHM CFR25 A EA -
RI137 050085 RES MF IOR 1% 0.75¥ 100PPH WELWYY MFRS EA =
R1J3 021622 RES MF 16K2 1% .12W SOPPM HOLSWORTHY HEC A EA -
R133  D0BO2) RES WW OR47 5% 2.5V WELWYH W2Y~0R47 EA -
R140 011622 RES MF 16K2 1% .12W SOPPM HOLSWORTHY HBC A =A -
R141  00802% RES Wy OR47 5% 2.5W WELWYN . W21-0R47 EA -
R1%2 011622 RES MF 16X2 18 .12W SOPPH HOLSVORTHY H8c A EA -
K143 008021 RES WW OR47 5% 2.5 WELWYN W21-0R47 EA -
R144 000150 RES C¢F 15R 5% .25W NEOHH CER25 A EA -
R145 050085 RES HMF 10R 1% 0.75% 100PPH WELWYN MFRS EA -
DATRON INSTRUMENTS LTD  PARYTS LIST 23-Jan-99  DESC: ASSY PCB OUTPUT 4500 DRG NO: L£100789-1 REY: 2 PAGE NO: 2
EEESEUANENFTDsSEERESTSEN E-mAme===58 Esswsna=n EeeN e AAnNETICEESE MR AN NENSEEEEE, & LR LY LB DL L R LA B 1 L1 ] ] BERBER e OGNS
DES!G PART 0 DESCRISTION PRINC MANUF MAHUF PART HLUMBER CLASS YH QUANTITY CHANGES
R146 11622 RES MF 16K2 13 .12W SOPPH HOLS“ORTHY HBC A BA -
R147 008021 RES WW OR47 5% 2.5W HELWYR W21-0R47 EA -~
R14B Q11622 RES MF 16K2 1% .12W 50PPK HOLSWORTHY HBC A BA -
R149 006021 RES WW OR47 5% 2.5W WELWYN W21-0R47 EA -
R150 011632 RES MP 16K2 1% .12% SOPPN HOLSWORTKY HBC A BA -
R151 008021 RES WW ORAT S 2.5W WELWYN W21-0847 EA -
R152 000150 RES CF 1SR S% .25 NEOHM CFR25 A BA -
Ri153 Q50085 RES MF 10R 11 0.75W 100PPM WELWYN MPRS EA -
R154 012622 RES MF 16K2 1% .120@ 50PPM HOLSWORTHY Hec A EA -
R155  00BOR1 RES WA OR47 5% 2.5% WELWYN W21-0R47 EA -
R156 0l1§22 RES MP 16X2 1% .12W S0PPM HOLSWORTITY usc A EA -
R157  00BOZ1 RES WA OR47 5% Z.5W RELWYM W21-0R47 EA -
R1SB 011622 BES HF 16K2 1% .12W SOPPM HOLSWORTHY 118C A EA -
f&159 008021 RBS wd OR47 5% 2.5w WELWYN W21-0847 EA -
R160  090155-1  THERMISTOR NIC 10K DALE~-ACI SEE DRG A EA )
A161 000102 RES CF 10 5% .25W NEOHH CER25 A BA 2
RL62 000102 RES CF KO 5% .25W NEOHH CFR2S A EA -
R163 050085 RES MP 10R 1% 0.754 100PPM WELWYN MFRS BA -
8164 050085 RES MF 10R 1% 0.75W 100PPM WELWYN MPRS EA -
RL6S 015118 RES MP S1R} 1% .12¢ 500PM HOLSWORTHY HeC A EA -
€101 120023 ChP PC GNBF 20% 100V WIMA FXC2 EA 2
Clo2  12002% CAP PC 6HSF 20% 100V WIMA PKC2 EA -
CID3 104055 CAP CER MULTILAYER 3USF 50V SPRAUGE 3C20Z5U335M050B EA 1
C104 180006 CAP AE 47UF- 25V PHILIPS 016-16479 EA 1
€107 104026 CAP CD 47HF +501-20% 50V SLEMENS 837449 EA 2
C108  10402§ CAP CD 47NF +50%-20% 50V STEMENS B37449 BA -
¢108 150015 CAP DP 10UF 20% 35V AVX TAP1OMI SF A EA 4
€136 150015 CAP. DT 10UF 20§ 35Y AVX TAPLOMISF A EA -
Cll3 150015 CAP DT 10UF 20% 135V AVX TAP1OM35F A BA ~
Cli4  15001S CAP DT LOUF 208 35V AVX TAPYOM35F A EA -
C1l5 110042 CAP PE 10ONF 20% A3V WIMA MKS2 BA 3
D101 200006 DIODE GP 1A 600V FAIRCIILD 184005 EA 2
D102 200006 DIODE GP 1A 600V FATRCHILD 184003 EA -
Q101 230050 TRAN JPET I LIM 2m4A SILICONIX J508 EA 1
Q102 250004 TRAN PNP TO92 NA'TIONAL 23906 EA 2
Q103 240006 LRAN NPN TO92 NOTOROLA INIDO4 EA 2
Qi04 250004 TRAN PHP T092 HATIONAL 2R3906 EA -
0105 240006 TRAN NPN TO9% HOTOROLA 203904 EA -
Q107 250021 TRAR PNP MO'TOROLA BD140 A EA 3
Q106 250032 TRAN PNP T0220 MOTOROLA MIE15023 EA 9
Q3109 250032 TRAN PNP T0220 'MOTOROLA MIE15029 EA -
Q110 250032 TRAN PNP T0220 MOTOROLE NIB15029 EA -
Q111 250021 TRAN PNP MOTORO; A BD140 A EA -
Q1lz 250032 “TRAN PNP TD220 MOTOROLA HIE) 5029 BA -
0113 250032 TRAN PNP T0220 MOTOROLA MIB15029 EA -
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DATRON THSTRUMENTS LTD PARTS LIST 03-tov-88 DESC: ASSY PGB SMPS CONTROL 4600 PRG RO: LP400791-1 REY: 0 PAGE 0. 1

