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Mote to Readers

This handbook has been designed for you to get the best use from your 4700, The sections are put togetherin a
sequence flowing logically from one subject to ancther, so that understanding increases as the text is read
naturally from front to rear. Here is an alternative (explanatory !) version of the Section Titles:

Bact 1. Introduction and a brief account of the internal design.

Seet 2. Physical connections and mounting — getting it installed.

Sect 3. A Drief scan of the available controls — where they are and what they do.

Sect 4. The correct procedures for making the 4700 peﬁbfm for you.

Sect 5. How your 4700 can operate within an IEEE 488 system — the device dependent codes vou will need
to use,

Sect 6. Specifications — what accuracy you can expect to get from your instrurnent.
Sect 7. Verification that your 4700 maiches the high specification it had when it left the factory.

Sect 8. How to restore your 4700 to its original specification after it has suffered the ravages of time and
{emperature,

We are confident that your 4700 will give you many vears of accurate and reliable service, and hope that you
will use this handbook to obtain maximum benefit from its many facilities.



SECTION 1

THE DATRON 4700
AUTOCAL MULTIFUNCTION CALIBRATOR

T3

General View of Datron 4700 Autocal Multifunction Calibrator

introduction

The Datron 4700 Autocal Multifunction Calibrator is a high-precision calibrator which features exceptionally
high stability and full systems capabliity. It is characterized by a wide-range coverage of DC Voltage, AC

~ Voltage, DC Current, AC Current and Resistance functions in a single unit.
™ The basic instrument inclndes both DC Voltage and AC_Voliage calibration sources up to the

‘ - 100Y range
(200V maximum output).

et

-

Option 10 (factory-fitted) extends both DC Voltage and AC Voltage functions up to the 1000V range (1100V
maximum ouiput).

Option 20 (field or factory-fitted) adds calibration sources of DC Current, AC Current and Resistance,

The 4700 incorporates a reference module containing precision temperature-compensation elements,
maintzining & high accuracy specification over the ambient temperature range of 23°C £ 10°C. A highlevel of
stability is achieved by use of super-selected reference components and ultra-stable gain-defining resistors. The
‘ Autocal’ feature ensures that its 24-hour specifications are usable; nof merely figures of merit

The 4700 uses a microprocessor for control management, simalifying its use in compiex manual operations,
such as calibration of high-quality digital multimeters. The JIEEE 488 interface provides a comprehensive
remote programming capability, allowing programmed calibration of the 4700 itself.

-1



Standard and Optional Facilities

DC Voliage Ranges

The basic instrument provides DU  Voliage
calibration facilities in seven decade ranges from
7 100pV to & 100V By fitting Option 10, an eighth
decade range to X 1000V is available. 100%
overrange is incerporated, except on the optional -
1000V range, when the output is limited to
1160V,

Hesolution and Accuracy

The maximum resolution is 7% digits with a unique
facility for displaying the specified accuracy of any
output voltage. The 4700 specification is in
Section 6.

AC Voltage Ranges

The basic instrument provides AC  Voltage
calibration facilities in six decade ranges from 1mV
to [00V. By fitting Option 10, a seventh decade
range to 1000V is available. 100% overrange is
incorporated, except on the optional 1000V range
{see page 3-6), when the output is limited to
1100V,

Resoiution and Accuracy

The maximum resolution is 6% digits with a unique
facility for displaying the specified accuracy of any
output voltage. The 4700 specification is in
Section 6,

DC Current Ranges
By fitting Option 20, the instrument can be used to

calibrate DC Current in five decade ranges from -

1004A to A,

Resolution and Accuracy

The maximum resolution is 6% digits with a unique
facility for displaying the specified accuracy of
output current. The 4700 specification is in
Section 6. ‘

AC Current Ranges

By fitting Option 20, the instrument can be used to
calibrate AC Current in fve decade ranges from
100uA 10 1AL

Resolution and Accuracy

The maximum resolution is 6% digits with a unique
facility for displaying the specified accuracy of
output current. The 4700 specification is in
Section &,

P AL

Resistance

By fitting Option 20, the instrument can be used to
calibrate resistance in eight decade ranges from
10ochm to 100Mohm.

HAesolution and Accuracy .

The maximum resolution is 7% digits with a unique
facility for displaying the specified accuracy of any
output resistance. The 4700 specification is in
Section 6.

Frequency

The output frequency of the 4700 extends from
10z to t MHz in five overiapping decade ranges, af
a resolution of 1% of nominal Frequency Range.
Any five frequency values within the range of the
instrument can be stored in volatile memory.

Autocal

All Datron AUTOCAL instruments are designed to
make the removal of the covers for calibration
unnecessary, as full routine calibration of all ranges
and functions can be carried out from the front panel
or over the IEEE 488 bus. _

Accidental or unauthorized use of the calibration
routine is prevented by a key-operated switch on the
instrument rear panel. The procedure for calibrating
this instrument is contained in Section 8.

il

Output Deviation

A user may deviate the output voltage from the
output display value by introducing a gain ‘Error’
within the general range % 10%. Additionally, for
DC functions, the output may be ‘offset’ by up to =+
2% of the range in use, or 2001V, whichever is
greater.

Remote Sense

The specified output voltage may be sensed at the
load, using 4-wire connections. Remote or Local
Sense is selectable from the front panel.

Remote Guard
This facility allows the instrument’s internal guard
shields 1o be externaily connected.



Seli-test

CGn power-up, the internal calibration memory is
automatically checked. At any time when the cutput
is off and not under remote control, a user may
conduct a sequenced test of the displays, keyboard,
safety circuitry and Reset function.

Message Readout

Messages to the user are presented on the MODE

display:
The two main groups are:
Fail

An internal fault condition has been detecied.

Error
A user has selected a task which is outside the
mstrument’s capability,

Systems Use

The instrument can form part of a system by means
of the TEEE 488 standard digital interface. The
method of connecting to the system controller and
the command codes are described in Section 3.

SAFETY

For protection of the user, safety trip circuits are
incorporated to switch the QUTPUT OFF, in the
event of instrument failures which might generale
dangerous ouipui voltages.

UNDER NO CIRCUMSTANCES SHOULD
USERS TOUCH ANY OF THE OUTPUT,
SENSE OR GUARD TERMINALS UNLESS
THEY ARE FIRST SATISFIED THAT NO
DANGEROUS VOLTAGE IS PRESEHNT.

Optional Facilities

The available options for the 4700 are as follows:

Option 10: 1000V ranges (DCV and ACV)

Option 20: DC  Cuwrrent, AC  Current and
Resistance functions

Option 42: Rear output terminals {as a factory--
fitted alternative to front panel
terminais).

NEBE: The rear outpwt option i3 not
recommended for best performance in
calibrating high bandwidth, low level
instruments.

Option 90: Rack-mousnting kit.

Accessories

The instroment is suppled with the following
ACCessories:

Description Part - Number
Power Cable 920012
Set of Calibration keys 700668
User's Handbook 850032

Calibration and Servicing dandbook
{2 vohunes) {Volume 1) 830057
{Volume 2) 850055

In addition the following accessories are available
for use with the 4700 instrument:

Deseripiion Part Number
RME Rack-mounting kit (Option 80) 440094
Special Lead Kit 446070

Additional Documentation

The Calibration and Servicing Handbeok containg
information required to adjust and service the 4700
instrument. It containg detaited descriptions of the
circuits,  trouble-shooting and  calibration
procedures, parts lists, layout drawings and circuit
diagrams,



Principles of Operation
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Stmplified Functional Diagram . This shows the division and flow of functions within the 47060,

Inputs
The 6802 microprocessor controls the output in
response w0 three main inputs:

ij Front panel keys.

i} IEEE 488 bus
operation.

iiij Corrections placed in non-volatile mermory
during “Autocalibration’. These modify the
values which control the output.

messages in  ‘Remote’

After processing, the computing system changes the
output of the instrument to respond to the frrput
instructions.

Reference Voltages

A 20V DC ‘Master’ Voitage Reference establishes
the fundamental accuracy of the instrument. From
this 20V, a precision electronic divider derives an

o

adjustable ‘Working’ reference voltage between OV
and 20V, whose value depends on digital inputs from

front panel keys and calibration memory.

Precision Electronic Divider

In the out-guard section the selected output value,
including calibration corrections, is set into a digital
comparator as a 25-bit number, This is counted out
by a crystal controlled hinary counter, resulting in a
125Hz square wave whose mark : period ratio
accurately represents the output value selection.
When transferred into guard. it chops the Master
Reference voltage. A 7-pole active low-pass filter
integrates the chopped reference, to generate the
ripple-free DC Working Reference Voltage.

DO Voitage Output :
The working reference for DC Voltage Qutput is
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AC/AL Comparator

The comparator generates an error voliage
proportional to the difference between the RMS
values of the AC reference and the sensed output, It
alternately samples a number of cycles from its ‘Ref”
and ‘Sense’ inputs, computes and integrates the
squares of their instantaneous values, and uses a
‘Sample and Hold’ techaique to subiract one from
the other, this being the ‘error’ voltage to control the
VCA. The loop thus controls the 4700 output so that
the RMS value of the comparator’s sense input
equates to that of its reference input.

Option 20
Current and Resisiance

DC Current

On changing functions to DC Current, the Working
Reference voltage is switched to drive a voltage-to-
current converter, and the QUTPUT display legend
is changed fo uA, mA or A, Over-voltage protection
is provided, and the QOutput lines are fased.

AC Current

An AC Current output is produced by the voltage-to-
current converter. The 100pA and 1A ranges are
driven directly from the basic [V range, and the
others from the 10V range. Ranpe selection is
achieved by switching internal shunts. Cutput
protection against over-voltage is provided, and the
output lines are fused, The QOUTPUT display legend
is altered to pA, mA or A.

Resistance

Remote Sense. One of a set of eight precision
resistors is internally 4-wire connected to the I+,
i—, Hi and Lo terminals by operation of each
RANGE key. Simultaneously the 4-wire calibrated
value of the resistor is displayed (QUTPUT
display}. Pressing the QUTPUT Zero key connects
a true 4-wire short to the terminals, and the
OUTPUT display indicates zero. This zero display
value cannot be recalibrated.

Local Sense [Rermuote Sense LED Unlid. The
connections fo the resistor remain the same, but the
display value includes the resistance of the
connections form the Hi and Lo terminals to the
resistor. The arrangement provides a calibrated
2-wire facility with external connection to the Hi and
Lo terminals. The Zero key shorts the Hi and Lo
terminals, in this case the resistance between the
termiinals is displaved and may be recalibrated.
When () is selected from any other function, the
4700 is forced into Remote Sense, but this may be
deselected for 2-wire operation.

I
b

Autocalibration

By setting the CAY, EMNABLE security keyswitch on
the rear panel to EMABLE, the 4700 can be
calibrated. {Refer to Section 8). The output vaiue is
measured and the microprocessor is activated, to
add any new corrections to factors already retained .
in non-voltaile memory. The updated correction
factors are applied in the normal RUN mode.

Processor
A 0802-series microprocessor controls the internal
performance  of the instrumeni, employing

26K bytes of program memory.

2K bytes of memory are used for stack and work
space, and 2K bytes are made non-volatile by a
battery-powered back-up supply, storing calibration
correction factors.

With the exception of the Power ON/OFF switch,
each front and rear panel control provides an input to
the microprocessor system, which fransiates the
information to command the 4700 analog and
calibration functions. ‘

The processor also controfs the display, the
IEEE 488 Interface Bus and the operation of the
restart and error circuitry.



SECTION 2 INSTALLATION

This section contains information and instructions for unpacking and installing the Datros 4700.

Unpacking and inspection

Every care i$ taken in the choice of packing materials
to ensure that your equipment will reach you in
perfect condition.

If the eguipment has been subject to excessive
mishandling in transit, the fact will probably be
visible as external damage to the shipping carton. In
the event of damage, the shipping container and
cushioning 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
are as described in Section 1.

Preparation for Operation

DANGER

THIS INSTRUMENT [5 CAPABLE OF
DELIVERING A LETHAL ELECTRIC
SHOCK. THE I+, I, Hi and Lo TERMINALS
ARFE MARKED WITH ™~ SYMBOL TC
WARN USERS OF THIS DANGER.

UNDER NG CIRCUMSTANCES SHOULD
USERS TOUCH ANY OF THE FRONT
TERMINALS UNLESS THEY ARE FIRST
SATISFIED THAT NO DANGEROUS
VOLTAGE IS PRESENT.

Power Input

The recess POWER INFUT plug, POWER FUSE
and LINE VOLTAGE SELECTOR are contained
in an integral filtered module at the center of the rear
panel.

The protective window allows the fuse rating and
tine voltage selection to be inspected with the power
socket connected. This window slides to the lefi once
the socket has been disconnecied, for access o the
fuse and voltage selector printed circuit board.

i ”'f
‘ e - i T i
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Power cable

The detachable supply cable, comprising two meters
of 3-core PVC sheath-cable permanently moulded to
a fully-shrouded 3-pin socket, fits in the POWER
INPUT phug 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 Black lead to Line, White lead to Neutral
and Green lead to Ground. (European: Brown lead
to Line, Blue lead to Neutral, and Green/Yellow
lead to Ground).

Line voltage

The 4700 is operative within the line voltage ranges
100/115/120/220/230/240V + 10%, 50 or 60Hz,
To accommodate the ranges, a small PC selector
board is housed heneath the POWER FUSE,

Operating Voltage Selection

FIRST ensure the POWER CABLE is removed.
Slide the window to the left to reveal the fuse and PC
selector board.

Diraw the fuse-extractor to the left and remove the
fuse,

Remove the PC selector board and rofate until the
desired voltage is on the left of the upper surface.
Reinsert the selector board frmly into the module
shot.

The desired voltage is visible in the cutout below the
fuse.

Return the fuse extractor to the normal position.
Insert the appropriate POWER FUBSE (see over).
Slide the window to the right and insert the POWER
CABLE. :

Fower Fuse

The fuse rating is:
3154 for 220/240V line suppiy
6.254 for 100/120V line supply

1t is located behind the window in the POWER
INPUT module on the rear panel, and should be of
the anti-surge or SLO BLO type.



WARNING

MAKE SURE THAT ONLY FUSES WITH
THE REQUIRED RATED CURRENT AND
GF THE SPECIFIED TYPE ARE USED FOR
REPLACEMENT. THE USE OF MENDED
FUSES AND THE SHORT CIRCUITING OF
FUSE-HOLDERS SHALL BE AVOIDED,
AND RENDERS THE WARRANTY VOID.

Bench Mounting

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

ﬁéck Mounting

Option 90 permits the instrument to be mounted ina
standard 19 inch cabinet.

To Fit Option 90

CAUTION
Note that the 4700 is designed to be supported at

frontand rear, AT NO TIME should the 4700 be

sapported only by the fromt brackets. On ne
aceount should the upper and lower vovers be
removed.

Remove the two rear spacers from the case sides by

releasing six screws. Fif the fwo rack-mounting

slides to the rear of the case sides and secure using

six of the shorter screws in the option kit.

MN.B. The siides may be reversed to give rearward
axtension,

Fit the two rear rack-mounting ears to the rear of the
cabinet, with tongnes facing forward, In shailow
cabinets it may be necessary to rim the tongue,

CAUTION
Assistance is required fo @t the 4700 into the
cabinet.

Lift the 4700 {nto position in the cabinet, locate the
tongues in the slides, and carefully slide backwards
until the front ears buit up against the cabinet front.
Secure the front ears to the cabinet, Also clear
ventiation for fan cooling o operate properiy.

SUITABLE RACK BEPTHS

@ FIT AS INSTRUCTED

DEPTH

mm i

NOTES

<H3H <25

SHORTEN REARRACK
PAOLINTING EARS

2 OFF 450312 RACK MOUNTING EAR FROMY
2 GFF 480313 AACK MOUNTING EAR REAR
2 OFF 450014 RACK MOUNTING SLIDE

635735 | 2528 | FT AS SHOWN BY DRAWING

12 OFF 811082 MAXEmem SOCKET HD C3K SCREWS

@ REMOVE 735800 | 29-34

REVERSE RACK MOUNTING
SLIDES YO EXTEND PAST
REAR PANEL

2 UFF 450300 REARSPACERS
6 OFF 611038 MAX 2mem SOCKET HD CBK SCREWS

y




Connectors and Pin Designations.

[EEE 488 Input/Output Socket J27.

The TEEE input/output is a 24-way connector thatis
directly compatible with the TEEE 488 interface and
the TEC 625 Bus.

Pin Layout
: ' 2 1

24-Pin Sorket (—)

O

24 13

Pin Designations

7

Pip No | Name | Deseription

1 DG [Data Input Cutput Ling |

¢ DIG2 Datrinput Quiput Line 2

K DBIO3 | Data Inpat Ourpur Line 3

: 4 304 | Data inpat Guiput Line 4

5 EGE Fad ar ldentify

& DAV [aza Valid

4 NEFIDY  [Noesveady for Data
] NDAC §Not Data Accepted
1Y 1IFC Interface Clear
0 SRO) Service Request
it ATN Artention )
12 SHIELD| Screening on cable (connecled 10 4700
Safery Ground) )

1 DI S [Datz Input Ourput Line 5
14 DIOG | Data input OuiputLine d
i PIG7  Data Input Qutput Line 7
i6 R3S §Data Input Output Line §

1 REN Remote Enable

18 OND 6 1Cind wire of twisted pair with DAY
16 GNIFT 1 Gad wire of rwisted pair with NRETS
26G GND & Gnd wire of rwisted paly with NDAC
21 GND U | God wire of twisied pair with IFC

32 (GND 10| Gnd wire of twisted palr with SRQ
23 GND 11 { God wire of reisted pair with ATN
14 GHD 4706 Logic Ground (internally connected

o 700 Safety Groumd)

Rear Output Terminals {Optior 42)

The 4700 is fitted with either six froni panel output
terminals or six-rear output ierminals. The Rear
Output alternative is fitted at the customer’s request
only at manufacture.

The 4700 cannot be fitted with both front and rear
output terminals,

The functions of the six terminals are identical to
those normally fitted on the front panel, and the
external leads are connected in the same way, {See
section 4 for details).

External Reference Frequency input Socket
J&3

This BNC socket is located next to the cooling air
intzke filter. It enables the frequency synthesizer to
be locked to a customer’s own frequency standard
provided that it meets the following criteria:
Valtage: 300mV to 13V peak-to-peak.

Frequency. IMHz + 19 or 10MHz £ 1%

N.B. The socket has an input resistance of -
approximately 500} :

External Reset Socket J54

Pin Layout

©

Pin Designation

8 1

\OO&*OOC)OHDy

VO OO0000 s

NS

J54
Pin Signal
i-3 Not used
6 Reser fine
7-8 Not used
g Reset common
10-15 Not used

N.B. Some of the *not used” pins may be wired for
factory test purposes, h

External Reset Switch Wiring

Socket JB4

FReset ling

Heser commen

Pin eif‘

foe
1
Lot



FRONT or REAR
terminals carry the
Full Output Voktage.

iKILL?!

Guard terminal is
sensitive to over-
voltage

it can damage
your instrument!




SECTION 3 OPERATING CONTROLS

", This section summarizes the main operating features of the 4700, For detailed operating procedures refer fo

Section 4.

Front Paﬁei

—
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TTRRNGER Y ' FREDUENCY RANGE N

H?GHVOLTAGE Glore 100 ik [T
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DO OlOIolO 0 4700 AUTDEAL
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il Bl B i R CALIBRATOR

1@ IGO0 WG G 00RO SR 1DRID MG

0 [
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81 A DG Besm T, 0. OFF
\. FUNCTION QUTBLIT

o - i T T i
R é e e, el e
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H i Lo Guard Sanse Spec Sooe Cfiset Test
% e e Rlemos - 518 < 0 o

FPower-up State

The controls are outlined in blocks, left and right,
associated with the appropriate display. The right-
hand blocks generally deal with function and output
definition, whereas the left-hand blocks are
concerned with frequency, mode and ferminal
configurations.

Front Panel Keys

Al user commands from front panel keys are
cxecuted through main program firmware, A Key
CED it signifies that conditions are valid for tue
selected operation, and not merely that the key has
made contact.

Atany time, the instrument status is described by the
combination of LED states, display values and
display messages.

Grenerally, if an invalid condition is selected. an
srror message will be displayed and a buzzer will
sound, the command is ignored and the 4700
remaing in ile previous state.

Powaer Switch

WARNING

THE POWER SWITCH SHOULD NOT BE
SET TO ON UNTIL THE LINE VOLTAGE
AND POWER FUSE RATING HAVE BEEN
SELECTED AS DETAILED IN SECTION 1
{INSTALLATION)

When set to the Bugll OFF position, the 2-pole
Pawer switch isolates the instrument from the
supply.

When switched to @ ON, the instrument powers
up, runs a self-test program and is configured into the
following state:

oUTPUT QFF
FUNCTION DC
QUTPUT RANGE 1

QUTPUT DISPLAY 000,600,0V
FREQUENCY RANGE Not selecied
MODE/FREQUENCY
DISPLAY Blank
MODE Not selected
Craard i.ocal connection (uniit)
Sense Local connection (unlit}

Key LEDs Lit OUTPUT OFF, DC, |

3-1



QUTPUT Switching

f" OUTPUT RANGE ) i
W00x 1m 10m 100m 110 100 000 ' ,w-mmm
QIOICIOIOIOIOND 4700 AUTOCAL
‘ 4 MULTIFUNCTION
1T " CALIBRATOR
100 1000 kG 18k 100k 1 10RC TOBD
QIOIOIoHIOIOlOI0D] ‘
0 I AC DC—\Qisei N . OFF Powaer
\_ FUNCTION . QUTPUT o~

QUTPUT ON/OFF

The 4700 should normally be connected and set up
with its output off. This isolates the I+, I~ ¥ and
Lo terminals from their internal circuitry regardless
of RANGE, FUNCTION, FREQUENCY or
MODE selections. The OUTPUT OFF LED ig
lit.

Pressing the OUTPUT ON key connects the T+,
I—, i and Lo termisals to their enargized internal
circuits,

OUTPUT OFF Default

Certain instrument states are prohibited, and some
transfers between states are restricted by program
firmware. For safety reasons some of these transfers
result in the output being switched off. Refer to
Section 4, Operating Routines.

OQUTPUT ON — +

On DC Voltage or Current, the polarity at the
Output terminals is determined by the Key used to
switch the outpwt on, as labelled. In addition,
polarity may be reversed by using the $ | % keys to
step the cutput across zero value. The ON LEDs
describe the polarity AY THE OQOUITPUT
TERMINALS, not on the OUTPUT display. (In
“error” and “offset” modes these two could be
opposite).

In AC Voitage, AC Current and Resistance
functions, the ON + key will cause the selected
outputs to appear at the output terminals, The OMN —
key will cause the error buzzer to sound and
Hrroc 8 1 appear in the MODE/FREQUENCY
display. '

T

e

g m——

QUTPUT OFF Trip — Fail 5 Message

Under certain abnormal conditions which might
compromise safety, the 4700 output will trip off,
accompanied by a FAYL § message on the MODE
dispiay. Control is removed from the front panel
keys.

If the FAIL 3 message is present, there is no
automatic recovery from the tripped state whether
internal conditions have or have not returned to
normal.

Ressat Key

The Reset Key has two functions; ‘

Lo It allows a user to reset the safety trip to test
whether conditions have returned to normal, If
they have; the FAIL message will disappear, the
previous instrument state will be restored but
with QUTPUT OFF, and front panel control
will be returned to the user. If conditions are still
abnormal the FAIL state will persist, and a
further attempt may be made after a suitable
tnterval. The Reset IED is inoperative except in
“Fest’ mode.

2. It returns the instrument to power-up conditions
in all cases except the following:
# Seif-test mode
& FAIL conditions
& In remote controi mode {where it is

inoperative),

(ther Messages '

A full list of 4700 messages appears in Section 4.
The fault conditions which generate Fail Messages
are analyzed in the Calibration and Servicing
Handbook.



FUNCTION Keys

OUTPUT RANGE N
{00x i 10m T00m 1 10 100 1060
ClOiOIOI0l0 00
Lo TO0N  TRITAQKD 100K 1M TOME 100MEO
O O O OlIoiC| 0O
0 oo Rasel *QNj__ OFF
\ ‘:UN\_,'I ION QUTPUT -
Selected Specified
Fenetion Output
BC DC Voltags
AC AC Volage
0 Resistance é
DC and 1 DC Current {\
AC and 1 A,C Current 5

QUTPUT RANGE

W0 1m 10 100m

1 10

G0 1000 ke

010 O 0
wn-—w—-dr—-—-dr

| 4 i
| : ;

KO 100k

§

MO TOMO TG0MO

BN
100 30(}0\

0. 01010
T

LO1C10]

O
¥ I AC DO Resal _ZQNWL QFF
FUNGTION OUTPUT

vy

~DC Voltage
o AC Voltage
i+ DC Current
©3 AC Current
%% Resistance ¢ 1660 o 100MG

When changing from one function (o another the
output is automatically set to OFF. When changing

from 1, to AC or DC, the QUTPUT value is .

automatically set to zero. If the corresponding
OUTPUT RANGE or value is not available on the
new function, the 4700 displays Errer 8§ and sounds
ity error buzzer.

() selection forces the 4700 into Remote Sense for
4-wire operation.

or Error 9 and buzzer if Option 20 is not fitted

QUTBEUT RANGE Keys

Each OUTPUT RANGE key scales the output as
satected by the user, setting the legend and decimal
point on the OQUTPUT display to match. Full range
values for voltage and current are marked above the
keys. Nominal values of each precision resistor for
the O function are marked below the keys.
Voltage and current ranges are selectable as follows,
the actual output value being selected by use of the
OUTPUT display #|¥ keys:

100V to 4600V
Im¥ o 1000V RMS
100pA 1o 1A
100uA o 1A BRMS

If QUTPUT is ON when changing ranges, it
remaing on unless the change is to 1000V range, or
ranging-up to more than TSVRMS in ACor 110V in
D¢ on 100V range. In these cases QUTPUT
defaults to OFF. Any range selection which would
exceed  the  internally  defined  voltage-
frequency limit is automatically inhibited, These
limits are described on page 3-6.

-y
A
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180 im E0m 100m i 10 100 1340
Key seiections 10 108 1k 16k 108k M 16M EGOM
DC Voliage 100pY imV 10mV 100mV v v 100V 1000V
AC Voitage G Im¥V 10mV  100mV IV 10V 160V 1000V +
DC Currentt 100uA ImA I0maA  I100mA LA * * *
AC Currentt 100uA ImA 10mA  100mA 1A * * *
Resistance T 1082 1008 1k 10k 100k MO IOMG 100MO
* Rrror 8 1 Errar 9 if option not fitted
OUTPUT Display and }] ¥ Keys
{ QUTRYT ™
ﬁ LR 4::“1:55-5-- o @ ;,.u:'im
) e | i
. W,
Output Resolution
The Ouwiput and display are resolved as follows:
1H0u Im 10m 100m i 14 160 L0400
Range .. 10 166G ik 10k 160k [§L% 10M 10OM
DCV 414 5% ke T4 7% T T4 T
ACY — 4% 514 614 64 64 64 &3
DCI 6% a% 6% 6% 64 — . e
ACT B4 6% 6% 6% 6% e -— —
0 (2-wire} 414 54 614 T 7% T T4 T
) (4-wire) T4 74 7% T4 T4 T T4 T4

The OUTPUT display is supplemented bv legends,
which always indicate the correct units for the Range
and Function selected.

Cutput and Display Contro!

Each vertical pair of /¥ keys is assigned to the
display digit above it. Thus the value registered on
the display may be set within the range permitted by
the function selected. Each momentary press of the %
key adds I to its digit: pressing the ¥ key subtracts 1.
If QUTPUT is ON, the Qutput terminal value is
also changed by the same increments as the dispiay
(subject to the instrument interlocks).

On 0 ranges, only the overrange 41y keys are
operative. These duplicate the action of the Full
Range/Zero Keys.

The Resistance value displayed is the caiibrated
value of the standard internal resistor selected (not
the nominal value). This may be updated during
periodic calibration. The value displayed depends
on the selection of Loeal {2-wire) or Remote {4-

3-d

wire} Sense, and should be recalibrated in the
correct Sense mode (See Section 8).

Auto-tncrament/Decrement

When a %lé key is pressed for more than % second,
its digit is increased or decreased at a rate of
approximately 3 digits per second until the key is
released.

Overflow and Underflow

As adigitis stepped from 9 to 0, the value of the next
higher-order digit is increased by 1. Stepping from
0 to 9 decreases the value by 1. The whole display
therefore acts as a counter, with fulfl ‘carry’ and
‘borrow” action. '

Range of Adjustment for DC Functions

The 41¥ keys adjust the readings between a
minimum of 00000000 and 19999999 full scale on
00mV — 100V and between 0000000 and
1999899 for Current Ranges. The 1000V Range has
a Full Scale of 1100.0000; the 100V, ImV and
16mV ranges are fruncated.



Range of Adjustment for AC Functions

The % ¥ keys adjust the reading between a minimum
of Q090000 (9% of Nominal Range), and maximum
of 199999¢ full scale on 100mV — 100V and
Current Ranges. The 1000V Range has a Iull Scale
of 1100.000; the ImV and 10mV ranges are
truncated.

M.B. There is no range of adjustment on Resistance
functions.

Leading Zeroes

For fractional readings, aleadingzero is presented ta
the left of the decimal pointio emphasise s position,
except for OUTPUT RANGE  selections
lm and L.

DG ZERG and polarity. On DC voltage and current, a
polarity sign is present except at zero, The numerical
display represents the magnitude of the output.

As the display value is stepped to zero, the polarity
sign disappears, and the opposite sign appears as
stepping continues in the same direction. If the
OUTPUT is OMN during the sequence, the change in
cutput polarity is signalled by a changeover from one
polarity O™ LED 10 the other,

M. B. If the 4700 is in Offset Mode, with an offset
present, the display and cutput zeroes do not
cofncide. It is therefore possible to have a
positive sign on the display, and the ON—
LED it and vice-versa.

When using the %‘i% keys or Zero key to obtain a
zero, the polarity is not changed over and the same
GUTPUT ON LED remains lit. The polarity LEDs
change over only when the opposite polarity appears
at the output terminals,

Full Rangs Key

When the Full Range key 15 pressed,the display
reverts to the nominal value of the ranpe selected. If
GUTPUT 15 already ON, the terminal value follows
the display value unigss:

1. The combination of ouiput voltage and frequency
would excead the strument’s internally defined
limits. (Refer 1o Seciion 6).

2. Offset or Error Mods is selected: the user-input
offset or zain error is not cancelled from the
output.

Zaro key

This reduces the display value to zero. If QUTPUT
is OGN, the terminal value is also set to zero

DC Voltage — an active zero is presented fo the

outpud termnals,

AC Voltage — an internal short circuit is connecied
across the output ferminals.

DC and AC Current — cutput terminals are open-
circuited,

On {3 ranges in Remote Sense with OUTPUT ON,
the Zero key conunects a true 4-wire internal short
cirenit to the GUTPUT terminals as shown below.
With Remote Sense LEIDD UNLIT, the same short
is connected, but the acwal resistive value of this
short may be calibrated (See Section 8 and diagram
below).

i"i' ] E i..{.
s -0}
ki E i Hi
| o
O]
j i i N
£
‘Remare Sanse’ E
Zeroin 0| 4-Wire Ohms
; £
4700 ! T4
I e
True 4 - Wire Ohims Zero

Deselaction of Zero in AC Functions

The size of the characters on the ‘Zere’ display is
significant. A halfisize "0 above any fi¢ key
indicates that it cannot be used o deselect Zero,
because it increments values which are less than
10% of nominal range. Any & key with a full-size ‘¢’
above it (and any key to its left) deselects Zero and

adds its increment.

