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INTRODUCTION

This instrunent is a mains operated, high perfornance
autoranging multineter providing 5% digit resolution
(£210000 counts) switchable to 4% digits (21000
counts) for a higher reading rate. It has a 7-segnent
|.e.d. display coupled with |.e.d. annunciators for
di spl ayed units and instrunment status. The nultinmeter
is housed in a tough ABS case with a handle that
doubl es as an adjustable tilt stand.

The nmain features are : -
e ARC serial interface as standard, GPI B
opti onal
e True RVb AC neasurenents
e Four-termnal Chns
e Selectable audible continuity checker

e T/Hold node - holds onto a stable reading
until updated

e Display nulling - a different value can be set
up for each function

e 100 point data logger - <circular or |linear
store

e Measurenment post-processing: -

percentage deviation from a user-entered
ref erence

deci bel cal cul ations
linear scaling with of fset
limts conparison for go/no go testing

automatic storage of mninum and maxi mum
r eadi ngs

e Selectable digital filter

e Programabl e buzzer

e Battery-backed RAM : -
storage of six instrument set-ups
automati c power up with last used settings.

retention of wuser entered references and
scaling factors

retenti on of |ogged data




Software calibration with constants stored
EEPROM

in

SPECIFICATION

Accuracy

Accuracies apply for
coef fici ent

range accuracy per

out si de

1 year
t hese

18°C to 26°C. Tenperature

limts

is <0.1 x quoted
°C. Wrmup tinme to rated accuracy

is 1 hour.
DC VOLTS
Range Accur acy | nput Max | nput
| rpedance
200nVv 0.017% + 3d [10M2 or >1QQ
2V 0.012% + 3d 1kV DC or AC
20V 0.019% + 3d Peak any
range
200V 0.019% + 3d 10MD
1000V 0.019% + 3d
RESISTANCE (OHMS)
Range Accur acy Max. Max. | nput
Measuri ng
Current
200 0. 025% + 4d 1.5mA
2k 0.019% + 3d 1.5mA 300V DC or
RVB
20k 0.019% + 3d 0. 4mA cont i nuous
any
200k 0.019% + 3d 40pA Chirs i nput
any
2M 0. 022% + 3d 4uA range




20M

0.07% + 3d

400nA

Max open circuit voltage 3.5V.

Audi bl e continuity check avail able on all ranges.
AC VOLTS (True RMS)
Accur acy
Range | 45Hz - 5kHz |5kHz - 10kHz [ 10kHz- 20kHz 20kHz-
50kHz
200nV | 0. 2% + 150d | 0. 2% + 250d 3% + 500d -
2V 0.2% + 150d | 0. 2% + 250d | 0.5% + 300d | 3% + 1500D
20V | 0.2% + 150d | 0.2% + 250d | 0.5% + 300d | 2% + 1000D
200V | 0.2% + 150d | 0. 2% + 250d | 0.5% + 500d -
750V | 0. 2% + 150d - - -
Accuracy specifications apply for readi ngs between 10%
and 100% of full scale.
Additional error at crest factor=3 typically 0.7%
| nput i npedance 1M2 || <100 pF any range.
Max input 750V rns, 1kV peak, any range.
DC AMPS
Range Accur acy Vol t age Max | nput
Bur den
200pA 0.08% + 12d
2mA 0.08% + 12d | 300 nV max 1A, 300V
20mA 0.08% + 12d fuse
pr ot ect ed
200mA 0.08% + 12d

10A, up to 0.08% + 12d | 650nV max 10A, 300V
2000mA
10A, above 0.12% + 12d fuse
2000mA pr ot ect ed
AC AMPS (True RMS)
Range Accur acy Vol t age Max | nput
45 Hz - 1 Bur den
kHz
200pA 0.37% + 100d
2mA 0.37% + 100d | 300mV nmax 1A, 300V
20mA 0. 37% + 100d fuse
protected
200mA 0.37% + 100d
10A, up to 2000mA| 0. 37% + 100d | 650nV max | 10A, 300V
10A, above 0.4% + 100d fuse
2000mA pr ot ect ed

Accuracy specifications apply for
Addi ti onal

and 100% of full

scal e.

factor=3 typically 0.7%

Display
D spl ay Type:
Scal e Lengt h:

Readi ng Rate:
4%, digit:

5% digit:

13nm LED, 8 digit.

Sel ect abl e 5%

5 readi ngs/ sec

1.4
readi ngs/ sec

3.5
readi ngs/ sec

Al l
Chns
Chns

digit or 4%

readi ngs between 10%
error

at crest

digit.

functi ons except

DC and AC current




Overrange
I ndi cati on:

Overfl ow
| ndi cati on:

Annunci at or s:

Input Characteristics
I nput CQurrent:

DC NWR

1k Unbal anced CVR

H Z:

Computing Functions
Nul | :

Digital Filter:

T/HOLD (Touch &
Hol d) :
% DEV:

dB:

AX+B:

3.5 AC volts
readi ngs/ sec

3 readi ngs/ DC volts
sec

1 reading / Chirs

sec

Displays QL if input too great for
range.