EMEmEEAEEREEEEEEERLEEE. mamaLmmEmE EEweemswe AEA AR LM AN AT R AAR AR AL A RMAASELNAES AMMANAANRLMUNIR AR Y  SUamENEE  EsusERaSRALw

DESIG PART HO DESCRIPTION PRINL HMANUF MANUP PART NUMBER CLASS UM QUANTITY CHANGES
]1 011001 RES P 1800 1% . 120 50PPH HOLSHORTHY H8C A EA 4
R2 ¢1100) RES MF 1KODO 1% .12 50PP HOLSHORTHY HBC A BA -
R3 000472 RES CF 4K7 5t .25W HEOHH CFR2S A FA 8
R4 000474 RES CF 470K 5% .25 HEOHH CFR25 A EA 3
RS 000102 RES CP KO S% .25 HEOHM CFR2S A eA 2
33 000513 RES CF $1K 5% .25W NECHM CPR25 A EA 3}
R7 000572 RES CF 4K7 ST .251 NEOCHM CFR2S A EA -
RE 02211 RES MP 2K21 1% .12W SOPPK HOLSWORTHY HBL A EA 1
RS 014751 RES MF 4K75 1% .12w S0PPM NOLSWORTHY Hac A EA 1
R11 000225 RES CF 2M2 S% .25¢ HEOHM CFR2S A BA )
R12 031001 RES ®F 1K00 1% .12W S0PPM HOLSWORTHY Hac A FA -
R13 013611 RES MF 3K01 1% .12W SOPPM HOLSVOR'TIY Hac A EA L
R1s 01488) RES NP 2K39 1% 120 S0PPM HOLSYORTIY 1ac A EA 1
R15 00000F RES FSV EA )
R16 000103 RES CF 10K S% .25 WEQHH CFR25 A FA 8
r1? AN0472 RES CF 47K 5% .25W RHEQH CFR25 A FA )
R18 000102 RES CF 1RO St .25K NECHHM CFR25 A EA -
R19 086183 RES CP 10K YEA™ S/7 BECKMAN 72%4 ¥A )
R2D 066502 RES CT 5K VERT S/T BECKHMAN 72%Xv EA L
R21 011001 RES MF 1KOO 1% .12W 5S0PPH HOLSHORTHY 1nse A FA -
R22 000872 RES CP 4%? 5% .25MW HEOHM CFR25S A EA -
R23 012371 RES MF 2K37 1% .12W 50PPM HOLSWORTHY 18ac A EA 2
R24 011431 RES MF 1K43 1% ,12W SOPPH 1101 SYIORTHY I8¢ A FA 2
R25 000174 RES CF 470K 5% .250 NECIM CFR2S A Eh -
R26 000472 RES CF 4K7 5% .25W NED#HH CPI25 A EA -
R27 012371 RES MP 2KI7 2% .12W 50PPH HOLSHORTHY H8C A EA -
R28 011432 RES MF 1K43 11 ,12W SOPPM SIOLSHORTHY 8¢ A EA -
R29 000472 RES CF 4K7 St 25w NEOHH CPR25 A BA- -
30 000821 RES CF B20R 59 ,25W NEOIHM CFR25 A EA 1
3 000174 RES CF 470K 5% .25W HEOHM CPR25 A FA -
R32 011002 RES FMF 1GKO 1% .12W 50281 HOLSTK RTHY HEC A EA 2
R33 0004732 RES CI' 487 3% .25W NEOUY CPR2S A EA
R34 300103 RES CF 0L 5% .251 NEOH Y CPR2% A EA -
R3S 000101 RES CF 100R 5% .25V HEOIM CPR25 A EA 1
k35 000103 RES CF 10K S& .25W NEOHH CFR25 A EA
R37 000103 RES CF 10K 5% .25W NECHH CPR2S A £A -
R3& 041004 RES MF IMOO 1T ,12W 50PPY HOLSHORTHY HBC a FA 1
R39 000103 PES CF 10K 5% .25Ww NEOHH CPR2S A €A ~
R40 000434 RES CF 430K 5% .25% AECHIM CFR2S A BA 1
R41 000184 RES CP 180K 5% .25W HEOHH CFR23 A Eh 1
R42 a0n572 RES CF 4R? S% .25W HEGHH CFR25 a Ea -
R43 000103 RES CP 10K 5% .25w NEOSIM CFR25 A €a -
R4 000103 RES CP 10K 5% .25V HEOHH CFR25 Iy €A -
R4S 000103 RES C# 10K 5% .25W HEOHH CFR2% 2 €A -
R&E 000323 RCS CP 22K 5% .25w HEDMH CFR2S A BR 1
DATRON TNSTRUMENTS LTD  PARTS LIST 03-Nov-86 DESC: ASSY PCB SHPS CONTROL 4600 DRG HO: LP400791-1 REY: O PAGE HO: 2