Setection of High Voltage Duiputs

The 4700 is capable of delivering LETHAL output
voltagses so program interiocks are used 1o ensure
that users do not inadvertently select outputs in
excess of 110V in DC or 75V BMS in AC. Details
of the High Voltage selection procedure are given in
Section 4,

Freguency

The AC voltage cuiput of the 4700 extends from
108z to | MHz in five overiapping decade ranges, at
a resolution of 1% of nominal Frequency Range.
Any five frequency values within the range of the
instrument can be stored in volatile memory,

L)
:
o



FREGQGUENCY RANGE keys

BT rrniioos

_f;ﬁmmuemcv RANGE )

Store 100 1k 0k 100k M

slleliellellelle)

S o B o4 F3 Fd F5

Alim g o poEn

™ ™ {
Guard Sense Spec Eror Offset Test
e FEmotg e STH O SET g0 CAL

\_ MODE

Decade Ranging

{renerally, selection of a new range changes the
frequency by a whole number of decades: but
ranging-up from a frequency between 10Hz and
30Hz, or ranging-up to the IMHz range when the
decade frequency would have been higher, causes
Error 7 to be displayed and buzzer to sound.

Selection of Nominal Range Value
Unce a Frequency Range has been selected, it can be
set o its nominal value by re-pressing its key.

FREGUENCY DISPLAY

s

MODE FREGUENCY

s
="

]j

\

Resolution

The output frequency is adjustable in steps of 19% of
the selected FREQUENCY RANGE nominal
value, matching the display resolution. Legends are
appended on the display as appropriate, and a
leading zero is presented to the left of the decimal
noint for fractional values.

FREQUENCY [ Conwrel Keys

Each vertical pair of #1§ keys is assigned to the
display digit above it. The frequency registered on
the dispiay is adjusted by manipulation of these keys.
Each momentary press of the % key adds | toits digit,
and each y key subtracts L. If QUTPUT is ON, the
output frequency is also changed by the same
increments as the display {subject to the instrument
interlocks). Keys beiow decimal points are
inactve,

3-h

Auto-increment/Decrement

When a4 ¥ key is pressed for more than ¥ second its
digit is increased or decreased at a rate of
approximateiy 3 digits per second until the kev is
released.

Overflow and Underflow

As adigit is stepped from 9 to 0, the value of the next
higher-order digit is increased by 1. Stepping from
0 to 9 decreases the value by 1. The whole display
therefore acts as a counter, with full ‘carry’ and
‘borrow’ action.

Autoranging

Stepping the frequency beyond the span of a range
automatically switches range up or down, but further
steps are inhibited until the 4 or ¥ key is released (the
key could be below a decimal point), When the
range-change occurs, the alarm buzzer sounds and
the FREQUENCY display is blanked for
approx. 1 second.

When the display is reinstated, the 4700 has
remembered the last frequency on the old range, and
sets the new range to its next incremental frequency
in the originai direction. After releasing the original
key, stepping can be continued to any increments of
the new range.

Autorange Limitg

The 4700 displays an Error 7 and sounds its buzzer
when any attempted frequency increment or
decrement is made which would produce an invalid
combination of FUNCTION, QUTPUT RANGE
or FREQUENCY. Neither will it increment or
decrement to a frequency bevond the limits of the
next frequency range up or down.

CUTPUT/FREQUENCY CONSTRAINTS

AC Voltage and Frequency
Under most conditions, the output amplitude and
frequency are adjustable throughout their full
scales:
Voltages — from 90uV to 1100V RMS
Frequencies — from 10Hz to 1MHz.

On the 100V and 1000V Ranges, certain
combinations of voltage and frequency cannot be
selected,

The diagram below illustrates the boundaries.

The 10V Range span is also shown for
comparison.

The 4700 refuses (o select any Voltage/Frequency
combination outside these constraints. The
temporary message Error 7 is displayed for
approximately 1 second before reverting to the
onginal display.



AC Current arkd Frequency

AC Current 1s adjusiable between 9uA and 2A
RMS at frequencies from [0Hz to SkHz (all Current
Ranges have the same span). Error 7 indicates an
invalid Current/Frequency selection.

FREQUENCY MEMORY

This facility aliows storage of up to five user-selected
frequencies. Once stored, each can easily be
retrieved or changed from the front panel. They are
retained untii power is removed from the instrument
or reset kev is depressed.

Store Kay
Oniy five of the FREQUENCY RANGE keys

\.

WMODE ! FREGUERCY

=

i

T DANGER
HIGH VOLTAGE
g™

Gz

S

EREOUENCY RANGE
S@nre 1) 1k LECT S e
9]
{
H
)

184

select ranges. The first press of the sixth key, Store, o
reassigns the other five as frequency memorics. It — = .
has toggle action: a second press deselects the ~
memory function.
Fragueny L
Ha;i;cidgg;i«; TkHz Range kK7 Range
300 3.3k A0k 330x
100Mz Range 10z Range MMz Range
fo 30| I 33k ook M}
!
oGV -j TEOO‘J—
et 1060V Rangs
Yoie £100kHY and 1Mz Range
(Log. § 33kH:z not
selactabis)
200y - o
| H 200V
i |
160% o mwww_____mmwj a0
|
|
45H i 100V Range
: Baikiz {1z Fange
not
salgctabia)
20V - oy
1 0V
1
|
o e e e e o e )
0V Ranga
iLawer Ranges
#l50 caver
the fuil
frequency
SRETH
o 0.8v
[ P [ o E Cnes
10 30 Wwe 300 1k k 0k WoeE 300k e Spans
Sput Freguency H7) Log. Srakel
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F1-r8 Memory keys
When the Store LED is ON, these keys select
individual memory locations.

MN.B. ‘Although the FREQUENCY RAMNGE keys
double as memory selectors, this doss not
imply that a particular memory can only
accept frequencies from its key’s range. It is
emphasized that any displayable frequency
can be stored in any of the five locations,

Power-up Default

Because the stores are volatile, the following default
frequencies are stored in the five memory locations
each time the 4700 is powered-up:

Fi 30H:
B2 300Hz
3 3%z
F4 30k¥z
F3 300kHz

Dietails of storage and retrieval procedures are
described in Section 4.

MODE Selection Keys

s FREQUENCY RANGE N
Store 100 1 10k W0k 1M

Ololo[O]oTO]

Guard Sense Spec Emor Ofiset Test
Hemaote -—— ST8H [ET =0 CAL

. MODE Y,

o ™

The MODE selection keys are focated on the lower
feft of the front panel. The Remote Guard and
Remote Sense keys are described under ‘F-+, —, i,
1o, Guard and .1

5TD. SET. =0 and CAL are calibration modes,
printed in red and described in Section 8.

SPEC MODE

The Spec key controls the toggle-action
‘Specification’ function. By pressing the kay, the
4700 specification tolerances are displaved on the
MODE  display, referred to its current
FUNCTION, QUTPUT, FREQUENCY and
3-8

CALIBRATION INTERVAL selection. A second
press cancels the function. For 24-hour calibration
intervals, the ‘accuracy relative to calibration
standards’ figures are displayed but for 90 days and
1 year intervals they are ‘Traceable’ accuracy
figures which include Datron’s Calibration
Uncertainty.

Rear Panel CALIBRATION INTERVAL switch

While in Spee mode, all primary functions of the
other MODE keys are cancelled (although the
selected Guard and Sense connections remain). The
keys are reassigned to their secondary functions:
Flim, —lim, % and ppm become active, When
Spec mode is initiated, the magnitude of the
specification tolerance itself determines whether
ppm or % is selected. The arrow «—e above the Spec
key shows that all four secondary modes are
available,

Full details of the operation of Specification mode
are given in Section 4.

ERROR AND OFFSET MODES

These keys are used to deviate the output at the
terminails from the value on the QUTPUT display.
The two modes may be selected together.

Error and Offset Modes NOT Selected
The terminal value is a linear function of the
QUTPUT DISPLAY value:

Terminal ;}
Vatuest
slopa m=1
- o= G +
OUTPUT
dispiay
valuas
—




Error mode seiected

T i £10% of
¥ THER & fﬁsﬁaayad
Values + ;/ e

alug

- .

OuUTeuUT

dispiay

values

Terming! 3 g stope fml] has
id

Vaolugst & £10% adjustment
7,

Offset /
Vaiue C
Offsat and Brror
- not selected +
9 OLTPUT
display

/ values

Full details of the operation of Error mode are given
in Section 4.

Offset mode ssiected (DC Functions oniy)
In Gffset mode, the intercept {¢) may be adjusted to
any value within the Offset limit

Offset Limnits: 1004V and 1mV Ranges: 22000V,
(ither Ranges: 2% of Full Range
yalue.

offset
selected T | e

offsef not
selactad

idfiser
Matue

i

Cratpat

- ,f/ |
/

dispiay

// values

Offset and Error Mode Combination.
Offset cannot be selected or deselected when the
4700 is already in Error Mode.

The intercent () is established first in Offset mode,
then the slope {m) 15 adiusted i Ercor mode.

Fuli datails of the operation of Error, Offset and the
combined mode are given in Section 4.

TEST MOQDE
Test mode selecied

Full details of the operations i Test mode are given
in Section 4.

{-+, I—, Hi, Lo, Guard and-_i__.;—
{Ground) Terminals

Local and Remote Swiiching

MODE FREQULNGY

/e s e e
1 e |8

(T FREQUENCY HANGE

G 100 tr 19 100R tW
L CoreToTeTo
1 o
H ¢ i

L

These terminals are located on the lower left of the
Front Panel.

i+ and i Terminals

The outpwt from: the internal power circuits is
deltvered to the I+ terminal, I— being its Remun
Analog Common.

Hi and Lo Terminais
These terminals provide a differential input to the
amplituds sensing circuitry.

3-G



Rermote Sensa

The Remote Sense key has ‘toggle’ action.
Juccessive presses alternate between ON  and
OFF.

N.B. Sease counections can only be switched
with GUTPUT OFF.

The specified voltage output of the 4700 may be
produced either at its output terminals (Local Sense
for high impedance foads} or at the load terminals
(Remote Sense for cases in which lead resistance
and load impedance produce a significant effect).

With Remote Sense OFF, the I+ terminal Is
isolated, and the voltage output is fed to the Ei
terminal. '

With Remote Sense ON, the output voltage is fed
across the {-+ and I— terminals only, and must be
sensed externally, using leads connected to the Hj
and L0 terminals.

Remote Sense is not available on 1004V — 100mV
ranges. It is not dpplicable to Current CUlpuls.

On Ohms ranges, Loecal Sense is used for 2-wire
connections, and Remote Sense for 4-wire.
{Changing FUNCTION into £ forces the 4700 into
Remote Sease, but this may be deselected for 2-wire
operation). The Remote Sense LED always
indicates the true connection:

Lit == Remote: Unlit = Local.

Guard Terminal
The Guard terminal is permanently connected to the
internal guard shields:

Remote GSuard

The Remote Guard key has ‘toggle’ action,
Successive presses alternate between ON and
OFF.

With Remote Guard OFF, Guard is internaily
connected to the I~ terminal.

With Remote Guard ON, the internal link to [~
is remeoved. The Guard terminal can then be
connected externally to reduce common mode
interference.

Ground Terrninal

The = (Ground) terminal connects directly to the
4700 intemnal Ground shields and to Safety Ground
via the power-cable.

Output Connections
Connections to the output terminals may be made
either with leads or via a shrouded connector.

-
310

For Voltage outputs in local sense the two leads
should be attached to the Hi and Lo terminals.

. Various configurations of 4700 load connections are

detatled in Section 4.
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FOWER INPUT

The recessed POWER INPUT plug, POWER
FUSE and LINE VOLTAGE SELECTOR are
locatad in the center of the rear panel, contained
withir a single moulded unit. Details of connections,
selection of line voltage and fuse are given in Section 2.

REAR QUTPUT ALTERNATIVE {Option 42)

This can be incorpovated at manufacture, to provide
six output terminals on the rear panel instead of the
six on the front. Their functions and connections are
identical.

SOCKET J83
{External Reference Freguancy input}

This BNC socket is located next to the cooling air
intake filter. It mayv be used to lock the internal
frequency synthesizer to a customer’s own
frequency standard, Voitage and frequency criteria
are given in Section 2. An on-off switch, S33,
located above this socket is provided to enable this
facility. I the switch iz on and an external frequency
is oot present, error message ‘Brror EF is
dispiaved. :

SOCKET JB4 (External Reset)

This I-type socket is located next to the optional
rear cuipu{ connectors. It may be used to input an
external reset to restore the 4700 to its power-up
state of DOV, 1V Range etc. i required. Pin Layout,
Pin Designation and Switch Wiring details are given
in Sectien 2,

SOCKET J27 (IEEE 488 input/Output)

The IEEE 488 Input/Cutput (D-type) socket J27 1s
a 24-way micio-ribbon connector that is directly
compatible with the [EEL 488 interface and the
1EC-defined system.

127 is incated at the top of the rear panel, outlined
with the IEEE 488 address switch. The pin lavout
and designations appear in Sections 7 and 5.

1EEE 488 ADDRESS SWITCH

The 4700 may be addressed for use on the
IEEE 488 interface bus, The address settings are
given mn Section 3.
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SECTION 4 USING THE

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 6:

Funection Characteristics

All functions | Peak terminal voliages

DC Voltage | Output resistance and current lmit
AC Voltage |Output resistance and current

_ Hmit; capacitive loading limits

3¢ Current | Maximurm oad resistance and
maximun compliance

AC Current | Maximum load resistance and
maximum compliance

Fesistance | Maximum currents and acCuracy

de-rating factors

SAFETY

The 4700 is designed to be Class 1 equipment as
defined in TEC Publication 348 and UL 1244,
concerning safety requirements.

Protection is provided by a direct connection via the

power cable from ground to exposed metal paris and

irternal growund 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
hetween the socket and the instrument.

WARNING:

ANY INTERRUPTION OF THE PROTECTIVE
GROUND CONDUCTOR INSIDE OR
CUTSIDE THE  INSTRUMENT, OR
DISCONNECTION OF THE PROTECTIVE
GROUND TERMINAL MAY MAKE THE
APPARATUS DANGEROUS, INTENTIONAL
INTERRUPTION IS PROHIBITED.

THE TERMINALS MARKED WITH THE
= SYMBOL CARRY THE OUTPUT OF
THE 4706, THESE TERMINALSE AND ANY
OTHER CONNECTIONS TO THE LOAD
UNDER TEST COULD CARRY LETHAL
YOLTAGES.

UNDER NO CIRCUMSTANCES SHOULD
USERS TOUCH ANY OF THE FRONT (OR
REAR} PANEL TERMINALS UNLESS
THEY ARE FIRST SATISFIED THAT NO
DANGEROUS VOLTAGE IS PRESENT.

CAUTIGN:

THE £:% SYMBOL IS USED TO REMIND
THE USER OF SPECIAL PRECAUTIONS
DETAILED IN THIS HANDBOOK AND I8
PLACED ADJACENT TO TERMINALS
THAT ARE SENSITIVE TO OVERVOLTAGE
CONDITIONS.

REFER TO SECTION 6.

interconnections

IMPORTANCE OF CORRECT
CONNECTIONS

The 4700 has been designed for use as an accurate
source for precision calibration. To match the
external circuitry to its superior specification, it is
essential to take great care in maldng connections to
the load.

SQURCES OF ERROR

Thermal EMFs

These can give nise 0 series (normal) mode
interference, particularly for low voitage outputs,
and where large currenis have a heating effect at
thermo-electric  junctions. Draughts can cause
unbalanced cooling in an otherwise thermo-
electrically balanced measuring cirenit,

E-M interference

Noisy or intense electric, magnetic and

electromagnetic effects in the vicinity can disturb the

measurement circuit,

Some typical sources are:

— Proximity of large electric fields.

— Floorescent lighting,

— Inadequate screening, filiering or grounding of
power lines.

- Transients from local switching.

— Induction and radiation fields of local
E-M transmitters.

- Excessive common mode voliages between
source and load.
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The disturbances may 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.

i.ead Impedance

The unpedance of the connecting leads can drop
significant voltages between the source and load, and
generate adverse phasing effects particularty if the
ieads are long or the current in them is high.

Lead Insulation Leaksge

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.

AVOIDANCE TACTICS

Thermatl EMFs

Screen thermal junctions from draughts.

Allow time for thermal eguilibrium to be reached
before taking readings.

Use conductars, joints and terminals with a good
margin of current-carrying capacity.,

Avoid thermo-electric junctions where possible:

2. 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. Ifjcints must be soldered, low-
thermai solders  are available, but
crimaped joints are preferred. Use low-thermal
switches and relays where they form part of the
meastring circuits.

Balance one thermal EMF against another in
opposition, where possible, (switch and relay
contacts, terminais ete.)

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 source and load are floating, connect I~
to ground at the source ko reduce common rnode
voltages.

L.ead impedance

Keep all leads as short as possible. Use conductors
with a good margin of cur ent-carrying capacity. Use
Remote Sense and 4-wire connections where
necessary to esiablish the 4700 output specification

4.2

at the load. Use 4-wire connections -for values of .
resistance below 1k,

Lead Insulation Leakags

Choose low-loss insulated leads — PTFE is
preferred to PVC. -

When running leads together in screened pairs,
avoid large voltages between ‘leads in the same
sereen, especially if using PVC insulation.

Remote/Local Sense Configurations

The 4700 terminals are configured as follows:
Voitage ranges 100V, (mV, 10mV, 100mV
- Local sense only.
IV, 10V, 100V, 1000V
— user selects Local or Remote
sense.
All Current ranges
— Local sense only.
All Resistance ranges .
— Remote Sense gives 4-wire
connection.
— Local Sense provides 2Z-wire
connection capability,
The key LED) indicates the true connection:
Lit = Remote, Unlit = Local.

N.B. When changisg to ) function, the 4700 is
automatically forced into Remote Sense for
4-wire operation.

4700 — CONNECTIONS TO THE LOAD

General Considerations
The choice of connection method is influenced by
several factors:

a. Loading Effects
4-wire connections should be used for low load
impedances. For high impedance loads, 2-wire
connections can be employed.

The ratio : Total Lead Registance
Load Resistancc _

gives the approximate error for 2-wire connection
at low frequencies. .

e.g. Two %-Ohm leads with a ioad of 100k0hn1s
produce an error of approx. 10ppm.

At frequencies higher than about 10'0:1&{2, the
error is also modified by reactive effects. -

b. Noise and Output Level
Providing the E-M environment i3 reasonably
quiet, interference due to noise pickup in the load
connection is insignificant for outputs of more



than about 100mV, so unscreened leads can be
usecd. But at lower signal levels, or in noisier
environments, it is advisable to use screened
cable.

. Common Mode Disturbances

When in Local Guard, the guard shields ang
tracks for the Semse circuitry are connected
internally to ‘I, the low impedance terminal of
the 4700 output power source. This classical
connection  effectively guards out inteimal
~ommon mode disturbances. To reduce exteral
disturbances it is advisable to make only one
ground connection to the measurement circuit,
and in the case of a guarded DMM, to make use of
is external guard facilities. Also, where a line-
powered load (such as a DMM being calibrated)
tas a ground connection, it should be to the same
line ground as the 4700,

. High Frequency Effects

i. Voltage. Up to about 100kHz, for outputs
ahove 100mV, it is possible to use pairs of
anscreened  wires, provided that the E-M
enviromment is quiet. Twist or run leads together;
keep length less than | meter.

Above 100kHz, both lead and joad capacitances

ceduce the load impedance. Similarly, lead and -

laad inductances combine to increase the load
impedance with frequency (but heavily reactive
ioads should be avolded). 1tis therefors advisable
to make leads from low-capacitance coaxial or
twin-axial cable. To avoid mutual coupling, Sense
and Power leads should not run together in the
same screen.

ii. Current. Above about [kHz, with low oulput
currents, high lead capacitance can introduce
shunt errors. To reduce these errors, the ieads
should be kept as short as possible, and be of low-
capacitance.

. DANGER,

TEIE 4700 OUTPUT CIRCUITS ARE NOT
INTERNALLY CONNECTED TO
GROUND. USERS ARE STRONGLY
ADVISED TO CONNECT Lo OR I-
EXTERNALLY TG GROUND
(PREFERABLY AT THEIR COMMON
JUNCTION;, WHEN THE 4700 IS TO BE
USED ON THE 100V OR 1000V RANGE.
THIS BLIMINATES THE RISK OF Lo
AND I— FLOATING TO HIGH
VOLTAGE.

Setting Pricrities

Because ol

a. the variety of environmental conditions and loads
likely to be encountered when using the 4700,

b. the extensive set of combinations of outputs from
the instrument, and

¢, the accuracy required;

it is unrealistic to describe a definitive “best’ general

method of connection to the load.

Combinations of the above factors can lead to
conflicting requirements, and users may be faced
with a choice between methods. In these cases it is
sometimes necessary to arvive at a Compromise
solution by setiing priorities.

Suggested Lead Connections for the 4700

Six sugsestions for connecting the 4700 o its load
are iHustrated in the foliowing pages 4-4 and 4-3.
Each has found use with the combination of factors
described, and together they cover the majority of
predicted requirements.
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Typical Lead Connections

Voltage and Resistance QOutputs 4
CAUTION: Al leads and cables must be proofed Note: Refer also to reactive load specifications in |
o at least 2kV. _ Section 6.

Simple 2-wire Connection

Use for many applications where:

The voltage drop in the leads is insignificant. @ @ '
I - <TG
P
4700 4

The E-M eavironment is ‘quiet’. T Loesl Guard

External common-mode voltages are insignificant. y Local Sense
Use for measurements in the following ranges: Teeminals ’

Voltage DCV = 100mvY @ -

ACV > 100mV i w o "

Frequency  F < 100kHz = Opticeal

Resistance 1k < R < IMO
N.B. After selecting (O, Remote Sense must be (

cancelled for 2-wire operation. - —
. & ®
Select Local Sense and Local Guard, -osa. \@ O e
Terminais Hi Le Gt Loeal Guard

Keep leads as short as possible, (not longer than 1
meter-twisted pair is preferable}.

On 100V/1006V Ranges, Ground the Lo e for Safety,
Screened 2-wire Connection '

Use whersa:
- WOL] . ® Y @
Sensitive measurements are being made. - - -
3 -
rs

The E-M environment is relatively "noise’. 7 Gu Local Guarg

External common-mode voltages are significant. ?—;ﬁiir‘a“ boeal Sense
Use for measurements in the following ranges:
Voitage DCV 2 10uV \
- ACY > o0 ‘H‘V = CGptionat
Frequency F < IMHz
Resistance Lk € R<CIMO
After selecting (2, Remote Sense must be cancelled
for 2-wire operation. Load *
Select Local Sense and Local Guard. Tecminais Hi Lo Gu  Remote Guerd
Keep leads as short as possible, {not longer than 1
meter),

On 160V/1000V Ranges, Ground the Lo line for Safety.

Screened 4-wire Connection using Coaxial cabla.

Use where:
The load resistance is low enough to cause a
significant  voltage drop in  the output -
connection. Gul  Local Guard
Sensitive measurements are being made. 4700 Remote Sense
The E-M environment is relatively noisy. Tertminals
External common-mode voltages are \
significant.
Use for measurements in the following ranges: - . é3p.§50nag
Voltage DCV 2 %0mV N
ACY > %0mV
Freqguency F IMHz
Resistance Not appropriate Load ;
Select Remote Sense and Local Guard., Terminals ri Lo Gu Remote Guard
Keep leads as short as possible, (not longer than
I meter).

On 166V/1000V Ranges, Ground the Lo line for Safety.
4-4




Operating Routines

The following operating routines are subdivided into
two main types:

2 Standard Operating Sequences

® Additional Facilities

Standard Operating Sequences

There are many common elements in the selection
routines for hoth Voltage and Current operation. The
diagram opposite shows the general sequence of
operations. 1t should be used as the basis of any
operating procsdure, in conjunction with the
individual selections detailed in the following
pages.

88 Voltage Outputs

There are two overlapping voltage states, The 20V

overlap allows = 109 adjustment about the typical
full range value of 100V without changing state,

i F

pariaay 110V

Low voliage state

High voitage state

o

In the Low voltage state, the autput may be switched
- OMN directly but to transfer from Low to High
Voltage state, deliherate user-actions are required.

M.B. The 4700 switches its output voltage OFF
every time the 1060V RANGE is selected and
when 1000V RANGE polarity is reversed.

Low Voltage selections (up to =110V). Use the
general sequence;
At operation(@) ¢ Select DC.
Atoperations @ and @) : No Remote Sense on
100, Im, 10w and 100m ranges

High Voltage selections (above =110V}, Use the
general sequence!
At operation (3 : Select DC
At operation (@ : RANGE LED flashes for
selections  above XIIGV
At operation G1) : Audible warning — 5 pulses/
sec for 3 secs,
After 3 second warning
e 4700 switches
CUTPUT ON.
Whilst OUTPUT ON = Audible reminder pulses at
approx. | sec. intervals, and RANGE LED
continues flashing.
If QUTPUT OFF or ON switching iz attempted
during the 3 sec. delay the 4700 reveris o OUTPUT
QFE.

Transfer inte High Voltage State with QUTPUT ON

By changing RANGE:
— the QUTPUT is swiched OFF, and the
selected RANGE LED flashes.

User reselects QUTPUT ON:

- 3 see audible warning

~ 4700 switches OUTPUT ON

— Audible reminder whilst QUTPUT ON
— RAMGE LED fiashing.

By use of Hy keys in 10OV or 1000V range:
— QUTPUT remains ON at previous voltage
~— QUTPUT dispizy shows selected (High
Vaoltage) value '
-~ RANGE and QUTPUT ON LEDs flash.

User reselects QUTPUT ON:
— 3 see audible warning
— 4700 increases OUTPUT
OUTPUT display value
- Audible reminder whilst in High Voltage state
— RANGE LED flashing
— OUTPUT ON LED iit continuousiy

voltage 1o

JRp—

Transfer out of High Voltage state with OUTPUT
ON

By oressing QUTPUT OFF key:
ON-+ or ON— LED remains Ut untl the
OUTPUT Voltage has decayed into Low Voliage
State (Approx. 1 see from 1000V}

By use of A¥ keys or by changing RANGE
dawn;
Transfer to Low Voltage State is automatic when
the QUTPUT Volage falls below 90V,
— RANGE LED stops flashing — stays lit
— QUTPUT ON LED stays lit
— Andible reminder is sileni,

Changing wvoltage state when in Error or Offset
Mode

For safety reasons, the thresholds are always
defined with respect to voltage levels at the
GUTPUT terminals. Therefore, if the instrument is
in Brror or Offset mode, the threshold indications
may not coincide with 110V and 90V on the
OUTPUT display.

AG Voliage Qutpuis

Zero Juiput

Zero AC Voliage output from the 4700 can be
obtained only by pressing the Zero key. Internal
relay contacts short §4 to I, and Hi to Lo,
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increment from Zero

The smallest AC output available on any range is
99 of fuli range, so any atfempt to reduce the output
below 9% is refused. Thus the smallest possible
increment from Zero is to 10% of full range, using
the appropriate key { any keyto the right of this would
attempt to increment to 1% or less, and be refused,
causing ‘Error 8 and buzzer to sound). Half-size
zeross on the Zero display show which kevys cannot
be used (o increment from Zero; full-size zeroes
show those which can.

When the display is comectly incremented with
QUTPUT ON, the output terminals are internally
reconnected to the voltage output circuitry,

Zero Displays

Range Zero Dispiay
ImV’ .Qoeg,0
1omY ) .a00,0
166mYV Ba.808,0

v .Doe,000
iV i .nes,00
LO0Y Gc.000,0
1000y foe.ocoa

Cutput Yoltage Selection
There are two overlapping AC voltage states. The
15V overlap allows some adjustment without
changing state.

6OV 78Y

g ! -

Low Valtage State

High Voltage State

In the Low Voltage state, the output can be switched
ON directly, but deliberate user-actions are required
to transfer from Low to High Voltage state.

N.B.The 4700 switches ifs output voltage OFF
gach time the 1000V RANGE is selected.

Low Voltage Selections {up to 78V RMS),
Using the general sequence:

At operation {3): Select AC

At operations (4)and @: No Remote Sense on
im, 10m and 100m
ranges

G

High voltage selections {above 75V AMS).
Using the general sequence:

At operation %: Select AC

At operation  GUTPUT RANGE LED
flashes for selections above
75V RMS.

AL operation : Audible warning -
5 pulses/sec for 3 secs.

After 3 sec. warning ; 4700 sets QUTPUT O,

While OUTPUT is ON : Audible reminder pulses
continge at approx. 1 sec. intervals, and RANGE
LED continues flashing.

I OUTPUYT OFF OR ON switching is attempted
during the 3 sec. delay the 4700 reverts to CUTPUT
OFF.

OQUTPUT ON Transfers

IFOUTPUT is already switched ON in Low Voltage
State when an atiempt is made to select a voliage in
excess of 75V RMS, the 4700 safety interlocks
prevent the selection. Certain deliberate actions,
detaifed below, are then required by the operator to
effect the selection.

Transfer from Low into High VYoltage State, by
manual upranging

- 4700 switches QUTPUT OFF,

— Selected RANGE LED flashes,

Operator reselects QUTPUT ON:

— 3 sec audible warning

— 4700 switches QUTPUT ONM

— Audible reminder while QUTPUT is ON

— RANGE LED continues flashing,

— QUTPUT ON LED lit continucusly.

Transfer from Low into High Voitage State, by
incrementing the QUTPUT dispiay:
— QUTPUT remains ON at previous voltage
— QUTPUT display shows selected value
-~ RANGE and OUTPUT ON LEDs flash.
Operator reselecis QUTPUT ON:
3 sec apdible warning
— 4700 increases output voitage to the
OQUTPUT display value
— Audibie reminder while OUTPUT s ON
— RANGE LED flashing.
— QUTPUT ON LED lit continuously.

Transfer from High into Low Voltage State, by
pressing CUTPUT OFF key:
— N LED remains lit until the output voltage

T

has decaved {(approx. 1 sec from 1LV



Transfer from High into Low Voitage State, by
decremanting the OUTPUT display, or by manual
downranging:

— Transfer to Low Voltage State is automatic
when the Quiput Vollage falls below
60V RMS.

------ RANGE LED staps flashing — stays lit

— QUTPUT ON LED stays lit

— Apdibie reminder 18 silent

Changing Voltage State when in Error Mode

For safety reasons, the thresholds are always
defined with respect to the voltage at the output
terminals. When the instrument is in Ervor mode
the displaved output voltage is modified by the gain
error, so the thresheld indications may not
coincide exactly with 75V and 60V on the
OUTPUT display.

Freguency Control
Refer to pages 3-6 to 3-8,

Option 20
Currents and Resistance

DC Current
Use the General Sequence:

At ope?a.tioz*l@: select DC followed by {
At operalions @aﬁd @: Remote Sense not available

MLB. Maximum compliance 3V on all ranges.
AL Current

Zerc Gutput :

Zero AC Current output from the 4700 can be
obtained by pressing the Zero key. This canses the
internal software {o isolate the I+ and I— terminals
from the interna! cirevitry, physically interrupting
the Output Current.

Inorement from Zero

The smallest AC output available on any range is
99% of full range, so any attempt to reduce the output
below 9% is refused. Thus the smallest possible
increment from Zero is to 10% of full rangs, using
the appropriate key (any key to the right of this wouid
atfempt (o increment to 196 or less, and be refused).
Hali~size zeroes on the Fero display show which
keys cannot be used to increment from Zero; full-
size zeroes show those which can

When the display is correctly incremented with
CQUTPLUYT ON, the I+ and I— terminals are
infernally reconnected to the Current ouipat
CIFCITIS.

Zero Displays

Range Zero Diisplay
1060A Bo.0000
lmA fiooeoeo
TomA .pse000
100maA 0o. 0000
iAa .Doopuoo

Current Qutputs

‘To generate AC outpul currents, use the Geaneral
& P >

Sequence:
At operation{(3): select AC foliowed by 1.
At operations @) and 3 No Remote Sense.

M.B. Maximum compliance 3V on all ranges.
Changing functions swiiches QUTPUT
QFF,

Rosistance
Use the General Sequence:

At operation (3) Select {2 — Remote Sense LED
lights as 4700 is forced into
4-wire

At operation{4) : If 2-wire Olms is required, press
Remote Sense to deselect

At operation{3): 4-wire Ohms — use I+ and -

terrninals for energizing current,
Measure at Hi and lo
terminals,
2-wire Ohms — use Hi and Lo
terminals.
{I-+ and I— terminals internally
fused at 1.0A, Hi and Lo
terminals fused at 3.73mA; on 0}
function).