Di splays OFLO if cal cul ated result
too large for display.

L.e.d. annunciators for range,
function and program nodes.

< 100 pA
> 60dB at 50/ 60Hz.
>
>

120dB at DC/ 50Hz/ 60Hz, DC ranges;
60dB at DC/ 50Hz/ 60Hz, AC ranges.

Swi t chabl e hi gh i npedance (> 1@))
on 200mV and 2V DC ranges.

Qperates over full range; values can
be stored for every function.

10 options, including optimsed
default val ues for each range and
functi on.

Readi ng i s held when stabl e.

Di spl ays % devi ation fromentered
ref erence val ue.

Di spl ays neasurenent in dB rel ative
to 1V, 1mA, 1kQ or user entered

val ue, or in dBm
Li near scaling of results, with
of f set.

Limts:

M n/ Max:
Dat a Logger:

Interfaces
RS232:

GPIB (Optional):
Power Requirements
AC | nput :

Power
Consunpti on:

General
Oper ati ng Range:
St or age Range:

Envi ronment al :
Si ze:

Wi ght :
Saf ety:
EMC:

SAFETY

Thi s instrunent
classification
requi renents of

is a Safety dass 1 according
and has
both EN61010-1 (Safety Requirenents

Readi ng displayed with H L, or P
(pass) with respect to user-defined
high and low limts.

M ni num and nmaxi mum r eadi ng stor ed.

Manual or automatic storage of 100
measur enent s.

Baud rates 300, 1200 or 9600.
Conplies fully with the ARC
(Addressabl e RS232 Chain) interface
st andar d.

Address selectable fromthe front
panel .

Fully conplies with | EEE-488. 2

220V- 240V or 110V-120V AC +10%
50/ 60Hz by rear panel adjustnent.
Installation Category I1.

25VA max.

+5°C to +40°C, 20%to 80% RH
—40°C to +60°C

I ndoor use at altitudes up to 2000m
Pol | uti on Degree 1.

260(W x 88(H x 235(D) nm excl uding
handl e and feet.

2. 2kg.
Conplies with EN61010- 1.
Conplies with EN61326.

| EC

been designed to neet the




for Electronic Equi prent for Measurenent, Control and
Laboratory Use). It is an Installation Category II
instrunment intended for operation froma normal single
phase supply.

This instrument has been tested in accordance with
EN61010-1 and has been supplied in a safe condition
This instruction nmanual contains sone information and
warni ngs which have to be followed by the user to
ensure safe operation and to retain the instrunent in
a safe condition

This instrument has been designed for indoor use in a
Pol lution Degree 1 environment (no pollution, or only
dry non-conductive pollution) in the tenperature range

5°C to 40°C, 20% - 80% RH (non-condensi ng).

It may occasionally be subjected to tenperatures

between +5°C and -10°C without degradation of its
safety.

It has been designed for Installation Category II1
neasurenment use to 600 V DCrnms and Installation
Category | nmeasurenent use to 1000 VDC rns. The ful

definitions of Categories | and Il can be found in
| EC664, but the following can be taken as a gui de:
Installation Category | is signal | evel e.g.

tel econmmuni cation, electronic equiprment, with snaller
transi ent overvoltages than Installation Category II.

Installation Category Il is |local domestic supply
level, e.g portable equipnment and appliances. In
particular, Category Il does not include distribution

level supplies e.g. three phase installations which
are classified as Installation Category II1.

Use of this instrument in a manner not specified by
these instructions may inpair the safety protection
provided. Do not operate the instrument outside its
rated supply voltages or environnental range. In
particul ar excessive noisture may inpair safety.

WARNING! THIS METER MUST BE EARTHED

Any interruption of the mains earth conductor inside
or outside the instrument wll nake the instrunent
dangerous. Intentional interruption is prohibited. The
protective action nust not be negated by the use of an
extension cord wthout a protective conductor. The

mains plug nust be inserted before connections are
made to circuits being nmeasured.

When the instrument is connected to its supply or its
inputs are connected to live voltages, termnals may
be live and opening the covers or renoval of parts
(except those to which access can be gained by hand)
is likely to expose live parts. The apparatus shall be
di sconnected from all voltage sources before it is
opened for any adjustnent, replacenent, maintenance or
repair.

Any adjustnent, maintenance and repair of the opened
i nstrument under voltage shall be avoided as far as
possible and, if inevitable, shall be carried out only
by a skilled person who is aware of the hazard
i nvol ved.

If the instrunent is clearly defective, has been
subject to mechanical damage, excessive mnoisture or
chemcal corrosion the safety protection may be
inmpaired and the apparatus should be wi thdrawn from
use and returned for checking and repair.