mERAmEAREEAssssevARGE  SSesESeSE SEsssaESS  BEEEEECESSSCISARMNFASNNSSEASeSSEAESn SSSSCEESESAVAZAmSSEs Sasmamas  eamssssyeEns
DESIG PART NO DESCRIPTION PRINC MANUP MANUF PART NUMBER CLASS UM QUANTITY CHANGES
R47 000222 RES CF 2K2 5% .25¢@ HEOHM CFR25 A EA L
R48 000472 RES CF 4K7 5% .25¢ HEORM CPR25 A BA -
R49 011002 RES MF 10KO 1t .12W SDPPH HOLSHWORTHY HBC A ea -
RS0 000224 RES CP 220K 5% .25 HEQIM CFR2S A BA 1
Q1 100331 CaP CP 330PF 2% 100V PHILIPS 2222 683 58331 BA 1
e 110042 CAP PE LODONF 208 63V WIHA HKS2 EA 4
[oh] 120040 CAP PC InSF 5% 100V WIMA PRC2 A EA 1
C4 110042 CAP PE 100MF 20% 63V WIMA MKS2 BA -
cs 110042 CAP PE 100NF 20% 61V WIMA MKS2 EA -
cé 100152 CAP CP 1nS5F LO% 100V PHILIPS 2222 630 19152 - BA L
c? 150006 CAP DT 4U7F 200% 16V AVX TAPARIMIEF A Ba 2
ce 150006 CAP DT 4U7P 200t 16V AVX TAP4RTHIEF A EA -
c9 110020 CAP PE 47HF 20% 63V WIMA MKS2 EA 1
¢10 110039 CAP PE 470NF 20% 63V WIMA MKS2 EA 1
c12 110042 CAP PE 100NF 20% 63V WIMA MES2 EA -
c13 110030 CAP PE INF 20t 100V WIMA PRS2 - EA 1
ci4 150015 CAP DT 1QUF 20k 35V AVX TAP10M3SF A BA 3
c15s 120017 CAP PC 10nF 208 100V WIHA PRC2 FA L
c1é 180047 CAP AE 1000UF 40V ECC SHMVB EA 2
c17 160047 CAP AE 1000UF 40V ECCY SHMYS EA -
c18 104026 CAP CD 47NF +501-20% 50Y STEMENS 837449 EA 10
Cl19 104026 CAP CD 47NF +S501~20% S0V SIEMENS B37449 BA -
c20 150015 CAP DT 1OUF 208 35y AVX TAL1OMISP A EA -
c21 150€15 CAP DT 1OUF 20% 35V AVX TAL10MISP A EA -
€22 104026 CAP CD 47HF +504-20% SOV SIEMENS B37445 EA -
c23 104026 CAP CD 47KF +50%-20% 50V SIEMERS B37449 Ea -
€24 104026 CAP CD 47RF +504-20% SOV SIEMENS B37449 EA -
¢25 104026 CAP CD 47NF +50-201 50V STEMENS B37449 EA -
c26 104026 CAP CD 47NF +508-208 50V STEMENS 837449 EA -
c27 104026 CAP Ci) 478F +¢50%-20% S0V SIEHENS B37443 EA -
c28 104026 CAP CC 47NF +50%-20% S50V STEMEIS B37449 EA -
c29 104026 CAP CD 47NF +S0%-20% 50V SIEMINS B37449 EA -
c3e 150020 CAP DT YOUF 203 25V AVX TAPLOM2SF A EA 1
Dl 200001 DIODE GP 75ma 75V FAIRCHILD 1N4148 EA 7
D2 20000) DICDE GP 75mA 75Y FATRCHILD 1N4148 EA -
D3 200001 DICDE GP 75mh 75V FAIRCHILD IN4148 EA -
D4 200002 DICDE GP 1A 50V FPAIRCHTLD 1N4001 FA
DS 200002 DIODE GP 1A 50V PAIRCHILD 1H400) RA -
6 200002 DIODE GP 1A 50V FALRCIILD 144001 EA -
D7 200002 DICDE GP 1A 50V PATRCIHILD 1N4001 EA -
ne 214012 DIODE 2N 2V45 20PPM FERRANTY ZNASE PA 2
09 214012 DYODE 2N 2v45 20PPM FERRANT ] IN4SB EA -
D10 200001 DIODE GP 75mA 75V FAIRCHILD IN4148 EA -
D11 220010 DICDE GP SR n.e, IHS711 A EA 1
hIP] 286003 DIODE BR 1A5 100Y M ICRO-BLECTRONICS W01 KA 1
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MTRON INSTRUMENTS LID  PARTS LIST J)6-Mar-8% DESC: ASSY PCB FRONT 4600 DRG NO1 LP400792-1 REV: 2 PAGR. 1t): 1