At Opéz‘ation@: RAMGE key value is nominal
QUTPUT display value is as
previously calibrated {(Af Full
Range only, for 4-wire; at Full
Range and Zero for 2-wire},

At opera‘tiaﬁ : Left hand {overrange) pair of b ¥
keys have the same functions as
Fulfl Range/Zero keys.
the other # | ¥ keys are inoperative
except in Calibration functon
{See Section 8),
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Additional Faciiities
Frequency Store

Siore Key :

This key controls the storage and recall of five 13er-
selecied frequencies. The memories are volatile in
that their contents are lost when the 4700 is
powered-down. At power-up, the following five
decade frequencies are stored automatically:

1 30Hz

2 300Hz
3 3kHz
4 30kHz
ES 300kHz

ACCESS TO STORED FREQUENCIES

Recall a Stored Frequency
To set the 4700 to one of the five stored frequencies,
simply;
Press and release the Store key.
- Fts green LED lights.
Press and release the desired F1-F5 key.
— Its LED lights. :
-— The Store LED remains Ht.
— The stored frequency is presented on the
FREQUENCY display, accompanied by
its store location (see illustration).
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Racall from a Different Memory
To switch to a different stored frequency:

Press and release the' desired F1-F5 key.
— The displayed indications change as
appropriate,

Dasalsct Store
To revert to nonmal frequency facility:

Press the Store key again.
—— Its LED goes out,
— The F1-F& LED goes out.
- The stored frequency remains unchanged.

Re—pmgram a Frequency Memory Store

To change the Frequency of a Memory Store, the
following procedure stores any displayable
frequency in any of the five locations:

Select the reguired FREQUENCY RANGE.
Use the FREQUENCY display #1¥ keys to set
the new frequency on dispiay.
Press and hold the Store key.
- Its green LED lights.
Press and release the desired F1-F5 key,
— Its LED lights.
— The store location is also present on the
display :
Release the Store key.
— Its LEIY remains Ht.
If desired, deselect Store as above.

S5TORE KEY — SUMMARY

Press and Release: Access F1-F5 for stored-
frequency retrieval.

Allows displayed frequency to
be stored in F1-F5 memories.

Press and Hold:

‘Spec’ Mode

Spec Key

This key allows a user to avoid constantly referring
to the data sheet specifications, when it is necessary
to determine the uncertainty for any set value.

Uncertainty Data Sslection

The range of 4700 specification uncertainties is held
in internal memory. Spec mode selects the stored
data appropriate to the current settings of Funection,
Range, Output Value, Frequency and Calibration
Interval; then calculates and displays the overall
uncertainty.



Enitiation
To transfer info Spec mode:
Select the required Calibration Interval
{Rear Panel switch).
Then follow the sequence in the diagram.

—_—
Pr"es&\\“

Apec ey
Spac LED
ligghits graen

[ Othar key h

funahiony
reaeriined to
upper Labels

Suard Se
e Rt

ISR

srimary funcnons
canceiled

On pressing the Spec key the uncertainty appears on
the MODE display, displacing the Frequency
readout {except for Store, Frequency cannot be
changed when in ‘Spe¢’ mode). Initially the
presentation is as shown in the following table:

Yancertainty Dhisplay Units
< 1.999pom of set value ppm

> 1,999ppm of set value %
Mot displayable or > 100% ;| Error |

Zacondary Spec Modes

Once the Spec key has been pressed, the other
MODE keys become reassigned to give a choice of
four display modes: -

poa, %, +lim, —lim.

ppm ot % Uncertainty (of displaved value).
From lppm 1o 1999ppm, the uncertainty can be
displayed in ppm. From 0.001% to 100%, it can be
displayed in %. When the uncertainty is not defined,
the message Brror | s displaved and the buzzer
sounds.

Example of Error 1 Condition (Any Cal interval)

Output range Y
Setting Zero kev pressed.

Frequency
Uncertainty
Mode display is Error k.

Any frequency.
Not defined at Zera.

+Lim or —Lim
To obtain a reading of an absolute lmit of
unceriainty:

Press the +Lim or ~Lim key.

The MODE display will switch to the same
rasolution as the QUTPUT dispiay and its reading
will be the positive or negative absolute limit of
uncertainty {Le. the QUTPUT reading pius or minus
the absolute uncertainty error limit for that
output).

Ags the reading approaches full scale, its positive
limit may exceed full scale. If -Flim s selected,
Eprror 1 is displayed and the buzzer sounds.

FUNCTION and RANGE Contral in Spec Mode

The FUNCTION, OUTPUT RANGE and
QUTPUT 41 ¥ keys can be operated normally. The
4700 will adjust its MODE display w the
uncertainty  figure appropriate 1o each new
selection,

FREQUENCY Selsction in Spec Mods

The MODE/FREQUENCY display is assigned Lo
its ‘Uncertainty” presentation. Consequently the use
of the FREQUENCY RANGE, FREQUENCY
#1¥ and Store keys is inhibited.

Hevertheless, by pressing the Store key followed by
one of the F1-F5 keys BEFORE pressing Spee, all
five ‘Stored’ frequencies can still be accessed.

In titis case the MODE display normally presents
the appropriate uncertainty figure. But a readout of
the Stored frequency can be obtained by merely
pressing and releasing the F1-F5 key whose LED is
lit. The store location and frequency will appear for
about 1 second, before changing back to the
uncertainty figure,

4700 'Spec’ Dala
Section 6 breaks down the specification into!
a) Siability

by Accuracy relative to Standards
¢} Dratron’s Calibration Uncertainty.

The CALIBRATION INTERVAL switch on the
rear panel is labelied: :

24hy, 50y, and tyr,
4-11



The stored uncertainty data is selected from {B)
and {¢) above, as follows:

24hr : {b), 23°C £ 1°C
S8dy : {b) + {c), 23°C £ 1°C
lyr: (b} + (c3, 23°C £ 10°C

Thus the accuracy figures displayed for J0dy and
iyr are traceable to National Standards,

In verifying the instrument’s specification on receipt
of a 4700, users are able to display the 90-day limits
to check against the instrament’s specified traceable
accuracy. After recalibration, the *24 hour interval®
limits should be used to verify against the same
standards used for calibradon.

Refer to Section 7, Specification Verification, for
further information.

‘Error and ‘Offset’ Modes
{Voltage and Current Only)

The specification of a high accuracy DMM {and of
other elecirical measuring equipment} relates its
display readings to its input vahues. A perfectly
calibrated DMM  would have an exact 1:1
correspondence, and the specification lays down
acceplable tolerances of deviation from this direct
relationship. Plotted as a graph, the ideal case is a
straight line at 45° through the origin. The
tolerances, plotted on the egraph, enclose an area on
both sides of this line.

Reading

tdeat case

+

Lirnits of
Tolerance

frput value

There are three major causes of deviation from the
wleal case:

Zero offsst — the line does not pass through the
origin. Most DMMs have a front
panel adjustment to correct
this. :

Gain error —the slope of the line is not 45°
4-12

Linearity ervor ~— the slope of the lHne varies
{A common variation is a “dog’s
leg” at zero).

Each of these elements could cause large enough
deviations to place the instrument out of tolerance,
sometimes & combination of elements heing
responsible.

The “Error” and “Offset” modes allow a user to
deviate the output of the 4700 in specific WaYS, S0 a8
to identify directly the causes of excessive
deviation.

Ervor Kay

The Error key is used to initiate Error mode. The
4700 terminal value can then be deviated from the
CUTPUT display value, by known gain factors, ag
entered on the MODE display.

Error Made Display

Pressing the Error key changes the MODE/
FREQUENCY display from ‘Frequency’ readout
to ‘Brror Mode' readout. The initial reading is
always "0.0 ppmy’, indicating that the terminal value
has not yet been deviated.

MODE/FREQUENCY 4§ Keys

The terminal value is changed, without altering the
SUTPUT dispiay, by pressing the #i y kevs beneath
the MODE/FREQUENCY display, The gain
compensation being applied is displaved as &
percentage or ppm of the QUTPUT display value;
with positive polarity for an increase of terminal
value, and negative for a decrease.

The gain-compensation factor has a maximum
possible resolution of = O.1ppm of Full Range
(DCVY

Example of the use of “Error” mode

To measure the linearity of a DMM, a user peeds
to;
Remove any zero offset,
Detect and measure any inherent gain error ratio
(usually from its response to a ful] range nput),

Calculate compensating deviations for each of the
inputs for the linearity measurement, based on the
measured ratio,

and
Compensate each input to the DMM so that the
linearity errors may be measured.

In “Error” mode, once the gain error has heen
measured, the 4700 automatically calculates and



applies the compensating deviation to all its outputs
on that range and function; whilst displaying both the
nominal {uncompensated} value of cutput and the
compensation ratio, Only if the DMM response is
tinear; will each DMM reading agree with the
corresponding 4700 QUTPUT display value.

In the following sequence a DMM is checked for
tinearity. For purposes of explanation, itis assumed
that linearity is correct, but the DMM has a gain
grror of +100.0 ppm.
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The 4700 ouiput has now been compensated for the
gain ervor of the DMM. All selected output values
will be compensated in the same ratio on this range
and function until either the ratio s changed or Error
mode 18 deselected. The Mode display presents the
compensation ratio directly. Note that the
compensation polarity is shown, not the error
polarity, therefore the true ouiput is the sum of both
displayed values; in this case -+10.000000V —
100ppm = +9.989000V.

The linearity of the DMM may now be checked by
directly comparing its reading with the QUTPUT
display settings.

e.g. at +5V on this range, both 4700 and DMM
read -+5.000000V, although the terminal
voltages are +4.993000V

Other linearity check values could be:

Nominal 4700 set
Check Value
Point

—0.3V  —0.500000V ~0.500000V —0.499950V
+0.1V +0.100000V +0.100000V +0.099990V
+0O0LY +0.010000V +0.010000V +0.009999V

BMM
Reading

Terminal
Voliages

Full Scale Limiting. The OUTPUT display cannot
be raised to a value which sets its overrange digit to
greater than 1, and the Error MODE display
cannot be raised above £9.9999% (£999.9 ppm).

Nevertheless, a combination of QUTPUT display
value and gain error could result in an off-scale
value. The 4700 prevents this by rejecting any
demand for an error-corrected Qutput Voltage in
excess of tull scale. The user is informed by Error §
message on the MODE display with no change to
the OUTPUT display.

Deselection of Error Mode clears the MODE
display, turns the green Error LED OFF and
restores the 4700 gain factor to unity. Normally the
mode is deselected by repressing the Error key, but
it is also turned off by changing FUMCTION or
RANGE,

‘Cffset’ Mode {DC Functions onlyj .
Offsat key

A device being checked against the 4700 (say a
DMM) may have an inherent zero offset error.
Nevertheless, a user may wishk to perform other
measurements before removing the offset error. ‘The
4700 “*Offset” Mode is used for this purpose.

N.B. The MODE Al} keys have an automatic
action: If a key is held pressed, the display will
increment or decrement continuocusly until the
key is released.

The value of output at the 4700 terminals is now the
sum of the OUTPUT display value and the MODE
display offset value.

The following example generates an offset of
= 100uV on the 10V range of a DMM, for all set
values (unless the 4700 would be driven off
scale),

Connect the DMM to the 4700, both set to 1OV
range, ensuring that 4700 Error and Offset [EDs
are UNLIT.

Note that the negative polarity of the Offset value
shown on the MODE display indicates that the
Output voltage is more negative than the value on the
OUTPUT display, ie. the 4700 offset polarity is
displayed, not the polarity of the DMM offset
errot.
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Full Scate Limiting. The 4700 will reject any
combination of set value and zero offset which would
resuit n an off-scale output.

e.g i 19999950V is set together with —100uV
offset, the user is reguesting an offscale cuiput of
—20.000030V and the combination is invalid. The
4700 causes Trror 5 to appear on the MODE
display as a signal to the user, and continues to
output its previous {valid) value.

The QUTPUT display cannot be set to a value
greater than Full Scale. The Offset MODE display
cannot be set to a value greater than the Offset span
for the Range in use.

e,  100pV and 1mV Ranges: <200uV
Other Ranges: <29 of Full Range value

Deselection of Offset Mode clears the MODE
display, turns the red Gffset LED OFF and reduces
the 4700 offset to zero. Normally the mode is
deselected by repressing the Gffset key, but it is also
turned off by changing FUNCTION or RANGE.

Combining Offset and Error modes
(DC Functions only)

By combining Offset and Error modes it is possible
to carry out a rapid analysis of a measuring
wstrument’s linearity {e.g. for a DMM or A-D
converter) without the need to correct its zero offset
and gain errors.

This is done by using Offset Mode to compensate
the 4700 output for the DMM's zero offset, and
then using Eeror Mode to compensate for the
DMM’s gain error with the offset compensation still
present,

In this condition, any residual deviations in DMM
readings from the 4700 OUTPUT display settings
represent non-linearities which would still be present
if the DMM were corrected for offset and gain
errQrs,

This facility also permits a user to quantify the linear
response of the instrument to its input values in the
formy = mx + ¢
in which v = instrument reading

% = input value

m== gain ratio

¢ = zero offset value

e.g. for 2 DMM on its 10V range:

if oy = 9.999956%x — 0.000084,

thenthe DMM needs a gain compensation of
+4.4ppm and a zero offset compensation of
+B4uV

These compensation figures can be read
directly from the 4700 MODE display, during
the foliowing procedure.

Cormbination procedure {(See Note below)

1. Use Offset-mode to compensate for input offset
error and record the 4700 MODE display
value at operation & -+ {¥) on page 4- [3.

2. With Gffset LED still lit, prass Errer key. Use
Error mode to compensate for the instrument’s
gain error and record the 4700 MODE display
value (ppm or %} at operation 8 — (u) on
page 4 - 13,

3. Use suitable values of QUTPUT dispiay
sefting to check the linearity of the instrument
under test. If the instrument has perfect linear
respotse, then its readings will agree with those
of the 4700 GUTPUT display and its linear
transfer function is:

either: Instrument reading

¢ {in ppm)’]
=] e g Input value — y 5

06 Y= mx -+ C

w(in%) 7
mef} — e x Input value ~ y = y = mx e
L 160 .

4. Deselect in reverse sequence,

NOTE: For these equations to be valid, the
procedure must follow the above sequence.
Therefore the 4700 has been designed to
inhibit any other sequence,

i.e. Offset mode cannot be selected or
deselected when the Error LED is Lt
and the Offset key operates in ifs
secondary function of ‘9%°,

Test Key

Tests available

There are two stages of ‘Test” mode. The first stage,
safety and Memory checks, cannot be omitted from
any “Test’ sequence.



Safety and Niemory Checks

On first pressing the Test key, the 4700 carries out
three checks:

1. Operation of the Safety trip, buzzer and reset
cireuitry.

2. Calibration Memory integrity.

3. Over-voltage check. (High voltage when not in
HYV state).

Messages appear on the MODE display, and

completion is signalled by the Test LED going OFF.

The second stage Display and Key checks may be
- omitted by pressing any key other than Test

Display and Key Checks

If the Test Key is re-pressed before pressing any
other key, a visual sequence tests the front panel:

1. Gasg discharge displays.
2. Key LEDs.
3. Key contacts (user-selected).

The 47700 remains in the kev-contact mode until the
Zero Key is pressed or test is deselected. limay then
be used normaliy.

A.B, 1. At any time during the second stage, the
Test sequence may be aborted by pressing
Test Kev again. '

2. During self-test the instrument resel
facility 15 not available.

Test Bequence

The Front or Rear panel terminals are not energized
during Test sequence.

Safety and Memory Checks

1. initial Conditions

Ensure that QUTPUT OFF LED is lit, Error and
Spee LEDs are unlit. Check that Test LED i
unlit,

2. Prass Test Key:
Test LED lights as the checks begin.

3. Safety Trip Check

The 4700 tests the safetv trip circuits. The SAFE(Y
massage appears on the MODE display and the
huzzer will sound continuousty when the trips have
operated, and the Reset LED flashes.

4, Raset Check
The program ensures that user tests the Keset
action.

Press Reset Key:

The SAFEtY message is replaced by the running
message and the buzzer stops sounding. Relay
operation can be heard during the automatic checks
which follow.

5. Calibration Memory Checlc

This is a sum-check of the Non-volatile RAM. Ifthe
check fails, the Message FATL 6 appears, otherwise
no message.

6. Gvar-\foltage Cheeks
The 4700 automatically tests the over-voitage
detector threshold levels in Low Voliage state.

If the check fails, the message Fail Z appears,
otherwise PASS message indicates both tesis
completed suceessfully.

7. The Tast LEIY goes OFF.

The following table summarizes the MODE display
MESSages:
Message " Reason

SAFELY running First stage of “test’ operative,
PASS Mo fatlure discovered,

FAIL & only Parity error in Calibration
Memeory check

High voltage can be present in
Low Yoltage state.

FAIL 2 enly

Any combination of these two FAlIL messages
can appear in sequence, replacing the running
messags,

8. To terminate Test before the Display and Key
checks, press any key other thag Test:
4709 returns to prior conditions.



Risplay and Key Checks,

Visual Check Sequence Read this Note before

pressing Test Key to start,

NOTE: Afterpressing Test Key, the Visval Check
sequence comimences. During this
sequence observe thaty

{a} No display segments or blocks are
missing or incomplete,

(b} Segments and blocks do not appear
spuriousty.

{c) Inter-digit  and inter-sepment
‘streaming’ does not occur,

() All LEDs are ht in their correct
sequence,

{e) LEDs are not lit spuriously.

1. Press Test key — Test LED lights

— All other LEDs unlit
— Displays cleared momentarily,

then:

2. MODE Display
(a} Initial presentation:

Nine segments and legends are presented,

(b} Progressively, all seven-segment digits and
legends are displayed segment by segment.

N.B. Commas are presented in the MODE display
sequence.

{c) MODE display cleared,

3. OUTPUT Display
(a} Initial presentation;

SUTPLT

Nine segerents and legends are presented.
4.18

(b} Progressively, all seven-segment digits and
legends are displayed segment by segment.

{¢) Final presentation; Nine commas are
dispiaved on QUTPUT display then ail
L8 commas are displayed on QUTPUT and
MODE displays,
(dy OUTPUT and MODE displays cleared.
4. MODE Display

{a} Initial presentation:

MCOE

Polarity signs and overrange digit displayed.

(b} Progressively, seven-segment digits are
presented digit by digit.

(¢} Final presentation.

KGDE

First, then second blocks of legends are
displayed.

{d) MODE display cleared.

5. QUTPUT display digits are presented next, in the
same order as for the MODE display.

6. LED Check sequence commences:
{a) Test LED stays on, and other key LEDs are

lit in Left to Right sequence starting at 100 n
key and ending at OFF,

{(by MODE display.

Symbol shown indicates that the keys are
ready to be checked,



7. Key Cheeks

N.B. The Zero key should not be pressed until it is desired to terminate the Test Sequence.

{a) 4 ] %’ Keys . = Test
Each & key should light the upper half of the digit
irnmediately above it i

Test

OUTPUT Display overrrange digit 4 key.

Each ¥ key should 1ighi the lower half of the digit ‘
tmmiediately above it J e Tast

GUTPUT Display overrrange digit ¥ key. Fest

(b) FREQUENCY RANGE, MODE, QUTPUT RANGE, FUNCTION and OUTPUT keys shounld

I

cause their LEDs to hght, except:

(i} Reset key, which is inoperative,
and (ii) Test key, which aborts the test.

In these tests the kev-press operates a latch so that the display or LED remaing lit until another kev i
pressed. Only one key-press at a time is recognized.
(¢} To Terminate the Test Sequence:

Press Zero key to check its operafion.
— 4708 reverts to initial conditions.
— Test LED poss OFF

{dy Operate 4700 normally.



Wamnings and Messages

High Pitch Audible Warning

(a) Sounds at approx 5 pulses per second during the 3 second delay between selection of QUTPUT ON and
the High Voitage being connected to the terminals, when the GUTPUT TERMINAL YOLTAGE
WILL EXCEED 110V DCor 75V RMS.

{b) Sounds at approx 1 second intervals with GUTPUT ON in High Voitage State.

(¢} Sounds for | second with blank FREQUEMNCY display when frequency auto-ranges up or down.

{(d) Sounds continuously when SAFEtY message is present on MODE display during self test.

Low Pitch Audible Warning

(a) Sounds when any message is displayed on the MODE/FREQUENCY display (except recalled
messages).
(b} Sounds when any invalid bus command is received.

FREQUENCY/MODE dispiay

Ervor I — Spec Mode: {%] - Tolerance exceeds 1009%.
d+Lim, ~Lim] -~ The selected limit is off-scale.
Hrror 2 — Caiibrate Mode — OUTPUT OFF.
Error 3 — Catibrate Mode  — Incorrect. FUNCTION, OUTPUT or FREQUENCY
RAMNGE for this ¢alibration mode.
Error 4  — (alibrate Mode — — Correction out of limits.
Ervor 5 - Oifset or - Temporary message. The selected deviation would exceed
Error Mode the full-scale value. Activation has been prevented.
Efror & — Calibrate Mode  — The resistance value selected exceeds the calibration
: {Resistance) value.
Error 7 — 106V and ~ Temporary message. The selected Voltage and Frequency
1600V Ranges exceeds the 4700 internal constraints. Activation has
been prevenied.
Error 8 — Selection error — Temporary message. The operation requested by the user is not
possible in present machine configuration.
Error 9 — Option not fitted  — Temporary message. The requested range or function option is not
fitted.
Error EF - Esxternal frequency — The external frequency is not present, machine will
~ perform out of specification.
Error OL — Voltage Ranges  — The output has been current-limited by an overload.

(If in 100V or 1000V range, QOUTPUT is automatically
switched OFF).

— Carrent Ranges — The terminal voltage has been compiianee-timited to 3V,
(Load impedance too high)
FAIL 1 - Excessive internal temperature. FARL 7 400V power supply fault — this “trip’ may
FAIL 2 —Overvoltags reset itself if no hardware faulf exists
FAIL 3 --Confrol data corrupted. and the Fail message is temporary.
FAIL 4 - Precision divider fauit. FAIL 8 -~ 38V power supply fault.
FAIL 5 - Safety circuits tripped. FAIL S 15V in-guard power supply fault.
FAIL 6 - Calibration memory sumcheck
non-parity.

SAFEtY — Test Mode — Safety circuits tested by tripping: Press Reset kev to continue test.

running — Test Mode - Indicates test in progress.

PASS -~ Test Mode — FAIL 6 did not occur during test of calibration memory parity,
and FAIL 2 did not occur during test of over-voltage thresholds.

Recalled Messages
188 AL XX — Firmware issue number {selected by pressing Error then —Lim).
Addr XX — IEEE 488 Bus address as set on Address switch (selected by pressing Errer then +Lim}.
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Brocessor ‘Busy’ (Keyboard Unreceptive}
The 4700 will not respond to commands while legend ‘B’ is present on the MODE and QUTPUT dispiays
" except to override during safety delay.

KEY LEDs

Rasic indications:

kit — 'The labelled facility is selected and active.
Unlit — The labelled facility is not selected.

Lit Green {Spec and Error only) — Other MODE keys’ facilities are reassigned o the secondary modes
printed ABOVE their keys, as directed by the arrows

Lit Green {Store only) - FREQUENCY RANGE keys are reassigned to select FI1-F3
memaory stores.

Warnings with Funetion DC or AC Seclected:
GUTPUT RANGE 100V or 1060V LED flashing
— A voliage in excess of 116V DC or 75V RMS has been selected (OUTPUT ON or OFF).
ON LED flashing while in Low Voltage State with OUTPUT ON
— An attempt to select output in excess of 110V DC or 75V RMS has been prevented.
~ Repressing QUTPUT ON key will switch the HIGH VOLTAGE ON.
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FRONT or REAR
J  terminals carry the
Full Output Voitage.

WKL E

Guard terminal is
sensitive to over-
voltage

it can damage
vour instrument !




SECTION B SYSTEMS APPLICATION VIA
THE |EEE 488 INTERFACE

Introduction

Section § gives the information necessary to put the
4700 into operation on the IEEE 488 bus, As some
operators will be first-time users of the bus, the text is
pitched at an introductory level. For more detatled
information, refer to the standard specification,
which appears in the publication ANSI/IEEE
Std. 488-1678,

Section Contents
The scction is divided so as to group certain types of
information together. These divisions are:

interface Capability — the permitied options
which have been implemented in the 4700,

Typical System —— a brief view of a typical process
using the 4700 to check a DMM calibration.

Using the 4700 in a System — implications of bus
operation.

Programming Instructions - how the 4700
fgeilities have been transferred into remole
commands.

Brogramming of Operational Functions — more
detail about the codes which control 4700
operation.

Brogramming of Bus Transmissions — how to
program the 4700 to obtain specific types of
reacdout.

Sarvice Reguest — why the 4700 needs the
controller's attention and how it gets it.

Activation of Commands — what the 4700 does
with the commands it receives.

Operational Sequence Guideiines — a fittle
general help with programming sequences.

INTERFACE CAPABILITY

FEEE Standard 488

The 4700 conforms to the Standard specification
IEREE 4888-1978 — ‘IFEE Standard Digital
nterface for Programmable Instrumentation’.

It can be connected to the IEEE 488 Interface Bus
and set into programmed communication with other

bus-connected devices under the direction of a '
system controller.

Programming Options

The instrument can be programmed via the IEEE

Interface, tox

(1) Change its operational state (Range, Function,
Freguency, Mode, Output, etc).

(2) Transmitits own status data to other devices on
the bus.

{3) Reguest service from the system controtler.

Capability Codes

To conform to the standard specification, it is not
essential for a compatible device to encompass the
full range of bus capabilities.

The IEEF 488 document deseribes and codes each
of the standard bus features, so that manufacturers
can provide brief coded descriptions of their own
interfaces’ overall capability. A code siring is often
printed on the product itself.

The ¢odes which apply to the 4700 are glven in
Table 5.1, together with short descriptions. They
also appear on the rear of the instrument next o the
interface conuector.

Appendix C of the TEEE 488 document contains &
fuller description of each code.

Code Interface Function

SH1 |Source Hlandshake Capability

AHI  Acceptor Mandshake Capabifity

T6  iTalker {hasic talker, sermal poll, unaddressed o
talk if addressed to Hsten)

TEY | No Address Extenston Taiker Mode

L4 {Listener (basic listener, unaddressed to listen il
addressed to{alk)

B¢ ' No Address Extension Lisiener Mode

5R1 |Service Request Capability

RL2 |Remote/ Local Capability (without Local
Lockout)

PPY | No Parallel Poll Capability

DY | Device Clear Capability

DTH | No Device Trigger Capability

CF I No Controller Capabilisy
El | Open-Collector Drivers

Tabie 6.1 I[EEE interface Cagpabiiity.
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Bus Addrasses

When an IEEE 488 systerm comprises séveral -

instruments, & unigee *Address’ should be assigned
to each to enable the controller {0 communicate with
them individually,

One address is sufficient for a Datron instrument, as
the coniroiler can add information to it to define
gither ‘talk’ or ‘listen’.

Interconnections
Instruments fitted with an IEEE 488 interface
normally  communicate through a set of

interconnecting cables, specified in the IEEE 488-
1978 Standard document.

The 470(’s interface connector, 127, is fitted on its
rear panel. [treceives the specified connector, whose

pin designations are also standardized and shown in
Fig. 5.1 and Table 5.2.

Fig. 5.1 J27 Pin Layout

i2 1

5%

24 ' i3

427 Masme Dreseription
PiaMo| e Senp
LiDIO g Data loput Qutput Line |
2 D02 ! Datalnput Output Line 7
3 IDIO3 | Data lnput Cutput Line 3
4 DI04 | Darainput Guipui Line 4
5 EOL End or Identify
6 DAV Data Valid
7 INRFD | Notready for Data
8§ NDAC | Not Data Accepted
9 HFC Interface Clear
10 SRO Service Request
11 |ATN Attention
12 [SHIELD/ Screening on cable {(connected to
Safety Ground)
i3 OS5 | Data Input OutputLine 5
14 D106 | Data luput Quiput Line 6
15 MO 7 | Dataloput Qutput Line 7
16 IDIO& | Dataloput OQuiput Line §
17 IREN Remote Enable
18 IGND 46 | God wire of twisted pair with DAV
19 (GNID 7 | God wire of twisted pair with NRFD
20 IGND 8 | Gnd wire of twisted pair with NDAC
21 {GNIDD9 | Gnd wire of twisted pair with 1PC
22 IGND 18] Gnd wire of twisted pair with SRQ)
23 JGND 11 | Gnd wire of twisted pair with ATN
24 IGND 4700 Logic Ground (Internally
connected to 4700 Safety Ground)

Table 5.2 IEEE 488-1878 .Connector
~ Pin Designations

Controller
Cantrois, Tatks

DO
DIz
[alln3}

arwd Listens <

ey

E\ Data
/ input-Castpat oios

g 1

g

DN

) i
Datron 4700 AT
Talks arvi Listeng

i Lo Lo

Talks dnd Listans

J

Printer

Listens

D8
37
Hog

End or idustlfy EQT
B

nterfoce Clear jiw
interiaes

Service Renuest  SRG

Fig 5.2. Typical System

7 Managerment
Attarntian ATN .
Linas
Remotw Enabile REN
Dats Vatid DAV 3 Transfer
Mot Ready for Data NRFD Control Lines
Neot Data Acceptad NDAC | (Handshakel

L
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Typical System

© A typical system is shown in Fig. 5.2. The system is
directed by a controlling device able to :
{a) ‘Control’ {Issue commands)
(b) “Listen’ {Receive data)
and (¢) “Talk’ (Transmit data)

EXAMPLE OF & SYSTEM IN OPERATION

In the system example (Fig 3532) the
programme task could be fo check the DMM
calibration against the 4700, and print out the
resulis. The following is a typical sequence of
events:

(13} The controller needs to instruct the 4700 to set its
output to a calibration point for the DMM. These
commands must not be received by the DMM or the
printer and so the controller sends the geperal bus
message ‘Unlisten’. When sending general
messages, the controller makes all bus devices
interpret any ID1O-line data as configuration or ata-
flow commands, by holding the ATIN line true.

(2) The controller then sends the 4700°s listen
address to force it to receive, followed by
4700 configuration commands (including  the
Output Disable message, to prevent the DMM
receiving an inappropriate anmalog Input). The
instructions are passed along the DIO (datn input-
output) lines as coded messages (bytes). The ¢code
used is ASCTII { American Std. Code for Information
Interchange).

(3) Although the 4700 accepts the instructions as
they are passed, their implementation takes a short
time. The controller would perform other tasks
during this period. In the example, it would pass
configuring commands to the DMM, after ‘Unlisten”
and the DMM listen address have been sent.

{4} The DMM aiso needs time to settle into stable
operation, so the controller performs other tasks
while waiting, such as configuring the printer.

(5) The coniroller next generates Unlister’,
addresses the 4700 as listener, angd re-configures its
Analog Output On by an Output Enable message. I
the 4700 has executed its previous instructions, it
sets QUTPUT ON immediately, otherwise the
OUTPUT is set ON as soon as they have been
sxecuied. In either case,the instrument sends a
message back to the controller via the SR (Service
Request) management line, if programmed to do
G,

(6 As the SRQ facility is available to all bus devices
(Wired-OR  function), the controlier needs to
discover which one sent the “SRQ’. 1t therefore asks
all devices one by one (‘serial pol?}, finds out that
the 4700 is the SRQ source and that its OUTPUT is
ON.

{7} It next addresses the DMM as a listener, and
sends the GET message (Group Execuie Trigger)
via the DIO lines to initiate the reading. After ashort
delay for measurement, the DMM prepares output
data and SRQ’s the controller when it is ready for
transfer.

(8) The controller identifies the MM by a serial
poll. Finding that the reading is available, it sends
the DMNM's talk address, and printer's listen
address, to activate both devices.

(9) The controller sets the ATN line false, thus
releasing both devices to start the transfer. The
DMM sends its data, byte by byte, via the DIO lines
1o the printer. This data must be in a form acceptable
to the nrinter, and to ensure orderly transfer, each
byte is transferred by ‘Handshake’, using the three
Transfer-Control Hines.

(10) Usually the controlier is also listening to this
data transfer {o determine when it is complete. As an
aid to the controller and printer, the DMM can send
another message with the last byte to be transferred
(EOT-end or identify, using another bus
management line).

{11) The sequence is complete, and the controller
can start again at another calibration point.

The controller holds the REN line true when taking
remote control. Tt can send an addressed command
GTL, or some controllers can set REN false, to0
permit temporary manual control of a device. The
1EC fine is used at the discretion of the controller, o
clear any activity off the bus.

