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DANGER
INSTRUMENT DAMAGE

INPUT Terminals
This Instrument can be 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, betwee-n the
I· terminal and the INPUT Ground terminal (Chassis).

. INPUT terminals are sensitive
to over-voltage

It can damage
instrument!

DO NOT EXCEED
the INPUT or OUTPUT terminal

specifications
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Section 1 - Introduction and General Description

SECTION 1
The 4600 Autocal Transconductance Amplifier

)

-)

Introduction

The 4600 complements the 4700 compatible series ofcalibrators,
providing a m.eans of increasing their range ofDC and AC current
outpul~ uptoamaximumofl1 Amps. Thisenables the 4708,4700
and 4705 calibrators to cover the full calibration requirements of
Inany types ofhand-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' transconductance amplifier, taking as its
reference the output from 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 fitted 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: 'SLAVB' , in which
the 4600 and a compatible 4700-series calibrator are connectc.d
together to 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 1 - Introduction and General Description

Accessories

The instrument is supplied with the following accessories:

Description Part Number

Power Cable 920012
Hexagon Key 2mm A/F 630101
Hexagon Key 2.5mm A/F 630109
Power 2.5A Fuse (230V) 920209
Power 5.0A Fuse (115V) 920211
User's Handbook 850243
(The User's Handbook also contains the information which would
normally appear in a Calibration and Servicing Handbook).

In addition, the following optional accessories are available for
use \vith the 4600 instrument:

Description

Rackrv10unting Kit (Option 90)
Current Output Lead Kit
'Slave' Interconnector Kit
1501· De Luxe Lead Kit

Additional Documentation

Part Number

440063
440154
440151
440070

This User's Handbook contains all information necessary to
operate, calibrate and maintain the model 4600; including the
4700-series calibrator settings and connections when used in
'Slave' mode.

For use in 'Solo' mode, users should refer to the manufacturer's
handbook for t~e operating instructions of the calibrator to be
elnployed as voltage reference.
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Section 1 - Introduction and General Description

Principles of Operation
The simplified functional diagram in Fig. ·1.1 shows how the instrument achieves its basic functions.

rO (To 4600
~ Input Ground)

OUTPUT Load

Hi

4600 Digital
Control Circuitry

and Detectors

Lo

1+
Calibrator Hi

Lo

1-
(Local Guard

forAe) Gu

.Reference
Voltage

FIG. 1.1 SIMPLIFIED FUNCTIONAL DIAGRAM

Basics

DC Action
The DC Calibrator output voltage should be delivered via four­
wire sensed connection; either to ·the two front panel INPUT
terminals in Solomodetorvia the rearpanel analog bus connector
in Slave mode,~ Two-wire connection can be used in Solo modet
but the voltage arrivingat the4600·input terminals will beaffected
by the resistance of the connector leads.

AC Action
The basic action remains the same as for DC, but the effects of
frequency need to be taken into account. When a high AC Current
is beingdelivered to a load, the self-inductance ofthe output leads
takes on greater significance - some If..lH for a typical single lead
oft saYt 30mn resistance. So for iOA at 5kHz the RMS voltage
across a single lead can exceed 0.4V.

The differential amplifier acts as a buffer to maximize common­
moderejection, the gain from the input terminals to the inputofthe
voltage-to-current converter (Current Source) being controlled
by the InputAttenuatorand thedifferential amplifiergain. In Solo
mode this is also affected by the trimpot in the attenuator.

The current output to the load is sensed by a series resistor. This
takes all the load current, and provides the sense voltage which
feeds back negatively to control the transconductance of the
Current Source.

When calibrating a high-current range ofadigital multimetert the
load wouldbe an internal shunt which themultimeter uses to sense
its input current - typically of the order of 10mn.

To minimize the common-mode voltage presentedto the load, an
external connection needs to be made between load Lo and 4600
ground. This transfers the voltage into the 4600 at common-2t
removing the problem from the load. The common-mode voltage
also appears at common-l t and on all of the 4600 analog circuit.
The Load Lo/Input Ground lead also improves D.C operation.

The effect is to present an equivalent common-mode voltage at
the INPUT Lo terminal, but the differential amplifier is designed
to reject common mode at its input by a ratio of 80dB minimum,
and provided that the calibrator is placed in Local Guard, with its
Guard connected to the 4600 Ground, common-mode transfer to
the calibrator is avoided. The effects of the common-mode on the
sensitive circuits of the 4600 are guarded out.
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Section 1 - Introduction and General Description

Fundamental Operating Modes
(In the following text, '4700' represents any of the three models in the range: 4700, 4705 or 4708).

SLAVE Mode

Interconnections (See diagrams in Section 2)
Two interconnecting cables are required to link the 4600 to a
4700-series calibrator. The optional-accessory lead kit (part
Number 440151) provides these two connectors:

• A special shielded 6-wayLEMO cable transfers the reference
voltagefromthe47oorearpaneIJ56tothe4600rearpaneIJ66,
one line being an 'Analog Bus On' link.

• A l5-way D-type connector provides the necessary digital
control lines between 4700 rear panel J54 and 4600 rear panel
J54. This includes a 'Digital Bus On' link.

Ifeither of the two 4600/4700 connectors is not present, the 4600
reverts to 'Solo' mode, and the message 'Error 9' appears on the
470(J Mode display when its lOA range is selected~

The currentoutput lead kit (optional accessory - Part No. 440154)
can be used for connection from the 4600 OUTPUT terminals to
the current output load. A single banana' lead, is required to
connect the load Lo to the 4600 INPUT Ground terminal.

Analog Operation
The 47oo's lOA range key is enabled, generating a reference
voltage between OV and 11V, at the analog outputconnector on
its rear panel. This voltage is fed via the special6-way cable into
a connector on the rear panel of the 4600, to be converted into a
current 'which passes out of the 4600 front panel I+ and I­
OUTPUT terminals. The nonnal 4700 output terminals are
isolated when the lOA range is selected (and vice-versa).

Local Control (Refer to Section 3)
The 4600 is activated from the 4700 front panel. This is done by
selecting either DC or AC, and FUNCTION I, with RANGE 10, the
4600 output current being adjusted by operating ·the 4700
OUTPUT ...... keys.

Slavemode allows the 4600 output to be switchedon andoffusing
the appropriate 4700 front-panel keys, but does not prevent the
4600 front panel keys being used for the same purpose. Control
is transferred to the 4600 using digital signals, which are carried
between the two units by the D-type connector cable~

Note that ifeither the control or analog connector is removed, the
4600 automatically defaults to Solo mode.

1-4

Remote Control via the IEEE 488 Interface
(Refer to Section 3)
When the 4700 is programmed"into DCI or ACI function, it
responds to IEEE 488 bus command R6 to call up the lOA range,
which operates in exactly the same manneras described above for
manual control.

Calibration (Refer to Section 5)
The entire AUTOCAL operation is controlledfrom the 4700, all
thecalibrationconstantsbeingstoredwithin the4700non-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. A label on the front of the
instrument identifies the serial number of the 4700-series
calibrator with which the 4600 was calibrated in Slave mode at
manufacture.

Self Test (Refer to Sections 3 and 6)
Pressing the Test key on the 4700 automatically checks both the
4700 and the4600. This is 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
the4700displayas wellasby the indicatorLEDs on the4600 front
panel. Output turns Off when appropriate.

Specification Readout (Refer to Section 3)
Thespecification andcalibration uncertainties, associated with an
individual 4600, are held in the non-volatile memory of the
individual 4700 with which it was calibrated. Spec'mode on that
4700 retrieves and displays. the appropriate uncertainties
associated with the lOA range when connected to that 4600.



SOLO Mode

Interconnections (Refer to Section 2)
The current output lead kit (optional accessory - Part Number
440154) can be used for connection from the 4600 to the current
output load.

Analog Operation
The reference voltage is fed into Hi and Lo INPUT terminals on
the front of the 4600, to be converted into a current which passes
out of the 4600 front panel 1+ and 1- OUTPUT terminals. The
transfer characteristic is 1 amp per volt.

Local Control (Refer to Section 3)
The 4600 output is controlled by the value of its input voltage, its
output being switched On and Off by its own front-panel keys.

No Remote Control
No provision is made for remote operation in Solo mode. For
programmable remote operation, it should be connected in Slave
mode to a compatible 4700-series calibrator.

Calibration (Refer to Section 5)
This is achieved by simple mechanical adjustments of internal
trimpots and trimmer capacitors. These are used instead of
Autocal corrections only when the 4600 is not slaved to a
compatible 4700 series calibrator, being bypassed in Slave mode.

Self Test (Refer to Section 3)
Error conditions such as overload (overcompliance), input
overdriveandovertemperatureare reportedby the indicatorLEDs
01\ the 4600 front panel. All error conditions cause the Output to
turn Off.

Section 1 - Introduction and General Description
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Section 2 - Installation

SECTION 2
Installation
This section contains information and instructions for unpacking and installing the Datron 4600 Autocal Transconductance Amplifier.
Thc layouts of the instrument front and rear panels can be found in Section 3.

Unpacking and Inspection
Every care is takcn in the choice ofpacking material to ensure that
your equipment will reach you in perfect condition. If the
equipment has been subject to excessive handling in transit, the
fact will probably bc visible as external damage to the shipping
carton. In the event of damage, the shipping container and
cllshioning material should be kept for the carrier's inspection.

Unpack the equipment and check for external damage to the case,
sockets, keys etc. If damage is found notify the carrier and your
sales representative immediately.

Standard accessories supplied with the instrument should be as
described in Section I.

To Reselect the Operating Voltage
• FIRST ensure that the POWER CABLE is removed.
• Slide the window to the left to reveal the fuse and voltage

selector PC board.
• Draw the fuse extractor to the left, and remove the fuse.
• Remove the selectorPCB androtate it until the desired voltage

is presented on the left of the upper surface.

Illiii*~\1:i::::~·liii~ili:i:ii~:iili:i:1
CHECK 220 00 I 3sn~FUSE ~ ~~3HQ

liilit\11i~i~:im.

CHECK 120 .0....7 3Sn:f
FUSE y~ ~~3H~

Preparation for Operation
Power Input
The reccssedPOWER INPUT plug, POWER FUSE and LINE
VOLTAGE SELECTOR are containedin an integral moduleon the
rear panel.

The protective window allows the fuse rating and line voltage
selcctor to be inspected with the power cable connected. This
window slides to the left once the cable socket has been
disconnected, for access to the fuse and voltage selector printed
circuit board.

• Re-insert the selector PCB firmly into the module slot. The
desired voltage is visible in the cutout below the fuse.

• Return the fuse extractor to the normal position.
• Insert the appropriate POWER FUSE (see below).
• Slide the window to the right and insert the POWER CABLE.

Power Cable
The detachable supply cable comprises two metres of3-corePVC
sheath cable permanently moulded to a fully-shrouded 3-pin cable
socket. It fits into the POWER INPUT plug recess, and should be
pushed firmly home.

The supply lead should be connected to a grounded outlet
ensuring that the Ground lead is connected. Connect Brown lead
to Line, Blue lead to Neutral, and Green/Yellow lead to Ground.

Line Voltage
The 4600 is operative within the line voltage ranges 100/120/220/
240 volts ±10%, at 50Hz or 60Hz. To accommoda~ethe ranges, '
a slnall selector PC board is housed beneath the POWER FUSE.

Power Fuse
The fuse is located behind the window in the POWER INPUT
module on the rear panel. It should be of the 'fastblow' type. Its
rating is dependent on the supply voltage:

for 200/260V line supply - 2.5A,
for lOO/130V line supply - 5.0A.

MAKE SURE THAT ONLY FUSES WITH THE REQUIRED
RATED CURRENT AND OF THE SPECIFIED TYPE ARE
INSERTED AS REPLACEMENTS.

AVOID THE USE OF MENDED FUSES AND DO NOT
SHORT-CIRCUITTHE FUSE HOLDER. SUCHPRACTICES
WILL RENDER THE WARRANTY VOID.
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Section 2 - Installation

Preparation for Operation (contd.)

Mounting

Bench Mounting #

The instrument is fitted with rubber-soled plastic feet It is
intended to stand flat on a bench or on top of a 4700-series
calibrator, positioned so that the cooling-air inlet and exhaust
apertures are not obstructed. It is recommended that at least 30cm
(12 inches) of free space is at the rear.

Rack Mounting
Option 90 permits the instrument to be mounted in a standard 19
inch rack. The method of fitting this option is described below.

N~B. The top or bottom cover should not be removed for this
purpose.

Procedure

1. Remove the handles, if fitted, by loosening the hexagonal
screws of the handle assembly and sliding the assembly to the
rear until free of the instrument.

2. Slot the rack mounting 'ears' into the guides at each side of the
instrument, from the rear.

3. Draw the cars forward until positioned correctly. Tighten the
hexagonal screws, using the hexagonal key provided.

It is rccoinmcnded that the rear of the instrunlent be supported in
the rack.



Connectors and Pin Designations
Section 2 - Installation

Front Terminals

Input Terminals
Three 4mlTI 'banana' terminals arefitted in the INPUT field on the
left of the front paneL Their functions are as follows:

Hi

Lo

..L-

Voltage Input - High

Voltage Input - Low

Input Ground

J66 Slave Analog Connector (rear panel)
When slaved to a 4700-series calibrator, a 6-way 'LEMO' 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 to 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 the4600 that the connection
is broken.

Output Terminals
Two 4mm 'banana' terminals are fitted in tl:e OUTPUT field of
the front panel. Their functions are as follows:

1+ Current Output Source

1- Current Output Sink

Two keyways locate the cable connector socket into J66, and a red
spoton the cable should be lined up with a similar spoton the4600
rear panel plug. Once located, the cable is secured by pushing the
socket frrmly home into the rear panel plug. It is removed by
sliding the knurled ferrule away from the plug to release the
securing mechanism, then continuing to pull to remove the socket.

Pin Layout and Designations

J54 Slave Digital Connector (rear panel)
A I5-way cable provides .the necessary digital control lines
between J54 on the rear panel ofthe4700-series calibratorandJ54
on the 4600 rear panel. The cable (also part ofoptional accessory
lead kit: part no. 440151) is terminated at each end by aD-type
connector. At the 4600 end the cable socket is secured to the rear
panel plug by two screws. Pin 9 carries the IDIGBUSON_H
signal, which indicates if the cable is disconnected at either end,
informing the 4600 that the connection is broken.

Guard ---"t-~.:.

1-

Hi

/Red Spot

•
~'7'-t--~= Keyways

Lo

Pin Layout
Pin Designation.. ~~~~~~~:>:::.

Pin Name Function
--

1 SHIELD Case Ground
2 OV_6 Digital Common
3 IWR_R Write Strobe (Rising Edge)
4 OV_6 Digital Common
5 OV_6 Digital Common
6 / ICAL_RST-.:t Not used on 4600
7 I'A_H_D_L Address/Data on ADO-AD4
8 JRD L Read Strobe (Active Low)

I -

9 IDIGBUSON_H +5V (5k) when 4700 is on.
10 OV_6 Digital Common
11 IADO -
12 IAD1 Si-directional Address/Data
13 IAD2 Lines, controlled by Strobes and
14 IAD3 IA_H_D_L
15 IAD4 -

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:

Connector Calibrator End 4600 End

Digital Bus Shrouded D-type Shrouded D-type
(15-way) plug, fitting J54 socket, fitting J54

socket. plug.
--

Analog Bus Push-fit LEMO Push-fit LEMO
(6-way) plug, fitting J56 plug, fitting J66

socket. socket.
i
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SECTION 3
Using the 4600

Section 3.- Using.the 4600

Front Panel Features

Overdrive:
Red LED lights and

output is turned off if
analog input voltage

is excessive.

Overload:
Red LED lights and
output is turned off

if output voltage
becomes excessive.

Overtemp:
Red LED lights

if analog circuits
overheat. Output

andSMPS are
turned off.

Solo:
Red LED lights in

Solo mode.

Slave:
If either of the twQ

Slave connectors is
disconnected, the

4600 reverts to
Solo mode.

~ Test:
In Sla~e mode this

red LED lights when
the slaving.4700

enters its Test mode.

Psu:
LED is lit green in
normal operation.

LED lights red if any
in-guard power supply

trips. Output and
SMPS are turned off

~J;r.:'.t.l1
aAVE ume CALIBRATION CH.v VAlID

-':N useo WITH CAlIBRATOR

SERIAl. No. C:=::.=:J

~
ON OFF
OUTPUT

1+ 1-

_. ~.- -OUTPUT

(;)(;)

4600 AUTOCAL
TRANSCONDUCTANCE

AMPURER

\

INPUT

/

ctatron
INSTRUMENTS

Used for Solo only:
Connect Voltage Source in

4-wire. to deliver and sense its
specified output at the 4600
Input Hi and Lo terminals.

Input Ground:
Always connect

to Output 1­
at the load.

Solo and Slave:
2-wire output to load.

For AC current, use short leads,
twisted to reduce self inductance,
as high AC outputcurrents Can

create large induced EMFs.

Solo:
On and Off keys

control 4600 output

Slave:
Either 4600 or 4700

O·n & Off keys can be used
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Section·3-Using the 4600

Rear Panel Features

Cooling Air· Exhaust Vents:
Allow at least 12 inches (30cm)

clear space at rear of instrument.

/1\

'" Fuse

Power Input Module:
Receives the Line Power Input Cable.

The module also contains a power fuse and
voltage-selector PCS behind the sliding panel.

The fuse and selected line voltage can be
inspected through the transparent canter window

3-2

Cooling Air Intake:
Remove and clean filter
.element at intervals of
no greater than 1 year

J54:
15-way D-type plug used to
connect digital control bus

to slaving 4700.

J66:
6-way 'LEMO' plug

used to receive input
voltages from.slaving

4700. Red dot on
analog cable in· lead. kit
440151 aligns with red

dot on J66.base.

".
ANALOG

SLAVEIJP
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Setting Up the 4600

Introduction

The 4600 increases the range of DC and AC current outputs of
4700-series calibrators up to a maximum of 11 Amps, or adds a
nominal lOA .range to other DC or AC voltage calibrators,
converting an inputreference voltageto an outputcurrent 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 (with Option 20
and firmware issue 5 or above) are connected together to perform
as a single integrated system; or 'SOLO', where the 4600 is
controlled mainly from its own front panel, relyingon a calibrator
only for its input reference voltage.

N.B. Compatible 4700-series calibrators are:
Models: 4700, 4707, 4708

(with Option 20 and frrmware issue 5 or above),
or Model: 4705

(with frrmware issue 5 or above).
For the sake of brevity, these are sometimes referred to
as '4700' in this handbook.

Preliminaries

Before using the instrument it is important that it has been
correctly installed as detailed in Section 2.

Limiting Characteristics

The following details are given in Section 4:

Operating and Storage Temperatures
Peak Terminal Voltages
Settling Times

Section 3 - Using the 4600

Safety

The 4600 is designed to be Class 1 equipment as defined in lEe
Publication 348, and UL 1244, concerning safety requirements.

Protection is provided by a direct connection via the power cable
from ground to exposed metal parts and internal ground screens.

The line connection must only be inserted in a socket outlet
provided with a protective ground contact, and continuity of the
ground conductor must be assured between the socket and the
instrument.

WARNING:

ANY INTERRUPTION OF THE' PROTECTIVE GROUND
CONDUCTOR INSIDE OR OUTSIDE THE INSTRUMENT, OR
DISCONNECTION OF THE PROTECTIVE GROUND
TERMINAL, MAY MAKE THE APPARATUS DANGEROU~.

INTENTIONAL INTERRUPTION IS PROHIBITED.

CAUTION:

THE & SYMBOL IS PLACED .ADJACENT TO TERMINALS
THAT ARE SENSITIVE TO OVERVOLTAGE CONDITIONS.
IT IS USED TO REMIND THE USER OF THIS SPECIAL
PRECAUTION.

REFER TO SECTION 6.

3-3



Section .;3 - Using the 4600

Interconnections - General Guidelines

Importance of Correct Connections
Wllen calibrated, .. the .4600 is capable of .providing very high
trapeable accuracy.. To attain this performance, it is necessary to
match the .external circuitry 10 its superior specification. To
ensuretbat external COIlnectionsarem~decorrect1.y,a few general
guidelines are given in the following paragraphs.

Sourees.of Error

Thermal EMFs
These can give rise to series (Normal) mode interference,
particularly where large currents have a heating effect at thermo­
electric junctions. In otherwise thermoelectrically-balanced
measuring circuits, cooling caused by draughts can upset the
balance.

E·M Interference
Noisy or intenseelectric, magnetic and electromagnetic effects in
"the vicinity can disturb the measurement circuit. Some typical
sources are:

• Proximity oflarge static electric fields.
• Fluorescent lighting.
• Inadequate screening, filtering or grounding of power lines.
• Transients from local switching.
• Induction and radiation fields of local E-M transmitters.
• Excessive conlmon mode voltages between source and load.

The disturbances can be magnified by the user's· ·hand
capacitance. Electrical interference has greatest effect in high
impedance circuits. Separation of leads and creation of loops in
the circuit can intensify the disturbances.

Lead Resistance and Inductance
The resistance of the connecting leads can drop significant
voltages between the source and load, especially at high load
currents. AC high-current circuits are particularly prone to the
effects of lead inductive reactance.

Lead Insulation Leakage
This can cause significant errors in measurement circuits at high
voltages. Some insulating materials suffer greater losses than
others, e.g. PVC has more leakage than PTFE.

3-4

Avoidance Tactics

Thermal EMFs:
• Screen thermal junctions from draughts.
• Allow time for thermal equilibrium to be reached before

taking readings.
• UsecondttctofS, joints and terminals with a: good margin of

current-carrying capacity.
• Avoid thermoelectric junctions where possible:

• Use untinned single-strand copper wire of high purity.
• Avoid making connections through Nickel, Tin, Brass and

Aluminium. If oxidation is a problem use gold-plated
copper terminals, and replace· the terminals before the
plating wears off.

• If joints must be soldered, low-thermal solders are
available, but crimped joints are preferred.

• Use low-thennal switches and relays where they form part
of the measuring circuit.

• Balance one thermaLEMF against another in opposition,
where possible. (Switch and relaycontacts, terminals etc.)

E·M Interference:
Choose as "quiet" a site as possible (a screened cage may be
necessary if interference is heavy). Suppress as many sources
as possible.
Always keep interconnecting leads as short as possible,
especially unscreened lengths.
Run leads together as twisted pairs" in a common screen to
reduce loop pick-up area, but beware of leakage problems and
excessive capacitance.
Where both sourceand load are floating, connectLo to ground
at the source to reduce common mode voltages.

Lead Resistance:
• Keep all leads as short as possible.
• Use conductors with a good margin of current-carrying

capacity.
• Use Remote Guard or 4-wire connections where necessary.

Lead Inductance:
• Keep all leads as short as possible.
• Use special connections where necessary.

Lead Insulation Leakage:
Choose 10\\7 loss insulated leads - PTFE is preferred to PVC.
When running leads together in screened pairs, avoid large
voltages between leads in the same screen, especially if using
PVC insulation.
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Slave Mode - Operating Routines
In' this text, '4700' represents anycompatible model in the range: 4700, 4705, 4707or4708, equipped with firmware ofissueS orgreater.
(A 4700 must be fitted with Option 20; a 4707 with Option 27.)
(The 4708 needs Option 3D, with. Option 10 for DC Current, and/or Option 20 for AC Current.)
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Fig. 3.1 SLAVE MODE - INTERCONNECTIONS

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
connected, the4600 will operate in 'Solo' mode. Forthepurposes
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 kit (optional
accessory - Part Number 440154) is used for connection from the
4600 OUlPUT tenninals to the current output 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 9' appears on the
4700 MODE/FREQUENCY display when its lOA range is
selected.

Analog Bussing
Ensure that the 4700 and 4600 are linked as shown in Fig. 3.1. It
is also possible to interlink the Currentoutput tenninals of the two
instruments in parallel, as the firmware isolates one output 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 useful 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
to be transparerit to an operatoronce the external connections have
been made. The fmnware 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 automatic
adjustment of the Reference voltage from the 4700, due to factors
stored in the 4700's non-volatile calibration memory. Tpese
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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First ensure that the 4700 and 4600 have been ~weredON and warmed up for at least 1 hour, then use the following

sequence to set up the slaved operation, from~ to @:

A single
keypress

obtains Zero or
Full Range

10

OUTPUT RANGE

Use ......
keys to adjust

OUTPUT
display

9

Connect Load
to·OUTPUT
Terminals

~
100 1000 1k.O 1OkO 100kO 1M1 .1OMD100MO

~~
o . I AC DC Anet -.:.. ON!.- OFF

FUNCTION OUTPUT

FREOUENCY RANGE
StoIU 100 1k 10k 100k

~
-.. F1 F2 F3 F4 F5

~t£Rn
4600 AUTOCAL ~g:El!TRANSCONDUCTANCE

AMPUFlER SlAve MODE Cll......TION0NlYVAUO
WHl!IIlUIEOWITHCllUBMmR

1IfRw.•.c:==:J

INPUT OUTPUTee, e e [ riIiJ J I:
HI &LO -=- ON OFF Pow.,.

OUTPUT

DANGER
HIGH VOLTAG-f

~. &.
I+ I- QI.,d

Guard
and Sense are
auto-selected.
No user-action

required

(+)(+)(+)

<t,)~~

r----.~:::··

1 AC Current ::::1

11 only Connect Load La »1
to INPUT Ground ..H

I /yelect ..•.. .<1
I(FR~6~~~cY ·····<1

IS~~~~~U~~Cy .•••.:

I on 4708 only» .>1

::J

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

Fig. 3.2 GENERAL SEQUENCE OF OPERATIONS-SLAVE MODE
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Operating Routines - Slave Mode

Power Switches
Ensure thatboth 4700 and4600 Powerswitehes are set to ON,and
both instruments have warmed up for at least 1 hour.

DC Current Output
Use the General Sequence in Fig. 3.2. Modify selections as'
follows:
• At operation [3] first select DC and then I,
• Omit operations [4], [5] and [6],
• Use operations [7] to [11] and [2] as required.

N.B. For full specification, output. compliance should be limited
t02VRMS.

AC Current Output
Use the General Sequence in Fig. 3.2. Modify selections as
follows:
• At operation [3] first select AC and then I,
• Use operations [7] to [11] and [2] as required.

Section 3 - Using the 4600

Zero Output
For DC Current the 4600 output value can be incremented

continuously through zero, using the 4700 OUTPUT display ......
keys. Zero can also be obtained by pressing the 4700 Zero key,
which causes the internal fmnware to isolate the 4600 1+ and 1­
terminals from the internal circuitry, physically interrupting the
output current.

For AC Current the 4600 output .value cannot be incremented
continuously through zero, as the smallest output on the range is
900mA (9% PR). Zero can only be obtained by pressing the 4700
Zero key, the results being the same as for DC.

AC·lncrement from Zero
Because the smallest output is 9% PR, the minimum increment
from Zero is 10%. Half-size zeros on the 4700 OUTPUT display
show which keys cannot be used to increment from Zero; the full­
size zero shows the key which can.

4700 Zero Display for the 1A Range
The appearance of the 4700 OUTPUT display for Zero 4600
output (lOA range) follows the form used for the other 4700
Current ranges:

N.B. For full specification, output compliance should be limited
t02VRMS.

Spot Frequencies
When slaved to the 4708, Spot Frequencies can be selected and
calibrated. The 4600 behaves as an extension to the 4708; so the
procedures for selection and calibration ( with or without the SET
function) are as described in the 4708 Handbooks.

Range

10A

Zero Display

0.000,00

Current Output OnlOff
Once slaved to the 4700, the 4600 Current output can be turned on
and off from either the 4600 or 4700. All On/Off actions are
sequenced by the 4600 and 4700 firmware to maintain a safe
internal environment, and are thus subject to small delays, except
when responding to emergency conditions.

4700 Current Range Changing
If the 4700 output is On in one of its normal Current ranges when
the lOA rangekey is pressed, the4600 Currentoutput is turned On
and the 4700 output is turned Offand isolated. Conversely, when
ranging the 4700 down from the lOA range, the 4600 output is
turned Off and isolated as the 4700 output is turned On.

Full Range Output
The calibration-corrected full range output of the 4600 (lOA DC
or RMS) can be obtained by pressing the Full Range key on the
4700 front panel.

AC Frequency Control
For AC outputs, the frequency of the 4600 is set by the frequency
of the Reference voltage being applied from the 4700. Thus
adjustments arecarriedoutfrom the4700 using itsFREQUENCY
RANGE keys, and FREQUENCY display ...... keys, with
autorange operating as for the 4700. The procedure is identical to
thatdescribed in the4700User's Handbook, Section 3; except that
the 4600 full frequency span is extended to 20kHz.

Error Indications
The presence of an error initiates the OFF sequence, and a 4600
front panel LED indicates the type of error. The 4700 is
programmed to read back status information continuously via the
digital interface. In the event of an error occuring, the 4700 turns
off the analog output to the 4600 and generates a message on its
own MODE/FREQUENCY display. A list of Warnings and
Messages relating to the 4700 appears at the endofSection 4 in the
4700 User's Handbook. Some of these can also apply to the 4600.
These are listed overleaf, and are further analyzed in Section 6
(Fault Diagnosis).
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FAIL 1

FAIL 10
F.\IL 10

FAIL 2 to FAIL 8
F.~IL 9 - 4600 Psu LED red

_~ection 3 - Using the 4600

Special Slaved 4600 Warnings and Mess_ages

4700 FREQUENCY/MODE display
N.B. If the displayed message applies only to the 4600, then the error or failure will also be reported via the 4600 front panel

LEDs. The following are typical examples, for further information refer to Section 6:
I~rror 1 to Error 6 - Same meanings as for the 4700.
I~rror 7 - Not applicable to the 4600.
Error 8 - The 4600 is not turned on or faulty at the point of selecting the 4700 lOA range. See 'FAa 10'.
Error 8 - 4600 Solo LED lit - One of the two interconnecting bus cables is not connected or faulty. Error 8

occurs at the point of selecting the 4700 lOA range. See 'FAIL 10'.
I~rror 9 - Not used for the 4600, but will occur if the 4700 Current option is not fitted.
"':rror OL - 4600 Overdrive LED lit - The Input Voltage to the 4600 is too high. Check the 4700 OUTPUT setting.
Error OL - 4600 Overload LED lit - The terminal voltage has been compliance-limited to: 2V (lOA range), so the

input impedance of the load is probably too high.
- 4600 OvertempLED lit - The 4600 has overheated and has shut down. One minute after the temperature

has returned· to normal, the 4700 and 4600 will be reactivated.
- Related to 4700 internal operations.
- A 4600 Power Supply failure has occurred, output has been turned off and the

4600 has shut down.
- The 4600 has been turned off or become faulty while the 4700 lOA range was selected. See 'Error 8'.
- 4600 Solo LED lit - One of the two interconnecting bus cableshas become disconnected or faulty.

FAIL 10 only occurs once the 4700 lOA range has been successfully selected.
See 'Error 8'.

3-8



Slaved Facilities

Inherent 4600 Faci.lities

OnlOff Switching
The slaved 4600 output can be turned on and off from its front
panelpush-buttons. The on/offstate is reported via the digital bus,
and the slaving 4700 output on/off controls can he 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 monitors its own analog operation,
reporting failures and errors via its front panel LEDs. Its
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 is a function of the instantaneous values of its input
voltage. Thus its output value can only be controlled directly
from the slaving4700. This includes its DC outputpolarity, which
therefore depends on the state of the 4700 ON+/ON- switching,
and the polarity shown on the 4700 OUTPUT DISPLAY.

Frequency Store
The4700 firmware allows frequencies tobe stored for use with the
4600 output. The procedure and effect is the same as for the 4700,
bearing in mind that the 4600 frequency span is extended to
20kHz. To avoid continual reference to the 4700 User's
Handbook, Section 4; the operations are summarized below:

4!00 Store Key - Summary

Press and Release:
Accesses FI-FS 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¥l~FS key of the required memory, while holding
the Store key pressed..•. Releasing theSt()re key leaves the chosen
frequency active, and present on the 4700FREQUENCY display.

Spec Mode
The 4700 Spec mode is extended to cover the uncertainties which
affect the 4600 output, operating as if its lOA 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 in non-volatile memory within the4700,

Section 3 -··Using the 4600

along with the calibrationcorrections which affect the value ofthe
Reference voltage to be applied to the 4600 input. Thus if a 4600
is slaved to a 4700 with which it was not calibrated, incorrect
calibration corrections·and Spec mode uncertainties will result.

The use of the Spec key,to 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 lOA range, through this medium.
ForDC outputs,bothErrorandOffsetmodes are available; and for
ACoutputs, Error modeonly can be used. This reflects the normal
situation which applies to the Current ranges of the 4700. Thus,
for Error and Offsetmode 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 ofpressing 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.

Calibration
The entire AUTOCAL operation is controlled from the 4700, all
thecalibration 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 the4600. This is additional to the 4600's normaI testing,
which includes continuous monitoring for catastrophic failures
(such as power supplies), overload (overcompliance), input
overdrive and overtemperature. These conditions are reported on
the 4700display as well asbythe indicatorLEDs on the4600 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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Ensure
Voltage Source
output is OFF

Ensure 4600
output is OFF

Set
Voltage Source

Output ON

10

rm9:'9J
alAVEMODE CA8lATlClN QM.YWlUD

*EN USED.1H CAJeRATCR

8EIUL.,..C==:J

Connect Load
to OUTPUT
Terminals

Set for required
Reference Voltage

OUTPUT

G)G)

4600 AUTOCAL
TRANSCONDUCTANCE

AMPliFIER
ctatron
INSTRU ..... ENTS

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~ to @:

Connect
Voltage Source Output

to 4600 INPUT
as shown

------ 7

Section 3 - Using the 4600

Sense to Remote;
Guard to Local.

~. Reference Voltage Source ~

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

Fig. 3.3 GENERAL SEQUENCE OF OPERATIONS - SOLO MODE
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Solo Mode - Operating Routines

Interconnections
The 4600 should be linked to its Reference Voltage source as
shown· in Fig. 3.3. The current output lead kit (part Number
440154) can be used for connection from the 4600 to the Current
output load.

AnalogOperation
The reference voltage is fed into Hi and La INPUT terminals
on the front of the 4600, to be converted into a current which
passes out of the 4600 front panel 1+ and 1- OUTPUT terminals.
The transfer characteristic is 1 amp per volt

Local Control
The valueandpolarityofthe4600output iscontrolledby thevalue
and polarity ofits input voltage, its outputbeing switched On and
Off by its own front-panel keys.

Calibration Corrections
Solo Mode corrections are incorporated at calibration by simple
mechanical adjustments of trimpots. The trimpots are connected
instead of using Autocal corrections when the 4600 is using a
voltage source only as Reference, and is not slaved to a
compatible 4700-series calibrator. These corrections are
bypassed in Slave mode.

Solo Mode calibration procedures are given in Section 5.

Power Switches
Ensure that both 4600 and Reference Voltage Source Power
switches are set to ON, and both instruments have warmed up for
at least 1 hour.

Section 3 - Using tfJ~ 4@OO

DC Current Output
Use the General Sequence in Fig. 3.4. Modify selecUQns as
follows:
• At operation [3] select DC,
• Omit operations [5] and [8],
• Use operations [10], [11] and [4] as required.

N.B. For full specification, output compliance should be limited
t02VDC.

AC Current Output
Use the General Sequence in Fig. 3.4. Modify selections as
follows:
• At operation [3] se_ect AC,
• Use operations [10], [11], [4] and [5] as required.

N.B. For full specification, output compliance should be limited
oo~R~. .

Current Output On/Off
Once operating in Solo mode, the 4600 Current output is turned
on and off from the 4600 front panel. All On/Off actions are
sequenced by the 4600 to maintain a safe internal envir()nDl,ent,
and are thus subject to small delays.

Self Test
Error conditions such as power supply failure, overload
(overcompliance), overtemperature and input overdrive are
reported by the indicator LEDs on the 4600 front panel. All error
conditions cause the Output to turn Off.
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Systems Application via the IEEE 488 Interface

No direct connection to the IEEE 488 bus is required for the4600.
In Solo Mode its Output Current can be varied and set to zero,
using the bus to program the Reference Voltage Source's output
voltage, otherwise it is not programmable. In Slave mode it can
be programmed via the 4700 interface as described below.

It is controlled remotely by using command F2 or F3 to program
the 4700 into DCI or ACI function respectively, then using bus
command R6 to call up the lOA range. The Output Current value
\vithin the lOA range is set using the M**** code as described in
the 4700 series User's Handbook. Where frequent changes of
range are programmed, it is possible to interlink the Current

3-12

output terminalsofthe twoinstruments inparallel,as the fmnware
isolatesoneoutputwhen theother is selected. Thus a singleoutput
analog bus can be set up, to which the outputs of the integrated
system appear to derive from a single instrument Switching the
Current output Off isolates the 4700/4600 combination from the
common analog bus.

When in function F3, range R6, the 4700/4600 combination can
be programmed up to 20kHz using the H**** codes. Otherwise,
the.46OOrespondsto4700programmingcodesasifitweremerely
a sixth Current range of the 4700. Refer to the 4700 User's
Handbook, Section. 5.
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SECTION 4 4600 Specifications and Verification

Specifications

Accuracy
Function Frequency Accuracy Calibration Temperature Total Impedance Compliance

and (Hz) ±(ppm OUTPUT + ppm FS) [1] [2] [3] Uncertainty Coefficient Harmonic
Range (ppm) ±(ppm OUTPUTrC) Distortion

24 Hour 90 Day 1 Year 3·C - 13·C 0/0
23·C±1·C 23·C±1·C 23·C±10·C 33·C - 43·C [4]

DCI
o- 11 .OOOOOA - 30+25 50+25 150+25 30 14 - >100kn >2VDC

ACI
0.9 - 11.00000A 10-1k 150+55 200+55 300+60 110 20 0.1 >2kn >2V RMS

1k-5k 650+70 700+70 800+80 110 20 0.5 >2kn >2V RMS

5k-10k 1050+300 1400+300 2100+300 130 50 1.0 >400n >2V RMS

10k - 20k 4000+1660 5400+1660 7300+1660 250[5] 100 1.5 >67n >2V RMS

General Other Specifications

[1] Relative to input voltage.
[2] For resistive loads. Typical for inductive loads.
[3] FS =2 x Full Range.
[4] Halve these coefficients for the range 23·C ± 10·C
[5] Estimated.

Power Supply:

Power Consumption:
Operating Temperature:
Storage Temperature:
Dimensions:

Weight:
Safety:

Warranty:

Notes:

100/120/220/240 Volts ± 100/0,
50Hz or 60Hz.

200 Watts.
O·C to +50·C.
-40·C to +70·C.
89mm x 455mm x 420mm.
3.5" x 18" x 16.5"

10kg.
designed to UL1244,

IEC348 & 8S4743.
1 Year.

Input Impedance: 300kn 11 100pF.
Isolation: 100Vpk 1- to Chassis.
Output Protection: Fully protected against open and

short circuits.
Input Protection: 240V RMS continuous.

Del
Output: True bipolar output capable of

delivering ±11A.
Overrange: 10%.
Settling Time: 1s to 40ppm of step size.

ACI
Scale Length: 9% to 110% of range.
Settling Time: To 100ppm of step size:

10Hz - 32Hz < 10s
32Hz -.330Hz < 3s
330Hz - 20kHz < 1s

Slave Mode Datron 4708 Version 5.00 or later
Compatibility: Datron4700 Version 5.00 or later

Datron 4705 Version 5.00 or later
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4600 Specification Verification
Introduction
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Section 4 - 4600 Specifications and Verification

Verification Methods

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 to 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 infonnation is given in Appendices
to the section:

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 itwill notbepossible to verify its slavedoperation. In this
case, verify the specifications as follows:
8. The Voltage Source to be used as reference for the 4600;
b. The 4600 in S<;>lo mode.

2. Acquired in Combination with 8 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;
c. The combination in Slave mode.

3. Slaved to an Existing 4700-series Calibrator
(Issue5firmware orlater,Jittedwith Option20or27, andwith
the analog and digital slaving connectors)
In the case of a 4600 which has been acquired to be slaved to
such an existing4700..series calibratort the verification should
be carried out using the following sequence:
8. Ensure that the specification of the existing 4700...series

calibrator is verified;
b. Use that calibrator to verify 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 (refer to Section 5).

d.. Verify the slaved combination.

Appendix 1:
Appendix 2:
Appendix 3:
Appendix 4:
Appendix 5:

Validity Tolerance Calculations.
Uncertainty and Traceability.
General Procedural Infonnation"
Alternative AC Current Verification.
Hannonic Distortion Measurement.

Solo and Slave modes employ different independent methods of
applyingcalibrationcorrections,with implications to themethods
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 calibration (and hence verification)
directly relates the current output to the voltage input, within
specification limits.. Thus the specification can be verified
against any voltage source of suitable value and accuracy.

• In Slave mode the Solo mode trimpots are disconnected, (the
two calibrations being totally independent ofeach other). No
internal adjustments are .provided, but the 4600 is
autocalibrated as if it were just another Current range of its
slaving4700. Thus its calibration corrections 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 thecombinationofthe 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 equipment can
be verified.

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

On receipt from the manufacturer, the Validity Tolemnce must
include the factory calibration uncertainties, but after user­
calibration, these uncertainties no longer apply. The implications
of this change, and other related matters, are discussed in
Appendix 2 to this section.
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Section 4 - 4600 Specifications and Verification

4600 Solo Veri"fication

General Philosophy

Measurement of Transconductance
To verify a 4600 in Solo mode, we check its transconductance
value, by providing a traceable DC or AC voltage input and
meas~ng the currentoutput. Verifying 10amperes ofDC or AC
current"'is not a simple matter, as most DMMs which have a lOA
range cannot match the 4600's accuracy; indeed the 4600 is
designed to calibrate such instruments.

DC Outputs
For DC output the verification method relies on the accuracy
provided by the measurement of voltage across a precision lOA
shunt, using a· high-quality (ie stable) DMM, used only as a
transfer-measurementdevice to remove its inherentuncertainties.
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: OV, +IOV and -IOV of input
voltage, producing OA, +lOA and -lOA respectively. The source
ofDC voltage is referred to in the procedureas the 'DCRVS' (DC
Reference Voltage Source).

AC Outputs
To verify the AC output, an AC/DC thermal transfer can be used
with a lOA 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 is used as DC reference for the same
4600, and its output reference voltage is adjusted for the same
current null as for AC (its DC· specification being sufficiently
accurate). The output voltage setting of the DC source is then
compared against calculated limits.

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

The verification points used are: 10V RMS of input voltage at
300Hz, 5kHz and 20kHz in turn, producing lOA 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 is referred
to in the procedure as 'ACRVS' (AC Reference Voltage Source).

Shunt Values
In the following procedures, the shuntvoltage values aregiven for
a IOOmn shunt; values for a IOmQ shunt are indicated by square
braces [...l.
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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 Standardarepowered on to warm up for at least
2hours in therecommendedenvironment,beforecarryingoutany
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. It is recognized 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.

Validity Tolerance Calculations
The verification processes are modelled in Appendix I 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
verification processes.

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

Alternative AC Current Verification
An alternative method of verifying AC current output, using a
DMM for AC..AC transfer, can be found in Appendix 4 to this
section. TheValidityToleranceCaluculations,andReport Sheets
RS 2 for this method, are contained within Appendix 4.



Solo DC Current Verification

Zero and Full Range Checks

The Solo 4600 is verifiedby measuring its transconductance. We
use the DCRVS to input a nominal voltage, and measure the 4600
output current. A shunt converts the output ClUTent to a voltage,
measured across the shunt.using a DMM. The OCRVS output is
then connecteddirectly to theDMMandadjusted to give the same

Equipment Requirements

A DC Reference Voltage Source (DCRVS), calibrated to
suitable accuracy at Zero, ±10V and ±1V [±I00mV].
Example: A Datron 4000/A, 4700 or 4708.
A Calibrated lOA Current Shunt of suitable accuracy, of
value 100mQ [10mQ].
A DMM of sufficient resolution and stability, for use as a
transferdevice to measure theOC voltageacross the shunt.
Example: A Datron 1281, 1081 or 1071.

CAUTION
When choosing a lOA 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 verifiedat three output currents: OA, +1OA and -lOA,
corresponding to input voltages of OV, +lOV and -lOVe The
outputs pass through a precision currentshuntofvalue 1OOmQ [or
1OmQ]; the resulting voltages ofOV, +1V and -1V [OV, +lOOmV
and -lOOmV] are measured by a OC - OC transfer method, using
aDMM.

4600 DC Output Current Measurement
The specification of the OC Reference Voltage Source (OCRVS)
should be known to verify at the voltages to be used. Its output is
applied to the Solo 4600 INPUT tenninals. The OUlPUT1+ and
1- terminals 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 OCRVS output voltage is set to the
three nominal verification points in turn, and the DMM readings
are noted.

DC· DC.Transfer
The DCRVS output is then connected directly to the DMM input
terminals, with the shunt connection removed. Its output voltage
setting is adjusted in turn to give the same DMM voltage readings
obtained across the shunt For each ofthese readings the OCRVS
output setting is noted. The accumulated uncertainties are also
recorded, and the Validity Tolerance Limits are calculated. The
4600 verifies if the OCRVS output readings are within these
tolerance limits.

Section 4 - 4600 Specifications and Verification

reading as for the shuntvoltage. Theoutputsettingofthe OCRVS
is compared against calculated limits.

This toc -DC Tnmsfertensures that the DMM uncertainties are
reduced to negligible levels.

Preparation

Beforeattempting any verification ensure that the following steps
have been carried oul

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

2. Ensure that the OCRVS and DMM specifications verify at the
following voltages:
DCRVS -IOV; -IV [-lOOmV];OV; +lV [100mV]; +IOV.
DMM -IV [-I00mV]; OV; +IV [+I00mV].

3. Turn on the DCRVS, DMMand4600 to becheckedand allow
at least 2 hours' warm-up in the specified environment.

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

5. The 4600 front panel LEDs should show no errors presenl
Carry out any self-test routine on the OCRVS.

The procedure is detailed on pages 4-6n.
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Solo DC Current Verification Procedure
Record results on Report Sheet 4600 RS 1, (page RS 1-2)

DC Output Current Measurement

Connect the DCRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection of DMM La to the 4600
INPUT ground).

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

DC DMM (1V" [100mV] RMge)

3. DMM

b. DCRVS

c. 4600

d. DMM

e. DCRVS

f. DMM

g. DCRVS

h. DMM

j. 4600

k. DCRVS

4-6

Set DC range to measure the shunt voltage.

Ensure that OUTPUT is OFF,
FUNCTION to DC Voltage,
OUTPUT RANGE to tOY,
Sense and Guard to Remote.
OUTPUT voltage O.OOOOOV.
Set Output ON.

Set Output ON.

RecordthereadingintheReportSheetRS1,as
DMM Transfer Reading: 'VO'.

Set Output to +IO.OOOOOV.

RecordthereadingintheReportSheetRSl,as
DMM Transfer Reading: '+VI'.

Set Output to -IO.OOOOOV.

Record thereading in theReportSheetRS1,as
DMM Transfer Reading: '-VI'.

Set Output OFF.

Set Output OFF.
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DC • DC Transfer

DC DU'" (1V (100mV) Range)

LoHi
\.........- _- - ---_ _-- .

DC Reference Voltage
Source (DCRVS)

············DAN·GEA··························':

H:Hi:GE & i

Connect the DMM to read the DCRVS output as in the above
diagram. Ensure that the DMM Guard is set to remote.

Carry out operations (j) to (r) in turn:

j. DCRVS Ensure that OUTPUT is OFF,
FUNCTION to DC Voltage,
OUTPUT RANGE to IV [lOOmV],
Sense to Remote.
Guard to Local.

k. DMM Set DC range to measure 'VO'.
Validity Tolerance Limit Calculations
Refer to Appendix 1 page 4-AI-I.

I. DCRVS Set OUTPUT ON.
AdjusttbeOCRVSoutputvoltagetogiveaDMM
reading of 'VO'. Record the DCRVS output
voltage setting against 'Vm' in the OA column of
RSl Table I.
Set OUTPUT OFF.

r. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was last calibrated against the
standards being used for verification.

m. DMM Set DC range to measure '+VI'. • Use Calculation C if the verification immediately follows a
calibration using the same equipment.

D. DCRVS Set OUTPUT ON.
AdjusttheOCRVSoutputvoltagetogiveaDMM
reading of '+VI'. Record the DCRVS output
voltage setting against 'Vm' in the +lOA column
ofRSI Table I.
Set OUTPUT OFF.

The Solo Zero and ±Full Range DC outputs verify if the values of
Vmrecordedin (I), (n)and (q) areatorbetween thecorresponding
Vm Tolerance Limits.

p. DMM Set DC range 10 measure '-VI'.

q. DCRVS Set OUTPUT ON.
Adjust the OCRVS output voltage togive a DMM
reading of '-VI'. Record the DCRVS output
voltage setting against 'Vm' in the -lOA column
ofRSI Table I.
Set OUTPUT OFF.
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56-la AC Current Verification

Full Range Checks

The Solo 4600 is verified by measuring its transconductance. A
Thermal Transfer Standard (17S), in conjunction with a lOA
shunt, is first nulled at the nominal Full Range·lOA AC current
output from the 4600; using theACRVS to provide the 4600 input
reference voltage.

Equipment Requirements

The DC Reference Voltage Source(D~VS) used in the
previous procedure to verify the 4600 DC current output.
Example: A Datron 4000/A, 4700 or 4708.
An AC Reference Voltage Source (ACRVS) of suitable
accuracy, with its specification verified for 10V RMS
outputs at 300Hz, 5kHz and 20kHz.
Example: A Datron 4200A, 4700 or 4708.
A Calibrated AC lOA Thermal Transfer Current Shunt of
suitable accuracy, of value lOOrnQ [IOmQ].
Example: Holt HCS 1.
A Thermal Transfer Standard of sufficient resolution and
stability, for use in conjunction with the shunt.

CAUTION
When choosing a lOA 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 AC Procedure

General
The 4600 is verified for three output currents: lOA RMS at
300Hz, 5kHz and 20kHz; for input voltages of 10V RMS at those
frequencies. The AC outputs are measured using a thennal
transfer standard with a precision current shunt.of value lOOmO
[or lOmQ]; the 4600 DC output is used as reference current.

TTS Null to 4600 AC Output Current
The OUTPUT 1+ and 1- tenninals of the 4600 are connected to
pass the output current to a thermal transfer standard, used in
conjunction with a lOA current shunt. The lTS is nulled for AC
output currents at 300Hz, ~kHzand 20kHz, derived by driving the
4600 from the ACRVS set to nominallOVAC output at each of
the three frequencies.

AC • DC Thermal Transfer
The DCRVS outputis then applied to the4600 input This voltage
is adjusted for the 4600 ou.tput current to give a null on the lTS.
The DCRVS output setting is recorded~ The accumulated
uncertainties are also recorded, and the Validity Tolerance Limits
calculated. The 4600 iS'verified if the DCRVS output reading is
within these tolerance limits. '
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We then use the DCRVS to input DC voltage to the 4600,
adjusting the input voltage value to to obtain a null on the TTS.
The DCRVS output voltage settings to obtain the null are
compared against calculated 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' haridbooks.

2. Check that the DCRVS specification is verified at IOV DC
output, and that the ACRVS specification is verified for IOV
output at 300Hz, 5kHz and 20kHz.

3. Check that the Solo4600 specification is verified for +lOADC
output.

4. Check that the DCRVS, ACRVS, TTS and 4600 are fully
wanned up, and their Outputs are OFF.

s. The 4600 front panel LEDs should show no errors present.

The procedure is detailed on pages 4-10/11.
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Solo AC Current Verification Procedure
Record results on Report Sheet 4600 RS 1, (page RSI-3)

To avoid Ground Loops
use a floating (battery-powered)

Thermal Transfer Standard.

THERMAL
TRANSFER
STANDARD

1+ 1-

AC/DC Reference Voltage
Source (RVS)

;"----..~-·DANGER·-····-·---·-·····--·····:
HIGH VOLTAGE Lt.!
~

Measure at 300Hz

Carry out operations (a) to (g):

Null the TTS to the 4600 AC Output Current
Connect the ACRVS output to the4600 INPUT terminals as in the
diagram. Connect the shunt and 11S to the 4600 OUTPUT
terminals as shown (ensure the connection ofShuntLo to the4600
INPUT ground).

a. ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 300Hz,
OUTPUT RANGE to lOV,
Sense to Remote; Guard to Local.
OUTPUT voltage to 10.00000V RMS.

b. TTS Set range to maximum.

c. ACRVS Set OUTPUT ON.

d. 4600 Set OUTPUT ON. Note that the 11S indicates.

k. Disconnect the DCRVS from. the 4600 INPUT terminals.

Set OUTPUT OFF.

Carry out operations (h) to (k):

h. DCRVS Ensure that OUTPUT is OFF,
FUNCTION to DC Voltage,
OUTPUT RANGE to lOV,
Sense and Guard to Remote.
Set OUTPUT ON.
Adjust OUTPUT voltage for a Null reading on
the TTS, .. increasingTIS sensitivity to obtain
the best null. Allow the reading to s~ilize.

Readjust OUTPUT voltage for a Null reading
on the TfS.
Record the Output voltage setting on RS 1
Table 2 against Vm in the. 300Hz column.
Set OUTPUT OFF.

AC • DC Thermal Transfer
Disconnect the ACRVS output from the 4600 INPUT terminals
and connect the DCRVS in its place.

J. 4600

Adjust for a Null reading.
Reduce range for the largest stable reading.
Allow the reading to stabilize.
Readjust for a Null reading.

Set OUTPUT OFF.

Set OUTPUT OFF.

e. TTS

f. 4600

g. ACRVS
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Measure at 5kHz

I. Repeat as for the 300Hz procedure, but setting the ACRVS
frequency to 5kHz at operation (a). At operation (h) record
the output voltage setting against Vm in the 5kHz column.

Measure at 20kHz

m. Repeat as for the 300Hz procedure, but setting the ACRVS
frequency to 20kHz at operation (a). At operation (h) record
the output voltage setting against Vm in the 20kHz column.
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Verify Against Calculated Limits

Validity Tolerance limit Calculations
Refer to Appendix 1 page 4-Al-3.

D. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was lastcalibrated against the
standards being used for verification.

• Use· Calculation C if the verification immediately follows. a
calibration using the same equipment.

The Solo Full Range AC outputs verify if the values of Vm
recorded in operations (h), (I) and (m) are at or'retween the
corresponding Vm Tolerance Limits.
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4600 Slave Verification
N.B. In this sub-section, reference to a '4700' refers also to a compatible model 4705, 4707 or 4708.

General Philosophy

Measurement of Output
To verify a combined 4600 in Slave mode, we should first have
n1easured its transconductance value in Solo mode, to check the
independent, manual Solo calibration. This is because in Slave
mode, the actual reference voltage input to the 4600 is
inaccessible due to the front panel INPUT terminals being
isolated, and so the transconductance cannot be checked when
slaved.

To verify a 4600 which is slaved to a particular 4700-series
calibrator, we measure its output current (using the same
techniques as for Solo mode), which is then compared against the
slaving 47oo's OUTPUT setting.

DC Outputs
For DC output the verification method relies on the accuracy
provided by the measurement of voltage across a precision lOA
shunt, using a high-quality (ie stable) DMM, used only as a
transfer-measurementdevice to remove its inherentuncertainties.
A DC voltage, from the slaving 4700, is adjusted to achieve the
same DMM reading as thatmeasured across the shunt. The output
display setting of the 4700 is then compared against calculated
limits. The combination is verified at: OA, +10A and -lOA.

AC Outputs
To verify the AC output;an AC/DCthennal transfer can be used
with a lOA shunt. The slaving 4700 is settonominallOAAC,and
the Shunted TTS is nulled to the 4600 AC current output. The
4700 setting is changed to the lOA DC range, and the 4600 DC
output is adjusted for the same current null as for AC. The4700
DC,c;urrentOUTPUTsetting isthen compared against calculated
limits.

The ACcheclcsshould be carried out immediately after the DC
verification of the 4600, to take advantage ofDC readings already
taken.

The verification points,usedare: 10A.RMS of output current at
300Hz, 5kHz and 20kHz in turn.

${h~nt,Vctl~e$

In the following procedures, the shuIlt voltage values are givenfor
a 1DOmQ shunt; values for a 10mQ shunt are indicated by square
braces [...].

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 4-2. The following
procedures should fonn only part of that profile.
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Prior Calibration of the Combination
The 4600 cannotbe verified with any 47oo-series calibrator, other
than that with which it was calibrated in Slave mode. That
particular 4700 holds the corrections which were stored at the
prior calibration, in its· non-volatile calibration memory.

If the 4700 and 4600 to be verified were purchased as a
combination, Slave mode would have been calibrated before
shipmentand verification can proceed without further calibration.
But if the 4600 has not yet been calibrated in Slave mode with the
4700 to be used for verification, it is necessary to perform this
calibration (detailed in Section 5) before verifying as described in
this sub-section.

Warm-up Period
It is'recommended that the 4600, 4700, DMM and Thermal
Transfer Standard are powered on to warm up for at least 2 hours
in the recommended environment, before carrying out any 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. It is recognized 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.

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.

Repon Sh~ets

A report sheet is provided for each of the four recommended
verification 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 occasion when
the 4600 is to be verified.

Alternative AC Current Verification
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, andReport Sheets
RS 2 for this method, are contained within Appendix 4.



Slave DC Current Verification

Zero and Full Range Checks

The slaved4600 is verifiedby measuring its output We compare
the output current value against the 4700 OUTPUT setting. A
shuntconverts theoutputcurrent to avoltage,measuredacross the
shunt using a DMM. The 4700 voltage output is then connected
directly to the DMM and adjusted to give the same reading as for

Equipment Requirements

The slaving4700,DC voltageverified tosuitableaccuracy
at Zero, ±IOV and ±IV [±IOOmV], and previously
calibrated in Slave mode with the 4600 to be verified.
A Calibrated lOA Current Shunt of suitable accuracy, of
value loomQ [IOmO].
A DMM of sufficient resolution and stability, for use as a
transferdevicetomeasure theDC voltageacross theshunt.
Example: A Datron 1281, 1081 or 1071.

CAUTION
When choosing a lOA current shunt, ensure that its rated power
dissipation is sufficient to avoid permanentdegradation from the
self-heating effects of the current being checked.

Summary of DC Procedure

General
The4600 is verifiedat three outputcurrents: OA, +lOA and -lOA.
The outputs are passed through a precision current shuntofvalue
l00mO [or IOmO], the resulting voltages of OV, +1V and -IV
[OV,+l00mVand-l00mV]beingmeasuredbyaDC-DCtransfer
method, using a DMM.

4600 DC Output Current Measurement
'rite specification of the 4700 should be known to verify at the
voltages tobe used. Itisconnectedin slavemode to the4600. The
OUTPUT1+and 1- tenninals ofthe4600areconnected to pass the
output current through the shunt, and the DMM is connected to
measure the voltage across ihe shunt. The lOA 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 input
terminals, with the shuntconnection removed. Its output voltage
setting is adjusted in turn to give the sameDMM voltagereadings
obtained across the shuDt For each of these readings the 4700
output setting is noted. The accumulated uncertainties are also
recorded, and the Validity Tolerance Limits are calculated. The
4600 verifies if the 4700 OUTPUT display settings are within
these tolerance lwits.
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theshuntvoltage. The47000UTPUTdispiaysettingiscompared
against calculated limits.

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

Preparation

Beforeattempting any verificationensure 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; -IV [-lOOmV]; OV; +IV [loomV]; +lqV.
DMM -IV [-I00mV]; OV; +IV [+I00mV].

3. Turn 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.

s. The 4600 front panel LEDs should show no errors present
Press the4700Test key 10 carryout the self-test routineon the
4700/4600 combination. "

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



3. DMM

b. 4700
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Slave DC Current Verification Procedure
Record results on Report Sheet 4600 RS I, (page RSI-4)

DC Output Current Measurement

Slaved 4600

INPUT

(;)(;)
Hi & La

Connect the slaved 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,(k) in turn:

Set DC range to measure the shunt voltage.