anaw LT e P T T -_—— MNP AMESEENEENE SeeTerssEaEMTseTSTENE  EEAFumASN  AAVARABE e

DESIG PAAT KO  DESCRIPTION PRINC MANUF MANUP PART NUMBER  CLASS UM QUANTILY CHANGES
R101 015622 RES MP 56K2 1% .12W 50BPM HOLSHORTHY H8C A EA )
R102 041004 RES MF 1MOO 1% .12# SOPPM NOLSHORTHY nac A EA 1
Cc101 150016 CAP DT 1UF 20% 35V AVX TAP1ROM3SF A EA 1
C102 180027 CAP AE 2200UF 40V STC SMVB 2200UF/40V EA 2
C103 180027 CAP AE 2200UF 40V 5TC SMYB 2200UF/40V EA -
C104 180004 CAP AE 4700UF 16V STEATITE EGA700/16 EA 3
D101 200006 DIODE GP 1A 60OV FAIRCHILD 184005 EA 1
D102 213019 DIODE 28 2009 500mbt THOMPSON B2ZXS55C200 A EA 1
D103 200001 DIODE GP 75mA 75V FAIRCHILD 1N4148 EA 3
D104 209003 DIODE BR 1A5 100V MITRO-ELECTRONICS W00l EA 2
D10S 209003 DIODE BR 1AS5 100V MICRO-ELECTRONICS W00l Fa -
D106 220045 DIODE LE RED RECT G1 HY57124 [
D107 220045 DIODE LE RED RECT Gt HY57124 EA -
D108 220045 DIODE LE RED RECT Gt MV57124 EA -
D109 220045 LIODE LE RED RECT GI MV57124 En -
D110 220045 DIODE LE RED RECT 6l MVST7124 BA -
D111 220046 DIODE LB BICOLOUR R/G I1-v TLMPS801 EA 1
D112 200001 DIODE GP 75w 7SV FATRCHILD 1114148 BA -
D113 100001 DIODE P 75ma 75V FAIRCHILD 184148 BA -
Q101 230100 TRAR MOSFET N CHAN 60V 0,8A i 1RFDL13 Ei )
U101 220038 QPTG 1SOL XKV H.?. 6M132 EA )
RL1O1 330054 RELAY 1PNO POWER MOMOSTABLE  5DS DK1a-5v EA 1
J2 604033 PLUG PCB 4-WAY .1" MOLEX 22-29-2041 BA 2
J13 604087 PLUG PCB 8 WAY .1° MOLEX 22-29-2081 FA 1
J17 604086 PLUG PCB 12-WAY .1" MOLEX 22-29-2121 ZhA 2
J18 604087 PLUG PCB & WAY .1° HOLEX 22-29-2081 EA -
J19 604086 PLUG PCB 12-WAY 1" MOLEX 22-29-2121 EA -
J20° 604031 PLUG PCB 4-WaY .1" MOLEX 22-29-2041 EA -
J25 504075 PLUG PCB 6-WAY .1° MOLEX 22-29-2061 EA )
J30 604087 PLUG PCB 8 WAY .1V HOLEX 22-29-2081 EA -
J31 400899~1  ASSY RIBBON CABLE 4600 DATRON SEE DRG EA )
§102 700061 SWITCH 1P C/0 SCHADOW SRL BLACK/RED EA 2
5103 700061 SWITCIE 1P C/C SCHADOW SRL BLACK/RED EA -
F101 920084 FUSE 504mA 230V 20mm SLOW BLOW BELLING LEE L2080A/.500 FA 1
410410-B  PCB FRONT SEE DRG EA |
420098 LABEL SERIAL/ASSY No. RS 554-793 EA 1
420112-1  LABBEL SSD WARNING 12 X 12mm SEE DRG Y €l
512006 WIRE 7/.3 PTFE 1KV BLK BSG210 TYPE C AR 1
512111 WIRE 7/.2 PTFE 1KV BRN B5G210 YRR ¢ AR 1
512222 WIRE 7/.2 STFE 1XV RED BSG210 TYPE C AR 1
$12666 WIRE 7/.2 PTFE 1KV BLU PSG210 TYPE C AR 1
590001 SLEEVE NP 1.5 X 20MM BLK WELLERMANN His gA 2
605052 HOUSING B WAY .1" HOLEX 6471 SERISS 22-01-30 FA 1
605057 GRIMP TERMIMAL GD PL MOLEX 08-56-0120 EA 4
611011 SCREW M2.5 X & POLIPAMN SZP EA 2
DATRON IHSTRUMENTS LTD  PARTS LIST 16-Mar-89 DESC: ASSY PCB FRONT 4600 DRG NO: LP400792-1 REV: 2 PAGE 1™ 2
DESIG PART NO  DESCRIPTION PRINC MANUF HANUF PART NUMBER  CLASS UM QUAHTITY CIIANGES
613012 WASHER M2.5 Szp BA 2
613014 @RSHER M2.5 INT. GHAKP. EA 2
615006 NUT M2.5 FULL SZP EA 2
630243 BEAD GLASS 2.4 X 0.81 X 1.8 MANSOL (PREFORMS) LT M33638/3 EA 10
630309 WIRE SADDLE PCB MOUNT RICKOO HS-A-2-01 1
700063 SWITCH 2P 2POSH ROCKER PLESSEY 408/1/36521/110 A EA 1
920126 FUSE HOLDER PCB 20MM BELLING LEE L1426 BA 1

End



,rrl\\k

\_/

— W L/




OVERALL CABLE LENGTH = 1500 mm
10 10
% BCREEN TO BE |
SRIP 23 | 560009) UN-BRAIDED L35 STRIP
‘— : - BOTH ENDS . \
‘ [ ¢ - ' SEE NOTE
* SEE NOTE =GNy % % SEE
= 7 -
GREEN £ YELLOW WIRES ARE NOT REGUIEED
CUT OFF AT THIS FOINT AT BOTH ENLS.,
(520055)
G xBmm 5%55 3
@K Smm
PLUG INSERT SCREEN BRAID PULED SCREEN BRAID PULLED SOCKET INSERT
\ BACK OVER COLLET,

BACK OVER COLLET

=z { ] g
ShsS i T
m f }f & lina w e
: - - ,
PLUG ASSEMBLY SOCKET ASSEMBLY
(604097 ) 05182
* NOTE
ENSURE COLLET & COLLET NUT ARE
WHITE EITTED TO CABLE DEFORE SIRIPPING WHITE
DUTER S RED BLACK
BROWN BLUE BROWN BLUE
VIOLET VIOLET
YIEW ON SOLDER PINS VIEW ON SOLDER FINS
OF PLUG INSERT

OF SOCKET INSERT.