Sequences such as this are often assembled into
programs to check DMMs at many calibration
points; changing functions, ranges and output leveis
as designed by the user, The program would also
include ‘display’ messages to compiete the printout
in a recognizable form for the user's convenience.
Programs must aiso cater for FAIL and ERROR
SRQs.

‘With a Datron Autocal DMM, other sequences can
cause the DMM errors to be reduced unlil they ars
within specification, using its ‘calibrate” mode,

(|
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Using the 4700 in a System
ADDRESSING THE 4700

Bus Address

The instrument address is set manually using a six-
way miniature switch near the interface connectoron
the rear panel. Five of the switches are used to set
any address i the range 00 o 30, using a binary
code.

2.g. Switch setting - ADD 11010 = ADDRESS 26

-

! T

2
s
i

ADD ;
|

AS

i
=

A2 Al Decimal Code
0 00
01
a2
a3
04
g5
66
g7
08
a9
i0
I
12
13
14
13
16
17
18
19
20
21
21
23
24
25
26 (e.g. above)
27
28
29
30

A B s R i I e e
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o

Table 8.3 Sddress Salection
5aik

ADD’

The sixth switch is provided for possible future
variants. In the 4700, the position of the ADD
switch is immaterial, as the normal bus addresses
can be selected at either setting,

Addresses (-30

With an address selected in the range 0 to 30 the

instrurnent may be controlled manually, or remetely

as part of a system on the Bus. The address selected
must be the same as that used in the controller

program to activate the 4706,

N.B. The selected address can be temporarily
displayed on the front panel when in manual
control, by touching Error and then
Guard.

Remote Operation

When the 4700 is operating under the direction of
the controller, the legend rem appears on the mode
display, and all front panel controls are disabled
except Power and Reset.

On entering remote, any earlier (manual) selection
of Error mode is cancelled. During remote
operation, the factlifies of Error mode are excluded,
as they can easily be programmed into the controiler.
Spec mode is also cancelled, but *Spec’ information
can be obtained by bus command. There is no Spee
mode display on the front panel during remote
operation,

The 4700 power-up sequence is performed as for
manual operation. After power-up, and on recovery
from a power failure, the 4700 generates an SRQ
and prepares an ‘RQ8  Status  Byte' for
transmission to the controller as a response to its
subsequent serial poli.

Calibration Enable

A “Calibration Enable’ command via the bus is
required to set the instrument into its Remote
Calibration mode (the CALIBRATION ENABLE
keyswitch on the rear panel must already be set at
ENABLE). Selection of any address 0-30 inhibits
manual calibration from the front panel.

Address 31 {lllegal bus address)

This address configures manual operation only,
inhibiting remote facilities. Address 31 must be
selected (with CAL key set to ENABLE), for
manual calibration to be carried out,

Temporary Transfer to Local Qperation {GTL)

The 4700 can be programumed to switch into ‘Locaf’
operation (Command GTL), permitting a user to
take manual control from the front panel. The system
ceatroller regains “Remote’ control by sending the



FRONT or REAR
terminals carry the
Full Qutput Voltage.

]

READ THIS For manual operation, the 4700 High Voltage Intertocks ensurethatusers
employ deliberate actions before voltages inexcess of 110V DC or 75V REIS are generated
at the QUTPUT terminals. _

i system applications, the same interlocks require the same deliberate commands to be
received from the system controller. (But see Safefy Dielay Override command D1in the =

text}.

in manual operation the user who is exposedto danger from high voltages aiso has direct
controf of the 470D output, but itis not possible to give the same degree of built-in
protection to exposed users when the instrument is under remete program controt, This
danger is intensified by the high speed of remota programming, soitls ESSENTIAL that
WHENEVER THE 4700 18 BEING USED IN A SYSTEM TO GENERATE VOLTAGES IN
EXCESS OF 75V, THERE MUST BE NG ACCESS TO THE 4700 FRONT PANEL OR
REAR PANEL QUTPUT TERMINALS.

R AR

il are StiFe that
i*-%:és; safeto doso,
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Programming of Operational Functions

oUTPUT ON/OFF

The analog OUTPUT is switched off by command
Off (output disable), and switched on to the selected
value by Ol. The amplitude and frequency of the
output are derived from the ‘M’ code and ‘H’ code
data used to set the ‘Main’ (OUTPUT display), and
‘Auxiliary’ (MODE/FREQUENCY display}

registers.

Safety Delay

The High Voltage Safety delay (3 seconds} is
normally active (D@). It can be overridden by the
command D1, but the use of this commaned sets up
potentislly dangerous situations. D is enforced by
any Function or Range change {including Autorange
changes).

WARNING:
DONOTUSEDI UNLESSITIS ESSENTIAL
FOR HIGH SPEED OPERATION. TAKE
SAFETY PRECAUTIONS TO PROTECT
PERSONNEL IN THE VICINITY.

Funetion

Fg (DC Voltage), F1 (AC Voltage), ¥2 (DC

Current), F3 (AC Current) and F4 {Resistance)

configure the instrument to the required function.

Output Ranga

R1 through to RY configure the 4700 to specific ¢
ranges as shown earlier in Table 5.4. R# puts the
instrument in auto-range function, allowing the
output value to be specified as a number without
setting the actual range. Ranging down occurs at
20% of range, i.e. Full Scale value of next lower
range. Ranging up occurs at Pull Scale. In
autoranpe, commands A#, Al and A2 are invalid.

Output Display Value (Main Register)

Inremote programming, the incrementat 4] ¥ method
of setting the output value is not used. Instead, Code
M=*%* i used to set the output value explicitly,
either in numeric, scientific or engineering notation

Hxamples of valid M codes:

{see examples below). If the resolution is too high,
the value is truncated to the correct resolution ang )
the controller is informed by SR and RQGS Status
byte (see RS status byte formats later in this
section).

High Voltage Quiputs

The change from Low to High voltage state is
controlled by the same interincks which govern the
manual changeover {Refer to Section 4, page 4-73.
To effect the changeover, the command string:

‘M (followed by voltage) 01 =

should be used fOUTPUT is already on and 2 range
change is not ivolved. If a range change is
programmed to set the output into high voltage state
(for instance in R#) the ‘O should be sent as a
separate string.

If the M code alone is attempted ( B ==y with
OUTPUT already enabled (01), the new value is
set in the Main Register (QUTPUT display): but the
output voltage will not ramp to high voltage state
untii the enabling string ‘01 =’ is received.

If the attempt had been made with QUTPUT
disabled (Of), the O would be reguired in any
case.

It should also be remembered that the output
circuitry needs time to settle to its final vaiue,
especially if a range-change is incurred. Delays
should be included in the controller program to allow
for this.

During these processes, the front pasel warnings of
flashing EEDs and pulsing tones operate as for
manual cperation. Nevertheless, access to the front
panel should be restricted because the high speed
of programming in the IEEE interface adds io the
safety hazard.

Regnired Fenction Range M Code Output Display

Cuiput Vatue

~153V Fa R7 M--153 =153.000,0V

+1.621257V Fg RS M-+1.6212574 +1.621,25874V
1621257V RMS Fi RS MI621257E-6  1.621,257Vw~
1621257V RMS F] R& MI1621.257TE-03 1621257V~ { Autorange to RS = 1V)
0.002563A RMS ¥3 Re M.002563 2.56300mA~ (Autorange to R3 = 10mA)
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Output Resclution
The output resolution conforms to the following
number of digits:

{ 0 im E0m 100m i 10 190 1000
Range 10 160 ik 16k 190k im i0m 100m
Range Code R1 R2 3 R4 RS 143 R7 R8
Functions:

DC Voliage F@ 44 5 &% 7% T 7% T T4,
AC Voltage Fi — 414 5% 64 &4 64 6% &%
DC Current F2 6% 614 6% 6% 6 o - —
AC Current. F3 aiA 6% 6% 64 6i4 — — —
Resistance F4 {

and Local 4% 514 614 T T T4 74 T
Sense S@ {

Resistance 4 T4 ) 7% T TH 714 TH T%
and Rermote

Sense 51

Freguency Display Value {Auxiliary Register)
In remote programming, the incremental (A1y)
method of setting the frequency is not used. lostead,
cach auxiliary register value is input explicitly by
Code H®9F% iy numeric. scientific or engineering
notation,

The manual frequency *Store’ memoties cannot be
set via the bus, although their contents can be read
using V" codes.

Frequency Resolution

Frequency is resolved to three significant digits
(19% to 100ppm accuracy). On the dispiay this
occupies four digil spaces, 1o accommodate the
decimatl point. If the significance is greater than three
digits, the value is truncated and the controller is
informed by SRQ Status byte {see SR status byte
formats later in this section}.

Frequency and Voltage Constraints

On 100V and 1000V output ranges, the 4700 will
refuse any command for an output which exceeds the
limits defined on page 3-6. The controller is
informed by ‘Error 7' SRQ status byte (see SRQ
status byte formats later in this section).

Guard and Sense
These are configured into Local or Remote by G or §
codes respectively:

G& — Local Guard

Gi — Remote Guard
$¢ — Local Sense (forced when F2 or '3 has

heen commanded and when FO, R1, RZ,
R3 and R4 or F'L, R2, R3 and R4 have
heen commanded). Programs for 2-wire

. resistance in F4.

51 -~ Remote Sense (available only when FO
or F1 have been selected together with
RS, R6, R7 and RE or when F4 has been
selected in all ranges). Programs for
4-wire resistance in F4.

These bus commands are subject to the constraints
of the 4700 firmware. The instrument will reject and
ignore invalid commands, such as Remote Sense
when in 160wV range.

Calibration Enable and Calibrate (W and C
codes)

These are available for avtomatic calibration of the
4700, under remote control via the IEEE bus, Refer
to the Calibration and Servicing Handbook,

W& — Calibration disable

Wi — Calibration enable
(only if CALIBRATION ENABLE
keyswitch set o ENABLE}

g - Calibration Trigger — 4
eauivalent to CTAL key. {

- As BET key.

1 — As ST key.

3 — As =0 key (in DC)

Refer to
Section B.

I‘-j]
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Programming of Bus Transmissions

Cutput String Formation

The 4700 can be commanded to output ‘internal’
information to the system via the IEEE 488 bus, by
sending one of the specified ‘recall messages.

Only one recall command should be inciuded in a
terminated string.

As well as the information it contains, the string
needs to be formatted correctly for acceptance by the
system. Many varations of format are availabie;
these can be programmed for the type of system in
use.

The iength and construction of the string both
depend upon the type of informstion to be
transmitted, and thus upon the codes used to
program the 4700, The purpose of this explanation is
to describe the effects of these codes on the output
string format.

Figure 5.4 illustrates the construction of a typical
string, such as the 4700 output value. Notice that
numerical data is reduced to a standard form, and
scaled by means of an exponent in base 10. All
device-dependent messages use the ASCIT code.

Figure 5.4 Breakdown of a Typical Qutput String
{This is a general example — two specific 4700 examples appear on page 5-12)

1 1 Variabt 1 1 2 Oor? Oto 2
ariable length

byle | byte g byte | byte hytes hylas bytes

E !
ASCH ! Numeric in i Polarity Legends
space standard form $ign {optienal)

Polarity Exponent Exponent Terminators
sign defimiter value {optional)
ASCIH "Space’ : Exponent value

A format character to denote the
beginning of an output string — not
present for recall command X8.

Potarity sign

Replaced by an ASCIH space in AC
Funetions. For DC functions, the
appropriate polarity sign is presented.

Numeric sub-string

Length depends on the resolution of the
information to be transmitted, and form
depends on the notation programmed
by ‘L’ code.

Exponent delimiter ‘£’

Signifies that the numeric has finished
and the next three bytes form the
exponent.

Format Codes

The first of the three bytes is always ‘-
or ‘~’, Because the value is never
greater than 9, the second byte is
always O, and the third is a single
decimal digit.

Legends

Inclusion is optional, but if they are
programmed i1, two bytes are always
present. The characters are appropriate
to the programmed state of the 4700,

Terminators

Two  terminating  characters  are
available, as programmed by ‘K’ code.
The EOI bus management line can
optionally be programmed for
simultaneous transmission with the last
byte of the siring.

The following pages list and describe the programming codes which determine the formation of the output
string. The codes on page 5-11 select specific types of ASCI strings for retrieval.
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Recall/Verify {code V1.

By sending a ¥ code the controller interrogates the
4700 to obtain information about its present status,
Unless otherwise stated, the output strings are
formatted as programmed by K and L codes. The V
codes are as follows:

V8 - The present Ouiput value,
V1 -~ The present Freguency setting

¥2 - The present functional status.
The response to V2 is 8 standard ASCIT string:
{space R¥PFOFGFE¥WHQPFDPLAKY  terminator).
The functions are represented by the same
mumerics as for programming In additon, the
Output Range is identified by a lower case ‘¢’ if the
4700 is programmed in autorange.

V3 — Software status.
The software status is the part number and issue
number of the intemal program. This iz formatted
as follows, in response o command code V3

(space 890077 — numeric terminator)

4 A

Part Mo. issue MNo.

{This stawus report is also avzilable manually
by pressing Error key then Lim~ . The firmware
issug-nwmber is presented on  the MODE
display}.

¥4 to V8 — ‘Stored” Freguencies.
Codes V4 to VB recall each of the five frequencies
heid in volatile memory locations Fi to F3, These
can only be set or selected manuallv. (Refer to
page 3-7.)

The range of legends transmitted by the 4700 i
fisted under *String Formatting Commands (K and L
Codes).

i~cods {Aide-Memoire}

This allows the user to identify a specific calibrator
with a designator up to 16 characters in length,
stored in non-volatile memeory. The 4700 must first
be placed in the CAL mode by turning the CAL kev
to ENABLE and sending the W] command,
Sending the | command will store the subsequent 16
character siring in memory. This swing can be
recalled using the X8 command.

MN.B. The I-command and the W1 command must

not be sent in the same string.

Specification Tolsrance {Per unit — P codes).
The P commands give access to Spec mode over the

bus, also setting the calibration intervalk
PO - 24 hour; P11 - 00 day; P2 - I vear

On being commangded by P code, the 4700

- calenlates the Output Uncertainty of its current state

(as a ‘per unil’ fraction of the outpuf value) and
generates an cutput string formatted by K and L
codes, Legends are transmitted 35 pu (per unit),

Absolute Limits of Tolerance

In this case, the U commands cause the 4700 io
calcufate the high or low Bmit of uncertainty of its
cutput value against the nominated calibration
mmlerval.

Ug — Low limit 24 hour
Ui — Low limit 90 day
U2 — Low limit [ year
U3 — High Hmit 24 hour
iJ4 — High limit 90 day
U5 — High limit 1 year

On being commanded. the calculated value is ouiput
by the 4700 n an output string formatied by K and L
codes.

Diagnostic information

The X commands recall the contents of certain non-
volatile calibration memory locations. The values
recalled are calibration constants stored at the most
recent  Autocalibration. They are used in the
computations which establish the 4700 ountput level,
as corrections for long-term drift in the analog
cireuitry,

X¥ — Zero Cal Store
X1 — QGain Cal Store in DC, LF gain -+ HF
calibration in AC

X2 ~ 'STD’ calibration gain factor
R3 — Zaro offset
X4 — Gainerror factory

X5 - Lipearity(nof AC)

X6 — Reference Divider setting

X7 — Not used in 4700

X8 — Recall message which was memorzed
eariier by the operator using Code L

Activating the Recall Transmission

The 4700 assembles the appropriate output string in
its output registers in response tothe ¥, P, Uor X
command. It can subsequently be released onto rhe
bus by addressing the 4700 as & talker,

ting Formatting Commands (K and L Codes).
The output string can be formatted and terminated to
adapt  fo  user’s requirements.  Scientific or
Engineering notation can be programmed, with or
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without descriptive legends. Two examples are given
below.

Codes LO to L3 configure the output string
aotation:

£8 - Scientific notation with Jegends
L1 — Scientific notation, no legends

L2 - Engineering notation with legends
L3 — Engineering notation, no legends

Two sorts of terminator are available:

a. Oneortwo bytes can be added to the end of the
string. These contain either Carriage Return
{Cr) or Line Feed (Lf); or both in the order: Cr
followed by L£

b. The EOQOI bus management line can be
progranuned to set true simultanecusly with the
last byte of the string. EGI can be used even if
both Cr and Lf are suppressed.

The 4700 can also be programmed to transmit
strings without terminators, To accommodate these
variations, the system programmer uses the K
codes:
K# — No suppression (Cr, Lf and EQI all
present as terminators)
K1 — Suppress EOI (Terminator Cr followed by
L)
K2 - Suppress Lf (Terminator Cr with ECI)
K3 -~ Suppress Lf and EOI (Terminator Cr)
K4 — Suppress Cr {Terminator Lf with EOL
K3 — Suppress Cr and EQT {Terminator iy
K6 — Suppress Cr and L (Terminator EOY with
last character)
K7 — Suppress Cr, Lfand EGI
{No terminators),

1. Scientific Notation {Codes ifand 1)

Bytes - T 2 3 4 g 5] 7 2 7 i 1 12 13 14 5 16 17 113

[ |
Spoodgp+ -] oA . 0-8 3-8 08 o8 o8 -5 E Hfen & 2 tvar! spn Cr Lf
Twe ASCH spaces
o7 018 Spate aad
parity
Quiput Vatse Numieric:  5,900064 1o 1,.993998
Chtpet Vaive Exponant: E={G 1093
LEgEnaish  [n this case code L was Drogrammed.}
Terminatorish:  {Code K progremme
2. Engineering Notation [Codes L2 and L3}
Bytes - 1 2 3 4 & & 7 B g H n i2 13 14
3
£ 44 L] 0-9 3 [

H i
; Spoisp+- G G 4 ! i -3 &9 09 8 { E - @ /3
| - &
Two ASCH spaces
of e space and
poltnity ECE = EQT line set true
[ —— with fast byte
Cutput Veiue Numeric:  6.000000 to 185.9988

Qutput Vaiue Exponent €510 10 10

Legendsisi” {Inihis case L3 was nrogrammed. ie no fegends}

Terminatoris): {Code K6 progarmed.)

Descriptive Legends.

The following Legends will be fitted into the string after the exponent, if programmed by codes L@ or L2:

Recail Function Legend Meaning
Ve Y Ug-us RO A% DC Volts
Yd,; Ug-Us  Fi Ve AC Volts
¥d,, Us.Us 2 A DC Amps
Vi, 1 Ug-Us F3 A AC Amps
Vg, ] Up-us vd R Resistance

Recall Legend Meaning
P3-P2 pu per unit
Frequency Hz frequency



Clear Commands (DCL and 8D :
When the 4700 receives either of the two ‘Clear’
messages, { DCL is universal and SDC is addressed
to a selected device) it will default to the
predetermined state defined below. During the time
taken (o default, the IEEE interface handshake is
held. These commands are effective even in "Local’
control.

Al Mot Active {see M code)
rg DC Voits

Ré Autorange 1V default

Mg Where value is zero
H{valuey Where vaiue is tkHz

G§ Locs! guard

S Local sense

O OUTPUT OFF state

QF SRQ on all specified states
Dg Safety delay active

W Calibration disabled

Y Mot active ~ disabled by WO
P? Not active

U? Not active

¥? Not active

®I WNot active

K* Unchanged

Iy Unchanged

The frequency values held in “Store” volatile
memory locations FI-FS are reset to the default
state described on page 3-7.

Operational Sequence
Guidelines

Most  interface communication tasks require
sequences of coded messages to be sent over the
interface. Many coniroliers assign a single
programming instruction to & complete sequence, so
it is advisable to study the available controller
capabilities carefully before attemping to program a
system. Because the IEEE Std 488 (1978} allows a
certain latitude in bus protocol, considerable
differences may be found between programming
instructions and operating sequences from one make
of controller to another, Consequently, the following
sequences are recommendations only.

Diata Transfer

EINL Irhibiis all current listeners
LAD, Fach address sent enables a specific
) device to receive fulure data bytes,

LAD, More than one address may be sent if
l multiple listeners desired.

TAD The address senmt enables a specific

device to sead data. The 4700 must be
~ already programmed 1o prepare data.

DAB, Data bytes sent by currently-enabled
‘ talkers to all currentiv-enabled listeners.

DAR,

UNT Disabies the talker on receipt of the last

character.

IINL = unlisten -

LAD = listen address of specific device
TAD = talk address of specific device
3 AB = data bytes

UNT = untalk

Leesmprrmemreemissiind

Serial Peli

NL Inhibits all current listeners

SPE Puts interface into serial poll mode

during which all devices send status

instead of data whean addressed.

Enables a specific device to send status.

Within this loop, device should be

. sequentially enabled.

SBN Status bvte sent by enabled device:

or SBA { IISBN, loop should be repeated. [f SBA
sent, the enabled device is identified as
having sent SRQ and will automatically
remove it.

SPD Disables serial poll mode.

TAD,

UNT " Disable lagt talker.
SPE = Serial poll enable B
SPI> = Serial poli disable
SBN = Status byte negative where bit 7 = 0
SBA = Status byte affirmative where bit 7 = 1
Untalk

It is highly desirable that a sequence which causes a
device to be addressed as a rtalker should be
terminated by an ‘untalk’ command.

5-13
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~ SECTION 6 SPECIFICATIONS

General
POWER SUPPLY EMVIRONMENTAL CONDITIONS
Voltage TOO/120/220/240V 1 0% Operating temperature 0°C 1o +50°C
ne 4 CAUTION,
Line Frequency SHzto G2Hz Above 30°C on 1kV Range: maximurn output power is derated
Consumptior: 370 VAnormal Storage Temperalure ~4*Cto+70°C
680 VA full power )
Maximum Relative Humidily : 75%at40°C
Fuses 220/240V 3.15A N0n~Condansing
1067126V 6.254 Warm-up Time One hourfomeet all
specifications
MECHANICAL
. . L OPERATING INDICATIONS
Dimensions Helght 178mm (77)
Width 455mm {17.9" Indication Symbols itondisplays and
Depth 564rmm (22.27) iHuminatedkeys
) _ Scale Lengths
Weight 38kg {771b)
) . Quiput Display 7' Digits mandmum
SAFETY The 4700 has been designed
to meetBSI 4743, 1EC 348 Frequency Displa 3 Digits plus store locatio
and UL 1244 specifcations quencyisEay S "
Mode Display 7/, Digits maximum

Guardte Ground
LoleGuard
Lo to Growund
Hito Guard
Hi to Groungd
Fear Panel Digial Inputs-
to i
tolo
i Guard
to Ground
N.B.

PEAK TERMINAL YVOLTAGES

QzOv
g20v
G20V
1558V
1556Y

1556V
920V
Q2GY

OV I+ 8Y

Digitat Commonis interally connectad 10 Ground




DC VOLTAGE {Standard to 200V, Option 10 to 1100V)

Accuracy g re L TAE
M T
FioFT o M
Range Statility | Accuracy Relative to Calibration Starndards {  Calibration Temperature Output " Output
24 hour ={opm OUTPUT +ppmFs) (2 Uneenainty | Goefficient(xppm | Resistance Compliance
= {ppm- {pprm) (3 CQUTPUT )
SUTPUT FC--13C
ppMES) 24 hour 90 days 1 year 330 - 380
{11(2} AFCETC | 2010 [ 239C e 1070
100,00V 0
106.00000mY | 1.2+0.64V 3-+0.8uV H+0.8.Y 18+1.0uV W+aV 2.0 10040 -
L.O0GBOOOV | 1.0+0.5 2+0.8 8+0.8 15+1.0 7 1.5 <83, 1mif} 25mA
10.000000V | C.640.1 1+0.5 4405 15+1.0 5 1.0 <@ 1me) 25mA
100.00000V 1.9+03 24190 B+1.0 15-+1.0 9 1.5 < trmll 25mA,
1000.6000V(4) | 1.0+0.2 3+0.5 B+0.5 154+1.0 12 2.0 <10} 28mA
Noise (8}
Bandwidin 2.8kHz Average Over Average Over DC-2Hz
1 Ling Petiod 10 Line Periods {Typical Null
{pk-to-pk) Epk-fo-pk} Detactor)
Range {RMS) (ph-to-pi}
100V -100mv 4uV 0.2V 3.5uv G.ipV
1V AV 2uY 0.5,V 0.5uV
10V uny BV 2uV 2aV
ooV 1200V 500V 2EuV 25V
1000V 2.8mV 6500V 200V 1500V
Motes:

{1} Forsame conditions between 18°C and 28°C

(2] F8=2xRange

(3} Factory calibration uncertziny using automated calibration eé;uipmant

Datron can provide batter traceabi ity. Contact factory for detaiis.

(4} Requires Option

10.

{5} For 10kHz-wide band, miuitiply 2.5kHz figures by 2. For RMS, divide pk-o-pk figures by 6.

Other Specifications

Catpaat
Overrange
Voltage Sensing

Guarding

CommonModa Rejection

Settling Time

P
o g

True bipolar cutput capable of dalivering 1100V with respectto Qutput Lo,

100% on 1000V to 100V ranges. 10% on 1000V range (1100V).

Selectable remote or local voltage sensing on 1V {0 1000V anges.

Sefeciable remots or loeal guard connection. Max Guardto Ground voitage of 650V rms (2.5 V fi

140dE at DO to 400Hz.

To 1ppmof step size < 5s,
To 10ppm of step size < 15,
To 100ppm of step size < 100ms.

ashiest),
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AC VOLTAGE (Basicto 200V, Option 10tc 1100V)

Accuracy
Range Frequency Stability Accuracy Relative to Calibration Standards
(Hz) 24 hour +{pom QUTPUT 4 ppen FSY (23
Eippm :
QUTPUT :
+ppm £S5} 24 hour 90 days 1 year
(12 20 L 0 23°C £ 1°C 2O WG
1 0000mY 1G-31 1204 10+10uV 200480+ 30V 250+ 60-+10uV 340+B0+10uV
A 32-33k B0+ 10-+10uV 1860+404+10uV 2004404100V 2404+B5+10pV
160.0000mY 30k - 100k 60-+10-+10uV SO0-+B04+ 10V BOG+ GO+ 10V TA0+BO4+10uV
' 100k - 330k 160420+ 10uV | 0.2%+0.02%+20uV | 0.2%4+0,02% 4200V § 0.2%4+0.02%+20..¥
300k- 1M 2604 20+10uV 0.6%+0.2%+30uV {1 0.6%+0.2%+30uV 0.8%+0. 2%+ 30V

1G-31 80420 180 4 40 200 + 40 280 4-80

1-DO0000Y 1 3233« 40410 100+ 20 120+ 20 180 + 40

10.00000V 30k - 100k 40+ 10 180+ 30 200+30 300+ 46

: 1008 - 330k 100420 5004+ 200 GO0+ 200 100G + 200

300k~ 1M 240 420 23.3% +0.1%. 0.4% + 0. 1%. 0.6% +0.1%.

10-M 80+ 20 1804 40 200+ 40 280460

100.0000V 32-33Kk 40+ 10 168+ 20 120+ 20 180 + 40

30k - 100k 40 + 10 220+ 40 250+ 40 320+ 40

45-330 100G+ 20 180+ 56 206+ 50 360 + 50

1000.000V{E) 300-10k BO+20 126+ 50 1556+ 50 280 -+ 50

10k -33k 106 430 220+ B 250+ 50 380+ 50

Notes:

} Forsame conditions between 18°C and 28°C.
2} F8=2x Rangs.

3} Factory calibration uncertainty using autnmated calibration equipment. Datron can provids befier traceabllity. Contact factory for detalls.

Estimatad, not fully raceable.

Hequires Option 16

Settiing Thmes are doublsd.

4

14}

{5} Predominantly second harmonic {negligible error on mean sensing instruments),
{6)

{7}

For Fregquency Hange or Oulput Rangs changes, Function changes, OFF/ON changes, and Freguency changes between 31 and 32Hz: the

& In remate operation via the IEEE 488 Interface, hardware switching occurs under the contret of ' (Frequency) codes. Any transfer {up or
dowry between the undermentioned frequencies must be regarded as a frequency range change. Zetlling Time should be allowed as for

‘Other Specifications.’
31-32Hz

300-301Hz
3.00-3.01kHz

33.0-33.1tkHz
330-331kiHz

& For sefting to 10ppm of Step Bize, multiply all imes by 1.5,



Calibration Temperature Fotal Cutput impedance Ouatput
Uncertainty (ppm) Cosficient Harmonic at Zeroto Fuli Load Compliance
{3) {Hopm OUTPUTACY Distordon Regulation
BC - 130 (T {5)
33°C-38°C
110+ 12nV 10 a1
250+ 10uV 10 0.04 06 o
560-+11uV 10 0.1 ai alfrequencies
8O0+ 12,2V (4) ag 53 Hreanend
1300+ 125V 44) 100 1.0
150 § 01 Typicaly
130 8 0.04 C.001% FS 1Y Range: 25mA
179 & 0.1 _to33kHz 10V Hange: 50mA
450 20 0.3 incraasing lo A
1160 100 10 0.3% FS at tMHz (2}
Typicaily
160 3 0.1 0.602% F3
130G 8 0.04 {0 A3kHz 100mA
2004} 16 0.2 incraasing io
0.02%% F5 at 100kHz {4}
igg i{) g? Typically «3.3kHz, 16mMA
50 19 1 0.0029% F& =3.3kHz, 65mA
i ‘ 10 33kH2 {2}
{ther Specifications
Scale Length S 200% of Range, 1mY 10 100V ranges
9o i V0% of range, TODOV range (1100V).
Voliage Sensing Seleciable remote oriocal voltage
senging on 1V 1o 1000V tanges.
Guarding Selectzble remote or locat guard connection. Maximum Guard to Goundvoliage 650V BMS (2.5 Hash test).
Cormwnon Mode Rejection 14068 a1 00 to 400Hz.
Setiting Time (7} To 100ppm of step size (double fof range changes);
) 10-32Hz<10s.
32-330Hz<3s.
»330Hz<01s.
Frequency ACCUTACY < 130ppm, wypically <10ppn.
Maximum Load 1V to 100V ranges: 1000pF.
Capacitance 1000V range: 300pF.

o



VOLTAGE/FREQUENCY CONSTRAINTS

Log. Scale

G0V

Dutpur
Yoltage

200y

120V

e

Yo

Frequensy iz fangs 190kkz Hange
Range Spans b "
300 3.3k 30k 330k
100H: Range tkHz Range thitz Range
[ a0 | 3k 3k 300k 164
1300V
s
1000V Range
33z
[ 260V
i !
OV | 5 4
ashz 100Kk 100Y Range
Pt
— 9
0V Renge
{Lawer Ranges
aiso caver
the fiatl
freguenay
spang
4.8V
oo ] P P L [ Fary.
0 30 1m0 300 1k = 0% 30K 100% 300k 1M Spans

Output Frequency iHz! (boeg, Sealsl




CAPACITIVE LOADING CONSTRAINTS

Vait-Hert? Power Limit varsus Capacitance Load (1kV Hangsl

dond ! : Ll FARNIS ITINN
L T T
2
7
5]
5 ¢
4
Yol % e g : ;
Heriz 3 1 : R xoL
w107 E : ® = o aewire
10 ; ¥ T . H
: i BN g
. B dwire
. o !
Z o g ; .
I f
¥ = ¥ T T
Ful 211 Specification h %?é / ail
specification g typicai G0OnF
gl
£
1 -
o T
100 ' 200 300 400 &G0 300 1000

Total l.oad Capacitance - Including Leads {pfl




DC CURRENT (Option 20)

Accuracy
Range Stability | Acouracy Relative 1o Catibration Standards | Calibration Temperatire Quitpu - Oupd
24 hour Hippm OUTPUT +ppmE S} {2} Uncertaimty { Coefficient (2ppm | Resistance Complignos
L i{ppm {(opm)(3) QUTPLT Cy
CUTPUT + 80 —13°C
ppmFE) 24 hour 90 days 1 year 33°C - 38°C
{1){2) 2300 | 2T H 10 230 £ 1000
100.00000 A 745 1G+10 A0+10 160410 35 iz RGO 3V
£.000080mA 7+5 10+7 4347 100+14 33 12 =206 3v
19.00000mA 745 1347 d+7 100+10 S 33 i2 200041 3V
160.0000mA 7+5 10+7 4Q0+7 100+10 33 12 > 20011 3y
1.000000A (4) 15410 20418 100+15 200+20 80 30 =10 3V
Noise
Bandwidth
2.5kHz Avarage Cver Average Qver
FMS) 1 Lina Period 10 Line Peg:‘oﬁs
{pk-to-pk) {pk-to-pk)
SnA BNA 2nA
Brid BrA 2nA
S0mA 30nA Z0nA
1A 500nA ADONA
25uA 30uA 20
Notes:

{1} Forsame conditions between 18°C and 23°C.