Ensure that OUTPUT is OFF,
FUNCTION to DC, then I,
RANGE to 10, Guard and Sense are controlled
internally by fmnware.
OUTPUT to O.OOOOOA by pressing the 'Zero' key
Press the ON+ key. Check that the 4700 and 4600
ON key LEDs light and the DMM indicates.
Press the OFF key. Check that the 4700 and 4600
ON key LEDs go out, OFF LEDs light and the
DMM indication falls to zero.

c. 4600 Press the OUTPUT ON key. Check that the 4700
and 4600 ON key LEDs light and the DMM
indicates.
Press the OUTPUT OFF key. Check that the 4700
and 4600 ON key LEDs go out, OFF LEDs light
and the DMM indication falls to zero.

d. 4700 Press the OUTPUT ON+ key.

e. DMM Record the reading in the Report Sheet RSI, as
DMM Transfer Reading: 'VO'.
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DC DUM
(1V [100mV)

Range)

f. 4700

g. DMM

h. 4700

j. DMM

k. 4700

x+ x-

Press the Full Range key to set the OUTPUT
display reading to +IO.OOOOO~.

Record the reading in the Report Sheet RSI, as
DMM Transfer Reading: '+VI' .

Press the ON- key to set the OUTPUT display
reading to -IO.OOOOOA.

Record the reading in the Report Sheet RS I, as
DMM Transfer Reading: '-VI'.

Set Output OFF.
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DC • DC Transfer

I Local Guard

I!I Remote Guard

DC DUU (1V [100mV] Range)

LoHI
" '

47OO..erl_
Slaving Calibrator

(·········DANGER···························
&

Connect the DMM to read the 4700 output as in the above
diagram. Ensure that the DMM Guard is set to Remote.

Carry out operations (I) to (t) in turn:

I. 4700

m.DMM

Ensure that OUTPUT is OFF,
FUNCTION to DC,
OUTPUT RANGE to I [lOOm],
Sense to Remote.
Guard to Local.

Set DC range to measure'VOt.
Validity Tolerance Limit Calculations
Refer to Appendix 1 page 4-Al-5.

D. 4700 Set OUTPUT ON+.
Using the OUTPUT .... keys, adjust the 4700
output voltage to give a DMM reading of 'VO'.
Record the 4700 OUTPUT display setting
against'Vm' in· the OA column ofRSl Table 3.
Set OUTPUT OFF.

t. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by batton.

• Use Calculation B if the 4600 was last calibrated against the
standards being used for verification.

p. DMM

q. 4700

Set DC rang~ to measure '+VI'.

Set OUTPUT ON+.
Using the OUTPUT .... keys, adjust the 4700
output voltage to give a DMM reading of '+VI'.
Record the 4700 OUTPUT display setting
against tVm' in the +IOA column ofRSl Table 3.
Set OUTPUT OFF.

• Use Calculation C if the verification immediately follows a
calibration using the same equipment.

The Slave Zero and ±Full Range DC outputs verify if the values
of Vm recorded in (0), (q) and (s) are at or between the
corresponding Vm Tolerance Limits.

r. DMM Set DC range to measure '.VI'.

s. 4700 Set OUTPUT ON-.

Using the OUTPUT ..... keys, ·adjust the 4700
output voltage to give a DMM reading of '.VI'.
Record the 4700 OUTPUT display setting
against 'Vm' ip/the -lOA column ofRSl Table 3.
Set OUTPut OFF.

,/' ,
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Slave AC Current Verification
Full Range Checks

The Slave 4600 is verified by measuring its output.' A Thermal
Transfer Standard (ITS), in conjunction with a lOA shunt, is fust
nulled at the nominal lOA AC currentoutput from the 4700/4600
combination.

Equipment ReqUirements

The slaving4700,AC voltageverified tosuitableaccuracy
at 10V for frequencies of 300Hz, 5kHz and 20kHz;
previously calibrated in Slave mode with the 4600 to be
verified. Verification of the lOA DC output of the same
4700/4600 combination must havebeen carriedoutwithin
the previous 24 hours.
A Calibrated AC lOA Thermal Transfer Current Shunt of
suitable accuracy, of value l00ma [IOma].
Example: Holt HCS 1.
A Thermal Transfer Standard of sufficient resolution and
stability, for use in conjunction with the shunL

CAUTION
When choosing a lOA 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 AC Procedure

General
The 4600 is verified for three output currents: lOA RMS at
300Hz, 5kHz and 20kHz. The AC outputs are measured using a
thermal transfer standard in conjunction with a precision current
shunt of value lOOmQ [or 10ma], against the 4600 DC output
used as reference currenL

TTS Null to ,4600 AC Output Current
TheOUTPUT1+andI-terminalsoftheslaved4600areconnected
to pass output current to a thermal transfer standard, used in
conjunction with a lOA current shunt. The ITS is nulled for AC
output currents at 300Hz, 5kHz and 20kHz, derived by setting the
4700 to nominal lOA AC output at each of the three frequencies.

AC • DC Thermal Transfer
The 4700 is then switched to its lOA DC range. Its outputdisplay
is adjusted to give a null on the ITS, and tbeactual display setting
is recorded. Theaccumulated uncertaintiesarealso recorded, and
the Validity Tolerance Limits calculated. The 4600 "is verified if
the 4700 output display setting is within these tolerance limits.
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We then switch the combination to output DC current, and adjust
the 4700OUTPUT display value to obtain a null on the TTS. The
4700 OUTPUT display settings to obtain the null arecompared
against calculated limits.

Preparation

Beforeattempting any verification ensure that the following steps
have been carried ouL

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

2. Check that the 4700 specification is verified for 10V AC
output at 1300Hz, 5kHz and 20kHz.

3. Check that the slaved·4700/4600 specification is verified for
+lOA DC output.

4. Check that the ITS, 4700 and 4600 are fully warmed up, and
their Outputs are OFF.

s. The 4600 front panel LEDs should show no errors present.

The procedure is detailed on pages 4-18/19.

4-17



Section 4 - 4600 Specifications and Verification

Slave AC Current Verification Procedure
Record results on Report Sheet 4600 RS 1, (page RS 1-5)

THERMAL
TRANSFER

.STANDARD

To avoid Ground Loops
use a floating (battery-powered)

Thermal Transfer Standard.

INPUT

(+)(+)
HI' Lo

&

Measure at 300Hz

Null the TTS to the 4600 AC Output Current AC • DC Thermal Transfer
Connect the shuntand lTS to the slaved4600OUlPUT tenninals
as shown in the diagram (ensure the connection ofShuntLo to the Carry out operation (I):
4600 INPUT ground).

Carry out operations (a) to (e):

a. 4700

b. TTS

c. 4700

d. TTS

e. 4700

4-18

Ensure that OUlPUT is OFF,
FUNCTION to AC then I,
FREQUENCY to 300Hz,
OUlPUT RANGE to 10, Guard and Sense are
controlled internally by firmware.
Press the Full Range key to set the 4600 output
current to IO.OOOOOA RMS.

Set range to maximum.

Set OUlPUT ON.

Adjust for a Null reading.
Reduce range for the largest stable reading.
Allow the reading to stabilize.
Readjust for a Null reading.

Set OUlPUT OFF.

f. 4700 Ensure that OUlPUT is OFF,
FUNCTION to DC then I,
OUlPUT RANGE to 10,
Press OUlPUT ON+ key.

Using OUlPUT ... keys, ·adjust the 4600
output current for a Null reading on the TTS,
increasing TTS sensitivity to obtain the best '",­
null. Allow the reading to stabilize.
Readjust output current for a Null reading on
theTTS.
Record the OUlPUT display current setting on
RS 1 Table 4 against DCIm in the 300Hz
column.
Set OUlPUT OFF.



)

Measure at 5kHz

g. Repeat as for the 300Hz procedure, but setting the 4700
frequency to5kHzatoperation (a). Atoperation(f) record the
output voltage setting against DCIm in the 5kHz column.

Measure at 20kHz

h. Repeat as for the 300Hz procedure, but setting the 4700
frequency to 20kHz at operation (a). At operation (I) record
theoutputvoltage settfugagainstDCIm in the20kHzcolumn.

Section 4 - 4600 Specifications and Verification

Verify Against Calculated Limits

Validity Tolerance Limit Calculations
Refer to Appendix 1 page 4-Al-7.

D. Calculate the Lower and Upper DCIm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was J8st calibrated against the
standards being used for verification.

• Use Calculation C if the verification immediately follows a
calibration using the same equipment.

The Slave Full Range AC outputs verify if the values of·DCIm
recorded in operations (f),(g)and (b) are at or between the
corresponding DCIm Tolerance·Limits.
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4600 Verification Report

Verification Report 4600 RS 1
Model 4600

4600 Serial Number . Associated 4700/4705/4707/4708 Serial Number .

Calibration Interval --- 90days---... Specification --- Accuracy --- .

Date . Checked by · . Company/Dept ·

Note: On receipt of the instrument it is recommended to check at the values shown in the tables.

The 'Validity Tolerance'
Why is it necessary to calculate this tolerance?

It is impossible to verify the specification of an instrument with
absolute certainty, even using the original calibration equipment to
make measurements. All measurementscarry adegree ofuncertainty,
this being quantified by the traceability of the measuring equipment.

The measurements attempt to verify that the instrument performs
within its specification; ie. it operates within the tolerance of its
accumulated uncertainties. But as the measurement itself has its own
accumulated uncertainties, these must be added to those of the
instrument in order to set a 'Validity Tolerance'.

If an instrument performs within its validity tolerances, all that can be
assumed is that its verification is uncertain. For example; if results
agree exactly with the instrument settings, the measurements are still

at least as uncertain as the traceability (to absolute accuracy) of the
measuring equipment. ,The only certainty is that if one result exceeds
its validity tolerance, then the instrument has failed to verify.

For a verification measurement to be acceptable, therefore, each
validity tolerance mustexpress acontinuous trace ofall the uncertainties
from the instrumentterminals, via 'Absolute Accuracy', to the measuring
equipment connections to those terminals. The validity tolerance of
the trace isobtainedby adding togetherall the intervening uncertainties
at the time the measurement is made. The specification sets out the
worst-case allowances (relative tolerances) for the instrument
performance. For the measuring equipment, worst-case tolerances
must also be assumed. The full extent of the accumulation is
illustrated below in the simplified diagram:

User's Calibration-Standard t
Uncertainty Relative to

..:.:.:<~:<.,::::~~.::.:::.::.:.:.:.:.:.:.:<.:.:.:~:Jl
User's Measurement System

Connection to Instrument

Da1ron's Calibration-Standard
Uncertainty Relative to

Absolute Accuracy

Instrument
Terminals

Instrument Accuracy
Relative to

Calibration Standards

Sum of all Uncertainties ='Validity Tolerance'

CONSTRUCTION OF 'VALIDrry TOLERANCE'

Implementation on Receipt of Instrument Implementation after User-calibration

The tables in this report document provide columns to enter both the
relevant results of measurements and results of calculations from the
measurements. Guidance is given in the form ofcalculation equations,
where to obtain information, and tables to simplify the calculations.

Wherever appropriate and possible, the figures in the columns are
already entered (90 day Specification). The recommended methods
of setting up the equipment, and measuring the instrument outputs,
are described in the body of Section 4.

Once the instrumenthas been calibrated against theuser's standards,
then Datron's calibration-standard uncertainties can be removed from
the validity tolerance calculation.

It is still necessary to include the worst-case use"'s calibration­
standard uncertainties for the time periodelapsedsince the instrument
was last verified or calibrated.

It is anticipated thatuserswiD wish10employ their own standard'report
formats on 1heseoccasions.
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4600 Verification.Report

TABLE 1. SOLO DC CURRENT

Zero and Full Range Checks

Calculate Total Measurement 4600 Output Measurement Uncertainties (±ppm of Full Range)
Uncertainty
(Enter all uncertainties in ppm) OA +10A -10A

Shunt Accuracy
relative to Absolute Ur

4600 Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Cal. Stds. Ug 50 50 50 80 100 200 80 100 200

Datron Cal Std uncertainty
relative to Absolute Ud 11) 30 30 30 30 30 30 30 30 30

--
User's Cal Std uncertainty
relative to Absolute Uc 12]

Total Measurement Uncertainty
(Validity Tolerance) DCUt

Calculate Validity Tolerance Limits

Va:ueof DC Current Shunt
Rs n n n

..._- -
Target Value for Vm

TgtVml3] V V V

Upper Tolerance Limit for Vm
ULVm V V V

Lower Tolerance Limit for Vm
LLVm V V V

DMM Readings and DCRVS Settings

DMM Transfer Readings 'VO' = '+V1' = '-V1' =
V V V

r---

Actual DCRVS Settings (Vm)
for DMM Transfer Reading Vm V V V

Notes:
1. Use Ud only if the 4600 was last calibrated by Datron.
2. Use Uc only if the 4600 was not last calibrated by Datron.

Enter the calibration uncertainty for the most-recent calibration.
3. The value of TgtVm is dependent on the value Rs of the shunt.
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TABLE 2. SOLO AC CURRENT

Full Range Checks

4600 Verification· Report

4600 Output Measurement Uncertainties (±ppm of Full· Range)
Calculate Total Measurement • Verification Frequencies •
Uncertainty (ppm) 300Hz 5kHz " 20kHz

Total DC Measurement Uncer- DCUtl1)

tainty (from DC Verification) +Uv

ACRVS Accuracy
(absolute) ACUv

4600 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Cal. Stds. ACUg 260 310 420 790 840 960 7320 8720 10620

Datron AC Cal. Standard Uncert.
relative to Absolute ACUd(2) 110 110 110 110 110 110 250* 250* 250·

User's AC Cal. Standard Uncert.
relative to Absolute ACUcl3)

Total Measurement Uncertainty
(Validity Tolerance) ACUt

Calculate Validity Tolerance Limits

TTS Transfer Function
Ftr

Target Value for Vm
TgtVm(4) V V V

Upper Tolerance Umit for Vm
ULVm V V V

Lower Tolerance Umit for Vm
LLVm V V V

DCRVS setting (Vm)
for Thermal Transfer Null Vm V V V

Notes:
1. DCUt was calculated during the previous DC verification.

Ensure that the correct CaL Std. Uncertainty (Ud or Uc) was included.
2. Use ACUd only if the 4600 was last calibrated 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 TgtVm is dependent on the ShuntITTS Transfer Function (Ftr).

Estimated
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4600 Verification Report

TABLE 3. SLAVE DC CURRENT

Zero and Full Range Checks

Calculate Total Measurement 4600 Output Measurement Uncertainties (±ppm of Full Range)
Uncertainty
(Enter all uncertainties in ppm) OA +10A ·10A

DCRVS Accuracy I Um

Shunt Accuracy I
relative to Absolute Ur

Slaved 4600/4700 Accuracy 24h, 90dy 1y, 24h, 90dy 1y, 24h, 90dy 1y,
relative to Cal. Stds. US(4j 50 50 52 81 104 217 81 104 217

Slaved 4600/4705 Accuracy 24h, 90dy 1y, 24h, 90dy 1y, 24h, 90dy 1y,
relative to Cal. Stds. US(4j 52 52 .60 88 117 245 88 117 245

Slaved 4600/4707 Accuracy 24h, 90dy 1y, 24h, 90dy 1y, 24h, 90dy 1y,
relative to /Cal. Stds. Us (4) 50 50 50 80 102 174 80 102 174

Slaved 4600/4708 Accuracy 24h, 90dy 1y, 24h, 90dy 1y, 24h, 90dy 1y,
relative to CaL Stds. Us (4) 50 50 50 80 100 170 80 100 170

Datron Cal Std uncertainty
relative to Absolute Ud(1) 30 30 30 30 30 30 30 30 30

User's G.al Std uncertainty
relative to Absolute UC(2)

Total Measurement Uncertainty
(Validity Tolerance) DCUt

Calculate Validity Tolerance Limits

Value of DC Current Shunt
Rs n n n

Target Value for Vm
TgtVm(3] V V V

Upper Tolerance Limit for Vm
ULVm V V V

Lower Tolerance Limit for Vm
LLVm V V V

DMM Readings and 4700 Settings

DMM Transfer Readings 'VO' = '+V1' = '-V1' =
V V V

Actual 4700 Settings (Vm)
for DMM Transfer Reading Vm V V V

Notes:
1. Use Ud only if the 4600 was last calibrated by Datron.
2. Use Uc only if the 4600 was not last calibrated by Datron.

Enter the calibration uncertainty for the 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.
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TABLE 4. SLAVE AC CURRENT

Full Range Checks

4600 Verification Report

4600 Output Measurement Uncertainties (±ppm of Full Range)
Calculate Total Measurement • Verification Frequencies •
Uncertainty (ppm) 300Hz 5kHz 20kHz

Total DC Measurement Uncer-
tainty (from DC Verification) DCUt[1]

Slaved 4600/4700 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Calibration Standards ACUS[5] 520 590 820 930 1000 1220 7420 8960 10980

Slaved 4600/4705 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr ?~;

relative to Calibration Standards ACUS(5] 630 730 940 1090 1190 1360 7620 9320 11270

Slaved 4600/4707 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Calibration Standards ACUS[5] 400 470 570 860 940 1030 7320 8770 10410

Slaved 4600/4708 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Calibration Standards ACUS[5] 340 410 470 810 870 940 7320 8720 10340

Datron AC Cal. Standard Uncert.
relative to Absolute ACUd(2] 110 110 110 110 110 110 250* 250* 250*

User's AC Cal. Standard Uncert.
relative to Absolute ACUC[3]

Total Measurement Uncertainty
(Validity Tolerance) ACUt

Calculate Validity Tolerance Limits

ITS Transfer Function
Ftr

Target Value for DClm Tgt
DClm[4J A A A

Upper Tolerance Limit for DClm
ULlm A A A

Lower Tolerance Limit for DClm
LLlm A A A

4700 AC Current setting
for Thermal Transfer Null DClm A A A

Notes:
1. DCUt was calculated during the previous Slave DC verification.

Ensure that the correct Cal. Std. Uncertainty (Ud or Uc) was included.
2. Use ACUd only if the 4600 was last calibrated 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 TgtDClm is dependent on the ShuntITTS Transfer Function (Ftr).
5. Use only one value of ACUs: the one appropriate to the slaving calibrator in use.

Estimated
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Section 4 - 4600 Verification - Appendix 1

Val,idity Tolerance Limit Calculations
This appendix deals with the calculations necessary to determine the Validity Tolerance Limits for each
of the verification procedures. Reference to the appropriate calculation is given in each procedure.

Solo Verifications

Appendix 1 to:
4600 User's Handbook
Section 4

To confirm the 4600 specification it is necessary to measure its transconductance Gm, whose nominal value is 1 siemens.

Gm = lout I Vin, where Vout is constant

DC Current (page RS 1-2 Table 1)

Measurement of Gm

Gm cannotbe measured directly, so the method described on pages 4-5 to 4-7 employs a precision shunt (value Rs) to convert the output
current into a voltage. The shunt voltage is then measured (again indirectly -'via a 'transfer' procedure). The method minimizes the
effects ofthe DMM uncertainties.

Procedural Model

Phase 1

Phase 2

Vin Gm lout Rs Vout

DCRVS 11~_4_6_00~_~~~S_h_un_t~1 1~_D_M_M~_
I (.;v Ug Ur I

Vm/Vin Same reading, so
ratio error short term stability
negligible error negligible

I Vm I

DCRVSJf--------------~1 DMM

Um

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

Vout= Vin x Gm x Rs

Vout remains 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 = Vin x Gm x Rs

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

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

Urn: Traceable accuracy of the DCRVS OVand IV [loomV]
outputs, 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 asa transfer standard, adjusting the
DCRVS for the same reading during Phase 2, the accuracy
required of the DMM is limited to its short-term stability.

2. ByusingasuitableDatroncalibmtorasDCRVS(assuggested
in 'EquipmentRequirements') the ratio error between Vin and
Vm is very small.

Both these uncertainties are minutecomparedwith othertraceable
accuracies in the equation. By assuming that they do 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 ofValidity Tolerance and
Vm Limits, detailed overleaf, makes the assumption that the
suggestedequipment will be used. Note that this may notbe valid
for other DCRVS/DMM combinations.
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Section 4 - 4600 Verification - Appendix 1

Validity Tolerance

The assumptions made on the previous page allow us to discard
any uncertainties associated with the DMM transfer error (Ux)
and the DCRVS OV-10V accuracy (Uv). Thus we need only sum
Ur and Ug, plus the uncertainties associated with the most-recent
calibration of the 4600; to arrive at the validity tolerance:

Specific Uncertainties
4600 Gm

The allowed uncertainty of Gm consists of its basic accuracy
specification relative to calibration standards (Vg), 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 1, the
values are already entered in against Ug and Ud for the nominal
verification points. For verifications after any calibration other
than by Dateon, then Datron's calibration uncertainty (Ud) mustbe
replaced by the uncertainty associated the most-recent calibration
(Uc). A space is provided in the table for Uc to be entered. For a
verification immediately following a recalibration, using the
same equipment in the same conditions, both Udand Uc can be
discarded.

Rs
The uncertainty relative to absolute accuracy associated with
shunt (Ur) will need to be calculated and added to the total for Gm.
This forms the total user's uncertainty for the present verification,
and a space is provided in the table for it 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 (Validity Tolerance) DCUt.

Upper and Lower 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 lout x nominal Rs), in order to determine
the upper and lower voltage tolerances to be placed on the Vm
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 Vin setting, for
comparison with the tolerance limits.

Summary of Symbols
The symbols used· in the calculations appear in Table 1 in
Verification Report RS 1.
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Relevant Formulae

The following fonnulae should be used in the different
circumstances- shown:

Solo DC Verification at Zero and Full Range Values

A.When the Last Calibration was by Datron:

For each 4600 OU1PUT Value calculate the Validity Tolerance
Limits, using the 90dy figures for Ug, as follows:

First enter the user's uncertainty in ppm:

Ur

(Ug and Ud are already entered for three intervals)

Next sum the three uncertainties:

Ur + Ug + Ud

Enter the result on the DC Current table as DCUt.

Determine the Target Measurement Voltage:

TgtVm = lout x Rs

Then calculate the Validity Tolerance Limits:

For output value +lOA:
ULVm = TgtVm [1 + (DCUt x 10-e)]
LLVm = TgtVm[1 - (DCUt x 10-e)]

For output value -lOA:
ULVm = TgtVm [1 - (DCUt x 10-e)]
LLVm = TgtVm [1 + (DCUt x 10-e)]

At OA use the 'QA' TgtVm, the 'OAt DCUt and +10A x Rs:
ULYm = TgtVm + (10A x Rs x DCUt x 10-e)
LLVm = TgtVm - (10A x Rs x DCUt x 10-e)

Enter the results 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 Uc for Ud.

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

Use the calculations in (A), but discard both Uc and Ud, and
use the 24hr specification interval figure for Ug.



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 thennal transfer with precision
shunt (value Rt), using the 4600 as the DC current reference source.

Procedural Model

ACVin ACGm AClout
Phase 1 ACRVS 4600 Shunted Thermal

Transfer Standard
ACUv

DCVin

ACUg

DCGm DClout

I
Same null, SO

short term TTS transfer
error stability negligible

I
Phase 2

DCRVS 4600 Shunted Thermal
Transfer Standard

DCUv DCUg

Overall Model Formula
To relate the method to the value of ACGm; in Phase I the basic
Solo equation is transposed to place ACIout as the subject:

AClout =ACVin x ACGm

The ACRVS is set to nominallOV ACVin. The17S is Dulled to
the 4600 AC lOA output, ACIout passing through the shunt.

In Phase 2, DCIout is set by adjustment of DCVln, to obtain the
same null on the thermal transfer. Thus DCIout carries the
uncertainties due to ACVin and ACOrn. DCIout value is also
affected by the DC--+AC transfer function Ftr ofthe shunted ITS
at each of the frequencies to be verified, so this is accounted for
in the expanded equation.

DClout = ACVln x ACGm / Ftr

DCIout is the result of adjusting DCVin such that:

DClout = DCVIn x DCGm.

When the equation is expandedand transposed to makeDCVin the
subject, we have the model formula for the method:

DCVln =(ACVln x ACGm) I (Ftr x DCGm)

The nominal value ofFtr is usually unity; ie. lA(RMS)IIA (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/ITS. The value is used to detennine the Target DC
Vin setting (Vm)

Implicit Uncertainties
The uncertainties implicit in the above equatio~ are as follows:

ACUv: Traceableaccuracy ofthe ACRVS lOV outputrelative
to Absolute accuracy.

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

Etr: Shunt/ITS Transfer-Function Error.

The method itself introduces two major simplifications:

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

2. By using the Shunt/ITS 'only as a transfer standard,
adjusting the DCRVS for the samereadingduringPhase2,
the accuracy required ofthe transfer is limited to its short­
tenn 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 tighterbutremains
well within the capability of the 4600.

The calculation of Validity Tolerance·and Vm Limits, detailed
overleaf, makes theassumption that thesuggestedequipmentwill
be used. Note that this may not be valid for other ACRVSI
DCRVS/Shunt/ITS combinations.
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Section 4 - 4600 Verification - Appendix 1

Validity Tolerance

The assumptions made on the previous page allow us to discard
any uncertainties associated .with the Shunt/ITS tmnsfer error
(Etr). Thus we need only sQm DCUt, DCUv, ACUvandACUg,
plus the uncertainties associated with the most-recent AC
calibration of the 4600; to·arrive at the validity tolerance:

Specific Uncertainties
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 ag~inst ACUg and ACUd at the
verification frequencies. For verifications after any calibration
other than by D~tron, then Datron's calibration uncertainty
(ACUd) mustbe 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.

ACVln and previous DC Verification
The, uncertainties relative to absolute accuracy associated with
the ACRVS (ACUv) win need to be calculated and added to the
total for the AC Gm. These two, plus the total DC uncertainty of
DCUv (DeUt - 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
Thtttotal measurement uncertainty calculation is best carri~ 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
~f the totalmeasurement uncertainty ACUt.

Upper and Lower Limits
N.B. The DCRVS setting required to provide the correct DCVin

forthe TTS null is given the symbol Vm, as it is this setting
which is measuredagainst the uncertainty tolerance limits.

Once the validity tolerance in ppm has been calculated for the
particularverification being carried out (the interval since the last
calibration is significant).tbe figure is applied to the target value
ofVm (TgtVm' =nominalDCVin I nominal Ftr), in order to
determine the upper and lower voltage tolerances to be placed on
theVmsettingfor validityoftheverification. Spacesareprovided
in the ~ble 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 ReportRS 1.
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Relevant Formulae for Solo AC Verification at
Full Range Value
(10A RMS at three frequencies)

A. When the Last Calibration was by Datron:

For each 4600 OUTPUT Frequency (300Hz, 5kHz and 20kHz)
calculate the ValidityToleranceLimits, using the904y figures for
ACUg, as follows:

First enter the three user's uncert;ainties in ppm:

OCUt, DCUvand 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 ACUt.

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

TgtVm = nominal ACVln I nominal Ftr

ThencalculatetheValidityToleranceLimitsateachfrequency:

ULVm = TgtVm [1 + (ACUt x 10-6)]
LLVm = TgtVm [1 • (ACUt x 10-6)]

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 diadboth ACUc and ACUd,
and use the 24hr specification interval figure for ACUg.
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Validity Tolerance Limit Calculations (Contd)

Slave Verifications
N.B. In this description, reference to a '4700' refers also to a compatible model 4705, 4707 or 4708.

To confirm the 4600 specification it is necessary to measure lout, for a nominal 4700 OUTPUT setting of lOA.

DC Current (page RS 1-2 Table 1)

Measurement of lout
lout cannot be measured directly, so the method described on pages 4-13 to 4-15 employs a precision shunt (value Rs) to convert the
output current into a voltage. The shunt voltage is then measured (again indirectly - via a 'transfer' procedure). The method minimizes
the effects of the DMM uncertainties.

Phase 1
1OAsetting Vin

4700 [ 4600

4600 'Slave' Specification Ur

Phase 2
[ 4700

Um

Vm

---------_------I{ DMM

Procedural Model
To relate Phase 1to the SlaveError, the basic equation places Vout
as the subject:

Vout =lOA x Slave Error x Rs

Vout remains constant, as in Phase 2 it is measured by adjusting
the 4700 voltage Vm to obtain the same DMM voltage reading.
Thus the basic equation becomes:

Vm =lOA x Slave Error x Rs

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

Us: Traceable accuracy of the Slaved OA and lOA outputs
relative to Absolute.

Urn: Traceable accuracy of the 4700 OV and IV [100mV]
outputs, relative to Absolute.

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

Ux: Short term transfer stability of the DMM.

Slmpllfications
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 a major simplification:

By using th~DMM only as a transfer standard, adjusting the
4700 for the same reading during Phase 2, the accuracy
required of the DMM is limited to its short-tenn stability Ux.

This uncertainty is minute compared with other traceable
accuracies in the equation. By assuming that Ux does not exist (in
the interests of simplifying the calculations), the Validity
Tolerance is made marginally tighter but remains well within the
capability ofthe 4600. The calculation ofValidity Tolerance and
Vm 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
any unceltainties associated with the DMM transfer error (Ux).
Thus we need only sum Us, Urn and Ur, plus the uncertainties
associated with the most-recent calibration of the 4600 and 4700;
to arrive at the validity tolerance:

Specific Uncertainties
4600/4700 Slaved Combination
The allowed uncertainty of the slaved combination consists of the
basic accuracy specification relative to calibration standards (Us),
plus the uncertainty to absolute accuracy of the most-recent
calibration. It is possible to give.both of these if the instrument
was last calibrated by Datron. In verification reportRS I Table 3,
the values are already entered against Us and Ud for the nominal
verification points. For verifications after any calibration other
than by Datron, then Datron's calibration uncertainty (Vd) mustbe
replaced by the uncertainty associated the most-recentcalibration
(Vc). A space is provided in the table for Uc to be entered. For a
verification immediately following a recalibration, using the
salne equipment in the same conditions, both Ud and Uc can be
discarded,. .

Bs'&;Um

The uncertainties relative to absolute accuracy associated with
the shunt"(Ur) and with the measurement voltage Vrn (Urn) will
need to be calculated and added to the total for the slaved
combination. Ur, Urn and Us form the total user's uncertainty 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. '

Upper and Lower 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 ~o the target value
of Vm (TgtVm = nominal lout x nominal Rs), in order to determine
the upper and lower voltage tolerances to be·placed on the Vrn
seltingforvalidity 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 Vrn setting, for
comparison with the tolerance limits.

Summary of Symbols
The symbols used in the calculations appear in the Table 3 in
Verification Report RS I.
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Relevant Formulae

The following fonnulae should be used in the different
circumstances shown:

Slave DC Verification at Zero and Full Range Values

A. When the Last Calibration was by Datron:

For each 4600 OUlPUT Value calculate the Validity Tolerance
Limits, using the 90dy figures for Us, as follows:

Firstenter the measurementvoltageand shuntuncertainties in
ppm:.

Um and Ur

(Us and Ud are already entered for three intervals)

Next sum the four uncertainties:

Ur+ Us + Ud + Um

Enter the result on the DC Current table as DCUt.

Determine the Target Measurement Voltage:

TgtVm =nominal lout x Ra

Then calculate the Validity Tolerance Limits:

For output value + lOA:
ULVm = TgtVm [1 + (DCUt x 10-6)]
LLVm = TgtVm [1 - (DCUt x 10-6)]

For output value -lOA:
ULVm = TgtVm [1 - (DCUt x 10-6)]
LLVm = TgtVm [1 + (DCUt x 10-6)]

At OA use the 'OAt TgtVm, the 'OAt Ut and +IOA x Rs:
;ULVm = TgtVm + (10A x Rs x DCUt x 10-6)
LLVm = TgtVm· (10A x Rs x DCUt x 10-6)

Enter the results as Upper and Lower Tolerance Limits for
Vrn respectively.

B. When the Last Calibration was not by Datron:

Use the calculations in (A), but substitute Uc for Ud.

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

Use the calculations in (A), but discard both Uc and Ud, and
use the 24hr specification interval figure for Us.
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Slave Verifications (Contd.)

AC Current (page RS I Table 4)

Measurement of ACloul
ACloutcannotbemeasureddirecdy,sothe methoddescribedonpages4-17to4-19perfonnsanAC/DCthermaltransferwithprecision
shunt (value Rt), using the slaved 4700/4600 as the DC currentreference source.

Procedural Model

Phase 1

AC 1CA setting

4700 (AC)

ACUs

4600

AClout_

Shunted Thermal
Transfer Standard

I
S.ame null,' so

sh()rt ..tE:)rmlTS transfer
error stability negligible

.Phase 2
DClm DClout I

~.

Shunted'Thermal4700 (DC) 4600 Transfer Standard
DCUt

Overall Model Formula
To relate Phase I to the AC SlaveError, the basic equation places
ACIout as the subject:

AClout =lOA x AC Slave Error

The4700 is setto nominallOA. The1TS is nulled to the4600 AC .
lOA output, AClout passing through the shunt.

In Phase 2, DCIout is set by adjustment of DCIm, to obtain the
same null on the. thermal transfer. Thus· DCIout carries ·the
uncertainties due to the 4700 reference 'voltage output an4the
4600 transconductance. DCIout value .is alsoaffect~ .1Jy .. the
DC~AC transfer functionFtr of the shuntedTTSat each of the
frequencies to be verified, so thisis accounted forin.theexpanded
equation.

DCIout =lOA x AC Slave Error / Ftr

DClout is the result of adjustingDCVin such that:

DClout =DCIm x DC Slave Error. ~

When theequation is expandedand transposed to make DCIm the
subject, we have the model fonnula for the method:

DCIm =(lOA x AC Slave Error) / (Ftr x DC Slave Err~r)

Thenominal valueofFtris usually unity; ie. lA(RMS)/IA(DC);
any deviation from this value at the specified frequencies of
300Hz, 5kHz and 20kHz willbe known from the calibration data
ofthe Shunt/ITS. Thevalue is used to determine the4700Target
Current OUTPUT setting (TgtAClm).

Impllclttjncel1fllntte.
.The'uncertainties implicit in the above equation are as f~llow~: '

ACUs: ·Traceable accuracy of the slaved 4700/4600 lOA
output relative to Absolute accuracy.

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

Elt: Shunt/ITS Transfer-Function Error.

The method itselfinttoduces two major simplifications:

1'. By using the verified slaved4700/4600 as the DCI so~ce,
DCUtbasaIready been calculated.

Z. By,~~th~~hlUlt/ITS only as a transfer standard.
adjusting:tge.slaved 4100/4600 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

:i exist (in the interests of simplifying the calculations), the
Validity Toleranceis made marginally tighterbutremains
well within the capability of the 4600.

The calculation ofValidity Tolerance and DCIm Limits, detailed
overleU, makes theassumption that the suggestedmethod willbe
used
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Validity Tolerance

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

Specific Uncertainties
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
instrumentwas lastcalibratedbyDatron. In theverification 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),plusACUsandeitherACUdor ACUc,accountfor thetotal
measurement uncertainty ACUt (Validity Tolerance) for the
present verification.

Summing Inppm .
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 lOA range output setting required to provide

the correct output current for the ITS 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 1s significant), the figure is applied to the target value
of DCIm (TgtDClm =nominal AClout I 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 lTS null, for comparison with thetolerance 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 ACVerification at
Full Range Value
(10A RMS at three frequencies)

A. When the Last Calibration was by Datrori:

For each 4600 OUTPUT Frequency (300Hz, 5kHz and 20kHz)
calculate the Validity Tolerance Limits, using the90dy 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 ACUt.

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

TgtDClm =nominal AClout / nominal Ftr

Then calculatetheValidityToleranceLimitsateachfrequency:

ULlm = TgtDClm [1 + (ACUt x 1o-a)]
LLlm = TgtDClm [1 - (ACUt x 10-8)]

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-Calibration
(Same equipment, same conditions)

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



Uncertainty and Traceability

Cumulative Tolerances

If an instrument was correctly calibrated against the factory
standard at its'uncertaintylimit, and then verified against a user's
standard, also at its limit; there are two extremes to 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 lOA, and with Oppm erroragainsta 5ppm-highstandard
(relative to Absolute Accuracy):

Section 4 - 4600 Verification - Appendix 2
Appendix 2 to:
4600 User's Handbook
Section 4

Verification Uncertainties

Each element in the calibration traceability chain (on the next
page)contributes i&s uncertaintytoinfluencetheovemllverification
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 total tolerance
('Validity Tolerance1 is the sum of those established for each
system (as described ~lier).

Thus on receipt· of the 4600, Datron's uncertainties must be
included in the total tolerance limits; but when verifying against
the sameStandards setupused tocalibrate the instrument, theyare
excluded.

DC Std
+5ppm

4600
+5ppm

Two formulae for calculating the total tolerance limits are given
foreachprocedure,coveringthetwotypesofverificationoccasions
mentioned.

It remains correctly, calibrated, and could be delivered to one of
two users: one user's standard is 5ppm higher than Absolute, and Validity Tolerance Limit Calculations
the other's is 5ppm lower.

User 1
DC Std
+5ppm 4600

+5ppm

User 2
DC Std
-5ppm

The 4600 is verified by comparing its transconductance with the
Validity (Total) TolenmceLimits. Thesehave to becalculatedby
summingtheappropriateuncertainties from the traceabilitychain,
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.

Despite the instrument sustaining its original accuracy of+5ppm,
and the standards all being within 5ppm ofAbsolute; the fIrst user
would verify the4600as havingOppm error, but thesecond would
obtain an error of +IOppm.

The increaseduncertainty isunavoidable unless thesamestandard
is used for each verification. This is clearly not a practical
proposition following delivery. Butafter the fIrst autoealibration
against the user's standard, Datron's calibration uncertainty no
longer applies.

Where possible, the 4600 specification and Datron calibration
uncertainties are given in a form suitable for calculation (see
ReportSheetRS 1whereactualuncertaintiesareenter~~). Where
this is not possible they can be assembled from the specifications
in Section 6 (refer to Appendix 1).

User's uncertainties need tobeassembledandincluded,expressed
in the form appropriate to the calculations.

Whereas Datron's uncertainties are normally included in the
calculations only once (on receipt), user's uncertainties must
always be included. So it is sensible to provide a pennanent
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 individual procedures.
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4600· RECOMMENDED VERIFICATION PROCEDURES· Calibration Traceability Chan
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General Procedural Information

Specifications and Verification

Section 4 - 4600 Verification - Appendix 3
Appendix 3 to:
4600 User's Handbook
Section 4

4.600 Specification Formats
The specifications can be found in two forms:

a. Tabular layout as in Section 4.

In Section4, the stability and relative accuracy specifications
alone describe the true performance of the instrument, in a
form which can be made traceable to National Standards
merelyby adding in the uncertainty ofthe referencestandards
used for checking. Datron's calibration uncertainty is shown
in a separate column. This must be added, to obtain true
traceable accuracy for all instruments which were last
calibrated by Datron. For instruments calibrated by other
agencies, their own calibration uncertainty must be added
instead.

b. Slave Mode Specifications stored within the slaving
4700-series calibrator's non-volatile memory.

The 4600's non-volatile memory figures can be accessed
using the 'Spec' Mode of the slaving 4700-series calibrator.
Thesearecompiled specifically for users withoutverification
facilities, so that they can obtain the tolerance limits of the
4600 output, without referring to Section 4.

The position of the CAL INTERVAL switch on the
calibrator's rear panel selects the readout for the intervals
listed below. The '9Q-day' and 'I-year' readouts always
include Datron's own calibration uncertainty relative to
National Standards, giving traceable accuracies for
instruments which were last calibrated by Datron.

For AC Current, the output is specified in four frequency
bands:

10Hz - 1kHz; 1kHz - 5kHz; 5kHz - 10kHz
and 10kHz - 20kHz.

The Spec mode readout also aligns to these three bands.

. 24hr CALIBRATION INTERVAL
24 Hours Stability figure only, relative to Calibration
Standards.

90dy CALIBRATION INTERVAL
90 Days Relative Accuracy figure plus Oatron's
C~ibration Uncertainty relative to National Standards.

lyr CALIBRATION INTERVAL
1 Year Relative Accuracy figure plus Datroo's
Calibration Uncertainty relative to Nation81 Standards.

Because the 4600 operates in two modes and for DC and AC,
the Report Sheets are subdivided into tables each relating to
a particular verification technique for the combinations.

Verification Conditions

Stability Specifications
The24-hourstability specificationsarerelative touser's reference
standards. Inallcasesvaliditydepends on using thesamestandard
as reference, under the same conditions, including'temperature.
Also, verification is valid only within 24 hours ofcalibration or a
previous verification. In the latter case, the specific,ations are·
relative to the figures obtained at the earlier verification.

On Receipt
The 9Q-day and I-year accuracy specification periods start from
the dateoffmal teston the certificateofconformance. The90-day
and I-year tolerances can be calculated by adding both the user's
reference standard absolute uncertainty and Oatron's calibration
absolute uncertainty to the Relative Accuracy figure given in the
Report Sheets.

Following User Calibration or a Previous Verification
Add only the user's uncertainty to the Relative Accuracy figure.

Temperature
Where ambient temperatures are outside the Specified range,
temperature coefficient correction should be taken into account.

Uncertainties· in Verification
Appendix2describes theuncertainties inherentinanyverification
process. Worst-case figures must always be assumed, although
acccumulated uncertainty is generally much less than implied

Duplicate the Report Sheets

Pleaseusetheprintedreportsheetsas masters togenerateduplicate
copies, thenrecord the instrument~s performanceon theduplicates
~th on receipt from Datron and for future periodic checks).

The report sheets list the appropriate accuracy limits and Datron's
calibration uncertainty (relative to Absolute Accuracy) at the
verification points. Blank columns are provided for the user's
calibration uncertainty, the cumulative 'Validity' tolerance limits,
and the pc Voltage Source's adjusted ~eading (for comparison
with the tolerance).

Page 1ofReportSheetRS1is assigned to guidancefor those users
who are unfamiliar with the Verification process.

The appropriate limit calculations appear in Appendix 1.
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Thermal Transfer
(AC Current)

When verifying the 4600, the Thermal Transfer Standard is
connected to the 4600 output terminals via a shunt, and the AC
output is compared with the DC output.

Important Points when using a Thermal Transfer Standard:

Start with OUTPUT OFF.

The 4600 should be connected 10 the Thennal '(ransfer
Standard only when the 4600 OUlPUT OFF LED is lit.
(With Output OFF, the 1+ and 1- terminals are at high
impedance).

Sensitivity.

Always set the Thermal Transfer Standard to its lowest
sensitivity before connecting up. Increase sensitivity when
necessary to obtain the required input level.
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Alternative AC Current Verification
(Using an AC DMM for AC - AC Transfer instead ofa Thermal Transfer Standard)

Section 4 - 4600 Verification -Appendi;x4
Appendix 4 to:
4600 User's Handbook
Section 4

References

Validity Tolerance Calculations
The verification processes are modelled later in this appendix,
together with the validity tolerance limit calculations, starting on
page 4-A4-9.

Repon Sheets
The Report Sheets RS 2 for the alternative solo and slave
procedures are given at the end of this appendix, starting on page
4-A4-RS2-1.

Shunt Values
In this appendix, in the interests ofclarity, an assumption is made
that a 100mn shunt will be used. The shunt value and shunt
vol~ge values are given for a 100mQ shunt; values for a 10mQ
shunt are indicated by square braces [...].

Solo Mode
Full Range Checks
The Solo 4600 is verifiedby measuring its transconductance. We
use the ACRVS to input a voltage, and compare the output current
value against the input voltage value. A shunt converts the output
current to a voltage, measured across the shunt using a DMM.

The ACRVS output is then connected directly to the DMM and
adjusted to give the same reading as for the shunt voltage. The
output setting of the ACRVS is compared against calculated
limits.

This AC - AC transfer ensures that the DMM uncertainties are
reduced to negligible levels.

EqUipment ReqUirements
• An AC Reference Voltage Source (ACRV~), calibrated to

suitable accuracy for frequencies of 300Hz, 5kHz and 20kHz
at 10V and IV [loomV] RMS.
Example: Datron 4200A, 4700 or 4708.

• A Calibrated lOA AC Current Shunt of suitable accuracy, of
value 100mQ [10mQ].

• A DMM of sufficient resolution and stability, 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 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 verified at lOA RMS for three output frequencies:
300Hz, 5kHz and 20kHz, corresponding to an input voltage of
10V at the same frequencies. The 4600 output is passed through
a calibrated precision AC current shunt ofvalue lOOmQ [lOmQ];
the resulting voltages are measured by an AC - AC transfer
method, using a DMM.

4600 AC Output Current Measurement
The specification of the AC Reference Voltage Source (ACRVS)
should be known to verify at the voltages and frequencies to be
used. Its output is applied to the Solo4600 INPUT te~i~ls. The
OUTPUT 1+ and 1- terminals ofthe 4600 are connected'to pass the
current through the shunt, and the DMM is connected to~~ure
the voltage across the shunt. The ACRVS output voltage is set to
the three verification points in turn, and the DMM rea~ings are
noted.

AC • AC Transfer
The ACRVS output is then connected directly to the DMM input
terminals t with the shunt connection removed.

For each frequency, the ACRVS output voltage setting is adjusted
in turn to give the same DMM voltage readings obtained across
the shunt. For each frequency the ACRVS output setting is
recorded. The accumulated uncertainties are recorded and used to
calculate the Validity ToleranceLimits. The4600 is verified if the .
ACRVS output 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 ACRVS and DMM specifications verify for
frequencies of 300Hz, 5kHz and 20kHz;. at the following
voltages:
ACRVS IV'[IOOmV] RMS; IOV RMS.
DMM IV [loomV] RMS.

3. TurnontheACRVS,DMMand46OOtobecheckedandallow
at least 2 hours' warm-up in the specified environment.

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

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

The procedure is detailed on pages 4-A4-2/3.
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Solo AC Current Verification Procedure
Record results on Report Sheet 4600 RS 2, (pages 4-A4-RS2-1 & 2)

AC Refentnce Voltage
Source (ACRVS)

(··········DANGER·······················..·1

!H:~':GE &!
: Guard ~

~~I
()I

... ~~::. :

Output Current Measurement
Connect the ACRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection ofDMM Lo to the 4600
INPUT ground).

Carry out operations (a) to (I):

3. ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 300Hz,
OUTPUT RANGE to tOv,
Sense to Remote.
Guard to Local.
OUTPUT voltage to to.OOOOOV RMS.

b. DMM Set AC range to measure IV [lOOmV] RMS.
Set Guard to Local.

AC DUM (1V [100mV) Ran.ge)

I~

1+ I- nGuard
tflfs..~ ~:~.'. ~%. [11 4 WI"re.a
\~~ w.~1J.; ~~.......' :.~ '~... ' "".- 2 wire .a
HI '¥ Lo Guard

~~~ ril Local Guard
~~:' ~ Remote Guard

f. ACRVS Reset FREQUENCY to 5kHz.

g. DMM Record the DMM reading on RS2 Table 1
against 'DMMTransfer Reading' as 'VSk'.

h. ACRVS Reset FREQUENCY to 20kHz.

j. DMM Record the DMMreading on RS2 Table 1
against 'DMM Transfer Reading' as 'V20k'.

c. ACRVS Set OU1PUT ON.
k. 4600 Set OU1PUT OFF.

d. 4600

e. DMM
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Set OU1PUT ON.

Record the DMM reading on RS2 Table 1
against 'DMM Transfer Reading' as 'V300'.

I. ACRVS SetOU1PUTOFF.



AC Reference Volt~e
Source (ACRVS)

,·····~;~~~jt~~~·~······It\·-1

~ ~
~----=---------4..........

Guard 1

(~~$i

~~~I
........... ._ _._..~.:_:_ )

AC • AC Transfer
Connect the DMM to read the ACRVS output as in the above
diagram. Ensure that the DMM Guard is set to Local.

Carry out operations (m) to (s):

Section 4 - 4600 Verification - Appendix 4

AC DMM (1V [100mV] Range)

---&~
1- nGuard

t~~~ I~.'.~~'\ I· 4 wire n
\~/~.3 t~:..\•• :1. t

....~y '::~ 2 wire n
Guard
.1.~;;'~ I Local Guard

~~:~;~ 11 Remote Guard

m. ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 300Hz
OUTPUT RANGE to IV [IOOmV],
Sense to Remote.
Guard to Local.

D. DMM Set AC range to measure I V [lOOmV] RMS.

p. ACRVS Set OUTPUT ON.
Adjust the ACRVS output voltage togive a DMM
reading of 'V300'.
Record the ACRVS output voltage setting

. against 'Vm t in the 300Hz column of the Report
Sheet RS 2 Table 1.

q. ACRVS Set FREQUENCY to 5kHz.
AdjusttheACRVSoutputvoltagetogiveaDMM
reading of'V5k'.
Record the ACRVS output voltage setting
against 'Vm' in the ~kHz column of the Report
Sheet RS 2 Table 1.

r. ACRVS Set FREQUENCY to 20kHz.
AdjusttheACRVSoutputvoltagetogiveaDMM
reading of'V20k'.
Record the ACRVS output voltage setting
against 'Vm' in the 20kHz column of the Report

. Sheet RS 2 Table 1.
Set OUTPUT OFF.

Validity Tolerance Limit Calculations
Refer to Appendix 1 page 4-A4-9.

s. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use Calculation B if the 4600 was last calibrated against the
standards being used for verificatio~.

• Use Calculation C if the verification immediately follows a
calibration using the same equipment.

• The Solo Full Range AC outputs verify if the value of Vm
recorded in (p), (q) and (r) areatorbetween the corresponding
Validity Tolerance Limits.
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Alternative AC Current Verification (Contd)
(Using an AC DMMfor AC - AC Transfer instead ofa Thermal Transfer Standard)

Slave Mode
N.B. In this description and procedure, reference to a '4700' refers also to a compatible model 4705, 4707 or 4708.

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 outputcurrent to a voltage, measuredacross the
shunt using a DMM.

The 4700 output voltage is then connected directly to the DMM
and adjusted to give the samereading as for the shunt voltage. The
output setting of the 4700 is compared against calculated limits.

This AC .- AC transfer ensures that the DMM uncertainties are
reduced to negligible levels.

EqUipment Requirements
• The slaving 4700, AC voltage verified to suitable accuracy for

frequencies pf 300Hz, 5kHz and 20kHz at 10V and 1V
[lOOmV] RMS, and previously calibrated in Slave mode with
the 4600 to be verified.

• A Calibrated lOA AC Current Shunt of suitable accuracy, of
value lOOmQ [IOmQ].

• A DMM of sufficient resolution and stability, 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 rated power dissipation is sufficient to
avoid pennanent degradation from the self-heating effects of the
current being checked.

Summary of AC Procedure

General
The 4700/4600 combination is verified at lOA RMS for three
output frequencies: 300Hz, 5kHz and 20kHz. The 4600 output
passes through a precision AC current shunt of value lOOm!} [or
IOm!}]; the resulting voltages are measured by an AC - AC
transfer method, using a DMM.

4600 Output Current Measurement
The specification ofthe 4700 AC voltage outputshouldbeknown
to verify at the voltages and frequencies to be used. The 4600 is
connected in Slave mode to the 4700. The OUTPUT 1+ and 1­
terminals of the 4600 are connected to pass the output current
through the shunt, with the DMM connected to measure the shunt
voltage. The 4700 AC lOA OUTPUT RANGE is selected. Its
OUTPUT display is set to Full Range lOA for each fre<iuency ·in
turn, and the DMM readi"ngs are noted.

AC - AC Transfer
The 4700 voltage output is then connected directly to the DMM
input terminals, with the shunt connection removed.

Foreach frequency, the4700 OUTPUT voltage isadjusted to give
the same DMM voltage readings obtained across the shunt. For
each frequency the 4700 OUTPUT display setting is recorded.
The accumulated uncertainties are recorded and used to calculate
the ValidityTolemnce Limits. The combination is verified if the
4700 output 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 IV [IOOmV] RMS; 10V RMS.
DMM IV [IOOmV] RMS.

3. Turn 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.

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

The procedure is detailed on pages 4-A4-6n.
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Slave ACCurrent Verification Procedure
Record results on Report Sheet 4600 RS 2, (Page 4-A4-RS2-1 & 3)

4600

INPUT

~~
HI Lo

&

Output Current Measurement
Connect the slaved 4600, Shuntand DMM as shown in the above
diagram (ensure the connection of DMM Lo to the 4600 INPUT
ground). -

Carry out operations (a) to (j):

1+

AC DMM (1V [100mV] Range)

1-

3. 4700

b. DMM

c. 4700

d. llMM

e. 4700

f. DMM

Ensure that OUTPUT is OFF,
FUNCTION to AC then I,
FREQUENCY to 300Hz,
OUTPUT RANGE to 10, Guard and Sense are
coptrolled by fmnware.
Press the Fun Range key to set the output
voltage to 10.OOOOOV RMS.

Set Ile range to measure IV [lOOmV] RMS.
Set Guard to Local.

Set OUTPUT ON.

Record the DMM reading on RS2 Table 2
against 'DMM Transfer Reading' as 'V300'.

Reset FREQUENCY to 5kHz.

Record the DMM reading on RS2 Table 2
against 'DMM Transfer Reading' as 'VSk'.

g. 4700

h. DMM

j. 4700

Reset FREQUENCY to 20kHz.

Record the DMM reading on RS2 Table 2
against 'DMM Transfer Reading' as 'V20k'.

Set OUTPUT OFF.
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Slaving
47oo....rl.. Cillbrator

DANGER A\.': AC DMM (1V [100mV] Range)
HIGH VOLTAGE ill j h

~.-. '~:. r lh~
~ -............ 1+ 1- Cl Guard

--.-...-...-...-....-........:....-...-....-...-...-...-...-....-...-......~.., l~~;:~\ .c{::~;;~ 14 wire Cl
t:~_.'jJ ~.~ ~; .

Guard ~.:/ '''~J' 2 wire Cl

~~ (6 1~:O:U::d

AC • AC Transfer
Connect the DMM to read the 4700 output as in the above
diagram. Ensure that the DMM Guard is set to Local.

Carry out operations (k) to (q):

k. 4700 Ensure that OUTPUT is OFF,
FUNCTION to AC, not I,
FREQUENCY to 300Hz
OUTPUT RANGE to IV [IOOmV],
Sense to Remote.
Guard to Local.

I. DMM Set AC range to measure IV [lOOmV] RMS. Validity Tolerance Limit Calculations
Refer to Appendix 1 page4-A4-11 & 12.

m.4700

D. 4700

p. 4700

Set OUTPUT ON.
Adjust the 4700 output voltage to give a DMM
reading of 'V300'. .
Record the 4700 output voltage setting against
'Vm'inthe300HzcolumnoftheReportSheetRS
2 Table 2.

Set FREQUENCY to 5kHz.
Adjust the 4700 output voltage to give a DMM
reading of'V5k'.
Record the 4700 output voltage setting against
'Vm' in the 5kHz column of the Report Sheet RS
2 Table 2.

Set FREQUENCY to 20kHz.
Adjust the 4700 output voltage to give a DMM
reading of'V20k'.
Record the 4700 output voltage setting' against
'Vm' in the 20kHz column of Repon Sheet RS 2
Table 2.
Set OUTPUT OFF.

q. Calculate the Lower and Upper Vm Tolerance Limits.

• Use Calculation A if the 4600 was last calibrated by Datron.

• Use .Calculation B if the 4600 was last calibrated against the
standar$ being used for verification.

• Use- Calculation C if the verification immediately follows a
calib~tion using the same equipment.

• The Slave Full Range AC outputs verify if the value of Vm
recorded in (m), (n) and (p) are at or between the
corresponding Validity Tolerance Limits.

4-A4-7
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Validity Tolerance Limit Calculations
This deals with the calculations necessary to determine the Validity Tolerance Limits for each of the
verification procedures. Reference to the appropriate calculation is given in each procedure.

Solo Verifications

To confum the 4600 specification it is necessary to measure its transconductance Gm, whose nominal value is 1 siemens.

Gm. =lout I Vin, where Vout is constant.

AC Current

Measurement of Gm
Gm cannotbe measured directly; the method described on pages 4-A4-l to 4-A4-3 employs a precision shunt(value Rs) to convert the
output current into a voltage. The shunt voltage is then measured (again indirectly - via a 'transfer' procedure). The method minimizes
the effects of the DMM uncertainties.

Procedural Model

Phase 1

Phase 2

Vin Gm lout Rs Vout

ACRVS
I 1 4600 H Shunt

I 1 DMM

I Uv Ug Ur l
VmNin Same reading, so

ratio error short term stability
negligible error negligible

I Vm I

ACRVS 1 DMM
:~

Urn

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

Vout= Vln x Gm x Rs

Vout remains constant, as in Phase 2·it is measured by adjusting
The ACRVS to ~btain the same DMM voltage reading. Thus the
basic equation becomes:

Vm = VIn x Gm x Rs

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

Uv: Traceable accuracy of the ACRVS lOV output relative to
Absolute accuracy.

Um: Traceable accuracy of the ACRVS IV [lOOmV] output,
relative to Absolute accuracy.

Ur: Traceable AC accuracy of the shunt resistance relativeto
Absolute accuracy.

Vg: Traceable AC accuracy of the 4600 relative to Calibration
Standards.

Vx: Short term transfer stability of the DMM.

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

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

2. By usinga suitable Datroncalibratoras ACRVS (as suggested
in 'EquipmentRequirements') the ratioerrorbetween Vinand
Vm is very small.

Both theseuncertaintiesareminutecomparedwithothertraceable
accura~ies in the equation. By assuming.that they do not exist (in
the interests of simplifying the calculations), the Validity
Tolerance is made marginally tighter but remains well within the
capability ofthe 4600. The calculation ofValidity Tolerance and
Vm Limits, detailed overleaf, makes the assumption that the
suggested equipment will be used. Note that this may notbe valid
for other ACRVS/DMM combinations.

4-A4-9
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Validity Tolerance

The assumptions made on the previous pagb.allow us to discard
any uncertainties associated with the DMM transfer error (Ux),
the ACRYS IOY output error (Uv) and the ACRVS ratio error
(Urn). Thus we need only sum Ur and Ug, plus the uncertainties
associated':with the most-recent calibration of th~4600; to arrive
at the validity tolerance:

Specific Uncertainties
4600 Gm

.The allowed uncertainty of Gm consists of its basic accuracy
specification relative to calibration standards (Ug), plus the
uncertainty to absolute ac~c,y of its most-recent calibration. It
is possible to give both oC"'these if the instrument was last
caljbrated by Datron, and the values are already entered in the
table against Ug and Ddon verification reportRS2 for thenominal
v~rification .points. For verifications after any calibration other
than by Datron, then Datron'scalibration uncertainty (Ud) mustbe
replaced by the uncertainty associated the most-recentcalibration
(Vc). A space is provided in the, tables for Uc to be entered. For
a verification immediately following a recalibration, using the
same equipment in the same conditions, both Ud and Vc can be
discarded.

Rs

The uncertainties relative to absolute accumcy associated with
the shunt (Ur) will need to be calculated and added to the total for
Gm. This forms the total user's uncertainty for the present
verification, and a space is provided in the table for it tobeentered.

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
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
ofYm (TgtYm=nominal IoutxnominalRs), in ordertodetermine
the upper and lower voltage tolerances to be placed on ·the·Vm
setting.for validity of the verification. Spaces are provided in the
tables to register these limits.

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

Summary of Symbols
The· symbols used in the calculations appear in the tables in
Verification Report RS2. '

4-A4-10

Relevant Formulae

The following fonnulae should be used in the different
circumstances shown:

Solo AC Verification at Full Range Values

A. When the Last Calibration was by Datron:

For each 4600 OUTPUT Frequency calculate the Validity
Tolerance Limits, using the 904y figures for Ug, as follows:

First enter the user's uncertainty in ppm:

Ur

(Ug and Ud are already entered for three intervals)

Next sum the three uncertainties:

Ur + Ug + Ud

Enter the result on the DC Current table as ACUt.