4600

ANALOG BUS CABLE ASSEMBLY
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Drawing No. DA400843  Sheet 1
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NOTE

CABLE 19 MANUFACTURED WITH RIBBON
WIRES BT SEPERATED ( SDmm ON 60w
CENTLES). ENSURE THIS FORTION [UES
NOT HAVE WIEES SEFFRATED, CUT BACK.

OVERALL CABLE LENGTH APABHX [5m

5|

CABLE UNTIL SINTABLE ALEA 1S FOUND.

PLUG PiN N

4600

INSTRUMENTS
© Datron Instruments 1988

0228

TYPICAL BOTH ENDS OF CABLE

RED STRIPE

Il

Q
m%
o

W

INSERT RIBRON CABLE INTO PLUG
To EDGE OF FLATTIC RETAINER CuP
AND PRESS PARTS TOGETHER .

TYPICAL BOTH ENDS OF CABLE

DIGITAL BUS CABLE ASSEMBLY

.\"‘-/Z,
— e

USE ZwnD LARGEST CABLE SLEEVE.

FOLD BACK BRMD SCREEN &
CUT-OFF FoIl. .

ELECTRICAL INSULATION TAPE
TO PREYENT SHORT CIRCOIT OF
RiBBON END®, CUT TO
PEmra X [Bwim.

Drawing No. DA400852

Sheet 1

e

PLUG ASSEMBLY TYPICAL FOR
BOTH ENDS OF CABLE.

2 PLUG SHELL ASSY.









OVERALL CABLE LENGTH = 1250 mm

125 mm OUTER SHEATH 1000 mm REF:

B mm
T 550008
| " | | / /
= ]
2 ,

TYPICAL BOTH ENDS OF CABLE

BROWN t
: BROWN
=T -

BLUE
=T @;ﬁj

BLUE 9 162
m REMOVE SCREWS 6 SOLDER CABLES
INTO PLLGS.

TYPICAL BOTH ENDS OF CABLE

HEAT SHRINYK SLEEVE

e —]

/ |

OVERALL CABLE LENGTH = 1250 mm

__J Bram
530555
e==Com (o )= ¥ 7
h ’ EARTHING LEAD
GREEN : \ =
-z REMOVE SCREW € SOLDER CABLE

INTO PLUG .

TYPICAL BOMH ENDS OF CABLE
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o 4600 OUTPUT LEAD KIT

Draw:ng No. DA400B53  Shest 1
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Sales and Service

WAVETEK

Wavetek Calibration Division Sales and Service Representatives Worldwide

ARGENTINA
Reycom Electronica SA
B de trigoyen 972 2DO Piso C,
1304 Buenos Aires
Tal: 54 1304 2018
Telex: -—-
Fax: 54 1304 2010

AUSTRALIA
Scientific Devices Pty. Ltd
PO Box 63, 2 Jacks Road,
South Oakleigh, Victoria 3167
Tet: 61 3 579 3622
Telex: AA32724
Fax: 613 5790971

AUSTRIA
Walter Rekirsch, und Co.
Vertriebs KG, Obachgasse 28, 1220 Wien
Tal: 43 1 2597270
Talex: -----
Fax: 43 1 269 7275

BELGIUM
Air-Parts International B. V.
Avemie Huart-Hamoirlaan 1,
Box 34, 1030 Bruxelles
Tei: 322 241 6480
Tetex: —---
Fax: 32 2 241 8130

BOLIVIA
Eleetronic Marconi SRL
Colle Yanacocha 337,
Cajon Postal 143, La Paz
Tel: 5312352574
Telex; -----
Fax: 581 2 314 540

BRAZIL
Sistronics Instruynentacao
E Sistemas
Av. Alfredo Egidio de Souza Aranha
75 3/4 Andares, Santo Antonio,
04726-170 Sao Paolo
Tel: 55 11 247 5588
Telex: 551157155 SNCS
Fax: 6511 523 8457

CHILE
Avantec Ltda
PO Box 1087
Fidel Oteiza 1921 - Of 1106
Providencia - Santiago
Tor: 56 2 341 1021
Tolox: --o--

Fax: 56 2 341 1020

CHINA
Wavetek Corporation;
Beijing Representative Office.
27/F Room GH, CITIC Building,
19 Jianguomenwai Dajic,

Beijing 100004
Teoi: 861 500 2255 Ext. 2768
Telex: -----

Fax: 861 500 8199

CHINA (Service Only)
Tianjin Zhong Huan
Scientific Instrumenis Corp.
No. 59 Zhao jia Chang Street,
Hong Qiao Section, Tianjin
Tel: 763732

‘Telex: -+
Fax: 22 252 625

DENMARK
Instrutek-Periferi A/S,
Christiansholmsgade

8700 Horsens
Tel: 4575 611 100
Telex: ---—-

Fax: 4575615858

EASTERN EUROPE
Wavetek GmbH
Meidlinger,
Hauptstrale 46,
A-1120 Wien,

Austria

Tei: 43 1 §13 5628
Telex: ---

Fax: 43 1813 2426

EGYPT & MIDDLE EAST
Shimco Engineering Consultants
8, Abani Pasha Street,

Zizinia, Alexandria
Tel: 20 3 5B6 4999
Telex: --—

Fax: 20 3 586 8200

FINLAND

Scandia Metric Group
PO Box 4, Rithitonuntie 2
FIN-02201 Espoo

Tel: 3580 423 911
Talex: --—-

Fax: 358 0 426 967

FRANCE
M. B. Electronigue
606 Rue Fourny-BP31, Z.1. de Buc,
78533 BUC CEDEX
Tel: 33139568t 31
Telex; B42 895414
Fax: 33139565344