Make sure that only fuses with the required rated
current and of the specified type are used for

repl acenent. The use of makeshift fuses and the short-
circuiting of fuse holders is prohibited.

Do not wet the instrunent when cleaning it.

The foll owi ng synbols are used on the multineter and
in this manual : -

WARNI NG - risk of electric shock

CAUTION - refer to acconpanyi ng
docunent ati on; incorrect operation may
danage the neter

mai ns earth (ground)

direct current

~~ alternating current




INSTALLATION

Mains Operating Voltage

Check that the instrunent is set up for the required
operating voltage. The operating voltage is set by the
orientation of the fuse drawer |ocated immediately
under the mains socket. The sel ected operating voltage
is shown by the printing which is at the top of the
fuse drawer (when the instrunment is the right way up).
The fuse drawer can be rotated by first withdrawing it
from the mains socket housing with the power plug
renmoved and then reinserting it.

Ensure that the correct mains fuse is fitted for the
operating voltage selected. The correct nmains fuse
types are:

for 230V operation - 125nmA (T) 250V
for 115V operation - 250nmA (T) 250V

Mains Lead

Wen a three core mains lead with bare ends is
provided it should be connected as foll ows: -

BROMN - MAI NS LI VE
BLUE - MAI NS NEUTRAL
GREEN YELLOW - MAI NS EARTH

WARNING! THIS METER MUST BE EARTHED

Any interruption of the mains earth conductor inside
or outside the instrument wll nake the instrunent
dangerous. Intentional interruption is prohibited. The
protective action nust not be negated by the use of an
extension cord wthout a protective conductor. The
mains plug rmust be inserted before connections are
nmade to circuits being nmeasured.

Handle Position

Adj ust the handle position by pulling out the ends and
rotating the handle to the desired position. There are
sixteen possible positions including five facing
forward which provide upward tilts for the nost
conveni ent bench operation. The handle may be swing
out of the way to the back or front of the instrunent
if no tilt is required. The natural spring in the

handle will lock it into position when the handle is
rel eased.

Power On

The power switch is located bottom left of the front
panel. At power up the neter displays the installed
software revision whilst performng self-tests on the
internal RAM and the EEPROM containing the calibration
constants. At the end of these tests the neter wll
commence normal operation with all paraneters set as
they were at last switch off. If the self-test fails,
the buzzer sounds and one of two error nessages Error
1 or Error 2 will be displayed, see the Error Message
section.




Fig. 1 Front Panel Layout




INTRODUCTION TO FRONT PANEL

The rmain display consists of ei ght 7- segment
characters with decinmal points which are used to give
up to six digits of numerical information plus
polarity indication. D splayed units are indicated by
the top three |l.e.d.s to the right of the digits
(except when meking dB or A% readings). The main
display also gives pronpts, error messages and
i nstrument status.

Below the displayed units |l.e.d.s is the ONTINJTY
indicator which lights when the audible continuity
tester is active.

To the left of the nmain display at the top is the
recessed cAL enable switch with its indicator which
lights when the neter is in its calibration node.

Below the cAL |.e.d. are three conputation indicators
which Iight to show which conputations are active.

The keyboard consists of nomentary switches each with
nore than one function. Colour coding shows common
|l evels of key function. Primary |evel functions are
i ndi cated above the keys in black and are accessed by
a single key stroke. Secondary |evel functions are
shown bel ow the keys in blue and are accessed by first
pressing the PROG key. Tertiary level functions are
shown in red; these are nostly for entering nunerical
data and for exam ning | ogged data.

Above nost of the keys are |.e.d.s which indicate that
the primary key function has been sel ect ed.

Manual range selection and auto/manual ranging are
primary functions of the three keys grouped on the
right hand side of the keyboard. Al basic neter
functions are selected as prinmary functions of the six
keys to left of the range keys. Renote control
functions are grouped bottomleft of the keyboard.

The six input sockets are col our coded, black sockets
being considered less positive conpared to red and
white. The black socket marked V/Q/A serves as the
common termnal for all neasurements and is connected
to anal ogue conmon.

MAKING BASIC MEASUREMENTS

General

If basic neasurenments are required, with no post-
processing of the results, all prograns currently
operating can be cancelled by pressing PROG followed
by CANCEL. Note that the |.e.d. above the PROG key
lights to show that the next key press will invoke the
function specified under that key in bl ue.

Scale Length

The scale length nmay be £210000 (5% digits) for high
accuracy or £21000 (4% digits) if the higher
nmeasurenent rate is required. The selection is nmade by
pressing the PROG key tw ce.

Function Selection

Vol tage, current and resistance measurenent functions
are selected by pressing the appropriate Vv, mA, 10A or

Q key. For voltage and current neasurenents ac or dc
is selected by pressing either the Ac or DC key. The
|.e.d.s above these switches indicate the currently
sel ected functi on.