(2} FS=2xHange.

{3} Factory catibeation uncedainty using automated catibration eguipment,
Jatron can provids better Iraceability, Contact faciory for details.

{4y Typical above 1A,

(ther Specifications

Cutpnat
Overrange
Settiing Time

Locat Sense Only, afiranges

Max. reactive joads

True bipolar outpul capable of defivering £ 2A.
100% on all ranges.
Tsto full specification,

100nF, tmH (< 1ust
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AC CURRENT ({Option 20}

Notas:

=

o
1

W=

o TH

Accuracy
fRange Frequancy Stability Accuracy Reiative to Calibration Standards
(Hz} 24 hour % {opm CUTPUT + pom F5){(2)
{ppm
CUTPUT
+ppm FS) 24 hour 90 days 1 year
{1342} 230 + 1°C 230+ 10 23°C+10°C
100.00000 A 101K 50+20 400-+80 400480 500-+100
1k-ak 70430 5504100 {7} 550+100 (73 680+ 160 {7)
1.000600mA -1k 50420 200+80 220480 350+140
$h- 5k 50420 350+80 3804-80 45041080
10.00000mA 1G- 1k 50420 FO0+80 220480 350100
1k -5k 30+20 350480 350-+80 45041400
180.0000mA 13-tk 50420 200+80 220480 3504100
k- Bk 50420 350480 350480 4504100
1.0DGO00A 4} 10- 1k 50+20 400+80 400+80 300+100
-5k 704-3G 5504100 (7) SEO+100 (7) 650+1860 {7)

For same conditions bietween 18°C and 28°C.
F3=2x Rangs.

Typical above T AL
Fredomirantly second harmonic (nagligible error on mean sensing instruments).

For Freguency Range o: Output Ran

Selting Times are doubled.

& |nremote operation via the EEEE 488 Interface. hardware swilching ocours under the cortrol of 'H' (Frequency) codes., Any transfer {up or
down) between he undermentioned frequencies must be regarded as a frequency range change. Settling Time should be aliowed as for
‘Cither Specitications.

Factory calibration uncenainty osing awomated calibration equipment. Datron can provide better raceability, Contact tactory for detaits.-

31-32Mz
300 -301Hz
3.00-301kHz

33.0-33.1kHz
330 -331kHz

¢ Forsetthng to t0ppm of Step Size, multiply aliimas by 1.5,

Assumes sunilar ioad time constant {o that at catibration.

ge changes, Funclion changes. OFF:ON changes, and Frequency changes betwaen 31 and 30Hz: the




Calibration Temparalute Totad Typicat Outpu
Uncertaimly {ppm) Coeflicient Harmonie Ouipust Compliancs

{3} {tppm QUTPUT °C Distortion impedance

3013 (%) {5}

33°C - 43°C
400 20 0.2 10081 AV ms
800 A0 0.5
255 20 0.2 30MIY 3V rms
285 20 0z
255 20 0.2 k1LY 3Vims
255 20 4.2
255 20 6.2 300k1: INrms
255 240 G.2
280 48 3.2 a0kt M rms
4470 40 1.0

 Typical effsctive cutput capacitance = 200pF
= Typicat effective outpul capacitance = 0.5uF

Other Specifications

Seate Lengih
Setiting Time (6)

Freguency Accuracy

Maximum Load Capacliance
Maximum Load Inductance
L.ocal Sense Only, allranges.

} Negligile on other Ranges

% 1o 200% of range, all ranges.

To WOppm of step size {double for rangs changes):
10-32Hz<0 108
32-330Hz<3s
=330Hz s

< +100pom, ypicaliy 10ppr

100F (< 148).

T (=108}
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RESISTANCE (Option 20)

Accuracy {2-wire or 4d-wire sensej

Range Stabitny # Accuracy Fslative to Calibration Catibration | Temperalure Specified Maximum Additionat
n 24 haur Standards Uncertainty tCoefficient (xppm]  Current Current uhcertainty
i(ﬂﬁmT +{ppm OUTPUT +ppmFS8) {2) {ppm) QUTPUT Y (1) {imj for tssmiaim
EUTP;:{: {3} 8°C ~13°C {ppm}
’f?{f‘a‘” 24hout | 90days 1 year 33°C — 38°C
¢ 23°C = 1°0 [ 25°C £ 150 PG £ 10°C
10.0000008 & 8 a0 &0 25 & 10mA 100mA C{10x10 1
106.0000080 25 3 & 20 1G 2 10mA 25mA {B.ox10 1t
10000000k 2.5 3 G 20 10 2 TmA 10mA {(B.5x10% 1
10.000000k 23 3 5 20 13 2 100uA 2.5mA {(3.5%10 31
100.00000k 2.8 3 8 25 20 2 100pA imA B.5x101
1.0000000M G a 20 50 a¢ <] 10A 100uA (10x 10 11
10.00G000M 15 20 50 00 B85 10 1A 10pA {18x107
100.08000M 30 40 106 400 200 20 Treh 10A 15x16G 31
* zere Sense 24 Hrs and 50 days stability ) )
4-wirg vajues 2014
40 days acouracy
1 year accurscy 4-wirg vaiues £0.2¢1
Notes:
{1} Range figures are nominal, actual calibrated values are displayed.
{2) Fi=PxRange.
13) Faetory calibration uncenainty using automated calibration equinment.
[ratron can provide better traceability, Contact factory for details.
Other Specifications
Connection Selectable 2 or 4-wire connection o rs5istors.
2-wire displayed value includes internal lead resistance.
Guarding Setectable remote orlocal guard connection.
Protaction Al registors fuse protected to max appled voltage of 120V BMS.

-3
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SECTION 7 SPECIFICATION VERIFICATION

introduction

The factory calibration of the 4700 ensures
traceable accuracy to national standards. Figures of
performance are quoted in the specifications of
Section 6, related to time since calibration.

This section deals with user-verification of the 4700
performance to specification. It should be carried out
as two independent vertifications: DC specification
and then AC specification.

DC Specification Verification

Verification upon receipt of a 4700 Autocal
Multifunction Calibrator

Each instrument leaving the factory is calibrated to

its norminal values in DC voltage. If Option 20 is
fitted, it is also calibrated to nominal values in DC
Current, and to actual values in Resistance. The
Accuracy specifications can be made relative (i.e.
Traceable) to Nationa! Standards, by the addition of
Datron’s Calibration Uncertainty figures printed i
the specifications. Thus either the 90-day or l-year
accuracy specification is verifiable by comparison
with traceable Reference Standards.

The 24-hour stability specifications can only be
verified following 2 calibration operation or
calibration check against the user’s Reference
Standards.

Eguipment Requirements
DC Voltage — A Standard DC Voliage source of
suitable accuracy
Exampie: Series bank of 10 standard
cells and Damron 4904
Standard Cell buffer,

~ A Precision Divider
Example: Datron 4902 High Voitage
divider and Datron 4903
DC Switching Unit

— A& Dbatterv-operated null detector
with varizble sensitivity, able to
withgtand 1200V acrogs its input
terminals
Example: Keithley

Model 155

Instruments

DC Current ~ A DC Voltage source, calibrated o
suitable accuracy at approximaiely
1V and 100mV.

Example: The standard voltage
source  used for DC

~ Voltage, with the Datron

4903 DC Switching Unit.

- The battery-operated null detector
used for DC Voliage.

~ A set of calibrated current shunts of
suitabie accuracy.

M.B. To allow the same value to be seton
the DC Voltage source for each
range, the shunis may be of five
decade values. Then the same Null
Detector sensitivity can be used on
each range.

CAUTION  When choosing a set of current
shunts ensure that their power
dissipation ratings are sufficient ©
avoid permanent degradation from
the self-heating effects of the current
being checked. This  applies
particularly to the 1 Amp shunt.

- alternatively, a DMM of sufficient
accuracy may be used to measure
the voltage across the set of
calibrated current shants.

Example: Datron 1081 using
“compute” mode.

Resistance -

H

a set of standard resistors covering
HO to YOOMO. The 1002 o 10RO
should be d-wire type.

— an accurate resistance bridge, or
other ratiometric  device for
measuring resistance to the required
ACCUTACY.

~ 5 Datron 1081 used as a transfer
measurement device,

-1
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Notes on the Use of the
Null Detector

The null detector is connected in the Hi lead
between the DC Voltage Source and the 4700, A
high-input-impedance device should be chosen fo
reduce off-null currents due to differences in the
outputs of the DC voltage source and the 4700, A
battery-operated instrument is prefarred to ensure
adequate isolation. Some null detectors possess high
input impedance only when their readings are on-
scale, so care should be taken to ensure that drain
currents from the DC Voltage source do not become
excessive. This applies particularly if the DC source
is a standard cell or 4 bank of cells. Five points are
important:

i. The nutl detector should be connected to the 4700
{or 4700 load resistor in Current function) only
when the 4700 OUTPUT OFF LED is lit. (With
Qutput OFF, the I+, I, Hiand Lo terminals are
at high impedance}.

3]

. Always set the null detector to ils lowest
sensitivity before connecting up, and increase
sensitivity only when the voltages output by the
DC Volitage source and the 4700 are close in
value. - '

3. Do not change potarity of the 4760 or DC Voitage
spurce without first switching the 4700 OUTPUT
OFF. Care must be taken to ensure that the
correct-polarity ON key is pressed, to avoid
excessive voltages being connected across the null
detector, particularly when checking the 4700
directly against a standard cell.

4. WARNING During Performance checks and
calibration a common mode
voitage equal to the full
range voltage is present at the
Null Detector input terminais.
On 41000V checks this voltage
is  potestially lethal, so0
EXTREME CAUTION must
be observed when making
adjustments to the null detector
sensitivity.

5. CAUTION  The Null Detector used must be

able to withstand voltages up to

1200V bhetween its  input
terminals. Such voltages will he
present during the time that the

4700 is ramping from zero io

1000V Full Range after setting

CGUTPLUT ON,

Specification Verification
Report Sheet

The verification procedures in this section use the
+Lim and —Lim facilitles of Spec mods, so a
written table of tolerance limits is unnecessary. In
most cases, users will wish to verfy against
Reference Standards at non-cardinal values, so a
table of Fuill Range limits would have little value.

Instead of Limit tables, a Report Sheet is provided
later. This can be used for recording the results of
verifying any of the three stored specifications.
Spaces are provided to record the displayed limits as
well as the measured values, The sheet may be used
as a master to generate duplicate copies for future
use.

Stored Specifications

Three specifications are stored within each 4700
instrument’s non-volatile memory:

24-hour accuracy,

90-day accuracy -+ Datron’s Calibration
Uncertainty

I year accuracy + Datron’s Calibration
Uncertainty

These are selectable by the CALIBRATION
INTERVAL switch on the rear panel, and are
accessible to users by selecting *Spec” mode (Refer
to Sections 3 and 4). Thus “Spec’ mode provides
tolerance and lmit figures which are traceable to
Naticnal Standards,

4700 Yolerance Limits

The ‘Spec’ mode 24-hour accuracy limits are
computed from their specifications in Section §. The
displayed 90-day and 1-year accuracy limits for the
4700 are given at 23°C + 1°C and 23°C + 10°C
respectively. They include Datron’s calibration
uncertainty, but not the user’s calibration
uncertainty, This should be taken into account if
appropriate.

Non-Verification

If an instrument is found to be out of specification,
refer to the Routine Autocalibration in Section &, or
contact your nearest Datron Servicing Center.

N.B. It s recommended that the Blank Report
Sheets be duplicated to give copies for future
use.



Verification Procedures

A full verification should be carried outl in the
sequence  appearng  on the  Specification

Verification Report Sheet. The instructions which

follow are divided into 4 procedures:
DC Voltage Full Range
D¢ Voltage Linearity (10V Range oniy)
DC Current Full Range
Resigtance

The displayed limits do not inclade temperafure-
cosfficient corrections or the uger’s calthration
uncertainties which should he taken into account if
this is appropriate.

4700 DC Voltage
Performance

CAUTION: First read the notes on the use of the
Nuli Detector {page 7-2).

{ Turn on the instrument o be checked and allow a
minimum of 4 hours to warm-up in the specified
environment.

¥

2 Cancel any MODE kevs, set OUTPUT OFF and
check that eal is not present on the MODE
display. '

1. Select Test to carry out the test routine described
~in Section 4. Terminate the test routing,

4 Select DO and connect the DC Voltage source
and Null Detector to the 47060 Hi and .o
terminals as shown. Use short leads.

{a) Low Voitage. 100uV — 10V Ranges

i P—
e £ il e
DT Voliage 4700
Caiibration Tarminats
BOUTGE {Local
Tanmingls Sanse}
in E_{;-K\

(b3 High Voltage : 100V and 1000V Ranges

FRECISION
; WVIDER
S Ml Y [
\Hi Datecion | M
Hecion | (4 P
. -w// '\,./““*\\\ \4} _
DC Voltage P 4700
et . B P e, " . .
Calisration l 1 {50) marge ~-+{ Hi ) Termunals §
Souwee ~ e {Bematn
Terminzls T}@ Flfi(;; /.w@ Saense)
g -
L= ]

Turn to the voltage source down to zero and allow
the cireuit to stabilize thermally.

®.B. When changing polarity during the checks: if

o

leads are reversed it will be necessary to allow
time for thermal effects to stabilize in the
reversed connection before proceeding with
the check. ‘

. Fult Range Checks

Press Spec Key, check each range in turn in the
following order to reduce the gtabilization time for
thermal effects at the terminals:

100V, £lmV, £10mV, +100mV, = 1V,
+10V, 100V, 1000V,

The checks may be carried out either at Fuall
Range voltage or at a user's Reference standard
voltage close to Full Range. For each check use
the routine detailed in para 7. Use Report Sheet
Table 1a to record the results.

. Linearity Check

This ig performed on the 10V range. Press Spec
Key. Check each pair of values in turn in the
fotlowing order to reduce the stabilization time for
thermal effects at the terminals:

+10mV, =100mV, =1V, 210V, =15V,

The checks may be carried out either at the above
values or at user’s Reference standard voltages
close to the above values. For each check use the
rontine detailed in para 7. Use Report Sheet
Table 1b to record the results. :

To check each value against its specification

Timits use the following routine:
a} Nuil Detector Set to low sensitivity.

hy 4700 Switch GUTPUT OFF

) DC Voltage Source Set £0 corTect polarity and
voltage. '

dy 4700 Select DC  and corvect
RANGE

e} 4700 Use OUTPUT *1¢ keys

to set correct polarity and .
voltage on OQUTPUT

display.

Press +Lim: Record the

displayed positive limit.

Press - Lim: Record the

displayed negative limit.

-
i
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f} 4700 Press the correct-polarity
ON Key.
CAUTION. Pressing the
wrong ON Key will resuit
in  approximately twice
the QUTPUT voltage
being connected across
the null detector,

g} Null Detector Increase  sensitivity o
give an off-null reading
and use 4700 élv@ keys
to back off to null, until
the null lies between two
consecutive values of the
OUTPUT display least
significant digit.

h) 4700 OUTPUT  Record the value closest
display to null and check against
the specification limits,

4700 DC Current
Performance

t. Carry out the DC Voltage performance checks 1
te 3 if the DC voltage performance has not been
verified.

. Select DC and then I and connect the DC Voltage
source, null detector and calibrated current shunt
to the 4700 I+ and [~ terminals as shown below.
Pa not connect null detector to shunt yet.

Nu
O““ Betector
GC Voltage
Calibration

Souree
Terminals

O~

O--O—+®

Calibrated
Current 4700
Shurt Terminais

(4-Wire}
-

Preferred shunt values are as follows:

[O00uA range —  10kQ: ImW min
ImA range - Pk} 10mW min
10mA range —  1000) 100mW min
100mA range — 166y W min
LA range — 0,10 TW min

T-d

Anoutput voltage of 1V from the DC Voltage source
now represents full range vatues of 4700 Output
current, except on 1A range where self-heating is
reduced by using an output voltage of 100mV.

Turn the DC Voltage source down to zero and allow
the circuit to stabilize.

3. Fuil Range checks
Press Spec Key. Check each range in turn, in the
following order to reduce thermal stabilization
time:
F100uA, TimA, £10mA, +100mA, £1A.

These checks may be carried out either at Full
Range current or at a value close to full-range
represented by a user’s Reference standard
voltage, For each check use the routine detailed in
para 4. Use Report Sheet Table 2 to record the
results.

4. To check each value against its specification
limits use the following routine:

a) Null Detector Set to low sengitivity,

by 4700 Switch OUTPUT GFF.

¢) DC Voitage source Set to correct polarity and
voltage.

d)y 4700 Select I and correct
RANGE.

e} 4700 Use OUTPUT keys to set

correct  polarity  and
curreni on  OQUTPUT
display.

Press -+ Lim: Record the
dispiayed positive Hmit.
Press —Lim: Record the
displayed negative iimit.
Press the correct-polarity
ON  key and allow
5 minutes to stabilize.

CAUTION: Pressing the
wrong ON key can resuit
in approximately twice
the DC voliage souree
outpui  voltage  being
connected across the null
detector,

g) Null Detector Connect to the shunt
terminal. Increase sen-
sHivity to give an off-nuil



)y Null Detector

reading and use 4700 %i#
keys to back off to null
agam. Continue increasing
sensitivity and backing off
until the nuil Hes between
two consecutive values of
the OQUTPUT dispiay
feast-significant digit.
Ensure that the null
obtained is stable.

Ly 4700 OUTPUT
display

Record the value closest
to null and check against
the specification lmits,

Set to low sensitivity.

Dhsconnect  from  the
shunt terminal.

k) DC Voltage source Set output to zero.

) 4700 Switch OUTPUT OFF.

4700 Reacistance Performeance

1. Carry out the DC Voltage performance checks

I to 3 ifthe DC Voltage perf(}rmaac&, has not been
verified.

. Eor each resistance (RANGE) selection, three

checks are required:

a) Remote Sense {4-wire} at Fuil
{Registor Value}.

b} Local Sense {2-wire) at Fuil Range (Resistor
plus internal wiring).

¢) Local Sense (2-wire) at Zere (internal wiring

only).

The displayed values were obta;ned at the most

recent calibration, except 10MO and 100MG

zero and Full Range in Local Sense which are the

same as in Remote Sense,

Range

. For each verification check, the measured value

should lie between the 90-day specification limits
taken about the dispiayed value. The upper and
lower fest limits should be determined using
Spec mode and secondary modes +Iim and
-Lim, with the CALIBRATION INTERVAL
switch on the rear panel set to 90-day (see
Section 4 for operation of Spec mode). Space to
record these limits, is reserved in Table 3
(Resistance) on the Specification Verification
Report Sheet,

N.B. It is assumed that the specified energizing
currents will be used to verify the resistance
specification, so the displayed limits have been

calculated direcily from the specification figures
in Section 6 and are not modified by accuracy
derating factors. The displayed limits refer to the
90-dav Accuracy specification. The Stability
specification should only be referred to, when
checking against the same standard used for the
previous calibration,

. Press Spec Key,

Carry out the checks in the order listed in Table 3
{Resistance) on the Verification Report Sheet, to
minimize waiting time for thermal stabilization.

Perform each check in the following order

Set 4700 QUTPUT OFF.

Select resistor value (RANGE Key). (If i_,ocni
Zero press OUTPUT Zero Key).

Select Local/Remote Sense (OUTPUT must be
OFF).

Record OUTPUT dmplayed value on Table 3,
Press -+Lim and record value on Table 3.

Press —Lim and record value on Table 3.
Connect meaguring equipment {2-wire to Hi and
Lo Terminals, or 4-wire energizing current to I+
and I— Terminais, voltage measurement across
Hi and Lo Terminals).

Set 4700 OUTPUT GN.

Meagure TResistance value and record on
Table 3.

Check that this value is between +Lim and —Lim
values recorded.

-3
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MIODEL 4700 VERIFICATION REPORT SHEET. RS1

{Use as master for duplicate copies)

Seral Number Datg

Checked by Company/Dept.

Note: 1. The comparson between CUTPUT display readings for nultand the Spec Mode Limits is Validif zero errors have
first beennulied out.

2. DG Current & Resistance labie onreverse
1 DL Voltage
a. Full Range Checks

Polariy/ DC Calibration Spac Mode Limits OUTRUT display
Range Source Voltags +Lim —~Lim reading for nuii

T 100V

H

100V

+ Ty

o 1my

4+ lomy

- tomV

+ 100mY

— 100mV

+ v

- 1V

+ 10V

- 10V

+ 100V

juy

+1000V

1000V

b, 10V Bange Linearity

Polarity/ DC Calibration | Spec Mode Limils QUTPUT display

nominatvaiue ! Source Voliage +im —Lim raading fornull

4 10mY

- 10mV

- 400mV |

4+ 100mY

+ 1Y

-1V

- 10V

+OAnV

+ gV

- 1BV

-1




2 DG Current: Full Range Cheacks

Shunt
Value

Polarity
Range

DC Cailibration
Scurce Voltags

Spec Mode Limiis

+Lim

~Lim

QUTPUT display
reading for null

4+ 100pA

— 100uA

o+ imA

- TmA

4+ 10mA

- 10mA

+ 100maA

- 100mA

+ 1A

- 1A

Resistance: Value Measurements

Method used

Hange/ Sense

Current
Used

Specified
Current

Displayed
Vaiue

+Lim

Spec Mode

—Lim

Measuraed
Value

100M{ Hemote

Local

Local Zero

1A

10M0 Remote

Local

Locat Zerg

T A

T4 Remote

Local

Local Zero

T00uA

100kEY  Remocieg

Local

Lacal Zero

TOCuA

10ki} Remote

Local

Local Zerg

1mA

kel Remote

Local

Local Zero

10mA

100§ Remote

Loca!

Local Zero

10mA

100 Rsmote

Logal

Local Zero

1O0mA




AC Specification Verification

Choice of Verification Method

The wide dynamic range of the 4700 makes it
necessary to employ different verification methods
for different groups of output and frequency
TAnges.

For instance: The most common method of verifying
AC Voltage outputs is to check against an accurate
DC Voltage Standard via a Thermal Transfer.
However, available thermal transfer standards are
not suitabie for direct verification of the mitlivolt
ranges, Dbecause their transter elements are
insufficiently sensitive.

Naturally, the range, accuracy and fracaability of
users’ standards governs the degree to which the
performance of any new equipment can be verified.
This is especially true for the 4700, in view of the
range of the parameters to be checked.

This section describes a recommended method of
verifying each of the parameters listed below, Where
appropriate, alternative methods are described in
Appendices to the section.

Parameters to be Verified, with Recommended
Methods

The following list of parameters is grouped
according to the type of equipment suitable for
verification.

1. Voitage Ranges {1V to 1000V)

s, Full Range values are verified at LF and H¥
by direct therma! transfer against a B
Voltage Standard.

and

L. Instrument Linearity is verified at 1V, 10V
and 19.99999V on the 10V range at LF,
using the same method.

2. Millivolt Ranges {imV to 100mV}L

Full Range values are verified as follows:

a,  AtLE:

Commercially available Inductive Voltage
Divider (IVD} and standardized DVM
Transfer. (Such IVDs are normally only
suitable for LF verification, up to about
SkHz}

and

b, at HEEO
A 100% to 10% of Range Transfer method,
after verifving 10V range HF linearity and
1% HF Full Range value, A DVM s
standardized and corrected for linearity
error, then used as a transfer standard. The
method is described later in this section.

An alternative method is described at Appendix 2
for users in possession of a Wideband (to
100kHz) Inductive Voltage Divider (WIVD).

. Currant Ranges (TmA 1o TA)

a.  10mA, 100mA and 1A Full Range valaes
are checked using a Thermal Transfer
Standard fitted with standard shunts at LF
and FIF, against a DC Current Standard.

and

b, The ImA Full Range value can be checked
using the same method, provided that low-
current shunts for the thermal f{ransfer
standard are available.

Alternatively, if calibrated AC current shunts are
available, the Current Ranges can be verified by
voltage measurerent, using an AC DVM, as
descéribed in Appendix 3.

Fixed or Adjustabie Voltage Standard?

Marny users who are able to verify AC Voltage and
Current to the accuracy required for the 4700, will
also have access to an adjusiable DT Voliage
Srandard as Reference. In these cases their 4700 can
be verified at cardinal values. For users with fixed
DC Voltage Standards only, the 4700 can be
verified at non-cardinal values directly or by using
the 4700 “Error Mode'. In both cases users will need
to calenlate the effects of their own Standards’
wncertainty, so calculations for total tolerance limits
are given in Appendix 4.

Summary of Equipment
Requiraments
This summary relates to the recommended method

of verifying the 4700. Alternative methods, with the
required equipment, are described in appendices.

AC VOLTAGE (1V - 1000V Full Range Values and
10V Range Linearity)

An Adjustable DC Voltage Source of suitable
accuracy.

Example:
Diatron 4000 or 4000A Astocal Standard.

An AC/DC Thermat Transfer Standard capable
of operating over the range 1V to 1100V RMS.

AC MILLIVOLTS
{ImV -~ 100mV Full Range Yalues)

7-9



at LEF:

A commercially-available Inductive Voltage
Divider tapped at 13:1, 106G:1 and 1300:1 of
suitable accuracy and frequency response.

at HE:
The 4700 under test with the correction figure for
10% of its 10V Range at HF.

The DC Voltage Source used for 1V — 1000V
ranges.

and at both LF and HE:
The AC/DC Thermal Transfer used for 1V -
1000V ranges.

A DVM of suitable dccuracy and frequency
response.

Example:
Datron 1081 or similar.

AC CURRENT (ImA - 1A Full Range Values)

A DC Current Source of suitable accuracy and
an AC/DC Thermal Transfer together with a set
of Calibrated Thermal Transfer Current Shunts of
suitable accuracy.

For the alternative method at Appendix 3, a set of
calibrated AC Current Shunts of suitable value
and accuracy.

Summary of Verification

Procedures
1. Full Hange Voltage (1V — 1000V Ranges)

Adjustable DC Standard

The 4700 is connected up and set to output a Full
Range voltage at the required frequency. The
Thermal Transfer is nulled against the 4700 Full
Range voltage. The DC Standard is adjusted to null
with the Thermal Transfer, and its output voltage
recorded. Its uncertainty is also recorded, and the
Tolerance Limits calculated. The 4700 is verified if
the DC voltage is within the iolerance Hmits,

Details of the procedure are on page 7-12.

Fixed DC Standard-

The Thermal Transfer is nulled against the DC
Standard, and its fixed voltage is recorded on the
Report Sheet. The 4700 QUTPUT display is set to
this voltage, the Spee Mode tolerance is recorded,
and the Tolerance Limits are calculated. The 4700
output voltage is adjusted to null with the Thermal

Transfer, and its displayed voltage is recorded and
checked against the folerance limits,

See Appendix 1 for the procedure.

2. Linearity {Performed on 10V Range)

This should be checked at 1V, 10V and 15,99993V
in turn, or at user’s Reference standard voltages
close fo the above values. Similar techniques are
used as for Full Range voltages. For each check the
results are recorded.

See page 7-12 or Appendix [ for the procedure.
3. Fult Range Voltage (1mV ~ 100mV Ranges)

Method 1

At LF, the 1V Full Range value is first verified using
thermal transfer, then this voltage is divided via the
standard IVD to standardize an AC DVM at the
millivolt Full Range value, The 4700 millivolt range
is then verified at this standardized value by DVM
measurernent,

See page 7-13 for the procedure.

At HF, the 4700 is set to the 10V Range. Outputs are
measured at 10V and 1V using thermal transfer, and
a4 bnearity correction factor is caleulated for the 1V
outout, .

The {V Range is selected with output set to 100mV
at HF. The output setting is changed by the
correction factor and the output is used to
standardize the AC DVM,

The 100mV Range is selected at HF Full Range,
and the output measured on the DVM. The 100mV
Full Range value verifies if the D'VM reading is the
corrected value, plus or minus the specified
tolerances.

The DVM is standardized again at I0mV on the
160mV Range, and used to verify the 10mV Fulil
Range in the same way. The process xs repeated to
verify the 1lmV Range.

See page 7-14 for the procedure.

Method 2

Atboth LF and HF, the 1V Full Range value is first
verified using thermal transfer, then this voltage is
divided via the wideband [VD to standardize an AC
DVM at the millivolt Full Range value. The 4700
millivelt range is then verified at this standardized
value by DVM measurement,

3ee Appendix 2 for the procedure.



4. Fulli Bange Current {using Standard Shunts)
The Thermal Transfer Current Shumnt s fitted to the
Shunt Input of the Thermal Transfer Standard and
the 4700 set to output a Full Range current into the
shunt at the required frequency. The output current
is split between the shunt and the transfer element.
This is compared with the output from a Standard
DC Current Source.

See Page 7-18 or Appendix 1 for the procedure, |

Alternative Method

The 4700 is connected up and set to output a Full
Range current into the calibrated AC Current Shunt
at the required frequency. The 4700 Current output
develops a voltage across the shunt which 15
measured by the AC DVM, with care taken not to
load the shunt,

The procedure is detailed in Appendix 3.

Specification Verification Procedures

Freparation

Before attempting any verification ensure the following steps are carried out.

1. Turn on the instrument to be checked and allow a
mintmum of 2 hours to warm-up in the specified
environment.

3]

_Ensure familiarity with normal operation as
described in this Handbook.

 Cancel any MODE Keys, ensure QUTFPUT
OFF and check that ‘cal’ is not present on the
MODE display. (If ‘cal’ is preseni, turn the
Calibration Keyswitch on the Rear Panel to its
RUN position).

pr]

4. Self-Test: select Test to carry out the test routine
described in Section 4. Terminate the test
roufine.

5 Consult the manufacturer’s handbooks before
connecting and operating any equipment in the
measurement system.

o

Interconnections and Guarding: Referto Section 4
page 41, '

7 Select 24hy, 90dy or 1yt on the CALIBRATION

[NTERVAL Switch. Refer to Section 4 page 4-10.

index of Recommended Procedures Page
{using adjustable DC Voltage Standard)

Voitage Ranges {1V to 1060V)

a. Full Range Values 7-12
. Instrument Linearity (10V Range} 7-12
Millivelt Ranges (ImV to 100mV)

a. LF 7-13
b, HF 7-14
Current Ranges (ImA to 1A) 7-18
Report Sheet RS2 7-19
Alternative Procedures Appendix
As Recommended but using Fixed

DC Voltage Soures (with Report Sheet RS3y 1
Mitlivoli Checks using Wideband VD 2
Current Checks using Calibrated AC Shunts 3
Total Tolerance Limit Calculations 4
EJpcertainty and Traceability bt
General Procedural information 6

Harmonie Distortion Measarement i

-
|
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AC VYoltage Verification Procedure

(Using Adjustable DC Voltage Calibration Standard)

Record Results on Report Sheet RS2 {page 7-19)

Full Range Checlks {1V — 1000V}

DC Voitage
Calibration
Standard

Thermat

e [y, Transfer
Standard

4700 to be

" il ssnmsmnsn mssem .
AC Calibrated

WARNING

THE TERMINALS MARKED WITH THE‘W

SYMBOL CARRY THE OUTPUT OF THE
4700. THESE TERMINALS AND ANY
OTHER CONNECTIONS TCO THE LCAD
UNDER TEST COULD CARRY LETHAL
VOLTAGES. UNDER NO CIRCUMSTANCES
SHOULD USERS TOUCH ANY OF THE
FRONT (OR REAR) PANEL TERMINALS
UNLESS THEY ARE FIRST SATISHFIED
THAT NO DANGEROUS VOLTAGE IS
PRESENT.

a. With QUTPUT OFF, connect the DC Voltage
Standard to the Thermal Transfer DC input. Use
4-wire conpection and Remote Senge if
available.

h, With QUTPUT OFF, connect the 4700 to the
Thermal Transfer AC input. Use 4-wire
comection and Remote Sense.