GERMANY
WAVETEK GmbH
Gutenbergstralie 2-4,
D-85737 Ismaning
Tel: 49-89-99641-0
Fax: 49-89-99641-160

GREECE

American Technical
Enterprises SA
PO Box 3156
Agiou Koistuntinou 39,
Athens 10210.
Tat: 30 1 524 0620

30 1 524 0740
Telex: 863 216048 ATE GR
Fax: 30 1 524 8995

HONG KCNG
Wavetek Asia Pacific Sales Office
Room 3A, HKPC Building,
78 Tat Chee Avenue,
Kowloon, Hong Kong
Ted: 652 788 6221

Telex: -—-
Fax: a52 788 6220
HONG KONG

Euro Tech (Far East) Ltd
18/F., Gee Chang Hong Centre,
65 Wong Chuk Hang Road,
Hong Kong

Tel: 852 814 0311

Tafex: 780 72449 EFELD HX
Fax: 852 B73 5974

INDIA
Technical Trade Links

+ Deodahar Centre,
424 Marol Maroshi Road,
Andhert (East), Bombay 400 059
Tel: 91 22 832 2412

91 22 834 2204

Telex: (01195379261 TTLIN
Fex: 91228376719

¢« Flat B, 2nd Floor, Ashoka Centre, 4E/15,
Jhandewalan Exin.,
New Delhi - 110 055
Tel: 9111 762 7277
Telex: 953 031 61614 APLB IN
Fax: 91 11 752 6036

INDONESIA
C. V. Schmidt Mitrs Indonesia
Delta Bidg., Block A, No. 30,
JL Suryo Pranoto No 1-9,
Jakarta 10160.
Tet 62 21 380 7845
Telex: 796 46729 SCHMIDIA
Fax: 62 21 380 7847

IRELAND
Euro Electronic Systems
Unit 1, Sandyford Park,
Sandyford Ind. Fst., Dubiin i8.
Tof: 383 12 952 326
Telex: --—-
Fax: 353 12 952 246

ISRAEL
DAN-EL Technologies Ltd.
PO Box 13144, Office 60,
Tel-Aviv 61131.
Tel: 972 3 847 6770
Tolex: 342105
Fax: 972 3 847 8771

ITALY
DELO Ihstruntents
Via Piemonte 14
20090 Fizzorasco Pieve E,
Milano
Tet: 382 907 22441
Telex; ----
Fax: 39 2 807 22742

wA1



Sales and Service

JAPAN
Yokogawa Electric Corporation
Kofu General Business Division”
155 Takamuro-Cho
Kofu-Shi, Yamanashi-Ken 400
Yel: 0552 43 0332
Telox: ---—-
Fax: 0552 43 0339

KOREA
Myoung Corporation
Yeo Bui Do, PO Box 14, Seoul
Tef: 8227849942
Telex: K 24283 MYOUNG
Fax: 82 2 784 2387

MALAYSIA
Schmidt Scientific SDN BBD
13th Floor, Wisma Mirama,
Jalan Wisma Putra,
P. 0. Box 10592,
50718 Kuala Luspur.
Tel: 60 3 242 7122
Tofex: 30035 SCHMID MA
Fax: 80 3 248 5143

MEXICO
Mexitex, S.A.
Porfirio Diaz. 53, Col. Del Valle,
APDO, Postal 12-1012
Mexico, D.F. 03100
Teal: 526 675 9929
525 5750312
525 575 0269
Telex: 177 3239 MEXIME
Fax: 505 575 9981

MOROCCO
Minhol SA
64 Rue El Mortada,
Casablanca 02.
Tel: 2122255292
Telexx: CC24064
Fax: 2122254532

NETHERLANDS
Air Parts International BV
PO Box 255, Kalkovenweg 12, 2400 AG
Alphen aan den Rijn
Tel: 3111720 43221
Telex: 844 39564
Fax: 31 11720 20651

NEW ZEALAND
G. T.§. Engineering Ltd
S Porters Avenue, Eden Terrace,
PO Box 9613 Newmarket Auckland
Tar: 64 9 309 2464
Tefex: -----
Fax: 64 9 309 2568

NORWAY
Metrie A/S
Scandia Metrie Group
Postboks 46, Holmlia
Nordasvzien 5
N-1201 Oslo 12,
Tet: 47-22-61-1070
Telex: ---
Fax: 47-22-61-7482

PHILIPPINES
Avesco Marketing Corp.
PO Box 3531,
Manila
Tef: 63 2 912 8881
Telex: -
Fax: 6328122999

WHA2

PORTUGAL
Decada SA
Rua Margarida Palla. {1B
Miraflores, 1495 Alges
Lishoa.
Tel: 351 1 410 3420
Telex: 832 15515 ESPBPC
Fax: 3511410 1844

SAUDI ARABIA
Electronic Equipment Marketing Co.
PO Box 3750,
30th Street, Olaya Road
Riyadh (1481,
Tel: 966 1477 1850
Telex: 928 401120 ZUHARSJ
Fax: 966 1 478 5140

SINGAPORE (1)
Wavetel Asia-Pacific Pie Ltd
51 Goidhili Piaza #14-04/05
Singapore 1130
Tel: 65 35€ 2522
Fax:  B5356 2523

SINGAPORE (2)
O'Connor's Singapere Pte Ltd
O'Connor's House,
98, Pasir Panjang Road,
Singapore 0511
Tel: B5 473 7944
Telex: -«
Fax: 65 472 4508