Note that when some post-processing prograns are
running function changes are inhibited; this is
indicated by In Pro being displayed. Al prograns can
be cancell ed sinultaneously by pressing PROG foll owed
by CANCEL or prograns can be selectively cancelled
(refer to the appropriate section in ADVANCED
FEATURES) .

Wen v DC is selected a high input inpedance of > 1@
(H 2 is available on the 200mv and 2V ranges.
Successive presses of the v key toggle H z on and off
when the meter switched to either the 200nV or 2V DC
ranges. The H z |.e.d. indicates when the input is
actually high inpedance. If H z has been selected the
l.e.d. will turn off automatically when the neter is
switched to 20V and above and on again when the neter
is in the 200nV or 2V ranges.

Range Selection

If the signal input to the neter is too big for the
range then CL is displayed and a higher range nust be




selected if there is one. This may be done
automatically or manually.

Aut orangi ng nmode is selected by pressing the AUTO key.
Wien in autorange node the |.e.d. above the AUTO key
islit and the meter will automatically select a range
where the reading is between full scale and 5% of full
scal e.

Successive presses of the AUTO key toggl e autorangi ng
on and of f.

Meter ranges are selected manually by pressing either
the RANGE A key or the RANGE V¥ key. If the neter is
in autorange then pressing either of these keys
sel ects manual ranging, deselects autoranging and the
AUTO | . e.d. is extinguished.

If the neter function is changed the range just prior
to the change is stored. This allows the nmeter to
switch automatically to the sane range if the first
function is again selected. This can save tine when
swi tching between different types of neasurenents.

Making Voltage Measurements

Vol tage measurenents are made using the red WV Q and
the black W/ /A sockets having selected the required
vol tage function as explained above. The V/ Q/ A socket
is connected to anal ogue common inside the neter and
for DC neasurenents the red socket, which is also
marked H, is the positive input.

Making Current Measurements

Current neasurenents up to 200mA are nade using the mA
and V/Q/ A sockets; the mA socket is the positive
i nput .

Current measurenents up to 10A are nade using the 10A

and V/ /A sockets; the 10A socket is the positive
input. The 10A range is treated as a separate function
fromthe other current ranges and autorangi ng does not
extend fromthe 200mA range to the 10A range.

Current Range Protection

The mA input socket is protected by a fuse which is
nounted on the instrunment's rear panel. This provides

protection for the 200puA, 2nmA, 20mA and 200nA ranges.

The 10A input is protected by a fuse nmounted inside
the instrument on the main PCB (see fig 2).To replace
this fuse the top cover mnust be

removed. This is done by first renoving the four
recessed screws accessed from the case |ower and then
sliding the top cover upwards away from the case
| ower .

The current range protection fuse ratings are: -
mA input (rear panel)- 20nm 1A (F) HBC
10A input (inside case) - 20mm 10A (F) HBC

fig. 2 - Location of 10A Range fuse.

Making Resistance Measurements and Continuity Checks

Resi stance neasurenments nay be nmade using either a
two-terminal or a four-termnal nethod. The four-
terminal nmethod overcomes inaccuracies due to test
lead resistance by sensing the voltage across the

unknown resistance via the separate H and LO Q SENSE
inputs. If the sense inputs are not connected

9



externally the measurenent becomes two-terminal, the
vol tage sensing being perfornmed internally at the V/ Q
and V/ Q/ A inputs.

The connections for four and two term nal neasurenents
are shown

in fig 3. For correct four-termnal operation the
proper |ead polarity nust be naintained.

2 Term nal 4 Term na
fig. 3 - Resistance Measurenent Connections

The coNt |.e.d. is |it whenever the continuity checker
is turned on and the buzzer wll sound when a |ow
resi stance is sensed. The continuity checker is turned
on or off via the BuUzzeR sel ections. To access these
selections first press PROG followed by BUzZzER. The
display shows cont n if the continuity check is
currently off or cont y if it is on. To toggle the
continuity checker between off and on press any key
with a nunber beside it. Wen the selection is nade
press ENTER to return to normal neter operation.

Not e that having pressed PROG fol |l owed by BUzZzER ot her
buzzer selections are nmade available by repeated
presses of the ScCRoOLL key, see ADVANCED FEATURES
section. Pressing ENTER saves all the buzzer
sel ections nade.

The continuity checker is available on all resistance
ranges and senses when the voltage across the unknown
is less than 50nV. This represents approximately 60Q

on both the 2002 and 2kQ ranges, nore on higher
ranges.

Making Diode Checks

D ode functionality checks can be mnade using the

resi stance ranges. The reconmended range is the 2kQ
range where the nmeasurenent current is just under 1nmA
Forward bi ased silicon junctions wl |

produce an approxinmately mid-scale reading. This is
achi eved by connecting the anode to the red V/ Q socket

and the cathode to the black WO/ A socket. Wth the
reverse connections a good silicon junction will give
an QL readi ng.