¢. Configure the Thermal Transfer for AC
measurement at the required voliage.

d. Set the 4700 OQUTPUT Range, Voltage and
Frequency {see Report Sheet RS2)

e. Set 4700 QUTPUT ON, and null the Thermai
Transfer to the 4700 AC OUTPUT.

{. Configure the Thermmal Transfer for DC
nutling.

g. Configure the DC Voltage Standard at the
required voltage, set its OUTPUT ON and adjust
its output to null the Thermat Transfer. Record its
output voltage on Report Sheet RS2,

h. Repeat (¢} to (g) for all 4700 outpuis on Report
Sheet REZ Table 1{a).

-
712

§. Sum the Verification setup uncertainties and
record In the Us column as voltage deviations.
(Refer to Appendix 5).

For Total Tolerance Limit Calculations refer to
Appendix 4 page 7-31, para i

k. Calculate the Lower and Upper Total Tolerance
Limits. Use Calculation A if the 4700 was last
calibrated by Datron. '

Use Calculation B if the 4700 was last calibrated
against the standards  being  used for
verification. ‘

1. Each 4700 Full Range output is verified if the DC
Voltage outputs recorded in (g} are at or between
the corresponding Total Tolerance Limits.

Linearity
{10V Range)

m.If the [OV Range verified correctly, repeat

operations {¢) to (g) for Report Sheet RS2
Tablei(b).

n. Ifthe 1V and 10V Ranges verified, proceed to AC
Millivelt  verification and AL  Currerd
verification,



Millivolts (LF) Verification Procedure

{Using verified 4700 1V Range. Inductive Voltage
Divider (IVD) and AC DVM).

Record results on Report Sheet RS2, Table 2{a)
(Page 7-20).

P

.

o]

h.

D
4 -
700 A1y M
already l
Verifiad ;‘_0 ~ e 3 AC DV (mV Ranges)
- g
—

Remote Sense

Standardization of DV Millivelt Ranges

1

Ranges 10 be E
Verified s

i
i

4700 AC mV Hi ——

e AC DVM imYV Ranges)

Verification of 4700 LF Miliivoli Ranges

CWith OUTPUT OFF, connect the 4700, IVD

and DVM for Standardization. Set the IVD ratio
to 1:10 and the AT DVM to measure [00mV,

CSet 4700 to 1V Range, lkHz, and adjust for

corrected 1.000000V cutput

CSet 4700 OUTPUT ON and note the DVM

reading as V1.

CQet 4700 OUTPUT OFF, and reconnect the test

cireuit for Verification.

. Set the 4700 OUTPUT RANGE to 100mV and

adiust the OUTPUT Display to 100.6000mV.

Set 4700 OQUTPUT ON and adjust the
OUTPUT 414 keys for a DVM reading of VL.

_ Record the 4700 OUTPUT Display setting in the

Tast column of Report Sheet RSYZ Table 2{a).

Repeat (&) to (g}, but setting the 4760, IVD ratio
and DVM as required to verify the 10mV and
imV Full Range outputs; still using the corrected
1V Full Range outputin {b). Record the results on
Report Sheet RS2 Table 2{a).

i. Sum the Verification setup uncertainties and
record in the Us column as voltage deviations.
(Refer to Appendix 3).

Tota! Tolerance Limit Calculations Refer lo
Appendix 4 page 7-31, para L.

k. Calentate the Lower and Upper Total Tolerance
- Limits:
1ise Caleulation A if the 4700 was last calibrated
by Datromn.
Use Caleulation B iF the 4700 was last calibrated
against the standards being used for
verification.

{ The 4700 mV Full Ranges are verified if each of
the 4700 OUTPUT Display settings recorded at
{g) are al or between the corresponding Total
Tolerance Limits.

713



Millivoits (HF) Verification

Procedure

(Using verified 4700 AC 1V and 10V Ranges, 10%
Range Correction Factor and AC DVM) Record
results on Report Sheet RS2, Table 2{b) (Page 7-
20).

Full Range Checks {TmV — 100mV at 1MHz)

N, B. These verification checks are not fully traceable.
The verified output values of 'V on the 1V Range;
and 10V on the 10V Range are used to measure the
4700 linearity error at 1V on the 10V range. From
the linearity measurement a 109 of range Linearity
and Sealing factor *C’ is derived.

This factor is subsequently used to correct the 4700
output setting at 10% of range, to standardize a
DVM for verification of the next range down.

Interconnections

FIG 1 (10V and 1V Ranges)

4700 {

[ = 19 5mm
= {shorting
{ lini}

Al outputs at TMHz |
Rarmore Sense and
l.oecal Guard

i -—-—-m..,mmmm..,.m_._h A

N

BO0mm Linirsdio
M70 (780/87 pffm)

1 Range
Locsl Guard
4 . wire

FIG 2 {(100mV to {mV Ranges)

4700

e 12,5

ol
@ MN/C

All ouipuis ot MMz,

tocal Guard {shorting

tink]

BO0mm Uniradio
M7 (75a/87pFm}

100mY Range
Locat Cuard
2« wire




Stage 1 Derive the Linsarity and Scaling Factor 'C

o

as follows {C is a number of value close 1o

0.1y

Ensure that the Miilivolts (LF) Verification
has been completed,

Ensure that the 4700 has been verified at
10V and 1V HF (1MHZ) Full Range (page
7-12). Record the measured values as follows:

4700 10V FR setting ~— 10.000,00V
Actual output vottage — V1

4700 1V FR setting - 1.000,000V
Actual output voltage — V2

Calculate 1V correction ‘V3'=_ 1
V2

With OUTPUT OFF connect a DVM to the

4700 terminals using the exact 4-wire
connections as in Fig. 1. Set the DVM to
measure AC on its 1V range.

On 4700, select the 1V rangs and Remote
Sense.

Set FREQUENCY to I MHz.

Set QUTPUT display reading to V3.

Sei OUTPUT ON, and note the DVM
reading as *Vr.

Set OUTPUT OFF.

On 4700, select the 10V range (Remote
Sensel.

Set 4700 QUTPUT display reading to 1V.
Set QUITPUT ON.

Adjust the OUTPUT display for VM
reading of Vi :

Nate the 4700 CUTPUT display reading as
V4

Set OUTPUT OFF.

From the values V1 and V4 caleulate the

10V range linearity correction and scaling
factor 'O as follows:

C=V1lzV4d
100

Note:

The optimum resclutions quoted above the
boxes in this column may not be achievable
with the DVM in use. In these cases it is
permissable to reduce the resolution by a
maximum of 1 digit only.

Record in 6% digits resolution

V1=

V2=

Vi is a transfer value

Vi =

Record in 6% digits resolution

V4 =

Caleulate in 6% digits resolution

C=




Stage 2 To Verify the 100mV AC Range Full Range

Curtput

Fasure that the IDVM is gtill connected to the
4700 terminals as shown in Fig. 1.

Set the 4700 to the 1V AC range.
Calculate the value *V3 x (7,
Set GUTPUT display to this value,

Set the DVM to measure 100mV.

Set the 4700 QUTPUT OM, allow the
output to settle.
Note the DVM reading as “V(100t),

Set the 4700 OPUTPUT OFF and
reconnect the YVM to the 4700 terminals in
2-wire as shown in Fig. 2.

Set 4700 to its 100mV AC range.
{Remote Sense is automatically deselected.)
Set OUTPUT ON.

Adjust the 4700 Output for 2 DVM reading
of V{166,

Note the 4700 OUTPUT display settinig as
“V(100mY.

Record this setting in the last column of RS2
table 2(b).

Stage 3 To verify the 10mV AC Range Full Range

~1

o

Output

Ensure that the DVM is still connected tothe
4700 terminals as shown in Fig. 2,

Ensure that the 4700 is settothe 100mV AC
range.

Calculate the value *V{100m) x C.

Set OUTPUT display to this value.

Set the DYM o measure 10mV.

Allow the output to settle.
Note the DVM reading as “V(10t).

Set 4700 to its 10mV AC range.

Adjust the 4700 Output from a DVM reading
of V(10t).

Note the 4700 OUTPUT display setting as
V{10m).

Record this setting in the last column of RS2
table 2{b).

Calculate in 6% digits resolution

VixC =

V(100t) is a transfer value

V(100t) =

Record in 6% digits resolution

V(100m) =

Calculate in 6% digits resolution

V(100m) x C ==

V(10t) is a transfer value

V(10) =

Record in 5% digits resolution




Stage 4 To Verify the TmV AC Range Full Range

Cutput

Ensurethat the DV M is still connected to the
4700 terminals ag shown in Fig. 2.

Fngure that the 4700 is sef 1o the 10mV AC
range.

Caleulate to value “V{({0m) x C.

Set QUTPUT display to this value,

Set the DVM to measure imV.

Allow the output to setile.

-~ Note the DVM reading as "V{It}.

Set 4700 to its 1V AC range.

Adjust the 4700 Output to give a setiled
DVM reading of V(1)

Note the 4700 OUTPUT display setting as

- V(lmy.

Record this setting in the last column of RS2
Table 2{b).

Stage b Verification Against Limits

Far Total Tolerance Lirmit Caiculations
Refer to Appendix 4 page 7-31 para .

a,

Sum the Verification setup uncertainties and
record in the Us colump of RS2 Tabie 2({b} as
voltage deviations. (Refer to Appendix 3}

Calculate the Lower and Upper Total
Tolerance Limits:

Use Calculation A if the 4700 was last
calibrated by Datron.

Tise Calculation B if the 4709 was last
calibrated against the standards being used
for verifications.

Each 4700 mV Full Range (HF ) is verified if
the 4700 OUTPUT display settings
{V100m), V(10m) and V(im}, recorded in
the last column of RS2 Table 2{b), are at or
between their corresponding Wideband
Caleulaied Tolerance Limits,

Calculate in 5% digits resolution

|

i
H

V{ii0m)x C =

V(lIt) i3 a transfer value

Vit =

Record in 4% digits resolution

D V(im) =




AC Current Verification Procedure

(Using Thermal Transfer, Current Shunts and DC
Current Standard).

Record results on Report Sheet RS2, Table 3
(Page 7-20).

Full Range Checks (1mA ~ 14}

4700 under

Yarification AC -
Current

——  Transfer

Shunt Input Thermal
with Transfer
Shunt Firted Standard

Switch
DC Current _/
Calibration De

Standard

a. With 4700 QUTPUT OFF, set the Funetion to
AC and then I, OUTPUT RANGE to 10m,
OUTPUT Display to 10.00000mA at a
Frequency of 300Hz.

b. Configure the Thermal Transfer for 10mA
Current  measurement  and  connect  the
appropriate shunt,

¢, With QUTPUT OFF, connect the 4700 [+ and
I~ terminals across the Shunt.

d. Set 4760 OUTPUT ON, and null the Thermal
Transfer to the 4700 AC OUTPUT.
Set 4700 QUTPUT OFF,

e. With OUTPUT OFF, configure the DT Current
Standard for an output of 10mA, and connect
across the Transfer Shunt,

f. Setthe DC Standard GUTPUT ON and adjust its
output current to null the Thermal Transfer
Record its output current on Report Sheet RS2
Table3{a).

g Set 4700 Frequency to Skblz, and repeat {¢)
to (f}.

h. Repeat () to (g), but for 4700 100mA and 1A
Full Range outputs.

7-18

i

If the Thermal Transfer has been adequately
calibrated for ImaA transfers, repeat {a) fo (g for
4700 1mA Full Range outputs, recording the DC
Standard output currents in Report Sheet RS2
Table 3({b). '

k. Sum the Verification setup uncertainties and

record in the Es eolumn as current deviations.
{Refer to Appendix 5).

For Total Tolerance Limit Calculations
refer to Appendix 4 page 7-31 Para 1.

1

. Calculate the Lower and Upper Total

Tolerance Limits.

Use Calculation A if the 4700 was last calibrated
by Datron.

Use Calculation B if the 4700 was last caiibrated
against the standards  being used for
verification.

m.Each 4700 Full Range output verifies if the DC

Current outputs recorded in (f) are at or between
the corresponding Total Tolerance Limits.



7152 - For Users with Adjustable DC Voliage Standards.

SerialNumber

Chacked by

Date

ODEL 4700 VERIFICATION REPORT SHEET.

RS2

Company/Dept.

Note: - On receipt of the instrurnent itis recommended to check at the frequencies shown below.

1. AC YOLTAGE {Using Adjustable DC Voltage Standard via Thermal Transfer)

a. 1V to 1000V Ranges.

4700 4700 Wirdeband Datron User's Widehand Calculated Totat User's

CUTRUT Norrinal Fetative Accurady Gal. 8. Cal. Std. Toterancs Limits DC Standard
AANGE! CUTPUY Tolerance Limits Uncerty Uncert'y waiue for

FREQUENCY Voltage |Lower(lr  Upper{dry | sUdAbs) | 2ils(ADs) Lower Upper Mutlt

1V TRHz 1600000V | 908840 1000180 | 0000130V

i iMHz 1.000000V 1 594000 1.006008 | 0.OD1I60V

HoY 1kkz 10.00000V | 9.85840 10.00180 § 0.00130Y

OV iMHz 1000000V 1 984000 1008000 | 0.01150V

0 tkHz 100.0000V | 99.9840 100.01680 00130

00V 100kHz § 1000000V | 985710 1000200 00200V

000V 1kHz 1000000y | 899.750 1000.250 170V

100V a0kHz ] 1000.CODV ] 899.650 1000388 Q250

b, Liﬁa-ariw {Performad on 10V Range}

v tkMz 100000V | D.8994E | 100052 | 060GV

HeY 1kHz 10 00000V 1 988840 1400160 | 000130V

10V Tihz 19.00000V | 1B.00V3Z 19.00268 000260V




2.AC MILLIVOLTS 1mV to 100mVY Ranges

a. LF 1kHz (using Verified 1V Full Range, inductive Voltage Divider and AC DV

4700 47040 Wideband Datron tiser's Wideband Calculated Total 4700
QLTPUT Naominai Aelative Accuracy Cal St Gal S, Tolerance Limils QUTPUT
RANGE OUTPUT Tolerance Limits Uncert'y Uncert'y Display
Voltage Lowar (L) Upper{ln lid{Abs) | ttisiAbs) Lower ] Upper Sefting
100MmY 100.0060m Y 94.9620 100.6380 | 0.0350mY
10my 10.0000mY 9.9872 100128 00125
my 1.0000mY GBg7 10163 G.0103my
b. HF TMiHz (Using Venfied 1V and 10V Fui Range, 10% Range Correction and AC VMY
100mY 100 0000mY 98 4700 1010300 | 0 14200W
0my 10 D00 Y 98700 16,1300 00250mV
1my T GO00OmY 9800 1.0400 0.0 38m¥
3. AC CURRENT
a.10mA to 1A Ranges. (Using Thermal Transter, Current Shunts and DC Current Standard)
4700 Transfer Widehand Drstron User's Wideband Catculated Total Lser's
QUTPUT Shurd Agtative Accuracy Cal. Stal. Cal. Htd. Tolerance Limits 0C Standard
HANGE? Value Folerance Limits Uncert'y § Uneerl'y value for
FREQUENCY Lowerily)  UpperiUry [ zUd(Abs} | zils{ADbs) Lower Upper Nult
Hma 30Kz QG920 10.00380  {0.00255mA
WmA BkHz 5.95490) 3000510 [0.G0255mA
100mA  300Hz 9G.9620 N0H350  1D.0258mA
HemA SkHz 99,2480 100.0610  |D.0255mA
1A 300Hy G440 1.000560  [0.000290A
TA Sk A05250 1.006755

D.O00440A

b. imA Range. (If Thermal Transferis calibrated at ihis tevel)

tma

300Hz

288620 1.000380

0.000255mA)

1mA

SkiHz

.9R84G0 1.0G0510

0.000255mA




APPENDIX 1

ADDERQLE 1 W

Section 7

VERIFICATION PROCEDURES FOR USERS WITH
FIXED DC VOLTAGE STANDARDS

AC Voltage Verification Procedure

(Using Fixed Voltage DC Calibration Standard).
Record results on Report Sheet RS3 (Page 7-25).

Full Range Checks {1V - 1000V)

R0 Voitage Thermal
Calibration e D T rANSTET
Standard Standard

4700 undear

£ ™~ .%—M—umm e -
AL Verification

WARNING

THE TERMINALS MARKED WITH THE
g SYMBOL CARRY THE OUTPUT OF
THE 4700. THESE TERMINALS AND ANY
OTHER CONNECTIONS TO THE LOAD
UNDER TEST COULD CARRY LETHAL
VOLTAGES. UNDER NO CIRCUMSTANCES
SHOULD USERS TOUCH ANY OF THE
FRONT (OR REAR) PANEL TERMINALS
UNLESS THEY ARE FIRST SATISFIED
THAT NO DANGEROUS VOLTAGE I3
PRESENT.

2. With OUTPUT OFF, connect the DC Voliage
Standard to the Thermal Transfer DC input. Use
d-wire connection and Remote Sense if
available,

b. With OUTPUT OFF, connect the 4700 to the
Thermal Transfer AC input Use d4-wire
connection and Remote Sense.

¢. Configure the Thermal Transfer for DC
measurement at the required voltage.

d Set the DC Voltage Standard to the required
voltage, OUTPUT ON, and noll the Thermal
Transfer to its ouiput. :

Record its output voltage on Report Sheet RS2
Table 1(a) as ‘4700 Required OUTPUT
Voltage.

e. Configure the Thermal Transfer for AC
measurement at the required voltage.

£ Set 4700 OUTPUT ON, and adjust its
OUTPUT Display reading to null on the Thermal
Transfer.

¢. Record the ‘4700 QUTPUT Display Reading for
Nuil’ on Report Sheet RS3 Table 1{a).

h Epsure that the 4700 CALIBRATION
INTERVAL switch is set to 90dy. Press the 4700
Spec key and record the MODE Display reading
in ppm as ‘= Er ppm’, Press the Spec key again to
cancel.

7 Obtain the Datron Calibration Uncertainty from

Section & for the 4 700 output, and record as Ud
ppt’.

W

. Repeat {¢) to (i) for required voltages close to all
4700 outputs on Report Sheet RS3
Table H{a)

1. Sum the Verification setap uncertainties and
record as ‘=Us ppm’.
{Refer to Appendix 5).

Total Tolerance Limit Caleulations
See Appendix 4 page 7-31 Para 2.

m.Claleuiate the Lower and Upper Total Tolerance
Limits.
Use Calenlations A and € if the 4700 was last
calibrated by Datron.
Use Calculations B and € if the 4700 was last
calibrated against the standards being used for
verification.

721



a. Each 4700 Full Range is verified if the AC
Voltage outputs recorded in () are at or between
the corresponding Total Tolerance Limits.

Linearity
{10V Range)

p. If the )}V Range verified correctly, repeat the
procedure for Report Sheet RS3 Table 1(b).

q. If the 1V Range verified correctly, proceed to AC
Millivolt verification and AC Current {option 20)
verification, :

Millivoit {LF) Verification
Procedure

(Using Verified 4760 1V Range, Inductive Voltage
Divider {(IVD)) and AC DVM)

Record results on Report Sheet R%3, Table 2(a)
{Page 7-26)

Full Range Checks {1mV ~ 100mV)
This procedure uses the same equipment, following
the same steps as on page 7-13,

However, because the 1V Range was verified at the
User's Standard voltage, standardization of the
DVM and verification of Full Range values takes
place at sub-mulitiples of that voltage.

Millivolt {HF)} Verification
Procedure

(Using verified 4700 1V and 10V Ranges, 10%
Range Correction Factor and AC DVM)

Record results on Report Sheet RS3, Table 2(b)
(Page 7-26).

Full Range Checks (ImV — 100mV at 1viHz)
This procedure uses the same equipment, following
the same steps as on page 7-14.

However, because the 1V and 10V Ranges were
verified at the User’s Standard voltages, calculation
of the correction factor, standardization of the DVM
and verification of Full Range values takes place at
sub-multiples of those voltages.



AC Current Verification Procedure

(Using Thermal Transfer, Current Shunts and DC
Current Standard)

Record Results on Report Sheet RS3, Table 3
{Page 7-26). '

Full Range Checks {TmA — TA}

£700 under
YVerification
Current
ey TFENSTRT
Switch

Shunt input Thermal
with Transfer
Shunt Fitted Standard

oC Cu}rent /
Catibration neC _

Standard

4 With 4700 OUTPUT OFF, set the Function ©
AC and then 1, QUTPUT Ramge to 10m,
OUTPUT Display to the reguired current at a
Frequency of 300Hz

b, Configure the Thermal Transfer for 10ma
Current  measurement and  connect  the
appropriate shunt.

2

CWith the DC Current Standard OUTPUT OFF,
ensure that it is set (o the required current, and
connect its output terminals across the shunt.

4 Set the DC Current Standard QOUTPUT ON, and
guil the Thermal Transfer to its DC output
current. Set its QUTPUT OFF and disconnect
fram the shunt. Record its output value as ‘4700
Required QUTPUT Current’.

CWith OUTPUT OFF, connect the 4700 I+ and
I— terminals across the Shunt.

o

Tt

Gat the 4700 AC Current QUTPUT ON and
adjust its keys to pull the Thermal Transfer,
Record iis output current on Report Sheet RS3
Table 3{4) as ‘4700 OUTPUT Display Reading
for MNuil’.

Set 4700 QUTPUT OFF.

g Ensure that the 4700 CALIBRATION
INTERVAL switchis set to90dy. Press the 4700
Spec key and record the MODE Display reading
in ppm as = Uy ppm’. Press the Spec key again to
cancel.

k. Set 4700 Freguency to 5SkHz, repeat (f) and (g),
then disconnect the 4700 terminals from the
shant.

j. Obtain the Datron Calibration Uncertainty from
Section 6 for the 4700 output, and record as
Eid ppin'.

k. Sum the Verification setup uncerlainties and
record as ‘*+Us ppm’
{Refer to Appendix 5.

i. Repeat (a) to (k) but for 4700 LF and HF
outputs, and DO Current Standard outputs close
to 100mA and 1A Full Range

m.if the Thermal Transfer has been adequately
calibrated for 1mA transfers, repeat (a) to (k) for
DC ang AC outputs close to 1mA Full Range,
recording the 4700 output currents on Report
Sheet RS3 Tabie (b}

For Total Tolerance Limit Calculations

See Appendix 4 page 7-31 Para 2.

o Caleulate the Lower and Upper Total Tolerance
Limits:
Use Calenlations A and C i the 4700 was last
calibrated by Datron,
Use Caleulations B and C if the 4700 was last
calibrated against the standards being used for
verification.

p. Each 4700 Fuli Range verifies if the AC Current
outputs recorded in (f) are at or between the
corresponding Total Tolerance Limits.

7-23
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AODEL 4700 VER]

RS3 - For Users with Fixed DC Voltage Standards. (Output Vaiues pther than Full Range).

Serial Number

Checked by

Date

FICATION REPORT SHEET.RS&3

Company/Dept.

Nota: - On receipt of the inatrument itis recommended o check at the frequencies shown below,

1. AC VOLTAGE {Using Fixed DC Voltage Standard via Thermat Transier}

a. 1Vio 1000V Ranges.

1700 4700 4700 Datron Users Wideband Calculated Teotsl 4700
OUTPUT Required Spec Mode Cat. Std. Cal.Sid. Tolerarnce Limitg OUTPUT Display
RANGE/ CUTPUT Readout Uncerty Uncer'y Reading tor
FREQUENCY Yoltage (Ut pprn) {-+Ud ppm} {(#Us ppm) et it +Lim Nkt
1Y thHz
iaY ThAMr
v ikHz
10V 1A
HusY Tz
100V TGGkFz
1600V tkkz
000V AnkdHz
b. Lingarity {Perdormead on 10V Range)
iV thiHdz
jav TicHz
1R.G0000V 1kHz
7.

s



2. AC MILLIVOLTS 1mV 1o 100mV Ranges

a. LF 1kHz {using Verified 1V Full Range, inductive Voitage Divider and AC DVM}

4700 4700 4700 Dateon Users ‘Wideband Caloulated Total 470
SUTPUT Raquirad Spec Mode Cal. St Cat. S, Toterancs Limits QUTPUT
RANGE OUTPUT Aeadout Uncert'y Lincent'y Dispay
Voltage {£Ur ppm} (Ud ppm: {2Us ppmy ~iim +Lim Setting
100mY
W0my
imy
b HF 1AMz (Using Venlied 1V and 10V Full Range, 10% Range Correction and AC VM)
10my
10mY
iy
3. AC CURRENT
a. 19mA to 1A Ranges. (Using Thermal Transter, Current Shunts and DO Current Standard)

4700 Transfer 4700 Witeband Tatron Usars Wideband Calculaled Total 4700
CHITPUT Shud Aeoured Relative Cal. Sd. Cal Std. Tolerance Limils QUTPUT Display
SANGE Yalue QUTPUT | Accuracy | Uncerty Uncest'y Reading

FREQUENCY Current {rlieppm) | (£Udppm) | {:Us ppm) L owear Uppee for Nuli
10mA 300Kz

iomA SkHz

1G0mA  300Hz

H0mA  SkiHzx

1A 300Hy

1A kit

h. 1mA Range. (if Thermal Transferis calibrated atthis loveh

1miA 30GHZ

tmi Skiiz

-6




Appendiz 2w
4700 User’s Handbook
Section 7

APPENDIX 2

ALTERNATIVE MILLIVOLT
VERIFICATION PROCEDURE

(Using verified 4700 1V Range, Wideband Inductive Voltage Divider (WIVD) and AC DVM).
Record results on Report Sheet R84, (Page 7-28)

Fuil Range Checks {imV — 100mV)}, LF (1kHzj
and HF {100kHz}.

q WD
[ 0
4700 AC 1V Hi
already

Verified AG DVM (mV Ranges)

Remote Sense

Standardization of DVM Miliivolt Banges

|

4700 AC MY Hi s
Rarges 1o be i T eend A0 DVM (mV Ranges)
Verified Lo et

-

Verification of 4700 LF Millivolt Ranges

a. With OUTPUT OFF, connect the 4700, WIVD i. Set the WIVD ratio and DVM as required fo

and DVM  for Standardization. Set the verify the 10mV and 100mV Full Range outputs;
WIVD ratio o 111000, the AC DVM o © stilt using the corrected 1V Full Range output in
measure fmV. (b). Record the results on Report Sheet R54.

b, Set 4700 to 1V Range, 1kHz, and adjust for % Sum the Verification setup uncertainties and
carrected 1.000000V output. record in the Us column as voltage deviations

{Refer to Appendix 3).
o Set 4760 OUTPUT ON and note the DVM
reading as V1. .
Total Tolerance Limit Caiculations
d. Set £700 OUTPUT OFF, and reconnect the test Refer o Appendix 4 page 7-31. Para L.
circuit for Verification
. Calculate the Lower and Upper Total Tolerance

e. Set the 4700 OUTPUT RANGE to ImV and Lirmits:
adjust the OUTPUT Dispiay to 1.0000mV. Use Calculation A if the 4700 was last calibrated
by Datron,
£ Set 4700 OQUTPUT ON and adjust the Use Calculation B if the 4700 was last calibrated
OUTPUT keys for a DVM reading of VL. against the standards being  used for
verification.
£. Record the 4700 OUTPUT Digplay setting in the _
last column of Report Sheet RS4. m. Each 4700 mV Fuli Range verifies if the 4700
' QUTPUT Display readings recorded in{g) are at
h Repeat{a) to(g). but setting the 4700 frequency 10 or between the comresponding ‘Total Tolerance
100kHz. Limits.



MILLIVOLTS (LF & HF) VERIFICATION REPORT SHEET.RS4

AS4 - For Users with Adjustable DC Voitage Standards,
(Using Verified 1V Full Range, Wideband Inductive Voltage Divider and AC DV

Serial Mumber Date

Checkedby Company/Dept.

Note: - On receipt of the instrument itis recommended to check at the frequencies shown below.

Full Rarnge Outputs TmV to 100mV Ranges

4700 4700 Wideband Datron User's Widebang Calculated Total 4700
QUTPUTY Norminai Ratative Acourany Sal S Cat. Std, Tolerarce Limits OUTPUT
RANGE QUTPUT Tolgrance Limis Uncen'y Uncert'y Draptay

FREQUENCY | Vollage  JTrowsrilny Upperidn | zUGlABs) | :Us(Abs) Lower Upper Setting
imy skiMz [ 1.000GmY G097 10103 0.9 13mV
imV 10kHZE 1.8000my 9893 IRt 00118mY
W0Omy Ikiz 19.0000mY | 39872 0128 ROTREmMY
13mV 100kHz] 10.0000my g.49228 100172 G.0tE6mY
O0mV ik HH.0000mY ] 99,9620 00 0386 G.a350mV
10G0my i Q0kHE] 120.0000mV] 99.9180 100.0820 G.0670my
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APPENDIX 3

Appendis 3o
47040 User's Handbook
Section 7

ALTERNATIVE AC CURRENT VERIFICATION.
PROCEDURE USING CALIBRATED STANDARD

AC SHUNTS

4700 AC 1Y
{Using verified 4700 1V Range, Already
Calibrated Standard AC Shunts Verified

and AC DVM).

I+

Hi

Lo
1.w

i
| AC DVM {1V Range)
I

—

Record results on Report Sheet RSS
(Page 7-28).

Full Bange Checics (100uA — 1A)

Remote Sense

Standardization of DVM 1V Range

Verified

4700 AC T00A -
Range to be

AC DVM {1V Rangel
o Gu

|

N.B. The effects of shunt loading by the IDVM must
he accounted for when calculating the rasuits.
(Typical DVM input impedance: l1Mohm in
paraliel with 150pF.}

2, With OUTPUT GFF, convect the 4700 and
DVM for Standardization. Select 1V Range on
the AC DVM.

. Set 4700 to 1V Range, 3008z and adjust for
corrected 1.0000G00V output,

Set 4700 OUTPUT ON and note the DVM
reading as Vi.

©

d. Set 4700 QUTPUT OFF, and set the 4700
GUTPUT range to 100pA; adjust the OUTPUT
Display to 100.0000 1A,

e. Reconnect the test circuit for Vertfication, using
the appropriate Calibrated Standard Shunt,

f Set 4700 OUTPUT ON and note the DVM
reading as V2 (see N.B. above).

g Calculate V3 as follows:
V3 = [.800000V + (VI - VI
Record V3 as ‘Msasured Shunt Voltage’ on
Report Sheet BS3.

)

Verification of 4700 Curﬁant Ranges

h. Divide V3 by the shunt resistance to convert to
current, Record as ‘Caleuiated Current’ on
Report Sheet RSS.

j. Repeat{a) to (h}, but for all 4700 300Hz Current

cutputs on Report Sheet RSS, using appropriate
shunts,

k. Repeat (a) to {h) for alt 4700 5kHz Current
outputs on Report Sheet RS5.

i. Sum the Verification setup uncertainties and
record in the Us colamn as current deviations
(Refer to Appendix 3).

For Total Tolerance Limit Caloculations
Refer to Appendix 4 page 7-31 Para 1.

m.Calculate the Lower and Upper Total Tolerance
Limits: .
Use Calculation A if the 4700 was last calibrated
hy Datron.
Use Calentation B if the 4700 was last calibrated
against the standards being used for
verification.

n, Each 4700 Current Full Range output verifies if
the Current outputs recorded in (h} are at or
betwean the corresponding Total Toleranes
Limits,

7.29



AC CURRENT VERIFICATION REPORT SHEET. RS5

RE85- For Users with Adjustatle DC Voltage Standards.

{Using verified 1V Full Range, Calibrated Standard AC Shunts and AC DVA4L

Seral Number

Chacked by

Date

Company/Dept.

Note: - Onreceipi of the instrument itis recommended 1o check at the frequencies shown beiow.

Full Range Outputs 100s4 to 1A Ranges

i
=

PN

4700 Txternat Widaband Datron Usgers Widetand Catculated Total Measurad | Calcutated
OUTPUT St Fetative Acturacy Catl. St Cai. S, Teierance Limits Shuyrs Current
RANGE RE T Tolerance Limils Ungert'y Lincert'y Voltage

FRECGUENCY Lawar (Lry Llpper (Ur} ZUd{Abs) | =Us(Aby) Lower Upper
WhpA  300Hz B2 9440 100.0560 00408 A
160uh  BkHz 9%.9250 100.075¢ | 0.0800uA
A 300Mz 389620 1.0GGas% QOGELG5Mm,
ImA Skhz 899480 | 1000518 | 000255mA
1WmaA 300Hz G 59820 13.00380 C.LO258mA
10mA SkHz %.99450 W0AG510 | 0.00255mA
100mA 300Hz 98.6620 100.0380 | G.0255mA
100mA  Skiz 95,9400 1000510 G.0258mA
1A 300Hz .899440 1400860 | G.0062904
1A Bickiz 949250 1.0006740 {.0004404
- ar




APPENDIX &

Appendiz 4 to
4700 User's Handbook
Section 7

TOTAL TOLERANCE LIMIT CALCULATIONS

This appendix lists the calculations necessary to -

determine the Total Tolerance Limits for each of the
verification procedures.