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

TgtVm =lout x Ra

ThencalculatetheValidityToleranceLimitsateachfrequency:

ULVm = TgtVm [1 + (ACUt x 10-4)]
LLVm = TgtVm [1 • (ACUt X 1(t6)]

Enter the results 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 Uc for Ud.

c. Immediately Following a User·callbratlon
(Same equipment, same conditions)

Use the calculations in (A), but discard both·Uc and Ud, and use
the 24hr specification interval figure f~r Ug.
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Validity Tolerance Limit Calculations (Contd)

Slave Verifications
N.B. In this description, reference toa '4700' refers also to a compatible model 4705, 4707 or 4708.

To confirm the 4600 specification it is necessary to measure lout, for a nominal 4700 OUTPUT setting of lOA.

AC Current

Measurement·of lout
lout cannot be measured directly, so the method described on pages 4-A4-5 to 4-A4-7 employs a precision shunt (value Rs) to convert
the output current into a voltage. The shunt voltage is then measured (again indirectly - via a 'transfer' procedure). The method
minimizes the effects of the DMM uncertainties.

10A setting Vin lout Rs VoLit
Phase 1

I 1 4600 H Shunt
I 1 DMM4700

4600 'Slave' Specification Ur I
Same reading, so
short term stability

error ne~ligible

Vm I
Phase 2

47~ 1 DMM

Um

Procedural Model
To relate Phase I to the SlaveError, the basic equation places Vout
as the subject:

Vout = lOA x Slave Error x Rs

Vout remains constant, as in PhaSe 2 it is measured by adjusting
the 4700 voltage Vm to obtain the same DMM voltage reading.
Thus the basic·equation becomes:

Vm = lOA x Slave Error x Rs

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

Us: Traceable accuracy of the Slaved lOA output relative to
Calibration Standards.

Um: Traceable accuracy of the 4700 IV [lOOmV] output,
relative to Absolute accuracy.

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

Ux: Short term transfer stability of the DMM.

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

1. By using the DMM only as a transfer standard, adjusting the
4700 for the same reading during. Phase 2, the·· accuracy
required of the DMM is limited to its short-tennstability Ux.

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

4-A4-11
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Validity Tolerance

The assumptions made on the previous page allow us to discard
any uncertainties associated with the DMM transfer error (Ux).
Thus we need only sum Us, Urn and Ur, plus the uncertainties
associated with the most-recent ~alibration ofthe 4600 and4700;
to arrive at the validity tolerance:

~ft~ClflcU~c8rt~lntl.i
4800/4700 Staved Combination
The allowed uncertainty of the slavedcombinationconsistsof the
basic accuracy specificationrelative tocalibrationstandards (Us),
plus the uncertainty to absolute accuracy of the most-recent
calibration.. Itispossibleto give both of these if lhe instmment
was last calibrated by Datron, and the values are already entered
in the table against Us and Ud on verification rtiprt RS2 for the
nominal verification points. For verificatidils after any
calibration other than by Datron, then Datronts calibration
uncertainty (Vd) must be replaced by the uncertainty associated
the most-recentcalibration (Vc). A space is provided in the tables
for Uc to be. entered. For a verification immediately following a
recalibration, using the same equipment in the same conditions,
both Ud and Uc can be discarded.

Rs&Vm
The uncertainties relative to absolute accumcy associated with
the shunt (Ur) and with the measurement voltage Vm (Um) will

. need to be calculated and added to the total for the slaved
combination. These two form the total userts uncertainty for the
presentverification, and spaces are provided in the tables for them
to be entered.

Summing In ppm
The total measurement uncertainty calculation is best carriedout
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
Ollcethe 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
ofVm (TgtVm=nominal loutxnominal Rs), in order to determine
the upper and lower voltage tolerances to be placed on the Vm
setting for validity of the verification.·· Spaces are provided·in the
tables 'to register these limits.

Measurement Results
-Aspace is provided in the table to ellter theactual Vm settillg. for
comparison with the tolerance limits.

Summary of SymbOls
The, symbols used in the calculations appear in the tables in
Verification Report RS2.

4...A4-12

Slave AC Verification at Full Range Values

A. When the ·Last calibration was by Datron:

For each 4600 OUTPUT Value calculate the Validity Tolerance
Limits, using the 90dy figures for Us, as follows:

• First enter the measurement voltage and shunt uncertainties
inppm:

Um and Ur

(Us and Ud·are already entered for three intervals)

• Next sum the four uncertainties:

Ur + Us + Ud+ Um

Enter the result on the AC Current table as ACUt.

• Determine the Target Measurement Voltage for each of the
.three frequencies:

TgtVm =nominal lout x Ra

Then calculate the Validity Tolerance Limits for each
frequency:

ULVm = TgtVm [1 + (ACUt X 1Q-6»)
l.LVm = TgtVm'~[1 - (ACUt X 1Q-6»)

Enter the results 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 Uc for Ud.

C. Imm8dlately Following a User-calibration
(Same equipment. same conditions)

Use the calculations in·(A). but discard both Uc and Ud. and
use the 24hr specification interval figure for Us.
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4600RS 2
Model 4600

4600 Serial Number . Associated 4700/4705/4707/4708 Serial Number .

Calibration Interval --- 90days---... Specification --- Accuracy --- .

Date . Checked by . Company/Oept .

Note: On receipt of the instrument it is recommended to check at the values shown in the tables.

The 'Validity Tolerance'
Why is it necessary to calculate this tolerance?

It is impossible to verify the specification of an instrument with
absolute certainty, even using the original calibration equipment to
make measurements. All measurementscarrya degree ofuncertainty,
this being quantified by the traceability of the measuring equipment.

The measurements attempt to verify that the instrument performs
within its specification; ie. it operates within the tolerance of its
accumulated uncertainties. But as the measurement itself has its own
accumulated uncertainties, these must be added to those of the
instrument in order to set a 'Validity Tolerance'.

If an- instrument performs within its validity tolerances, all that can be
assumed is that its verification is uncertain. For example; if results
,agree exactly with the instrument settings, the measurements are still

at least as uncertain as the traceability (to absolute accuracy) of the
measuring equipment. The only certainty is that if one result exceeds
its validity tolerance, then the instrument has failed to verify.

For a verification measurement to be acceptable, therefore, each
validity tolerance mustexpress acontinuous trace ofall the uncertainties
from the instrumentterminals, via 'AbsoluteAccuracy', to the measuring
eciu~pment connections to those terminals. The validity tolerance· of
the trace isobtained byadding togetherall the intervening uncertainties
at the time the measurement is made. The specification sets out the
worst-case allowances (relative tolerances) for the instrument
performance. For the measuring equipment, worst-case tolerances
must also be assumed. The full extent of the accumulation is
illustrated below in the simplified diagram:

Sum of all Uncer1ainties ='Validity Tolerance'

Usefs Calibration-S1andard 1
Uncertainty Relative to

..:.:.:.:.:.:.:.:.::.::':::::.::.:.:.:.:.:.:.:.:.:.:.::::~IJ
Usefs Measurement System

Connection to Instrument

. Datron's Calibration-Standard
Uncertainty Relative to .

Absolute Accuracy

Instrurritnt Accuracy ;.j~.:
Relative to

..:.~.::i::::::.~::::::.:.:.:.:::::ii::
Instrument
Terminals

CONSTRUCTION OF 'VALIDITY TOLERANCE'

Implementation on Receipt of Instrument Implementation after User-callbratlon

The tables in this report document provide columns to enter both the
relevant results of measurements and results of calculations from the
measurements. Guidance is given in the form ofcalculation equations,
where to obtain information, and tables to simplify the calculations.

Wherever appropriate and possible, the figures in the columns are
already entered (90 day Specification). The recommended methods
of setting up the equipment, and measuring the instrument outpu.ts,
are described elsewhere in this Appendix.

Once the instrument has been calibrated against the user's standards,
then Datron's calibration-standard uncertainties can be removed from
the validity tolerance calculation.

It is still necessary to include the worst-case user's calibration­
standard uncertainties for the time period elapsed since the instrument
was last verified or calibrated.

It is anticipated that userswill wish to employ theirown standard report
formats on these occasions.
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TABLE 1.iSOLO ACCURRENT

Full Range Checks

Report Sheet RS2 - Alternative ACI Verification Using AC DMM

Calculate Total Measurement 4600 Output Measurement Uncertainties (ppm of Full Range)
Uncertainty • Verification Frequencies •
(Enter all uncertainties in ppm) 300Hz 5kHz 20kHz

Shunt Accuracy
relative to Absolute Ur

4600 Accuracy 24h, 90dy 1y, 24h, 90dy 1y, "24h, 90dy 1y,
relative to CaI. Stds. Ug 260 310 420 790 840 960 7320 8720 10620

Datron Cal Std uncertainty
250*relative to Absolute Ud(1) 110 110 110 110 110 110 250* 250*

User's Cal Std uncertainty
relative to Absolute UC(2)

Total Measurement Uncertainty
(Validity Tolerance) ACUt

Calculate Validity Tolerance Limits

Value of AC Current Shunt
Rs n n n

Target Value for Vm
TgtVm(31 V V V

Upper Tolerance Umit for Vm
ULVm V V V

Lower Tolerance Umit for Vm
LLVm V V V

DMM Readings and ACRVS settings

DMM Transfer Readings 'V300' = 'V5k' = 'V2Ok' =. V V V

Actual ACRVS Settings (Vm)
for DMM Transfer Reading Vm V V V

Notes:
1. Use Ud only if the 4600 was last calibrated by Datron.
2. Use Uc only if the 4600 was not last calibrated by Datron.

Enter the calibration uncertainty for the ·most-recent calibration.
3. The value of TgtVm is dependent on the value Rs of the shunt.

Estimated
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Report Sheet RS2 - Alternative ACI Verification Using AC DMM
TABLE 2. SLAVE AC CURRENT

section 4' - 4600 Verification - AppefIt!IIK .,

Fu11 Range Checks

Calculate Total Measurement 4600 Output Measurement Uncertainties (±ppm of Full Range)
Uncertainty • Verification Frequencies •
(Enter all uncertainties in ppm) 300Hz 5kHz 20kHz

Measurement Voltage Vm
accuracy relative to absolute Um

Shunt Accuracy
relative to Absolute Ur

Slaved 4600/4700 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Calibration Standards U.(..) 520 590 820 930 1000 1220 7420 8960 10980

Slaved 4600/4705 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy lyr
relative to Calibration Standards U.(..) 630 730 940 1090 1190 1360 7620 9320 11270

Slaved 4600/4707 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Calibration Standards U.(..) 400 470 570 860 940 1030 7320 8770 10410

Slaved 4600/4708 AC Accuracy 24hr 90dy 1yr 24hr 90dy 1yr 24hr 90dy 1yr
relative to Calibration Standards Us(") 340 410 470 810 870 940 7320 8720 10340

Datron Cal Std uncertainty
relative to Absolute Ud(1) 110 110 110 110 110 110 250* 250* 250*

User's Cal Std uncertainty
relative to Absolute UC(2)

Total Measurement Uncertainty
(Validity Tolerance) ACUt

''\

Calculate Validity Tolerance Limits

Value of AC Current Shunt
R. Q Q Q

Target Value for Vm
TgtVmlSJ V V V

Upper Tolerance Umit for Vm
ULVm V V V

Lower Tolerance Umit for Vm
LLVm V V V

DMM Readings and 4700 Settings

DMM Transfer Readings 'V300' = 'VSk' = 'V20k' =
V V V

Actual 4700 Settings (Vm)
for DMM Transfer Reading Vm V V V

Not••:
1. Use Ud only if the 4600 was last calibrated by Datron.
2. Use Uc only if the 4600 was n'ot last calibrated by Datron.

Enter the calibration uncertainty for the 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.

E$timated
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Harmonic Distortion Measurement

The measurement ofTrue Harmonic Distortion is not detailed as
partofthe verificationprocedure. However, some users may wish
to check this feature from time to time, so one or two points need
to be clarified.

The very low noise content pf the 4600 output is included in its
accuracy specifications, but not in its TOTAL HARMONIC
DISTORTIONspecifications on page4-1. The latter relate to true
harmonic distortion only.

Ifthe4600distortion specificationis tobeverified, themeasurement
equipment must be selected with care. Some distortion meters
merely suppress the fundamental and measure the remainderover
a specific bandwidth. The readings obtained include wideband
noise integratedover the full bandwidth, introducingmeasurement
errorswhichincrease theapparentharmonic distortion (particularly
at low fundamental levels, where the harmonic envelope rapidly
descends into the noise floor).

Measurement of true hannonic distortion only, in any signal, can
be a laborious process. To measure the value of each single
frequency hannonic, (as would be required to verify the 4600
THD specification), any wideband noise must be filtered out.
Very selectiveban~ notch filtering is required; this is usually
achieved by phase-locking the measurement circuitry to the
signal, as performed by a selective signal level meter.

A modern automatic spectrum analyser is more satisfactory. The
harmonic amplitudes can be displayed on a screen against a grid,
the noise levels can also be seen, or a cursor can be used to set a
bandpass notch filter to the harmonic frequency required, to give
a direct digital readout. THD measurement is simplified and
speeded up by this method.

It is therefore recommended that either a spectrum analyser or
selective level meter be employed. Suitable instruments are:

Hewlett-Packard HP3585 Spectrum Analyser,
or HP3586 Selective Level Meter.

Section 4 - 4600 Verification - Appendix 5
Appendix 5 to:
4600 User's Handbook
Section 4
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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.
Eachmode 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 adjustalJ.le trimmercapacitor, which areconnected
into the circuit only in Solo 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 controls the 4600 output, but makes no
physical adjustment to the 4600 itself. Although the reference voltage is
derivedfrom the 47oo's 10Vrange circuitry, routine recalibration of the
10V range does not affect the 4600 calibration (and vice versa), as the
10V range and reference voltage have separate calibration corrections,
each held in separate non-volatile memory stores.

In effect, the slaved combinationbehaves as if the IOArange 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 lOA range.

Calibration of Slave Mode on Receipt (Special Case)
The 4600 is fully calibrated in Solo and Slave modes before leaving the
factory, but from the previous description it can be seen that the Slave
mode corrections are held in the non-volatile memory of the 4700-series
instrument with which it was calibrated. Ifboth 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 fot 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 whichit is to be slaved.

Calibration Intervals
The specifications for the 4600 are based on standard intervals of up to
24 hours, 90 days or I year from calibration. Some users will wish to
maintain the highest accuracy by recalibrating at sh~rt 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 nonnally 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 traceable to a different National Standard, after transportation from
one country to another (Refer toAUTOCAL FACILlI'IES, page1-3 oftlu!
Calibration and Servicing Handbook for the relevant 4700-series
calibrator). Carried out on the 10V or I V DC range, this process corrects
all Voltage and Current ranges, including the 4600 lOA range output.

Section 5- 4600 Calibration

Pre-calibratlon Procedures (Slave mode)

In an initialintemal calibrationprocess atmanufacture of the4700-series
calibrator, certain 'Pre-cal' parameters are established in _a special
calibration memory.

Under certain conditions (detailed in Table 1.1 ofthe Calibration and
Servicing Handbook for the relevant 4700-series calibrator) these
parametersneed tobere-establishedbycompleting the 'Pre-Cal'procedure
before a Full Routine Autocalibration. Subsequent to this Pre-Cal, the
4600 Routine Calibration will also be required.

Calibration Memory Corruption (Slave Mode)

Battery Change
Calibration corrections fora slaved 4600 are stored by the slaving 4700
in an internal memory which remains energized by a battery. The
Lithium battery which powers the ,non7volatile calibration memory
should be replaced afterS years (Refer to Section 4.3 ofthe Calibration
andServicing Handbookfor the relevanl4700-series calibrator). After
replacement, a full Pre-calibration is required followed by ac,omplete
Routine Autocalibration (this includes the 4700/4600 lOA range).

Memory Check failure
When the slaving 4700 Cal key is pressed to effect the 4600 calibration,
the correction constant is checked to be within prescribed limits before
being stored. Values outside prescribed limits flag a Fail 6. .On the
following occasions, the same check isperfonned andFail6 can indicate
a corruption in the slaved. 4600's correction memory:

When the 4700 is powered-up,
When the 4700 lOA range is selected,
Each time the output is switched ON,
During; each self-test routine.

Critical Part Changes

Recalibration (or Verification) is necessary after replacementofa critical
PCB assembly or a critical component. -These are listed in Section 8,
Table 8.1, indicating the extent of the recalibration necessary.
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Section 5 - 4600 Calibration

Recalibration Procedures
in this Section

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

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

Calibration Sequence Profiles

The methods and sequenceofcalibration depend on how the 4600
is intended to be used, and whether it is to be slaved to a 4700­
series calibrator. 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.

2. Slaved to a 4700-series Calibrator
Use the following sequence:
a. Ensure that the specification of the 4700-series calibrator

is verified;
b. Use that calibrator to 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.
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Remote Calibration
via the IEEE 488 Interface (Slave mode)

The 4600 has no IEEE 488 interface ofi~ own, so remote control
in Solo mode is unavailable.

Thedevice-dependentcommandsnecessary for routinecalibration
of the slaved 4600 via the IEEE 488 bus are given in Section 3,
page 3-12. A guide-line example is given in Section 1 of the
relevantCalibration and ServicingHandbookfor the slaving4700
(V01 1), but this needs to be adapted for the bus controller in use.

Option Requirements for Slave Mode

Slave Mode needs issue 5 fmnware or later.
4700 needs option 20 for current outpu~.
4707·needs option 27 for current outputs.
4708 needs options 10 and 30 for DC current outputs,

or 20 and 30 for AC Current outpu~.

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.

Wheretraceability isofimportance,users will need toevaluate the
effects of their own Standards' uncertainties on the performance
of equipment such as the 4600.

Section4 and its appendices contain descriptions andcalculations
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 to make up the Validity Tolerance, and so
the calculations in Section 4 appendices can assist in evaluating
these uncertainties. .



Preparing the 4600 for Calibration

General
Before any calibration is carried out, prepare the 4600 as follows:

Turn on and allow a minimum of 2 hours to warm up in the
specified environment.

Solo Mode
If the 4600 is to be calibrated in Solo mode:

Using the 2.5mm hexagon key from the tool kit, loosen and
remove the four M4 coutersunk screws retaining the 4600
top cover, but to avoid internal cooling do not lift the cover
until required by the Solo calibration procedure.

Slave Mode
If the 4600 is to be calibrated in Slave mode, prepare the slaving
4700-series calibrator as follows:

1. Turn on and allow a minimum of 2 hours to warm up in the
specified ·environment.

2. Cancel any MODE keys, ensure OUTPUT set to OFF.

3. IEEE 488 Address switch:
Set to ADD 11111 (Address 31) unless the 4700 iSlO be
calibrated via the IEEE 488 interface.

4. CALIBRATION ENABLE key switch:
Insert Calibration Key and turn to ENABLE.

These actions activate the four calibration modes· (labelled in
red), and present the callegend on the MODE display.

Caution
Inadvertent use of the Cal key will overwrite the calibration
memory!

For other warning and cautionary notices, and more details of
the calibration facilities ofthe slaving4700-seriescalibrator, refer
to Section 1 of its Calibration and Servicing Handbook.

Section 5 - 4600 Calibration

Returning the Solo 4600 to Use
When any Solo mode calibration is completed, return the 4600 to
use as follows:

1. Ensure that the OUTPUT OFF LED is lit.

2. Refit and tighten the four M4 screwS· to retain the top cover.

Returning the Slaved 4600 to Use
When any Slave mode calibration is completed, return the slaved
4700/4600 combination to use as follows:

1. Ensure that both OUTPUT OFF LEDs are lit.

2. 4700 CALIBRATION ENABLE key switch:
Turn to RUN and withdraw calibration key.

3. IEEE 488 Address switch:
Restore to the correct address if the 4700 is to be used in
an IEEE 488 system. If not, set any address other than 31
to prevent inadvertent entry to Cal mode.

The callegend and calibration modes are deactivated.
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Section 5 .. 4600 Calibration

4600 Solo Gallbration

General Philosophy

Correction of Transconductance
To calibratea:~600 in Solo mode, we correct its transconductance
value, by providing a traceable DC orAC voltage input and
correcting the currentoutput.

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 removeits inherent uncertainties.

The DMM is first standardized to the. same traceable voltage
source used asinput to the. 4600,at the expected voltage due to the
value of the selected shunt. The calibration points are: OV and
+ 10V ofinputvoltage, producing OA and+lOArespectively.. The
source of DC voltage is referr~d to in the procedure as the
'DCRVS' (DC Reference Voltage Source).

AC.Outputs
To correct the AC output, a DC/AC thermal transfer can be used
with a lOA 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 ofreadings already taken. The calibration
points are: IOV RMS ofinput voltage at 300Hz and 5kHz in turn,
producing lOA 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 output is referred to in
the procedure as the 'ACRVS' (AC Reference Voltage Source).

Shunt Values
In the following procedures, the shuntvoltage values are given for
a 100mQ 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 this section are necessarilysimple
and basic, and are mainly intended to show connections to the
4600. It is recognized 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 I to this
section.

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

Fig. 5.1 LOCATIONS OF INTERNAL TRIMMING COMPONENTS
(Solo Mode 'calibration)

5-4



Solo DC Current Calibration

Zero and Full Range

The Solo 4600 is calibrated by correcting its transconductance.
The DCRVS inputs a voltage, and the output current value is
corrected by internal adjustment. A shunt converts the output
current to a voltage, measured across the shunt using a DMM
which we have first 'Standardized' to the DCRVS.

Equipment Requirements

A DC Reference Voltage Source (DCRVS), calibrated to
suitable accuracy at Zero, ±lOV and ±1V [±lOOmV].
Example: A Datron 4000/A, 4700 or 4708.
A Calibrated lOA Current Shunt of suitable accuracy, of
value 100mn [lOmQ].
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 lOA 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 +IOA,
corresponding to input voltages of OV and +IOV. The outputs
pass through a precision current shunt of ~alue 100mQ [or
IOmQ]; the resulting voltages ofOV and +IV [OV and +lOOmV]
are measured by a previously-standardized DMM. The 4600
output is corrected at these two values.

DMM Standardization
The specification of the DC Reference Voltage Source (DCRVS)
should be known to verify at the voltages to be used. It is then used
to standardize the DMM, at the voltages it will be measuring.

4600 DC Current Calibration
The DCRVS output is then applied to the Solo 4600 INPUT
terminals. The OUTPUT 1+ and 1- terminals 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 4600 input voltage is set to nominal OV, and the shunt voltage
is measured. The 4600 internal 'Offset' trimpot is adjusted for ~
standardized reading on the DMM. With an input voltage of
+lOV, the 4600 internal 'Gain' trimpot is adjusted for a second
standardized reading on the DMM.

The 4600 should then be verified at OA, +lOA and -lOA in
accordance with the procedure on pages 4-5 to 4-7 of Section 4.

Section 5 - 4600 Calibration

'Standardizing' ensures that the DMM is aligned to the DCRVS,
at the expected values of shunt voltage. lOA will produce IV
across a lOOmn shunt [lOOmV for a 10mO shunt]. A table given
in the procedure relates the DCRVS settings used to standardize
the DMM to the expected voltages, for each shunt value.

Preparation

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

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

2. Ensure that the DCRVS and DMM specifications verify at the
following voltages: .
DCRVS OV; +IV [lOOmV]; +lOV.
DMM OV; +lV [+lOOmV].

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 out any self-test routine on the DCRVS.

The procedure is detailed on pages 5-6n.
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Section5-4600 Calibration

Solo DC Current Calibration Procedure

First Standardize the DMM at 1V [100mV]

DC Reference Voltage
Source (DCRVS)

................................ - ...

DANGER A\ \
HIGH VOLTAGE ill j

~

Hi Lo

Connect the DMM to read the DCRVS output as in the above
diagram. Ensure that the DMM Guard is set to Remote.

Carry out operations (a) to (e) at +FullRange:

DC DMM (1V [100mV] Range)

(' &~
1+ 1- n Guard

~~f(~~ ~~ I:::~:~
I"Local Guard

!J Remote Guard

Point DCRVS Setting Note
100m.Q 10m.Q DMM reading
Shunt Shunt as

+Full Range +1.000000V I+100.0000mV '+V1'

a. DCRVS Ensure that OUTPUT is OFF,

FUNCTION to DC Voltage, Standardization points:
OUTPUT RANGE to IV [IOOmV],
Sense to Remote.
Guard to Local.
OUTPUT voltage to the appropriate value shown
in the Table.

b. DMM Ensure that the DMM has been 'InputZeroed'. Set
DC range to measure the selected DCRVS output
voltage (see Table).

c. DCRVS Set OUTPUT ON.

d. DMM Note the reading as '+VI' (See Table).

e. DCRVS Set OUTPUT OFF.
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Correct the 4600 DC Output

DC Reference Voltage

.........~.~~~~.~.~~.~~~ .

DANGER
HIGH VOLTAGE

~

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 (I) to (j).

Section 5 - 4600 Calibration

DC DMM (1V [100mV] R...ge)

Verify the DC specification as in Section 4, pages 4-5 to 4-7.

f. DCRVS

(DC

Offset)

g. 4600

h. DCRVS

i. Set FUNCTION to DC Voltage.

ii. Select the lOV range,
Sense and Guard to Remote.

iii. Set Output to O.OOOOOV.

iv. Set Output ON.

i. Set Output ON.

ii. Lift the top cover and locate R411
(DC Offset trimpot). j. 4600

iii. Adjust R411 to obtain a DMM reading
of O.OOOOOV.

iv. Refit the top cover (do not secure).

v. Check that the DMM reading is
O.OOOOOV

i. Set FUNCTION to DC Voltage.

ii. Select the lOV range, Remote Guard.

iii. Set Output to +10.00000V.

iv. Set Output ON.

i. Set Output ON.

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

iii. Adjust R417 to obtain a DMM reading
of '+Vl' noted in (d).

iv. Refit the lOp cover (do not secure).

v. Check that the DMM r~~l(ling is '+VI' .
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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 lOA
shunt, is first nulled at the verified DC current. output from the
4600; using the DCRVS to provide the 4600 input reference
voltage.

Equipment Requirements

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

An AC Reference Voltage Source (ACRVS) of suitable
accuracy, with its specification verified for 10V RMS
outputs at 5kHz.
Example: A Dateon 4200A, 4700 or 4708.

A Calibrated AC lOA Thermal Transfer Current Shunt of
suitable accuracy, of value lOOmQ.[IOmQ].
Example: Holt HCS 1.

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

CAUTION
When choosing a lOA 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 AC Procedure

General
The 4600 DC output is used as reference current. The 4600 is
corrected at 5kHz; for an input voltage of 10V RMS. The AC
output is measured using a thermal transfer standard with a
precision current shunt of value lOOm!} [or 10ma].

TTS Null to DC Reference Current
The OUlPUT 1+ and 1- tenninals 'of the 4600, are connected to
pass the output current to a thermal transfer standard, used in
conjunction with a lOA current shunt The ITS is nulled for a DC
reference current, derived by driving the 4600 from the DCRVS
set to the voltage previously recorded for lOA DC output

4600 AC Current Calibration
The 4600 input voltage is set 10 nominallOV at 5kHz. The 4600
internal 'HP Gain Compensation' trimmer capacitor C424 is
adjusted for the 4600 output current to give a null on the ITS.

Section 5 .. 4600 Calibration

We then use the ACRVS to input 5kHz AC voltage to the 4600,
adjusting an internal trimmer capacitor to to obtain 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 Cat. should
immediately precede AC Cat, so some of the items will be
unnecessary.

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

1. Before connecting and operating any equipment, consult thc
manufacturers' handbooks.

2. Checkthat the ACRVS specification is verified for 10V output
at 5kHz.

3. Check that the Solo4600 specification is verified for+1OA 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 prescnt.
Carry out any self-test routines on the DCRVS and ACRVS.

The procedure is detailed on pages 5-10/11.
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Section 5- 4600 Calibration

Solo AC Current Calibration Procedure

To avoid Ground Loops
use a floating (battery powered)

Thermal Transfer Standard

1+ 1-

THERMAL
TRANSFER
STANDARD

ACIDC Reference VoKage
.......... __._~~-~~~~~~, ... _... _._ ..