ADVANCED FEATURES

Parameter Values

The advanced features include prograns for post-
processing readings to produce scaled, logged or
conpared results all of which require nunerica
paraneters to be entered.

Fl oat i ng- poi nt nunbers are entered directly as
individual digits at the flashing edit point using the
red nuneric keys. The position of the flashing edit
point may be noved through the nunber by presses of
the STEPEDIT key. The edit cursor waps round fromthe
| east significant digit to the nost significant digit.

The position of the decinmal point may be changed using
the ScRoLL key. Wiere the nunerical value has units

e.g. nV, the appropriate displayed units |.e.d. is lit
and the SCROLL key noves the decimal point, in
conjunction wth the wunits I|.e.d.s, through the
permtted possibilities. For nunbers with no units the
decimal point is sinply stepped right, wapping round
to the left when it reaches the right hand end. The
sign can be toggl ed using the +- key.

Once the conpl ete value has been set up on the display
pressi ng ENTER stores the value and either the program
conmences operation or the next parameter is displayed
for editing if nore than one paraneter is required. I|f
CANCEL is pressed before the last paraneter of a
particular program is ENTERed then operation of that
programis cancel | ed.

10



Fi xed deci mal point nunbers are entered directly at a
flashing edit digit as for floating point nunbers
except that the sScrRoLL key has no effect on the
deci mal point position.

Where the choice is limted to only a few entries the
entry nmethod is by scrolling through the possibilities
using the RANGE A/SCROLL and RANGE W /STEP EDIT keys.
Pressi ng ENTER when the required choice is displayed
stores the val ue.

Al paranmeter information is retained in battery-
backed nmenmory so that the next tine the paraneter is
edited the value that first appears when a programis
invoked will be the last used value. Separate val ues
for the paraneters used by A%, Ax+B and LIMTS are
retained for each nmeter function.

Overflow Indication

The di splayed result of measurement post-processing is
allowed to have values up to 999999. If the result is
greater than 999999 then OFLO is displayed. This
differentiates between <calculated overflows and
hardware overload when the input signal is too large
for the range and OL is displayed.

Function Cancellation

Al  prograns can be <cancelled sinultaneously by
pressi ng PROG fol |l owed by CANCEL.

I ndi vi dual prograns can be cancelled by invoking the
program and then pressing CANCEL before any paraneter
information is ENTERed e.g the key sequence PROG dB
CANCEL wi || cancel the dB program

Note however that THoOLD, which does not have any
paraneters, can only be cancelled by holding the key
down for three seconds until CAnCEL'd is displ ayed.

Null

NULL is toggled on and off by successive presses of
the NuLL key. The NuL l.e.d. is |lit when the NuUL
feature is in operation.

Turning on NUL stores the currently displayed value
which is then subtracted as a real value from all
subsequent readings made in that meter function until

NULL i s cancelled. Because the null value is stored as
a real value the sane anount is subtracted from all
reading regardless of range i.e. if 100nV is stored as
the null value then 100nV will be subtracted from all
measurenents even if they are made in the 1kV range.

A separate null value can be stored for all basic
meter functions plus one for nulling after dB
calculations. The NiL |.e.d. indicates that a null
val ue has been stored for a particular function and
will switch on

or off if the function is changed dependi ng on whet her
a null value has been previously stored for the new
functi on.

The null operation is perforned on all nmeasurenents
before any further post processing with one exception.
If the NnuL value is stored while the dB programis in
progress then the null value is in dBs and is
subtracted fromthe result of the dB calculations. If
the null value is stored before invoking dB then the
nulling is performed before the dB calculations are
nmade.

Buzzer

The buzzer can be programmed to indicate up to three
conditions: continuity, the Ilimts conparison show ng
the measurement to be within or outside of set limts
and the occurrence of a data | ogger trigger.

To programthe buzzer press PROG fol | owed by BUZzZER.

The three buzzer selections are then displayed
sequential ly by repeated presses of the SCROLL key.

The first selection shown when entering the buzzer
edit node is to toggle on or off the continuity
checker. The display shows cont and the state of the
continuity checker, y if it's on and n if it's off.
The state of the checker is toggled by pressing any
nureri c key.

Pressing SCROLL noves to the limts conparison
sel ection. The display shows HL and the current state
of COFF, in or out. The buzzer may be progranmed to
sound if the current measurenent is wthin progranmed
[imts (in), outside the limts (out) or neither

11



(OFF). Pressing any nuneric key rolls round the three
possibilities.

Pressi ng SCROLL again noves to the data |ogger trigger
indi cator selection. The display shows trIG and y or
n, which are toggled by pressing any nuneric key. If y
the buzzer wll sound each tinme a trigger initiates
storage of a neasurenent in the data logger, if n then
no indication is given

When all necessary choices are nade pressing the ENTER
key stores the new programm ng. Pressing CANCEL exits
the buzzer programming node leaving all paraneters
unchanged.