SOUTH AFRICA
Altech Instruments Pty Ltd
PO Box 2097,
Boksburg 1460
Transvaal
Te): 27 11 914 4525
Telex: -—---
Fax. 27 11914 1475

SPAIN
Equipos y Systemas SA
¢/o Apolonio Morales [3B,
28036 Madrid
Tel: 34 1 359 0088
Telex: 42856
Fax: 34 1 359 0298

SWEDEN
Kaliber AB
Maliesholmvigen 136,
Box 4443 §-165 5 Hasselby
Stockholm

Tel: 010 468 380 350
Telex: -----

Fax: 010 468 380 320

SWITZERLAND
Computer Contrpis AG
Probusweg 2, CH-8057 Zurich
Tel: 41312130616
Telex: -
Fax: 411 313 0622

TAIWAN
Quatek Co., Ltd.
3cd FL, Spring Plaza, 6,
Section 3,
Min Chuan E. Road.,
Taiwan, R.O.C.
Tel: 886 2 501 7065
Telex: -----
Fax: 886 2 509 5329

THAILAND
Trane Internatiopal Co. Ltd
13 Soi Krungthonburi 4
Krungthonburi Road, Kiongsan,
PO Box 6-49 BKK,
10600 Thailand.
Tel: 662 438 0038
Tofex: -
Fax: 682 438 6098

TURKEY
Turkelek
Hatay Sokak 8
06650 Ankara,
Tel: 90 212 418 9483
Telex: -~
Fax: 90 312 417 5529

UNITED KINGDOM
Wavetek Calibratign Division
52 Humicane Way,
Norwich Airporr,
Norwich, Norfolk NRG 6JB, England
Tol: 44 1803.404 824
Yelax; 851 975173
Fax: 44 1603 483 670

UNITED STATES of AMERICA
» Wavetek Calibration Division (Service
Only): c/o Wavetek Communicuatlon
Division
5808 Churchman Bypass,
Indianapolis, IN 46203
Tel: 317 788 5960
Telox: 810 341 3226
Fax: 317 788 53888

» Wavetek Eastern Area Sales
35 Pinelawn Road, Suite 209W,
Melville, NY 11747
Tel: 516 454 844D
Telex: -----

Fax: 516 454 8446

» Wavetek Western Area
Sales & Service
91435 Balboa Avenue,
San Diego, CA 92123
Tol: 619 279 2200
Tolax: --—
Fax: 619 450 0325

VENEZUELA
Onimex C.A.
2 Avenue Entre,
3 & 4 Transversal,
Los Palos Grandes,
Apartado Postal 61421
Caracas 1062,
Tel 58 2 285 8641
Telex: -
Fax: 58 2 285 8417

For customers in countriea not {isted, pleass
contact WAVETEK CALIBRATION DIVISION In
the United Kingdom:

Wavetek Calibration Division

52 Hurmicane Way,

Norwich Airport,

Notwich, Norfolk NR6 6JB, England
Tel: 44 1603 404 824

Telex: B51 375173

Fax: 44 1603 483 670




DATRON INSTRUMENTS FAILURE REPCRT.
Please complete all sections and return with your instrument.

COMPAITY . «oneeeerreerceesrbecbaessns smrsms s b e s e s h e oAb ae chnasboms s Ab s AR e sa e s en s aem s e e b s e aR e st bansbab b e bban e n b e nacares
DIVISION ...t Department/Mail SIOP ....cc.oocivvcmrn e r e
User, NEMe: .......cccovvcverivririeeeccininens Telophone .....ccovcveeereevecrccctirecnnns [ S54SR
SEFIAl NMUMBBT ..ot r e rr e e e e s bbeas e ssas s aanraammaaseeeervessenassns
Datron Return Authorisation number ..........c.ccoveeeininieae Date of failure.......... reeimerrenanaas
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Fault details:
is the fault present on all ranges? Yes | | No E Not Applicable

is the fault present on all functions? Yes | No E Not Applicable I:]
is the fauit:  Permanent C] Intermittent C]
it intermittent under what conditions does the fauilt re-appear ........cccccooeecmrecvvrccervereen .

Does the instrument pass ‘self test?' Yes No D
Any fail/error message displayad:

Now: Yes No if yes describe ..o

At the time of fauit: Yes | No |:|

if Y85 GESCHDO ..ot e e e b s s e e e

Prior to fault: Yes E No

I YOS ABSGHDO ...t e b s e bt aa s b enns

Is the instrument used on LE.E.E 488 bus? Yos No
Is the instrument normally enclosed in arack? Yes No
Approximate ambient teMPErature ..o et e een




TERMS AND CONDITIONS OF SALE

1, GENERAL

The acceptance of a quotation, of any goods supplied, adyice given or service
rendered includes the acceptance of the followlng terms and conditions and na
variation of or additon to the same shall be binding upon us unless expressly
agread in wriling by us. Any order shalil be subject to our written acceptance.

2. QUOTATION

Unless previously withdrawn our quatation is open to acceptance in wriling within
the period stated or where no period is stated within thirty {30) days alter its dale.
We reserve the right to comrect any errors or omiseions in our quotation. Unless
otherwise stated all quorations are firm and fixed. The prices quoted are based on
manufacture of the quantity and type ordered and aré subject to révision when
interruptions, engineering changes or changes in quantity ace caused or requested
hy the customear,

3. LIABILITY FOR DELAY

Any delivery imes quoted are from the date of our written acceptance of any order
and on receipt of all Information and drawings 1o enable us to putthe work in hand.
Where dellvery is to take place by Instalments eachsuch instalment sr@II constitule
a separate contract. We will use our best endeavours 1 complete delivery of the
goods or sarvices in the pariod stated bul accept no liability in damages or
otherwise for faifure to do so for any cause whatsoever. In all cases of delay the
dalivery time shall be extended by reascnable perlod having regard to the cause
of delay.