DANGER ~. 1:HIGH VOLTAGE

~ • i

Guard 1

~~~ji

~~i
.: :~:: . ~

Firs~ Null the TTS at 10A DC
Connect the DCRVS output to the4600 INPUT terminals as in the
diagram. Connect the shunt and 17S to the 4600 OUlPUT
terminals as shown (ensure the connection ofShuntLo to the4600
INPUT ground).

Carry out operations (a) to (g):

a. DCRVS Ensure that OUlPUT is OFF,
FUNCTION to DC Voltage,
OUTPUT RANGE to 10V,
Sense to Remote,
Guard to Local,
OUlPUT voltage to 10.00000V DC.

e. TTS Adjust for a Null reading.
Allow the reading to stabilize.
Readjust-for a Null reading.

f. 4600 Set OUlPUT OFF.

b. TTS Set range to maximum. g. DCRVS SetOUlPUTOFFanddisconnectfromthe4600
INPUT terminals.

c. DCRVS Set OUlPUT ON.

d. 4600 Set OUlPUT ON. Check that the OUlPUT ON
key LED lights and the 17S indicates.
Set OUlPUT OFF. Check that the OUlPUT
OFF key LED lights and the ITS indication falls
to null.
Reset OUTPUT ON.
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Correct the 4600 AC Output
Connect the ACRVS output to the 4600 INPUT terminals.

Carry out operations (h) to (p):

h. ACRVS Ensure that OUTPUT is OFF, .
FUNCTION to AC Voltage,
FREQUENCY to 5kHz,
OUTPUT RANGE to 10V,
Sense to Remote,
Guard to Local,
OUTPUT voltage to 10.OOOOOV RMS.

j. TTS Set range to maximum.

k. ACRVS Set OUTPUT ON.

Section 5 - 4600 Calibration

)
I. 4600 Lift the top cover and locate C424 (ACHF gain

compensation trimming capacitor).
Set OUTPUT ON. Note that the TI'S indicates.
Adjust C424 for a Null reading on the 'ITS,
increasing 'ITS sensitivity to obtain the best null.
Allow the reading to stabilize.
Readjust C424 for a Null reading on the ITS.
Refit and secure the top cover.

p. ACRVS Set OUTPUT OFF.

Verify the 4600 specification as detailed in Section 4, pages 4-9
to 4-11 (the'ITS is already standardized).
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Section 5 - 4600 Calibration

4600 Slave Calibration
N.B. In this sub-section, reference to a '4700' refers also to a compatible model 4705, 4707 or 4708.

General Philosophy

Correction of Output
To calibrate a 4600 which is slaved 10 a particular 4700-series
calibrator, we measure its output current (using the same
techniques as for Solo mode), which is then corrected to agree
\vith the slaving 4700'8 OUTPUT setting.

DC Outputs
For DC' Ol;tput the method of correction relies on the accuracy
provided by the measurement of voltage across a precision lOA
shunt,.usinga high-quality (ie stable) DMM,butonlyasa transfer­
measurementdevice toremove its inherent uncertainties. It is first
standardized to the voltage output of the slaving 4700, at the
expected voltage due to the value of the selected shunt. The
combination is then corrected at: OA and +IOA.

AC Outputs
To calibrate the AC output, an AC/DC thermal transfer can be
used with a lOA shunt. The DC output of the same slaved 4600
can be used as the reference DC current source for the transfer, its
DC specification being sufficiently accumte. The AC calibration
should be carried out immediately after the DC calibration 10 take
advantage of readings already taken. The combination is
corrected for lOA RMS ofoutputcurrentat5kHz. To generate the
reference DC current, the combination first operates in its DC
function; then correction in AC function is carried out.

Shunt Values
In the following procedures, the shuntvoltage values aregiven for
a 1OOmQ shunt; values for a IOma shunt are indicated by square
braces [...].
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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 this section are necessarily simple
and basic, and are mainly intended 10 show connections to the
4600. It is recognized that they may need to be adapted 10 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.



Slave DC Current Autocalibration

Zero and Full Range

The 4700/4600 combination is calibrated by correcting its output.
We use the 4700 Cal mode to adjust theoutputcurrentvalue 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.

Equipment Requirements

The slaving 4700, DC voltage verified to suitableaccuracy
at Zero, +10V and+1V [+100mV].
A Calibrated lOA Current Shunt of suitable accuracy, of
value 100mQ [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 lOA 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 + lOA. The
outputs are passed through a precision current shunt of value
IOOmQ [or IOmQ], theresultingvoltagesofOVand+lV [OVand
+IOOmV] being measured via a previously-standardized DMM.
The 4600 output 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. It is then used to standardize the DMM, at the
voltages it will be measuring.

Slave DC Current Calibration
The 4600 is connected in Slave mode to the 4700. The 4600
OUTPUT 1+ and 1- terminals are connected to pass the output
current through the shunt, and the DMM is connected to measure
the voltage across the shunt.

The 4700 lOA DC OUTPUT RANGE is selected. With its
OUTPUT display set to nominal OA, the shunt voltage is
measured. The 4700 CaI mode is used to calibrate Zero for a
standardized reading on the DMM. With the 4700 output set to
nominal +lOA, the 4700 CaI mode is used to calibrate Full Range
at a second standardized reading on the DMM.

The 4600 should then be verified at OA and ±1OA in accordance
with the procedure on pages 4-14 to 4-15 of Section 4.

Section 5 - 4600 Calibration

,Standardizing' ensures that the DMM is aligned to the4700 at the
expected values of shunt voltage. lOA will produce 1V across a
100InQ shunt [lOOmV across a 10mQ shunt]. A table given in the
procedure relates the 4700 settings used to standardize theD~1
to the expected voltages, for each shunt value.

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; +lV [IOOmV]; +10V.
DMM OV; +lV [+l00mV].

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 Calibration

Slave DC Current Calibration Procedure

First Standardize the DMM at 1V [100mV]

4700-series
Slaving Cal ibrator
...........................

DANGER Ii\
HIGH VOLTAGE ill
~

Hi Lo

DC DMM (1 V [100mV] Range)

r &~
1+ 1- n Guard

(~f{~ ~~ I:::~:~

I Local Guard

aRemote Guard

Connect the DMM to read the 4700 DC voltage output as in the
above diagram. Ensure that the DMM Guard is set to Remote.

Carry out operations (a) to (e) at each of the two points in the table
(Zero and +Full Range) in turn:

Point 4700 Setting Note
100mQ 10mQ DMM reading
Shunt Shunt as

Zero .OOOOOOV .OOOOV IVO'

+Full Range +1.000000V +100.0000mV I+Vl'

Set DC range to measure the selected 4700 output
voltage (see Table).

Ensure that OUTPUT is OFF,
FUNCTION to DC, Standardization point:
OUTPUT RANGE to I [lOOm],
Sense to Remote,
Guard to Local,
OUTPUT voltage to the appropriate value shown
in the Table.

b. DMM

3. 4700

c. 4700 Set OUTPUT ON (use ON+)

d. DMM Note the reading as 'VO' or '+VI'
(See Table).

e. 4700 Set OUTPUT OFF.
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Section 5 - 4600 Calibration

Correct the 4600 DC Output
DCDMM

(lV [100mV]
Range)

Slaved 4600

INPUT

Hi La

Lt
1:+

STANDARD
100maSHUNT

[10ma]

1:-

Verify the 4700/4600 combination specification as detailed in
Section 4, pages 4-13 to 4-15 (the DMM is already standardized
at two points, and readings VO and +VI are already noted).

Connect the 4700 and 4600 in Slave mode. Connect the 4600, h. 4700
Shunt and DMM as shown in the above diagram (ensure the
connection of DMM Lo' to the 4600 INPUT ground).

Carry out operations (I) to (k).

f. 4700
(Zero)

g. 4600

i. Set FUNCTION to DC, then I.
ii. Select RANGE 10, Guard.and Sense are

controlled internally by firmware.
iii. Set Output to O.OOOOOA by pressing the

'Zero' key.
iv. Press the ON+ key. Check thatthe 4700

and 4600 ON key LEDs light and the
DMM indicates.

v. SetOUTPUTOFF. Check that the 4700
and 4600 ON key LEDs go out, OFF
LEDs lightand the DMMindication falls
to zero.

i. Press the OUTPUT ON+ key. Check
that the 4700 and 4600 ON key LEDs
light and the DMM indicates.

ii. Set OUTPUT OFF. Check that the 4700
and 4600 ON key LEDs go out, OFF
LEDs lightand the DMMindication falls
to zero.

j. 4700
(+Full Range)

k. 4700

i. Press the OUTPUT ON+ key.

ii. Adjust OUTPUT ...... keys to obtain a
DMM reading of 'VO' recorded in (d).

iii. Correct by pressing the Cal key.

i. Set Output to +10.00000A by pressing
the 'Full Range' key.

ii. Adjust OUTPUT ...... keys to obtain a
DMMreading of '+VI' recorded in (d).

ill. Correct by pressing the Cal key.

Set OUTPUT OFF.
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Slave AC Current Autocalibration

Full Range Checks

The Slave 4600 is calibrated by correcting its output. A Thermal
Transfer Standard ('ITS), in conjunction with a lOA shunt, is first
nulled at the verified DC. current output from the 4700/4600
combination.

Equipment Requirements

The slaving 4700, AC voltage verified to suitable accuracy
at 10Y, 300Hz and 5kHz. Calibration of the. lOA DC
outputofthe same4700/4600 combination musthave been
carried out within the previous 24 hours (preferably
immediately before starting this AC calibration).
A Calibrated AC lOA Thermal Transfer Current Shunt of
suitable accuracy, of value lOOmQ [IOmQ].
Example: Holt RCS 1.
A Thermal Transfer Standard of sufficient resolution and
stability, for use in conjunction with the shunt.

CAUTION
When choosing a lOA 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 AC Procedure

General
The 4600 is calibrated for two output currents: lOA RMS at
300Hz and 5kHz. The AC outputs are measured using a thermal
transfer standard in conjunction with a precision current shunt of
value 100mQ [or 10mQ], against the 4600 DC output used as
reference current.

TTS Null to DC Reference Current
The OUTPUT 1+ and 1- terminals of the 4600 are connected to
pass the output current to a thermal transfer standard, used in
conjunction with a lOA current shunt. The TTS is first nulled for
a DC reference current, derived by setting the 4700 output display
for lOA DC output.

4600 AC Current Correction
The 4700/4600 combination is switched to output AC current at
300Hz. The 4700 OUTPUT display is adjusted so that the 4600
output current causes a null on the TTS. At this setting the 4600
is corrected by pressing the 4700 Cat key.
The correction is repeated at 5kHz.

Section 5 - 4600 Calibration

We then switch the combination to output AC current at300Hz,
and adjust the 4700 OUTPUT display value to obtain a null on the
'ITS. The OUTPUT display value is corrected at this output by
pressing the Cal key. The process is repeated at 5kHz.

Preparation

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

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

1. Before connecting and operating ariy equipment, consult the
manufacturers' handbooks.

2. Check'that the 4700 specification is verified for 10Y output at
300Hz, 5kHz and 20kHz.

3. Check that the slaved 4700/4600 specification is verified for
+IOA DC output.

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

5. The 4600 front panel LEDs should show no errors present.

The procedure is detailed on pages 5-18/19.
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Section 5 - 4600 Calibration

Slave AC Current Calibration Procedure

FirstNuU the TTS at 10A DC

INPUT

G).G)
Hi Lo

&

Ensure that the 4700/4600 combination is connected in Slave
mode. Connect the shuntand TTS to the4600 OUTPUTtenninals
as shown (ensure the connection of Shunt Lo to the 4600 INPUT
ground).

Carry out operations (a) to (f):

THERMAL
TRANSFER
STANDARD

1+ 1-

To avoid Ground Loops
use a floating (battery powered)

Thermal Transfer Standard

a. 4700

b. TTS

c. 4700

5-18

i. Ensure that OUTPUT is OFF, d. 4600
H. FUNCTION to DC, I.
Hi. OUTPUT RANGE to 10, (Sense and

Guard settings are internally controlled
by firmware).

iv. Press the Full Range key to set
OUTPUT current to 10.0000A

Set range to maximum. e. TTS

i. Press the OUTPUT ON+ key. Check
that the 4700 and 4600 LEDs light and
the TTS indicates. f. 4600

ii. SetOUTPUT OFF. Check that the 4700
and 4600 LEDs go out~d the TTS
indication falls to null. -;

i. Press the OUTPUT ON+ key. Check
that the 4700 and 4600 LEDs light and
the 17S indicates.

ii. SetOUTPUTOFF. Checkthatthe4700
and 4600 LEDs go out and the TTS
indication falls to null.

ill. Reset OUTPUT ON+.

i. Adjust for aNull reading.
ii. Allow the reading to stabilize.
Hi. Readjust for a Null reading.

Set OUTPUT OFF.



Correct the 4600 AC Output
Carry out operations (g) to (k):

Section 5 - 4600 Calibration

)

g. 4700

h. TTS

j. 4700

i. Ensure that OUTPUT is OFF,
ii. Set FUNCTION to AC, I,
ill. Set FREQUENCY to 300Hz,
iv. Set OUTPUT RANGE to 10 (Senseand

Guard settings are internally controlled
by firmware).

v. Set OUTPUT current to 10.00000A
RMS by pressing the Full Range key.

Set range to maximum.

i. Set OUTPUT ON.

ii. Use the OUTPUT ....... keys to adjust
the OUTPUT display reading for a
Null reading on the TTS.

iii. Allow the reading to stabilize.
iv. Readjust OUTPUT for a Null reading

on the TTS.
v. Correct at this frequency by pressing

the Cal key.
vi. Set OUTPUT OFF.

k. Repeat operations (h) and (j) at 5kHz.

Verify the4700/4600 combination AC specification as detailed in
Section 4, pages 4-17 to 4-19 (the lTS is already nulled).
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Alternative AC Current Calibration
(Using a standardized AC DMM instead ofa Thermal Transfer Standard)

SectionS -4600 .. Verification - Appendix 1
Appendix I to:
4600 User's Handbook
SectionS,

N.B. Shunt Values
In this appendix, in the interests of clarity, an assumption is made that a l00mQ shunt will be used. The shunt value and shunt vol tage
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
output current at lOA 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.

EqUipment Requirements
• An AC Reference Voltage Source (ACRVS), calibrated to

suitable accuracy for 10V and IV [lOOmV] RMSat 5kHz.
Example: Datron 4200A, 4700 or 4708.

• A Calibrated lOA AC Current Shunt of suitable accuracy, of
value 100mQ [IOmQ].

• A D11M of sufficient resolution and stability, 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 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 lOA RMS at 5kHz, corresponding to an
inputvoltage of 10VRMS. The outputpasses through a calibrated
AC current shunt of value lOOmQ [IOmQ]; the resulting voltage
is measured using a previously-standardized AC DMM.

DMM Standardization
The AC Reference Voltage Source at 5kHz is used to standardize
the DMM at the expected nominal shunt voltage.

4600 AC Current Correction
The ACRVS 5kHz output at lOV RMS is then applied to the Solo
4600 INPUT terminals, whose OUTPUT terminals are connected
to pass the output current ~rough the shunt, with the DMM
connected to measure the shunt voltage.

The 4600 internal 'HP Gain Compensation' trimmer capacitor
C424 is adjusted until the DMM voltage reading represents
nominal full range output into the shunt.

'Standardizing' ensures that the DMM is aligned to the ACRVS,
at the expected ,values of shunt voltage. lOA will produce IV
across a lOOmQshunt[lOOmVfora 10mQshunt]. Theprocedure
compares the ACRVS settings used to standardize the DMM to
the expected voltages, for the' shunt value in use.

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

1. Before connectingapd operating any equipment, consult the
manufacturers' handbooks.

2. Ensure that the ACRVS and DMM specifications verify at the
following voltages:
ACRVS IV [lOOmV] RMS; lOV RMS.
DMM IV [lOOmV] 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 present.
Carry out any self-test routine on the ACRVS.

The procedure is detailed on pages 5-Al-2/3.
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Solo AC Current Calibration Procedure

First Standardize the DMM at 1V [100mV]

ACReference Voltage
Source (ACRVS)

""~:~i:~'~"""/i\""
~----=---------4It-60..-

Guard

f~~~

.....

Connect the DMM to read the ACRVS output as in the above
diagram. Ensure that the DMM Guard is set to Local.

Carry out operations (a) to (e):

3. ACRVS Ensure that OUTPUT is·OFF,
FUNCTION to AC Voltage,
FREQUENCY to 5kHz
OUTPUT RANGE to IV [IOOmV],
Sense to Remote,
Guard to Local,
OUTPUT voltage to IV [IOOmV] RMS.

b. DMM Set AC range to measure IV [IOOmV] RMS.

C. ACRVS Set OUTPUT ON.

d. Dl\-lM Note the reading as 'V5k'.

e. ACRVS Set OUTPUT OF.'.

5-Al-2
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---&~
I- n Guard
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Section 5 - 4600 Verification - Appendix 1

AC DMM (lV [100mY] Range)

4600

Correct the 4600 AC Output
AC Reference Voltage

.-- ---- -_..~~~~~~.~~~.~y~~ -.'",
DANGER A\".

HIGH VOLTAGE ill

C~onnect the ACRVS, 4600, Shunt and DMM as shown in the
above diagram (ensure the connection of DMM Lo to the 4600
INPUT ground).

Carry out operations (b) to (m):

h. ACRVS Ensure that OUTPUT is OFF,
FUNCTION to AC Voltage,
FREQUENCY to 5kHz,
OUTPUT RANGE to IOV,
Sense to Remote.
Guard to Local.
OUTPUT voltage to 10.OOOOOV RMS.

j. DMM Set range IV [lOOmV].

k. ACRVS Set OUTPUT ON.

I. 4600 Set OUTPUT ON.
Lift-the 4600 top cover and adjust the 'AC
Flatness' trimmer capacitor C424 to obtain a
DMM reading of 'V5k' noted in (e).

Set OUTPUT OFF.

m. ACRVS Set OUTPUT OFF.

Verify the Solo 4600 AC specification as detailed in Appendix 4
to Section 4.
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Alternative AC Current Calibration (Contd)
(Using a standardized AC DMM instead ofa Thermal Transfer Standard)-

Slave Mode
Full Range Checks

The slaved4600 is calibrated by correcting its output. We use the
4700 Cal mode to adjust the 4600 output current so that it agrees
with the 4700 OUTPUT setting. A shunt conv~rts the output
current to a voltage, measured across the shunt using a DMM
which we have first 'Standardized' to the 4700 voltage output.

Equipment Requirements

• The slaving 4700, AC voltage verified to suitable accuracy for
frequencies of 300Hz and 5kHz at 10V and IV [IOOmV]
RMS.

• A Calibrated lOA AC Current Shunt of suitable accuracy, of
value l00mQ [lOmQ].

• A DMM of sufficient resolution and stability, 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 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 4700/4'600 combination is calibrated at lOA RMS for two
output frequencies: 300Hz and 5kHz. The output passes through
a precision AC current shunt of value 100mQ [or 10mQ]; the
resulting voltages are measured by a previously-standardized AC
DMM. The 4600 output is corrected at these two frequencies, and
then verified in accordance with Section 4.

DMM Standardization
For each 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 to pass the output current
through the shunt, with the DMM connected to measure the shunt
voltage. The 4700 AC lOA OUTPUT RANGE is selected. For
each frequency, its OUTPUT 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.

'Standardizing' ensures that the DMM is aligned to the4700 at the
expected values of shunt voltage. lOA will produce 1V across a
lOOffiO shunt [loomV across a IOmO shunt]. The procedure
compares the 4700 settings used to standardize the DMM to the
expected volta.ges, for the shunt value in use.

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 the4700 and DMM specifications verify at 300Hz
and 5kHz for the following voltages:
4700 IV [IOOmV] RMS; IOV RMS.
DMM IV [IOOmV] 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 present.
Press the 4700Test key to carry out the self-test routine on the
4700/4600 combination.

The procedure is detailed on pages 5-AI-6n.
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Slave ACCurrent Calibration Procedure

First Standardize the DMM at 1V [100mV]

Slaving
4700-series.Calibrator

I' local Guard

~ Remote Gua~d

Guard

AC DMM (1 V [100mV] Range)

r &~
1+ I- n Guard

~-G-Ua-r-d-----......~.' (~~~ I::::: ~
DANGER A\.

HIGH VOLTAGE ill
~

Connect the DMM to read the 4700 output as in the diagram.
Ensure that the DMM Guard is set'to Local.

Carry out operations (a) to (g):

a. 4700 Ensure that OUTPUT is OFF,
FUNCTION to AC, not I,
FREQUENCY to 300Hz
OUTPUT RANGE to I [lOOm],
Sense to Remote.
Guard to Local.
OUTPUT voltage to IV [IOOmV] RMS.

e. 4700

f. DMM

g. 4700

Set FREQUENCY to 5kHz.

Note the reading as 'VSk'.

Set OUIPUT OFF.

b. DMl\1 Set AC range to measure IV [lOOmV] RMS.

c. 4700 Set OUIPUT ON.

d. DMM Note the reading as 'V300'.
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Correct the 4600 AC Output

4600

INPUT

@@
Hi ill Lo

Connect the 4700 and 4600 in Slave Mode. Connect the Shunt
and DMM to the 4600 as shown in the above diagram (ensure the
connection of DMM Lo to the 4600 INPUT ground).

Carry out operations (h) to (m):

1+

Section 5 - 4600 Verification - Appendix 1

AC DMM (1V [100mV] Range)

1-

h. 4700

j. DMM

k. 4600

I. 4700

m .. 4700

.Ensure that OUTPUT is OFF,
FUNCTION to AC, I,
FREQUENCY to 300Hz,
OUTPUT RANGE to lOA,
OUTPUT current to lOA RMS.
(Sense and Guard are controlled by software.)

Set range to IV [IOOmV].

Set OUTPUT ON.

Using ...... keys, adjust OU1PUT display to
obtain a DMM r~dingof 'V300' noted in (d).
Correct at 300Hz by pressing the 4700 Cal key.

Reset FREQUENCY to 5kHz.

Using ...... keys, adjust OUTPUT display to
obtain a DMM reading of 'VSk' noted in (I).
Correct at 5kHz by pressing the 4700 Cal key.

Verify the Slave 4600 AC specification as in Appendix 4 to
Section 4.
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Introduction

SECTION 6 FAULT DIAGNOSIS
Section 6 - Fault Diagnosis

WARNING
HAZARDOUS ELECTRICAL POTENTIALS ARE EXPOSED WHEN THE INSTRUMENT COVERS ARE REMOVED.
ELECTRIC SHOCK CAN KILL

CAUTION
The instrument warranty can be invalidated ifdamage is caused by unauthorised repairs or modifications. Check the warranty detailed
in the "Terms and Conditions of Sale". It appears on the invoice for your instrument. .

6.1 INTRODUCTION

6.1.1 Use of Diagnostic Guides 6.1.2 Effects of Protection on Diagnosis

The diagnostic guides given in Section 6.2 are intended to aid the
user in locating. a failed printed circuit board or other sub­
assembly. The self-diagnostic capabilities of the instrument
provide the first step in fault analysis by lighting a warning LED
on the Front Panel, and if in Slave mode this is accompanied by
a FAIL message on the mode display of the slaving 4700-series
calibrator. Initial actions to be taken after the occurence of a
reported fault are given, where applicable, in the diagnostic guides
of Section 6.2. The lit LED or FAIL message localizes the failure
into a distinct functional area and the 'Fault Condition' summary
in each guide relates the function failure to a probable hardware
boundary.

The identities of the sub-assemblies involved in the failure are
given beneath the fault condition summary, but it is unlikely that
all assemblies listed will prove to be faulty. For successful failure
analysis, it is advisable tobefamiliar with theelectronic functioning
of the instrument and with the physical location ofthe assemblies.
To assist in these aspects, the diagnostic guides include references'
to relevant parts of this publication.

The 4600 incorporates built-in protection. To minimize damage,
protective circuitry acts immediately, and if in Slave mode this is
backed up by apre-programed CPU response in the slaving 4700
to detected failure symptoms. If possible the CPU informs the
user by presenting a failure message on the MODE display.

When investigating a failure, it should therefore be anticipated
that protective measures will have suppressed the original fault
conditions. A useful starting-point is to identify the origin of the
failure message to localize the area of search.

6.1.3 Self-Test Sequence

Refer to Section 9.4.5, page 9.4-13.

6.1.4 Fuses and their Locations

Sub-section 6.3 lists the external and internal fuses; together with
their locations, protected circuits and page references.
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Section 6 - Fault Diagnosis

6.2 DIAGNOSTIC GUIDES

6.2.1 Overtemp LED Lit (FAIL 1)
(Excessive Heatsink Temperature)

AUTOMATIC INITIAL ACTION

1. The 4600 will have defaulted to OUTPUT OFF, and disabled
the SMPS.
IfinSlavemodethe4700willalsohavedefaultedtoOUTPUT
OFF.
No immediate user-action is required.

RECOVERY ACTION

After the telnperature returns to normal, the Overtemp LED goes
off (and the FAIL I message on the 4700 is cleared if in Slave
mode) so an attempt can be made to restore Output On:

Solo Mode

1. Press the 4600 OUTPUT ON key. Once approximately I
minute has passed since the Overtemp LED went off, the
PSUEN delay will have timed out, and the output will be
sequenced on again.

2. Overtemp LED remains unlit - no further action. If the LED
relights - fault persists.

Slave Mode

1. Ensure that the 4700 lOA range is selected. Press the 4700 or
4600 OUTPUT ON key. Once approximately I minute has
passed since the Overtemp LED went off, the PSUEN delay
will have timed out, and the output will be sequenced on again.

2. Overtemp LED remains unlit and FAIL I message does not
appear - no further action. If the LED relights and the FAIL
I message recurs - fault persists.

6-2

Overtemperature

FAULT CONDITION

Excessive temperaturehasbeensensed in theOutputPCB Heatsink
Assembly.

Inguard fault-indication signal OVTP_H asserts OVTEMP_H
outguard, which drives the sequence controller U204. An Off
sequence is initiated, due to U204 resetting the Key Latch and On
Latch. The sequence reverts to S I state, whether in Slave or Solo
mode. While OVTEMP_H remains set, it is gated inside U204 to
set PSUEN_H false, disabling the Switch Mode Power Supply.
Note that although the SMPS has been turned off, this was not due
to the LTPSUFL signal being set true, so thePsu LED on the 4600
front panel remains green.

In Slave mode, the OVTEMP_H signal is one of those polled by
the 4700 via UIII. If the poll discovers that OVTE:MP_H is set,
the 4700 CPU turns its OUTPUT OFF and presents the FAIL I
message on its MODE display.



Overtemperature

RECOVERY CONDITION

If the overtemperature 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 intake; then once
these havebeencorrected, theoutputoncondition canberecovered.
This is controlled by the digital sequencing as follows:

The temperature in the Output.PCB Heatsink Assembly falls
below the sensor trip threshold; the OvertempLED goes out, (and
ifin Slave mode the FAIL 1 message is cleared).

OVTP (and thus OVTEMP) reverting to false releases the resets
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 SI, OVTP false forces transition to state S2 (see the
state diagram on page 9.4-4). PSUEN goes true, so the S:MPS
switches on. The instrument output was latched off by the
overtemperatureresetting the Key Latch, so theOUTPUTONkey
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 RI (see the state digram on page 9.4-4). If the
lOA range is selected on the4700~ then CK_SELBIT is true, and
the sequence transits to R2 state. PSUEN goes true, so the SMPS
switches on. The instrument output was latched off by the
overtemperature resetting the On Latch, so the 4600 or 4700
OUTPUTONkey needs to bepressedfor total recovery. Although
thissetstheOnLatch,itcannottumtheoutputonuntilthePSUEN
delay (U202-10) has timed outafter approximately 1second from
PSUEN going true, setting the PODLY signal false. Then,
providing the On Latch is set, the sequence transits through to R5
state, and the output is turned on.

If the cause of the overtemperature has not been cleared, then
excessivetemperature wiUbedetectedandtheoutputwill sequence
off again.

Section 6 -FaultDiagndsls

POSSIBLE FAULT LOCAnONS

• External heat-retaining factors, such as the airway behintlthe
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.
• Output PCB (page 10.1-14)
• SMPS Main PCB (page 10.1-16)

It is unlikely for the SMPS to be the cause ofanovertemperatute.
Because the ±7~5V supply is current~fed, the SMPS .heatsirik
should not overheat unless the Output PCB has alsooverheatea.

FURTHER INFORMAnON IN THIS HAN,DBOOK

Technical Descriptions:
Section 9.2 - Analog (especially 9.2.4)
Section 9.4 - Digital (especially 9.4.5)
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Section 6 - Fault Diagnosis

6.2.2 Psu LED Lit (FAIL 9)
(Power Supply Failure)

AUTOMAnc INITIAL ACTION

1. The 4600 will have defaulted to OUTPUT OFF, and disabled
the SMPS.
If in Slave mode the 4700 has defaulted to 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
fai Iure detector. Because of this, it is worth an attempt to recover
t.he situation before removing covers to investigate. To do this we
nlustclear the CK_LTPSUFL latch in U204 (Sense PCB):

Solo Mode

1. Set the Front Panel Power switch to OFF, then ON again.

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

Slave Mode

1. Press the 4700 Reset key.

2. Select the lOA range.

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

FAULT CONDITION

One offour failures of in-guard power supplies has been detected:

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

or:

2. Failure of the 15V_2 supply has been sensed by Q9 on the
Sf\1PS Control PCB setting signal PSUFAIL_2 true.

or:

3. Failure of the 15V_3 supply has been sensed by Q3090n the
Sense PCB setting fault-indication signal PSUFAIL_3 true~

or:

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

6-4

Power Supply Failure

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

PSUFL is passed out ofguard and ORed with the OVPWR signal;
theresultingsignaldrives the sequencecontrollerU204 to generate
the latched signal CK_LTPSUFL true at the next 30ms clock. An
Offsequence is initiated, due to U204 resetting the Key Latch and

.On Latch. The sequence reverts to SI state, whether in Slave or
Solomode. While CK_LlPSUFL true remains latched, it is gated
inside U204 to set PSUEN false, disabling the Switch Mode
PowerSupply. Note in this case the SMPS has been turned offdue
to the LlPSUFL signal being set true, so the Psu LED on the4600
front panel changes to red.

In Slave mode, the CK_LTPSUFL_H signal is one ofthose polled
by the4700 viaUIII. If the poll discovers thatCK_LlPSUFL_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).
• SensePCB (page 10.1-4).
• OutputPCB (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 INFORMAnON IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 - Analog (epecially 9.2-4).
Section 9.3 - SMPS.
Section 9.4 - Digital (especially 9.4.5).
Section 95 - Power Supplies.



Overdrive

6.2.3 Overdrive LED Lit (Error OL)
(Excessive Input Reference Voltage or Frequency)

AUTOMAnc INITIAL ACTION

1. The 4600 will have defaulted to OUTPUT 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. Pressthe46000UTPUTONkey. Theoutputwillbesequenced
on again.

2. OverdriveLEDremains unlit - correctiveaction was successful.
If the LED relights - fault persists.

Slave Mode

1. Ensure that the 4700 lOA range is selected. Press the 4700 or
4600 OUTPUT 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 Voltage has been sensed at the output
of the differential input amplifier on the Sense peB (Vin).

Inguard fault-indication signal OVDR_H has been set true by the
Overdrive Detectoron the SensePCB,and passed outguard to turn
on the Overdrive LED and drive the sequence controller U204.
An Off sequence is initiated, due to V204 resetting the Key Latch
and On Latch. If in Solo mode the sequence reverts to S2 state, if
in Slave mode to R2 state (because PSUFL and OVlP are still
false, the sequence does not transit to SI 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
generatethesignalOVDRLD_H.lnSlavemode,theOVDRLD_H
signal is one of those polled by the 4700 via VIII. If the poll
discovers thatOVDRLD_H is set, the4700CPUturns itsOUTPUT
OFF and presents the Error OL message on its MODE display.

Section 6 - Fault Diagnosis

RECOVERY CONDITION

If the overdrive was due to the Input Reference Voltage to 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 to false releases the resets on the Key Latch and
On Latch.

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

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

The instrument output was latched off by the overdrive resetting
the Key Latch, so the OUTPVT ON key needs to be pressed for
total recovery. As the PSUEN signal is still tme, the PODLY
signal is 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)

Ifthe lOA range remained selectedon the4700, then CK_SELBIT
is true, 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 R5 state, and the
output is turned 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 ofan 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 lit on the 4600 and 47(0).

FURTHER INFORMAnON IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 - Analog (especially 9.2.3)
Section 9.4 - Digital (especially 9.4.5)
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6.2.4 Overload LED Lit (Error OL)
(Excessive Output Terminal Voltage - overcompliance)

AUTOMATIC INITIAL ACTION

1. The 4600 will have defaulted to OUTPUT OFF; the SMPS
remains enabled.

Ifin Slave mode the 4700 will also havedefaulted to OUTPUT
OFF; the Reference Voltage is switched off.
No immediate user-action is required.

RECOVERY ACTION

After the Output Voltage falls to zero, the Overload LED goes off
(and the Error 0 Lmessageon the4700 is clearedif in Slave mode)
so an attempt can be made to restore Output On after the fault
conditions have been cleared:

Solo Mode

1. Press the4600OUTPUTONkey. Theoutputwill besequenced
on again.

2. OverloadLED remains unlit- correctiveaction was successful.
If the LED relights - fault persists.

Slave Mode

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

2. Overload LED remains unlit -correctiveaction was successful.
If the LED relights - fault persists.
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Overload

FAULT CONDITION

Excessive Output Voltage has been sensed at the 1+ contactof the
Output Relay.

Inguard fault-indication signal OVLD_H has been set true by the
Overload Detector on the SensePCB, and passed outguard to turn
on the Overload LED and drive the sequencecontrollerU204. An
.Offsequence is initiated, due to U204 resetting the Key Latch and
On Latch. If in Solo mode the sequence reverts to 52 state, if in
Slave mode to R2 state (becausePSUFL and OVlP are still false,
the sequencedoes not transit toS1state). PSUEN_Hremains true,
so the Switch Mode Power Supply is not disabled.

TheOverloadsignal is stretchedby U202-7 (so thatapoll from the
4700 has time to acquire it) and ORed with OVDR in U204 to
generate thesignalOVDRLD_H. InSlavemode,theOVDRLD_H
signal is one of those polled by the 4700 viaUlll. If the poll
discoversthatOVDRLD_His set, the4700CPUturns itsOUTPUT
OFF and presents the Error OL message on its MODE display.

)



Overload

RECOVERY CONDITION

If the overload was due to the 4600 being presented with too high
an outputimpedance; then once this has beencorrected, the output
on condition can be recovered. This is controlled by the digital
sequencing as follows:

The output current has been switched off, so the output voltage
falls to zero; theOverload LED goes out, (and ifin Slave mode the
Error OL message is cleared).

OVLD reverting to false releases the resets on the Key Latch and
On Latch.

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

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

The instrument output was latched off by the overload resetting
the Key Latch, so the OU1PUT ON key needs to be pressed for
total recovery. As the PSUEN signal is stilltroe, the POOLY
signal is 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)

IfthelOArangeremainedselectedonthe4700,thenCK_SELBIT
is true, and the sequence is in R2 state. PSUEN is true, so the
SMPS is on. The instrument output was latehedoff by the
overload resetting the On Latch, so the 4600 or 4700 OUlPUT
ON key needs to be pressed for total recovery. As the PSUEN
signal is still true, the PODLYsignal is false. Then, providing the
On Latch is set, the sequence transits through to R5 state, and the
output is turned on.

Ifthe causeofthe overloadhas notbeencleared, then anexcessive
outputvoltagewillbedetectedand theoutputsequencesoffagain.

Section 6 - Fault Diagnosis

POSSIBLE FAULT LOCATIONS

• Load impedance too high.
• Output sense loop open-circuit.
• OutputPCB (page 10.1-14)

Although the mostprobablecauseofan overloadisa load with too
high an impedance, it is possible for a fault to exist (eg. within the
Sense loop) to cause overcompliance; or a fault may exist in dte
overload detector itself. This will show up if the Overload LED·
lights when the output is switchedon after the load impedance has
been reduced.

FURTHER INFORMAnON IN THIS HANDBOOK

Technical Descriptions:
Section 9.2 - Analog (especially 9.2.5)
Section 9.4 - Digital (especially 9.4.5)
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Section 6 - Fault Diagnosis

6.2.2 Solo LED Lit with FAIL 10 when
Slave Mode should be Active
(Slaving Failure)

AUTOMATIC INITIAL ACTION

1. The 4600 will have defaulted to OUlPUT OFF; the SMPS
remains powered on.

If in Slave mode the 4700 defaulted to OUlPUT OFF.

RECOVERY ACTION

It is most likely that one of the two interconnecting bus cables has
become disconnected or faulty, or that a digital failure has
disconnected the ANABUS_ON or DIGBUS_ON signals.

Slave Mode

1. Set the 4600 and 4700 Power switches to OFF.
2. Check the two bus cables and reconnect if necessary.
3. Set the 4600 and 4700 Power switches to ON.
4. Select the lOA range.
s. If the4600 Solo LED does not lightand FAIL 10messagedoes

not appear - no further action. If the Solo LED lights and the
FAIL 10 message recurs - fault persists.

6-8

So/a LED

FAULT CONDlnON

The Bus On Decode circuit on the Sense PCB has generated the
signal BUSON_L false. This drives SequenceControllerU204 to
latch CK_BUSON false; this is an input to the Sequencer U206.
Whatever 'R' state the sequence was in, it will have transferred to
Solo state S2 (unless there is also a power supply failure or
overtemperature, in which case it will have entered SI state) and
the Solo LED has been lit

InU204, CK_BUSONfalse causes theCLR_ONandCLR_CTRL
signals to become true, so that both the On Latch and Control
Latches are reset.

CK_BUSON false also sets CLR_LTKEY false and releases the
reset on the Key Latch which was part of the Slaving conditions.

POSSIBLE FAULT LOCATIONS

• One of the external bus cables disconnected or faulty.
• Sense PCB (page 10.1-4).

FURTHER INFORMAnON IN THIS HANDBOOK

Technical Descriptions:
Section 9.4 - Digital (especially 9.4.2).



Fuses

6.3 FUSE PROTECTION

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

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

CAUTION
Every occurrence of a blown fuse should be investigated to find
the cause. Only when satisfied that the cause has been removed,
should a user replace a fused link by a serviceable item.

6.3.2 Reasons For Fusing
The fuses in the calibrator fall into two groups:

8. Clip-in anti-surge fuses in the Power Supplies and Mother
Board protect the power sources from damage.

b. A soldered-in thermal fuse F2 is used in the SlVIPS Main PCB
to protect against the effects of relay RL3 failure during
normal operating conditions. It senses the temperature of the
inrush limiting resistor which should be shorted after the
initial SMPS power on.

Section 6 - Fault Diagnosis

6.3.3 Locating a Blown Fuse
The ultimate causes of blown fuses are so numerous that it is
impractical to list them. In many cases the underlying cause, or
the blown fuse itself, will activate an electronic protectiveprocess
which can conceal some of the symptoms.

Fault location in the 4600 should proceed from the primary
indications of fault condition (e.g. failure messages described in
Section 6.2). These will lead to particular areas of investigation,
and at this point the relevant circuit fuses should be checked first.
Whether fuses are blown or not, the checks will add· to .the
informatiop available for further diagnosis. The typesoffu~e'sto
be used can be found in the component lists ofSection 10.

Table 6.1 below lists their values and locations.

Location and Designator ValuelFlttlng Protected Circuits Page

Rear Panel • Power Input Module
2201240V 2.5A1Littlefuse/Clip-in
100/120V SAlLittlefuse/CIip-in

Line Supply Main Fuse
Line Supply Main Fuse

2-1
2-1

Sense pes
F501
F502
F503

1Al20mm/CIip-in
1Al20mm/CIip-in
1Al20mm/CIip-in

+SV_REG Main 5V Supply
+15V_REG Main 15V Supply
-15V_REG Main 15V Supply

10.1-13
10.1-13
10.1-13

SMPS Main PCS
F1
F2

2A120mm/CIip-in Power Switch High Voltage Supply Line
147°CrrhermaVSoldered SMPS Input Line

10.1-16
10.1-16

SMPS Control PCS
F1
F2

Front peB
F101

500mAl20mm/Clip-in
500mAl20mm/Clip-in

500mAl20mm/CIip-in

-22V(2) Supply Line
+22V(2) Supply Line

Mains Transformer Input

10.1-18
10.1-18

10.1-20

Table 6.1 Fuse Location and Purpose
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Section 7 - Dismantling and Reassembly

SECTION 7
DISMANTLING AND REASSEMBLY
This section contains information and instructions for dismantling the Datron 4600 to sub-assembly level.
Reassembly is generally the reverse of dismantling, but where it m&y be helpful, additional notes are given.

7.1 General Precautions

7.1.1 WARNING
I

IS·OLATETHEINSTRUMENTFROMTHELINESUPPLY
BEFORE AlTEMPTING ANY DISMANTLING OR
REASSEMBLY.

7.1.2 CAUTIONS

1. THE FOLLOWING ACTIONS INVALIDATB THE
MANUFACTURER'S CALIBRATION CERTIFICATION:
REMOVAL OF THE BOITOM GROUND/GUARD
ASSEMBLY, REPLACEMENT OF SUB-ASSEMBLIES,
OR PHYSICAL MOVEMENT OF COMPONENTS.

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

3. 00 NOT TOUCH THE CONTACTS OF ANY PeB
CONNECTORS.

4. ENSURE THAT NO WIRES ARE TRAPPED WHEN
FIITING GROUND/GUARD ASSEMBLIES OR LIDS.

s. 00 NOT ALLOW WASHERS, NUTS, ETC. TO FALL
INTO THE INSTRUMENT.

7.2 General Mechanical Layout

Assembly Drawings in Section 10, pages 10.2-2 to 10.2-9:
DA400785 (Finished Assembly) and DA400786 (Insuument
A~mbly); show how the 4600 is broken down into sub­
assemblies.

7.2.1 Front Panel

The Front Panel layout is illustrated in Section 3, Page 3-1.

Three INPUT tenninalsand twoOUTPUTterminalsareprovided,
for conn~tion to the Reference Voltage Source (Solo) and Load, .
respectively.

Two pushbutton switches are provided for setting the output on
and off. Each houses a red LED.

SixotherLEDs are arranged in a panelabove the switches; thePsu
LED is green/red, the other five are red.

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

A printed overlay labels all the front panel features.

7.2.2 Rear Panel
(All directions as viewedfrom the rear ofthe instrument)

The Rear Panel layout is illustrated in Section 3, Page 3-2.

The recessed Power Input plug, Power Fuse and Line Voltage
SelectorareCQntainedinan integral moduleat the leftofthepanel.

The cooling air intake ftlter is screwed on to the outside of the
panel at the right side; the 'exhaust vents and louvres occupy the
left side of the panel, above and to the right of the Power Input
Module.

The instrument identification label is situated between the intake
ftlter and the exhaust louvres, and direcdy below the panel is the
IS-way D-type digital slave input plug J54.

The 6-way 'LEMO' analog slave input plug J66 is located on the
extreme right of the panel. ;
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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 running from front to 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 ofthe covers with electrical connections made
by spring contacts.

7.3.2 Internal Construction

Internal Supports
Four supports are secured to the front panel, rear panel 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. As well as supporting the rightsideoftheSensePeB,
three corners of the Output PeB 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.

• (Part no. 450621)
Screwed to the left 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 attachments for the left side of the
SensePeB.

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

• (Part no. 450685)
A steel angle bracket is screwed into the rear of the right
extrusion. It supports the rearofthe 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 to
the rear panel between the exhaustvents and louvres, supports
a corner of the Output PCD.

A support for the Sense resistor, Output relay and the two Output
terminals, mountedon the SensePeB, is also secured to the Front
Panel.
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Printed Circuit Boards
The instrument contains five printed circuit boards:

• Sense PCB: fitted component side up at the bottom of the left
side of the instrumenL

• Output PCB: fitted component side up at the bottom rear of
therightsideoftheinstrument, inboardofthe SMPS screening
box. Adouble-sided, finn~ 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 instrumenL

• SMPS Control PCB: fits vertically into slots on top of the
SMPS MainPeB, within the screeningbox. Afinned heatsink
is mechanically and thermally attached to the left of the box,
overlapping the right side of the Output PeB, in the direct
airflow from the cooling-air fan.

• Front Panel PeB: fitted behind the Pront Panel, on the right
side of the instrumenL

Cooling Airflow
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 peB and SMPS
Box heatsinks to be expelled through the vents and louvres in the
Rear Panel. The louvres deflect the airflow away from the intake
futer.

The construction around the heatsinks fonns 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 Output PeB fonns 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

Mains Transformer Assembly
This is a self-contained unit, all its connections being made to the
Front peB by removable Molex sockets. It is mounted with
insulators and retainer onto a thick spindle, which is secured by a .
countersunk screw to the front of the lateral section of the center
support. The other end of the spindle is extended as a thin stub,
which locates into a hole in the front PeB. 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 insttument is the
presence of silver-colored bus-bar strips, which provide a low
resistance path for the high output curren.L Bends position them
correctly, and where theyrun close together, they areseparatedby
insulating foam spacers..
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7.4 General Access

ENSURE THAT POWER IS OFF.
Heed the General Precautions 7.1.1 and 7.1.2.

If, during a procedure, sufficient access has been obtained, then no further dismantling is required.

Removal

8. Remove the four M4 x 12mmsocket-headcountersunk screws from
the cover.

b. Remove the cover by lifting at the front.

Fitting

Locate the cover at the rear fast, then reverse the removal procedure,
ensuring that the foam insulation is correctly located

7.4.1

7.4.2

Top Cover

Bottom Cover

7.4.4 Top Finger Plate
WARNING: This prevents operators' fingers contacting the line voltage

points on the Front PCB.
DO NOT REMOVE tbe plate wbUe the Une power Is
connected to tbe Instrument!

Remove top and bottom covers: 7.4.1 and 1.4.2.

Remove insulating pieces: 7.4.3.

Removal

a. (Page 10.2-2, DA400785 Sheel1)
Stand the ins1rWnent in its nonnal upright position.

b. Remove two cOlDltersunk screws securing the fmger plate to the
SMPS Box, noting which two screwholes in the plate are used.
Remove the fmger plate.

Removal

8. Invert the instrument.

b. Remove the four M4 x 12mmsocket-headcountersunk screws from
the cover.

c. Remove the cover by lifting at the front.

7.4.5 Bottom Finger Plate
WARNING: This prevents operators' fingers contacting the line voltage

points on the Front PCB.
DO NOT REMOVE tbe plate while the Une power Is
connected to tbe Instrument!

Fitting

Locate the cover at the rear fast, then reverse the r~ova1 procedure,
ensuring that the foam insulation is correctly located.

Remove top and bottom covers: 1.4.1 and 1.4.2.

Removal

8. (Page 10.2-2, DA400785 Sheel1)
Stand the instrument in its nonnal upright position.

b. Lift the top foam insulating sheet (Part No. 450637), easing it out
from under the lip of the center support, and remove.

7.4.3 Insulation Pieces

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Removal

a. (Page 10.2-3, DA400785 Sheet 2)
Invert the ins1rWnent.

b. Remove two cOlDltersunk screws securing the fmger plate to the
SMPS Box, noting which two screwholes in the plate.are used.
Remove the finger plate.

c. (Page 10.2-3, DA400785 Sheet 2)
Invert the instnunent.

d. Lift the bottom foam insulatitig sheet (Part No. 450132), easing it
out from \D1der the Rear Panel lip and Cover Contact, and remove.

e. Lift the back foam insulating sheet (part No. 450734), easing it out
from under the Rear Panel lip and Cover Contact, and remove.

Fitting

Reverse the removal procedure, ensuring that the foam insulating sheets
are correctly located under the lips of the relevant Panel and Support.
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7.4 General Access (Contd)

7.4.6 Front Panel Assembly

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove top and bottom fmger plates: 7.4.4 and 7.4.5.

Removal

a. Invert the instrumenL

,b. (Page 10.2-7, DA400786 She 3, Detail 12)
Remove the three M3 nuts and shakeproof washers which secure
the input and output terminal support brackets to the Front Panel.

c. (Pages 10.2-8 & 10.2-9, DA400786 Shts. 4 & 5)
Disconnect the ribbon connector, soldered into J31, from the other
end at J9 on the Sense PCB. Release the ribbon from its clips on the
SensePCB.

d. Reinvert the instnunent to its upright position, taking care not to
trap the ribbon cable.

e. (Page 10.2-9, DA400786 She 5)
Release the cables, running along the top rear of the front panel,
from their white nylon clip on the Front Panel peB.

f. (Page 10.2-9, DA400786 She 5)
Release and disconnect the following seven Molex PCB connector

,sockets from the Front Panel PCB : J25, J18, J17, J19, J2, J20 and
J13. Ensure that they can be identified for correct refitting later.
(The Molex connector at J30 for the Power Switch need not be
remo/ved.)

g. (Pag~ 10.2-7, DA400786 She 3, Detail 11)
Remove the fout M3 x 8mm countersunk screws which secure the
front panel to the side extrusions.

h. Carefully withdraw the Front Panel Assembly from the instrument
(remember that the ribbon cable is still attached!).

Fitting

Reverse the removal procedure, taking heed of the references at each
stage. Locate the mains transformer stub into its hole on the PCB, and be
careful not to trap any wiring. Make a fmal inspection to ensure that the
ribbon cable and Molex sockets are correctly fitted and secured.

7.4.7 Air Intake Filter

Removal

8. (Page 10.2-15, DA400856)
Remove the four M3 x IOmm screws and shakeproof washers
which secure the Filter Support to the rear panel. Remove the
support and ruter.

Fitting

Reverse the removal procedure.
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7.4.8 Rear Panel Assembly
CAUTION:
For most purposes it should not be necessary to remove the Rear
Panel Assembly. To do so will remove much of the mechanical
support for the internal sub-assemblies. Great care mustbe taken
to avoid leaving the sub-assemblies unsupported.

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove top and bottom fmgerplates: 7.4.4 and 7.4.5.

Removal

a.. (Pages 10.2-8 and 10.2-9, DA400786 Sheets 4 and 5)
Disconnect the two Molex sockets from their plugs at J25 and J17
on the Front Panel PCB.

b. Invert the instnunenL

c. Release the two cables disconnected in (a) from their retaining
clips. Pull the socket ends clear of the instrument.

d. (Page 10.2-8, DA400786 She 4)
Remove the M3 nut and shakeproof washer which secure the braid
and threeground wires to the Rear Panelground screw. Remove the
leads from the screw, leaving the locknut and washer in place.

e. (Page 10.2-7, DA400786 She 3, Detail 9)
Remove the two hexagonal '0' lock screws securing J54 to the rear
panel.

f. Reinvert the instrument to its upright position.

g. (Page 10.2-15, DA400856)
Analog SlaveInputJ66 internal cable: disconnect the Molex socket
at J8 on the Sense PeB. Release the cable from its retaining clip and
pull it clear of the instrumenL

h. (Page 10.2-15, DA400856)
Remove the two M3 x 8mm screws and shakeproofwashers which
secure the Output PCB support bracket (Pt. No. 450705) to the rear
panel.

J. (Pages 10.2-5 and 10.2-7, DA400786 Sheets 1 and 3)
Remove the two M3 x 8mm. screws and shakeproofwashers which
secure the Main Support Bracket (Pt. No. 450684), to release the
support from the rear panel. Ensure that the bracket is well
supported from below.

k. (Page 10.2-7, DA400786 She 3, Detail 6)
Remove the four M3 x 8mrn countersunk screws which secure the
rear panel to the side extrusions.

I. Car~fully \Yithdraw the Rear Panel Assembly from the instrument
(remember that cables are still attached!).

Fitting

Reverse the removal procedure, taking heed of the references at each
stage. Be carefulnot to trap any wiring. Make a final inspection to ensure
that the wiring and Molex sockets are correctly fitted and secured.
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7.5 Sub-Assembly Removal and Fitting

7.5.1 Sense pes 7.5.2 Output peB

Fitting

Reverse the removal procedure, being careful not to trap my wiring.
Make a final inspection to ensure that the LEDs andswitches arecorrectly
oriented, and that the Power Switch Molex connector at J30 is correctly
fitted and secured.

Fitting

Reverse the removal procedure. paying due regard to the references at
each stage. Be careful not to trap any wiring. Make a final inspection to
ensure that the wiring. ribbon cable and bus-barsetarecorrectly fitted and
secured.

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. (Page 10.2-5, DA400786 She 1)
Remove the six M3 x 6mm screws and wavy washers securing the
Front PCB to the front panel. Lift it away from the panel, complete
with the switches and LEDs (the foam gaskets adhere to the front
panel only).

Invert the instrument and remove the bottom cover: 7.4.2.

Remove bottom and back insulating pieces: 7.4.3.

Removal

8. (Page 10.2-8, DA400786 She 4)
Disconnect the Output PCB ribbon COIUlector from J22 on the Sense
PCB.

b. (Page 10.2-8, DA400786 She 4)
Disconnect the complete bus-bar set (part No. 450724): remove six
M3 x 6mm screws and wavy washers on the Sense and Output
PCBs; and three M3 x 16 screws, wavy washers and spacers on the
SMPS PCB. Carefully detach the complete bus-bar set, ensuring
that the strips and foam spacers are not bent or separated..

c. (Page 10.2-7, DA400786 She 3, Detail 8)
Remove the four M3 x 6mm screws and wavy washers securing the
OutputPCB to the rearpanel bracket andcentersupports. ·Carefully
lift the front and ease the board forward to clear thecontactplate and
wirina at the rear. Lift it away from the instrument and remove.

Front PCB7.5.3

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove Front Panel Assembly: 7.4.4.

Removal

8. Stand the instnunent in its nonnal upright position.

b. (Page 10.2-15, DA400856)
Analog SlaveInput J66 internal cable: disconnect the Molcx socket
atJ8 on the Sense PCB. Leave the cable in its clip, but pull the end
clear of the Sense PCB.

c. (Pages 10.2-5 & 10.2-17, DA400786 She 1 & DA400788 She 1)
Disconnect the Fan Drive Molex connector (two leads) from J50 on
the right side of the Sense PCB.

d. (Pages 10.2-8 & 10.2-17, DA400786 She 4 & DA400788 She 1)
Disconnect the SMPS PCB Molex connector (two cables) from J4
on the right side ofthe Sense PCB. (The Molex connector at J12 for
the Output Relay need not be removed.)

e. Invert the instrument, taking care not to trap any cables.

f. (Page 10.2-8, DA400786 She 4)
Disconnect the OutputPCB ribbon connector from J22 on the Sense
PCB. Pull the cable back to clear the Sense PCB.

g. (Pages 10.2-8 and 10.2-17, DA400786 She 4 & DA400788 She 1)
Disconnect the SMPS PCB Molex connector (two cables) from J4
on the right side of the Sense PCB.

h. (Page 10.2-7, DA400786 She 3)
Remove the,M3 nut and shakeproof washer which secure the braid
and three ground wires to the Rear Panel ground screw. Remove the
three leads from the screw. leaving the brai~ locknut and washer in
place. Release the Front Panel Input Ground lead from the clips on
the Sense PCB. and pull it clear of the instrument.

J. (Page 10.2-8, DA400786 She 4)
Disconnect the complete bus-bar set (part No. 450724): remove six
M3 x 6mm screws and wavy washers on the Sense and Output
PCBs; and three M3 x 16 screws. wavy washers and spacers on the
SMPS PCB. Carefully detach the complete bus-bar set. ensuring
that the strips and foam spacers are not bent or separated..

k. (Page 10.2-7, DA400786 She 3, Detail 9)
Remove the two hexagonal 'D' lock screws securing J54 to the rear
panel.

I. (Page 10.2-7, DA400786 She 3, Detail 8)
Remove the six M3 x 6mm screws and wavy washers securing the
Sense PCB to the side and center supports. Carefully ease the board
forward to clear the" lip of the Rear Panel. Lift it away from the
instrument, complete with the Sense Resistor, Output Relay and
Output Terminals secured to their bracket.

Fitting

Reverse the removal procedure. paying due regard to the references at
each stage. Be careful not to trap any wiring. Make a fmal inspection to
ensure that the wiring. ribbon cables, bus-bar set and Molex sockets are
correctly fined and secured.
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Section 7 - Dismantling and Reassembly

7.5 Sub-Assembly Removal and Fitting (Con/d.)

7.5.4 SMPS Box

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove top and bottom fmger plates: 7.4.4 and 7.4.5.

Removal

8. Stand the instrument in its nonnal upright position.

b. (Pages 10.2-9 & 10.2-25, DA400786 She 5 & DA400792 She 1)
Disconnect the SMPS Control Molex connector from J18 on the top
right side of the Front Panel PCB (second Molex connector in fTom
the right).

c. (Pages 10.2-8 and 10.2-17, DA400786Sh. 4 & DA400788 She 1)
Disconnect the SMPS PCB Molex connector (two cables) from J4
on the right side of the Sense PCB.

d. Invert the instrument, taking care not to trap any cables. Unclip the
cables from the Front Panel PCB.

e. (Pages 10.2-9 & 10.2-25, DA400786 She 5 & DA400792 She 1)
Disconnect the SMPS Control Molex connector from J2 on the
bottom left- side of the Front Panel PCB (the Molex connector
nearest the PCB edge next to the ribbon cable).

f. (Page 10.2-8, DA400786 She 4)
Disconnect the three bus-bar strips from the SMPS tenninals by
removing three M3 x 16 screws, wavy washers and spacers on the
SMPS PCB. Ensure that the strips and foam spacers are not bent or
separated..

g. (Page 10.2-:-8, DA400786 She 4)
Release the two power input cables from their clips on the bottom
of the SMPS box, in preparation for removing the box.

h. (Page 10.2-7, DA400786 She 3, Detail 16)
Support the SMPS box from below, and remove the five M3 x 6mm
screws and shakeproof washers securing it to the side panel angle
bracket and center supports. Carefully lift the instrument off the
box, ensuring that the cables from the bOx do not snag on any parts
of the instrumenL Lift the instrument away from the box and
remove.

Fitting

Reverse the removal procedure, supporting the box from below, and
beingcareful not to trap any wiring. Make a fmal inspection.toensure that
the Molex connectors on the Sense and Front Panel PCBs, and the bus­
bar strips, are correctly fitted and secured.
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7.5.5 SMPS Main peB

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove top and bottom fmger plates: 7.4.4 and 7.4.5.

Remove SMPS Box: 7.5.4.

Removal

8. (Page 10.2-6, DA400786 She 2; Detail 11)
Remove the three M3 x 6mm screws and shakeproof washers
securing the End Plate to the side and top of the screening box.

b. (Page 10.2-6, DA400786 She 2,· Details 10 and 9)
Remove the two counterslD'lk screws seeming the End Plate to the
internal Control Screen on the SMPS Main PCB, and remove the
End Plate with its gasket, lifting the cables and grommets outof the
slots.

c. (Page 10.2-6, DA400786 She 2,· Details 8 and 7)
Remove the two M3 x 6mni screws seeming the air scoop to the
screening box, and remove the air scoop.

d. (Page 10.2-6, DA400786 She 2,· Details 6 and 5)
Remove the three M3 x 12mm screws and shakeproof washers
securing the Heatsink, through the box, to -the Heatsink Support
Block of the SMPS Main PeB. Remove the Heatsink.

e. (Page 10.2-6, DA400786 She 2; Detail 4)
Remove the seven cO\D1tersunk screws securing the SMPS Main
PCB to the screening box (five underneath the box, and two at the
closed end).

f. (Page 10.2-6, DA400786 She 2; Details 1,2 and 3)
Carefully withdraw the SMPS Main Assembly, including the
SMPS Control PCB and insulating sheet, from the box.

Fitting

Reverse the removal procedure, being careful not to trap any wiring.
Ensure that the Heatsink is correctly secured 10 the Heatsink Support
block within the box. Make a final inspection to ensure that theconnector
cable grommets are correctly fitted in their slot irt the end plate.



7.5.6 SMPS Control PCB 7.5.7

Section 7 - Dismantling and Reassembly

Mains Transformer

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

8. Ease the SMPS Control PCB away from the SMPS Main PCB until
the two plugs and sockets (11P1 and 1/P28) have separated.

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

Fitting

Reverse theremovalprocedure; do notpress the PCB home \Dltil theplug!
socket pins are correctly located in their slots.

Remove top and bottom covers: 7.4.1 and 7.4.2.

Remove insulating pieces: 7.4.3.

Remove top and bottom fmger plates: 7.4.4 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 whichretains itis securedwith 'Studlock' .

a. (Page 10.2-5, DA400786 She 1)
Remove the M6Nylocknutandwasher whichsecure the transfonner
to its spindle screw. Carefully withdraw the transfonner, endplate
and pad from the spindle; replace the endplate, pad, washer and
locknut 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

&. (Page 10.2-5 & 10.2-17, DA400786 Sh.l & DA400788 Sh.l)
Disconnect the Fan DriveMolex connector (two leads) from ISO on
the right side of the Sense PCB.

b. (Page 10.2-5, DA400786 She 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 instrument.

Fitting

Reverse the removal procedure, ensuring correct orientation of the Fan
body. Push the lead grommet into the slot in the center support.
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Introduction and'Categories Section 8 Servicing andInternal Adjst."."ts

SECTION 8 SERVICING AND INTERNAL ADJUSTMENTS

8.1 Introduction

This section provides procedures for maintenance operations
which require removal of covers or partial dismantling.

The operations fall into three categories, asdescribed in Table 8.1
below.

Servicing
and Time Interval

Procedure
section 8

Calibration
Required?

calibration
Procedure

Clean the Air Intake Filter

1 year (or less in
adverse conditions)

8.2 No

)
PCB Assembly Procedure CaUbratlon Calibration
and Adjustment Section 8 Required? Procedure

Sense PCB (at yearly intervals)

Differential Amplifier 8.3 Yes Adjust Autobias
Common Mode Null before Calibrating
and DC Offset.

Output Amplifier 8.4 Yes Section 5
Autobias Level.

Assy Replaced
and Adjustment

Adjustment
Procedure
Section 8

Calibration
Required?

Routine
Recallbratlon

Procedure

~rontPanel PCB; Mains Transformer; Coolln.g Fan.

Yes

Section 5

Section 5

Section 5

Autobias next

Yes

Yes

Yes

Yes8.4

SMPS Control PCB.

8.5

SMPS Main PCS;

Repair at Datron
Service Cent.

Output peB

Output Amplifier
Autobias Level.

Sense PCS; Sense Resistor; Output Relay.

Differential Amplifier 8.3
Common Mode Null
and DC Offset.

Output Amplifier 8.4
Autobias Level.

TABLE 8.1 CATEGORIES OF,SERVICING AND INTERNAL ADJUSTMENTS.
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Section 8 Servici"gand Internal Adjstments

8.1 J/ntroduction (Contd.)

8.1.1 General Procedural Notes

3. Set Power OFF before attempting to dismantle the instrument
(for dismantling and reassembly instructions see Section·7).

b. After servicing ensure that all connections have been made,
and that Top ~d Bottom Insulating Pieces and Covers have
been replaced. Leave assembled instrument powered-up for
at least 1 hour before carrying out any adjusunent. •

c. Although replacement assemblies are set up by the
manufacturer, the internal adjustments in Table 8.1 must be
carried· out to ensure correct operation. These adjustments
need to be carried out when the assembly is in the user's
instrument, in order to account for intemction between
assemblies.
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Air Intake Finer

8.2 Cleaning the Air Intake Filter
(Datron Part No. 450643)

8.2.1 Servicing Frequency

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

8.2.2 Removal
(Assembly Diagram DA 400856, page 10.2-15)

Section 8 Servicing and Internal Adjstments

8.2.4 Inspection

Examine the foam fIlter for wear, replacing if links are broken.
3. Remove the four M3 x 10mm screws (Pt No 611006) and

washers (ptNo 613(05) which retain the filter grille (part No.

450636). 8.2.5 Reassembly
b. Remove the filter grille and reticulated foam filter.

Place the filter in the grille housing and secure the grille to the rear
panel using the screws removed.in 8.2.2.

8.2.3 Cleaning

a. Wash the foam filter in a dilute solution ofhouseholddetergent
(hand hot).
Rinse thoroughly in clean hand-hot waterand dry completely,
without using excessive heat.

b. Clean the grille and the grille holes in the rear panel (use a
vacuum cleaner and soft brush).
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Section 8 Servicing and Internal Adjstments

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 variations
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; Oscilloscope and DVM.

8.3.4 Initial Conditions

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

8.3.5 DC and LF CMRR

3. Remove any input to the instrument and short INPUT Hi to
INPUT Lo, using a shorting Qar or the shortestpossible lead

b. Connectan AC Reference Sourceof 10VRMS at 10Hz to the
instrument as follows; do not switch the source on yet:
i. Source Lo to TP404 on the Sense PCB (between

inductorsun1and L402, to the right ofrelay RU02 at
the front of the PCB).

ii. Source Hi to the shorted INPUT terminals.

c. Connect an oscilloscope via a 2.5kHz bandwidth limiter as
follows:
i. Scope Lo to TP404.
ii. Scope Input to TP414 (to the rear left of Relay RUO1 '

at the front of the PCB).

d. Switch on the instrument and the AC source, and adjust the
oscilloscope controls to obtain a measumble waveform.
Ignoring any 50/6OHz line signal that may be present, check
that the 10Hz waveform on the oscilloscope is less than
500tJ.V peak-to-peak.

Ignore operations (e) to (m) if the 500tJ.V check in operation (d)
was successful.
Note: The term 'FSV' means 'Factory-Selected Value'.

An isolated soldering iron should be used.
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LFCMRR

e. Notethepeak-to-peakvalueofthescopewaveform. SWITCH
OFF the instrument. Carefully unsolder and remove FSV
resistor R409; suck out the solder from the FSV terminals.

f. Note the value of the removed resistor. Select a 1% metal
fIlm resistor of value one increment larger, 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.

C~ outoperation (g) only if the peak-to-peak reading in (I) was
less than that in (e).

g. Repeat operation (f) 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 the FSV terminals.

Carry out operntions (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% metal
fum 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 wavefonn. 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 to R409 FSV terminals.

k. Switch on the instrument and check that the 10Hz waveform
on theoscilloscopeis less than 5001J.Vpeak-to-peak. SWITCH
OFF the instrument and remove the resistor.

Ignore operation (I) if the 500JlV check in operation (k) was
successful.

I. Reselect values ofresistor for R409 as described above, and
. recheck thepeak-to-peak values until a minimum ofless than

5001J.V is obtained. (IT this cannot be achieved, a fault 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.

D. Check that the 10Hz wavefonn on the oscilloscope is still
less than 500J,1V peak-to-peak. Reduce the outputofthe AC
reference source in IV steps from 10VRMS to IVRMS,
checking at each step that the peak-to-peak waveform value
is less than ImV.

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



HF CMRR and DC Offset

8.3.6 HF CMRR
8. With AC Reference Source and Oscilloscope connected as

for DC and LPCMRR adjustment (8.3.5 above), remove the
2.5kHz bandwidth limiter (or set the oscilloscope to full
bandwidth).

b. Adjust theoutputvoltageandfrequency ofthe ACReference
Source to IOVRMS at 5kHz.

d. Switch on the instrument and the AC source, and adjust the
oscilloscope controls to obtain a measurable waveform.
Ignoring any 50/6OHz line signal that may be present, check
that the 5kHz wav~fonn on the oscilloscope is less than SrnV
peak-to-peak.

Ignore operation (e) if the 5mV check in operation (d) was
successful.

Note: An isolated screwdriver-type adjuSbnent tool mustbe
used. Even so, the presence of the tool in the slot will add
some capacitance and the reading is likely to change when it
is removed. The peak-to-peak readings are only valid with
the tool removed. This adjustment therefore requires some
delicacy.

e. Using the adjustment tool, adjust C402 (see Fig. 8.1) for a
minimum pealc-to-peak value ofthescopewaveform. Check
that this is less than 5mV. (If this cannotbe achieved, a fault
exists which must be corrected before proceeding.)

f. Check that the 5kHz wavefonn on the oscilloscope is still
less than 5mV peak-to-peak. Reduce the output of the AC
reference source in IV steps to IVRMS, checking at each
step that the peak-to-peak waveform value remains less than
5mV.

g. Reset the AC reference source voltage to IOV. Reduce the
frequency of the AC reference source in 100Hz steps to
10Hz, checking ateach step that the peak-to-peak waveform
value remains less than 5mV.

h. Reset the AC reference source frequency to 5kHz. Then
increase the frequency in 1kHz steps to 20kHz, checking at
each step that the peak-to-peak waveform value remains less
than 25mV.

Section 8 Servicing and Internal Adjstments

8.3.7 DC Offset

a. Disconnect the AC Reference Source and Oscilloscope.
Leave the input short connected.

b. Perform an 'Input Zero' on the DVM to be used (IOIlV,
lOOtJ.Vand ImVRanges). Connect the DVM, set to its ImV
range, as follows:
i. DVMLotoTP404 on theSensePCB (between inductors

lAOI and IA02, to the right of relay RL402 at the front
of the PCB).

ii. DYMHito1P414(totherearleftofRelayRL401atthe
front of the PCB).

c. Adjust R411 (see Pig. 8.1) to give a DVM reading as close
to zero as possible, and check that this is less than 5J.1V.
(If this cannot be achieved, a fault exists"which must be
corrected before proceeding.)

d. Disconnect and remove the DVM.

RG. 8.1 LOCAnONS OF TRIMMERS C4D2 AND R411

8.3.8 Return to Use

Refit and secure the Top Cover - 7.4.1; P 7-3

A routine calibration is required. after the· adjustments are
completed.

8-5



Section 8 Servicing and Internal Adjstments

8.4 Output Amplifier Autobias Value Adjustment
(Refer to Section 10; pages 10.1-9 and 10.1-15)

Autobias Measurement

8.4.1 Preamble

The following adjustment accounts for small variations which
may have occurred due to ageing ofcomponents. They should'be
necessary only at yearly intervals, or after a different Sense PCB
or Outputpca is fitted into the instrument. For these reasons the
Autobias adjustment is preceded by a check, which determines
\vhcther or not the adjustment is needed. If the check discovers a
large discrepancy in the standing Autobias current value, a further
check is carried out to discover if this is due to a fault in one of the
eighteen power transistors which drive the output.

Aroutine calibration is requiredafter the adjustment is completed.

8.4.3 Test Equipment Required

lOA DC Ammeter
Suitable DVM

8.'4.4 Initial Conditions

Instrument Power Switch OFF.
Input disconnected from INPUT terminals.
External bus cables removed (for Solo mode).
Remove Top & Bottom Covers - 7.4.1/2;p7-3. ,
Remove the Bottom and Back Insulation Sheets - 7.4.3; p7-3
Place· the instrument on its left side (ie. with the SMPS box
uppermost).

8.4.5 10A DC Ammeter Connection

3. Ensure that the Front Panel Power Switch is OFF.

b. Looking from the front at the bottom ofthe instrument (now
on the right side), identify the bus-bar screw at connection
E26 on the Output PCB (see Fig. 8.1 and page 10.2-8).

c. Release theE26 screw and gently lift the bus-barso that itjust
clears its.swage.

d. Using crocodile clips on short leads (and thin insulating
strips where necessary) connect the lOA DC Ammeter
negative lead to theE26 swage only; then clip the positive
lead to the other end ofthe bus-bar, close to the output screw
at E241 on the SMPS. This places the ammeter directly in
series with the +7.5V_2 supply line to the power transistors
in the Output PCB.
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8.4.6 Total Bias Current Measurement

8. Set the Front Panel Power Switch to ON. The instrument
powers up the SMPS by entering S2 state. This is shown by
the ammeter reading increasing from zero as the class A bias
current is established. Allow the reading to stabilize (approx.
20 seconds). Check that the reading lies between 8.5A and
9.5A.

Carry out the Current-Sharing check procedure 8.4.7 ifthe±O.5A
check in operation (a) was unsuccessful.

b. Check that the reading lies between 8.82A and 9.18A.

Carryout the Total Bias Adjustmentprocedure 8.4.8 ifthe±O.18A
check in operation (b) was unsuccessful.

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

Rear of
Instrument

f

SMPS Output
peB

E26

FIG 8.1 LOCAnON OF BUS-BAR CONNECTIONS
E26ANDE241



Autobias Adjustment Section 8 Servicing and Internal Adjstments

Keep repeating operation (g) reducing the value of R313
until the flfst ammeter reading below 8.9A is reached. Select
the resistor which provided the closestapproach to 8.9A and
refit it to R313 FSV terminals.

Switch on the instrumentand check that the-ammeterreading
is between 8.82A and 9.00A. SWITCH OFF the instrument
and remove the resistor.

Note the value of the removed resistor. Select a 1% metal
film resistor of value one increment larger; fit into the FSV
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 ofR313,
until the first ammeter reading above 9.1Ais reached. Select
the resistor which provided the closestapproach to 9.1A, and
refit it to R313 FSV terminals.

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

Trim the leads of the successful resistor to size and carefully
solder it into theFSV terminals. Allow to cool and switrh on
the instrument.

Check that the ammeter reading remains between 9.00A and
9.18A.

b.

Final Check and Recovery
k. 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.

Check that the ~meter reading remains between 8.82A and
9.00A.

f.

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 ofvalue one increment smaller; fit into the FSV
terminals, but do not solder in. Switch the instrument on,

.. allow to settle and note the ammeter reading. SWITCH OFF
the instroment and remove the resistor.

I.

e.

d.

j.

c.

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.

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

Place the instrument upside-down on the bench. Identify the
connections to the power transistors Q120, Q121, Q122;
Q124, Q125, Q126; Q128, Q129, Q130 on the OutputPCB.
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.

SWITCHON the instrumentand allow it to settle for approx.
20 seconds. Set a DVM to its l00mV range and connect its
Lo input to the emitterofQl30. Use the Hi input to probe the
emitters ofeach ofthe other transistors listed in operation (b)
in turn, noting the DVM reading for each emitter.

Identify the emitters of the power transistors QI08, QI09,
Q110; Q112, Q113, Q114; Q116, Ql17, Q118 (also square
pads). They are positioned along the left side of the line of
the heatsink, with Q118 at the front.

Set the DVM to its lOOmV range and connect its Lo input to
the emitter of Ql18. Use the Hi input to probe the emitters
ofeach of the other transistors listed in operation (d) in turn,
noting the DVM reading for each emitter.

Disconnect the DVM. The readings obtained in operations i, h.
(c) 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.

f.

b.

e.

8.4.7 Current-Sharing Check
(Only to be carried out if the Total Bias Current Measurement
Procedure 8.4.6 Operation fa] was unsuccessful) ,

g.

d.

a.

c.

8.4.8 Total Bias Cur~entAdjustment
(Only to he carried out if the· Total Bias Current Measurement
Procedure 8.4.6 Operation (h] only was unsuccessful)

3. 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 TIA02 between D310 and
U405. Carefully unsolder and remove R313; suck out the
solder from the FSV terminals.

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

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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8.5 SMPS Tuned Circuit - Faults and Opti,mization

Two variable resistors ·on the SMPS Control PCB adjust the
pulsewidth and maximum frequency of the signals which drive
the tuned circuit on the SMPS Main PCB. These controls are
interactive and the tuning operation is delicate. Access to detect
the results of tuning entails removal of the PCBs from the
screeningbox andapplicationofpowerandsignals~y reconnection
to the instrument. This leads to a potentially dangerous situation,
because of the presence ofhigh AC and DC voltages on the SMPS
MainPCB.

User fault diagnosis might lead to the conclusion thata component
or components within the box is defective. In this case, to
safeguard personnel and equipment, contact the nearest Datron
service center. The box may be removed from the instrument as
described on page 7-6, but DO NOT" DISMANTLE THE BOX.
Further investigation will be carried out by the service center.

Before removing the box from the instrument, read the following
warnings:

WARNINGS:

1. DO NOT attempt to adjust the drive signals to the tuned
circuit.

2. SWITCH OFF the in~trumentbefore removing the box.

3. DO NOT DISMANTLE THE BOX

8-8
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TECHNICAL DESCRIPTIONS

9.1 PRINCIPLES OF OPERATION

9.1.1 Introdu'ction

Functional Diagram
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 IX or
Sinewave AC currentsource, whose output amplitude (and frequency for
AC) are detennined 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 requirements for the models 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 fmnware must beat issue 5 or later.

9~1.2 General Description
(Refer to Fig. 9.1.1.1)

Transfer Functions
As a 'Black Box', the 4600 dermes a transfer function which is a linear
'Transconductance'. Between~ input voltage limits of+11V and -11V,
the output is a current whose value lies between +l1A and -1 lA and is
defined by the linear equation: lout = Vin x lAND

For AC voltage inputs, the same equation operates, generating output
currents between 0.9A RMS and 11A RMS corresponding to input
voltages 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-gainbuffer 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
to the Sense Amplifier, thus controlling the overall transconductance.

Digital Control
In Slave mode, a digital interface transfers control infonnation 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 internal analog circuitry.

I·
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Lo
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FIG.9.1.1.1 4600 FUNCTIONAL DIAGRAM
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9.1.3 Circuit Descriptions in Section 9

Section Divisions
This Section describes the operation of the circuits incorporated into the
4600. The object is to provide back-up information for those who.are
engaged in fault diagnosis on the instrument.

The description is split into four main divisions:

9.2 Analog Circuits:
This describes the main operational circuits which are directly
concerned with generating the analog output of the instrument.

9.3 SMPS:
The Switch Mode Power Supply is pennanently operative in Solo
mode, but is turned on in Slave. mode only when the 10A range is
selected on the slaving 4700-series calibrator. It is the main supply
for the analog output, and so is treated separately from the other
power supplies in the instrument.

9.4 Digital Circuits:
Because the 4600 .can be operated either in Slave or Solo mode,
there is a basic need to transfer it from onemode to the other. When
outputting its rated maximwn current of 1tA (DC or RMS), safety
must be paramount when turning the output on and off. These two
requirements have led to the design of automatic digital systems,
which place minimal onus on the user, to perform the transfer and
protect the circuitry. These systems. are described in some detail
within this sub-section.

9.5 Power SuppUes:
This deals with both inguard and outguard supplies and their
distribution, but not the SMPS.

9.1-2
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9.2 ANALOG CIRCUITRY

9.2.1 Introduction

The circuits described in this section perfonn the following functions:

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

Sense Amplifier:
Senses the current output as the voltage across the internal series Sense
Resistor, which carries·the full output current. It uses the sensed voltage
to determine the arnolDlt of drive to the Power Amplifier.

Power Amplifier:
Converts the drive from the Sense Amplifier into a current in the range
-i lA to +IIA DC or RMS AC. This current is passed out of the Front
Panel OUTPUT 1+ tenninal. and is returned to the internal Output
Common OV_2 through the internal series 'Sense' resistor via the
OUTPUT 1- tenninal.

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

Fig. 9.2.1.1 illustrates the analog techniques by which the 4600 converts
its Reference VpItage input into a defmed current output.
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Section 9 - Technical Descriptions Analog Circuitry - Slave and Solo Modes
9.2.2 Slave and Solo Modes
(Circuit Diagram DC400786 Sheet 1,page 10.1-2 and Circuit Diagram DC400788 Sheet 4, page 10.1-11)

Solo/Slave Mode • Analog Differences
In the action of the analog circuits, the only differences between the two
operating modes is that the input reference voltage enters at different
terminals, and in Solo mode themanual zero and gain adjustmentcircuits
are connected.

Solo Mode Input Connection
The DC Calibratoroutputvoltage is applied to the two frontpanel INPUT
terminals in Solo mode. Two-wire connection can be used, but the
voltage arriving at the 4600 input terminals will be affected by the
resistanceoftheconnectorleads, so itispreferred to use4-wireconnection
to sense the reference voltage at the 4600 input tenninals.

The input voltage is transferred internally from the front panel terminals
as Hi_FR and Lo_FR, via pins EI5-1/2 to the Sense PCB at JI0-lf3.

The Input Ground terminal is comected directly to the internal case
ground, and thence to the local line ,ground.

Slave Mode Input Connection
The Slaving 4100 output voltage is applied via the rear panel analog bus
connector in Slave mode. Four-wire connection is used to deliver the
reference voltage directly to the Differential Amplifier input switch., so
that the 4100 senses its output voltage on the 4600 Sense PCB.

The input voltage is transferred internally from the rear Analog Socket
J66 as Hi_R, La_R, I+_R and I-_R, to the Sense PCB at J8-1/2f3/4
respectively.

The Analog Socket Guard connection is passed into the Sense PCB as
OU_R at J8-5, across- the internal Guard barrier, and via E401 as
EARTHST to the outguard local line ,ground.

9.2-2·

Slave/Solo Mode Input Switching
(Circuit Diagram DC400788 Sheets 2 & 4, pages 10.1-7 &: 10.1-11)
Section 9.4 (Digital Circuits) describes the Slave/Solo mode states. As
far as the analog circuits are concerned, the mode changeover is effected
by the state of the signal SOLO_H, received in-guard from opto-coupler
U212 at pin 8. When SOLO_H is true (high), it is inverted by the relay
driver at U401-15, and so selects Solo mode by energizing relays RlAO1
and RlA02. When SOLO_H is false (LOW) the relays are unenergized,
selecting Slave mode.

Fom-polerelay RlA02performs the inputchangeoverswitching. InSolo
mode only; relay RlAOl connects the slider of Differential Amplifier
zero offset potentiometer R411 to +15V~lB, and introduces a manual
gain control circuit in parallel with the input resistor of the Main
Attenuator connected across the Diff. Amp. output



Analog Circuitry ~ Reference Voltage Conditioning.
9.2.3 Reference Voltage Conditioning
(Circuit Diagram DC400788 Sheet 4, page 10.1-11)

Differential Amplifier
U402 is connected as anon-inverting, differential-input buffer, both sets
of input resistors being equal to provide high common-mode rejection.
Its gain is controlled by feedback resistors R4131R414 to the inverting
input, and an attenuator on the non-inverting input (R4081R409 to mecca
OV_I) provides fine gain setting during manufacture. The gain is
frequency-compensated for AC operation by C403 and C404, and across
the input attenuator by trimmer C402 and padder C42S. Overall gain of
the stage is approximately 0.7. Diodes 0401 and 0402 protect against
inadvertent application of excessive input voltages.

Main Voltage Attenuator
R415 and R436 forms the main voltage attenuator, cOnnected between
the Diff. Amp. and the Sense Amp. In Solo mode its attenuation is also
affected by the trimpot R417 (padded by R416) in parallel with R415.
R417 is manually set during calibration of Solo mode, to adjust the 4600
DC gain; R416 is nonnally only selected at manufacture. C424 is
provided to allow the AC frequency response in Solo mode to be
manually calibrated, its range of adjustment being set by C406.

Sense Amplifier
The non-inverting input to The Sense Amplifier is derivedfrom the input
referencevoltage, and the inverting input is the Sense voltage (developed
across the Sense resistor which is connected in series with the total output
current). So the Sense Amplifier as a whole acts as an error amplifier,
whose output is proportional to the difference between the two inputs. Its
output-is fed as a current 'I_DRIVE' to a buffer stage on the Output PCB.

The Sense preamplifier U403/U404 is alow-noise compo\D1d AC/DC
circuit. I:X: components of the input signal from the Main Attenuator are
amplified in U403, and then applied as offset null control to U404-8 via
attenuatorR4231R422. CapacitorC411 controls U403 frequeneyresponse.

Because the Power Amplifier has to be able to feed into inductive loads,
it is necessary to ensure thatnon-linearities in the Sense/powerAmplifier
loop response do not cause oscillations over a range of output load,
amplitude andfrequency conditions. Thedesignofthe cascaded integrator
U404/U405 sets the dominant pole of the response to achieve this
flexibility.

U405 uses the full ±ISV_lA supply to linearize its output swings,
whereas U403 and U404 supplies are further regulated. by 0403 and
0404 to approx. ±6.8V to achieve low preamp. noise levels.

The Sense Amplifier output is passed out of the Sense PCB at 122-6 as a
current, to drive the Power Amplifier buffer on the Output PCB.

Section 9 - Technical Descriptions

Input On/Off
During the Output On sequence for both Slave and Solo modes, the fmal
operation is to pennit the input reference voltage to control the output in
state RS or SS. This is done by releasing two FET short-circuits in the

:' Main Attenuator. During Output Off, the shorts are reimposed when
transferring from RS to R4, orfrom SS to S4. The signal IPON_H is used
to accomplish the changes; it is passed into guard via optocoupler U214
at U214-8 (refer to Section 9.4).

WhenIPON_H is true (high) in stale R5 orS5, MOSFET 0402 conducts,
pulling the gates of FETs 0401 and 0403 down below conduction
threshold. The FET source-drains become open-circuit, removing the
attenuator shorts. In all other states IPON_H is false :(low), 0402 is cut
off, and the FET gates are released to acquire Common OV_1 potential.
This allows the source-drains to conduct, short circuiting both ends of
R444 to common OV_1 and removing the voltage input to the Sense
Amplifier.

Test Links
The test links TLAO1 andTLA02 are provided so that the Sense Amplifier
can be tested ina negative feedback loop of its own, isolated from the
Power Amplifier and Sense Resistor. This is mainly for use during
manufacture, or when a fault is suspected on the Sense PCB.

9.2-3
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9.2.4 Current Amplification
(Circuit Diagram DC400789, page 10.1-15)

Buffer
MlOl is connected as a non-inverting, unity-gain, differential-input
buffer. The output current from the Sense amplifier is driven via J21-6,
RIOl andRI05 intoCommonOV_2, whichis theoutputcmrentsink. The
outputcurrentatMl01-6 is drivenviaRl07 andRI02backintoCommon
OV_l, which is the InputReference Voltage and Sense Voltage common.
Thus the differential input to MI01 is referred to both commons, in a
sense which rejects common-mode disturbances between the two.

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

Inversion and Level-Shifting
The complementary inverters QI03 and QI04 are parallel fed from the