Filter

The nultineter incorporates a digital filter which
averages results over a nunber of readings. The nunber
of readings, n, partly determnes the response tine to
a stable reading. Increasing n wll inprove noise
rejection but increase settling tinme.

In order to follow large signal changes quickly,
however, the filter will abandon the existing average
if the reading changes by more than a junp out val ue,
j. The averaging process then starts again, averaging
over successive readings up to the maxi rum nunber
required.

There are ten possible digital filter selections
avai | abl e, each gives various conbinations of n and j;
they are nunbered 0-9. Filter 0 is the default value
whereby each neter function and range has its own
optim sed values of n and j. The values for the other
selections is shown in table 1.

To change the filter value press PROG followd by
FILTER. The display shows FLtr and the current
selection nunber, 0-9. The selection nunber nmay be
changed either directly by pressing the appropriate
nunerical key or by pressing the RANGE A and RANGE V¥
down keys to scroll through 0-9. Wen the required
filter selection nunber is shown press ENTER to store
the new filter val ue.

Filter n i

0 Defaul ts Defaul ts

1 4 10
2 8 10
3 4 40
4 8 40
5 16 100
6 32 10
7 32 100
8 16 13000
9 32 13000

Table 1. - Filter Val ues
dB - deciBel Calculations

Setting Up and Running dB

Deci bel calculations are initiated by pressing PROG
followed by dB. Note that neter function changes are
inhibited whilst in the dB readout node so it is
necessary to select the required function before
entering the dB program The dB program nay not be run

whilst A%is also running (inPro is displayed).

When the dB programis selected it first displays the
existing reference value. The value's units are fixed

at vV, kQ or nmA depending upon whether the neter is
currently measuring voltage, resistance or current.
The value may be re-entered by pressing ENTER or it
may be edited first as described above for fixed
deci mal point nunbers or if CANCEL is pressed the dB
program wi || be individually cancelled and the display
will return to the previous node. The program starts
when ENTER i S pressed.

Once the dB program is running the display shows the
calculated result followed by the letters dB, no units
l.e.d.s are lit.

The dB program perforns a generalised cal culation :-
READING

2080 rer

12



Were REF is the user entered reference val ue.

If REF is entered as 1.000 then the above cal cul ation

provi des dBV, dBkQ or dBnA, depending on whether the
neter is set up to neasure voltage, resistance or
current.

dBm (dB relative to 1mAN readouts are obtained by

setting REF to the required reference inpedance in kQ
whi | st measuring vol t age.

By NULLing the reading before initiating the dB
program all <calculations are nade on mneasurenents
of fset by the null val ue.

If NULL is pressed while the dB programis running then
the display will show dB values relative to the
nmeasur ed val ue when the NULL key was pressed.

Using dB with other programs

The dB calculations can be perforned on Ax+B scal ed
readings. In this case the parameters nust be set up
before running the dB program

In addition ax+B scaling can be perforned upon the

results of dB calculations. In this case the Ax+B
scaling should be invoked while the dB program is
running. Note that the Ax+B program will in this case

be automatically cancelled if the dB program is
cancell ed. One set of Ax+B paraneters are reserved for
scaling dB readouts. These are preserved when the Ax+B
i s cancel | ed.

dB readouts can be conpared with dB limts by running
the LIMTS program while the dB program is running. A
set of high and low limt values is reserved for dB
conparison. As with normal limts testing a P, Hor L
is displayed on the right nmost digit to indicate the
result of the conmparison. If the dB readouts are al so
scal ed by ax+B then the conparison perforned using the
Ax+B scal ed readout .

Maxi mum and mi ni num dB measurenents can be recorded by
starting the recording while the dB program is
runni ng.

dB readouts can be |ogged by invoking the logger in
the usual way (see Data Logger section) while the dB

program is running. Note however that the stored
results will be | ost when dB i s cancell ed.

T/HALD di splay is possible while running dB.
A% - %Deviation Calculations

Setting Up and Running A%

%evi ation calculations are initiated by pressing PROG
followed by A% Note that neter function changes are
inhibited whilst in the A% readout node so it is
necessary to select the required function before
entering the A% program The A% program nmay not be run
whilst dBis also running (in Pro is displayed).

When the program is selected it first displays the
existing floating point reference value which may be
re-entered by pressing ENTER. Alternatively, it nmay
first be edited (see Paraneter Values section) or the
program nmay be individually cancelled by pressing
CANCEL. The program starts operating when ENTER isS
pressed.

A% calculates the difference between the |atest
measured value and the reference value and displays
this as a percentage of the reference. The readout is

shown to be in percent by the lighting of the A%
l.e.d. No units l.e.d.s are lit to the right of the
di spl ay.

Using A% with other programs

NULL and/or Ax+B may be operated before or during

operation of A% The A% calculations are always
performed after the measurenent has been NuLLed and/ or
scaled by Ax+B. Note however that NULLing cannot be
i nvoked after Ax+B.