Reference to the appropriate calculation is given in
each procedure,

L

AC Volts, Millivolts and Current Ranges when an
Adjustable DC Voliage or Current Source is used
as the Standard.

The abbreviations used for these calculations are:

Ir = Lower Wideband Relative-Accuracy
Tolerance Limit;

Ur = Upper Wideband  Relative-Accuracy
Tolerance Limit;

Ud =Ud (Abs) = Datron’s Calibration
Uncertainty expressed as a voltage of
current;

Us = iJs {Abs) = User’s Calibration Standard
Uncertainty expressed as a voltage or
current.

A Dn Receipt from Datron:

2

For each 4700 QUTPUT Value/Frequency
selection calculate the Total Tolerance
Yimits as follows:

t ower Total Limit = Lo — Ud— Us
Upper Total Limit = Ur -+ Ud + Us

Enter the results as Lower and Upper Total
Limits respectively.

. Esllowing User Calibration:

For each 4700 OQUTPUT Value/Frequency
selection calculate the Total Tolerance Linuts as
follows:

¥ gwer Total Limit = Lr — Us
Upper Fotal Limit = Ur - Us

Frter the results as Lower and Upper Total
Liraits respectively.

CAC Volts. Millivolts and Current Ranges when 2

Fixed DC voltage or Current Source is used as the
Standard.

The abbreviations used for these calculations are:

Ur = Ur ppm = 4700 Spec. Mode Readout;

Ud =Ud ppm = Datron’s Calibration
Uncertainty ecxpressed in ppm of the
reading;

Us = Us ppm = User's Calibration Standard
Uncertainty expressed in ppm of the
reading; :

Ut = Cumulative Uncertainty as calculated,

expressed in ppm of the reading.

Required 4700 OUTPUT Value of voltage

or current.

Y =

&, On Heceipt from Datron

For each 4700 QUTPUT Value/Freguency
selection caloulate the Cumuiative Uncertamty
{0 from :

Ut = Ur + Us {ppm}.

Caleulate the Lower and Upper Total Tolerance
Limpitg as in (C) below.

B. Following Calibration against the same
Standard
Calculate the Cumulative Uncertainty (Ut
from:

(For CALTBRATION INTERVALS 90dy or Tyr}
it = Ur -+ Us — Ud {(ppm},

(For CALIBRATION INTERVAL 24he)
Ut = Ur + Us (ppm).

Caleulate the Lower and Upper Total Tolerance
Limits as in (C) below.

. Obtain the Cumulative Uncertainty from (A)
or (B} and caiculate the limits:

Lower Limit =V —{V + Ut} ;
196

Upper Limit = V + (V -+ Uy .
106

7-31
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APPENDIX b

Appendix 5 wx
A700 User's Handbook
Section 7

UNCERTAINTY AND TRACEABILITY

Cumulative Tolerances

If an instrument was correctly calibrated against the
factory standard at its uncertainty limit, and then
verified against a user’s standard, also at its limit,
there are two exiremes to the range of traceable
results which could be obtained. i, for example,
both standard’s traceable errors were equal and in
the same sense, the instrument would appear 0
verify as absolutely accurate. But if the errors were
in opposite sense, it could appear to be inaccurate by
the summ of the two limits of uncertainty.

In the following numerical example, a 4700 is
verified in the Factory at 10V, lkHz on the 1oV
Range, and with Oppm error against a 20ppm-high
standard.

ACSTD §___a1 4740
20npm e b +20ppmM
CAaL

It remains correctly  calibrated, and could be
delivered to one of two users; one user’s standard is
20ppm higher then the National Siandard, and the
other’s is 20ppm lower,

v

LISER T . LISER 2.
4700
AL STD P AL STD
+20ppm i —-20ppm
| i %
Check 1

Check 2
(Oppm ‘@:-3?‘ +a&prmmt &

Drespite the instrument sustaining its  original
accuracy of +20ppm and the standards all being
within 20ppm of National Standards; the first user
would verify the 4700 has haviag Uppm evror, but the
second would obtain an error of +40ppr.

The increased uncertainty is unavoidabie unless the
same standard is used for each verification. This is
clearly mot a practical proposition  following
telivery. But after the fust autocalibration against
the user’s standard, Datron’s calibration uncertainty
no longer applies,

Verification Uncertainties
Fach element in the calibration traceability chart{on

the next page) coniributes its uncertainty o
infiuence the overall verification tolerance fimits. All
uncertamnties must. bz accounted tor when

calculating the total tolerances.

In addition, if two separate sysiems are used, one for
calibration and the other for verification, then the
cumulative total tolerance is the sum of those
established for each systemn {as described earlier).

Thus on receipt of the 4700, Datron’s unceriainties
must be included in the total tolerance limits; bt
when verifying against the same Standards setup
used to calibrate the instrument they are
exciuded,

Two formulae for calculating the total tolerance
lirnits are gives for each procedure, cove ring the two
types of verification occasions mentioned.

Total Tolerance Limit
Calculations

The 4700 is verifisd by comparing its output with the
Total Tolerance Limits. These are calenlated by
summing the appropriate uncertainties from the
traceability chart, and expressing the result in upper
and lower absolute deviations from the chosen
verification value. The 4700 checks out i its
measured output is between the Limits.

Where possible, the 4700 specification and Datron
calibration uncertainties are given in a form suitable
for caleulation {see Report Sheet RS2}, Where this
ts not possible they can be assembled from the
specifications in Section &, and in some cases can be
more easily obtained using Speec Mode (Report
Sheet RS3 has columns for this purpose).

User’s uncertainties need to be assembled and
included, 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 inchuded. Soitis
sensihle to provide a permanent record, ¢.g. on
Report Sheets.

Onee the relevant uncertainties have been entered on
the Report Sheet, the Total Tolerance Limits can he
calculated. The correct calculations are identified in
the individual procedures.

-F
Lt
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FR Catibration.
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GENERAL PROCEDURAL INFORMATION

Thermal Transfer
The Thermal Transfer Standard is connected
hetween the DC Voltage Source and the 4700.

00 valiage f Themal
=OUrce Transfer
L4000 A il)
:

A d-wire sense connection will reduce inaccuracies
due to differences in the output impedances of the
DC voltage source and the 4700,

Four points ars important:

1. Btart with DUTPUT OFF
The 4700 should be connected to the Thermal
Transfer Standard only when the 4700 OUTPUT
OFF LED is lit. (With Output OFF, the [+, I—
Hi and Lo terminals are at high impedance).

2. Sensitivity .
Always set the Thermal Transfer Standard to its
lowest sensitivity before connecting up. Increase
sensitivity when necessary to obtain the required
input level.

WARNING

During Performance checks and calibration
the full range voltage is present at the Thermal
Transfer Standard inpui terminals. On 1600V
checks this voltage is potentially lethal, so
EXTREME CAUTION must be observed
wher making adjustments to the Thermal
Transfer Standard sensitivity.

CAUTION

The Thermal Transfer Standard used must be
able to withstand peak voltages up to 1600V
between its input terminals. Such voltages may be
present during the time that the 4700 is ramping
from zero to 1100V Full Scale after setting
QUTPUT ON.

3. Local/Remote Bense
Remote Sense is available as follows:

1V 10V 100V 1000V — Local/Remote Sensc
ImV 10mV 100mV  — Local Sense only
All Current Ranges - not applicable

Local = Remote Senge LED OFF - 2-Wire Sense
Remote = Remote Sense LED ON - 4-Wire Sense

OUTPUT must be OFF to change Sense
connection (except that Remote changes
automatically to Local when switching to
Millivolt Ranges).

4, Upranging - QUTPUT OFF Default
The 4700 cannot enter High-Voltage State
(>75V) with OUTPUT ON. Consequently,
when ranging-up, the operating system allows the
upranging to oceur, but defaults to OUTPUT
OFF for two specific cases:

a. When upranging to the 1000V Range,
. When upranging o the 100V Range 1o a voltage of
75V or more.

In H-V state an aadible warning is provided.
Otherwise, OUTPUT remains ON  when
changing OUTPUT RANGE.

Other Useful Features

Although not essential to normal verification, the
following additional facilities can sometimes
stmplify procedures:

FREGUENCY Store:Refer to Section 4 page 410,
‘Epec’ Mode: Refer to Section 4 page 4-10,

‘Error’ Mode: Refer to Section 4 page 4-12.



General Procedursl Information

4700 Specification Formats
The specifications can be found in two forms:

a. Tabudar layout as in Section 8

In Section 6, 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,
merely by adding in the uncertainty of the
reference standard 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 calibration
unceriainty must be added ingtead.

b. Specifications stored within the instruments
non-votatile memory.
(see Section 4 page 4-10 to 4-12).
The instrument’s non-volatile memory figures can
be accessed using ‘Spec’ Mode. These are
compiled  specifically for users without
verification facilities, so that they can determine
the tolerance limits of the 4700 output, withous
reference to Section 6. The 90 day and 1 year
accuracy readout includes Datron’s calibration
uncertainty, giving traceable accuracies . for
instruments which were last calibrated by
Datron.

24br CALIBRATION INTERVAL
24 Hours Stability figure only.

90dy CALIBRATION INTERVAL
90 Days Wideband Relative Accuracy
figure + Datron’s Calibration Uncertainty.

iyr CALIBRATION INTERVAL
1 Year Wideband Relative Accuracy figure
+ Datron’s Calibration Uncertainty.

Spec mode provides 90 day and | vear accuracy
figures which are traceable through Datron
standards to National Standards, for users who
have no calibration or verification facilities.

Verification Conditions

The 24-hour stability specifications are relative fo
user's reference standards. In all cases validity
depends on using the same standard as reference,
under the same conditions, including temperature.
Also, verification is valid only within 24 hours of
calibration or within 24 hours of a previous

7-36

verification. In the latter case, the specifications are
relative to the figures obtained at the earlier
verification. '

On receipt, the S0-day and {-year tolerances can he
calculated by adding both the user’s reference
standard uncertainty and Dairon’s calibration
uncertainty to the Relative Accuracy figure
(Section 6).

Following User Calibration or a Previous Verification,
add only the user's uncerainty to the Relative
Accuracy figure.

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

Report Sheets

Please use the printed report sheets as masters to
generate  duplicate copies, then record the
instrument’s peformance on the duplicates (both on
receipt from Datron and for future periodic
checks}.

The *Adjustable DC Voltage Standard’ report sheet
(page 7-19) lists the appropriate wideband relative
accuracy limits, and Datron’s  calibration
uncertainty at the verification points. Blank columns
are provided for the user’s calibration uncertainty,
the cumulative tolerance limits, and the DC Voltage
Standard’s adjusted reading (for comparison with
the tolerance}.

The ‘Fixed DC Voitage Standard’ report sheet
{Appendix 1, page 7-25) should be used if the DC
Reference Standard cannot be used at the values
required for the checks detailed in the tables. In this
case the 4700 *Spec Mode’ can be accessed fo
generate its tolerance limits, but these will need to be
processed to caleniate the (rue cumulative
tolerances.

The appropriate [imit caleulations are detailed in
Appendix 4,
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APPENDIX 7
HARMONIC DISTORTION MEASUREMENT

The measurement of Total Harmonic Distortion
(THD) is not detailed as part of the verification
procedure. 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 of the 4700 output
is Included in its accuracy specifications, but
not in its TOTAL HARMONIC DISTORTION
specifications on pages 6-3 and 6-11. The latter
relate to true harmeoenic distortion only.

If the 4700 distortion specification is to be vertfied,
the measurement equipment must be selected with
care. Some distortion meters mergly suppress the
fundamental and measure the remainder over a
specific bandwidth., The readings obtained include
wideband noise integrated over the full bandwidih,
introducing measurement errors which increase the
appareni harmonic distortion (particularly at low
fundamental levels, where the harmonic envelope
rapidly descends into the noise floor).

Measurement of true harmonic distortion only, in
any signal, can be a laborious process. To measure
the vajue of each single frequency harmonic, (as
would be required to verify the 4700 THD
specification), any wideband noise must be filtered
out. Very selective bandpass 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 analyzer is more
satisfactory. The harmonic amplitudes can be
displayed on a screen against a grid, the noise levels
can also be zeen, or & 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
analyzer or selective level meter be employed.
Suitable instruments are:

Hewlett-Packard HP 35385 Spectrum Analyzer, or
HP3586 Selective Level Meter,



FRONT or REAR
terminals carry the
Full Output Voltage.

Guard terminal is
sensttive to over-
voltage

It can damage
your instrument!




SECTION 8 ROUTINE AUTOCALIBRATION

Users requiring to verify the specification without adjustiment to the instrument’s calibration status refer to
Section 7. For full information on calibration of the 4700 refer to the Calibration and Servicing Handbook,

Section i.

The 4700 Autocal Feature

Using the standard ‘Autocal’ feature, the 4700 1s
calibrated entirely from the front panel (or remotely
via the IEEE 488 Interface). Because it is not
necessary to remove the covers, thermal disturbance
is avoided and the 4700 can be put back into service
immediatety after calibration,

Uisers wishing to maintain the highest specification
{24 Hours) can recalibrate daily, on a regular basis,
if desired. The procedures contained in this Section
provide the essential information for setiing up such
routines. Itis not necessary to update all ranges, as i
is possible to calibrate one output range.

During the Autocal process, the mICIoprocessor
adjusis correction factors which are already stored in
non-volatile memores. After adiustment, the
updated factors.are continnously applied to correct
the 4700 curput amplitude,

Special keys are used in the Autocal mode. They are
ithustrated below:

Test

D\,L :Err;‘ Oﬂgélt- ]
_/"V';/ i ‘ A “l“:\ Mm\‘.’-«-k.
sto ] seT J{ =0 ) GAL |

The three keys labelled $TDy, SET and X6
preselect aiternative calibration maodes. To fnally
implement any calibration, the CAL key must be
pressed. ST, SET and +0 have press ON/press

off action.

The activation procedure is illustrated below:

EEE 488 Address Setio; ADD VN

iAddress 3T

Secutity keyswitch Setto:

{on the rear panegl) CAL ENAELE
— )
i i
| | |
I eavsraTimn ; CALIBRATION i‘
EHABLE. i [ ENABLE
I RUN | H
1 (s o
| SN ;

Thus the four calibration keys (labelied in red) are acti-
vated, and the cal lagend appears on the MODE display.

These keys are activated by a simple procedure. On
the rear panel there are two swiiches: the IEEE
address switch, and a security keyswitch labelied
RUN/CAL ENABLE By setting ithe address
switch to 31 (ADD 11111y for Front Panel
calibration and the keyswitch to CAL ENABLE,
four of the front panel MIOIDE keys are reassigned to
calibration functions, permitiing access o the
correction memaories.

Once the keys are activated, up to four modes of
calibrating the 4700 become available. The
meanings of the modes differ slightly for DC and AC
Calibration.

The meanings of the names, and the detailed
procedures for nsing the modes, are described
overicaf.

g-1



OC Calibration

ST key STD calibration is carried out on the 1V

SET key

3-2

or MOV rdnge, and differs from the
“SET” procedure only in the use of the
STD key instead of the SET key.

It changes the DC gain of all voitage and
current ranges in the same ratio, and thus
performs the same function as trimming
the internal Master Reference voltage.
The facility can be used to avoid a full
recalibration  of the 4700 when
Laboratory References have been re-
standardized (or for instance when a
4700 has been moved from one country
to another]. In DC mode it does not
affect AC ar Ohiss.

The SET key allows calibration to any
vajve in the selected Range (e.g. at a
standard cell voltage):

Before selecting SET, the ‘?‘i‘é' keys are
operated to place the Calibration
Standard value on the OUTPUT display

- and set the 4700 output level. Pressing

SET then informs the 4700 that
calibration is to be carried out at this
value, The instrument acknowiedges by
duplicating the value on the MODE
display.

Next, the 4] ¥ keys are manipulated to
aull the 4700 output against the
Calibration Standard (the OUTPUT
dizsplay changes during this
adjustment).

Pressing the CAL key executes the
calibration. The 4700 memorizes the
difference between the two display
values, and exits from SET mode. This
is shown by transfer of the Standard
value from the MODE display to the
OUTPUT display. The instrument uses
the difference to modify stored
constants, which in “RUN" mode
correct both positive and negative
outputs on the calibrated range only.

If the Calibration Standard value is
below 2% of Fuli Range, the 4700
assumes a  request for  “Offset”
correction; but if at 2% or above,
“(Gain” correction is assumed.

+0 key

CAL Key

The 0 key is used to align the ON-+
and ON-— zerces of all voltage and
current ranges by a 2-part calibration on
the 10V range, The +0 Alignment
Rountine on Page 8-6 is necessary only
when the ON+ and ON— rzeroes an the
IOV range do net coincide at the same
nuil.

The CAL key executes the preselected .
Autocal facility, as described in “SET”
above. Alternatively, it can be used
without first pressing SET, =0 or §TD
to calibrate Voltage or Current ranges,
but only at Zero or Full Range values:

Before selecting CAL, the Zero or Full
Range key is pressed to set the 4700
output level.

Next the ‘H? keys are manipulated
to null the 4700 output against
the Calibration Standard (the QUTPUT
display changes during this
adjustment).

Pressing CAL commands the 4700 to
calibrate. The instrument decides on
“Zero Offset” or “Full Range (Gain”
from the OUTPUT display value
(defined by the same limits as for
“SET”)}, and executes the calibration.
The difference between the QUTPUT
display value and the value chosen by
the 4700 is used to modify the stored
constants mentioned in “SET” ahove.



Autocal Availability

Asthe Autocal keys perform specific DC tasks, they
are available only as defined by Table 8.1, The
message “Error 37 appears on the MODE display
for any attempt to select an inappropriate mode.

DO Voltage

i o L
OC Cusrent Resistance {({1)

AUTOCAL DC Made me) (ny Local Sense Remote Sense
’ {2-wirg) {d-wire)
Zero offsel for range at All
SET User’s selacted value Ranges
and
CAL zain for range at User's 100m V- 1000V
standard value Ranges only
0
and Adignment of internal 1Y
CAL ON-+ and OM-— zeros Range only
ST _ ) .
and internal Reference gain 1V and 10V
CAl at User's Standard value © Range only
. All
Zero offset for range Ranaes
CAL HIO- 1M
Gafs for range at Full H0mV-1000V ARGES Ranges only All
Range Value Ranges only Ranies

Table 8.1 Autocal availability for DC Calibration

Zero Calibration

It is common practice to accept a small offset in the
output of a voltage calibration standard, providing
ihat the same oflset is present at all output values,
including zero.

The output of the 4700 is fully floating, so its output
may be referred to any common mode vollage within
the range specified on page 6.1, In particular, its zero
may be aligned to absolute zere in Local Sense by
calibration to a null across its Hi and Lo {Sense}
terminals. But if it is then gain-calibrated against an
offset standard without re-zeroing to that standard’s
offset zero, normal mode gain errors will result.

11 is therefore esgential that each voltage and current
range zero is first calibrated to a standard’s zero
before using that standard to calibrate the range
gain.

Il the 4700 zero output is to be regarded as absolute
Laboratory Reference Zero, then AFTER range
auin calibration its range zero ouiput may be
recalibrated to a niull across the Hi and Lo (Sense)
terminals.

Equipment RBequired for
DC Calibration

DC Voltage — A Standard DC Voltage source of
suitable accuracy:
Example:
Series bank of 10 standard
cells and Datron 4504
Standard Cell buifer.

- A Precigion Divider
Example: Datron 4902 High Voltage
rvider and Datron 4903
D Switching Unit

— A bhattery-operated null detector
with variable sensitivity, able
withstand 1200V across its input
terminals:

Example: Keithley Instuments
Model 133



DC Current -— A DC Voltage source, calibrated to
suitable accuracy at approximately

IV and 100mV:
Example: The standard  voltage
source uwsed for DC
Voltage, with the Datron
4503 DC  Switching

Unit,
- The battery-operated null detector

used for DC Voltage.

— A set of calibrated current shunts of
suitable accuracy.

MN.B. To allow the same value 1o be set on
the DC Voltage source for each
range, the shunts may be of five
decade values. Then the same Null
Detector sensitivity can be used on
each range.

CAUTION  When choosing a set of current
shunts ensure that their power
dissipation ratings are sufficient to
avoid permanent degradation from
the selftheating effects of the
current being checked. This applies
particularly to the I Amp shunt,

— alternatively, a DMM of sufficient
acouracy may be used to measure
the voltage across the set of
calibrated current shunts,

Example: Datron 1081 using
“compute” maode.

Resistance —a set of standard resistors covering
10€1 to 100MQ. The 108} to 10k
should be 4-wire type.

—~-4n accurale resistance bridge, or
other  rtatiometric  device for
measuring resistance to the required
accuracy.

—-a Datron 1081 used as a transfer-
measurement device.

Interconnections

Interconnection instructions in this section are
necessarily simple and basic, and are mainly
intended to show connections to the 4700, It is
recognized that they may need to be adapted to meet
an individual user’s requirements. It is assumed that
users will possess knowledge of the operation and
use of standards equipment such as that mentioned
above,
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DC Calibration Sequence

The sequence of operations for DC calibration of a
4700 is given below:

Preparation
DC Voltage
DO Current
Resistance
Return to Use

If only a partial recalibration is to be doue, step 1 of
the PC Voitage sequence should be carried out
immediately after the preparation.

WARNING During Performance checks and
calibration a common mode voltage
equal to the full range voltage may
be present at the Nall Detector
input terminals. On +1000V
checks this voltage is potentially
tethal, so EXTREME CAUTION
must be observed when making
adjustments fo the nuoll detecior
sensitivity,

CAUTION  The Null Detector used must be able

to withstand voltages up to 1200V

hetween ifs input terminals. Such
voltages will be present during the
time that the 4700 is ramping from
zero to 1000V Full Range after
setting OUTPUT ON. Inadvertent
disconnection of the Precision

Divider terminals can transfer full

outptit across the Null detector.

Preparation: Before any calibration from the front
panel is carried out, prepare the 4700 as follows:

I Turn on the instrument to be checked and allow
minimurn of 4 hours to warm-up in the specified
environment. s 4334

2. IEEE 488 Address switch:
Set to ADD 11111 as
shown {Address 31).

ADD

3, CALIBRATION ENABLE )
key swifch: %
Insert calibration Key and U cammaron |
turn o ENABLE. . ENABLE |

| A r{/‘\\\_ J

Y

=



These actions activate the four calibration modes

- {labelled in red) and present the cal legend on the
MODE dispiay.

4. Ensuge that OUTPUT OFF LED is Bt

Refurn to Use:When any calibration is completed,
retarn the 4700 to use as follows:

1. Ensure that OUTPUT OFF LED is lit.

2 CALIBRATION ENABLE [
key switch: E
Turn to RUN and withdraw '
i

—

calibration key.

ENABLE

3 IBRE 488 Address switch:
Restore to correct address if the 4700 i3 (o be
used in an IEEE 488 system.

4700 DC Voltage Calibration
1. initial Setup

CAUTION: First read the Notes on the use of the
¥ull Detector in Section 7.

Carry out the Preparation as detatled on Page 8-4.

Select DO and connect the DC Voltage Calibration
Source and Null Detector to the 4700 terminals as
shown in Fig. 8. }{a).

Use short leads, ensure that the Calibration Source
voltage is set to zero and that the inter-connecting
circuit has thermally stabilized.

2. Calibrate as follows:

ay Full Calibration

Calibrate the DC Voltage ranges in the step
sequence of Tabie 8.2, using the Calibration
Routine at each step (exceptsteps 2 and 3}, For
steps 10 - 13, reconnect as Fig 8. 1{b}

b} Partial Calibration
Carry out Step 1 of Table 8.2

Proceed with the desired steps of Table 8.2,
using the Calibration Routine at each step
(except steps 2 and 3). For steps 10- 13,
recomnect as Fig 8.1{b)

(3] Low Voltage. 1006uV —~ 10V Ranges

[ B SIS & By 1
N Qa{ec'itj O
30 Voliage e 4700
Cabtbration Terminals
Source {Loes!
Terminals Sense!l

b} High Voltage: 100V and 1000V Ranges

PRECISION

- GIVIDER
DHe |
amt (@) ()

S
DC Voltage % avon
Calibration @ Hange N@Termmaig
Sourse (o 1000V {Remote
Tarminals :) Range | Lo Sense)
¥ e e
(@) o= (2
Ny N :
Fig. 8.1 4700 connections for DC Voltage
Calibration

¢} Re-standardizing using “STD”

To re-standardize all DC Voltage and Current
ranges in the same rafio, carry outsteps 1, 2, 3,
then either 6 and 7. or & and 9. In operation(g)
of the Calibration Routine, substitute “8TD”
for “SET. (Refer 1o earlier deseription of
SETD.

3. Calibration  Routing: Calibration of DU
Voltage to a Standard voltage calibration
souIce.

NOTES: A For calibration at any value, this
routine may be used as printec.

B For calibration at zero or positive
nominal Full Range only, operation (g}
mayv be omitied.

£ In Tablke 8.2(a), use interconnections
as Fig. 8. 1{a}{Low Voltage), obtaining
the correct calibration voltage from the
source.

In Table 8.2(b)}, use interconnections as
Fig. 8.1(b) (High Voltage) selecting
=10 at steps 10 and 11, =100 at steps
§2 and 13

CAUTION: Below 2% of Range, the 4700 corrects
for an assumed offset error, at 2% of
Range and above the correction is for
an assumed gain error.
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3. Calibration Routine {contd.)

a) Null Detector Set to Low sensitivity.

b1 4700 Easure CUTPUT OFF.

¢} DC Source  Set to the required polarity and
value.

d)y 4700 Select correct FUNCTION
and RAMNGE.

g} 4700 Use Full Range, Zero or

OUTPUT 41y keys to set the
required polarity and value on

OUTPUT display.

N.B. Operation (f) must be carried out before

aperation (g}

) 4700 Press the correct-polarity ON
key.

Omit Operation (g) if calibrating at zero or
Fuil Range value.

g} 4700 Press SET key:
SET LED lights green.
OUTPUT display reading also
- appears on MODE display.

by Null Detector Increase sensitivity to give an
off-nuil reading and use 4700
OUTPUT 41y keys to back off
to null. Repeat until null lies
between two values of the
QUTPUT  display  {east-
significant digit.

3 Null Detector Set to LOW sensitivity.

k) 4700 ress CAL key:
CAL LED flashes once.
MODE display value is
Not applicable transferred to QUTPUT
if operation (g) display.
omitted MODE display is cleared.
SET LED goes OFF.

The 4700 is now calibrated at this value.

< £0 Alignment Routine: Alignment of 10V Range
positive and negative zeroes if necessary at step 3
of Table &.2.

#) Null Detector Set to low sensitivity,

b) 4700 Ensure OUTPUT OFF
on DT 16V Range.

¢) Calibration Source Fnsure set to zero and
thermally stable,

8-

d) 4700 Press OUTPUT Zero
Key.
Press QN+ Key.
Press 40 Key:
0 LED lights, OUT-
PUT displav at zero,

Increase  sensitivity to
give an off-null reading
and use 4700 OUTPUT
Y1y keys 1o back off to
mull Repeat until aull lies
between two values of the
OUTPUT display least-
significant digit,

e) Null Detector

f) 4700 Press CAL key:
CAL LED lights.
No change to OUTPUT

display.

g} 4700 Press ON— key.

by Null Detector Obtain accurate null as in
{e} above.

5 4700 Press CAL kew:

CAL LED goes OFF,
+0 LED goes QFF.
OQUTPUT display falls
o zero.

The 4700 positive and negative zeroes are now
both aligned to the Calibration Source zero.



" Table 8.2 STEPS in DC VOL’E’EGH CALIBRATION

{a) Low Voltage ~- connect as Fig. 8.1(a)

Siep | Calibration Operation 4700 Range Calibration | 4700 Output Setting AUTOCAL Key
Source Voltage | (Nominal value)l}] Usedi2}
I 1oV 10 0.000000V {ON+) —-
Range ON+ zero 0.000000V
2 10V 10 0.000000V {ON-) Check only
. Range ON- zero 0.000000V
check only - do not 0.000000V
calibrate
3 =0 10 0.000000V Refer to 0 Alignment )
Alignment Routine
4 100mV 100m 0.00000mV 0.00000mV e
Range zero
5 100mV 1G0m +100.00000mV {ON+) ‘SET for
Range gain 100.00000mV non-nominal
6 1% 1 LH000000V (ON+) o
Range zero 0000000V
7131 v i 410600000V {ON-) ‘SET for
Range pain 10000000V non-nominal
3 1oV 10 (.000000V (ON-) —
Range rerc 0.000000V
93] 10V 10 “+10.000000V {ON+) ‘SET for
Range gain 10.000060V non-nominal |
(v) High VYoltage — connect as Fig. 8.1(b}
Step |Calibration Operation4700 Range!| Calibration |Precisioni4700 Gutput Setling AUTOCAL Key
Source Divider | (Nominal vaine}{l Used2]
Voltage Select
16 100V - 100 0,00000V 10 (ON-+) —
Range zero {5.00000V
11 100V 100 +10.000000V  +10 {ON+) ‘SET for
Range gam 100.00000V non-pominal
12 1000V 1000 0.0000V | 100 {ON-+) —
Range zero 0.0000V
i3 100V 1000 10.000000V =100 {ON+} SSET for
Range gain 10000000V nen-nominat
LETHAL Enter High Voltage
VOLTAGE state using mderiock
procedure (User’s
. FHandbook Sect. 4}

NOTES [l[1tisexpected that many users wi
shown. In these cases set the Calibra

standard values near nominal,

(2] Except for Step 2, use CAL key as trig
[3] To trim the internal Master Heferance vo

ger {Refer to Calibration Routine).
ltage, substitute ‘STD’ for ‘SET? for 1V or 10V Range

(Refer to Calibration Rousine and description of "8TI3}.

11 wish to calibrate Range gains at values other than the nominals
tion Source voltage and 4700 OUTPUT display to in-house
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4700 DC Current Calibration

L. Ensure that the 4700 OUTPUT OFF LED is lit.
Select DC and I and connect the DC Voltage
calibration source, null detector and calibrated
current shunt to the 4700 QUTPUT terminals as
shown below. Do not connect null detector to
shunt until the voltage across the shunt and the
source voltage are close in value.

e iy

an

H
e
f gy B o] f
Ot~ OO0
QC‘J:‘)rtage Caiihrated g
Laltraunn Cerant E ATO0
wSDu!(:& Bt Tarmunals
Verninais {4-Wirgs
e OF04@
1

Fig. 8.2 4700 connections for 0OC Current
Calibration

Preferred shunt values are as follows:

Calibration

Seurce
Cutput
VYoltage for
Full Range
[mW min v
10mW min v
H00mW min v
I'W min 1V
1W min 100mV

HOOuA  range - 10k
ImA range- kO
0mA range - 1000

100mA range - 100
1A range- 010

Ensure that the calibration source voliage is set to zero
and that the interconnecting circuit has thermally
- stabilized,

2. Calibrate the DXC Current ranges in the step
sequence of Table 8.3, using the Calibration
Routine at each step.

3. Calibration Routine: Calibration of DC Current
using a I3C Voltage Calibration Source and a series
of calibrated current shunts.

NOTES: A. For calibration at any value, the routine
may be used as printed.
B. For calibration at zere or positive
nominal Full Range only, operation
{g) may be omitted.

CAUTION: Below 29% of Range, the 4700 corrects
for an assumed offset error, at 29% of
Range and above the comrection is for
an assumed gain error.

a) Null Detector
by 4700
¢} DC Séurce

d) 4700
e} 4700

N.B. Operation (f)
operation (g)

fj 4700

Set to Low sensitivity
Ensure QUTPUT OFF

Set to the required polarity and
value

Select correct FUNCTION
and RANGE

Use Full Range, Zero or
OUTPUT 41y keys to set the
required polarity and value on
OQUTPUT display.

must be carred out before

Press the correct polarity ON
key

CAUTION: Pressing the wrong
ON key will result in twice the
OUTPUT being connected
across the aull detector.