buffer output. This eventually causes the Darlingtons to give a push-pull
drive to their heatsink output. As the two transistors are in common­
emitter mode, their collector outputs are inverted.

The two inverters are biassed to establish the C()rrect class A conditions
for the Darlingtons. QI0l provides a 2.4mA constantclDTentdrive to the
bias circuit, to shift the levels of the split buffer outputs to the potentials
required for the inverters. These potentials also need to compensate for
variations of the mean Darlington current, so the negative end of the bias
chain is taken to the outputofan 'Autobias' generator, which senses each
of the Darlington emitter currents, and carries out the averaging process.

Emitter-followers QI02 and QI05 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 associated 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 thennally attached to the heatsink. Variations of heatsink:
temperature can occur (particularly'for a few minutes after a cold start­
up), and unless compensation is applied, these variations, orcomponent
ageing, cOuld cause the standing bias current to drifL

To reduce the drift to a manageable level, any compensation must 4etect
variations in the total cmrent affected by the heatsink temperature, and
provide a bias which restores it to its correct value. Fortunately in 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. So the total ClDTentaffectedby the heatsink temperature remains the
sum 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 eachof the output transistors, calculates the
mean value to determine the amount of bias to be generated, and then
superimposes thatbiasonthedrive voltages to the two invertersQl03 and
Q104. The necessary processing is done on the Sense PCB, using analog
techniques (Circuit Diagram DC400788 Sheet 3, page 10.1-9).

9.2-4
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Autoblas Generation
Eachofthenine positive-side Darlingtonoutput transistors has its output
cmrentsensedseparately, by a low-value resistorplaced in series with its
emitter. The nine voltages across the resistors are summed at a star-point
to fonn the +SENSE signal. Similarly the negative-side star-point ~s the
SENSE- signal. These two signals (together with their associated SMPS
±7.5Vsupply linepotentials) arepassed to the Sense PCB viaJ21 andJ22
to drive the Autobias Generator. The bias supply, (±15V_OP on
Common OV_2) is also passed to the Sense PCB to power the circuit

ThuS the Autobias Generator has two inputs:

The+SENSEsignalreferredtotheSMPS+7.5Vsupply-linepotential,
applied to the inverting input U308-2;
The-SENSEsignal referredto the SMPS -7.5V supply-linepotential,
applied to the non-inverting input U308-5.

Both halves ofU308 are connected as differential amplifiers to reject the
±7.5V common-mode components of the inputs. The two outputs are
swnmedinto the inverting inputofErrorAmpljfier U310, to becompared
against a reference voltage produced at the junction of R313 and R314.
U310 is connected as an integrator to match the slow slew rates of
thennally-dependentvariatie;>DS,andnotbeaffectedbyanyACcomponents
ofsignals in the OutputAmplifier. The output current from U310 drives
the base of cmrent-mirror Q316, whose collector draws current through
the Output Amplifier'AUTOBIAS' line.

Variations in the mean of the emitter currents of the PowerTransistors 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 to trace
the sense of the autobias signals from cause to effecL
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Autoblas sense
Consider the case of the heatsink warming from a cold startup. Intrinsic
conduction in all thepower transistors will increasedue to the temperatl1!e
rise, so the compensation should be applied in such a sense as to oppose
the increase.

For an increased conduction, emitter currents will also increase .and the
summed +SENSE signal will be driven more negative.with respect to the
+7.5V supply line; similarly the -SENSE signal will be driven more
positive with respect to the -7.5V line.

These changes are transferred to the Sense PCB, affecting the input
differential amplifiers. Because of their input connections, both output
voltages from U308 at TP507 and TP508 will rise positive, causing the
summing point at TP509 (Q310-2) to follow. The voltage at this point
will rise more positive than the 0.4V at the reference input to U310-3.
Thus the output voltage at U310-6 will ramp negative due to the positive
input and the integrator action. Less current will be driven into current­
mirror Q316 base, so its collector current will draw less through the
AUTOBIAS line in the Output Amplifier.

On the OutputPCB, QIOI sources aconstant2.4mAinto the AUTOBIAS
line. Because the current mirror collector is drawing less, the difference
must be sunk into the buffer MIOI negative supply, and MIOI-6 moves
more positive. This will start the heatsink (output) voltage moving
negatively, assisted by the greater positive movement at Q I04 base. The
main Output Sense loop responds by sending MIOl-6 more negative to
absorb the diverted current, pulling the voltage at QI03 base down until
the heatsinkvoltage is restored andboth inverterbases have the same (but
less) complementary bias.

With less bias on the inverterbases, the output transistorbase currents are
reduced on both positive and negative sides of the heatsink. As a result
the standing currents in the output transistors (which had increased due
to the temperature rise) are reduced, to restore the original values.

The same stabilizing effect is felt when changes occur due to ageing or
powersupplyvariations, orwhen ambienttemperatures fluctuate. Because
the response of the Autobias loop is slow, an~ the Autobias Generator's
input amplifiers reject common-mode; and also because thebufferoutput
MIOl-6 is AC-coupled to the inverter bases by Cl13 and Cl14; the
autobias is as effective for AC outputs as it is for DC, limited only by the
gain of the Autobias loop.

Section 9 - Technical Descriptions

CUffent Output Stage
(Circuit Diagram DC400789,page 10.1-15)
All of the Darlington transistor collectors are electrically and thennally
connected to the'heatsink, including the six drivers. The stage therefore
provides a single. totem-pole current output via the heatsink to the 1+
terminal, the current being returned via the I-terminal to Common OV_2,
with all contributing current sources operating in push-pull parallel. The
stage is biassedinclass A to maintain acomtant internalpowerdissipation
via the heatsink, which is force-air cooled to stabilize the internal
temperature. Use of class A conditions assists the effectiveness of the
autobias in compensating for unavoidable temperature variations. as
mentioned earlier.

Overtemperatufe Sensing
Thermistor Rl60 is thennally (but not electrically) connected to the
heatsink to sense heatsink temperatures. R160's negative temperature
coefficient of resistance determines the operation of the Overtemp LED
and its associated detector circuit. This is described in Section 9.4.5 on
Page 9.4-9.

9.2-5
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Current Output Routing
(Interconnection Diagram DC400786 Sheet 1, page 10.1-2)
The outputcurrent signal '1+' travels from the heatsink outof the Output
PCB via EI02 to the Output Relay contacts, and from the closed contacts
to the Front Panel OUTPUT 1+ terminal as the '1+_OUT' signal.

The currentretums via the I-terminal, then as '1-_OUT'to other Output
Relay contacts, and from the closed contacts to terminal RH of the
precision Sense Resistor. After passing through the sense resistor, the
output current passes to the Output PCB to be sunk into !he SMPS
Common OV_2.

Output Current Sensing
The Sense Resistor is 4-wire connected in the 1- output current path and
to the inverting input of the Sense Amplifier. The Sense connections go
via E407 and FA08 into the SenSe PCB, where the SENSE_Hi voltage is
applied to the inverting input of the Sense Amplifier to close the whole
output negative feedback loop. The SENSE_Lo connection is taken to
the voltage amplification mecca - Common OV_1.

A simplified functional diagramofthe loopand a descriptionofits overall
action ~ given in Section 1, on Page 1-3.

Internal Load
(Circuit Diagram DC400788 Sheet 4, page 10.1-11)
During the On/Off Sequence, an internal 180 load (R437 in the Sense
PCB) is connected across the output relay contacts via JI2-3/4 and Sense
PCB relay RIA03 contacts. This"load is open-circuited by RIA03 only
in states R4 and R5 (Slave mode) or states S4 "and S5 (Solo mode).

92-6
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9.2.6 Output OnlOff Sequence

ThedigitaloperationoftheOn/OffSequenceisdescribedinSection9.4.3
starting on Page 9.4-4. The aim of the sequence is to turn on the output
safely, with detectors alert to potential faults.

Effect on Analog Circuits
The effect of the sequence on the analog circuitry is the ~amewhether in
Slave orSolo mode, and whether the output is being sequenced on oroff:

State SUPS Output Internal Input
Relay Load Reference

Contact. Voltage

R1; S1: disabled open connected Off
R2;S2: enabled open connected Off
R3;S3: enabled closed' connected Off
R4;S4: '. enabled closed open, circuit Off
R5;S5:. enabled closed open circuit On

Detector Activity
Because of the effects of the sequence, the analog fault detectors can be
active in more·thah one state. For instance the overdrive detector can
sense excessive input voltage in ,all states and light its warning LED.
Analysis of the information provided by the Front panel LEDs or Slave
mode messages, is more relevant to fault diagnosis than to circuit
description, and is therefore conducted in Section 6.
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9.'3.1 General
(Refer to Fig. 9.3.1)

Purpose
TheSMPS providesthe±l.5VpowerrailsfortheOUlputamplifier~Since
theamplifieroper&tesinclassA, the power requirement is constant at
approximately 13Swaus. A resonant switchtopo~gy is used to reduce
conducted and radiated noise spikes. Noise radiation is further reduced
by housing the SMPS ina welded aluminium enclosure.

ImplementatIon
Two MOSFETswitches, synchronized to the outputofa veo, drive a
senes"resonant Le tank circuit. The inductance of 'the tank is formedby
the leakage induetaneein the seriesprimarywindingsoftwosepatate
transfonners. A caseadedpowertransformercontributesthemajorityof
the inductance, driving a bridge rectifier to provide the 75Vrail supply;
the other senses the powertrailsfonner primary current for monitoring
purposes.

Control
Therail voltagesarecontinuouslyseased. Rail errorvoltages control the
frequency oflhe VCO, which closes the loopby adjusting the frequency
of the switchmg waveformsforlhe MOSFETswitehes. A reduced rail
voltageincr-eases ,the hquencyoftbe.VCO. which results.man increase
ofcurrent into the tank circuit, raising and restoring the rail voltage.

Protection
Undervoltage, overvoltagemdoverpowerdeteetorsarealso provided, to
protect against catastrophic variations of the rail vottages' or excess
iunpliflerstanding current.

9.3-1
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9.3.2 ±7.5V Generation Loop
(Circuit Diagram DC400790 Sill 1 page 10.1-17)

Line Input
Theswitching stage ispoweredfrom a DC supplyofbetween210 and 370
volts which is derived from the power line. Rectifier 01 is configured
automatically by a line voltage sensing circuit and relay located on the
front PCB. It is connected either as a full-wave bridge (for 220V-240V
AC operation), or as a half-wave voltagedoublerbyshorting the two lines
LINE_RLA and LINE_RLB (for 100V-120V AC operation).

Line Voltage Detector
(Circuit Diagram DC400792, Page 10.1-21)
Because the SMPS is required to draw a heavy current from the line
supply, it does not receive its power through the mains transfonner, but
takes it directly from the mains input module. The line voltage selector
PCB on the Rear Panel of the instrument operates only in conjunction
with the primaries of the mains transfonner; so a separate, automatic
means of detecting the voltage of the line input is use<t •This shorts the
two lines LINE_RLA and LINE_RLB whenever the input voltage is less
than 200V and removes the short for input voltages greater than 200V.

The detector is located on the Front Panel.PCB and is powered from the
+1OV_RAW_OG supply (the rectified main digital supply, taken across
the reservoir capacitor C104). MOSFET Q101 and relay RL101 are
powered from the Front Panel FP_+5V supply.

Afterbeing switchedby the Front Panel Powerswitch, the line inputsplits
into two paths: P_LIVE and P_NEUT driving the Mains Transfonner;
MAlNS_L andMAINS_Nbeing fed to the SMPSbridge rectifier (which
is sensed by the detector).

The sensed voltage is applied across diode-resistor chain 0101/0102/
RI01/DI03 ,including the LED inopto-coupler UI01. D102 is a 200V
zener in reverse bias to positive half-cycles of line input.

During negative half-cycles both 0102 and DI03 are held in forward
bias, so virtually all the input voltage is developed across D101 (R101
carrying only the 0101 leakage current) and the U101 LED is cut off.

During positive half-cycles both 0101 and the U101 LED are in forward
bias and 0103 is cut off. The LED current is controlled by the input
voltage acting on the 200V zener 0102, and R101. If the inPut voltage
is less than200V peak (e.g. 120V RMS peaks at around 170V), then the
zener does not enter avalanche conditions and the LEO current is below
light threshold. The LEO is only lit for instantaneous voltages just in
excess of 200V(2()()VRMS peaks at about 280V), causingU101
transistor to conduct.

SMPS - Supply Generation

At power on, when the +1OV supply voltage is rising, the time constant
R102/C101 holds back any increase at Q101 gate for approximately half
a second. During this time Q101 does not conduct and relay RLI01
remains unenergized. Thus for a safety delay ofhalf a second the SMPS
rectifier is connected as a full wave bridge (>200V ~ondition), not as a
voltage doubler (<200V condition).

Once the delay is fInished: if the line input voltage is in excess of 200V
the LED is lit , U101 transistor conduction holds Q101 gate below
threshold and RL101 remains unenergized; but if the inputvoltage is less
than 200V the LEO is not lit, Q101 conducts as Cl01charges, and RL101
energizes to short LINE_RLA and LINE_RLB. Under the latter
conditions the SMPS. acts as a voltage doubler to establish the correct
high-voltage supply to the SMPS resonant tank driver switches in
response to the lower line input voltage.

Atpoweroff, diode D112conducts to discharge C101 rapidly through the
digital circuitry, restoring safety conditions as the line voltage subsides.
So if power is .immediately restored, the half second safety delay is
reimposed.

Bridge Rectifier Circuitry
The output from .the rectifier is smoothed by two series-connected
reservoircapacitors C3 and C4. During the first second following Power­
on, relay RL3contact remains open. This allows the series resistor RI to
limit the C3/C4 charging current. Therelay contactcloses after 1second,
and remains closed to maintainhigh efficiency. Fuse F2 is a thennal fuse
strapped to RI, which will blow ifRI temperature exceeds 150°C (e.g if
RL3 contact fails to close). A line input futer minimizes differential and
common-mode noise being conducted back along the power cable.

Power Switches
The power switches are N-channel power MOSFETs Q1 and Q2,
connected in series across the DC supply. They receive their inppt from
the in-guard SMPS Control assembly via pulse transformers T1 and TI.
TheMOSFETs are switchedon alternately for 2.5J.Ls, eachon-pulsebeing
followed by an adjustable short period when both devices are turned off
('dead bands'). During the pulses they feed current Ut turn (alternating
polarities) into the resonant tank circuit.

Ringing on the gatedrives is damped by R-C networks, and resistors R7
and R8 prevent local oscillation of the power MOSFETsQIIQ2.

Power Switch ON sequence

Power Transformer
Primary Current

-Rail

Voltage at junction of
Capacitors C7 and ca +Rail----j---- ---1---- ----I --------1---------j---- - -; --

OV ----! --- - -- --! ------- --1--- -----1----- ----!--- -----!---

i i i i I i--------1---------1----- .. _------1---

Fig. 9.3.2 TANK CIRCUrr WAVEFORMS
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SMPS - Supply Generation

Resonant Tank Circuit
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 T4/5 (24JlH). The 2.5J.1:s
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 detennined by the magnitude of
the supply voltage, the reflected transformer voltage, and the
characteristic impedance of the resonant tank. Fast-recovery diodes D7
and D8 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 1t{2 of the resonant cycle
(z1.3Jls). As it continues towards its overswing of 2Vin, one of the
damping diodes conducts at Vin + the diode drop and so Vc can increase
no further. The leakage inductance field collapses, forcing current
through the damping diode and transformer primary (to the load). The
current falls linearly to reach zero at about the half-cycle point (z2.5Jls),
at which time the switch stops conducting, leaving the capacitorcharged.
Setting the ON times of the switches to 2.5Jls (tuned to half a resonant
cycle) ensures that the energy stored in the inductor field is close to its
zero-crossing at the point of breaking the 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 offduring this
period. The capacitor remains charged.

When the complementary switch is turned on, the current 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 transformerprimary, separatedby shortperiodofzero
current. The two capacitors alternately charge and discharge, so that at
their junction the voltage waveform is virtually trapezoidal.

Because the powerswitchON times remain constant at 2.5Jls, an increase
in the frequency of the VCO 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
veo 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 50/6OHz
common-mode voltages are involved. In any case, probing this circuit
will introduce distortion and radiation, so the results are not worth the
danger and difficulty ofmeasurement. The Current wavefonn in the tank
circuit can be safely viewed at the secondary of transfonner T3 (fP301
on the Sense PCB, or TP3 on the SMPS main PCB).

4600 User's Handbook - Section 9 - Technical Descriptions

Power Transformers
T4 andT5 are cascaded to minimize electrostatic noise coupling to the in­
guard 7.5V rails. To minimize common-mode transfer, the power is
transferred across guard via low voltage, ground-related, balanced lines.

±7.5V Voltage Rails
The output from T5 secondary is bridge-rectified by high-frequency
Schottky diodes DII-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 output bus is filtered out by C32-34.

Voltage RegUlation
The on-time of both MOSFETs is fIXed at 2.5Jls, but the dead time is
varied automatically by adjuSbnent of the switching frequency (and
hence the switching mark/periodratio). Sensors on the 7.5V rails control
the dur.ation of the dead time using a negative feedback loop, and so
regulate the rail voltage.

Current Monitor
Transfonner 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-related,
so no large common-mode voltages occur at these test points.

To sense the mean current in the tank circuit which, because the tank
peak voltage remains constant, is a measure ofthe powerprovided 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 to become the signal OVPWR_H (refer to Sub-section 9.45
on page 9.4.12; Circuit Diagram DC400788 sheet 3 -page 10.1-9).
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9.3.3 ±7.5V Control
(Circuit Diagram DC400791 Sheet 1 page 10.1-19)

SMPS - Supply Control

tOMOSFETJ
Gate Drive
(MainPCB)

MOSFET
Drive

Transformers

Drive
Gating

& Output
Buffers

+2

FAIL Flag
Gating

Osc
ut 2.5J.LS

Mono

'INHIBll'

VCO

FAIL
Flag

Vin

Sequencer

Error Amplifier

Reference
Amplifier

Sense Amps,
Commutator

& Buffer

Under-Voltage
Detectors .__----+-------1

~+2.4SV
~~--.-._- Reference

±7.SV
Sense

( )

-
+1S~(2) I psu FAIL_2 -

0 ~ -AC18V Bridge Rectifier Linear Linear PSU To Output Stage Front-end, +1SV(2) -- and ~ ~OV(2) Fail- ov Regulators Autobias, and PSUEN- Smoothing
~

Detector opto-eoupler M212-6 -- AC18V
-1St 2

-1SV(2) -

Fig. 9.3.3 SMPS GENERATION AND CONTROL CIRCUrr BLOCKS

±7.5V Rail Voltage sensing
Thesense amplifiers MI-7 andMl-l provide inverting andnon-inverting
unity gain buffers for the balanced ±7.5V rails. 01,02 and R3 fonn a
'Sense Commutator', so that the Error Amplifier always senses only the
rail whose ~oltage 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 46(0), ensuring that the most-heavily
loaded rail is the one which is actively regulated by the control loop.

Error Amplifier
The error amplifier is in two stages: M2-1 is a unity-gain buffer, while
inverting amplifier M2-7 determines the control loop gain. 020 biases
M2-5 and tracks the temperature coefficients of Dl and D2. The error
amplifier output from M2-7 controls the frequency of the vca in M3.

vea
M3 is a PLL device used only for its vca (the comparators are not
connected). The vca frequency end-stops are set by C3, RI7, RI8 and
R19, and controlled between these limits by the error amplifier output
into M3-9.

2.5Jls Monostable, +2 Stage and Gatlng
The vca output from M3-4 is passed to monostable M4(1-7) where the
positive-going edge at M4-4 triggers a positive pulse at M4-6, whose
pulse-width is set at 2.5Jls by C6, R20 and R21. Themonostable 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).

M4-7 Q2_L output clocks a +2 bistable Ml0(8-13), which enables pairs
ofM7 gates in turn, steering the 2.5Jls pulses from M4-6 alternately to the
two power switch drivers. Thus the drivers are switched on and offin the
following sequence: Q4/Q5 on; both off; Q6/Q7 on; both off; and so on.
As all the 'on' times are fixed at2.5Jls, and as thevca frequency isvaried
by the action of the error amplifier; so the effect of a change in the ±7.5V
rail voltage is to alter the duration of the 'both off' times in the sequence
of driver conduction.
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veo Output

Frequency typically lower
than tank resonance.
Positive edge triggering
the 2.5J.1S mono at M4-4.

I

-J
I

-1
I

1......,.---1

etc.

M4-7 (Q....;lOutput)
Level-change triggering
the +2 bistable at M-10-11.

M1G-13 (Q Output)
Steering the 2.5Jls mono
a output throughM7(1 ,2,3)
and M7(4,5,6).

M10-12 (Q_L Output)
Steering the 2.5JlS mono
a output through M7(8,9,10)
and M7(11,12,13).

M4-6 (Q Output)
Applied to one input
of all four M7 gates.

M7-3/4
2.5Jls pulse, steered by
+2 bistable to feed
04/05 driver.

M7-10/11
2.5J1S pulse, steered by
+2 bistable to feed
06/07 driver.

MOSFET Power Switches

Conduction pattern.

Dead Band lower limit
must be ~ 100ns

I I I " I
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I I I I

Fig. 9.3.4 SMPS POWER SWrrCHES - TIMING

Power Switch Drivers
The outputs of the two gates in each pair are connected in parallel to

provide sufficient current to drive the following totem-pole driver stage.
Each driver is AC coupled to its output pulse transformer, the time
constants being long enough to avoid serious distortion of the output
pulses. Any ringing from the pulse transformer is limited to rail voltages
by clamp diodes 04-D7. Both the drivers have identical action, and they
are switched on alternately, interspersed by dead bands. Two MOSFET
clamps (Q2 and Q3) are cross-connected from one driver to the other to
ensure thatthe driver which is not switchedonhas no input. 'This prevents
the catastrophy of both power switches in the SMPS Main PCB being
turned on at a time.

Drive Output
The secondaries of the two pulse transformers are connected to two
similar transformers on the SMPS Main PCB, whoseprimary center-taps
are grounded. The windings ofall four transformers are electrostatically
screened to the same ground via the MAINS_E line, to minimize
common-mode transfers. A series C-R filter is placed across the each of
the primaries on the SMPS Main PCB_ to damp out any ringing in the
cascaded transfonners. '

The subsequent drive to the main switching circuitry is described earlier
under the heading of 'Power Switches'.
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9.3.4 SMPS Control Sequencing
(Circuit Diagram DC400791 Sht 1 page 10.1-19)

SMPS - Control Sequence

PSUEN_H
Enables Startup

M5-9/11
1 second mono pulse

M10-2 (Vea Inh)
When High stops vea

ilImm~~1 : .~l~illtllll~lmlli
I I I

.~-----

____Il~----~--..:-__t---_illl!~~III~III~IIIIIII'll,ll~~\lilllllllllllllil~!l~1\1

I I I

_~~~_~;emmt~~~~~~~~~~~~~~~~~~ft~~~~I~I~~~~t~~It~~~~t~~~III~~t~~I~~~~~~~~~~~~~~~1~~~t~~~~1

M6-117
±7.5V FAIL_L before level­
shifting for input to M10-5.

±7.5V Output Voltage
being sensed by

. undervoltage detector

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

M10·3 (100ms mono Q_L)
Triggers M10 '0' input 'read'.
State of vea Inh depends
on state of ±7.5V FAIL_L.

Startup Successful Startup Unsuccessful

FIG. 9.3.5 SMPS STARTUP WAVEFORMS

SMPS Startup Sequence
When the 4600 output is off, MI0(1-6) is in reset. This holds the
'INHIBIT' inputtOM3active at +15V, so the vca is inoperative. Thus
the power switches are both turned off, the power supply is not running
and the 7.5V rails are atOV. The I-second monostable M5(8-14) is timed­
out in reset state.

WhenM5-9 'eLL' returns to high after its I-secondpulse, the rising edge
couples through R39/C12 to theMOSFET switchQ8, turning itonbriefly
and clocking themonostable M4(9-15). Diode D11 prevents thenegative
backswing on the gate ofQ8 coupling through the device capacitance and
triggering M4 directly.

Some'~50Oms after,the output is switched on (or the 4600 recovers from
a fault) the PSUEN-H signal atPl-l is takenfromOV to +15V, remaining
active at +15V until either the output is switched off or a fault occurs. It
is passed via a spike filter to M5-12, M5-5, M4-3 and R46. At M4-3,
PSUEN_H high level enables the 2.5Jlsmono in preparation for the VCO
clock pulses. It has noeffect at M5-5, this is connected for the SMPS off
sequence.

M4 output duration is ~100ms, and when it times out the rising edge of
its eLL output (M4-9) is used to 'read' the D input ofMl0, which is the
output from the over-undervoltage detectors. If all is well and the SMPS
is running, then D will be high and the D-type will not change state, vea
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.

The rising 'edge of PSUEN_H at M5-12·generates a 1 second positive­
going pulse at MS-I0 (negative-going at M5-9) which sets MIO(I-6).
The 'eLL' outputatMl0-2falls to OV, removing the inhibit from theM3
VCO, also setting the Soft-Start integrator (M2-14) on its ramp-up. The
veo starts to oscillate at alow frequency, so the 7.5V rails start at low
voltage and ramp up as the VCO frequency is increased by the soft start
ramp.

If the detector outputs go low while the SMPS is running, M4 is clocked
via C9/R33. Again the D input is read afterM4 times out, and the SMPS
will be shut down if D is still low. Because of the lOOms delay, the
sequencer ignores any 'glitch' low outputs from the detectors whose
duration is less than l00ms.

Diode D21, andresistors R49/R32 interface the ±15V swings of the
detectors intO the CMOS logic devices running from +15V/OVsupplies.
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M6-117
'±7.5V FAIL_L' before level-shifting.

M10-S ('0')
1±7.5V FAIL_L' after level-shifting.

M10-3 (100ms mono Q_L)
Triggers M10 '0 1 input 'read'.
State of vea Inh depends on
state of '±7.5V FAIL_L'.

M10-2 (Vea Inh)
When High stops vea

+15V
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OV
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· .
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True SMPS Failure

FIG. 9.3.6 SMPS GLITCH BLANKING WAVEFORMS

SMPS Off Sequence
When PSUEN_H is taken low to disable the SMPS, the falling edge
triggers M5(1-7) at M5-5. A IOms positive pulse is produced which
resets MIO(I-6), whose resulting positive 'QL' output is VCOInh. This
inhibits the vea and the SMPS is disabled.

Undervoltage Detection
The Undervoltage Detector circuit is a standard window detector whose
window is detenninedby twinbandgap references D8 and D9. Both7.5V
rail voltages are resistively divided (R23/R24 and R27/R28) to be
compared against the 2.45V inputs to the two comparators. When both
rail voltages are greater than 6.5V, the open-collector outputs of both
comparators (M6-1{/) are held at +15V by R26. Ifone ofthe rail voltages
falls below 6.5V, its comparator output pulls both M6-1 and M6-7
towards the -15V rail. This provides a negative-going triggeredgevia C9
to the monostable M4(9-15) at M4-11, resulting in a OV pulse at M4-9
which returns to +15V after lOOms.

After the lOOms delay, the rising edge of the M4-9 pulse clocks bistable
M(1-6), and the comparator output low state (level-shifted by R49/R32
on to the 'D' input of the bistable) results in a positive 'eLL' output at
M10-2. This is 'veo Inh' which causes the veo oscillations to cease,
disabling the SMPS. Because of the delay, the sequencer ignores any
'glitch' low outputs from the~dervoltagedetector whoseduration is less
than lOOms (see waveforms in Fig. 93.6).

The bistable 'Q' output at MI0-l changes to low, pulling Q10 emitter
down with it. Because the signal PSUEN_H is still active-high, QI0
conducts to set the SMPS_FAIL_L signal to active-low.

Overvoltage Detection
The commutated output from the 7.5V Sense Amplifier has a second
function - to drive the Overvoltage Detector (M1-9 via R501C30). The
detector is a high-gain inverting amplifier whose reference is. set by
divider R8/R9 at 10.2V.

Under normal operating conditions, this will always be greater than the
input from the Sense Amplifier, so MI-8 is set close to the positive rail,
keeping D10 cut off.

H the 7.5V rails rise to 11V (for instance by the control loop becoming
open circuit), then after a delay of 2 seconds due to R50/C30, Ml-8
changes polarity to the -15V rail. DI0 conducts, pUlling down the
Undervoltage Detector output, and providing a negative trigger-edge to
M4-11. As a result of Ml-8 being negative for more than lOOms, the
SMPS is disabled and the SMPS_FAlL_L signal becomes active-Iow (as
described above for undervoItage detection). Again, 'glitch' low outputs
of less than lOOms from the overvoltage detector are ignored.

SMPS_FAIL_L
QI0 acts as a gate to activate the SMPS_FAIL_L signal only when the
external PSUEN_H signal is active, and the SMPS has been internally
disabled. QI0 collector is Iow only when Ml0-1 is low (signifying that
the high at M10-2 has inhibited the VCO) and the divided PSUEN_H at
QI0 base is high, causing collector conduction. The SMPS_FAIL_L
signal therefore becomes active low only when the external state requires
the SMPS to operate, but an internal cause is preventing it from doing so.

The SMPS_FAIL_L signal is passed via the SMPS Main PCB to the
Sense PCB, where an internal LED (D326 - see Circllit Diagram
DC400788Sht3,page10.1-9) is lit when the signal is not active, butgoes
out when the signal is active low. It is ORed there with two other signals:
the PSUFAIL_2 signal and the 15V_3 signal; to form PSUFL_H, which
is passed out of guard to change the front panel 'Psu' LED from red to
greenfor anyone ofthe three original failures. In Slave mode, PSUFL_L
results in an 'FAIL 9' message on the 4700-series slaving calibrator.
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9.4 DIGITAL CIRCUITRY

9.4.1 Introduction

Fig. 9.4.1.1 is a simplified block diagram of the 4600 digital circuitry.
It shows the main functional blocks and signal paths associated with

selection of-Slave or Solo mode, and the output On/Off switching.
These are examined in more detail in the subsequent descriptions.
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Fig. 9.4.1.1 4600 DIGITAL CIRCUITRY· SIMPLIFIED BLOCK DIAGRAM

The digital section of the 4600 has to deal with both Slaved and Solo
-operation.

In the analog bus cable between the 4600 and its controlling 47oo-series
calibrator, a dedicated line (J66-4) carries a signal 'ANABUSON_L'.

Also, the digital bus cable carries the signal 'DIGBUSON_H' on J54-9.
Whenbothbus cables are connected, these two signals arepassed onto the
Sense PCB, where they are used to select Slave mode. IfEITHER of the
bus cables is disconnected, its signal is lost and the 4600 reverts to Solo
mode.

The Sense PCB accommodates the central digital circuits ,of the
instrument.

·Circuit diagram DC400788 sheet 1 (Section 10, page 1().1-5) contains
mostly those functions concerned with interfacing the Slaving signals
carried on the Digital bus.

Sheet 2 onpage 10.1-7 shows Output On/Off control and sequencing for
both modes, plus the opto-isolating Out-guard I In-guard interface and
front panel LED driver circuits.
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9.4.2 Slaving Interface
(Circuit Diagran1 DC400788 Sheet 1, page 10.1-5)

4700 Processor Control
. Once the 4600 is connected in Slave mode, its operation is controlled as

a separate peripheral by the central processor in the controlling 4700,
connected via an external 15-way cable: the 'Digital Bus'. In the 4600
the bus atJ54 is connected to the Sense PCB, entering viaJ7 whose fifteen
lines are shown on diagram IX400788 sheet 1.

Sense P~B Digital Bus Connections
At J7, three lines carry the control signals 'IA_H_D_L', 'IRD_L' and
'IWR~'. These defme the operation of an Address/Data bus 'IAD4-0' ,
which occupies a further five lines. One input, (signal CAL_RST) is not
used in the 4600, another carries the cable shield potential, and the rest
refer the 4600 digital common potential to that of the controlling 4700.

Sense peB Digital Bus Interface
This interface is designed for use in other instruments as well as the 4600,
so only fnur of the full range of 32 addresses are used. U102 and U1 03
are not fitted in the 4600.

The main functions are to buffer, latch, decode and activate addresses
received from the 4700; thus receiving control data into the instrument,
or transmitting retrieval data back to the 4700. The GAL U105 is
responsible for latching and decoding received addresses together with
accompanying control signals, converting them mainly into chip-selects.
This routes subsequent data to or from the selected devices. U105 also
controls the send/receive mode of the interface buffer U101.

Interface Buffer U101
UI01 is a standard three-state bi-directional buffer with send/receive
control. Its five data channels B4-B0/D4-00 (~arrying the Address/
Data bus) are controlled to send or receive data, by the SDATA_H signal
from U105-13 at U101-1/17; the address control logic ensuring that
addresses cannot be sent, only received. D4-00 are connected as a bus
AD(4-0) for distribution to the required devices. The three channels B7­
B51D7 -D5 (used for the control signals) are set to receive only, their
controls beingconnected to fixed potentials. They are passed via spike
filters to the appropriate inputs of GAL U105.

Address Latch U104
The 4700 sets the IA_H_D_L signal high to identify the incoming word
on B(4-0) as an address, and not data. The signal is decoded by U105 to
clock the Address Latch (U104) when the new address is written on to the
AD bus. The address latch drives the decoder inputs ofU105 so that the
read and write strobes can activate the decoder outputs when IA_H_D_L
is low. Out of 32 possible addresses only four (0, 1, 2, and 3) are used.
The latched address is decoded by U105 to chip-select the addressed
device during the subsequent data transfer.

AD Bus Peripherals
Two latches (U108 and U109) and four three-state buffers (U106, U110,
Ulll and Ul12) are chip-selected by U105. The two latches are used as
a register for commarlds from the 4700, and the four buffers pass status
information back to the 4700 when read.

9.4-2
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Address DEh,~d8r U105
U105 has two types of input. Five lines are allocated to the output of the
Address Latch (A4-0), and five for the following control signals:

Buffd IA_H_D_L (pin 2) sets U105 to deal with Address
latching or decoding;

Buffd IWR_R (pin 4) pulsed low to write address or
data, depending on state of
IA_H_D_L;

Buffd IRD_L (pin 3) pulsed low to read retrieval data,
when IA_H_D_L is low;

POR_L (pin 11) low for 500ms at power on, and
whenever regulator U501 detects
a power failure.;

CK_BUSON_L (pin 1) clocked low by the first 30ms
clock after both external bus lines
are connected with 4700 active.

BUS ON Decode
U107-3/6 provide an 'AND' function so that the 4600 cannotbe in Slave
mode unless both Analog and Digital Bus connectors are plugged in at
both ends. The ANABUS_L signal is. passed via the connected Analog
bus cable to set U107-1/2 input to OV (instead of being pulled to +5V).
The signal is inverted at U107-3 (this can be canbe read via U11 0 and the
external digital bus). and is 'NAND'ed with DIGBUSON_Hat U107-6.
DIGBUSON_H is driven by the 4700 +5V supply.

BUS ON Delay
U315 is an offset voltage comparator whose -+2.45V reference
'REF_2V5' is shared with the overpower detector circuit (the other half
of U315 on circuit diagram DC400788 sheet 3, page 10.1-9). Changes
in the state of U107-6 are delayed by approximately 300ms before
reaching changeover potential at the input to U315-5. This acts as a
debounce when the external cables are being connected or disconnected.
Resistor RIll· speeds up the transitions when detected and provides
hysteresis~ The output at U3.15-7 passes out as the signal BUSON_L to
the On/Off Sequence Controller U204-6, where it is clocked through as
the signal CK_BUSON_L, used to synchronize the sequencer U206-2
(DC400788 sheet 2, page 10.I-7):!

Slaving Signal CK_BUSON.....L - Reset Inhibit
The CK_BUSON_Lsignal is usedby U1 05 to inhibit the Reset command
(decoded from signals RD and WR when both are true) if the Analog bus .
is disconnected. This is needed to avoid resetting the 4600 in Solo mode
if and when Reset is required for any other device which may also be
connected to the same Digital bus.

U105 Decoder· Address and. Command Decodes
The tables in Appendix 1 relate each encoded U105 input to its decoded
output. For the Command Decodes, a 'Decode Group Name' is attached
to link each input to its Grouped Output, presenting inputs and outputs on
separate tables to utilize. the available space. These names broadly
describe the effects of the commands.
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Address Selection
Under the control of the processor in the slaving 4700, address selection
proceeds as follows:

The current address is placed at the inputs to the Address Latch U104;
The 4700 causes U105 to generate the LTAD_R signal which clocks
and latches the current address into UI04;
The new latched address is passed to the A4-0 inputs of U105 to be
decoded into the chip-select for the addressed register.

Command Data
Two registers (UI08, UI09) share the same address 'W01_L'. All
operational commands emanating from the 4700 are written as data into
these two latches (refer to command group 'Write Data to Address
W01_L' in the UI05 Decoder table in Appendix 1).

Retrieval Data,
Fournon-inverting 3-statebuffers c8!1Y retrieval dataand are accessed by
'read' chip-selects from U105:

UI06 by R00_L (VI05 pin 14)
UI10byR01_L (V105pin16)
U111 by R02_L (V105 pin 17)
U112 by R03_L (V105 pin 18)

A buffer is deselected by its chip-select signal being false (high). Its
outputs are then at high impedance. When its chip-select is true (low), its
inputs arc buffered without inversion onto the AD bus.

UI06
All inputs are pulled lo\v, so when selected, all AD bus bits are low.
This is usedby the4700processor to determine whether the DIGBUS
cable is connected.

If this common interface were to be used in other peripherals on the
external Digital Bus, the inputs to Ul06 could be hard-wired to other
codes, and be interrogated as a means of identifying the responding
peripheral. However, a different set of addresses would be used.

UI10
This reads the stateofthe Command Latch (Ul08 and U109)outputs;
the condition of the front panel On. and Off keys (so that in Slave
mode, these keys can duplicate the slaving operation of the 4700On
and Orf keys); and the state of the ANABUSON_L signal (buffered
and inverted by UI07-3). The 4700 processor reads back
ANABUSON_L to ensure that the analog bus is connected.

Ulll
Whereas UI10 reads the state of the front panel OnIOffkeys, U111
reads the actual commanded On/Off state. It also retrieves fault
information:

LTPSUFL_H: The Switch Mode Power Supply has tripped off
or another In-Guard supply has failed.

OVTEMP_H: The Output Assembly heatsink temperature is
excessive and the Switch Mode Power Supply is
disabled until this condition clears.

OVDRLD_H: The input is being overdriven or the output
overloaded (excessive vo~tage deman~).

In each of these cases of failure, the output has been sequenced Off.

U112
The inputs are states whichoccurduring the output On/Offs~uence.
They are provided for diagnostic use during manufacture, and are not
programmed for retrieval by production 4700-series calibrators.
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Interface Control Decode.
Two further outputs from UI05 are used to control the operation of the
slaving interface (refer to •CommandDecodes - Grouped Outputs' on the
UI05.Decode table):

LTAD_R: To read or write a register, its address is flI'St
written to the Address Latch UI04 by setting
IA_H_D_L high and pulsing IWR_L low with
the required address on the AD bus. This sets
LTAD_R low at Ul()5-12 and U104-11. When
latched, the outputs from Ul04drive thedecoder
inputs ofUl05, so that theread and write strobes
can activate the decoder outputs when
IA_H_D_L is low.

SDATA,...H: To read one of the retrieval data buffers Ul06,
U110, Ul11 orU112; IA....H_D_Lis set low, and
IRD_L is pulsed low. While IRD_L is low the
signal SDATA_H at U105-13 is true, setting the
Bus Buffer U101 into its 'send' mode (UI0l-1/
17). The datafrom the addressed retrieval buffer
is thus driven from the AD bus onto the extemal
lAD digital bus back to the slaving 4700.

9.4-3
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9.4.3 Output On/Off Sequencing
(Circuit Diagram DC400788 sheet 2, page 10.1-7)

Digital Circuitry - On/Off Sequence

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 duripg a delay of some 900ms (C502) after the
instrwnent has been switched ona At Power On this signal sets all U206
outputs to high impedance by driving U206-11 high via U207-8, to
prevent the energizationofin-guardrelays 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
DecoderU105 to generate the signal 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 turn resets the Key Latch by UI09-13, also
resetting the On Latch and Control Latch by UI09-1 and UI08-1 (sheet
1) respectively. The three signals LTKEY, ONBIT and SELBIT all
become false so that if the output is~on, whether the4600 is in Slave mode
or Solo mode, the Output 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 SMPSa To avoid excessive inrush current to the SMPS
reservoir capacitors, a resistor and fuse are placed in series with the input
to the bridge rectifier circuit at Power On. PSUCLP_L false (high)
energizes relayRL3 on the SMPS Main PCB, whose contact shorts the
fuse F2 and resistor RI. 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 settled. If
regulator U501 senses a fall of150mV in the +5V supply, POR_L is again
driven true, so PSUCLP_L and CK_RST_L go true, followed by the
delayed CK_RST_La The output is sequenced off and the resistor/fuse
short is removed until the +SV supply is restored.

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-AI-2f3. ney relate each of the
eight U204 outputs to its constituent inputs.

The State diagram isgiven 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-AI-4/S. They show how changes of inputs generate the Output
On and Off sequences.

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

Slave mode, in which the 4600 output is referenced to, and
controlled by, a controlling 47oo-series calib~ator;

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, on~ carried by each ofthe 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 Digitalbus cables are correctly connected,
BUSON_L is trUe (low). If the 4600 is already operating in Solo mode
when the cables are connected, the 4600 automatically turns 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, ifoperating in Slavemode, BUSON_Lis true (low). Removal
of anyone 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 the4600 must thenbe pressed to reassert output on.

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

Output On/Off Sequenclng
Whether in SlaveorSolo mode, the output is sequencedon in a controlled
way paying due regard to user-errors or any faults whichmay exist within
the in-guard analog circuitry. Four signals are returned via opto­
couplers, which when true inhibit the output on sequence:

PSUFL: True ifany in-guardpowersupply fails, including the
Switch Mode Power.Supply (SMPS). In the case of
theSMPS,PSUFLclearstofalse(in-guard)whenthe
SMPS enable (PSUEN) goes false in response to the
fault. For this reason the PSUFL signal is latched
out-guard in U204, and cannot be cleared until U204
is resetby CK_RESET. PSUFL starts the Output Off
sequence, and the·SMPS is disabled.

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

OVDR: True if the selected input (Slave or Solo) is being
overdriven. 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 timefor the slaving
4700 to acquire. the fault signal, and· the
OVERLOAD LED remains lit until the monostable
times out.

The logic sense of these signals is arranged so that at Power On, they will
not become active. Ifan opto-coupler fails, then the control function will
be deselected or the status will indicate a fault.

Clock-Dependence
All state changes in the sequences occur on the edges of a 30ms clock
waveform, generated by astable U201. This allows time for relay
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 arc

transferred on falling edges.

WhenRST_LgoestrueatU205-13,thec}ockedCK_RST_LfromU205­
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 extra
stages ofU105. During this time the reset actionofU205 has time to force
U206 to sequence the output off, before U206 is itself reset.

Power On Status
(Refer to Figs. 9.43.1 {Page 9.4-4J and 9.4.3.3 (Page 9.4-7J)
From Fig~ 9.4.3.1 it can be seen tl:tat Slave state RI is the Power On
condition, and RI is also entered whenever the delayed CK_RESET
signal goes true.

St Signal CK_BUSON is false ifone of the external bus cables is
not connected, so in this case the status transfers to either SI or
52 at the next rising clock edge, depeildent on the condition of
the LTPSUFL (true ifan analog power supply fault is reported)
and OVTP (true if the Output PCB heatsink temperature is
excessive). State S2 is the quiescent output-off state for Solo
operation. State SI is only enSered in the event of a fault as
reported by LTPSUFL or OVTP.

R1 IT the external bus cables are correctly connected, then
CK_BUSON will be true, then the sequence remains in its
quiescent Slaveoutput-offstate RI until further instructions are
received from the 4700.,

U206-

CK RST L
(Cleari On Catch.

Control Latch & Key Latch)

U20S - Clock Synchronizer

.- ---:U204-i

CLKU10S - Address Decoder

+sv Supply ~P_O_R..;..;;;;.-L _t__---'

Regulator

Slave Mode
CK_BUSON_L

4700 Reset is {RD L
RD L and WR L ----:-=----1----1

low togeth~r - ="W=-R_-"""R:-+-~

U501

CLOCK
30ms

U206-1
OE -l

(Disables-Output
when high)

+SV

----..
PSUCLP_L'

(Inserts SMPS
Inrush Limit Resistor

when low)

FIG. 9.4.3.2/NSTRUMENT RESET • SIMPLIFIED DIAGRAM
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Solo Mode 'On' Sequenclng
(Refer to 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 Panel ON key provides a
rising clockedge to the key latch UI09, whose permanently-highDinput
results in LTKEY_Ltrue (low). Conversely the OFFkeyresets thelatch,
via U204 and CLR_LTKEY_L, to set LTKEY_Lfalse (high). On the
next falling 30ms clock edge after either of these actions, LTKEY_L is
clocked to the output of the Clock Sync Latch U205,as CK_LTKEY_L
at U206-6. What happens next depends on the current status of the onl
off sequence, and the conditions of the other U206 inputs.

52 Upder normal Solo mode output-off conditions, the status is
quiescent in S2 state, and'the SMPS is powered up - PSUEN
true turns the SMPS on via opto-coupler U212-5 and J4B-4
(refer to Paras 9.3). The OFF and SOLO LEDs are lit.

53 When the Front Panel 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 is not in
the process of being turned on. ThePSUEN delay monostable
U202-10 causes CK_PODLY to be true for approx. 1 second
after the sequence enters 52 state, to inhibit selection of Power
On until the SMPS has powered up and settled.

In 53 state U206-14 OFF_L signal is false (high), so the OFF
LE'D 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 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 SI and S2 states
(OVLD_IN'H_L goes false at U213-8).

The 0 POC signal remains false, ensuring that the internal load
is not removed from across the o\Jtput (relay RL 403, on the
Sense PCB remains un-energized, so the 180 resistor R437
across the output is not open-circuited - see circuit diagram
DC400788 sheet 4 page 10.1-11).

From S3 state 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 to the
U204 transfer-function diagrams in Appendix 1).

DigitalCircuitry- On/Off Sequence

54 This state can only be entered from S3 if CK_LTKEY is true at
thenext rising clock edge. The only actionis toopen-circuit the
internal load resistor mentioned above for S3, with the faults
associated withCLR_LTKEY_L(true) absent This is done by
the OPOC_LsignalatU206-16going true.

55 The fmal stage in setting the output on, is to activate the
reference voltage from the external voltage source. To do this,
the IPON signal is set true, which open-circuitsFET shorts to
'Common l' in the Sense Amplifier (see circuit diagram
DC400788 sheet4 page 10.1-11).

Solo Mode 'Off' Sequencing
ss -52

Once the output is on., the instrument status remains at S5 \D1til
something occurs to 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 transfer­
function diagrams in Appendix' 1. Then CK_LTKEY is set
false and the status is sequenced back through 84 and S3 to 82,
by successive rising clock edges.

. -

S'2 If the OutputOffsequence was started by pressing th~OFF key,
then., the status remains quiescent in 52. If it was started by a
power supply ,failure (LTPSUFL) or an overtemperature
(OVTP), then status transfers to SI. But if the external bus
cables were reconnected while the output \Vas 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 c~.use a transfer to Slavemode,Rl.

S1 This is really a holdingstate forpsu and overtemperature faults.
When the fault is cleared, the status reverts to S2.

Slave Mode Control
The external Digital Bus cable carries nine signal lines so that the 4700
can address peripherals connected to the bus. To read or write an address
the 4700 writes the required address into the Address Latch UI04, with
the Address/Data control line IA_H_D_L set to 'Add:res~' (high). To
write command data to' the 4600, the address decode from UI05 chip­
selects the Control Latch UI08 and On Latch UI09.

Control data is written ,into these latches via the internal AD(4-0) bus.
Each bus line carries a separate signal bit, and the whole combination is
decoded by UI07,UI08 and UI09 far specific purposes, as shown in
Table 9.4.3.1, below.

AD4 AD3 AD2 AD1 AD~ Decode
TE5T3_H TEST2_H TEST1_H ONBIT_H 5ELBIT_H

X X X 0 0 Output Off - Power Supply Off
X X X 0 1 Output Off - Power Supply On
X X X 1 1 Output On - Power Supply On

0 X X 1 0 Output Off - Power Supply Off - Enable Test Mode
0 0 0 1 0 Test - No LED selected
0 0 1 1 0 Test - Solo LED selected
0 1 0 1 0 Test - On LED selected
1 1 1 1 0 Test - Off LE0 selected
1 0 0 1 0 Test - Overload LED selected
1 0 1 1 0 Test - Overdrive LED selected
1 1 0 1 0 Test - Overtemp LED selected ,
1 1 1 1 0 Test-Psu LED (green off I red on selected)

Table 9.4.3.1 AD(4-") In!ernal Bus - Command Signal Decodes

9.4-6
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N.B. Note that to simplify this diagram the full effects of CK_RST_L have
been omitted. This information is given inthe logic diagrams of U204
Transfer Functions, in Appendix A

FIG. 9.4.3.3 OUTPUT ON/OFF • SIMPLIFIED SCHEMATIC
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R1 If the Output Off sequence' was started by selecting a 4700
output range or function other than lOA while the output was
on, then the 4700 would flI'St have cleared ONBIT, and then
SELBIT. The ONBIT_L signal at UI01·11 is set false (high),
and the SELBIT_" signal at UI08-2 and UI07-13 is set false
(low). This initiates a transfer-to R2, then RI.

Slave Mode 'Off' Sequencing
RS· R2

Once the output is on the instrument status remains at R5 until
something occurs to set CK_ONBIT false (high). For normal
operation this will be by the 4700 or 4600.Front Panel OFF key
being pressed; other causes are shown on theU204 transfer­
function diagrams in Appendix 1. ThenCK_ONBIT is set false
and the status is sequencea back through R4 and R3 to R2, by
successive rising clock edges.

R2 and 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 RI.

If an external bus cable is disconnected while the output is .on
(although this is not recommended), the'CK_BUSON (f~e)

signal initiates the Output Off sequence to RI, and then to S2.

R3 (Contd)
The 0 PCX: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 180 resistor R437
across the output is not open-circuited - see circuit diagram
DC4()0788 sheet 4 page 10.1-11).

From R3 state the sequence tracks through to R5 on successive
risingcl<?ck edges, so long as the CK_ONBIT_Lsignal remains
true and the Control latch Ul08 and On latch arenot cleared (by
CLR_CfRL_L or CLR_ON_L).

R4 This state can only be entered from R3 ifCK_ONBIT is trUe at
thenext rising clockedge. The only action is to open-circuit the
intemalload resistor mentioned above for R3. This is done by
the OPOC_L signal at U206-16 going true.

RS The fmal stilge in setting the output on, is to activate the
reference voltage from the external voltage source.' To do this,
the IPON signal is set true, which open-circuits FET shorts to
'Common l' iD the Sense Amplifier (see. circuit diagram
DC400788 sheet 4 page 10.1-11).

Slave Mode 'On' Sequenclng
In Slave'mode, the 4600 output can be switchedon and offusing the front
panel keys on either the 4700 or the 4600. The 4600 ON and OFF key
states are returned as KON_" and KOFF_" to the digital bus interface
and thence to the 4700, which processes them to set the·ONBIT bus
message either true orfalse. Thus ultiritatecontrol still remains with the
slaving calibrator, as the Key Latch UI09-8 remains cleared (high) by
BUSON_L true whenever the 4600 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 lOA 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 RI state.

Once the 4700 lOA range is selected, the 'SEL~IT true' signal is
transmitted across the digital bus to the 4600. This is decoded by UI05,
andlatchedintoUI08/109togiveSELBIT_LtrueatUI08-3. SELBIT_L
is applied to U204-7 and, providing no powersupply or overtemperature
faults are signalled, the CK_SELNPSUNTP_L is set true at U204-15 and
U206-4, on the next rising 30ms clock edge.

R1 Under normal Slave mode lOA unselected conditionS, the
status is quiescent in RI state, and the SMPS is powered off.

R2 CK_SELNPSUNTP_L true sets the conditions required for
transfer from state RI to state R2. The only effect on U206 is
to set PSUEN_L tru~ at U206-18. PSUEN true turns the SMPS
on viaopto-coupler U212-5 andJ4B-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 UI0~,

latched into UI08/109 and combined at UI07-11 as ONBIT_L
true, which is latched on the next falling 30ms clock edge into
U205. CK_ONBIT_L at U205;..6 and U206-7 is true and the
status transfers to R3 state at the next rising clock edge,
providing the SMPS is not in the process of being turned on.
The PSUENdelay monostable U202-10 causes CK_PODLY to
be true for approx. 1 second after the sequence enters S2 state,
to ~bit selectionofPower On until the SMPS has poweredup
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 0 PON_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 RI and R2 states
(OVLD_INH_L goes false at U213-8).

Slave Mode Signals from the 4700
(Refer to Fig. 9.4.3.3) .
The Slaving 4700 uses two main signals to control the Output On/Off
switching in the 4600:

'SELBIT': true when 4700 lOA range is selected. Its function is
to turn on the SMPS, ready to set the output on.
'ONBIT': true when4700 lOArange and OutputOn are selected.

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

9.4-7 9.4-7
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9.4.4 In-Guard/Out-Guard Opto-Couplers
(Circuit Diagram DC400788 sheet 2, page 10.1-7)

Five devices (U210 -·U214) are used to transfer digital signals across the Gu~d isolation barrier.

Digital Circuitry - Opto-Isolators

Status Signals
(from inguard to outguard)
Four fault signals are passed out of guard from the in-guard detectors on
the Sense PCB, to affect the On/Off sequencing:

PSUFL (U210) True when the SMPS or any other in-guard
supply has developed a fault.

OVTP (U210) True when the Output Assembly heatsink
temperature is excessive.

bVDR (U211) True when the differential amplifier is being
overdriven.

OVLD (U211) True when the output voltage is excessive
(overcompliance).

Control' Signals
(from outguard to inguard)
Six control signals from the sequencer output are passed into guard to
alter the states of the analog circuitry; giving effect to the sequencing
commands:

SOLO (U212) When true, switches the sourceofinput from
the Analog Bus cable lothe Front Panel
INPUT terminals, and enables the internal
calibration adjuSbnents.

PSUEN (U212) When true, initiates power-up in the SMPS.

OVLD_INH
- (U213) When true (low), inhibits the overload

detector in RI, R2, SI and S2 states.
OPON (U213) When true, energizes the relay which feeds

the high current from the Output Assembly
to the Front Panel OUTPUT terminals.

OPOC (U213) When true, disconnects the internal load
from across the output of the Output
Assembly.,

IPON (U214) When true, turns off shorting FETs in the
Sense Amplifier.
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,Opto-Coupler 'Power Supplies
On the. outguard side of the barrier, the opto-isolators are tied to the
general digital +5V regulated supply via a separate route (+5V_7) from
the +5V and Cpmmon star points. This route is separately decoupled to
limit the effects of any rapid in-guard edges which could otherwise be
transferred, via the opto capacitance, to the rest of the'digital circuitry.
For the same purpose, each of the signal paths on the outguard side of the
opto devices has individual HF decoupling.

All the inguard control signals except PSUEN are powered from the
Sense Assembly ±15V_8 supply for relays. PSUEN is destined for the
SMPS, so it is tied to the SMPS ±15V_2 to avoid circulating currents,
which could otherwise pass through themain sense resistor. The inguard
status signals are powered from the ±15V_3 route, so their opto LEDs
(U210, U211) are also referred to the ±15V_3 supply.
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9.4.5 Front Panel LED Signals
(Circuit Diagram DC400788 sheet 2, page 10.1-7)

Eight status indicator LEDs are locatedon the FrontPanel. Two ~e fitted
into the ON/OFF keys, the remaining six are positioned togeth~ in the
upper right-hand group. The operation of the LEDs, under the con!Iol of
their driving signals, is described below.

LED Supplies
The common cathode of the red/green Psu indicator DIll is taken to the
OV_RAW_OG line, which is the commonoutputfrom the bridgerectifier
WOO1on the FrontPanel. This is the rectifierused to drive the Sense PCB
+5Vmain digital supply regulator, so the OV_RAW_<XJline is tied to the
Common star-point for that supply, from which the Psu LED signals are
driven. Each of these signals is true (to light its LED)·when high; they .
cannot both be lit at the same time. . .

All other LED anodes are connected directly to the Sense PC:s +5V_5
supply line, via J9-20 on the Sense PCB and J31-20 on·,the Frop.t Panel.
Their cathodes are driven by signals, derived from the Sense PC;B digital
circuitry, which are true (to light the LEDs) when low.

ON Key LED
This is lit only after all the stages of the Output On sequence have been
completed, that is in either S5 or R5 state.

OFF Key LED
This is lit only in stages RI, R2, SI and S2 of the Output~ ~equence.

N.B. To avoid an ambiguous indication to the user, th~ transitory states
R3, R4, S3 and 54 ensure that bothON and OFF.LEDs-arenot lit.

Solo LED
This is lit only when the sequencer U206 has· activated.Solo.mode, i.e is
in one of the five states SI to SS.

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

Section 9 - Technical Descriptions

Ovenemp LE~

TIlls is lit by the TEMPLED_L signal being true (low). TEMPLED_L
originates at a thennistor, attached to the heatsink for the power stages,
in theOutputPCB (Circuit DiagramDC400789,page 10.1-15). One end
of the thennistor is connected to +15V_3, and the other (signal RT1) to
the inverting inputoftheTemperature SensecomparatorU301-2(Circuit
Diagram DC400788 sheet 3, page 10.1-9). At normal heatsink
temperatures the high thennistor resistance in series with R337 holds
RTl at a low enough voltage to ensure that U301-1 open-collector output
is pulled high by R339. As the temperature rises above normal, the
n~gative thermal coeffici~nt of the thennistor reduces the thennistor
resistance so that RTl voltage rises above the reference, pulling U30 t:..
1 low. This is signal OVERTEMP, which is true when low.

OYERTEMP is inverted by the open-collector buffer U318-7/10,
becoming OVTP_H at the input of the opto-isolator U210-3. At nonnal
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 affect
the On/Off sequence.

The outguard OVTP_H signal is also passed to the external bus interface
at UI11-10 for transmission 10 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 low.

(Overdrive LED See overleaf)

9.4-9
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Overdrive LED
This is lit by the OVDRLED_L signalbeing true (low), indicating that the
Input Reference Voltage to the 4600 is too large (>112.25VI).
OVDRLED_L originates as the voltage output Vin o~ 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
U303-4n (whose ±2.45V reference D303/0305 is shared with the
Qverload comparator). If the buffer output is between ±2.45V, both
comparator open-collector outputs at 303-1/2 are pulled high Oat inverter
U304-1/2 by R322. Butif thebufferedvoltage(DC orpeakAC) is outside
this window, one of the comparator outputs and the inverter input U304­
1/2 will be pulled low.

Single Pulse Detection (with GUtch ReJection)
The inverted comparator output at U304-3 is applied to two delay
monostables at U305-12 (15ms) and U305-4 (9Oms). It is also applied to
D308, part of a diode OR gate with 0304 (but used in negative logic as
an AND function). With no overdrive, the U304-3 is low at OV_3
potential. This pulls TP306 low via 0308, and the mono output U305­
9 is open-collector.

Any overdrive output from the comparators will appear at U304-3 as a
+15V pulse (AC), or the positive-going edge of a +15V DC level. This
signal releases diode 0308 so TP306 can rise. But the pulse is also
applied to U305-12, which when triggered generates a 15ms negative­
going pulse at lJ305-9. 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 is less than 15ms,
then it will return to low before themono times outandTP306 will remain
low. But if 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 to an overdrive which persists
for more than 15ms. This is illustrated in the wavefonns of Fig. 9.4.5.2.

AC Overdrive Detection
The circuit described above cannot detect overdrives for AC of higher
frequencies, as the comparator pulses will be short enough to be rejected
as glitches; so the inverted comparator output is applied to a second
mono. Any positive pulses applied to U305-4 will cause anegative-going
output pulse from U305-7 of90ms duration (the lowest frequencyon AC
is 10Hz). This is buffered by Q303 which charges C319 via R336 until
U305 is triggered. Transistor Q314 drains constantcurrent from C319 so
repetitive overloads reduce the voltage on C319, which is applied to
comparator U312.

For low frequencies, Q314 collectorvoltage has time to recover between
successive comparator output pulses. .No pulses 'cause the input to
comparator U312-11 to fall below its +4.7Vreference on U312-10, and
U312-13 voltage remains low.

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

The input is always corrected to the Overdrive detector, even when the
output is off.

9.4-10
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Detector Output Gatlng
Underno overdrive conditions TP306 and U312-13 are atCommonOV_3
potential. Thus the NOR- gate output at U304-10 is at +15V. Providing
the output mono U306-6 has timed out, U304-5/6 are also at OV_3 and
U304-4 is also at +15V. Both diodes 0333/334 are cut off and the
OVERDRIVE_L signal into buffer-inverter U318-4 is p~lled to +15Vby
R388. Thus OVDR_H at U318-13 is low (false).

DC and AC overdrives result in +15V pulses at TP306 or U312-13.
U304-10 goes low, triggering the output mono at U306-5 to generate a
16Oms, +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 OVOR_H signal is held true (high) for at least 16Oms.

Fig. 9.4.5.3 illUstrates this AC case.

Overload LED
This is lit by the OVLOLEO_L signal being true (low). OVLDLED_L
originates as the voltagedeveloped across the4600outputload, due to the
outputcurrent flowing in it. This voltage is pickedoff 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 'Hi' side of the
intemalload resistor R437, the signal SENSE_OUT goes to the non­
inverting buffers at U302-3 (Sheet 3).

Overload Comparator
The buffered signal (buffer gain 0.66 by R330/R335) is applied to a
window comparator at U303-9/10 (whose ±2.45V 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 Detector Inhibit
The other NOR-gate input at U313-5 is controlled by the OVLD_INH_L
signal which is true only during the On!Off sequence states RI, R2, SI
and S2, when OPON is false. When it is true, U313-11l are low, U315­
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 apply equally to the
Overload Detector, as the Glitch Rejection, AC Overload Detection and
Output Gating circuits are virtually identical.
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Psu LED
This is the only two-colour LED on the Front Panel. It lights green for
user-confidence when the signal PSUOKLED_H is true (high), but this
is merely an inversion of the PSUFLLED_H signal which lights the Psu
LEDred if there is a fault in the Switch Mode Power Supply.

There are two signals each of which can set PSUFLLED_H true:
• The PSUFL signalwhen true;
• The OVPWR signal when true.

PSUFL
This is a composite signal which is ORed from three other signals:

SMPS_FAlL_L is true only when an overvoltage or
undervoltage has been detected in the SMPS AND the PS'UEN
signal is true (i.e. does not go true if the SMPS is powered down).
This signal is derived in the SMPS Control PCB at the collector
of QI0, which is at +15V_2 when the SMPS is operating
normally (refer to Circuit Diagram DC'400791 , page 10.1-19),
and is passed through the SMPS Main PCB to the Sense PCB at
J4C-l, and to MOSFET Q311 gate.

When false, SMPS_FAlL_L at +15V_2 turns Q311 on, lighting
the internal confidence LED D326 and providing a low input to
NOR-gate U319-8.

When true, SMPS_FAlL_L at OV__2 turns Q311 off, extinguish­
ing LED D326 and providing a high input to NOR-gate U319-8.

PSUFAIL_2 is true when the 15V__2 supply on the SMPS Control
PCB has failed. It is sensed by Q9 in the SMPS Control PCB,
which conducts when the 15V_2supply is operating normally, so
PSUFAIL_2 is false at -15V_2. Failure of the supply turns Q9
off, so PSUFAIL_2 rises to OV_2 (true). It is transferred via the
SMPS Main PCB to the Sense PCB at J4C-2, and to Q310 gate.

Whe~ false~ PSUFAlL_2 at -15V_2 turns FETQ310 off, setting
U318-2 to +15V_3.U318-15 is pulled down to OV_3, lighting
the internal LED D330 and providing a low input to NOR-gate
U319-2. '

When true, PSUFAlL_2 at OV_2 turns Q3iO on setting U318-2
to OV_3. The inverter-driver is open-collector allowing R386 to
pull U318-15 to OV_3, extinguishing LED D330 and providing
a high input to NOR-gate U319-2.

PSUFAIL_3 is true when the 15V_3 suppJy on the Sense PCB
has failed. It is sensed by Q309, which conducts when the supply
is operating normally, so PSUFAIL_3 on U318-1 is high at
+15V_3. U318-16 is pulled down toOV_3, lighting the internal
confidence LED D329 and providing a low input to NOR-gate
U319-1.

When the supply fails, Q309 is turned off, so PSUFAIL_3 tnle
sets U318-1 to -15V_3. The inverter-driver is open-collector
allowing R3·83 to pull U318-16 to +15V_3, extinguishing LED
D329 and providing a high input to NOR-gate U319-1.

When the three power supplies are operating normally, the three inputs
to NOR-gate U319 are low. Its output at U319-9 and U318-3 is high, so
PSUFL_H at U318-14 is low (false).

When anyone of the three supplies fails, one input to U319 goes low and
PSUFL_H goes ;true (high).

PSUFL_H is tranSferred out of gllardvia non-inverting opto-coupler
tJ210-2/1, buff~redbyU203-6/14,anddiQde ORed by D2051D~06with
OVPWR_H.
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OVPWR
This originates as signal PWR_SIO·in the SMPS MainPCB (refer to
CircwtDiagram DC400790, page 10.1-17). TransfonnerT3 forms part
of the SMPS resonant tank circuit, and its secondary voltage is a measure
of the current flowing in the tank. This voltage is full-wave rectified by
D9/D10 andsmoothed tobecome thePWR_SIG signal. Because the tank
circuit operates at a constant voltage, and because the transformer
secondary voltage represents tank current; PWR_SIG is a measure of
current which only needs scaling to represent power.

The significantpointofinterest is thepoint atwhich the power in the tank
(and hence in the 4600 current output circuitry) becomes excessive. So
the scaling required for PWR_SIG at this point can, and is; performed'by
a comparator. PWR_SIG is transferred to the Sense PCB at J4A-3. (The
raw secondary voltage is.also transferred to the SensePCB at J4A-2 to
give a safe test point - TP301 - for viewing the tank current wavefonn
using an oscilloscope.)

Thecomparator U315 is powered fr~m +5V_5 and OV_5, the latter being
connected to case ground, as is the center-tap of the tank current monitor
transformer in the SMPS PCB. PWR_SIG is scaled by divider R302/
R303 and applied to the comparator U315-3 to be compared with the
2.45V reference D301. Under normal operation U315-3 is less positive
than U315-2, so the comparator output at U315-1 is at OV_5 and
OVPWR_H is false. Once the reference voltage is exceededby increased
tank power; the output'starts to rise and positive feedback via R303
reinforces the rise so that the output rapidly switches to 5V_5, so
OVPWR_H goes' true.

Generation of PSUFLLED and PSUOKLED Signals
'Asmentionedearlier, OVPWR_H isORedwith PSUFL_H by D205/206.
The ORed signal is inverted by U208-6/11, and applied to the sequence
controller U204-4. The result of either PSUFL_H or OVPWR_H going
true is thatCK_LTPSUFL~Hgoes tnle unless the resetmode is operative
(refer to the transfer function diagramsfor U204, in Appendix 1 to this
section).

The output CK_LTPSUFL_H is fed out ofU204 at pin 14. (Note that it
is also fed back internally to construct other U204logic outputs.) It is
passed to the interface register U111-6 for transmission as status data to
any controlling 4700, over the external digital bus. In the 4600, it is
passed through AND-gates U2Q7-2f3/4/6 (unless!Test mode is selected)
to LED Driver U208-1, where it is inverted at U208-16. Q202 buffer
inverts it again to become PSFLLED_H, which is transferred to the Front
Panel PCB.

The output on U208-16 is passed through another driver stage of U208,
emerging inverted at U208-1 O. This output is again inverted byQ203 to
become the PSUOKLED_H signal.

Green/Red Psu LED States
At the Front Panel PCB, PSUFLLED_H is fed to the red anode of Psu
LED Dill, whereas PSUOKLED_H drives the green anode. Under
normal operation, PSUOKLED_H is high and PSUFLLED_H is low
(even if the SMPS is not powered up) so only the green Psu LED is lit;
but when an overpower occurs or one of the three power supplies fails,
then the two signal states are reversed and only the red Psu LED is lit.
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Test LED
The Test LED is provided for Slave mode, to indicate that the slaving
4700 has enteredTest mode, and that any other4600 LED indications are
part of the 4700 test.

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

1. Hardware Test
Immediately 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 output is On, it is
sequenced Offto stateR1. Consequently the Psu LED is lit green.
The Test LED is lit, and remains lit throughout the test sequ~nce.

2. Display Test
Thedisplay test itselfdoes not affect the 4600. Butoncompletion
of this test the 4600 LEDs are lit, 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 MODEl
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 4600
As soon as the 4700 Test key is pressed, the 4700 requests Test mode in
the 4600 via the externaldigital bus, by setting SELBITfalse and ONBtt
true. (Fornonnal operation this is an invalid command.)

In the Sense PCB, the SELBIT and ONBIT states are passed via the
internal AD bus to the Control Latch UI08 (Circuit DiagramDC400788
sheet 1, page 10.1-5). For the Test sequence, UI08 output sets both
UI07-9 and UI07-10high. The NAND gateoutputatUl07-8 is set low;
this is the 'TESTEN_L' signal, which places the 4600 into Test mode.

TESTEN_L is clocked into U206 by U205 (Sheet 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 Psu LED is
green., even if there had been a power failure. U207-1.1 is passed via
U208-5/12 as TESTLED_L true, to light th~ Test LED.
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LED Test
After testing its own LEDs in stage 3 ofthe test sequence, the4700cycles
the signals TESTl_H, TESTl_H and TEST3_H via the external digital
bus, to test the 4600 LEDs. The 4600 internal AD bus versions of these
signals are latched in the Control Latch UI08, and passed to a decoder
U209. CK_TESTEN_L at U209-1I14 enables U209 decoded outputs,
which are cycled by its inputs to light each LED in turn. 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 tmn red when its code is on
the decoder inputs. The unconnected output 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 external digital bus.

ThesignalsOFFKEY_H andONKEY_H arepassedfrom the FrontPanel
to the Sense PCB at J9-18 and J9-19, and read back onto the internal AD
bus at Ul1O. When either of the keys is pressed, and the corresponding
state change is read by the 4700 in Test mode, it sends the appropriate
codeback to the4600 to light the pressed.key's LED. To the user, the two
4600 keys appear to behave in the same way asdo otherkeys on the 4700.

End of Test
When the 4700 Test or Zero key is pressed, the 4700 addresses the
Control Latch UI08, and removes the latchedTESTEN code from its
output. The4600reverts to On/OffSequence state RI, and awaits further
programming from the 4700.
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9.5 POWER SUPPLIES
Section 9 - Technical Descriptipn~

9.5.1 Introduction 9.5.3 Outguard Power Supplies

±15V SMPS Control Supply
The 18V-OV-18V AC output of the mains transformer is rectified by full­
wave bridge D12 on the SMPS Control PCB and fused by Fl and F2. Both
lines are regulated (M8/M9) to +15V_2 and -15V_2. This supply is
distributed to the SMPS control circuits, and passed to the SMPS Main
PCB where each line is decoupled before being transferred to the Sense
PCB as ±15V_OP. One of the inguardopto-coupleroutputs (PSUEN) is
also powered by +lSV_2 to eliminate circulating currents.

In the Sense PCB the ±15V_OP supply is used to power the Autobias
sensors; it is also transferred to the Output PCB to supply the Input Buffer
and the Autobias constant-current source.

Main +15V Analog Power Supply
The 18V-OV-18V AC output of the mains transformer is rectified by the
full-wave bridge rectifier 0104 on the Front Panel PCB and transferred
as +30V/OV/-30V_RAW_IG to the Sense PCB, where both positive and
negative lines are fused by FS02 and F503. Both lines are regulated
(US02/U503) to +15V_REG and -15V_REG. This supply is distributed
to the opto-isolator inguard circuits, the relay, driver and relays as

±ISV_8, and to the Detector circuits and thermistor as ±15V_S; each
having their own related commons.

The main supply to the Sense circuits has a separate star-point system
ST2/ST3/ST4, with decoupling HF chokes inserted in the ±15V lines.
The ±15V_1 supply is distributed to the sense circuits from these star­
points, with ST3 being used as a mecca.

Part of the Sense Amplifier is powered from a ±6.8V supply, which has
been further zener-regulated and smoothed from ST2/ST4 as ±6V8_1.

Main +5V Digital Power Supply
The 8V-QV AC output of the mains transformer is rectified by full-wave
bridge DlOS on the Front Panel PCB and passed to the Sense PCB, \vhcre
the positiye line is fused by FSOl and regulated by USOl as +SV_REG.
This supply is distributed to the opto-isolator outguard circuits as +5V_7,
and to the main digital circuits and Overpower Detector as +5V_5; each
having their own related commons. The regulator U501 has a power
failure sensing output which is used in the instrument reset circuitry (rcfer
to Section 9.4.3 on Page 9.44).

The +5V_5 is passed to the Front Panel PCB as FP_+SV to supply all LED
cathodes except the green/red Psu LED. It also provides the supply for
the ON and OFF keys, and the Line Voltage Selector MOSFET/re]ay
RLI0l circuit.

The 10V rectified unregulated line of this supply is used on the Front
Panel PCB to power the Line Voltage Detector circuit (refer to Sect. 9.3.2
on Page 9.3-2). The green/red Psu indicator LED cathodes are taken to
the OV_RAW_OG common line on the Front Panel PCB.

The Switch Mode Power Supply is described in Section 9.3, so no other
description is given here.

Themaininguard±ISV supply andmainoutguard+SV supply have their
rectifiers and reservoir capacitors situated on the Front Panel PC·B
(Circuit Diagram DC400792, Page 10.1-21), next to the Mains
Transformer, whose stub locates into a hole in the Front Panel PCB.

9.5.2 Line Power Distribution
Circuit Diagram DC400786 Sheet 2, Page 10.1-3 shows the main
distribution of the 4600 power supplies.

Mains Input Module
(Assembly Drawing DA400856, Page 10.2-15)
This module is located on the left of the rear panel, (looking from behind
the 4600). It is fitted with a voltage selector panel for use with the Mains
Transformer, and a line fuse. Details of changing the line input voltage
selection, and the required values of the fuse for different selections, are
given in Section 2 -Installation. The module does not contain a filter, as
a special input filter is fitted in the SMPS rectifier input, and the main
supplies are input-filtered by the Mains Transformer.' COlmections to the
module inside the 4600 are shown on the Assembly Diagram.

Local Ground Connection .,

It is essential to connect the local ground to the input cable (refer to
Section 2). A sleeved 'earth' braid connects the incoming local ground
to the instrument chassis. For other internal ground connections, see
Circuit Diagram DC400786 Sheet 2, Page 10.1-3.

Power Switch
The line 'Live' is passed through the input module fuse, and both 'Live'
and 'Neutral' are connected or isolated as a pair by the double-pole Power
switch on the Front Panel. After switching, the linepair branches into two
on the Front Panel PCB, both 'Live' lines being fused: one (P_LIVE and
P_NEUT) passing back to the Input Module Voltage Selector PCB; the
other (MAINS_L and MAINS_N) going to the SMPS Main PCB to drive
the SMPS high-voltage rectifier. The automatic Line Voltage Detector
for the SMPS is located on the Front Panel PCB to sense the input voltage
level (refer to Section 9.3.2 on Page 9,3-2). .

Mains (Line) Transformer
The primaries of the transformer are selected by the orientation of the
Voltage Selector PCB in its external slot in the Input Module (refer to
Section 2 and Distribution Diagram DC400786 Sheet 2 Page 10.1-3 for
details). Transformer secondary windings are isolated by guard and
ground electrostatic screens.

Three outputs are provided: 8VAC to drive the main outguard +SVDC
supply rectifier on the Front Panel PCB; 18V-OV-18V for the main
inguard ±lSVDC supply rectifier (also on the Front Panel PCB); and
18V-OV-18V for the inguard ±15V SMPS control supply (located on the
SMPS Control PCB).

9.5.4 Inguard Power Supplies
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GALs U105, U204 and U206 - Transfer F.unctions
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4600·US8,'5 ·.Handbook··.-.•..$fjatioflg·-.APPtJ'tldii·i?····'
Appendix 1 to:
4600 User's Handbook
Section 9

·U105 Decoder • Address and C.ommand Decodes
U105 pin numbers shown in italics1 =High; ,,= Low; x =1 or 0

Address Decodes

A4 A3 A2 A1 A0 A_H_D_L. WR_R RD_L POR_L CK_BUSON.....L Dec~de

(9) (8) (7) (6) (S) (2) (4) (3) (11) (1) Address Name

'" 0 0 0 1 '" '" 1 1 x W01_L(1S)

'" 0 0 0 0 0 1 " 1 x R00_L (14)
0 0 0 0 1 " 1 0 1 x R01_L (16)
0 0 0 1 0 0 1 " 1 x R02_L (17)

'" '" 1 1 0 0 1 0 1 x R03_L (18)

Command Decodes

A4 A3 A2 A1 A0 A_H_D_L WR_R RD_L POR_L CK_BUSON_L Decode
(9) (8) (7) (6) (S) (2) (4) (3) (11) (1) Group Name

x x x x x x x x 0 x Power On
x x x x x 1 0 1 x x Latch Address intoU104
0 " " " 1 " " 1 1 x Write Data to Address W01

" " " x x 0 1 " 1 x Send Read Data to Interface
x x x x 'x 1 1 1 1 x Deselected, NO'Read or Write
'x x x x x 1 " '" 1 0 Encoded Reset

Command Decodes • Grouped Outputs

Decode LTAD_R SDATA_H RST L W01 L R00_L R01 ·L R02_'
Group Name (12) (13) (19) (1S) (14) (16) (17)

Power On x '" '" 1 1 1 1
Latch Address into U104 '" 0 1 1 1 1 1
Write Data to Address W01 1 0 1 (() 1 1 1
Send Read Data to Interface 1 1 1 1 x x x
Deselected. No Read or Write 1 0 1 1 1 1 1
Encoded Reset 1 0 0 1 1 1 1
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U204 Clocked Transf~r Functions - Logic Diagrams

D a
CK_RST_L (Pin 9)

PSUFl_l

ClK_R (Pin 1) O~--------------i'" ClK

aD

.-------.. ClK(Pin 1) O~--

(Pin 9) l..J--------t

~ CK_lTPSUFl_H (Pin 14 - Internal Connection)

~
(Pin3)o--~OVTP_H

CK_RST_l

ClK_R

BUSON_l (Pin 6) D a

(Pin 1) 0- ClK

(Pin 7) 0-

(Pin 3)

(Pin 1) 0--------------.. elK
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U204Combination Transfer Functions· Logic Diagrams

STROVLD_H (PinS)

OVDR_H (Pin 2)

CK_RST_L (Pin 9) 0--------1
1----0 (Pin 13) OVDRLD_H

A

KOFF_H
OVTP_H

CK_RST_L

(pin 8)

(Pin 3)

(pin 9)

Internal Connections
I

---0 (Pin 14) CK_LTPSUFL_H
(Pin 13) OVDRLD_H

Inlernal Connection

'---0 (Pin 17) CK_BUSON_L

/nIemaI Connecttons
A

)

)

)

....---0 (pin 14) CK_LTPSUFL_H
(pin 13) OVDRLD_H

(Pin 3)

(Pin 9) 0-;------'

)

)

)

InternalConn«:tionEj ):'" :K_BUSON_L
(pin 18) CLR GTRL L

(Pin 9) - -
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Slave

Activation
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Output On and Off Sequence Tables

U206 Output Previous Conditional states referred to U206 input Resulting U206 Output States after U206 clock
State to be Established at the time U206 Is clocked SOLO SOLOLED PSUEN OPON OPOC IPON OFF ON

Entered State (19*) (12*) (1S*) {17*} (16*) (1S*) (14*) (13*)

R1 Power On -----

I
Any Other state CK_RST (9*) true F F F F F F T F

Solo S1 or S2 CK_BUSON (2*) true

R2 R1 CK_BUSON (2*) true and CK_(SELBIT true and
LTPSUFL false and OVTP false) {4*} true F F T F F F T F

R3 R2 CK_ONBIT (7*}true and CK_PODLY (S*) false and
CK_(SELBIT true and LTPSUFL false and

OVTP false) {4*} true F F T T F F F F

R4 R3 CK_ONBIT (7*) true F F T T T F F F

RS R4 CK_ONBIT {7*} true F F T T T T F T

De-activation

U206 Output Previous Conditional states referred to U206 input Resulting U206 Output States after U206 clock
State to be Established at the time U206 Is clocked SOLO SOLOLED . PSUEN OPON op~c IPON OFF ON

Entered State (19*) (12*) (1S*) (17*) (16*) (15*) {14*} (13*)

RS ----- (State achieved during activation) F F T T T T F T

R4 RS CK_ONBIT{7*} false F "F T T T F F F

R3 R4 CK_ONBIT (7*) false F F T T F F F F

R2 R3 CK_O.NBIT (7*) false F F T F F F T F

R1 R2 CK_(SELBIT true and LTPSUFL false and
OVTP false) (4*) false F F F F F F T F

Notes:

Input TESTEN_L turns off SOLOLED_L, OFF_L and ON_L so that they are driven by LED test.

Sequencer U206 pin numbers in curly braces.
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Solo

Activation

U206 Output Previous Conditional states referred to U206 input Resulting U206 Output States after U206 clock
State to be Established at the time U206 is clocked SOLO SOLOLED P5UEN OPON OPOC IPON OFF ON

Entered State {19*} {12*} {18ft} {17*) {1S*J {1S*} {14*) {13*}

S1 Remote R1 CK_BUSON {2*} false and..
CK_(LTPSUFL false and OVTP false) {3*} false T T F F F F T F

S2 Remote Rt or } CK_B.USON {2ft} false and
Solo S1 CK_(LTPSUFLfalse and OVTP false) {3*} true T T T F F F T F

~3 S2 CK~BU50N {2ft) false and
CK_(LTPSUFL false and OVTP false) {3*} true and ;

CK~LTK:EY {6ft} true and CK_PODLY {Sft) false T T T T F F F F

S4 S3 CK_LTKEY (sft) true T T T T T F F F

55 S4 CK_LTKEY {s·} true T T T T T T F T

De-activation

U206 Output Previous Conditio-:-~Istates referred to fU206 input Resulting· U206 Output States afterU206 clock
State to. be Established at the time U206 is clocked SO1;.9 SOLOLED PSUEN OPON OP~C IPON OFF ON

Entered State {19*} {12ft) {18*) {17*} {16*}! {1S*} {14ft} {13ft)

SS ----- (State achieved during activation) T T T T T T F T

I
54i S5 CK_LTKEY {6ft) false T T T T T F F F

53 S4 CK_LTKEY {sft) false T T T T F F F F

52 S3 CK_LTKEY {6·) false T T T F F F T F

S1 S2 CK.:JLTPSUFL false and OVTP false) {3ft} false T T F F F F T F

Notes:

Input TESTEN_L turns off 50LOLED_L, OFF_L and ON_L so that they are driven by LED test.

Sequencer U206 pin numbers in curly braces.
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SECTION 10 Servicing Diagrams and Parts Lists

Contents of this Section

10.1 Circuit Diagrams and Component Layouts

Interconnection Diagrams 10.1-2
Sense PCS 10.1-4
Output PCS...... 10.1-14
SMPS Main PCS 10.1-16
SMPS Control PCS 10.1-18
Front PCS ~............................................................................................... 10.1-20

10.2 Assembly Diagrams and Parts Lists
(The Parts List for each assembly is generally placed immediately behind its assembly diagrams)

Finished Assembly ;. 10.2-2
Instrument Assembly...... 10.2-5
Top Cover 10.2-11
Bottom Cover '....... 10.2-12
Mains Transformer 10.2-13
Handle :....................................................................................... 10.2-14
Rear Panel................................................................................................................................................................ 10.2-15

Sense PCS ~ 10.2-17
Output PCS 10.2-19
SMPS Main PCS 10.2-21
SMPS Control PCS ~......................................................................................................................... 10.2-23
Front PCS 10.2-25

Analog Sus Cable 10.2-27
Digital Sus Cable 10.2-28
Output Lead Kit 10.2-29
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PCS

'!-mm, SWAGES 612004-1 (X9)
A,B,C,D,E,F ON SOLDER SIDE OF pca
E241,E242,E243 ON COMP SIDE OF PCB

SOLDER ALL SWAGES IN PLACE

LARGE CERAMIC BEADS 630024

2 PER LEAD ON R.3,R4
1 PER LEAD ON 06,07

NOTE; MOUNT PLATE
AT RIGHT ANGLES TO
pca

SLEEVE THESE .3 LEADS

WITH PTFE 1.0mm DIA

(590004)

DETAIL "AD
R1 F2

NOTE CORRECT ORIENTATION
OF T1 , T2 , T3 .~615002)

~613029)

'r-~--+-...>...L!--rJ .-- ...., EI034 EI032

® ® 1::1031

®

(630029)
.3 STRIPS DOUBLE-SIDED

TAPE UNDER L1, 30mm EACH

0::::
W
C)
ZH
«
o

60mm

15

70mm

TO J14.-----cs12000)

Sheet 1Drawing No. DA,400790

DO NOT SOLDER TO J14/J3
UNTIL pca TEST STAGE

,--__~ -4- lID

(613005}- ~T

$18001~1
I

450639 I
~~====:=:::::=====~===============::!::::f

I
.:=======r'E"-MOUNT SUCH THAT ASSY

JUST TOUCHES PCS

NOTE:

ENSURE ALL CAPS
ARE FITIED AS

CLOSE AS POSSIBLE

TO PCS

NOTE: L2, L.3 &: W101
REQUIRE INSULATION

TO BE RE~OVED

101·16



E1033

C36
2NZF"=;::
250V

E1021 PSUEN
G

~~K =~~~OUf EI022 SHPSJ RIL_L
2w 2E10V G

E1023 PSUFR I L_2
G

EI02.:! "lSV_

~ El 02,2 CV_2

EI02~ -15V

ISH) ELOJ

PSUEN_H JIOI

SHPSJR IL_L Jli!l

PSUFRIL_2 J1 03

.. 15v_2 JJ

OV_2 J I 5

-15v_2 J I 6

SPARE -3 JJOI C
C39 C40
100UF 100UF
40V 40V

EI032 LINE RLBi'!>--....:;.:..:..:::;::.:.:::::...---------- --J

1031- LINE RLA

F I
2.0A
250V

C32

1
3N3F
SOOV

"'7.5V_SENSE

E?4?

I]RI EI012

C33
3N3F
SOOV

JI 9

C34

1
3N3 •
SOOV

£243

C43
~~~l... --,.,",J1~7