4. PAYMENT

Payment shall be made net cash within thirty (30) days of delivery or in accordance -

with the payment torms set out In the quotation. Uniesa spedifically stated 1o the
contrary payment shall be in pounds steding. In the event of any payment 1o us
being overdue we may without prejudica to any other right suspend delivery to you
or terminate the contract and/or charge you simple intereston overdue amounts at
the rate of 2.5% above the ruling Bank of England Minimum Lending Rate. No
payment to us shall in any clrcumstance be ofiset against any sum owing by us 1
you whathér in réspect 6f the prasant transaction or otherwise,

&. INSFECTION & TEST

Ali goods are fully inspaclad at aur works and where practicable subjected to our
standard tests before despatch. 1f tesis are regquired to be withessed by your
representative notica of ifs mustbe given atthe time of placing the order and nolice
of readiness will then be given 1o you seven (7) days in advance of such tests being
carried cul. In the event of of any detay on your past in attending such tests or in
carrying outinspection by you after saven (7) days notice of readiness the leats wil!
proceed inyour absanca and shall be deemed to have been made in your présence
and the ingpection deemead to have been made by you. in &ny event you shall be
requirad promptly after withessing a test or recelving les? results of witnessed.or
unwimessed tests to notify us In wriling of any dalmed defects in the goods or of
any respect In which itis claimed that the goods do not conform with the cantract.
Befora you become entitiad ta rejoct any goods we are to be given reasonahle time
and opportunity to rectfy them. You assume the responsibility that the goods
stipulaled by you are sufficlent and suitable for your purpose arid take all steps to
ensure that the goods will be safe and without risk to health when propery used,
Any additional certification demanded may incur extra cost for which a special
quotation will be 1ssued.

6. DELIVERY AND PACKING

All shipments are, unless otherwise spedifically provided, Ex-works which is the
address given ontha invoice. An additional charge will be mada for casriage and
insurance as necessary with the provision that all shipments shall be insured ang
this insurance expansa shall be paid by the purchaser. Where gpacial domestic o
export packing Is specified a charge will be made to cover the exrra expense
Iinvolved.

7. DAMAGE IN TRANSIT :

Claims for damage In transit or loas in defivery of the goods will enly be considered
[Fthe carriers and ourselvas receive notice of such damage within seven (7) days
of dalivery or It the event of Ioss of gooids in ransit within fourteen (14) days of
GOﬂSIgnmenL

8. TRANSFER OF PROPERTY & RISK

Tide and propay of the goods shall pass when full payment has been receivad of
all sums due to us whether In respect of the present transaction or not. Tha rigk in
the: goods shall be deemed to have passed on delivery.

9. WARRANTY

We agiree to corract, sither by repalr, or atour election, by replacement, any defects
of material or workmanship which deyelop within the warranty period specified in
the sales literature or quatation after delivery to the original purchaser. All items
claimed defectiva mustbe promptly raturned to us carriage paid unless atherwise
arranged and wili be returned to you free of charga. Unlass otherwise agreed no
warranly is made concerning Componants o accessaries not manufactured by us,
Wa will be released from al obligations undar warranty in the event of repairs or
modifications made by pareans ether than our own authorised service persannal
unless such repairs are made with eur prior written consent.

10. PATENTS

We will indemnify you againgt any claim of Infringement of Letters Patent,
Registered Dasign, Trade Mark or Copyright (published at the date of the contract)
by the use or sale of any goeds supplied.or service rendered by us to you and
againstall costs and darnages which you may incur and for which you may become
liable in any action for such infringement. Provided always that this indemnity shat
not apply t any infringement which Is due 1o our having followed a design or
instruction furnished or given by you or 1o the ugé of such goods or service In
agsodation or combination with any other article, material or service not supplied
by us. ThisIndemnity is conditional on your giving to us the earliest possible potice
In writing of any claim belng made or action threatened or brought againat you and
on your panmitting us at eur owri expenge to conduct litgation that may ensue and
alinegotiations for a settement of the daim or actlon. You onyour partwarrant ihat
any designorinatruction fumnished or given by you shall not causs us to infringe any
Letlar Patent, Registered Design, Trade Mark or Copyright In the execution oi your
ordor.

11: DOCUMENTATION

All drawings, plans, designs, software specifications, manuals and technical
documents and information supplied by us for your use or information shafl remain
at all imes our exclusive property and mustnot be copied, reproduced, transmitted
or communlcated o a third party without our prior writen consent.

12. FRUSTRATION

I any cantractor any partof it sha!t become impassibie of performance or otherwise
frustrated we shall ba entiled to a fair and reasanable proportion of the prics In
respoct of the work done up ¢ the date thereof. For this purpase any monies
previpusly paid by you shall be retalinad against the sum due to us under this
pravigion. We may dispose of the gocds as we think fit due allowance being made
to you tor the net praceads thereof.

13. BANKRUPTCY.

It the purchaser shall become bankrupt or Insolvent, of being a Limited Gompany
commence to be wound up or suffer a Recsiver to be appointed, we shall be at
lIberiy to treat the contract as terminated and be relieved of funtherobligatons. This
shall be without prejudice to oyr right 1o ¢laim for damages for breach of contract.

14. LEGAL INTERPRETATION

Any contact will be deemed to ba made in England and shall ba governed and
consirued for all purposes and in all respects in accordance with English Law and
only the Courts of England shall have jurisdiction.
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