A% results can be stored in the data |ogger by
invoking the logger while A% is running. The | ogged
results will be lost if A%is cancelled.

A% results can be conpared with A% limts by running
the LIMTS program while the A% program is running. A

set of high and low limt values is reserved for A%
conmparison. As with normal Iimts testing a P, Hor L
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is displayed on the right-nmost digit to indicate the
result of the conparison.

Maxi mum and m ni num A% neasur enents can be recorded by

starting the recording while the A% program is
runni ng.

T/HOLD di splay is possible while running A%
Storing and Recalling Setups

Six non-volatile stores are available for storing
conplete instrument setups including all parameters
used by the post-processing prograns.

To save the present instrunent set-up press STORE
foll owed by the nunber of the store, 05 The operation
may be cancelled w thout storing anything by pressing
CANCEL instead of a nunber. If Kkey is pressed other
than CANCEL that does not represent a valid store
nunber then no StorE is displayed.

To recall an instrument set-up press PROG followed by
RECALL followed by the nunber of the store, 05 The
operation may be cancelled without recalling a set-up
by pressing CANCEL instead of a nunber. If a key is
pressed that does not represent a valid store nunber
(except for CANCEL) then no StorE is displayed. If a
valid store nunber is pressed but no set-up has ever
been stored in that store then no dAtA is displayed.

A default setup can be recalled using PROG RECALL 9.
This briefly displays dEFAULt whilst setting default
values as listed in the DEFAULT | NSTRUMENT SETTI NGS
section. Al previously runni ng pr ogr ans are
cancel | ed.

Data Logger

Introduction To The Data Logger

The data logger can store up to 100 neasurements or
post-processed results and is configurable to be
linear or circular. The linear |ogger stops storing
after 100 measurenents. The circular |ogger does not
stop at 100 neasurenents but continues storing,
overwiting the oldest data with the newest, until it
is stopped. Wien 100 |ocations have been filled an F
is shown at the right nost character of the display.

The measurenent sanples may be triggered autonmatically
on a timed basis or by an external trigger which my
be input manually from the keyboard by pressing STORE
once |ogging has been started (or renptely via ARC or
GPI B, see the appropriate renpte control section).

Setting Up and Running the Data Logger

The data logger is invoked by pressing the LOG Kkey.
Upon entering the logger the first display shows all
the existing logger parameters, which may at this
point be changed if required. Pressing CANCEL will
exit fromthe logger. Fromthis display the | ogger nay
also be arned using ENTER or |ogged data nay be
exam ned by pressing SCROLL (see (perational Flowchart
fig b5).

The paraneters for the logger and their format are
shown below in fig. 4. There is one flashing edit
cursor which can be noved through the fields by
pressing the STEPEDIT key.

The tine interval for the automatic sanpling is
displayed in seconds and is the tinme betwen auto-
triggered sanples when the E/A field is set to A The
time interval is edited by direct entry from the
nureric keys at the flashing edit point. Note that STEP
EDIT steps the edit point through the other two fields
before wapping round from right to left. Every
nmeasurenent is stored when the tine interval is set to
0000 and E/Ais set to A

The E/A field is edited by noving the edit cursor to
it using the STEP EDIT key. Once the field is flashing
its value can toggled between E and A by pressing any
nureric key. Wen the E/A field is set to E the tine
interval is disregarded and sanples are triggered
every tine the STORE key is pressed when operating
fromthe keyboard.

The L/S field is edited in the same way as the E A
field. The field should be toggled to L for a linear
store or Cfor a circular store.

NNINN E A gL

/ | \
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Ti e Ext ernal or Crcular or
Interval for Aut o Li near
Aut o Tri ggered store
Tri ggered Sanpl es
Sanpl es

fig. 4 Data Logger Paraneters

Once the paraneters are set, pressing ENTER stores the
paraneters and arns the logger. In this state no
sanples are stored but ready flashes onto the display
every few seconds. The |ogger becones active and the
Lo | .e.d. flashes when LOG is pressed. Sanples are now
stored at each trigger (automatic or external) until
LOG is again pressed to stop the | ogger.

When the logger is stopped the paraneters are again
displayed and the stored data nmay be examned by

pressing the scroLL key. |If the |ogger contains no
data then no dAtA is displayed briefly before
returning to the paranmeter edit display. If there is
stored data then the last location is displayed first.
The store location is displayed briefly before the
data itself. The right nost character on the display
contains r to show that this is a store readout and
not a 'live' neasurenent.

To nove forward through the store press SCROLL and to
move backward through the store press STEP EDIT. The
readout | ocation waps round fromthe last location to
the first in the forward direction and vice versa in
the backward direction. |If the SCROLL key or STEP EDIT
key is held down the readout point steps rapidly
through the store, displaying only the |ocations until
the key is rel eased.
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fig. 5 - Qperational

Fl ow Chart of the Data Logger.
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If data storage is stopped and then restarted without
exiting the data |ogger then storage continues from
the next store location without overwiting the old
data. To restart the logger from location 0 it is
necessary to cancel the logger first and then re-
enter. The old data may again be examned but it wll
be overwitten when storage is started again.