C44 J 1 S
3U3
SOY OV_SENSE

C41
3U3F
SOy

C42.
3U3f
SOV

C26
220GuF
16V

C27
2200u'
16V

L2
luOH

C24
2200u'
16V

C22
2200u
16V

C20
2200u·
16V

CI6
noou
16V

CI6
2200u
16V

PLANE

OUTPUTJILTERS

013
US09 5

CI4
2200u
16V

CIS CI7 CI9 C21 C23 C2S
2200u 2200u 2200u 2200u 2200u 2200u'

014 16V 16V 16V 16V 16V 16V
US09 5

L3
luOH

lP4

C9
2U2f
3SY

H.F._RECTIFIER

All
lOOK

57-

AIO
4K7
Sl

011-014_Guor-d
JI4

~
4 R9

240R

SZ 010

'MrH -::- ,;:,S-f-....,.j--If
N
}4""14-6--1

62

3

POWER_1X

,
14

... ' 3

""> , 4

..
,

I.- 07 C7
""L BTW95C : ;:::'IONF

2KV

-I.- 06 L,.caJ" 6TW9SC....,..1 ONF• r- 2KV

02
IXTH
12NSO

1~01IX1H
12N50

15

R7
33R
57-

,--5
r- EARtH

B' 1

2

3

-1-llRIVEJH

R16.l.
150R~

57- ;,..

C30

\~~~=:=
-1-llRIVLL

26-2

~B I

10~4 PSUCLP _L

OS I RL3IN41462~
,11
I

1021 PSU_SHIELO

R6
33R

-LORIVLHI 2 T2 G Sl.J26_4

NdR' "' >- =:::~gNF
57- I 4 100V

I~~~==
R6

) >- ~~6R
J2B_S 100V 3 ,--S 57-

-2..JJRIVE_L er fAATH
1

CURRENT _MON ITOR 4600
SMPS MAIN C!J1

_____________C..=..::.:ir:..:c:.:u::.:i:..::.t-:=D=-i:..::.a-:"gf.:,r..::.:a:=-m=~-~------..!-IN~S=..J-r!.....!::R~WfVle;_~..:rJ?
Drawing No. DC400790 Sheet 1 © Datron Instruments 1988

10.1-17



F1CIt

NS SHORTCROP PI LINE
WITHIN DOTTED

8

1

9

1

10,7

1

6

1
5\

NOT~ 0:;-Ri9/R20
SCREWCE UPWARDSTO FA

CiD et C15NB:LEADESADO~ORMINGWILL N
TO FIT

1 I°l__~__

2

D

IN::::;:-T R ents 1988© Datron Instrum

SMPS

1

10.1·18



PI

TPG

11
2 P28 I

-l.J)AIVE_HI
1

P28 2

.1.JlR lVE...LO

P28t13

J MRINS_E

12
2 P28 4

P28 5

.2_0A I VE_LO

-15V.-2

R4S
lQK
SY.

PI 3

CS
07 l£10NF

I N4001 63v

R46
22K

Si:

015
onss
C24

013
TVSSlS
ISv

[20
IGUF
3SV

019
INlWOl

V. C. O.

010 IN400l

TPa

SET DRIVE

LlNERR]SU

A6
SIX
5'

All,.,
sz

lPI

OVERVOL

fll4 lKNOI1
4K99 1:1.

COMMUTRTOR

R3
4Xl
S'l.

UNOERVOLTRGE_OET

AI
IKOQ 11.

·15'C2

EI04.1

PI~

SPARE .. 2

PI 9

F2

SOOf'lR

No. DC400791 Sheet 1 © Datron Instruments 1988

10.1-19



o

0
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o
IJ

I") 0

"") Cl

"
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"

+C104

..131

MOUNT D106-D110 ON
GLASS BEADS (630243)
1 PER LEG

D-,

I

SlO3 SlO2 I
I

0 0 I

o

o

MOUNT THESE COMPONENTS ON

THE SOLDER SIDE OF THE PCB

D106 - D111, S102, S103.

'I
I
I
I
I

ID

---------
0.1in

0
e- o-
0 0

IJ_ " "00 " IJ

to " J e
l' " ClC'l

"") " 0 Cl
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REMOVE PINS--r---+f?&

SHOWN' e'

DRILL HOLE O.Bmm DIA

WHERE INDICATED AT
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PCB SHOWN)

FIT WIRE LINK (540001)

BETWEEN "A" AND PAD

"B" AFTER FITTING RL 10 1

SOLDER SIDE

400899

Q101 ­
JOINED LEG
AT "D"
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RD
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DIRECTLY INTO PCS

==.,:/40FF

WIRES : RED & BLACK = 45mm
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SLEEVE EACH JOINT
1/2 X 590001
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TOP COVE~ A55(MBLY(4007~4) REF.ONL'C

@ @ @ @

@ @ @ @

@ @ @ @

@ ® @ @

[Lf
u u u u

\~

HANDLE.S FOLD FORWAiW
(TYPICAL B01H SIDE!::».

NffiE:- Eri5URE l-\ANDLE 155E.CLlI?ED
= CENll2ALlY l"IETWl:.EN COVER FIXING

I-lOLE'::> WI-lEN 1i::ETl2/>.CTED.

FIT SffilNG CONTAeT
IN C~L Pa'5111ON.

N5llRE HANDL£ Sf'l\«)l Plt-lS & MAIN
!3ACIC. PU..1E ARE INSER:TE.D INTIU5 olD1.

IN5ERl HANDLE
FROM RE-A"-.

L

@lV!l

\c

I I
@t

r~--------E

VIEW OF 51DE EXTl<.llSloN
R<bM REMZ or Il'lSTROI-AEN1.
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ICE-F. ONL'(.

®

@®®

".... R. PAt-!ELVIEW ON 1>.1:1'

4600
FINISHED ASSE7~lYSheet 2
Drawing No. DA400



TOP COVER A55'( (400i-'}A.)
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\lIEW ON SIDE OF IN~'RUME\IIT m 1 DJ(Wllll 10P fj. fOlTOM COVf2:') F'lTTED).
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FINISHED VIEW 0'4 FRONl OF IN51RUMENT

~:- THE FOLLOWING. ITEM~ ARE. TO!£ INC~D IN THE. ACC£~Y
WA\.lET IN 1\lE f"QClKt a' M HANDBOOK

fNn'" tl«'&CRIPTION CiIfY
GS040f 2_ "'F \\U Kty '\
e;,1ol~ 2'S-~F HEl( IC£Y 1
~I02~ l!'~:l2 "'... FU5f 1
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DATPON INSTRUMENTS LT) PARTS LIST 22-Peb-89 DESC: ASSY'PINISHED INSTRUMENT 4000 ORG NO: LP400785-. REV PAGI:: NC>:

DESIG PA'IT NO DESCRIPTION PR1NC MAN UP MANUP PAR~ NUMBER CLASS UM QUJUI'fI1'Y CHANGES

400364-2 HANDLE ASSY DA1'RON Sr;!': DRG EA 2
400786-1 ASSY INSTRUMENT 4600 DA1RON SEE DRG r;A 1
400794-1 ASSY COVER TOP 4600 DATRON SEE DRG EA 1
400795-1 ASSY COVER BOTTOM 4600 DA'TRON SEE DRG EA 1
420098 LABEL SERIAL/ASSY No, RS 554-793 EA 1

420110-1 RATING LABEL SEE DRG EA
440063-1 KIT RACK MTG 1061 DATRON SEE DRG Af! -
440151-1 KIT INTERCONNECTION LEAD 4600 DATRON SEE DRG AR -
440154-1 KIT OUTPUT LEAD 4600 DATRON SEE DRG AR -
440156-1 KIT 115v 60Hz 4600 DATRON SEE DRG AR -

450199-1 TILT STAND SEE DRG EA
450200-1 MOULDED FOOT SEE DRG EA
450201-2 TILT STAND PLATE SEE DRG EA
450224-2 PooT PAD SEE DRG EA
450234-1 PACKING BOX SEE DRG EA

450641-1 OVERLAY 4600 SEE DRG EA
450542-1 MADE IN ENGLAND BADGE SEE DRG EA
450637-2 INSULATOR 4600 SEE DRG EA
450732-1 INSULATION BOTTOM 4600 SEE DRG EA
450734-1 INSULATION BACK 4600 SEE DRG EA

611005 SCREW M3 X 12 POZIPAN SZP EA e
611038 SCREW M4 X 12 SKT CSK SS BLK IONIC EA e
611039 SCREW M4 X 6 SKT GRUB HTSBZP EA 4
613005 WASHER M3 INT SHAKEPRooF EA.8
617013 RIVET POP 2.4 DOMED HD GEORGE TUCKER EYELET TAP/D/33/BH EA 2

630101 2.0mm HEX KEY UNBRAKO 2.0mm A/P EA 1
630109 2.5mm HEX KEY UNBRAKO 2.5mm A/P EA 1
630111 PINGER CONTACT (60 STRIP) WALMORE ELECT 97-500A EA 2
630315 TAPE PVC INSULATION 38MM WIDE 3M TYPE 33 AR 1
630224 BAG ANTI STATIC PINK OK INDUSTRIES 400G (445X571X610) EA 1

850243-1 HANDBOOK USERS 4600 SEE DRG EA
900001 ADHESIVE CYANOCRYLATE AVDEL AVDELBOND AR
920012 MAINS LEAD/CONN BELLING LEE L/949 EA
920209 FUSE 2.5A 32mm QUI-B LITTLEPUSE 31202.5 EA

End





CUT'WIRES TO '!)e>-.
STRtP :3MM.

/

.~

0 0

0
0

00 0
0
00 0

0
0 0

~

~
0
0

0
0 0

0
00

IlUCRE TIGHTENING TERMINA15
ENSURE HOLES ARE IN ,HE
VERl'ICAL POSITION.

4600

Drawing No. DA400786 Sheet 1 © Datron Instruments 1988
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o

o
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'lillI:IIIll 011 ""'400186 :Illl5>.

OUTPUT B06.IW

12. WAY CONNECTaI( NITH TWIN UA!J5
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VIEW ON BASE Of INSTRUtl\ENT
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Drawing No. DA400786 Sheet 4
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CAl!>LE5 Fl1DM 'S.M. PoWElI. '<lIlI'I't.Y
To SENSE ~.(12WAr COWJ~.

i
o

CAIJ/.ES IN CLIP.

(,/1
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'Sl>!'PL'( .

o

VIEW ON COMPONell 5\DE. Of FI20Nl PANEL P.Cf>.
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DATHON T"STRlJMENTS LTD PARTS LIST 02-NeY-88 DESC: ,\SSY INSTRUMENT 46'" DRG NG: LP400786-] PAGE 110:

DESIG PART NO DESCRIPTION PRINC MANUF MANUF PART NUMBER CLASS UM QUANTITY CHANGES

DATRON
DATRON

DATRON
DATRON
DATRON
DATRON
DATRON

R.S.COMPONENTS
MOLEX
MOLEX
CANNON

400686-1
400687-1
400691-1
400787-1
400788-1

400789-1
400790-1
400792-1
400856-1
400873-1

450190-3
450621-1
450626-1
450630-1
450633-1

450634-1
450638-1
450664-1
450684-1
450685-1

450700-1
450701-1
450704-1
450724-1
450730-1

450731-1
450733-1
450738-1
521006
590013

590032
605051
605057
606028
611004

611005
611007
611015
6~1016

611017

611035
61]047
611.068
612054
613005

ASSY SAFETY TERMINAL BLK
ASSY SAFETY TERMINAL RED
ASSY SAFETY TERMINAL GRN.
ASSY MAINS TRANS 4600
ASSY PCB SENSE 4600

ASSY PCB OUTPUT 4600
ASSY PCB SMPS MAIN 4600
ASSY PCB FRONT 4600
ASSY PANEL REAR 4600
ASSY FRONT INPUT CABLE

SIDE EXTRUS 101'1
SUPPORT BR KT INPUT TERM 4600
FRONT PANEL 4600
EARTH BOX SMPS 4600
AIR DEFLECTION SHIELD 4600

SMPS HEATSINK
INSULATION SIDE
TRANSFORMER MTG POST 4600
MAIN SUPPORT BRKT 4600
REAR BOX SUPPORT 4600

INSULATION SHEET SMPS 4600
BOX END PLATE SMPS 4600
MAINS SCREEN 4600
BUS BAR SET 4600
GASKET MAINS SWITCH 4600

GASKET FRONT PANEL SWITCH 4600
INSULATION SIDE
GASKET SMPS SCREEN 4600
WIRE 16/.2 PVC 1KV GRN/YEL RS
STD CABLE TIE 32mm RS

SLEEVE HS. 4.8mm YLW
HOUSING 4WAY
CRIMP TERMINAL GO PL
, 0' SCRElv LOCK
SCREW M3 X 6 POZIPAN SZP

SCREW M3 X 12 POZIPAN SZP
SCREW M3 X 6 POZICSK SZP
SCREW M3 X 8 POZICSK SZP
S2RE:W M3 X 8 POZIPAN SZP
SCRl;W M3 X 16 POZIPAN SZP

SCREW M3 X 8 POZICSK TT SZP BC
SCREW M5 X 12 POZICSK SZP
SCREW M6 X 10 POZIPAN SZP
INSERT !,IGHTWEIGHT M3 PRECISION SCREW CO
WASHER M3 INT SHAKEPROOF

SEE DRG
SEE DRG
SEE DRG
SEE ORG
SEE DRG

SEE ORG
SEE ORG
SEE DRG
SEE ORG
SEE ORG

SEE ORG
SEE ORG
SEE DRG
SEE DRG
SEC: DRG

SEE DRG
SEE DRG
SEE DRG
SEE DRG
SEE DRG

SEE DRG
SEE DRG
SEE DRG
SEE DRG
SEE DRG

SEE DRG
SEE DRG
SEE DRG
359-380
543-412

399-518
6471 SERIES 22-01-20
4809-GL
020418-2

ROSAN M3 LIGHTHEIGHT

EA
EA
EA
EA
EA

EA
EA
EA
EA
EA

EA
EA
EA
EA
EA

EA
EA
EA
EA
EA

EA
EA
EA
EA
EA

EA
EA
EA
AR
EA

AR 1
EA 1
EA 2
EA 2
EA 27

EA 3
EA 10
E/\ 4
E,; 11
EA 3

EA 8
EA 1
EA 6
EA 4
EA 23

DATRON INSTRUMENTS LTD PARTS LIST 02-NeY-88 DESC; ASSY INST'RUMENT 4600 DRG NO: LP400786-l PAGE tlO:

DESIG PART NO

613009
613029
613033
613035-1
613036

614030
615002
615023
630018
630020

630029
630110
630191
630269
630313

630315
900009
900013
920201

End

DESCRIPTION

SOLDER TAG 4 BA BTP
HASHER M3 WAVY SS
WASHER M6 SZP
HASHER LARGE M4
HASHER M6 INT. SHAKP.

SPACER M3 CLEAR X
NUT M3 FULL SZP
NUT NYLOCK M6
GROMMET 4.0 OIl'..
CLIP CABLE 4 OIl'..

TAPE 1/4" X 1/32" DBL.SIDED
CLIP CABLE 6 OIl'.
CLIP RIBBON CABLE
CLIP CABLE SELF-ADHESIVE
LABEL DANGER HIGH VOLTAGE

TAPE PVC INSULATION 38MM WIDE
LOCKING COMPOUND
ADlIESIVE CYANOCRYLATE
FAN 24V AXIAL

PRINC MANUF

SCHROF'F

HARlolIN

R S COMPONENTS
3M

3M
3M
RICHCO
RICHCO

3M
LOCKTITE
LaC'fITE
PAPS'f

MANUF PART NUMBER

21100-104
SEE DRAWING

R6363-02

543-197
708

4032
710
DFCC-2
MWSB

TYPE 33
222
496
814

CLASS UM QUANTITY CHANGES

EA 3
EA 25
EA 7
EA 3
EA 6

EA
EA
EA
EA
EA

AR 1
EA 2
EA 1
EA 5
EA4

AR 1
AR 1
AR 1
EA 1





,..-----._---------------------,....,

@ @ @

@ @ @ @

@ @ @ @

./

@@

\
UL1rcA.50N \C. V\JELD PlA~"\ c.. ~HODS
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\
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OATRON INSTRUMENTS W'O PARTS LIST 25-0ct-88 DESC, I\SSY COVER TOP 4600 DRG NO, LP400794-\ REV, 0 PAGF: t:n:

OESIG PART NO

450649-1
450703-1

End

DESCRIPTION

TOP COVER 4600
EARTH SHEET 4600

PRINC MANUF MANUF PART NUHBER

SEE DllG
SEE DRG

CLASS UB QUAtITITY CHANGES

OA1'H0N INSTRt:MENTfi LTO PARTS LIST 25-0ct-88 DESC, ,\SSY COVER B01'TOH 4600 DRG NO, LP',00795-1 REV, 0

DESIG PART NO

450642-1
450703-1

End

DESCRIPTION

BOTTOM COVER 4600
EARTH SHEET 4600

PRINC MANUF MANUF PART NUHBER

SEE DRG
SEE DRG

CLASS UB QUA~TITY CHANGES

EA 1
EA 1



.wOJ'"
DESIGNATOR DATRON DESCRIPTION PRINCIPAL MANUFACTURER'S No. USED

PART No. MANUFACTURER PART No. Per A!.sy_

4501"15 -2 u ...... c- I
4501"17 - I SU:!ipe "-1';'10 1.1 I.-I"-IK 2
4-50IQca-1 SP~I!'JG PLB>,.T!O. \
4'5022.0 -I HAr-JbLE ~AC.E:£ 4- --..l

6300Q3 <:,pI'" P"J v.~ le I"1A...e. <,:,PIR'oL Y&1.·\lI-M~P ?
,
!

6300Q4- .. .. %i X ll~' LO>JG SPIl'bL %z)( IJ1l.'l-IbP 2

-
-

,

I

NOTES. OAT( datran9-15-78 H!CTftO!'flC$ uo

SEe SHEET' FOR LATEST ISSUE
Oft_ El.-:J T1TU I

'" '\.C \:ie>-r-'-I - -2-0---~-" 0- 0- "- '\. " CHECUO~ AS'5Y I£co 'I, ,,~~~o "-" "- "- "- "- "- "- "- "- "-
HA!'JbLE

A7?A0VEO
DAlf ." "- " " " "

[)flAWING I ·..."2 I'",,0 - ~ - ·M.},\ '\ '\ "-
DAft _"""n 400~4 2. 0'

I

DATRON INSTRUM8NTS LTD PARTS LIST 02-Nov-00 08SC, l\SSY HAWS 'mANS 4600 DRG tlO, LP400707-1 PAGE no:

OESIG PAHT NO OESCH I p'rION PR 1NC 14I\tlUF Hl\NUF PAHT NUMBEH CLl\SS UH ()Ul\N'l'l']'¥ CIIl\tIGES
---------- ------------------------------ --------------------
300031-1 TRAtlSF 1111 IN S88 DHG EA 1
605057 <J:R IMP TERMItlAI. GO PL HOL,8X 4009-GL Ell 15
605052 SOCK8T pcn O-WIIY .1 11 MOl,8X 22-01-2005 811 1
605053 12 WilY SOCKET MOl,EX 811 1
605051 HOUSING 4WAY MOLEX 6471 SEHI8S 22-01-20 EA 1

590002 SLEEVE NP 3 X 25MM BLK HELLERMANN H30 EA 4

End



20':: <:. s..-=~\W~:OI-.l \..\ k.lK
4S0lQ7

!
/

2 71 \'1,O!"F ';;'P,Kb\.. PI"'! ....;3':: X "4 HbP

(t,.A.'ltc'-l P.Ml.i ~Q b.300'14).

20Ff:

NOTES
I. AFTER AS!>Y, C,.,E.c.J(. THAi '-HE

5USPEN!:tION LINKS FIT INTO "THE
EXTRv~ION SLOTS 1 WfTHovT
INTEf<FER.ANCE J WI-I!£N '11-I1!. FlA,NDU!
1$ 1=0/-01£0 FLAT.

~
J

HM.lC>LE :sf'ACi:.R 45c2Z.::
Pa:5I'-IQf\.JED A:5 SI-lCWN,

2E:lTHER e~ c:»: S~e'NG I

ATfACHED -re:: 1/.1;;; sPlfuL ;)1,'-.;.5,

Drawing No. 480364 Sheet 1 © Datron Instruments 1988
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35 ~EF

'Z>200'03 CRJMP

54000" BAAID 1'20",.. LoNG..
~32

5l.E.EVE EAR1tI e.RAlt>
(FULL LENGTH). .

OVERAll WIRE. LENG11l - 4<05 "'M

IlLIICK

Bl<01mI

\(EO

ORAl-lGE

'fELLO'N

BLUE
VIOl-El

512000
512111
!i1'2222
51'2~:'?>

512444
512GGG
512177

.,ill'" 5_ .r
OVERALL C-'BLE LENGTH· 4(0'5""",

VIE.W ON REAR OF
MAINS \NPI)1 UN\1 .

CaNTACl PlAlE.
fiXING DETAIL.

• NOTE
DO NOT PUSH CRIMPS Imo
SOCKET UNTIL C....BLE \5
A~EMf>LEDlo REAR PANEL.

'5£T MAINe, 5lOu:.C"TOR.

CAlm To 240 VOI-1S.

t: REMOVE MAKERS ""
VOLTAGE. l..At>EL. '~

o

o

~
~

REAR PANE.L

----------SOCKET 10 & LOCA1EI:>
AS 5HOWN &.I.DW.

4600
PANEL ASSEMBLY

Drawing No. DM00856 Sheet 1
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DATRON INSTRUMENTS LTD PARTS LIST 09-Dec-95 DE:SC, r,SSY PMIEL RE,\1l 1600 DIlG IlO, /,1'400856-1 HE'l: I.

DESIG PART NO DESCRIPTION PR INC MAtIU!' lIANUf' p,\RT Nl/lIBEIl CLflSS UH QUANTITY CHfltIGF;S

100872-1
150643-1
150221-1
450627-2
450636-1

150705-1
512000
512111
512222
512333

512441
512555
512666
512777
540002

540009
560006
590001
590003
590004

590032
590075
603052
605053
605057

605163
611006
611015
611013
613005

613022
920063
920206
920209

End

ASSY REAR INPUT CABLE
AIR FIr.TER 4600
CONTACT PLATE 4600
PMIEL REAR 1600
AIR FILTER SUPPORT 4600

OUTPUT STflGE SUPPORT BRKT 4600
WIRE 7/.2 PTFE lKV BLK
WIRE 7/.2 PT FE IKV BRN
WIRE 7/.2 PT FE IKV RED
WIRE 7/.2 PT FE IKV ORflNGE

WIRE 7/.2 PTFE lKV YEL
WIRE 7/.2 PTFE IKV GRN
WIRE 7/.2 PTFE lKV BLU
WIRE 7/.2 PTFE IKV VIO
WIRE 1/.7 TINNED COPPER

WIRE BRAID 1/6" TINNED CU
CABLE 2 CORE PTFE SC
SLEEVE liP 1.5 X 20M.N BLK
SLEEVE HS. 6.1mm YLW.
SLEEVE PTFE Imm BLK

SLEEVE HS. 1.6mm YLW
SOLDER SLEEVE DIAM 4.6
HOUSING 6 HAY .1"
SOCKET HOUSING 12 ,/AY .I"PITCH
CRIMP TERMINAL GD PL

SOCKET HOUSING 6 HAY .1" PITCH
SCREH M3 X 10 POZIPflN SZP
SCREH M3 X 6 POZICSK SZP
SCREH M3 X 6 POZIPAN SZP
HASHER M3 INT SHAKEPROOF

WASHER /·13 SQ. SPRING BZP
TERMINAL 113 RING
1·1AINS INPUT 110Dur,E
FUSE 2.5f1 32mm QUI-B

DNrHON

BSG2IO
BSG2IO
BSG2IO
BSG2IO

BSG210
BSG210
BSG210
13SG210
BS4109

HEAD BRAJDING LTD

HELLElltlf1Nll
R.S.COMPONENTS
HELLERMAN

R.S.COMPONENTS
RAYFAST
MOLEX
110LEX
MOLEX

MOLEX

TflKBRO
POTTER
LITTLEFUSE

SEE DIlG
SEE DIlG
SEE DIlG
SEE DllG
SEE DIlG

SEF; DRG
TYPE C
TYPE C
TYPE C
TYPE C

TYPE C
TYPE C
TYPE. C
TYP8 C
22SWG

12-5-0048

HIS
399-524
FEI0

399-516
CHT-3
6471 SERI ES
22-01-2125
4809-GL

22-01-2065

\;":1.25-3
7100-0001
31202.5

22-01-20

Efl
r:fI
I:A
Efl
Efl

EA
fill
!d~

All
fill

r,1l
fill
fill
flH
fill

I\H 1
/111 165
Efl 5
flH 1
All 1

fiR 1
Efl 2
Efl 1
8,\ 1
Efl 10

El, I
EA 1
,:fI 1
Efl 2
E/\ 6

F.fI
Efl
,:fI
Efl





SLEEVE
LONG
LEADS
OF 0407
&: 0414
WITH
590004

SEE VIEW ABOVE FOR
0426. R423 & R44G

R313 • R395 • R396
R4De • R416 ANa C40lI •

I.IOUNTING I C'S

E407
@

9 Ul07. U109. U207 • U215 • U30J • U304 • U312 • U313 •
U319 •

20 805070 6 U104. U105 • U203 • U204 • U205 • U20l1 •

8 El 14 U201 • U210 • U211 • U212 • U213 • U214 • WOl • U302 •
UJOB • U310 • U314 • U315 • U403 • U405 •

24 605064 1 Ul0l.

16 605061 13 Ul08. U106 • U110 • U111 • U112 • U202 • U208 • U209 •
U305 U306 U309 U401 U316

No No
PINS PART No OFF WHERE USED

SEE SHEET 4 FOR DETAILS

POSITION LABEl IN AREA ClEAR
OF TRACKINP

POSITION LABEL
CLEAR OF
TRACKING

rr16·:::·'7--:''':.-:'-=''':.'':.':.':.-:'·:::::'2~

'. J22 '.
L~:~-_-_-_-_-_"'_'~"L-_-_-_-:. ....-_-!JJ

JUNCTION OF NEG.LEAD OF C426
& R423/R#6 NOT LINKED

TO pcs. FIT O428,R423 It R44G
TO SOLDER SIDE OF pes
CROP ALL PINS IN AREA
AROUND THESE DEVICES

~w~ A,E>

~
e+.. 5~if1)

C"oI ,', ~
tS.-«.'"\ <.."i':~cv' ,

C! : ":..1'"0
'-.1~

~
QRI,I CENTRE LEG

AS SHOWN

FIT E4Dl & E501
ON SOLDER SIDE

I PCB

I I
+ +

(450727)
MOUNT FUSE ON
INSUlATION PAD

E404-

@

0101 • D502 • D504 •
0405 • 0405 ANa 0507.
ONE BEAD PER LEAD

FIT BETWEEN PeS & FUSE
HOLDER

~f~fll

J54

f Ul02

'" We
@

f Ul03

C20lI • 208 • 207 •
0401 • 403 • 414 • 417 • 4111 • 421 • 423 • 501 • 502 •
C503 • lS05 • lS05 • 507 • SOIl • 509 • 510 • 511 • 512 • 513 •
0514 • 515 • 518 • 5::1 • 522 • 523 • 524 • 525 • 528 • 529
~.~.~.~.~.~.~.~.~.~:

ONE BEAD PER LEAD

102·17



I I

11 I I~(,l
(0 I ~)

I----------~_.._--_.

450135 13U5'~ 5ET (5fNSE.).
e£MJ) "'~ $!OWN g FLOW~ If'4To
G.bV1ii: Of flENDS 10 ~.

o

le£ND

(4SOG>67)

LINK WITH TINNED
COFPEIZ Nlf<E!

(540C122)

o
&FO~ l1GH1EI'\ING TERMINA.L:5
EN'5U~ JJDl.l:5 MI.£ IN 1llE V&lICAL
PO~\ON.

10.2·18



OATRON INSTRUMENTS LTO PARTS LIST 23-Mar-09 OESC: ASSY PCB SENSE 4600 ORG NO: LP400700-l REV: 4 PAGE NO:
_._.aa....__ ... _.•....._ ... ""''''' ..................... ............ ,., ...... == ___ ... a ........ __ ...... __ ............ __=___....... .............................. ---_ ...... .... """" ........................

OESIG PART NO OESCR I PTION PRINC MANUP MANUP PART NUMBER CLASS UH QUAN1'I'1'Y CHANGES
---------- ------------------------------ -------------------- --------------------

Rl01 090177 RES NTWK 3K3 X 0 2% BECKMAN L09-1-R3K3 EA 6
R102 090105 RES PACK 100R X 4 2% BE:CKMAN LOO-3-RlOO EA 2
R103 013321 RES HP 3K32 1% .12W 50PPH 1I0LSWORTHY HOC A EA 6
R104 090177 RES NTWK 3K3 X 0 2% BECKMAN L09-l-R3K3 EA -
R105 090105 RES PACK 100R X 4 2% BECKMAN LOO-3-R100 EA -

R106 011002 RES MP 10KO 1\ .12W 50PPH HOLSWOHTHY ,'HOC A EA 19
R107 011002 RES HP ;'OKO 1% .12W 50PPM HOLSWORTHY HOC A EA -
RI00 01100, RES MP lOOK H .12W 50PPH IIOLSWORTHY HOC A EA 11
RI09 013012 RES HP 30Kl H .12W 50PPH HOLSWORTHY HOC A EA 4
R110 011003 RES HF lOOK H .12W 50PPH HOLSWORTHY HOC A EA -

R111 044753 RES HP 475K l~ .12W 50PPH HOLSW\~RTHY HOC A EA 1
R202 019762 RES MP 97K6 H .12W 5')PPH 1I0LSWORTHY HOC A EA, 1
R20J 012003 RES HP 200K 1% .12W 50PPH 110LSWOHTHY HOC A EA ,
R204 0901"17 RES IlTWK 3K3 X o 2% nSCKWIN L09-l-R3K3 EA -
R205 013321 RES MP 3K32 1% .12W 50PPH HO'"SllOHTHY HOC A EA -

R206 011053 RES MP 105K 1% .12W 50PPM HOLSWORTHY HOC A EA 1
R:;'OO 090131 RES PACK 101( X 4 2% BECKMAN LOO-3-R10K EA 5
R209 090131 RES PACK 10K X 4 2% BC:CKMAN LOO-3-R10K EA -
R210 090131 RES PACK 10K X 4 2% BECKMAN LOO-3-R10K EA -
R211 090177 RES NTWK 3K3 X o 2% BECKMAN L09-1-R3K3 EA -

R212 090162 RES PACK 270R x 4 2% AB 770-03-270R EA 3
R213 090162 RES PACK 270R x 4 2% AB 770-03-270R EA -
R214 090177 RES NTWK 3K3 X 0 2% BECKMAN L09-1-R3K3 EA -
R215 013321 RES MP 3K32 1% .12W 50PPH HOLSWORTHY HOC A EA -
R216 013321 RES MP 3K32 1% .12W 50PPH HOLSWORTllY HOC A EA -

R217 012740 RES MP 2HR 1% .12W 50PPM HOLSWORTHY HOC A EA
R210 090162 RES PACK 270R x 4 2% AB 770-03-270R EA -
R219 010250 RES MP 025R 1% .12W 50PPM HOLSWORTHY HOC A EA
R220 010250 RES MP 025R 1% .12W 50PPH HOLSWORTHY HOC A EA -
R222 090163 RES NTWK 10K x 0 2% BECKMAN L09-1-RI0K EA

R223 090131 RES PACK 10K X 4 2% BECKMAN LOO-3-R10K EA -
R225 011002 RES MP 10KO H .12W 50PPM HOLSWORTHY HOC A EA -
R226 012211 RES MP 2K21 1% .12W 50PPM HOLSWOR'l'HY HOC A EA 3
R227 011301 RES MP 1K30 1% .12W 50PPM HOLSWORTHY HOC A .;A 4
R220 011301 RES MP 1K30 1% .12W 50PPM IIOLSWORTIIY HOC A Ell -

R229 011301 RES MP 1K30 1% .12W 50PPM HOLSWORTHY HOC A EA -
R230 011301 RES MP 1K30 1% .12W 50PPM HOLSWORTHY HOC A EA -
R231 012211 RES MP 2K21 1% .12W 50PPM IIOLSWORTHY HOC A EA -
R232 000470 RES CP 4R7 5% .25W NEOHH CPR25 A EA 1
R233 011001 RES MP 1KOO 1% .12W .sOPPM HOLSWORTHY HOC A EA 3

R236 011500 RES MP 15CR H .12W 50PPM HOLSWORTHY HOC A EA 6
R237 090131 RES PACK 10K X 4 2% BECKt1!\N LOO-3"R10K .~II -
R230 090177 RES NTWK 3K3 X o 2% BECKt1!\N L09-1-R3K3 1~1I -
R239 011500 RES MP 150R H .12W 50PPH 1I0LSWORTHY 1I0C A EA -
R240 019312 RES MP 93Kl 1% .12W 50PPH 1I0LSWOR1'HY HOC A EA

OATRON INSTRUMENTS LTO PARTS LIST 23-Mar-09 DESC: ASSY PCB SENSE 4600 DRG NO: LP400700-1 REV: 4 PAGE NO: 2
....__a .... s_=_..................... ...""======== ==_... ===== ......~=.a~.=.==_s_= ___====~=_==_===_.=.

============.~.~.=~~ """":.:0:",,,,======

DESIG PART NO DESCRIPTION PRINC MANUP MANUP PART NUMBER CLASS UM QUANTITY CHANGES
---------- ------------------------------ -------------------- ---- ------_.._- - - ---- --------

R241 011003 RES MP lOOK H .12W 50PPH IIOI.sWORTHY HBC A EA -
R301 011001 RES MP 1KOO H .12W 50PHI llOLSWORTHY flOC A EA -
R302 011001 RES MP 1KOO n .12W 50PPH flOLSWORTHY HBC A EA -
R303 013573 RES HP 357K n .12W 50PPM HOLSWORTHY HBC A <:A 3
R305 011021 RES MP 1K02 n .12W 50PPH HOLSWORTllY HBC A EA 6

R306. 011021 RES MP 1KB2 1% .12W 50PPM flOLSW0RTHY HBC A EA -
R307 011d21 RES HP 1K02 n .12W 50PPH HOLSWORTIIY 1I0C A EA -
R300 011021 RES MP HB2 n .12W 5CPPM 1I0LSvlORTflY 1I0C A EA -
R3lJ9 011021 RES MP 1K02 n . J.2W 50PPM fiOLSWORTHY HBC A EA -
R310 011021 RES MP lKB2 n .12W 50PPH llOLSWORTllY flOC A EA -

R311 012001 RES MP 2KOO n .12W 50PPH HOLSWORTHY HBC A EA 3
R312 012001 RES MP 2KOO H .12W 50PPH 110I,SWORTH Y 1I0C A EA -
R313 OOOOOP RES FSV EA 5
R314 013651 RES MP 3K65 1% .12W 50PPM llOLSWORTHY HBC A EA 1
R315 1)12213 RES HP 221K n .12W 50PPH HO;,SWORTflY HOC A EA 1

R316 011003 RES MP lOOK n .12W 50PPM HOLSWORTHY HBC A EA -
R317 011101 RES HP 1K10 1% .12W 50PPM HOLSvlORTflY 1I0C A r:A 1
RJ1B 013922 RES MP 39K2 n .12W 50PPM 1I0LSWOll'I'IIY 1I0C A EA 2
R319 011003 RES HP lOOK H .12W 50PPM 1I0LSvlOR1'IIY IIBC A EA -
R320 011500 RES HP 150R n .12W 50PPM 1I0LSvlORTIIY 1I0C A ~~A -

R321 01316i RES MP 3K16 n .12W 50PPM HOLSWORTHY HOC A EA 6
R322 013161 RES MP 3K16 n .12W 50PPM HOLSWORTIIY HOC A EA -R323 013012 RES MP 30K1 n .12W 50PPM HOLSWORTIIY HBC A EA-
R324 011002 RES H. 10KO n .12W 50PPM llOLSWORTIIY IIBC A EA -
R325 011373 RES MP 137K H .12W 50PPM HOLSWORTIIY HOC A F.A

R326 011:;00 RES MP 150R H .12W 50PPM HOLSWORTHY HBC A EA -
R327 013321 RES MP 3K32 H .12W 50PPH llOI.SvlORTHY HOC A EA -
R320 013012 RES HP 30K1 H .12W 50PPH HOLSWORTHY HOC A EA -R329 012001 RES MP 2KOO H .12W 50PPM HOLSWORTHY HBC A EA -R330 012211 RES MP 2K21 H .12W 50PPH 1I0LSWORTIIY HBC A EA-

R331 013321 RES MP 3K32 H .12W 50PPM HOLSWORTHY HBC A EA -R332 011002 RES MP 10KO H .12W 50PPH llOLSWORTHY IIBC A E:A -R333 012003 RES MP 200K n .12W 50PPM IIOLSWORTHY flOC A EA -R334 013573 RES HP 357K H .12W 50PPH HOLSWORTIIY IIBC A E:A -R335 014321 RES HP 4K32 H .12W 50PPH flOLSWORTHY HOC A EA
R336 013161 RES HP 3K16 1% .12W 50PPH HOLSWORTHY HBC A EA -R337 011331 RES MP 1K33 H .12W 50PPM HOLSWORTHY IIBC A EAR330 011002 RES MP 10KO H .12W 50PPM flOLSWORTflY HOC A EA -R339 013011 RES MP 3K01 1% .12W 50PPH 1I01,SWORTllY flOC A E:IIR340 011500 RES MP 150R 1% .12W 50PPM 110 LSWOR '1'11 Y 1I0C A .:11
R341 011500 RES ME' 150R 1% .12W 50PPH HOLSWORTHY HBC A RA -R342 011 003 RES MP lOOK H .12W 50PPM flOLSWORTHY IIBC A I':AR343 011 003 RES MP lOOK H .12W 50PPM 1I0LSWOR'I'IIY flOC A E:A -R3H 01: 161 RES HP 3K16 H . 12vl 50PPH 1I0LSWORTIIY HOC A 1':11 -R345 012003 RES HP 200K 1% .12W 50PPM flOLSWOR1'HY llOC A ',:11



DATRON INS1'RUME:NTS LTD PARTS LIST 23-Mar-89 DE:SC: ASSY PCS SE:NSE: 4600 DRG NO: LP4007eO-1 REV: 4 PAGE NO:

-_ .. _------ ------------------------------ .. _.. _--- .._-----------
DE:SIG PAHT NO DE:SCRIPTION PRINC MANUP /1ANUr' pAIl'r NUMmm CLASS 1)/1 QIIAN'I'['I'Y CIIAtHmS

R348
H349
R3S0
R3S1
IOS4

R355
R356
H351
H350
1059

R373
;074
IU7S
H376
1<3"17

R378
H379
H380
H3B2
H383

RJ84
R38S
R30G
H387
H388

H390
H392
11393
11394
R395

R396
H397
IU9fl
IUlJ9
I~ 4() I

R402
H40')
H40'1
H40S
H406

R408
H409
H410
H411
H·112

onS73
017S00
OLl161
013012
013161

011003
011651
Oll 67.1
01S621
063103

01l0C2
(il10D2
011002
011003
011002

011002
0147S1
Oll002
011C02
010S1

Oll002
014751
Oll 002
01S624
011002

011 003
011003
011002
011002
OOOOOF

OOOOOr'
012212
011002
0117S1
080142

080142
080142
080139
080138
080131l

080137
OOOOOP
012102
065012
(JUI02

RES MP 3S7K I1 .12W SOppM
RES MP 7S0R 11 .12W SDPI'M
HES HF' 3K16 11 .12V1 SOppM
RES Mr' 30K1 11 .12V1 SOppM
HES Mr' 3K16 11 .12V1 SOppM

RES MP lOOK I1 .12V1 SOppM
RES MP lK65 :, .12W 50PPM
HES flf' !K62 I1 .12V1 SOppM
HES Mr' SK62 1\ .12V1 SOPpM
RES C1' 10K 1I0RZ S/'r

RES /1r' 10KO I~, .12V1 Sl·pp~)

HES M,' 1JKC 1% .12W SDPI'M
HES MP 10KO 11 .12W SOppM
HES flf' lOOK 11 .12V1 SDPI'M
RES MP 10KO 11 .12V1 SOppM

RES MP lOKO 11 .12W SOppM
HES Mr' 4K7S 11 .12V1 SOPP/1
HES Mr' 10KO 11 .12V1 SOPpH
RES MP 10KO I1 .12W SOppH
HES MP 4K7S I1 .12V1 SOppH

RES MP 10KO 11 .12V1 SOppM
RES Mf' 4K7S 11 .12W SOPP/·)
RES MP 10KO I1 .12V1 SOppM
BES MF SM62 I1 .12W 100ppM
RES Mr' 10KO 11 .12\-1 SOppM

RES MF lOOK I1 .12V1 SOppM
RES MP lOOK 11 .12V1 SOppM
RES MP 10KO 11 .12\-1 SDPI'M
HES Mr' 10KO II .12\-1 SOppM
RES i'SV

RES PSV
HES MF 22K1 II .12V1 SOppM
HES Mr' 10KO 11 .12\-1 50ppM
HES MF 4K7S 11 .12W SOppH
HES FI. 20K12S O.OSI

RES PI. 28K12S O.OS'
HES r'1. 2UKI2S O.OSI
RES PI. S6K2S 0.05'
HES 1'1. 37KSO ~.051
HES FI. 37KSO 0.051

RES FI. 104K4 0.05'
HES FSV
HES Mr' 21KO I' .12W SOppM
HES C'I' 50K VERT M/'r
R8S fIF 2;KO l' .12\-1 SOppM

1I0r,SI'IowrllY
1I0LSI'/Ol<'l'IIY
1I0LS\10RTIIY
1I0LSI'IOWrllY
1I0LSI'IOHTIIY

1I0LS\-IORTIIY
1I0LS\·IOH'l'IIY
1I0LSI'/0:,']'IIY
1I0LS;;ClR'l'IIY
BECKMAtl

1I0LS',KJRTlIY
1I0!,S,IOH1'IIY
1I0LS,IOR1'IIY
IIOLS,IOWrIlY
110I.SHOHI'llY

1I0J,S\-IOR1'IIY
tlOLS,10WrIlY
1I0LSHOll'l'IIY
tlO LS\-IOWI'II Y
1I0LSI'i(I/{'1'1IY

1l00,SHORTIIY
IIU!,SWOWI'IIY
1I0LS\-IOWI'IIY
S'rEA'r I 'rE
1I01,SWORTIIY

1I0LS\-IOR'l'IIY
1I0LSi'IOWI'IIY
IIClLSI10Wl'IIY
1I0LSI'IOWrIlY

BOLSWlH'I'IIY
1I01.S110WI'IIY
1I01.S110H'1'1IY
VISBAY MANtl

VISHAY MANN
VTSIIAY t1ANIl
VISIIAY MANtl
VISIIAY MANN
VISIIAY MANtl

VTSIIAY MANN

1I0LSHORTIIY
BOURNS
1I01.s\·IOH~'IIY

H8C
IIUC
118C
H8C
118C

IIIlC
118C
118C
IIUC
'12P

H8C
H8C
IIBC
Hec
IIBC

118C
IIUC
IIIlC
118C
IIUC

118C
IIBC
118C
MK2
IIIlC

H8C
IIIlC
IIIlC
IIUC

IIBC
lIac
118C
S102L

S102L
S102L
SI02L
SI02L
SI02L

SI02I.