Omit operation {g) if calibrating at Zero or Full

Range value,
g) 4700

h) Null Detector

J) Null Detector
k) 4700
Not applicable

if operation (g}
omitted

Press SET key:
SET LED lights green.

OUTPUT display reading also
appears on MODE
dispiay.

Increase sensitivity to give an
off-nuil reading and use 4700
QUTPUT 41¥ keys to back off -
to null. Repeat untit null les
between two values of the
OUTPUT  display  least
sigreficant digit.

Set to LOW sensitivity

Press CAL key
CAL LED fashes once.
MODE dispiay value is
transferred to QUTPUT
dispiay.
MODE display is cleared.
SET LED goes OFF,



.| Step Calibration Shunt Calibration 4700 OUTPUT Current AUTOCAL
' Operation Value Source Key
Voltagel 1 Range | OUTPUT Sciting!!] asedl?]

i 1004A 10k LO00000V 1000 G.0000 uA —
Range zero

2 100A 16k 4+ 1.0000000V P00 = 100.0000 A SET for
Range gain non-nominal

3 tmA 1k€) 0000000V {m 000000mA, —
Range zero

4 imA 1k + 1.0000000V Im + 1.000000mA SET for
Range gain non-nominal

5 10maA 1005 0000000V 10m 0.00000mA. .
Range zero

6 TOmA 1000 + 10000000V 10m |+ 10.00000mA SET for
Range gain for-nominal

7 100mA 0 D0O000C0Y 1007 (3.0000mA -
Range zero

5 100mA [£8]¢: -+ 1.OD000GOV (00w |+ 100.0000mA SET for
Range gain non-nominal

9 PA U140 (.00000mY i 0000004 -
Range zero

16 1A 0.1 -+ 100, 00000mVY i = 1.000000A SET for
Range gaii non-nominal

NOTES: [1] Ttis expected that most
shown. In these cases set

Table 8.3 STEPS in DC CURRENT CALIBRATION

users will wish to calibrate Range gains at values other than the nominals

the Calibration Source voltage and the 4700 OUTPUT display toin-house
standard values near nominal.

[2] At each step, use CAL key as a trigger (Refer o Calibration Routines).
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4700 Resistance Calibration

1. Calibration Memory

In Q) function, each RANGE key selects =
nominal-value  standard  resistor, Routine
adjustrent of the resistor is not necessary. During
calibration the actual value is messured and
stored in the calibration memory to be dispiayed
whenever that range is selected, Separate memory
stores exist for Remote Sense {4-wire), Local
Sense (2-wire) and Local Sense zero.

2. 4-Wire Calibration Limits
The value measured in dewire Remote Sense
does not include the resistance of internal or
external wiring. The 4700 accepts any value
within - £200 ppm of nominal as a valid
calibration.

3. 2-Wire Calibration Lirnits

The value measured in 2-wire Local Sease is
greater than for 4-wire Remote Sense, as it
includes the resistance of internal wiring and relay
contacts. The 4700 will not accept any 2-wire
value less than the stored value for 4ewire, 50 the
d-wire Remote Sense calibration must be carried
out before attempting 2-wire Local Sense. The
extra internal resistance depends on Range, so the
4700 accepts the following values (x} as valid 2-
wire

calibrations:

Zero calibration.
HOLL — IMQ Ranges:
0 x < G.9000

Value calibrations.
10 — MO Ranges:
d-wire value « x < (d-wire value + 1.999¢)

4. "Error 8" message
“Error 67 appears on the MODE display for any
attempt to enter a value outside the 4-wire or
2-wire limits quoted above.

NOTE: When resistance is caiibrated in
Remote Sense, the 4700 overwrites the
Local Sense calibration memory with
the new 4ewirg value.
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5. dewire and Z-wire Connections

Z-wire calibration

{using 4-wire method
axternaliy}

4-wire calibration

Local Sense
Energizing Current Source

Remote Sense
Efigrgizing Current Source

T
0 VO TAGE

Measure
Voltage

Measurs
Voliage

Fig. 8.3(a) Fig. 8.3(b}

6. Calibration sequence

Press () key and calibrate the resistors in the step
sequence of Table 8.4 (a) and (b), using the
Calibration Routine at para 7 (a} or (b). Refer to
para 5 for connections to the measuring
equipment. For 4-wire connections in Remote
Sense (Fig. 8.3(a)) only the value of the internaj
Standard Resistor is measured. In Local Sense
(Fig.8.3 (b)) a 4-wire method is used te exclude
the resistance of the cxternal leads from the
measured value,

7. Calibration Routine: Measurement and Storage
of the values of an internal resistor. ‘

a) Remote Sense (Internal 4-wire, connected as
Fig, 8.3(a)) '
Full  Range
Table 8.4(a)

values — Routine for

i} 4700 Select OUTPUT OFF
and 3.
Select Remote Sense.
ii} 4700 Press required resistor

(RANGE) key:

The previousty-calibrated
value appears on the
OQUTPUT display.

L



b)

iiiy 4700 and . , iy 4700 Press required resistor
Ju anc Press OUTPUT ON-+ o
resistance- and measure the value of (RANGE) key:
measuring the internal resistot. The previously-calibrated
equipment value appears on the
V) 27{)(} OUTPUT Set the measured value QUTPUT display.
K th OUTPUT . ,
¥ ey g?splay. ) o . fgs(i}sgtaanii— Press OUTPUT ON+
v} 4700 CAL Key Press to store measuring gnd measuie the ?rzl}ue of
OUTPUT display value. equipment e tnternal resistance.
vi) 4700 Set OUTPUT OFF. iv)y 4700 OQUTPUT Set the measured value

vii) Repeat operations (i) to {iv) for each step
of Table 8.4(a).

Local Sense {(Internal 2-wire, connected as
Fig. 8.3{b), Remote Sense OFF)

Full Range and Zero values -— Routine for
Table 8.4(b)
1y 4700 Seiect OUTPUT OFF
and (.

Deselect Remote Sense.

%W Kevs on the output dispiay.
v) 4700 CAL Key Press tostore OUTPUT
_ display vahie.
viy 4700 Zero Key Press and repeat
operations (i) to (v} for
this RANGE selection.
vii) 4760 Set QUTPUT OFF.
viii)Repeat operations { ii) to (vii} for each step
of Table 8.4(b).

Table 8.4 STEPS IN RESISTANCE CALIBRATION
{Internal resistor value measurement and storage).

a) Remote Sense (Internal 4-wire, connect as Fig. 8.3a)
Calibration at Full Range. Resotution 7% digits, Tolerance + 199.9ppm (1999 digits}.

Step Range | Measured resistance value, Calibration Limits
1 100MO : 99.980,01 o 100.019,99 MO
2 10MO | 9.998 001 o 10,001,999 MO
3 iMO .999,800,1 o 1.000,199.9 M1
4 100k 1 99.980,01 to 100.019,99 ki
3 {0k 9,998,001 tn 10.001,999 kY
6 1k 899 800,1 t0 1.000,199.% k&
7 10060 | 99,980,018 to 100.019,99 ¥
3 104; 5,998,001 o 1HL.001,999 Q

b) Local Sense (internal 2-wire, connect as Fig. 8.3(b}, Remote Sense OFF)
Calibration at Full Range and Zero. Resolution as listed in table.
Tolerances —0 + 1.9990 on 1082 - 1M Ranges, —00 + 0.900Q for zero on 1042 - 1M} Ranges.

Step | Range R‘?zféii;:’ " Resistance value Limits Zero Limits
9 IMO 7% Step 3 value, —0  -+19 digits| .000,000.0 to  .000, 0000 MO
10 100k T Step 4 value, —0 +199 digits | 0.000,00 o 0.000,90 k&
11 10k 714 Step S value, ~—0-+1999 digits | 0.000,000 e 0.000,900 k)
12 Lk i3] Step 6 value, —0+1999 digits| 000,000 to (0.000.9060 k2
i3 1000 54 Step 7 value, —0-+1999 digits 0.000 te 0.900 0
14 105 45 Step 8 value, ~0-+1999 digits| 0.000 to 0.900 &




AC Calibration

"Wideband” Calibration

When CAL is pressed without preselecting SET,
Zhor §TD; the 4700 makes the assumption that
each OUTPUT Range is to be calibrated at the exact
Full Range value, at either LF or HF, or both.

This allows two correction values to be stored for
each output range. From their difference, the
microprocessor calculates a compensation factor,
which affects the corrections applied at all
subsequently-selected frequencies on that output
range. In this way, the 4700 can be calibrated
meet its *Wideband® specification.

To ensure that the selected Low and High
frequencies have sufficient separation for the
compensation 1o be effective over the full frequency
range, calibration is automatically prohibited in an
‘excluded’ band of frequencies for each output range.
Because of the extended frequency rangs of lower
Voltage ranges, and the Voitage/Frequency
constraints on higher Voltage ranges, the exclusion
band can differ from one output range to another. If
an exciuded frequency is selected, the calibration is
cancelled and Error 3 is displayed. The following
diagram illustrates the mid-frequency exclusions:

i8nhadwed arges show {oridden calibration 2ones )

Veitage Ranges:

g
antt Y
bag iz

190V

TRV iF #F

3 3z TokHz 33kkiz

Al Qurrant Raages

M

TkHz 3akz

SET Calibration

If Calibration is to be carried out with sources which
are not exactly at Full Range, then the SET
preselection key allows the 4700 w be prepared for -
calibration at other than its full range vatues. In this
way the 4700 can be calibrated between 20% and
2009 of full range, except for 1000V Range (20% to
110% - max. 1100V).

SET can also be used as a means of compensating
for known errors in the Measurement System.

0 Calibration.
( Not applicable for AC aperation.)

STAN DARD Calibration

CAUTION! This calibration affects all Voltage

and Current Ranges! ,
STD calibration is designed for certain occasions
when it is required to adjust the gain of all voltage
and current ranges in the same ratio. The facility can
be used to avoid a full recalibration of the 4700 when
Laboratory References have been re-standardized,
or when a 4700 has been moved from one country to
another,

The STD facility is restricted to the 1V and 10V
Ranges, on the 100Hz and 1 kHz Frequency Ranges
only. The procedurs follows the SET procedure
except that the STD key is pressed in place of the
SET key. Pressing the CAL key to trigger the
calibration adjusts all Voltage and Current Range

- gains in the same rato,



AC Cailibration Sequence
INTRODUCTION

Recause most users will calibrate the 4700 via
thermal fransfer standards, the calibration
procedures assume that this method will be
employed. However, details of setting up a thermal
wransfer standard are not included, as several
different models are in use, each with its own
methods of connection and procedures.

{nstead it is assumed that users will be able fo

operate their own equipment correctly, according to
the manufacturer’s instructions. The procedures
which follow therefore concentrate on the operation
of the 4700 during calibration, accepting that the
required thermal transfer will be set up to a DC
source of suitable accuracy.

GENERAL PROCEDURE

WARNING! During Performance checks and
calibration the Full Range voltage is present at the
Therma! Transfer Standard input terminals. On
1000V checks this voltage is potentially lethal, so
EXTREME CAUTION must be observed when
adjusting the Thermal Transfer Standard
sensitivity.

Voitage Calibration using a Thermal Transfer
Select AC and the desired frequency, set the 4700
QUTPUT display to the Calibration Standard
value, and switch the 4700 QUTPUT ON. If
calibrating a non-nominal voltage value, SET needs
to be selected. Adjust the 4700 output to obtain a
null at the Calibration Standard value, and press the
Cal key to executs the calibration.

LF Millvolt Calibration

Because ‘Flatness’ data is passed on to the millivolt
ranges from the 1V Range calibration, the 1V range
must be calibrated first. A DVM is then
standardized at the required millivolt value and
frequency, using the calibrated 1V Range and an
Inductive Voltage Divider (IVD). The desired
frequency is selected, the OUTPUT display set to
Full Range, and incremented or decremented to give
the required value on the DVM. If calibrating at a
non-nominal value SET must be selecied. The CAL
key is pressed to execute the calibration,

HE Millivolt Calibration

From the 10V Range a 10% Range correction i$
calcuiated. This is applied at 100mV on the IV
Range to standardize a DVM, which is subsequently
aged to calibrate the 100mV ¥ull Range. The

process is extended to calibrate the 10mV Range
from 10% of the 100mV Range, and ImV Range -
from 10% of the 10mV Range.

Current Calibration

(Using Therma! Transfer Standard Current
Shunts)

The method erploys a DO Current Standard, so
that the shunt remains connected for both AC and
DC nulling of the Thermal Transfer Standard.

Otherwise the precedure is simifar to that for DC
Yoltage Calibration.

Alternative Current Calibration

{Using Calibrated Standard AC Current Shunts)
This method requires Standard Current Shunts
which have been designed to give a flat frequency
response. Each current range requires its own
specific value of shunt, calibrated to develop either
IV or 100mV Full Range at LF and HF. An AC
DVM is standardized to the appropriate voitage, and
the Current range is calibrated when the voliage
across its shunt is correct. The method is detailed in
Appendix 1 to this section,

Standardization

To‘Standardize’ all Ranges: The Voltage procedure
is used. but pressing STD instead of SET onthe 1V/
13V Range.

CAUTION! Do not ‘Standardize’ unless it is
necessary for the reasons quoted on page 8-12.



GENERAL NOTES

Remote Sense is available as follows:

1V 10V 100V 1900V - Local/Remote Sense
imV [0mV 100mV - Local Sense only

All current ranges - nof applicable

{Local: 2-wire sense, Remote: 4-wire sense)
Outpur must be OFF to change sense connection
{except that Remote changes automatically to Local
when switching to Millivolt Ranges).

Upranging - OQUTPUT OFF Default

The 4700 cannot enter High-Voltage state
{=75V RMS) with OUTPUT ON. Consequently,
when ranging-up, the operating system allows the
uprangiag to occur, but defaults to OUTPUT OFF
for two specific cases;

2. When upranging to the 1000V Range,
b. When upranging to the 100V Range to a
voltage of 75V or more.

Otherwise, OUTPUT remains ON when changing
OUTPUT RANGE (refer to Section 4, pages 4-7
o 4-9).

High Frequency Calibrations

Several passes may be required to achieve
satisfactory calibration, particularly if the initial
ervors are large or the calibration takes longer than
required by the Transfer System in use. Repeat
procedure as required.

1000V Range Calibration Seguence:
LF  calibration must be completed first.

Preparation

Before any calibration is carried out, prepare the
4700 as follows:

L. Turn on the instrument to be checked and allow
minimum of 4 hours to warm up in the specified
environment.

2. Ensure familiarity with normal operation of the
4700 described in this Handbook.

3. Refer to "Equipment Requirements’ in Section 7;
the same equipment and techniques used for
verification are alsc applicable to calibration.

4. Consult the manufacturer’s handbooks before
connecting and operating the Thermal Transfer
Std, DC Voltage Std., Inductive Voltage Divider,
AC DVM, and Thermal Trassfer Standard
Current Shunts,
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. Interconnections and Guarding: Refer to

Section 4, page 4-1.

. Cancel any MODE keys, ensure QUTPUT setto

OFF. ‘

IEEE 438 Address switch:

Setto ADD 11111 (Address 31) unless the 4700
is to be calibrated via the IEEE 488 interface.

. CALIBRATION ENABLE key switch:

Insert Calibration Key and tam to ENABLE.

. Set the Calibration Interval Switch to 24 hr.

WARNING

During calibration, the Full Range voltage is
present at the Thermal Transfer Standard inpat
terminals., On 1000V checks this voltage is
potentiaily lethal, so EXTREME CAUTION
must be ebserved when making adjustments to
the Thermal Transfer Standard sensitivity.



4700 AC Voltage Calibration {1V - 1000V)

{Using Thermal Transfer Standard and DC Calibration Standard)

DC Voltage ‘ i Therma! s 4700 to be
Calibration PR V. ol Transfarl  Ar gem————— A .
Standard ‘ ‘ YV crandard Calibrated

Calibrate the 4700 at or close to the calibration
points in the table, selecting SET as required as part
of the following procedure:

WARNING:

THE TERMINALS MARKED WITH THE
. rSYMBOL CARRY THE QUTPUT OF
THE 4700, THESE TERMINALS AND ANY
OTHER CONNECTIONS TO THE LOAD
UNDER TEST COULD CARRY LETHAL
VOLTAGES. UNDER NO CIRCUMSTANCES
¢HOULD USERS TOUCH ANY OF THE
FRONT (OR REAR) PANEL TERMINALS
UNLESS THEY ARE FIRST SATISKIED
THAT MNO DANGERQUS VOLTAGE IS
PRESENT.

1. 4700 £ DC Voltage Standard
With QUTPUT OFF, connect to the Thermal
Transfer AC and DC mputs, respectively.

2. Thermal Transfer Standard
Configure for DC measurement at the required
Calibration Voltage.

2. D Voliege Calibration Standard
Set 1o the Cal Voltage, OUTPUT ON.

&, Thermal Transter Standard
a, Adjust for Null at the Cal. Voltage.
b, Configure for AC measurement at the
Calibragion Voltage.

£. 4700
a On AC FUNCTION, select the required
OUTPUT RANGE.

%, Select the required FREQUENCY RANGE

c. Use FREQUENCY Ay keys to display the
required Cal. Frequency.

d. Use OUTPUT éifv keys to dispiay the required
Cal. Voltage {if at Nominal Full Range, merely
press the Full Range key).

e. SetdT00 OUTPUT ON{and if NOT atNominal
Full Range, Select SET).

£ Use the OUTPUT ’?iﬁ kevs o adjust the
OUTPUT Display reading to obtain a null on the
Thermal Transter.

g Execute the calibration by pressing the CAL
key.
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Nominal Cal

. Points for 1V to 1000V Ranges.

[ DC 4700 4706 Freq.
Standard OoUTPUT MNominal Band
OUTPUT | RANGE/ OGUTPUT [set by
Voltage FREQUENCY WVeltage 4700
L.O0GOOOV | 1V {kHz 11.000000V L
1000000V | 1V IMHz [1.000000% e
10.00000V | 10V 1kHz 10.00000V| LF
10.00000V | 10V 1MEHz [10.00000v e
100.0000V | 100V 1kHz |100.0000v] LF
100.0000V | 100V 100kH2100.0000V] HF
1000.000V | 1000V 1kHz (1000.000V] [F
1000.000V | 1000V 30kHz [1000.000v] g

*6. 2-wire HE Calibration (IV and

NOTE: 1t is important that 4-wire and 2-wire calibrations are carried out
Two stores are used, one for 4-wire (which sets the
the 4-wire figures far 2-wire. The

{a)
{b)
(¢

(d)
(e)
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16V ranges - see table above)

in the correct sequence.
master HF cal), and the other containing the corrections to
corect procedure is:

Select 1V or 10V range,

Select Remote Sense.

Do a 4-wire HF calibration ag normal. This changes the numbers in the 4-wire calstore and clears the
2-wire calstore to zero,
Deselect Remote Sense
Do another HF calibration.
deselected, only the 2-

This sets the correction numbers into the 2-wire calstore. If Remote Sense iy
wire calibration is performed,



4700 AC Miliivelts (LF) Calibration (1mV - 100mV)

(Using calibrated 4700 1V Range, Inductive Voliage Divider (IVD) and AC DVM)

[+
4700 AC 1V Hi

Already
Calibrated

i
I

Lo
f— ]

Remate Senss

AC DVM {mV Banges)

Standardization of DVM Millivolt Ranges -

4700 AC my
Ranges to be

Calibrated

Hi
m AC DVM {mV Hanges)

Lo

|

Calibration of 4700 LF Millivelt Ranges

Catibrate the 4700 at or close to the calibration
points in the table, selecting SET as required as part
of the following procedure:

1. 4700, WD and AC DVM
With OUTEUT OFF, comnect the circutt for
Standardization.

2 Wh
Set ratio as required for the Millivolt Range to
be calibrated,

3. AC DVM
Configure for measuremment at the required
Calibration Point. ‘

4. 4760
a On AT FUNCTION, select 1V RANGE.

b. Select the required Frequency Range.

e, Use FREQUENCY A1¥ keys to display the
required Cal. Frequency.

d. Use OUTPUT # Iy keys 1o display the required
VD input voltage {if at Nominal Full Range,
mereiy press the Full Range key).

e. Set OUTPUT ON; note DVM reading as
Vi

£ Set QUTPUT OFF, and reconnect the circuit
for Calibration.

g. Select the required Millivelt OUTPUT
RANGE.

b, Use OUTPUT #1¥ kevs to display the Cal.
Voltage on the OUTPUT Display
(if at Nominal Full Range, merely press the
Full Range key)

i Set 4700 OUTPUT ON (and if NOT a
Nominal Full Range, Select SET).

k. Use the A1y keys io adjust the OUTPUT
Dyisplay reading to obtain VI on the
DVM,

. Execute the calibration by pressing the CAL
key. Set QUTPUT OFF,

Nominal Cal. Points for Millivolt Ranges.

IVD Ratio (4708 4700 Freq.
{1V Range |OUTPUT Nominal Band
to RANGE/ OUTPUT  set by
mV Range) FREQUENCY Voltage 4700

16:1 100mV  1kHz [100.0000mV, LF

1061 1omv TkHz 110.0000mV i.F

100001 imV 1kHz |1.0000mV LE




4700 AC Millivolts {(HF) Calibration
(1mV - 100mV)

{Using verified 4700 AC 1V and 10V Ranges, 10%
Range Correction Factor and AC DVM).
Summary

The verified AC output values of 1V on the 1V
Range; and 10V on the 10V Range are uged to
measure the 4700 linearity error at 1V on the 10V
range. From the lincarity measurement, a 10% of
range Linearity and Scaling Factor ‘C’ is derived.,

This factor is subsequently used to correct the 4700
output setting at 10% of range, to standardize a
DVM for calibration of the next range down,

Calibrate the 4700 at or close to the calibration
points in the table.

N.B. These calibrations are not fuily traceable.
Note:

It is assumed that the 1V and 10V ranges have been
calibrated at the required HF calibraton points. It ig
also assumed that the Millivolt (LF) Calibration has
been compileted.

interconnections

FIG 1 (10V and 1V Ranges)

Nominal Cal. Points for HE Millivalt Ranges

i
i

4700

4764 Freq.

AC QUTPUTY Nominal Band

RANGE/ OUTPUT | set by
FREQUENCY Voltage 4700

[00mV 1MHz 100.0000mV; HE

0mV  1MHz | 10.0000mV  HF

lmV  [MHz | 1.0000mV| HF
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Al ouputs at 1MHz
flemote Sense and
Local Guard

470

All outputs at 1Mz,
Local Guard
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Stage 1 Derive the Linearity and Scaling Factor o

R

as foliows (C is & number of value close to

1y

Fnsure that the Millivolts (LF) Calibration
has been completed.

Ensure thatthe 4700 has been calibrated and
verified at AC 10V and [V HF (1 MHz) Full
Range. Record the measured values as
follows:

4700 10V FR seiting — 10.000,00V
Actual output voltage — V1’

4700 1V FRosetting — 1.000,000V
Actual output voltage — V2’

Caleulate 1V correction V3= 1
V2

With OUTPUT OFF connect a DVYMtothe
4700 terminals using the exact 4-wire
connections as in Fig. 1. Set the DVM to
measure AC on its 1V rangs.

On 4700, select the 1V range and Remote
Sense.

et FREQUENCY to 1MHz.

Set QUTPUT display reading to V3.

et OQUTPUT ON, and note the DVM
reading as V.

Set QUTPUT OFF.

On 4700, select the 10V range (Remote
Sense).

Set 4700 OQUTPUT display reading to IV,
Set QUTPUT ON.

Adjust the QUTPUT display for a DVM
reading of Vi

Note the 4700 OQUTPUT display reading as
Va4
Set QUTPUT OFFT.

From the values V1 and V4 calculate the
10V range iinearity correction and scaling
factor “C as follows:

{C=V1IxV4
100

Note:

The optimum resolution quoted above the
boxes in this column may not be achievable
with the DVM 1is use. In these cases it is
permissible to reduce the resolution by a
maximum of 1 digit only.

Record in 6! digits resolution

Vi=

V1=

V3=

Yt is a transfer value

Record in 6% digits resolution

i
i

1V4m

Caleulate in 6% digits resolution

!Cm |
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N.RB,

The following calibration from the front
panel can only be carried out if the [EEE
Address switch on the rear panel is set to
Address 31 (11111).

Stage 2 To Calibrate the AC 100mV Range Full

a3

Hange Output

Insert the Calibration security key into the
'CALIBRATION ENABLE’ switch on the
rear panel, and turn to ‘ENABLE,

Ensure that the DVM is still connected to the
4700 terminals as shown in Fig. 1.

Set the 4700 to the AC 1V range.
Calculate the value V3 x 7,
Set OUTPUT display to this value.

Set the AC DVM 1o measure 100mV.

Set 4700 OUTPUT ON, allow the output to
settle. Note the DVM reading as “V(100t).

Set 4700 QUTPUT OFF and reconnect the
DVM to the 4700 terminals in 2-wire as
shown in Fig. 2.

Set 4700 to its AC 100mV range.
(Remote Sense is automatically deselected.)
Set OUTPUT ON and adjust the 4700
Output for & DVM reading of V(100t).
Press the “CAL’ pushbutton and observe the
DVM reading,

Repeat operation (g} until the post-CAL
DVM reading is within 14V of V(100t). (If
calibrating a Spot Frequency, re-press the
SPOT key to deselect).

Stage 3 To Calibrate the AC 10mV Range Fufi

Range Output

Ensure that the DVM is still connected to the
4700 terminals as shown in Fig. 2. Reselect
the Spot Frequency if required.

Ensure that the 4700 is setto the AC 100mV
range.

Caiculate the value ‘100mV x C°.

Set OUTPUT dispiay to this value.

Set the AC DVM o measure 10mV,

Allow the output to settle,
Note the DVM reading as *V(10t)".

Set 4700 to its AC 10mV ranes

. iy St

]

Adjust the 4700 Output for a DVM reading
of V(10t). Press the ‘CAL’ pushbutton and
observe the DVM reading.

Repeat operation (f) until the post-CAL
DVM reading is within v of V{10,
Deselect the Spot Frequency if selected at -
(a). '

Calculate in 6% digits resolution

Vig e

V(100t) is a transfer value

V(100t) =

Calculate in 6% digits resolution

H0mV x C =

V(10t} is a transfer value

V{10t) = 5




Stage 4 To Cslibrate the 1mV Range Fuli Range

Qutput

Epsure that the DVMis still connected {0 the
4700 terminals as shown in Fig. 2.

Ensure that the 4700 is set to the {0mVY
range.

Calculate the value ‘10mV x C.

Set OUTPUT display to this value.

Set the DVM to measure LmV.

Allow the output to settle.
Note the DVM reading as “V({it).

Set 4700 to its lmV range.

Adjust the 4700 Outpui to give a settied
DVM reading of V{it}.

Press the “CAL’ pusibutton and observe the
DVM reading.

Repeat operation (f) until the posi-CAL
DVM reading is within laV of V(1)

Stage 5 Calibration Disable

a.

Turn the Calibration security key, inserted in
the ‘CALIBRATION ENABLE' switch on
the rear panel, to ‘RUN’. Remove the key,

Caicutate in 5% digits resolution

| |
| 1omvyC=

L |

V{lt) is a wansfer value

‘V(llt) =

g-21



4700 AC Current Calibration {(TmA - 14)

{Using Thermal Transfer, Current Shunts and DC Current Standard)

Shunt input Thermal
e With Transfer
Shunt Fitted Standard

4700 under
Calibration  AC
\ Current
Y JTANSTRF
Switch
DC Current /
Calibration
Standard be

Calibrate the 4700 at or close to the calibration
points in the table, selecting SET as required as part
of the following procedure:

Calibrate 1mA Range only if the Thermal Transfer
is adequately caiibrated at these levels,

1. Thermai Transfer Standard
Configure for DC measurement at the required
Cal. Current and connect the appropriate
shunt,

2. BC Current Standard
a. With QUTPUT OFF, comnect across the
Thermal Transfer shunt, and set to the required
Cal. Current,

b. Set OUTPUT ON.

3. Thermal Transfer Standard
Adjust for null at the Cal Current,

4.DC Current Standard
a Set QUTPUT OFF,

b. Disconnect from the shunt.

5, 4700
a. With QOUTPUT OFF, connect the I+ and [—
terminals across the Shunt,

b.On ACI FUNCTION, select the required
OUTPUT RANGE.

& Select the required FREQUENCY RANGE.

d. Use FREQUENCY é‘w keys to display the
required Cal. Frequency.

3-22

e. Use OUTPUTA ly keys to display
Cal. Current (if at Nominal Full

the Fuil Range key).

the required
Range, press

L Set 4700 OUTPUT ON {and if NOT ar
Nominal Full Range, Select SET).

g- Use the QUTPUT éé& keys to adjust the
QUTPUT Display reading to obtain a null on
the Thermal Transfer.

h. Execute the calibration by pressing the CAL
key. Set OUTPUT OFF.

Nomiaal Cal. Points for ImA to {A Ranges.

DC
Standard
ouUTPUT
Current

4700
OUTPUT
RANGE/
FREQUENCY

4700
Nominal
OUTPUT
Current

Freq.
Band
set by
4700

L.000000mA

ImA  300H:z

1.00GO00mA

LF

1.000000mA.

ImA  5kHz

1.000000mA,

HF

10.00000mA

10mA  300Hz

10.00000mA.

LF

16.00000mA.

10mA  SkHz

13.00000mA

HF

100.0000mA

100mA 300Hz

160.0000mA

LF

100.0000mA

100mA 5kHz

100.0000mA.

HF

LOBGOOGOA

1A 300Hz

1.0000COA

LF

1.000000A

1A Skl

L.OGODOOA

HF




Appendix 1 to:
4700 User’s Handbook

Section 8

APPENDIX 1 4700 AC Current Calibration (100uA -1A)
(Using verified 4700 1V Range, Calibrated Standard AC Shunts and AC DVYM)

R
i+ h
4700 AC 1Y i
Alrgady
Calibrated Lo :
Jore B

‘Remots Sanse

AC DVIM 1V Range)

Standardization of DVM 1V Rangs

Range to be g
Calibrated —
i

4700 AC 100pA 1+ -/TL—.___

Gy

ACDVM {1V Range}

Calibration of 4700 Current Ranges

Calibrate the 4700 at or close to the calibration
points in the table, selecting SET as required as part
of the following procedure:

1. 8700 and AL DVM :
With GUTPUT OFF, connect the 4700 and
DVM for Standardization. Select 1V Range on
the AC DVM.

2. 4700 _
& Setto 1V Range at the Calibration F requency
and adjust for calibrated 1.000000V output,

b Set OUTPUT ON and note the DVIM reading

as Vi,

¢ Bt QUTPUT OFF, and reconnect the test
circuit for Calibration, using the correet shunt
for the range to be calibrated.

& On ACE FUNCTION, select the
OUTPUT RANGE.

reqguired

& Select the required FREQUENCY RANGE.,

[ Use FREQUENCY A1y keys to display the
required Cal. Frequency.

g Use OUTPUTH l'y keys to dispiay the required
Cal. Current (if at Nominal Full Range, press
the Full Range key).

B Set 4700 OUTPUT ON (and if NOT AT
Nominal Full Range, Select SET).

Jo Use the OUTPUT #1% keys to adiust the

OUTPUT Display reading to obtain & DVM

reading of V1.

kev, Set QUTPUT OFF.

k Execute the calibration by pressing the (al

Nowminal Cal. Points for I160uA to 1A Ranges.

b

4700 4700 Freg.
ouUTPUT Nominal Band
RANGE/ OUTPUT | set by
FREQUENCY|Current 4700
100pA 300Hz/100.0000pA | LFE
100uA 5kHz 1100.0000pa | HF
ImA  300Hz|1.000000mA | LF
ImA  5kHz |1.000000mA | HF
10mA  300Hz|10.00000mA | LF
10mA  5kHz [10.00000mA | HF
100mA 300Hz|100.0000mA | LF
100mA S5kHz |100.000mA | HF
1A 300Hz1.0006000A LF
1A 3kHz [1.000000A HF