HIlC
3296H-50K
lIec

A

A
A
A

A
A
A
A
A

A
A
A
A
Po

A
A
A
A
A

A
A
A
A
A

A
A
A

A

"

EA
I·:.~

EA ­
EA
EA -

I'A ­
Eh
fir,
!<A
EA

EA.
EA ­
r:A
8/\ ­
flA

1·;Po
E/\ ­
I,:r, ­
E.-\
EA -

EA
1':/\
E/\
I':A ­
1~:!I.

I':A

DATRON INSTRUMENTS LTD PARTS LIST 23-Mar-89 DESC: ASSY pCB SENSE 4600 IlHG NO: 1.1'400780--1

DESIG PART tlO DESCR I pTION PR mc MANUP HANUI·' PART NIJHIlER C[.~SS IIM QIIAN'I'!'I'¥ CIIAIIGI':S

R413
H414
H41S
HH6
H417

RH9
H420
H423
11423
R434

R431
1:432
H433
H434
H-l35

R436
H437
Roe
R439
H440

H441
R442
H443
RH4
H44 S

R446
1< 501
CIOl
CI02
Cl03

CIO·'
CIOS
CI06
CI07
ClOe

CI09
CIIO
<":111
<":,01
<":202

C 03
CO-I
C Cl ~i

C l)t,

C III

080!3 7
012670
000141
OOOOOP
06S009

013922
013830
016tlll
046813
012800

016810
016810
013000
013923
041004

080110
008082
012000
014758
014758

080139
011008
011 008
011000
08014 2

011503
000518
100172
100472
100472

100472
100472
100472
100472
100472

100472
100472
IS0002
11 n03 5
110()41

loOUOb
1 fj0006
1040.1.1
1 (1·;0 l.l
llj.,!J33

RES PL 104K4 0.051
HES MP 2G7H I1 .12\-1 SOppM
HES 1'1. 20KO O.OSI
RES r'SV
IlES CT 200K 'fERT H/'r

RES Mi' 39K2 1\ .12\-1 SOPPM
RES MP 383H I1 .12\-1 SOPpM
l<ES NI-' 6Ktll I ~ .12\-1 511pPM
RES M' 61l1K I'.. 121'1 SWpM
RES HP 2~01l H .12W SOppM

RES Mf" 681R H .121'1 SOpPM
HES MP 61llR 11 .12\-1 50pPM
In,s fW 200H I' .12\-1 SOPPM
HES MF 392K I1 .12\-1 SOppM
HES fW 1f·100 n .12\-1 SOPP/4

RES PL 289R3 O.OS'
HES WI·I leR 51 2.S\-I
HES MF 200R II .12W SOppM
HES MF 47R5 11 .12W SOpPM
HES Mf' 47HS I' .12\-1 SOPPM

RES PL S6K2S O.OSI
RES MP 10HO II .121'1 SOppM
HES MP 10RO H .121'1 SOppH
HE:S MP 100R l' .12\-1 SOPpH
HES PL 28KI2S O.OSI

RES flP lS0K I' .121'1 SOppM
HES CF SRI St .2SI·1
cAP Cl' 4tl7F ID' 100V
CAP Cl' 4tl7P 101 100V
CAP Cl' 4N7F 101 100V

CAP CP 4N7P 10' 100V
CAP CP 4tl7f' 10' 100V
CAP CP 4tl7f' lOt 100V
CAP Cl' 4tl7F 10' 100V
CAP Cl' 1N7F lOt 100V

CAP Cl' 4tl7P 101 100V
CAP CP 4N7P 101 100V
CAP DT 10llP 20' 16V
CAP PE 220NP 201 63V
CAP Pr: ! (ltif' 201 100V

CAP fl'r 41171-' 200' ! bV
erd' DT 4117P 7.00t 16V
Cid' 11'l"/K ltW X 7 :lOt
cr,p t/'I'HK ltlF x 7 201
CM' 11'1',/1; IIIF X 7 "(,t

v TSlIr, Y MANN
1I01,S\vOWI'IIY
VISIIAY HAtlN

BOIIRNS

1I0LSW"");~'l'IIY

110LS\-I( IWI'IIY
1j{)l.$vl()H'I'IIY
IIOI.5'10H'1'IIY
1I0LS,IOWrIIY

IIOI.S\-IOR1'HY
IIOLSW()HTHY
II(lLSHOH'I'IIY
IICLSHO/{~'HY

IIO;,S,IOWI'HY

"!ISIIAY MANN
HEL\-IYN­
HOLSHORTIIY
HOLSWOHTIIY
1I0LS,IOWI'IIY

VISHAY MANN
HOLSOORTIIY
HOLS\-IORTIIY
HOLS,IOR1'IIY
VISHAY HANN

1I0LS\-IOWrIIY
NEOllfl
PIIII,J PS
PIlI LIPS
PIIIl.lPS

pHTLIpS
PIIll.IpS
plITI.IPS

A'lIll.lpS
I'll II.I PS

PH !I,ll'S
PIIII.IpS
AVX
\-Ilfl.~

'ilflA

t\vx
r,'1X
f1111<A'l'A
f1IJ1l/,TA
MIII~A'I'A

SI02I.
lIec
SIIl?I.

3296\-1-20IlK

118C
IIHC
IIIlC
IIUC
HIlC

IIIlC
lIue
IIBC
IIBC
IItlC

S1021,
H21
118C
IIOC
IIUC

SI07.L
118C
118C
118C
Sl02L

118C
CI.'H2:;
2222 630 19112
2222 630 19472
2222 630 19172

22n 630 194"12
2222 630 19·172
2222 6311 I Y172
2222 630 194/2
2222 630 19·172

22?2 630 191"12
22?2 h30 19·1;2
~'ApI OI·IlGP
MKS2
j·'KS2

'l'Ap1 IUfI I 61,'
'l'i\!J4IUf.llfJl"
4J 211
'1l?!1
4 3211

A

A

"A
A
A

A
A.
A

"A

A
r,
A

A
A
A

A
.~

A

A
r,
A
A
A

I':A
I,:"
EA ­
EA
EA

I·:A I
I':A I
1,1" 10
EA ­
1';1. -

EA ­
EA
EA
I':A
1':1\



DATRON INSTRUMENTS LTD PARTS LIST 23-Mar-89 DESC: ASS~ PC8 SENSE 4600 DRG NO: I,P400788-1 REV: 4 PAGE NO: S........_---........._-- """"'''''=m"" ... '''''''''''' ...... ""==="" ...... ""=====~=======_=============n====== • =====a=.""_·=_=====__ ..............................

DESIG PART NO DESCRIPTION PRIMC MANUF MANUF PART NUMBER CLASS UM QUANTITY CHANGES
---------- ------------------------------ -------------------- --------------------

C301 lS0006 CAP 0'1' 4U7F 200% 16V AVX TAP4R7M16F A EA -
C307 1100S1 CAP PE 470NF 10% 63V WlMA MKS2 EA 6
C308 110039 CAP PE 470NF 20% 63V WlMA MKS2 EA 2
C309 lS0006 CAP 0'1' 4U7F 200% 16V AVX TAP4R7M16F A EA -
C310 lS0006 CAP 0'1' 4U7F 200% 16V .WX TAP4R7M16F A EA -

C311 110039 CAP PE 470NF 20% 63V WlMA MKS2 EA-
C312 100471 CAP CP 470PF 10% 100V PHILIPS 2222 630 19471 EA 2
C313 1100S1 CAP PE 470NF 10% 63V WlMA MKS2 EA -
C314 100471 CAP CP 470PF 10% 100V PHILIPS 2222 630 19471 EA -
C316 1100S1 CAP PE 470NF 10% 63V WIMA MKS2 EA -

C317 lS0006 CAP 0'1' 4U7F 200% 16V AVX TAP4R7M16F A EA -
C31B 1100S1 CAP PE 470NF 10% 63V WIMA MKS2 Ell -
C319 lS0002 CAP 0'1' 10UF 20% 16v AVX 'I'API0M16F A J::A -
C321 1100S1 CAP PE 470NF 10% 63V WlMA MKS2 Ell -
C322 lS0002 CAP 0'1' 10UF 20% 16V AVX 1'API0M16F A EA -

C323 lS001S CAP DT 10UF 20% 35V AVX TAPIOM35F A EA
C324 1001S1 CAP CP lSOPF 2% 100V PflILIPS 2222 683 34151 EA
C325 150015 CAP :'1' 10UF 20% 35V AVX TAPI0M35F A EA
C326 110051 CAP PE 470NF iO% 63V WlMA MKS2 EA -
C401 104025 CAP CD 100NF +80%-21)% 50V SIEMENS 837449 EA B

C402 140076-1 CAP VAR 16PF TRONSER SEE DRG A Ell
C403 104025 CAP CD 100NF +80%-20% SOV SIEMENS 837449 Ell -
C404 104057 CAP CA 39PF 10% lOOV S"'El\1'ITE ASC 304 EA
C406 10000F CAP - FSV l::A
C407 130089 CAP PS 4N7F 1% 160V PflILIPS 425 14702 EA

C408 110042 CAP PE 100NF 20% 63V WIMA MKS2 EA 2
C409 110042 CAP PE 100NF 20% 63V WUlA MKS2 EA -
CUO 150023 CAP 0'1' 33UF 20% 25V AVX TAP33M25P A EA
C411 140078 CAP PP INF 5% 100V HI MA FKP2 Ii:A
CH2 150023 CAP 0'1' 33UF 20% 25V AVX TAP33M25F A EA -

CH3 10402S CAP CD 100NF +80%-20% SOV SIEMENS B37449 EA -
C414 130089 CAP PS 4N7F 1% l60V PHILIPS 425 44702 EA -
CH6 lS0024 CAP 0'1' 47UF 20% 16V AVX TAP47M16F ·A Ii:A
C417 104025 CAP CD 100NF +80%-20% SOV SIEMENS B37449 EA -
C418 10402S CAP CD 100NF +80%-20% 50V SIEMENS B37449 EA -

C419 lS0023 CAP DT 33UF 20% 25V AVX TAP33M2SF A EA -
C420 lS0023 CAP 0'1' 33UF 20% 25V AVX TAP33M25F A EA -
C421 104025 CAP CD 100NF +BO%-20% 50V SIEMENS 837449 l::A -
C422 110041 CAP PE 10NF 20% 100V WlMA FKS2 !CA -
C423 104025 CAP CD 100NF +80%-20% 50V SIEMENS B37449 Ell -

C424 140076-1 CAP VAR 16PF TRONSER SEE DRG A EA
Cl25 1040SB CAP CA 33PF 10% 100V S1'F.A'!'I'!'E ASC 304 ,:11
C426 lS0016 CAP D'!' lllF 20% 3SV AVX TAPIROM351' A I;:A
C50I 10402S CAP CD lOON? +BO%-20% 50V SIEMENS B37419 !CA
C502 lS0006 CAP DT 4U71' 200% I6V AVX 1'AP4Il'1MJ 61' A E:A

DATRON INSTRUMENTS LTD PARTS I,IST 23-Mar-89 DESC: ASSY PC8 SENSE 4600 DfIG NO: I,P400788-1 RI,V: 4 PAGE NO:
====.======~========== """"""======= ==.'''====== ======~====~=~==~~========~=~=~===== =========.=~~~~~=~== ""%• .o;t""~"",,",.o;t ....... ",,,

DESIG PART tlO DESCRIPTION PRINC MANUI' MANUI-' PAR'1' NUMBER CLASS UM QUAN'I'I'J'Y CIIANG,~S

---------- ------------------------------ ----_._-------------- --------------------
CS03 104026 CAP CD 47tlf' +SO%-20% SOY SIEMF.NS 1337449 I':A 30
C504 150017 CAP DT 100llF 20% 16V AVX 'rAPJ OOMJ 6P A I·:A I
C505 104026 CAP CD 47NF +SO%-20% SOV SI8MENS B37449 E/\ -
C506 104026 CAP CD 47tlf' +SO%-20% SOV SIJ::Ml::NS ll37449 1·:/\ -
C507 104026 CAP CD 47tlF +SO%-20% SOV ~ [EMc:US ll3 744 9 I,:A -

CS06 104026 CAP CD 47NF +SO%-20% 50V SIEMENS 837449 1':11 -
CS09 104026 CAP CD 47tlF +50%-20% 50V SIEH8NS 837449 l::A -
CSI0 104026 CAP CD 47tIF +SO\-20', SOV SIEMENS 837449 [':A -
CSll 104026 CAP CD 47tIE' ; SO%-20% SOV SH-:ME:NS 837449 EA -
C512 104026 CAP CD 47NF +50\-20\ SOV SIEMENS 837449 E:A -

C513 104026 CAP CD 47NF +50%-20\ SOV SIEMEl'S 837449 EA -
CS14 104026 CAP CD 47NF +SO%-20\ 50V SIEMENS 837449 l::A
<:515 104026 CAP CD 47NF +SO%-20% SOV SIEMEr>S 837449 I~A

CSJ6 104026 CAP CD 4711F +~0%-20\ SiJV S~E"IEH 837449 Er, -
CS17 150020 CAP 01' HJUF 20\ 2SV AVr TAPI0M2SF A Ell 7

CSIB lS0020 CAP DT IOUI' 20\ 2SV AVX TAPI0M25F A EA -
C5i9 lS0020 CAP 0'1' 10UF 20% 25V AVX TAPI0M2SF A 8A -
C520 lS0020 CAP 0'1' IOUI' 20% 25V AV "I. TAPI0M25F A EA -
C521 104026 CAP CD 47tIF +SO%-20% 50V SIF.MENS 837449 EA -
C522 104026 CAP CD 47NF +50\-20\ sov SII;:MENS 837449 I,:A -

C523 104026 CAP CD 47NF +SO\-20% SOV SIeMENS B37449 [O:A -
CS24 104026 CAP CD 47tIF +SO\-20% SOV SIEMENS 837449 EA -
C52S 104026 CAP CD 47NF +50%-20% 50V SIEMENS 837449 EA -
CS26 lS001S CAP 0'1' IOUI' 20\ 3SV AVX TAPIOM35F A ,:A -
C527 lS001S CAP 0'1' 10UF 20%'3SV AVX 1'API0M35f' A E/\ -

CS2B 104026 CAP CD 47NF +SO%-20\ SOV SIEMENS B37449 EA -
CS29 104026 CAP CD 47tIF' +SO\-20% SOV SIE:HENS 837449 I':A -
CS30 10~026 CAP CD 47tIF +SO%-20% SOV SIEM8NS 837449 EA -
CS31 104026 CAP CD 47NF +SO%-20% 50V SIEMJ::NS B37449 I,:A -
CS32 104026 CAP CD 47111' +SO%-20% SOV SIEMENS 837449 EA -

CS33 104026 CAP CD 47NF +SO%-20\ SOV SIE:MENS B3 744 9 I;:A -
C534 lS0020 CAP 0'1' 10UF 20\ 2SV AVX 'J'API0M2SF A RA -
C53S 150020 CAP 0'1' 10llF 20% 2SV AVX TAI'10M2'iF 11 I,:A -
CS36 104026 CAP CD 47tW +SO\-20\ SOV SI "HE:NS BJ"l4-I9 El"
C537 104026 CAP CD 47tIF +50%-20% 50V SIEH!CNS B3 '/44 9 I::A

C53B lS0020 CAP 0'1' 10UF 20% 25V AYX 'I'API0M25F A EA
CS39 104026 CAP CD 47tlF +SO%-20% SOV SlEMF.NS 837449 EA -
C5·10 104026 CAP CD 47tlF +SO\-20\ SOV SIE:HEUS 1331449 Ell -
C511 104026 CAP CD 47tIF +SO\-20\ SOV SIE:MENS 8370149 F.I\ -
CS42 104026 CAP CD 47NF +SO%-20\ SOV SIEMENS 1337449 I':A -

C543 180024 CAP AE 10UF 63V Pllll,IPS 030-36109 A F.A
CSH 180024 CAP AE IOUI' 63V PliILIPS 030-3811)9 A 1':lI
CS45 180044 CAP AE 220IJF 40V s'rEATITE c:KMOODR 322(; I':A
0101 213006 DIODE ZN SV SW UNI'I'RODE 'I'VS5(J~ ,:r,
D201 220044 DIODE LE RED f1IE!'F Gl IIf,MP"1700 EA



OATROtl W51'RIIMF.tITS I.'lle PAR'fS 1,lST 23-flar-89 DESC: ASSY pCB Sc:NSE 4600 ORG NO: 1.1'400788-1 PAGE NO:

OESIG PAll 'I' tlO DESCR I PTION PR mc HANUF M.ANUF PART NUMBER CLASS IJM QUAtITI1'Y CIlANGES

EA IS
EA ­
EA ­
EA
EA ..

0202
0203
D204
1120S
11206

D301
D303
D3G1
lJ30S
0306

D307
D308
0309
D325
D326

0329
D330
D333
DD4
D3J5

D336
DD7
DD8
D339
IH03

D404
D10S
D406
DS01
DS02

DS03
0504
0506
D507
0201

Q202
0203
Q303
Q304
Q309

Q310
Q311
0314
0315
0316

200001
200001
200001
200001
200001

214012
214012
200001
2H012
200001

200001
200001
210047
210240
220144

n0044
220044
200001
200001
200001

200001
210056
200001
200001
214013

214013
213009
213009
200002
213006

200002
213009
200002
213009
2S0004

250001
250004
240006
240006
250004

230036
230078
240006
240006
240006

DIODE GP 7SmA 7SY
DIODE GP 7SITL'I 7SY
DIODE GP 7,..A 7SV
DIODE GP 7SmA 7SV
DIODE GP 7SmA 7SV

DIODE W 2Y4S 20pPM
DIODE ZN 2V45 20PpM
DIODE GP 75rnA 75V
DIODE ZN 2V45 20ppM
DIODE GP 75ITLA 7SY

DIODE GP 75mll 75Y
DIODE GP 75mA 7,v
DIODE W 4V7 400mW
DIODE ZII 24Y 'OOm\ol
DIODE I,E R8D HIEFF

DIODE I.E RED fIlEFF
DIOOE I.E Hfln IIIEl"f'
DIODE GP '15mA 75v
DIODE GP 75mA 75Y
DIODE GP 75mA 7sy

DIODE GP 7smA 7sy
DIODE ZtI sV6 400m\ol
DroDE GP 7smA 7sy
DIODE GP 7smA 7sy
DIODE ZN 6Y2 sPPM

DIODE ZN 6Y2 spPM
DIODE ZN lsy 5\01
DIODE W lsy 5\01
DIODE GP lA SOY
DIODE ZN SY 5\01

DIODE GP lA SOY
DIODE ZN lsy SW
DIODE GP lA SOV
DIODE W lsy 5\01
TRAN pNP T092

TRAN PNP T092
TRAN PNp 'fOn
TRAN NPN TOn
'fRAN NpN 'fOn
TRAN PNp 1'On

TRAN J FE1' N CHAN
TRAN fl0SFET N CllAN
TRAN NpN TOn
TRAN NpN TOn
TRAN NpN TOn

FAIRCHILD
f'AIHCllILD
f'A IIlCIIl LIl
f'AIIlCfflLD
f'AIIlCHILD

FEHHAN'fI
f'ElmANTI
f'A !HCIII LD
FElmAN'fl
f'AIHCIlIW

FAIRCIHI.D
f'A mCH I LD
pfflLIpS
PIIII.I,'S
Gl

G:
GI
FAIRCllIW
f'A lHcm LD
f'AIHCIllf.D

FAIRCIHW
PIlI LIPS
PAIRCfflW
f'A lHCIlII,[l
CI;HTRALAIl

CENTRAI,AB
UNI'I'ROOE
UtHTRODE
FAIRCHII.D
ONITRODE

PAIRCIlIW
IINITRODE
F'AlRCHIl.D
UIII'!'ROOE
NA'flONAL

NATIONAL
NA1'IONAI.
M01'OROI.A
M01'OHOI,A
NA'fIONAI.

SILICONIX
S H,I CDtll x
MO'fOROLA
HOTOHOl,A
MO'I'GRQLA

1N4148
lN414B
lN414U

. ltH14B
llH 14B

ZN4sB
ZtHs8
1tl4148
ZtI458
1t14148

1N4148
lt14148
BZX79C4V7
llZX79C24
IILMp-1700

II1.Mp-1700
IILMp-1700
1114148
1N4118
lt1414 8

1N4148
BZX79CsY6
1t14148
lt1414B
ItlB29i.

IN829A
1'VS51 S
'1'VS515
1N4001
TVSsOs

ltl4 00 1
'1'YSsI5
1N4001
TVS5!5
2N3906

2t1391l6
2113906
2N3904
2113904
2113906

J108
BS170
2t13904
2113904
2113901

A
A

A

EA 3
EA ­
1::11
Ell ­
EA -

EA
I::A ­
EII'1
EA 1
EA

EA
EA
":11 ­
EA
l·~r.. -

EA ­
EA
EA ­
EA ­
g;\ 2

F.:t\ ­
I':A
Ell
gA 3
EA -

EA
I':A
EA
EA
Ell

EA 3
l·:A 2
I·:A
i':!\
EA

DATROII ltISTRIIMENTS I.TD PARTS I,IS'f 23-Mar-89 DESC: ASSY PCB Sf:t1SE 4600 [lHG NO: 1.1'4(1)'lllB-! In:v: ·1 PAGE NO:

DESIG PAWf 110 DESCRIPTION PH mc MANIIF flMlIIF PAWl' lIIlMJJf:H CLASS IJM l)IJt,tJ'I'l'!'Y CllANGI':S

Q401
Ci02
Q403
0·104
Q·105

01[,6
()-I 07
tJ?
U101
U102

U103
U104
U10S
U106
U107

U108
0109
U110
lI,11
11112

U2.11
11202
U203
U204
U205

U206
U207
U?08
U209
U210

11211
lI212
lI213
U2J.1
U21S

lI301
U302
lI303
UJ04
IUOS

IJ)O(,
lIJ08
lI109
U 11 0
IU I?

23(1036
23rJO'IU
2300J6
230002
230002

23<1002
23C002
28C 13 7
28G086
OOCOOII

0000011
270068
400838-1
28,)024
280166

270'179
200160
280024
28002·1
28002·1

290149
280068
280137
400039-1
270068

400840-1
280166
290089
270071
n0017-3

220017-3
220017-3
220017-3
220117-3
280166

26007S
260050
260091
280023
280068

280068
260042
280068
26[,OS'1
260091

1'RAN J f'E1' 'I CHAtI
1'HAtI HClSFl-:'I' N Cll,\ll
1'HAN J 1"E'l' I1 CHMl
1'HAN J f'c~I' N-CllAII
1'HAtI Jf'E'f II-CIIMI

1'RAtl JFET II··CHMI
'!'HArI ,I 10' I,'!' 11' CII.',II
IC DIG 1l0f'!-'4 3S X).
IC DIG IllJlo'F8 GPlll
110'1' FI'1'Tc:O

NOT FITTED
IC DIG FLIP FI.OP8 D 3S
ASSY GAl, 460C Hl'fFC
1C DIG lJOf'!-'6 3S
IC DIG tlMID2 :<1

IC DIG FLIP FI.OP4 D Mr.
IC D':G 10'1.11' 1·'1.01' Il X2
IC DIG BlWI'6 3S
IC IlIG BlWf'(, 3$
IC DIG lJOf'!"b 35

IC DIG CMOS 'I'IME:R
IC DIG HOtlO R1'HIG pREC
IC DIG BlWF4 3S X2
ASSY GAL 4600 CII'l'IH,
IC DIG FI,IP FI,OP8 Il 3S

ASSY GAl. 4600 SEQIIC
IC DIG NAIID2 X·l
IC DIG IlH IYER DARI.INGTON X7
IC DIG DECO[lEH ),'1'04 OC X2
OpTO ISOL OOAL

OpTO ISOr, [lOA I.
OpTO IS01. IlOAl.
OPTO IS01. DOAL
op'ro IS01. [lOA I.
IC DIG NArID2 X4

IC LIN v COMp DUAL
IC LW 01' AHP f'E'f Ill' DUAl. 412
IC LW COMp QUAD
IC DIG 1I0H2 QUAD
IC DIG 1·10110 RTRIG pREC

IC DIG MONO RTRIG pREC
IC LIN 01' AMP DUAL
IC DIG MONO RTRIG pREC
IC I.m 01' AMP
I C I. m COHD QUAD

SII,lcnlnx
S 1I,ICCJllIX
SI LTCOtllX
SIl,lCOtllX
S Il, I CDtll X

SIl,ICDtnX
SII,ICOIII:<
PIIlLIPS
H<),I~.lH01,A

NATIONAl.
Ill,TRON
MO'lUROI.A
'I'I,:XAS

NATIONAl,
'I'EXAS
l-!O'IVIHOI.!,
flO1,<)IWI,A
flO'I\,HOI,A

IN'I'C:RSIL
Ml.dXlIWLA
PII1!.IPS
I)t,'!'lh')tJ
IIA'I'IONAl,

1l!\1'HON
'1'I':XAS
SPH,AGOE/EXAR
t1A~'roIIAI.

ISOCOM

ISOCOM
1S0COH
ISOCOM
ISOCOM
TEXAS

NATIONAL
NATIONAL
NATIONAL
M01'OROLA
fl01'OROI,A

MOTOROLA
SIGNETICS
flOTOROI.A
SIGNETICS
NATIONAl,

JIIlB
IlS1'10
JI08
J304
J304

J304
J30'l
PC'14111:1'1'244 I'
flCJ44 'I

DM74l.S374t1
SEE DlIG
MC 14 503BCP
SNHI,IC'I'OOIl

IlMHl,S17stl
stn·1IIC'f74t1
HC145031lCP
HCJ45031lCl'
HCJ45031lCp

TCM7ss5 IPA
HC14538llCP
PC74IlCT244 I'
51':1': PHG
IlM'141,S374N

SE8 DllG
Stl'14 fle'POON
IIl.N2003A/X112203CP
DH'111,S15e.tl
SEE DRG

SEE DRG
SI·:E OHG
SEE Dl1G
SEE IlIlG
SNHIlCTOON

LM2903N
LI"412CN
I.H339N
MC14001tJBC:l'
flC14s38IJCP

MC14S38BCP
NEs532N
MC14s38IJCP
NE5534N
I,M339N.

A

A

A
A

A
A
A
A
A

Ell
EA ­
I';!'
1-:/\
EA

I':A ­
EA 2
c:A 1
c:A 4
f:A 3

EA ­
EA ­
Ell
[':A ­
EA -



DATRON INSTRUMENTS LTD PARTS LIST 23-Mar-89 DESC: ASSY pCB SENSE 4600 DRG NO: Lp400788-1 REV: 4 PAGE NO:

DESIG PART NO DESCRIPTION pRINC MANUF M-ANUF PART NUMBER CLASS UM QUAN'!'I'l'Y CHMJGES
---------- --------------------

U313 280023 IC DIG NOR2 QUAD MOTOROLA MC1400lUBCp EA -
U314 2600S0 IC LIN OP AMP PET I/p DUAL 412 NATIONAL LF412CN EA
U31S 26007S IC LItI V COt·lp DUAL NA'l'IOtJAL LM29031; EA -
U3le 290090 IC DIG DR IVER D.ARLINGTON X7 Exr,R XR2202Cp A EA
U319 28004 S IC DIG NOR3 X3 MO'['()ROLA HC1402SSCp EA

U401 290090 IC DIG DRIVEl' DARLINGTON X7 EXAR XR2202Cp A EA -
U·102 260121 IC LW 01' HIP ,'ET II' LT LTI0SSM:11 ':i\
U·l03 260082 IC LW 01' Mlp CHOPPER LINE,\R 'l'ECHNOLOGY W'CI052CtJ8 Ei\
U404 260027 IC LW 01' Mlp ,'AIRCHILD UA714HC Er~

U40S 260073 IC LIN OP AI1P NA1'IOtIAL LF4]]CN Et\.

U50] 260122 IC LW REG .SA SGS L387 EA
US02 260094 IC LItI REG +] ]A SGS L78] S/\(;V A EA
US03 26009S IC LIN REG -]SV lA SGS L79]SM:V A Er"
RL401 33C036 RELAY 3PNO IptlC SDS S3-24V EA
RL402 330031 RELPY 2pNO 2ptlC SDS S2-24V EA

RIA03 330017 REl~AY lrco MINIATURE OI1RON G2E184pHK12DCpS EA
L401 370001 CIIOKE RI" 10UI1 SIGHA SCI0/2S A EA
JA02 370001 CHOKE RI" 10UH SIGt·LA SCI0/2S A EA -
JS, 604088 PLUG PCS 20WAY .1" LP 3M 3S92-6002 A SA
JI0 604033 PLUG PCS 4- fi'}t'\'{ .1" fh!LE:X 22-29-2011 l':f\

J12 604033 PLUG PCB 4-HAY .1 " MOLEX 22-29-2041 ,~A -
J22 604076 PLUG PCB 16-HAY .l u X.I Il GRID 3M 3S99-6002 UN EA 1
J4A 604098 PLUG PCB 4-HAY .1 " 90DEG. MCLEX 22-12-2044 EA 3
J4B 604098 PLUG PCB 4-HAY .1 11 90DEG. HOLEX 22-12-2044 EA -
J4C 604098 PLUG PCB 4-HAY .1 H 90DEG. MOLEX 22-12-2044 EA -

JSO 604033 PLUG pCB 4-HAY .Ill MOLEX 22-29-2041 EA
JS4 60S169 SOCKET PCB lS WAY D AMP 164801-2 EA
J8A 604033 PLUG PCB 4-I'IAY .1 11 MOLEX 22-29-2041 EA
J8S 604033 PLUG PCB 4-HAY .1 11 flOLEX 22-29-2041 EA -
E401 620003 SOLDER PIN Hi'.RHIN H210SAOI EA

E404 612024-1 STANDOFF M3 X 12.7 DATRON SEE DRG EA
E40S 612029-1 STANDOFF I-l3 X 12 DATRON SEE DRG EA
E407 620003 SOLDER PIN HARIHN H2IOSAOI EA
E408 620003 SOLDER PIN 11ARIHN 112IOSAOI EA -
ESO] 620003 SOLDER PHI 1Ir,R\HN 1I2IOSAOl 81\ -

TL301 604046 PLUG PCS 3-HAY .1" M01,EX 22-10-2031 E:A
TJ,302 604046 PLUG pCB 3-VlAY .1" HOLEX 22-10-2031 EA -
TL303 604046 PLUG PCB )-RAY .1" HOLEX 22-10-2031 E1\
TL304 6040016 PLUG pCB 3-VlAY .1 11 HOLEX 22'-10-2031 1';1\ -
TUOS 604046 PLUG pCB 3-HAY .1 " HOLEX 22-]0-'203] ,:A

T1AO] 604046 PLUG PCB 3-RAY .1" ,10!,EX 22-10'-2031 Er,
1'1,402 604046 PLUG PCB 3-Vl.; 'I .1 " HOLEX 22-10·-2031 E:l,
TPI01 620007 TEST PO Itl'l' 'l'ERtHNAL I-lICROVAR 'l'YPE C30 I,A 72
TP102 620007 TEST POWT T8RHWAL r-lICHOVAH TYPE C30 EA -
TPI03 620007 'l'EST pOHi'!' TElmHIA1, HICH;JVAH 1'ypE C? 0 V:t\

DATRON INSTRUHENTS LTD P.ARTS LIST 23-14ar-89 D8SC: ASSY pCB SENSE 4600 DRG NO: 1,P400788-1 REV: 4 PAGE NO: 10
=:0"";0;=,;0;=",,,,,-==

DESIG PAR1' 110 DESCRIPTION PR INC 14ANtJF HANUF PART NUHBER CLASS lH1 QUANTI'!'Y CHANGES
--_._------- ----------------------- --------------------

TPI04 TEST POINT TER14W/\L MICROVAR TYPE C30 EA -
TpIOS 1'EST POHJ'!' TEHflIliAL I-lICHOVAH '!'ypE C30 Eh -
TPI06 620007 TEST pOIti'!' TEHHHlAL HICROVAR TYPE C30 EA
TpI07 620007 TEST POINT TEHI·lII),\L MICHOVAH TYPE C30 El'. -
1'1'108 620007 TEST POWT TEHI-lINAL HICROVAH 'rypE C30 EA -

TpI09 620007 'rEST PO lilT 1'ERHINAL HICHOVAH TYPE C30 EA -
TPUO 620007 TEST PO lilT 1'EHfIItIM, tHCHOVAR 1'YPE C30 t:A
TpIU 620007 TEST PO HIT TEHI·IHIAL HICHOVAH TYPE C30 Er,
TP112 620007 TEST pOWT 1'EHHWA1, HICiWVAR 1'yp8 C30 EA
TP] 13 620007 TEST POWT TERHItU,L f.IICHOVAR 1'YPE no EA -

TP114 620007 TEST POWT 1'ERHINA1, MICHOVAR TYPE C30 i';A -
TPl15 620007 TEST PO HI'!' 'rEHIHN!,L f.1l Ci<OVrli' 'l'YPt: C30 EA
TP1]6 620007 TEST PO lilT 'rEHI1ItI!,L HICHOU,R 1'YPE Cl0 81\ -
TP201 620007 'l'8ST POINT '!'F:RHWAL HICHOVAR 1''1 PE C30 EA -
TP202 620007 TEST POW'!' 1'ERtHIJAL HICiWVAH 1'YPE C30 EA -

TP203 620007 TEST POWT TERMINAL HICROV/,R TYPE C30 EA -
TP204 620007 TEST DOWT TERHWrd, MICHOVM< '!'YPE C30 EA -
,;,P20S 620007 TEST POIllT 1'EPI-lINAL mCiwvAR TYPE: C30 E:A
TP206 620007 TEST POWT TC:Rt-iIt~AL HICROVAH 1'ypE C30 I,>,
TP207 620007 TEST POWT TERflIlJAL IHCROVAR 1'ypE C30 E.~ -
TP208 620007 TEST POINT TERHINP,L MICROVAR TYPE C30 EA
TP209 620007 TEST POWT TEHHWAL HICROVAi< 'rypE C30 I·:r, -
TP2IO 620007 TEST POWT TERHWAL HEHOVAR 1'ypE C30 Et, -
TP211 620007 TEST POINT TERHWAL r-lICHOVAR 1'YPE C30 EA -
TP212 620007 TEST POINT TERHHJAL HICROVAR 1'ypE C30 r~l', -

TP213 620007 TEST POINT TERMWAL MICROVAR TYPE C30 EA -
TP214 620007 TEST POINT 1'Ei<HHJAL HICROVAR 1'ypE C30 EA -
TP215 620007 TEST POWT TERHINAL MICROVAR TYPE C30 EA -Tp216 620007 TEST POINT T8RMINAL HICHOVAR TYPE C30 EATP217 620007 TEST POINT TERMINAL MICROVAR TYPE C30 EA -

TP218 620007 TEST POINT TERMIN~.1, MICROVAR TYPE C30 EATP219 620007 TEST POINT TERMINAL HICROVAR TYPE C30 EA1'P220 620007 TEST POWT TERMINAL 11 I Ci<OVAR 1'YPE C30 EA -
TP221 620007 TEST POINT TERMINAL HICROVAR '!'YPE C30 EATp301 620007 TEST POINT TEHMIIJA1, MICROVAR TYPE C30 EA

TP304 620007 TEST POINT TERHINAL MICROVAR TYPE C30 EA -TP30S 620007 TEST POINT TERMHlAL HICROVAR TYPE C30 I':t\TP306 620007 TEST POWT TERMHlAL MICROVAR TYPE C30 E!\TP307 620007 TEST POINT TERMINAL MICROVAH TYPE C30 FATP308 620007 'rEST POIN'!' TERMINAL HICROVAH '!'YPE C30 I':A -

TP309 620007 TEST POINT TERHINf,L HICROVAR 1'ypE C30 EATP310 620007 TEST POW'!' TEHtHNAL MICROVAR '!'YPE C30 I-:A1'P311 620007 T8ST POINT 1'EHMHlAL HICRovr,R '{''I PE C30 1</\TP312 620007 TEST POWT TEHMIII.A1, HICRCIVAR 1''1 PE C30 I':ATp313 620007 TEST POINT 1'EIH-1WAL HICHOVAR '!'ypE C3<J EA -



DATRON I NSTRl1HENTS LTD pAR'I'S I,IST 23-Mar-89 DESC: ASSY pCB SENSE 4600 DRG NO: Lp400788-1 REV: 4 PAGE NO: 11
======~============= ============

DESIG p/,R'l' NO DESCRIPTIOn PRINC MANUF MANIIl' PAWl' NUflBER CLASS UH QUANTn'Y CHANGES
--------------------

'1'1'314 620007 TEST POINT TEHIHNAL fIlCROVAR TYPE C30 EA -
'1'1'401 620007 TEST POW'!' TElnlHJAL MICROVAR TYPE C30 ,:A -
TP402 620007 TEST POltl'r ~'EHHHJAL IUCHOVAR TYPE C30 EA -
'1'1'·104 620007 '!'EST POHJ'!' 'l'EIHHtJAL NICHOVAH 'I'ypE C30 E:A
'1'1'405 620007 TEST POW'!' '!'EHHHJAL I-llCROVAR ~'YPE C30 EA

Tp406 620007 TEST POlwr 'I'ERI'IItlA L NICROVAR '!'YPE C30 E:A
Tp·I07 620007 'I'ES'!' pom'l' TEHHIllAL HICROVAR T'ypE C30 EA -
'I'P408 620007 TEST POl1JT T'EHHHJr,[, MICROVAR T'ypE C30 EA -
Tp-1[)9 620007 ']'EST PO W'I' 'l'EIUUll/,f, fIICHOVAH TYPE C30 EA
TP410 620007 T'EST POW'1' 'I'ERMWAL HICROVAH TYPE C30 EA

Tp411 620007 TEST POWT TERMINAL HICROVAR TYPE C30 EA
TP412 620007 TEST POWT TERMlIlAL MICROVAH TYPE C30 EA -
TP4I3 620007 TEST pOWT 'I'ERHHlAL HICROV!IR TYPE C30 EA .-
TP4I' 620007 TEST POW']' T'ERflltlAL I-llCROVAR TYPE C30 EA -
TP415 620007 TEST PO HIT TERHlNAL HICROVAR TYPE C30 EA

TP501 620007 TEST POINT TERMINAL HICROYAR TYPE C30 EA
TP502 620007 TEST POINT TERHINAL MICROVAR TYPE C30 EA -
TP503 620007 T'EST POWT TEHMINAL MICHOVAR TYPE C30 EA
TP504 620007 TEST POINT TERI-llNAL HICROVAR TYPE C30 EA -
TP506 620007 TEST POWT T'ERHINAL HICROVAR TYPE C30 EA -
TP507 620007 TEST POINT TERHINAL HICROVAR TYPE C30 EA -
TP508 620007 TEST POWT TERI1111AL HICROVAR T'YPE C30 EA -
TP509 620007 TEST POWT TERHWAL HICROV~R TYPE C30 EA -
TP51 0 6201'07 TEST POWT TER'lHlAL HICROVAR TYPE C30 EA -
P501 92020B FUSE lA 20Hl1 LBC (F) BELLWG LEE L1427B/1A EA

F502 S20206 FUSE lA :.OHM LBC(F) BELLING LEE L1427B/1A EA
F503 920208 FUSE lA 20HH LBC(F) BELLING LliE L1427B/1A EA -

008083-1 RES WW (lOA SHUNT) SEE DRG EA
330052 REL.AY POHER 4PCO SDS SP4-DC24V EA
330053 HEL.AY RETAINING CLIP $[,:j SP-HA EA

400688-1 ASSY SAFETY TERHINAL BRN DAT'RON SEE DRG EA
400689-1 ASSY SAFETY TER>lIIIAL BLUE DA'1'RON SEE DHG EA
410415-.8 PCB SENSE 4600 SEE DHG EA
420098 I,ABEL SF.Hrr,r./ASSY No. RS 554-793 Et,
420112-1 LABEL SSD vlAHIllNG 12 X 12mm SEE: DHG A I~t\

450624-1 HTG BRKT OUTPUT TERHHJAL 4600 SEE DRG EA
450625-1 >lTG BRKT RESISTOR 4600 SEE DHG EA
450727-1 INSULATIOtl PAD DATROIl SEE DRG EA
450735-1 BUS BAR SET 4600 SEE DRG EA
517333 HIRE 7/.2 PTFE IKV ORANGE BSG210 TYPE C r,R

512\44 HIRE 7/.2 PTFE 1KV YEL BSG2IO TYPE C AR
512177 HIRE 7/.2 pTFE IKV 'Ira BSG210 TYPE C AH
512888 YlIRE 7/.2 PTFE 1KV GRY BSG2IO Typr, C AH
540006 ,lIRE 1/.4 BLACK PTFE 250'1 BSG210 'I'ypE A AH
540022 HIHE 20SHG TINlmD CU. R.S.COMPONENTS 355-063 AR

D1l:TROIl IIlSTRlJflENTS urD PART'S LIST 23-Har-89 DESC: ASSY PCB SENSE 4600 DRG NO: LP400788-1 REV: 4 PAGE NO: 12
=;,.;==========

DESIG PART NO DESCRIPTIOII PRINC HANUF MP,NUF PART NUMBER CLASS lJ>I QUANTI'!'Y CHANGES
------~-----

590002 SLEEVE IlP 3 X 25/·H1 I3LK HELr.F.HHAtHJ H30 Et,
590004 SLEEVE PT'FE 1mm IlLK HELLEHI4AIl ,'El 0 AH 1
602001 TERI-IlNAL FSV, tIOLC~X 02-04-5114 EA 12
605051 HOUSHlG 4V/AY HOLEX 6471 SERIES 22-01-20 I'A 1
605057 CRIHP TERflItl.AL GD PI. I·IOLEX 08-56-0120 EA 4

605059 SOCKE'!' pCB 8-HAY DIL ,JERHYN J23-18008 A EA 14
605060 SOCKET PCB !4-HAY DIL JEHflYll J23-18014 A EA 9
605061 SOCKET PCB 16-\'IAY DIL JER>lYIl J23-10016 A EA 13
605064 SOCKET pCB 24 HAY DIL JEHHYlI J23-18024 A EA 1
605070 SOCKET PCB 20-HAY DIL ,Jf;lmYN J23-10020 A F:A 6

611004 SCREH /13 X 6 POZIpAN SZP EA 4
611006 SCREH H3 X 10 POZIpAN SZP EA 2
611016 SCRE,l H3 X B POZIPAN SZP EA 7
613005 HASHER H3 HIT SHAKEPROOf' f:A 5
613029 v/ASHER 1-13 HAvY SS EA 11

613035-1 HASHER l"ARGE 114 SEE DHG EA 2
613052 HASHER H4 HAV':. SS EA 2
615002 NUT N1 FULl, SZP EA 8
615017 tHJT l,:)CK 144 BNP EA 2
618004 PAD I'NTG '[O!!, JER~YK TOIB-OOOD EA 3

630024 BE~.D CERA>lIC 16 SHG PAHK RoYAL PORCELAIN No2 EA 12
630029 TAPE 1/4" X 1/32" DBL.SIDED 3>1 4032 AH I
630036 BEAD CERAflIC 18 SHG PAHK HOYAL PORCELAIN No1 EA 4
630243 BEAD GL!..SS 2.4 X 0.81 X 1.8 HA'1S0L (PREFORfIS) I,T H5363B/3 EA 84
900004 SILICOIIE RUBBER COHpOUND PS 555-50B AH 1

920126 FUSE HOLDER PCB 20flH BELLING LEE L1426 EA 3
920152 HEATSIIlK '1'0-220 AAVID 54258-TT EA 3

ST1 99908S STAR-POINT 08 NOT FITTED EA 8
S'!'2 99908S STAH-POIl/T 08 N01' FIT'rED EA -
ST3 99916S STAR-POIl/T 16 110'1' FITTED EA

ST4 999085 STAR-POINT 08 NOT FITTED EA
ST5 99908S STAR-POIl/T 08 tIOT' FITTED F:r,
5'1'6 99900S STAR-POIl/'r 08 NOT FI'rTED Et, -
ST7 99900S STAR-POIl/T 08 /10'1' FIT'!'ED EA -
STd 99908S STAR-POINT 08 IIOT FITT'ED EA

ST9 99908S STAR -PO I1/T 08 NOT f'ITTED EA -

End
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DATRON INST~UMENTS LTD PARTS LIST 23-Jan-89 DESC: ASSY PCB OUTPUT 4600 DRG NO: LP400789-1 RE;V: 2 PAGE NO:

DESIG PART NO DESCRIPTION PR IMC MANU,' MANUF PART NUMBER CLIISS UM OUAIl'I'I'l'¥ CflANGES

R101
R102
R103
R104
R105

R106
R107
R·108
R109
R110

RIll
R112
Rl13
R114
R115

R116
R117
R118
R119
R120

R121
Rl22
R123
R124
R125

R126
R127
R128
R129
R130

R131
R132
R133
R134
R135

R136
R137
R13~

R139
RHO

RHl
R142
RH3
RH4
RH5

012001
012001
011500
012210
012001

015118
012001
016810
016810
012210

011500
000150
050085
011622
008021

011622
008021
011622
008021
000150

050085
011622
008021
011622
008021

011622
008021
000150
050085
011622

008021
011622
008021
011622
008021

000150
050085
011622
008021
011622

008021
011622
000021
000150
050085

RES MF 2KOO 1% .12W 50PPM
RES MP 2KOO 1% .12W 50PPM
RES MF 150R 1% .12W 50PPM
RES MF 221R 1% .12W 50PPM
RES MF 2KOO 1% .12W 50PPM

RES MF 51Rl 1% .12W 50PPM
RES MP 2KOO 1% .12w 50PPM
RES MF 681R 1% .12W 50PPM
RES MF 681R 1% .12W 50PPM
RES MF 221R 1% .12W 50PPM

RES MF 150R 1% .12W 50PPM
RES CF 15R 5% .25W
RES MF 10R 1% 0.75W 100PPM
RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W

RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5w
RES MF 16K2 1% .12W 50PPM
RES WW OH47 5% 2.5W
RES CF 15R 5% .25W

RES MF 10R 1% 0.75W 100PPM
RES MF 16K2 1% .12,1 50PPM
RES ,M OR47 5% 2.5W
RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W

RES MP 16K2 1% .12W 50PPM
RES WVI OR47 5% 2.5w
RES CF 15R 5% .25W
RES MF 10R 1% 0.75w 100PPM
RES MF 16K2 1% .12W 50PPM

RES ~, OR47 5% 2.5W
RES MP 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W
RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W

RES CP 15R 5% .25W
RES MF 10R 1% 0.75W 100PPM
RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W
RES MF 16K2 1% .12w 50PPM

RES WW OR47 5% 2.5W
RES MP 16K2 1% .12W 50PPM
RES ,M OR47 5% 2.5W
RES CF 15R 5% .25w
RES MF 10R 1% 0.75W 100PPM

flOLSWORTflY
flOLSHOR1'HY
HOLS,lORTflY
HOLS,IORTHY
HOLSWORTHY

HOLSWORTHY
HOLSWORTflY
flOLSWORTllY
HOI,SWORTflY
HOLSWORTflY

HOLSWORTHY
NEC'IIM
HELHYN
HOLSWORTHY
WELHYN

flOLSHORTHY
HELHYN
HOLSWORTHY
HELVlYN
NEOHM

VlEIMYN
IIOLSWOWl'HY
HELVlYN
HOI,SVlOWrIlY
WELI,YN

HOLSHOllTflY
HELHYN
NEOflM
,IELWYN
flOLSHOR1'flY

HELWYN
flOLSHORTHY
HELWYN
HOLSWORTHY
VlELVlYN

NEOHM
HELVlYN
HOI.5V10HTHY
VlELWYN
HOLSHORTHY

HELHYN
HOLS',OR'rHY
HEL,IYN
NEOHM
HELHYN

H8C
flOC
HOC
flOC
HOC

H8C
H6C
H6C
H8C
H8C

H8C
CFR25
HFR5
H6C
H21-0R47

H8C
Vl21-0R47
fl8C
H21-0H47
CFR25

MFR5
flOC
H21-0R47
HOC
W21-0R47

H8C
W21-0R47
CFR25 .
HFR5
H8C

W21-0R47
HOC
H21-0R47
1I0C
H21-0R47

CFR25
HFR5
H8C
W21-0R47
H8C

W21"OR47
fl8C
W21-0R47
CFR25
MFR5

A
A
A
A
A

A
A
A
A
A

11
A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

Ell 4
EA
EA
E/I
EA -

E:A 2
EA ­
E:A
EA ­
EA -

EA ­
EA 6
EA 8
EA 16
EA 16

EA ­
EA ­
E/I ­
E/I
EA

E/I ­
EA ­
EA ­
EA
EA -

EA
EA. ­
E/I ­
E:f, ­
EA -

E/I
EA ­
E/I ­
E/I ­
EA -

EA ­
EA ­
EA ­
EA ­
SA -

EA
EA -­
EA ­
EA
EA -

DII1'RON WS'fHUMENTS L1'D PIIR'l'S LIS'r 23-Jan-09 DESC: IISSY PCB OUTPUT 4600 DRG NO: LP400709-1 ReW: 2 PAGE tH.!:

DES[G PART NO DESCRIPTION PRIMC MANUF MANUF PART ~:UMBER CLASS IJM QUANTITY CHANGES

RH6
RH7
RH8
R149
R150

R151
R152
Rl53
R154
R155

R156
R157
R150
R159
Rl60

R161
R162
R163
R164
R165

C101
C102
C103
CI04
C107

C108
CI09
CllO
C1l3
C1l4

C1l5
D101
D102
0101
Q102

0103
0104
Q105
0107
0108

0109
Q110
Q111
Q112
Q113

011622
OG6021
011622
006021
011622

008021
000150
050065
011622
006021

011622
006021
011622
008021
090155-1

000102
000102
050065
050065
015116

120029
120029
104055
160006
104026

104026
150015
150015
150015
150015

110042
200006
200006
230050
250004

240006
250004
240006
250021
250032

250032
250032
250021
250032
250032

RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W
RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W
RES MP 16K2 1% .12W 50PPM

RES WW OR47 5% 2.5W
RES CF 15R 5% .25w
RES HP 10R 1% 0.75W 100PPM
HES MP 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W

RES MF 16K2 1% .12W 50PPH
RES WW OR47 5% 2.5W
RES MF 16K2 1% .12W 50PPM
RES WW OR47 5% 2.5W
THERMIS'rcR NTC 10K

RES CF lKO 5% .25W
RES CF lKO 5% .25W
RES MF 10R 1% 0.75W 100PPM
RES MF 10R 1% 0.75W 100PPM
RES MF SIR1 1% .12W 50PPM

CAP PC 6N8F 20% 100V
CAP PC 6N8F 20% 100V
CAP CER MULTIl,/\YEH 3U3F 50V
CAP AE 47UF 25V
CAP CD 47NF +50%-20% 50V

CAP CD 47NF +50%-20% 50V
CAP DT 10UF 20% 35V
CA~ DT 10UF 20% 35V
CAP DT 10UF 20% 35V
CAP DT 10UF 20% 35V

CAP PE 100NF 20% 63V
DIODE GP lA 600V
DIODE GP lA 600V
TRAN JFET I LIM 2m4A
TRAN PNP TOn

'l'RAN NPN T092
TRAN PNP TOn
TRAN NPN TOn
TRAN PNP
TRAN PNP '1'0220

TRAN PNP '1'0220
TRAN PNP '1'0220
TRAN PNP

'TRAN PNP '1'0220
TRAil PNP '1'0220

flOLS"IORTIIY
WEIMYN
1I0LSWOHTIIY
HELHYN
flOLSHOHTIW

HELWYN
NEOII~1

WEIMYN
IIOLSHOR'I'fIY
WELHYN

1I0I.SWOH1'IIY
HELWYN
1I0LSWOHTHY
WE:LWYN
DALE-ACI

NI,OIlM
NEOHM
HELWYN
HELHYN
HOLSVIORTHY

WlMA
HIMA
SPRAUGE
PIIIl,IPS
SIEMENS

SIEMENS
AVX
AVX
AVX
AVX

WWA
FAIHCIIILD
FAIRCflILD
SILICONIX
NA'rIONAL

MO'rcHOLA
NATIONAL
MOTOROLA
MOTOROLA
MO'rcROLA

'MOTOROI,A
MO'I'OROLA
M01'ORO;,A
MO'I'OHOLA
MOTOROLA

H8C
H21-0R47
flOC
H21-0R47
H8C

W21-0R47
CFR25
MFR5
H8C
W21-0R47

fl8C
W21-0H47
fl8C
H21-0R47
SEE DRG

CFR25
CFR25
MFR5
MFR5
H8C

FKC2
FKC2
3C20Z5U335M050B
016-16479
B37449

B37449
TAP10M35F
TAP10M35F
TAP10M35F
TIIP10M35F

MKS2
IN4005
IN4005
J508
2N3906

2N3904
2N3906
2N3904
BD140
MJE15029

M.1E15029
MJE150?9
BDHO
/1..TE15029
MJE15029

A

A

A

A

A

A

A

A

A
A

A

A
A
A
A

A

A

EA ­
EA ­
EA ­
EA ­
EA -

EA ­
EA ­
EA ­
EA ­
EA -

EA ­
EA ­
EA ­
EA ­
EA

EA 2
EA ­
EA ­
EA ­
EA -

EA
EA ­
EA 1
EA 1
EA 2

EA ­
EA
EA ­
EA ­
EA -

EA
EA
EA ­
EA 1
EA 2

EA 2
EA ­
EA ­
E;A 3
EA 9

EA ­
EA ­
e;A ­
EA ­
E;A -



[)IITROIl INS1'lltJM~;NTS 1,1'1) PIIIlTS 1,151' 23-Jan-89 nr;rc: IISSY PCB OUTpU1' 1600 DRG NO: Lp100789-1 IlEV: 2 PAGE NO: .1

PAR'r :iO DF:sr.:n I P'!' rCN pllJllC MIIIIUF CLIISS '-IM QUIIN'I'I'I'Y CII,\NGES
'-_.. -

HANSOL (PREFORMS) LT M5363B/3

Q111
QI15
QI16
QI17
QU8

Q119
Q120
00121
QI22
(}123

\)121
0125
Q126
Q127
Q128

Q129
QJ30
HI01
J21
P.26

1~27

E29

250032
250021
250032
250032
250032

210031
210047
210017
210047
240031

240017
210047
240017
240031
210047

240017
240017
260065
400900-1
612026-1

612025-1
612001-1
110414-B
450635-1
450702-1

510002
590001
605059
611 017
611027

612053
613005
613029
615002
630243

'l'IlIIIl Pill' '1'0220
TRIIN Pill'
'fRIIN 1'111' T0220
1'IlIlN 1'111' T0220
TRIIN pNp '!'0220

1'Rlltl IlPIl
Tlllltl IlpN T0220
TRAN IlpN T0220
1'RAN IlpN 1'0220
1'RAN NpN

1'1l1lt1 NPIl 1'0220
1'RIIN IlpN 1'0220
'I'RIIN tlpN 1'0220
TRIIN tlptl
1'RIIN tlpN 1'0220

1'Rlltl Nptl '1'0220
TR/Ill IlpN 1'0220
IC LIN 01' liMP
IISSY RIBBON CIIBLP. 1600
STIINDOFF /13 X 6

STIINDOFF N3 X 5
STIINDC)!"F N3 X 4
pCB OU'l'pU'!' 4600
IIEIITSINK 1600
1'IIEIIM/lL pIID NOtl -INSULIITING

WIllE 1/.7 TItlllED COPPER
SLEp.vE P'l'f'E 1mm BLK
SOCKE'r PCB 8-WIIY DIl,
SCREW N3 X 16 POZIPIIN SZP
SCREW M3 X 20 POZIpIIN SZP

SPliCER M/lLE/FEM/lLE X 15mm
WIISIIEIl M3 INT SIIAKEPROOF
WIISIIP.R m WIIVY SS
NU'!' M3 FULL SZP
BEIID GLIISS 2,4 X 0.81 X 1.8

MO'I'OROl,1I
HO'I'OROLII
H01'OROI,1I
/10'1'01101,11
M01'OROLII

HO'IYJIIOLII
M01'OROI,1I
MO'I'OROl,1I
MOTOllor,1I
HO'I'OROLA

MO'l'OROI,1I
MO'I'OROI,II
HO'I'OIlOI,1I
MOTOROI,II
MO'l'OROI,A

M01~)R()I,1I

~IO'l'(JIl()LII

PHI
Oll'I'I!Otl
DA1'1l0N

DII'I'IlON
DII'mON

IlS4109
IIEI,Lf:IlMIIN
JERMYIl

IIARWIN

MJE15029
BD140
H.1E15029
MJE15029
MJE15029

B0139
MJE15028
MJE15028
MJE15028
BD139

~~lE15028

M,J1~15028

~~JF.15028

BD139
MJE15028

~~JIi:15028

HJE15028
OP27FZ
SEE.DRG
SEE DRG

SEE DRG
SEE DRG
SEE DRG
SEE DRG
SEE DIlG

22SWG
FE10
J23-10008

R6342-02

A

Ell ­
EII­
Ell ­
EA
Ell -

Er. 3
Ell 9
Ell ­
EA ­
Ell -

Ell ­
Ell ­
EA ­
EA ­
EA -

Ell ­
Et. ­
Ell
EA
Ell

Ell 1
Ell 1
Ell 1
Ell 2
Ell 2

IIR 1
IIR 1
Ell 1
Ell 10
Ell 3

EA 1
EA 1
Ell 26
Ell 13
Ell 4



PCS

SOLDER ALL SWAGES IN PLACE

4mm SWAGES 612004-1 (X9)

A,B.C.D.E,F ON SOLDER SIDE OF pes

E241.E242.E243 ON eOMP SIDE OF pes

LARGE CERAMIC BEADS 630024

2 PER LEAD ON R3.R4
1 PER LEAD ON 06,07

- 8-

NOTE; MOUNT PLATE
AT RIGHT ANGLES TO
PCS

R1 F2
DETAIL "A"

NOTE CORRECT ORIENTATION
OF T1 , T2 • T3 .

I
EHl34 E l032.

. l8) 0 El031

-----;;;;;;:;;;;;;~~El033 0

J STRIPS DOUBLE-SIDED
TAPE UNDER L1. JOmm EACH

0:::::
W
o
ZT4
«
o

l8)
El024

T5

l8)
El021

cl 11101 P

(§,jA

:2

DO NOT SOLDER TO J14/JJ TO J3
TO J14

UNTIL PCS TEST STAGE -4- !Ill, '------\512000) (512666~ ~615002)

(613005)-. .: j17On>n 60=~~ ~613029)
(618001r9 _11 I lLl I

("--45--06-=-:-39~ I I I

I I I

SLEEVE THESE 3 LEADS
WITH PTFE 1.0mm DIA

(590004)

(630029)

-====::J"""'E-_MOUNT SUCH THAT ASSY
- JUST TOUCHES PCS

NOTE:

ENSURE ALL CAPS
ARE FITTED AS

CLOSE AS POSSIBLE

TO PCS

30mm
STICK TO PCS
UNDER SCREEN

NOTE: L2, L3 & W101
MAY REQUIRE INSULATION

TO BE REMOVED

10.2-21



- ~u.ow.
- ORAIJGS.
- GRI!EIJ.

5.""-J

"., 0

&10'21 1110'22

1----------i::::==:=l-c::::::D
---------I:::~=;)-~

~008D Do 00 ,,,'
°80~

To I:IO=:'I

TO E.iO::!l2

102-22



DATRON INSTRUMENTS LTD PARTS LIST 03-Nev-80 DESC: IIS5Y PCB SHPS MAW 4600 DRG tlo: LP400790-1 Rf:V: 0

DESIG PART NO DESCIHP'l'ION PRINt: MANUF MANUF PAIl'r NUMIJER CLASS UM QUIltl'l'I'J'Y CIIANGES

WPH5K21UN02S
VlPlloK210NG2.5
VlP1l5K210N02S
16PS2/220U
16PS2/2200

16PS2/2200
16PS2/2200
16PS2/2200
16PS2/2200
16PS2/2200

16PS2/2200
16PS2/2200
16PS2/2200
16PS2/2200
16PS2/2200

16PS2/2200
16PS2/2200
2222 630 19152
2222 630 19152
CD08K303NXSCR/SK500D A

RI
R3
R4
R5
R6

R7
R8
R8
RIO
Rll

R12
R13
R14
R15
R16

R17
R18
C3
C4
C'i

C6
C7
C8
C9
C10

Cll
C12
C13
C14
C15

C16
C17
C18
C19
C20

C21
C22
C23
C24
C25

C26
C27
C30
C31
C32

000081
007393
007393
000560
000560

000330
000330
000241
000472
000104

000150
000150
000150
000150
000151

000151
000105
180066
180066
104024

104024
140040
140040
150022
104024

104024
104024
1C4024
180067
180067

180067
180067
180067
180067
180067

180067
180067
180067
180067
180067

180067
180067
100152
100152
102332

RES 1'11'1 120R 5% 71'1
RES MO 39K 2% 21'1
RES MO 39K 2% 21'1
RES CF 56R 5% .251'1
RES CF 56R 5% .251'1

RES CF 33R 5% .251'1
RES CF 33R 5% .251'1
RES CF 240R 5% .251'1
RES CF 4K7 5% .251'1
RES CF lOOK 5% .251'1

RES CF 15R 5% .251'1
RES CF 15R 5% .251'1
RES CF 15R 5% .251'1
RES CF 15R 5% .251'1
RES CF 150R 5% .251'1

RES CF 150R 5% .251'1
RES CF 1MO 5% .251'1
CAP AE 680UF 200V
CAP AE 680UF 200V
CAP CD 10hF +80%-20% 100V

CAP CD 10nF +80%-20% 100V
CAP PP 10nF 5% 2KV
CAP PP 10nF 5% 2KV
CAP DT 2U2F 20% 35V
CAP CD 10nF +80%-20% 100V

CAP CD 10nF +80%-20% 100V
CAP CD 10nF +80%-20% 100V
CAP CD 10nF +80%-20% 100V
CAP AE 2200UF 16V
CAP AE 2200UF 16V

CAP AE 2200UF 16V
CAP AE 2200UF 16V
CAP AE 2200UF 16V
CAP AE 2200UF 16V
CAP AE 2200UF 16V

CAP AE 2200UF 16V
CAP AE 2200UF 16V
CAP AE 2200UF 16V
CAP AE 2200UF 16V
CAP AE 2200UF 16V

CAP AE 2200UF 16V
CAP AE 2200UF 16V
CAP CP 1n5F 10% 100V
CAP CP 1n5F 10% 100V
CAP CD 3n3F +40-20% 500V

VTt·!
ELECTROSIL
ELEC'rROSIL
NECllM
llECHH

tlECllM
NECllM
NECIIM
NeCIIM
NEGHM

NE:GIIM
NEOIIM
NEOllM
NEOIIM
NE:OHH

NE:OIIM
NE:OHM
NIPPON
NIPPON
1'1''1'

IT!
STEATITE:
S1'8I\TI1'E
AVX
ITT

ITT
1'1''1'
1TT
RUBICON
RUBICON

RUBICON
RUBICON
RIJBICON
RUBICON
RUBICON

RUBICON
RUBICON
RUB ICON
RUBICON
RUBICON

RUBICON
RUBICOH
PIIILIPS
PHIL1PS
BE:CK

KII210-9-120-5%
FP2
FP2
CFR25
CFR25

CF'H25
CFR25
CFR25

·'CFR25
CFR25

CFR25
CFR25
CFR25
CFR25
CFR25

CFR25
CFR25
Nlm1l680/200
NMRH680/200
WPH5K210N02S

WPII5K210N02S
~IKP1841

MKP1841
TAP2R2M35F
WPII5K210N02S

A
A

A
A
A
A
A

A
A
A
A
A

A
A

A

I::A 1
EI\ 2
EI\ ­
EA
EA -

EI\
EA ­
EA
EI\
EA

EA
E:A ­
EI\ ­
EA ­
EA

EA ­
EA 1
EA 2
EA ­
E:A 6

EA ­
EA
E:A ­
EA
EA

EA ­
EA
EA ­
EA 14
EA -

EA ­
EA ­
EA ­
E:A ­
EA -

EA ­
EA ­
EA ­
EA ­
EA -

EA ­
EA ­
EA
EA ­
EA

DATRON INSTRUMENTS LTD PARTS LIST 03-Nev-08 DESC: P.SSY PCB MAIN 4600 DRG NO: LP400790-1 REV: U PAGE HO:

DESIG PART NO DeSCRIPTION PRWC MANUF MANUF PAR~ NUMBER CLASS UM QUANTITY CHANGES

C33
C34
C35
C36
C37

C38
C39
C40
CH
C42

cn
CH
t:45
C46
D1

D5
D7
D8
D9
D10

D11
D12
DD
D14
Q1

Q2
T1
'1'2
'1'3
T4

'1'5
RL3
L1
L2
L3

1'1101
J1
J3
J14
J28

E241
E242
E243
E1011
E1012

102332
102332
140017
140017
140089

140089
180041
180041
104055
104055

104055
104055
110053
140089
209015

200001
200030
200030
200001
200001

200031
200031
20003J
200031
230099

230099
350002-1
350002-1
350003-1
300032-1

300033-1
330054
370037-1
370038-1
370038-1

540027
604091
620003
620003
604090

612004-1
612004-1
612004-1
620006
620006

CAP CD 3n3F +40-20% 500V
CAP CD 3n3F +40-20% 500V
CAP PP 150NF 10% 250V
CAP PP 150NF 10% 250V
CAP SUPP 2n2F 250V

CAP SUPP 2n2F 250V
CAP AE 100UF 40V
CAP AE 100UF 40V
CAP CER MULTlLAYER 3u3F 50V
CAP CER MULTI LAYER 3u3F 50V

CAP CER MULTI LAYER 3u3F 50V
CAP CER MULTI LAYER 3u3F 50V
CAP PE 47NF 10% 630V
CAP SUPP 2n2F 250V
DIODE BR 4A 800V

DIODE GP 7SmA 75V
DIODE LP 3A/600V RECT
DIODE LP 3A/600V RECT
DIODE GP 75mA 75V
DIODE GP 75mA 75V

16A/45V SCHOTT RECT
16A/45V SCIIOTT RECT
16A/45V SCIIOTT RECT
16A/45V SCHOTT REeT
TRAN MOSFET N CHAN 500V

TRAN MOSFET N CHAN 500V
GATE DRIVE Tx ASSY
GATE DRIVE Tx ASSY
CURRENT TX
POWER Tx PRIMARY

POWER Tx SECONDARY
RELAY 1PNO POWER MONOSTABLE
CHOKE CM
CllOKE OUTPUT (POWER IND)
CHOKE OUTPUT (POWER IND)

WRIE 2.65 DIA POLYESTER CU
PLUG PCB 10WAY VERT
SOLDER PIN
SOLDER PIN
PLUG PCB 5WAY VERT

STANDOFF M3 X
STANDOFF M3 X
STANDOFF M3 X
SOLDER TURRET
SOLDER TURRET

BECK
BECK
TELr,;FlJNKEN
1'E:LEFUNKEN
WlMA

W1MA
ST8I\'l'ITE
S1'EATn'E
SPRAUGE
SPRAUGE

SPRAllGE
SPR,\UGE
WIMA
WIMII
INT RECTIFIERS

F/lIRCIHLD
PlIII,[PS
PllILIPS
FAIRCIHI.D
FAIRCHILD

UNITHODE
UNITRODE
UNITRODE
UNITRODE
IXYS

IXYS
DATRON
DATRON
DATRON
DATRON

DATRON
SDS
DATllON
DATRON
DATRON

HI-VlIRE LTD
llARVlIN
HARVIIN
llARVlIN
HARIHN

DATRON
DATRON
DATRON
IIARHIN
llARWIN

CDOOK303NXSCR/SK500D A
CD08K303NXSCR/SK500D A
9982
9982
MP3-Y

MP3-Y
EKM OOFD 310G
EKM OOFD 310G
3C20Z5U335M050B
3C20Z5U335M050B

3C20Z5U335M050B
3C20Z5U335M050B
MKS4
MP3-Y
KBU4K

W4148
BYW95C
BYVl95C
IN4I48
1N4148

USD945
USD945
USD945
USD945
IXTH12N50

IXTH12N50
SEE DRG
SEE DRG
SEE DRG
SEE DRG

SEE DRG
DK1a-5V
SEE DRG
SEE DRG
SEE DRG

G2
M20-9991005
1121051\01
H2105A01
M20-9990505

SEE DRAWING
SEE DRAWING
SEE DRAWING
119001-01
H9001-01

EA ­
EA ­
EA 2
E:A ­
EA 3

EA ­
EI\ 2
EA­
EA
EA-

EA ­
EA ­
EA
EA ­
EA1

EA 3
EA 2
EA­
EA ­
EA-

EA 4
EA ­
EA ­
EA ­
EA 2

EA­
EA?
EA ­
EA
EA

EA 1
EA 1
EA 1
EA 2
EA -

AR
EA
EA
EA ­
EA

EA 9
"A ­
EA -.
81\14
EA-



I!ATHON HIS'11lUMi:N'fS L'I'O PAR'I'S LIS'!' 03-Nov-ee OESC: ASSY pCB SMpS MAIN 4600 D11G NO: LP400790-1 HI:;V: 0 PAGE tl(>:

DES IG PAWl' NO Oi:SCRIPTION PR WC MAtlUP MANUP PART NUMBER CLASS UM QUAtl'!' I1'Y CIII\tIGES

,:1033.
1':1034
'1'1'1
'1'1'2
'1'1'3

EIOl3
~:I014

,:IOn
1':1022
,;[023

EI024
EI025
,~l 026
El031
,:1037.

'1'1'4
PI
P?

620006
620006
(.20006
620006
620006

620006
620006
620006
620006

.620006

620006
620006
620007
620007
620007

620007
920025
920191
400791-1
410411-1

450639-1
450650-1
450651-1'
450686-1
512000

512222
512444
512555
512666
512999

560008-3
560009
590003
590004
590032

590063
590076
590078
605052
605053

605057
611004
611012
611015
611016

SOI,1l8R '{'tlllRI':'l'
SOW,:H '!'llIlIlET
SOWI':H '1'IJlmr:.'1'
SOI,OEll 'l'IlRlIET
SOLDER '1'URR Sf

SOWi:R TIlRRET
SOWi:Il '!'lJfllli:T
SOL,OEIl '!'Illmr,"l'
SOLD81l TIJIlIlE."j'
SOLDi:1l TURRS!'

SOLDm TIJRRi:T
SOLDi:R TURRE'!'
Ti:ST POINT TERMINAL
TEST POINT Ti:RMINAL
Ti:ST POINT TERMINAL

TEST POINT Ti:RMINAL
PUSE 2A 20HM QUICK BLOW
PUSi: TIli:RMAL 14 7 Di:G C
ASSY PCB SMpS CONTROL 4600
pCB SMpS MAIN

INSULATION PAD
CONTROL SCREEN SMpS
'l'X SCREEN SMpS
IIEA'!'SINK SUPPORT BLOCK SMPS
WIRE 7/.2 PTPE lKV BLK

WIRE 7/.2 pTPE lKV RED
WIRE 7/.2 pTPE IKV YEL
WIRE 7/.2 pTPE lKV GRN
WIRE 7/.2 pTPE lKV BLU
WIRE 7/.2 pTPE lKV Will

CABI,E 4-CORE 7/.2 p'l'PE SC
CABLE 8 CORE 7/0.2 PVC SC
SLEEVE liS. 6.4mm YLW.
SLEEVE pTPE Imm BLK
SLEEVE liS. 4.8mm YLW

TY-WRAp
SOLDER SLEEVE DIAM.7.3
SLEEVE liS 12.7 11.'1'.
SOCKET pCB 8-WAY ,1"
12 WAY SOCKET

CRIMP TEIlMINAL GO pL
SCREW M3 X 6 pOZIpAN SZP
SCREW M3 X 12 pOZICSK SZP
SCREW·M3 X 8 POZICSK SZP
SCREW M3 X 8 pOZIpAN SZP

IIAIlWW
IIAIlWW
IIARWW
IIARWltl
IIARWIN

IIARWW
IIAIlWIN
IIARWIN
IIARWlN
IIARWIN

HARWlN
IIARWIN
MICROVAR
MICROVAR
MICROVAR

MICROVAR
BELLING LEE
UMI
DATRON

SEE DRG

BSG210

BSG210
BSG210
BSG210
BSG2IO
BSG210

R. S. COMPONEN'!'S
HELLERHAN
R.·S. COHpONENTS

pANOUrl'
flAY PAST
flS
MOLEX
MOLEX

MOLEX

119001-0]
119001-01
119001-01
119001-01
H9001-01

119001-01
119001-01
119001-01
119001-01
119001-01

H9001-01
119001-01
TYPE C30
TYPE C30
TYPE C30

TYPE C30
L1427B
X150
SEE ORG
SEE DflAWING

SEE ORG
SEE DflG
SEE' DRt!
TYPE C

TYPE C
TYPE C
TYPE C
TYPE C
TYPE C

SEE D11G

399-524
PE10
399-518

1'1,1'31
CW'l'-7
398-408
22-01-2085

4809-GL

/\

EA ­
EA
E,\ ­
EA ­
EA -

EA ­
EA ­
EA ­
EA ­
E/\ -

E/\ ­
EA ­
EA
E,\ ­
EA -

E/\ ­
EA 1
EA 1
EA 1
EA 1

EA
E/\
E/\
BA
AR

AR
/\Il
AR
AR
All

HM 460
rlN 535
AR 1
AR 1
AR 1

EA 1
EA 3
AR 1
EA 1
EA 1

EA 13
EA 3
EA 2
EA 4
EA 5

DA'mON' ] NS'I'RUMEtl'l'S I,TD PAIl'l'S I,IS'!' 03-Nov-B8 m;sc: I\SSY PCB SMpS MAltl 4600 OHG NO: [,P400'190-!

DES IG pAIlT NO DESCRIPTION I'll] NC MAtlUF' MANUP pAIlT NUMBEIl CLASS UH QIlAN'l'I'l'Y CII/\NGES

612004-1 STAIlOOF'F' H3 X 4 UA'lIlOtl SI'I;; UIl/\vIING EA
613005 WASIIEIl M3 1Nl' SHAKEpROOF E/\ (,

613029 WASHER m WAVY SS EA 7
615002 NUT M3 FIJLL SZP EA 8
618001 BUSII INSUL.' '1'0220 Pill I,]PS 56359C E/\ 4

630003 CLIP 1" 4,8 SI':5 eNS EA 2
630004 CLIP 'I" 6.4 SES CN6 EA 1
630018 GROMMET 4.0 DJA, R S COMPON.:tITS 543-197 EA 2
630024 BEAD CE.IlAMIC 16 SvlG PAIlK 1l0YAI, PORCELAIN No2 81\ 12
630029 ':'ApE 1/4" X 1/32" Illll" SIDED 3M 4032 All 1

630285 PCB GU I DE PCB rlOUN'l' IlICIK> CVGrlIN'-l El' 2
6303]0 GROHMET 6,5 I)1A Il S COHPOtJF:N'j'S 543-204 EA 1
630313 LABEL DANGER lIlGlI VOL'l'AGE 8A 2
920126 FUSE 1I0LDEIl PC13 20t·lr1 BEI,bINt! LEE: [,1426 F:A ]

920207 IlESISTEIl M'l'G B1lACKE'1' V'I'M 18141 EA 1

8nfl



DRILL 2 HOLES X
2mm DIA AT 8mm
CENTRES IN PCB

&: USE TO LACE DOWIt
CABLE AS SHOWN

SOLDER WIRES TO PINS

AN) SLEEVE WITH 112 le

590001

CROP PINS SHORT
WITHIN DOTTED LINE

[ ! I · TP7 + +r M5: ~ D15 t=-\ e D12
• ~ P28 R44 ~ - '" C18 C17

I~~ ---rn1Q:J- 1 R43
• ~2•

NOTE
SCREWS OF R19/R20
TO FAGE UPWARDS

NB:LEADS OF C10 &: C15
WILL NEAD FORMING
TO FIT

2

o

CUT TRACK HERE

4600

No. DA400791 Sheet 1 © Datron Instruments 1988
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DATRON H1STRUMENTS LTD PARTS LIST 03-NeY-88 DESC, ASSY PCB SMPS CONTROL 4600 ORG NO, LP400791-1 REV, 0 PAGE llu,
.u~===.aa=••a.=••u.~=. '.,,,........ u ....... = """" ... "" c. "' ... ,.. ===~=.=LU===="'=====.===~~=="'=~~===== ~==.=== •• ~n~=.=~===. .. ..l ...........................

DESIG PART NO DESCRIPTION PRINt. MANUF MANUF PART NUMBER CLASS UM QUAN1'ITY CHANGES
---------- ------------------------------ -------------------- --------------------

RI 011001 RES MF 1KOO H .12W 50PPM HOLSWORTHY HBC A EA
R2 01"001 RES MP lKOO H .12W 50PPM flOLSWORTflY flBC A E:.~ -
R3 000472 RES CP 4K7 5% .251-1 NEOflM CPR25 A EA 8
R4 000474 RES CP 470K 5% .251V NEOflM CpR25 A E,~ 3
R5 000102 RES CF 1KO 5% ,25H NEOflM Cl"R25 A EA 2

R6 000513 RES CF 51K 5\ .251V NEOflM CFR25 A EA
R7 000472 RES CF' 4K7 5\ .251-1 NEOIlM CF'R25 A EA -
RB 01221) RES MF' 2K21 H .121V 50PpM flOLSHORTflY fl8C A 8A
R9 014751 R8S HF' 4K75 H .121V 50PpM flOLSIVOR1'IlY 1l8C A rlA
R11 000225 RES CF' 2M2 5% .251-1 NEOIlM CFR25 A EA

R12 011001 RES MP 1KOO 1% .121V 50PPM flOLSHORTIlY IlBC A I'~,\ -
RJ3 013011 R8S Mr' 3K01 1% .12H 50ppM flO LS,IOR'l'IlY flBC A E.r'~ 1
RH 014991 RES MP 4K99 1% .12H 50PP~1 HOLSVlOR'rIlY IIBC A El, J
R15 OOOOOF' RES F'SV KA 1
R16 000103 R8S Cl" 10K 5\ .25H N80HM Cl'R25 A EA 8

Rl? 000473 RES CF' 47K 5% ,25W NEOflM CF'R25 A El,
R18 000102 RES Cl" 1KO 5% .25W NEOflM Cf'R25 A EA
R19 066103 RES c'r 10K VERT SIT BECKI1AN 72XH El,
R20 06(.502 RES CT 5K VERT SIT BECKI,t~N 72XH r:A
R21 Oll 001 RES MF' lKOO 1% ,12H 50PPM 110LSHOH 1'1lY 118C A I':A

R22 000472 RES Cl' 4K7 5% .25W NEOHM CpR25 A El,
R23 012371 RES MF' 2K37 1% .121-1 50ppM flOLSVIORTHY 118C A KA 2
R24 011431 RES MF' 1K43 1% .12\01 50PPM IIOLSHORTIlY fl8C A EA 2
R25 000474 RES Cl' 470K 5\ .25H NEOIIM CI'£l25 A I,;A
R26 000472 RES Cl" 4K7 5% .25V1 NEOIlM CF'£l25 A EA

R27 012371 RES MF' 2K37 I% ,12H 50PpM HOLS\,ORTHY fl8C A EA -
R2B Oll 431 RES MP 1K43 1% .12W 50PPM flOLSHOH'l'IlY fl8C A EA -
R29 000472 RES CF' 4K7 5\ .25H NEOIlM CF'R25 A EA, -
[,30 000821 £lES CF' 820R Si .25W NEOIlM Cf'R25 A EA 1
R31 000174 £lES Cl" 470K 5% ,25V1 tlEOIlM Cl'R25 A F.A -

R32 011002 RES ~:F' 10KO H .12H 50?pfl 1I0LS\lCRTIIY flBC A EA
1(33 000472 IlES Cl' 4':7 5% .25\'1 NEOtW CFR25 A I':A
H31 000103 RES CF 10K 5% ,251V tlEOfl~ Cf'H25 A EA -
R35 000101 RES CF 100R 5% .25W NEOIIM CFR25 A EA
1<35 000103 RES Cl" 10K 5% .25\, NEOIIM CFR25 A EA -

R37 000103 RES CF' 10K 5% .251V NEOHM CF'R25 A EA -
R3B 041004 RES MF' IMOO 1% .121-1 50ppM flOLSVIORTflY HBC A EA
R39 000103 RES CF 10K 5% .25W NEOflM CF'R25 A EA -
£l40 000434 IlES Cl" 430K 5% .251-1 NEOIIH CFR25 A r~A

£lU 000184 RES Cf' 180K 5% .251-1 llEOIIM CI"R25 A BA

R42 000472 RES CF' 4K7 5% ,251-1 NEOIIM CFR25 A FIA -
R13 000103 RES CF' JOK 5\ .25H ~;EOIIM Cf'£l25 A EA -
R44 000103 IlES Cf' 10K 5% ,25,1 I1E:OIIH Cf'R25 A I':A -
H45 000J03 RES Cf' JOK 5\ ,25H ~lEOIIH CF'H2:, A E:A -
R46 000223 RES Cf' 22K 5% ,25H tlE:OIlM Cr'H25 A EA

DATRON INSTRUMENTS LTD PARTS LIST 03-Ney-B8 DESC, ASSX PCB SMpS CONTROL 4600 DRG NO: LP400791-1 REV: 0 PAGE 110: 2
n=~a.================= =========. -======== ===================================3 ===a=======~===_==== ==""""a_a'" =="""" ... ""' ....... "" ... =

DESIG PART NO DESCRIPTION PRINC MANUF' MANUF' PART NUHBER CLASS UM QUANTITY CHANGES
---------- ------------------------------ -------------------- --------------------

R17 00C222 RES CF' 2K2 5% .251-1 NEOHM CF'R25 A EA
R48 000172 RES CF' 4K7 5% .251V NF.:OIlM CF'R25 A EA -
R49 011002 RES Mf' 10KO 1\ .12W 50ppH 1l0I.sVlORTHY H8C A EA -
R50 000224 RES CF 220K 5% .251V NEOIlM Cf'R25 A EA
Cl 100331 CAP Cl" 330pF 2% 100V PflILIPS 2222 683 58331 EA

C2 110042 CAP PE 100/lF 20% 63V WIMA MKS2 EA
C3 120040 CAP PC In5F' 5% 100V WIMA F'KC2 A EA
C4 110042 CAP PE 100NF 20% 63V 1-1 I MA MKS2 EA -
CS 110042 CAP PE 100/lF 20\ 63V l-1l~lA MKS2 EA -
C6 100152 CAP Cl" In5F 10% 100V PIlILIPS 2222 630 19152 EA

C7 150006 CAP PT 4U7F 200% 16V AVX TAP4R7H16F' A EA 2
C8 150006 CAP PT 4U7F' 200% 16V AVX TAP4R7M16F' A EA -
C9 110020 CAP PE 47NF' 20% 63V WlMA MKS2 EA
CI0 110039 CAP PE nONF 20% 63v WIMA MKS2 EA
C12 110042 CAP PE 100NF' 20% 63V WlMA MKS2 EA -

CD 110030 CAP PE lllF' 20% 100V WlMA F'KS2 EA 1
CH 150015 CAP DT 10UF 20% 35V AVX TAPI0M35F A EA 3
C15 120017 CAP PC 10nF 20% 100V WlMA FKC2 EA 1
C16 180047 CAP AE 1000UF' 40V ECC SMVB EA 2
Cl? 180047 CAP AE 1000UF' 40V ECC SMVB EA -

ClB 104026 CAP CD 47NF +50"%-20% 50V SIEMENS B37449 EA 10
C19 104026 CAP CD 47NF' +50%-20% 50V SIEMENS B37449 EA -
C20 150015 CAP DT 10UP 20% 35V AVX TAPI0M35F' A EA -
C21 150015 CAP DT 10UF 20% 35V AVX TAPI0M35P A EA -
C22 104026 CAP CD 47NF' +50%-20% 50V SIEMENS B37449 EA-

C23 104026 CAP CD 47NF' +50%-20% 50V SIEMENS B37449 EA -
C24 104026 CAP CD 47tlP +50%-20% 50V SIEMENS B37449 EA -
C25 104026 CAP CD 47NF +50%-20% 5CV SIEMEt6 B37449 EA -
C26 104C26 CAI' CD 47NF' +50%-20% 50V SIEMENS B37449 EA -
C27 101026 CAP CiJ 47/1F' +50%-20% 50V SIEM.:NS B3744" EA -
C28 104026 CAP CC 4!NF' "50\-20'(. SOV SIEf!F.'4S B37449 EA -
C29 104026 CAP CD 47NF' +50%-20% 50V SH~MI;NS B37449 I,A -C30 150020 CAP DT 10UF' 20% 25V AVX TAPI0M25F A EA
01 200001 DIODE GP 75mA 75V FAIRCHILD JN4148 EA02 200001 DIODE GP 75mA 75V f'AIHCHILD IN4118 EA -
D3 200001 DIODE GP 75mA 75V f'AIRCHILD IN4118 .IA -
D4 200002 DIODE GP lA 50V pAlflCIIILD lN1001 F:A {;
05 200002 DIODE GP lA 50V pAIHCItILD lN4001 EA
D6 200002 DIODE GP lA 50V F'AIHClIl I.D lN4001 EA -
07 200002 DIODE GP lA 50V FA IRCIIILO IN4001 E:A -
DO 214012 DIODE ZN 2V45 20pPM FERRANTI ZN458 F.A
iJ9 214012 DIODE ZN 2V15 20PP~1 f'ERRAN'rI ZN45B FIA
010 200001 DIODE GP 75mA 75V F'AIRCIIILD 1114118 EA -
DU 220010 DIODE GP SB 11. P. W57JJ A F~A
Ol? 209')03 DIODE BR 1A5 100V MICRO-ELECTRONICS ~1001 rlA



PARTS LIST 03-Nov-B8 DESC: ASSY PCS SMpS CONTROL 4600 ORG NO: Lp400791-1 REV: 0 PAGE NO: 3

DES IG PART NO DESCR I pTION pRINC MANUF CLASS UM QUANTITY CHANGES

EA ­
J::A ­
gt\ ­
Ell 1
EA 2

EA B
EA ­
EA ­
EA .­
EA -

Ell 2
EA ­
EA
EA ­
EA -

EA
EA ­
EA
J::A 2
EA -

EA 1
Ell 2
EA ­
EA
EA

EA 1
EA 1
EA 1
Ell 2
EA -

EA 1
EA 1
EA 3
EA ­
EA -

Ell ­
EA 2
EA ·2
EA
Ell -

EA 1
EA 2
EA ­
EA 2
Ell -

A

11

MC7B15CT
MC7915CT
MC14013BCp
SEE DRG
SEE DRG

TVS515
TVS515
BZX79C24
1N414B
IN414B

IN4001
1114001
ltl414B
I3ZX79C20
TNOI06N3

TNOI06N3
BC337
BC327
BC337
BC327

BS170
2N3904
2N3904
I.M324N
LM324N

MC14046B
HEF452BB
HEF452BB
LM2903N
MC140BIBCp

M20-989 10 05
M20-9B9 05 05
433-854
433-B54
433-854

TYPE C30
~'ypE C30
'I'ypE C30
TYPE C30
TYPE C30

TYPE C30
'I'YPI~ C30
~'ypE C30
L2080A/.500
[,20BOII/.500

SUpERTEX
NATIONIIL
NATIONAL
NATIONAl.
NATIONAL

FAIRCHILD
FAIHCIIILD
F'AIRCIIILD
PIlILII'S
SUpERTEX

UNITRODE
UNITRODE
PilI LIPS
FAIRCHILD
F'AIRCIlILD

SILICONIX
MOTOllOLA
MOTOROLII
NATIONAL
NIITIONAL

MOTOROLA
pHILIPS
pflILIPS
NIITIONIIL
MOTOROLII

MOTOROLA
MOTOROLA
MOTOROLII
DIITRON
DIITRON

HIIRWIN
HIIRWIN
R S CCMpONENTS
H S COMPONENTS
H S COMpONEN'rs

MICP-OVAI{
MICR,WAil
MICHOVIIR
MICIWVAR
M11:HOVAR

MICROVAR
HICROVAH
MICHOVAR

SLOW BLOW ImLL1NG LEE
SLOW BLOW BI~LL ING LEE

TEST POINT TERMINAL
TEST POINT TERMINIIL
TEST POINT TERMINAL
FUSE 500mA 250V 20mm
FUSE 500mA 250V 20mm

TEST POINT TERMIllAL
TEST POINT TERMINAL
TEST POINT TERMINAL
TEST POINT TERMINAL
TEST POINT TERMINAL

TRAN MOSFET N CHAN
TRAN NpN TOn
TRAN NpN T092
IC LIN 01' AMP QUAD
IC LIll 01' AMP QUAD

IC DIG
IC DIG MONO DUAL
IC DIG MONO DUAL
IC LIN V COMp DUAL
IC DIG QUAD 2 1/1' AND

IC DIG REG 15V lA
IC DIG REG -15v lA
IC DIG FLIP/FLOP D.DUAL
GATE DRIVE Tx ASSY
GATE DRIVE Tx ASSY

SOCKET PCS HCRIZ 10WAY
SOCKET pCS 1I0RIZ 5 WAY
PIN VERO 1.0~ SS
PIN VERO 1.0MM SS
PIN VERO 1.0HM SS

DIODE GP lA 50V
DIODE GP lA 50V
DIODE GP 75mA 75V
DIODE ZN 20V 400mW
TRAN MOSFET N CHAN 60V/2.0A

TRAN MOSFET N CHAN 60V/2.0A
TRAN NpN T092
TRAN pNp T092
TRAN llpN T092
TRAN PilI' T092

DIODE ZN 15V 5W
DIODE ZN 15V SW
DIODE ZN 24V 400mW
DIODE GP 75mA 75V
DIODE GP 75mA 75V

260006
260051
2B0011
350002-1
350002-1

605171
605170
620009
620009
620009

620007
620007
620007
620007
620007

620007
620007
620007
9200B4
9200B4

200002
200002
200001
210200
230103

230103
240014
2S0011
240014
2S0011

23007B
240006
240006
260039
260039

2B0145
2B017B
2B0178
260075
2BOOB5

213009
213009
210240
200001
200001

PI
P2B
E1041
EI042
EI043

TPl
TP2
TP3
~'P4

TPS

TP6
TP7
TP8
Fl
F2

M8
M9
M10
T1
T2

013
OH
D1S
016
017

018
Dl9
020
D21
Q2

Q3
Q4
QS
Q6
Q7

Q8
Q9
Q10
HI
M2

M3
M·l
H~

M6
1-17

DATRON IllS'rRUMENTS LTD PARTS LIST 03-Nov-8B DESC: ASSY PCB SMPS CONTROL 4600 DRG NO: 1.1'400791-1 REV: 0 PAGE NO:

DESIG pAWr NO DESCRIPTION PR INC ~IANUF MANUF plIRT NUMBER CLASS UN QUANTITY CHANGES

A

41041B-B
512333
513,)01
590001
590007

590032
602001
605051
605057
605059

pCB SMpS CONTROL
WIRE 1/.2 PTFE IKV ORANGE
WIRE 7/.2 PTFE lKV PINK
SLEEVE NI' 1.5 X 20MM BLK
I.ACHlG TAPE 2. 5MM

SLEEVE.IIS. 4.Bmm YLW
TERMItlAL FSV
HOUSING 4WAY
CRIMP TERMINAL GO PI.
SOCKET PCB 8-WIIY OIL

DBG210
BSG210
IlEl,LERMANN
AI.PIIA

R.S.COMpONENTS
MOLEX
MOLEX
NCJLEX
JERMYN

SEF: DRG
~'YPF: C
TYPE C
HIS
LC136

399-51B
02-04-5114
6471 SERIES 22-01-20
4B09-GL
J23-1B008 A

AR
AR
EA
All

AR 1
Ell 2
EA 1
EA 3
EA 1

JERMYN TOIB-OOBD
H S COMPONENTS 543-197
PARK ROYAL PORCELAIN No2
~1.~NSOl. (PREf'ORHS) Uf H5363B/3
RS 554-311

605060
605061
611006
613005
615002

61B004
63001B
630024
630243
900003

920089
920J26

SOCKET pCB 14-~~Y OIL
SOCKET pCB 16-WIIY OIL
SCREW M3 X 10 pOZIpAN SZP
WASHER H3 INT SHAKEpROOF
NUT M3 FULL SZP

PAD MNTG. TOIB
GROMMET 4.0 DIA.
BEAD CERAMIC 16 SWG
BEAD GLASS 2.4 X O.Bl X 1.B
HE.~TSIIRIllK COMPOUND

IIEIITSINK T0220
rUSE 1I0l.DF:H pCB 20MM

TIIERHALOY
BEt,t.Ill<; r.f:E

J23-1B014
J23-'lB016

607313
1.1426

A
A

EA 4
EA 3
Ell 2
EA 2
EA 2

EA 2
EA 1
EA 4
EA 20
All 1

EA 2
EA 2

End



o

0
0-

0

0

f') 0

J 0

m

0

0

+

J31

MOUNT 0106-0110 ON
GLASS BEADS (630243)
1 PER LEG

C104I

5103 5102 I
I

0 0 I

o

o

-------D-.,
MOUNT THESE COMPONENTS ON

THE SOLDER SIDE OF THE PCB

0106 - 0111, S102, S103.

"I
I
I
I
I

I
o

0.1in

•
0

m- e-
0 0

o- m m

0Cl 0 0

gj m J ..
i"-

m en
J 0 0 0

J J.. .. "
" 0

"J30 m

I: o " 0 " 0 " 11 0

"

0920126

REMOVE PINS--I---l+,..,

SHOWN'" '

DRILL HOLE O.Bmm DIA

WHERE INDICATED AT

"A". (SOLDER SIDE OF

PCB SHOWN)

FIT WIRE LINK (540001)

BETWEEN "A" AND PAD

"B" AFTER FiniNG RL 101

SOLDER SIDE

400899

0000000000

o 0 0 0 ~9 0 0 0 0 0

AT "0"

Q101 ­
JOINED LEG

FIT P30 TO J30

WHEN SWITCH IS

SCREWED TO PCB

U101 MUST BE SOLDERED
DIRECTLY INTO pes

==.:J 40FF

WIRES : RED & BLACK = 45mm

BLUE & BROWN = 50mm

SLEEVE EACH JOINT
1/2 X 590001

10.2-25





DATRON INSTRUMENTS LTO PARTS LIST 16-Mar-89 DESC: ASSY PCB FRONT 4600 ORG NO: LP400792-1 REV: 2 PAaR t!'l:

DESIG PART NO DESCRIPTION PIlINC MANUF MANUF PAI1T NUMBER CLASS UM QUJ\lI'I'I'I'Y CHAlltll,:S

EA
EA
EA
EA
EA -

E,\ ­
EA ­
EA ­
E/I
EA -

E/I
EA
RA ­
Rt'\
E/I

E/I
c~A

All
AR
/Ill

1::,\ I
f:A 1
E/I 1
E/I 3
EA 2

EA ­
Ell
EA ­
EA ­
f:A

EA
r~t\

EA ­
E/I ­
EA

EA 1
EA 1
EA 2
E,\ 3
EA 2

/Ill 1
EA 2
EA I
E/I 4
EA 2

A

A

A
A
A

H8C
H8C
TAPIROM35F
SMVB 2200UF/40V
SMVB 2200UF/40V

EG1700/16
IN4005
BZX55C200
lN4148
WOOl

WOOl
MV57124
MV57124
MV57124
MV57124

MV57124
1'!,MP5801
1tI4148
lN4148
IRFDI13

6N139
OKla-5v
22-29-2041
22-29-2081
22-29-2121

22-29-2081
22-29-2121
22-29-2041
22-29-2061
22-29-2081

SEE DRG
SRL BLACK/RED
SilL BLACK/RED
L2080A/.500
SEE DRG

554-793
SEE ORG
TYPE C
TYPE C
TYPE C

'rYPE C
H15
6471 SERIES 22-01-20
08-56-0120

RS

BSG210
BSG210
BSG210

BSG210
I/El,I,ERMAtm
HOI,EX
HOLEX

HOI,SYlORTHY
HOLSHOH'!'HY
AVX
STC
STC

STEATI1'E
FAIIlCI/IW
THOHPSON
fAIRCI/ILD
MICRO-ELECTRONICS

MICRO-ELECTRONICS
GI
GI
GI
GI

GI
IIl-V
r'A 111<:111 W
F/lIRCHILD
IR

H. P.
SDS
HOLEX
HOLEX
HOLEX

HOLEX
HOLEX
M01,EX
MOl,EX
HOLEX

DATI10N
SCI/ADOYI
SCI//\DOH

BLOW BELLING LEE

WIRE 7/.2 PTFE lKV BLU
SLEEVE NP 1.5 X 20HM BLK
HOUSING 8 WAY .1"
CRIMP TERMINAL GO PL
SCREW M2.5 X 6 POZIPAN SZP

PLUG PCB 8 WAY .1"
PLUG PCB 12-WAY .1"
PLUG PCB 4-WAY .1"
PLUG PCB 6-WAY .1"
PLUG PCB 8 WAY .1"

ASSY RIBBON CABLE 4600
SWITCH IP C/O
SWITCH IP C/O
FUSE 500mA 250V 20mm SLOW
PCB FRONT

LABEL SERIAL/ASSY No.
LABEL SSD WARNING 12 X 12mm
WIRE 7/.2 PTFE lKV BLK
WIRE 7/.2 PTFE lKV BRN
WIRE 7/.2 PTFE lKV RED

OPTO ISOL 3KV
IlElJ'.Y IPNO POWER HOtlOSTABLE
PLUG PCB 4-WAY .1"
PLUG PCB 8 WAY .1"
PLUG PCB 12-WAY .1"

RES MF 56K2 1% .12W 50PPM
RES MF IMOO 1\ .12W 50PPM
CAP DT lUF 20\ 35V
CAP AE 2200UF 40V
CAP AE 2200UF 40V

CAP AE 4700UF 16V
DIODE GP lA 600V
DIODE ZN 200V 500mW
DIODE GP 75mA 75V
DIODE BR lA5 100V

DIODE BR lA5 100V
DIODE LE RED RECT
DIODE LE RED RECT
DIODE LE RED RECT
DIODE LE RED RECT

DIODE LE RED RECT
DIODE LE BICOLOUR R/G
DIODE GP 75mA 75V
DIODE GP 75mA 75V
TRAN MOSFET N CHAN 60V 0.8A

015622
041004
150016
180027
180027

180004
200006
213019
200001
209003

209003
220045
220045
220045
220045

220045
220046
200001
200001
230100

220038
3~0054

604033
60~087

604086

604087
604086
604033
604075
604087

400899-1
700061
700061
920084
410410-B

.420098
420112-1
512000
512111
512222

512666
590001
605052
605057
611011

RI0l
RI02
CI0l
CI02
CI03

CI04
0101
DI02
0103
0104

0105
0106
0107
0108
0109

0110
0111
0112
DID
QI0l

UI01
Rl,101
J2
J13
J17

J18
J19
J20
J25
J30

J31
S102
S103
FI01

DATRON INSTRUMENTS LTO PARTS LIST 16-Mar-89 DESC: ASSY PCB FRONT 4600 DRG NO: LP400792-1 I1f:V: 2 PAGE tI":

DESIG PART NO DESCRIPTION PRINC MANUF CLASS UM QUJ\llTI'l'Y CHANGES

MANSOL (PREFORMS) LT M5363B/3
RICHCO WS-A-2-01

613012
613014
615006
630243
630309

700063
920126

HASHER M2. 5 SZP
WASHER M2.5 INT. SHAKP.
NUT M2,5 FULL SZP
BEAD GLASS 2.4 X 0.81 X 1.8
WIRE SADDLE PCB MOUNT

SWITCH 2P 2POSN ROCKER
FUSE HOLDER PCB 20HM

PLESSEY
BELLING LEE

408/1/38521/110
L1426

/I

EA 2
EA 2
E/I 2
EA 10
EA 1

EA
EA

End





NOie

I
GRE£N Et YELWW WIRES ARE NoT R(fJ{)II!EP.
CUT OFF AT THIS POINT AT BOTH ENDS .

'* SCREEN TO f;E
UN-~DED l
""" eNDS. \

, .

IN5Eli?i

SlUt

WHilE

VIOLET

YIEW ON SOLDER. PINS
OF 5OCI(E.T IN5E:~.

RED eL~CK

SCREEN BRAID PULLED
BACK OVER COLLf.l

10,2-27



~~~)., PLUG ~E.Ll ASsy.

IN~UlA"ION TAPe
PREYfNT 6Ho1lT CltlCOrr

1(ll:!l!5ON END::!>. CUT TO
e2"""" x IB

10.2·28



01,1'R01l IIISTI<lIt-IE1ITS LTD PARTS L1ST 25-0ct-88 DESC, ASSY CABLE DRG 110, LP400843-1 PAGE NO,

DESIG PART NO DESCRIPTIOtl PRHlC BANUf' ~L~NUr' PAR1' NUt-IBER CLASS UB QUANTITY CHANGES_.. _----------------- ----------_ .. _-------

560009 CABLE 8 CORE 7/0.2 PVC SC ~lH 1500
6HJ\¥ C.~BLE flN'!' PLUG LEt·IO FGG2B306CNAD62 EA 1
6H.;Y CABLE t·IIIT SOCKET LEBO FGJ2B306CtlLD62 EA 1

590055 SLEEVE SILIC01l Imm BLK R S COBP01lE1ITS 399-394 AR

End

DATR01l INS'!'RUflE1I'!'S L'l'D PARTS LIST 31-Jan-09 DEeC, ASSY CIIBLE C01lTROL 4600 VHG 110: LP400052-1 PAGE tlo:

------------------------------ -------- .. __._-_._-_._-_._-
DESIG PART NO DESCRIPTION PR1NC ~NUF 1~\NUF PART NUt-IBER CLASS UB QUANTI TY CHANGES

End

570014
604102
606036
630274

CABLE fLIIT 15 WAY ROUND JACKET
PLUG 15WIIY DELTA PIN
CIIBLE flOUNT HET JUNC SHELL
TAPE P'!'FE O. 5mm THK x 30mm

3H
3H
3H
DALAU

3659/15Sf'
0215-8009
3357-0215

HB
EA
EA
AR

1500
2
2
1



lJATBON illSTIlUHENTS ur" PAIlTS LIST' 12-Jan-89 DES:, !ISSY CABLE SIG OUTPUT 460J DRG 110, ~r400853-1 PAGE: tt0:

DESIG PAR'!' 110 DESCIlI PTIOII ~L\IIUF PAWl IIUHBEH CLl\SS UH QUANTITY CHAIIGES

530555 HIIU;; 24/.2 PVC 1.5KV GIUl lJEF61-12 AR J
550008 CA[J[,E 2 COIlE 50/.025 IlUBBEIl STC 428J2X HH J
590030 SL8EVE liS 18. OMH BLK HELLEBHAII SF'/1l8-6BK AR 1
920166 PLUG BUIICH PIN 4l·ll·! DIA BRll DELTBOII 555/BIlII BllP EA 2
920169 PLUG BUIICII PIN 4HM DIA BLU DEUI'llON 555/BLU BliP EA 2

920214 PLUG BUNCH PIN 4HH DIA GRN DEUJ.'HON 555/GBN BNP EA 2

End



LENGTH =: 1250II1II""

51-U<lNK 5LEEVe.

10.2-29





ARGENTINA
Reycom Electronica SA
B de Irigoyen 972 2DO Piso C,
1304 Buenos Aires
Tel: 541304 2018
Telex: -----
Fax: 54 1304 2010

AUSTRALIA
Scientific Devices Pty. Ltd
PO Box 63, 2 Jacks Road,
South Oakleigh, Victoria 3167
Tel: 61 35793622
Telex: AA32724
Fax: 61 3 579 0971

AUSTRIA
Waiter Rekirsch, und Co.
Vertriebs KG, Obachgasse 28,1220 Wien
Tel: 43 1 2597270
Telex: -----
Fax: 43 1 259 7275

BELGIUM
Air-Parts International B. V.
Avenue Huart-Hamoirlaan 1,
Box 34, 1030 Bruxelles
Tel: 32 2 241 6460
Telax: -----
Fax: 322241 8130

BOLIVIA
Electronic Marconi SRL
Colle Yanacocha 337,
Cajon Posta1143, La Paz
Tel: 591 2352574
Telex: -----
Fax: 591 2314540

BRAZil
Sistronics Instrumentacao
E SistemllS
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: 55 11 523 8457

CHILE
Avantec Ltda
PO Box 1087
Fidel Oteiza 1921 - Of. 1106
Providencia - Santiago
Tel: 5623411021
Telex:
Fax: 562341 1020

Wavetek Corporation;
Beijing Representative Office.
271F Room GH, ClTIC Building,
19 Jianguomenwai Dajie,
Beijinglססoo4
Tel: 861 5002255 Ext. 2768
Telex:
Fax: 861 500 8199

CHINA (Service Only)
Tianjin Zhong Huan
Scientific Instruments Corp.
No. 59 Zhao Jia Chang Street,
Hong Qiao Section, Tianjin
Tel: 753732

-Telex: -----
Fax: 22 252 625

DENMARK
Instrutek-Periferi AlS,
Christiansholmsgade
8700 Horsens
Tel: 4575611 100
Telex: -----
Fax: 4575615658

EASTERN EUROPE
Wavetek GmbH
Meidlinger,
HauptstraBe 46,
A-1120 Wien,
Austria
Tel: 43 1 8135628
Telex: ---
Fax: 431 8132426

EGYPT & MIDDLE
Shimco Engineering Consulltants
8, Abani Pasha Street,
Zizinia, Alexandria
Tel: 20 3 5864999
Telex: -----
Fax: 20 3 586 6200

FINLAND
Finn Metric ay
Scandia Metric Group
PO Box 4, Riihitonuntie 2
FIN-02201 Espoo
Tel: 3580423 911
Telex: -----
Fax: 358 0 426 967

FRANCE
M. B. Electronique
606 Rue Foumy-BP31, Z.l. de Buc,
78533 BUC CEDEX
Tel: 33 1 39 56 81 31
Telex: 842695414
Fax: 33 1 39 56 53 44

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

GREECE
American Technical
Enterprises SA
PO Box 3156
Agiou Konstantinou 39,
Athens 10210.
Tel: 30 1 5240620

301 5240740
Telex: 863216046 ATE GR
Fax: 30 1 5249995

Sales and Service

HONG KONG
Wavetek Asia Pacific Sales Office
Room 3A, HKPC Building,
78 Tat Chee Avenue,
Kowloon, Hong Kong
TsI: 852 788 6221
Telex: -----
Fax: 852 788 6220

HONG KONG
Euro Tecn (Far ElISt) Ltd
181F., Gee Chang Hong Centre,
65 Wong Chuk Hang Road,
Hong Kong
Tel: 8528140311
Telex: 780 72449 EFELD HX
Fax: 8528735974

INDIA
Technical Trade Links

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

91 22 834 2204
Telex: 011 95379261 TTLIN
Fax: 91 22 837 6719

• Flat B, 2nd Floor, Ashoka Centre, 4E115,
lhandewalan Extn.,
New Delhi - 110055
Tel: 91 11 752 7277
Telex: 953031 61614 APLB IN
Fax: 91 11 752 6036

INDONESIA
C. V. Schmidt Mitra Indonesia
Delta Bldg., Block A, No. 30,
JL Suryo Pranoto No 1-9,
Jakarta 10160.
Tel: 6221 360 7845
Telex: 796 46729 SCHMIDIA
Fax: 6221 3807847

IRELAND
Euro Electronic Systems
Unit 1, Sandyford Park,
Sandyford Ind. Est., Dublin 18.
Tel: 35312952326
Telex:
Fax: 35312952246

ISRAEL
DAN-EL Technologies Ltd.
PO Box 13144, Office 60,
Tel-Aviv 61131.
Tal: 972 3 647 8770
Telex: 342105
Fax: 97236478771

ITALY
DELO Instruments
Via Piemonte 14
20090 Fizzonasco Pieve E,
Milano
Tel: 39 2 907 22441
Telex:
Fax: 39290722742

WR1



Sales and Service

JAPAN
Yokogawa Electric Corporation
Kofu General Business Division'
155 Takamuro-Cho
Kofu-Shi, Yamanashi-Ken 400
Tel: 0552430332
Telex:
Fax: 0552 43 0399

KOREA
Myoung Corporation
Yeo Eui Do, PO Box 14, Seoul
Tel: 82 2 784 9942
Telex: K 24283 MYOUNG
Fax: 82 2 784 2387

MALAYSIA
Schmidt Scientific SDN BHD
13th Floor, Wisma Mirama,
Jalan Wisma Putra,
P. O. Box 10592,
50718 Kuala Lumpur.
Tel: 6032427122
Telex: 30035 SCHMID MA
Fax: 6032485143

MEXICO
Mexitex, S.A.
Portirio Diaz 53, Col. Del Valle,
APDO, Postal 12-1012
Mexico, D.F. 03100
Tel: 525575 9929

5255750312
5255750269

Telex: 177 3239 MEXIME
Fax: 525 575 9981

MOROCCO
MinholSA
64 Rue El Mortada,
Casablanca 02.
Tel: 2122255292
Telex: CC24064
Fax: 212 92

NETHERLANDS
Air Parts International BV
PO Box 255, Kalkovenweg 12, 2400 AG
Alphen aan den Rijri
Tel: 31 1172043221
Telex: 844 39564
Fax: 31 1 172020651

NEW ZEALAND
G. T. S. Engineering Ltd
5 Porters Avenue, Eden Terrace,
PO Box 9613 Newmarket Auckland
Tel: 64 9 3092464
Telex: .••••
Fax: 64 9 309 2968

NORWAY
MetricAfS
Scandia Metric Group
Postboks 46, Holmlia
Nordasveien 5
N-1201 Oslo 12.
Tel: 47·22·61'1070
Telex: •..
Fax: 47·22·61·7492

PHILIPPINES
Avesco Marketing Corp.
PO Box 3531,
Manila
Tel: 6329128881
Telex:
Fax: 63 2 912 2999

WR2

PORTUGAL
DecadaSA
Rua Margarida Palla. lIB
Miraflores, 1495 Alges
Lisboa.
Tel: 351 14103420
Telex: 83215515 ESPBPC
Fax: 351 1 4101644

SAUDI ARABIA
Electronic Equipment Marketing Co.
PO Box 3750,
30th Street, Olaya Road
Riyadh 11481,
Tel: 9661 4771650
Tefex: 928401120 ZUHAIRSJ
Fax: 9661 4785140

SINGAPORE (1)
Wavetek Asia·Pacific Pte Ltd
51 Goldhill Plaza # 14-04/05
Singapore 1130
Tel: 653562522
Fax: 65 356 2523

SINGAPORE (2)
O'Connor's Singapore Pie Ltd
O'Connor's House,
98, Pasir Panjang Road,
Singapore 0511
Tel: 654737944
Telex: ._••.
Fax: 65 472 4508

SOUTH AFRICA
Altech Instruments Pty Ltd
PO Box 2097,
Boksburg 1460
Transvaal
Tel: 27 11 9144525
Telex:
Fax: 27 11 914 1475

SPAIN
Equipos y Systemas SA
clo Apolonio Morales 13B,
28036 Madrid
Tel: 34 1 3590088
Telex: 42856
Fax: 34 1 359 0298

SWEDEN
KaliberAB
Maltesholmvagen 136,
Box 4443 S-165 15 Hasselby
Stockholm
Tel: 010468380350
Telex: ...••
Fax: 010468380320

SWITZERLAND
Computer Controls AG
Probusweg 2, CH-80S7 Zurich
Tel: 41 1 3130616
Telex: •.•••
Fax: 41 1 3130622

TAIWAN
Quatek Co., Ltd.
3rd FI., Spring Plaza, 6,
Section 3,
Min Chuan E. Road.,
Taiwan, R.O.C.
Tel: 8862 501 7065
Telex:
Fax: 886 2 509 5329

THAILAND
Trane International Co. Lid
13 Soi Krungthonburi 4
Krungthonburi Road, Klongsan,
PO Box 649 BKK,
10600 Thailand.
Tel: 662 438 0038
Telex: •••••
Fax: 662 438 6098

TURKEY
Turkelek
Hatay Sokak 8
06650 Ankara,
Tel: 903124189483
Telex:
Fax: 90 312 417 5529

UNITED KINGDOM
Wavetek Calibration Division
52 Hurricane Way,
Norwich Airport,
Norwich, Norfolk NR6 6JB, England
Tel: 44 1603 404 824
Telex: 851 975173
Fax: 44 1603 483 670

UNITED STATES of AMERICA
• Wavetek Calibration Division (Service

Only): do Wavetek Communication
Division
5808 Churchman Bypass,
Indianapolis, IN 46203
Tel: 317788 5960
Telex: 8103413226
Fax: 317788 5999

• Wavetek Eastern Area Sales
35 Pinelawn Road, Suite 209W,
Melville, NY 11747
Tel: 516454 8440
Telex: •••••
Fax: 516 454 6446

• Wavetek Western Area
Sales & Service
9145 BalOOa Avenue,
San Diego, CA 92123
Tel: 6192792200
Telex: •••••
Fax: 619 450 0325

VENEZUELA
OnimexC.A.
2 Avenue Entre,
3 & 4 Transversal,
Los Palos Grandes,
Apartado Postal 61421
Caracas 1062,
Tel: 5822858641
Telex: •••••
Fax: 5822856417

For customers In cQuntrles not listed, please
contact WAVETEK CAUBRATION DIVISION In
the United Kingdom:

Wavetek Calibration Division
52 Hurricane Way,
Norwich Airport,
Norwich, Norfolk NR6 6JB, England
Tel: 441603404 824·
Telex: 851 975173
Fax: 441603483670



CATRON INSTRUMENTS FAILURE REPORT.

Please complete all sections and return with your instrument.

Company: .

Division: DepartmenVMail Stop .

User, Name: Telephone Ext .

Serial number: .

Datron Return Authorisation number Date of failure .

Brief description of fault: .

Fault details:

is the fault present on all ranges? Yes c=J No Not Applicable D
if no describe: .

is the fault present on all functions? Yes c=J No c=J Not Applicable D
is the fault: Permanent c=J Intermittent c=J
if intermittent under what conditions does the fault re-appear .

Does the instrument pass 'self test?' Yes c=J No c=J
Any fail/error message displayed:

Now: Yes c=J No c=J if yes describe .

At the time of fault: Yes c=J No c=J
if yes describe .

Prior to fault: Yes c=J No c=J
if yes describe .

Is the instrument used on I.E.E.E 488 bus? Yes c=J No c:=J
Is the instrument normally enclosed in a rack? Yes c:=J No c:=J
Approximate ambient temperature .