Note that in addition to cancelling the |ogger by
nmeans of the CANCEL key holding the LOG key down at
any tinme for three seconds until CAnCEL'd appears on
the display will also cancel the | ogger.

Qperation of the data logger is presented in flow
chart formin fig 5.

T/Hold

The touch and hold nmode is entered by pressing THOLD.
When in this node the THaD | .e.d. is lit.

When first switched into this node the display is
continually updated until a stable reading is reached,
at which point the display freezes. The display
continues to show the sane reading until a new (non-
zero) stable reading has been nmade, at which point the
display updates to the new reading. This allows the
probes to be renoved fromthe signal being neasured so
that, for instance, the display can be examined if it
could not be seen whilst probing the signal. The
display can be unfrozen by pressing the THOLD key
which will once again nmake the display follow the
readi ngs until the next stable reading.

The T/HOD nobde operates wth any of the post-
processi ng prograns.

The T/HAD function can only be cancelled individually
by hol ding the THOLD key down for three seconds until
CANCEL'd is displayed. However PROG CANCEL will cancel
T/HOD at the sane tine as all other prograns.

Ax+B Scaling

Introduction To Ax+B Scaling

The Ax+B program scal es the measurenent by the factor
A and then offsets the result by B. Factor Ais a siX
digit nunmber between .00000 and 999999. and offset B

is a real quantity which depends on the neter
function. Separate values for A and B are stored for
each nmeter function. Factor A can take any value from
. 000000 to 999999.. The range of possible B values is
shown in table 2. aAx+B scaling may also be applied

before or after dB cal cul ati on and A% cal cul ati ons can
be nade on Ax+B scal ed neasurements. One set of val ues
for A and Bis kept for scaling after dB cal cul ati ons,
regardl ess of the basic neter function.

By operating the appropriate programwhile Ax+B scaling
is in operation Ax+B scaled readings can be stored in
the data |ogger, conpared with set limts using the
LIMTS program or mninmm and maxi mum val ues can be
traced using the MNMX program

Met er Function B
Vol t age 000. 000nV - 9999. 99V
Current to 000. O00pA -
200mMA 999. 999mA
Current to 10A | 000. O00OpA - 99. 9999A
Resi st ance 000. 000Q2 -
99. 9999M)

Table 2 - Permissible B Values Used in Ax+B
Setting Up and Operating Ax+B

The Ax+B program is invoked by pressing PROG followed
by Ax+B. The program first displays the existing val ue
of A This is a floating point nunber and may, if
required, be edited as described in the 'Paraneter
Val ues' section. Pressing ENTER will store the A value

and the existing B value wll be displayed for
editing. Again this nunber is edited as a floating
poi nt nunber but note that it will have units, which
in the case of Ax+B scaling of dB readouts will be in

dBs. Pressing ENTER stores the B value and starts the
Ax+B program oper at i ng.

The Ax+B program nmay be individually cancelled by
pressing CANCEL at any tinme while the paraneters are
di spl ayed. Aternatively the program may be cancelled
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by pressing PROG and then hol di ng down the Ax+B key for
3 seconds until CAnCEL'd is displayed.

Limits Comparison

The LIMTS program conpares the neasurenent results
with user specified high and low limt values. The
limt values are stored as absolute quantities and the
conpari sons can be nmade regardl ess of the nmeter range.
If the measurenent result is less than the lower limt
an L is shown in the right nost character of the
display. Simlarly if the neasurenment result is
between the limts a Pis showmn and if it's above the
higher limt an His shown.

Separate limt values are retained for all basic neter
functions. By entering the LIMTS program while the dB

or A% program is running conparisons nay also be
performed with dB or A% results. Separate Iimt val ues

are retained for dB and A% result conparisons. As an
aid for go/no go testing the buzzer may be programed
to sound either if the result falls within the limts
or outside the limts.

The LIMTS program is called up by pressing PROG
foll owed by LmTs. Upon entry to the programthe | ower
limt is displayed for editing if required. The limts
are floating point nunbers and are edited as described
in the "Paraneter Values' section. Wen A% limts are
di splayed the units are percent, dB limts are in dBs
but all other limt value units are indicated by the
units |.e.d.s to the right of the display.

Pressing ENTER stores the lower limt and causes the
upper limt top be displayed for editing. Pressing
ENTER again stores the upper limt and starts the

conpari sons.

LIMTS conparison may be individually cancelled by
pressing CANCEL at any time while the either limt is
shown. Alternatively the program may be cancelled by
pressing PROG and then hol ding down the umiTs key for 3
seconds until CAnCEL'd is displayed.

MIN/MAX Storage

The MNMX program records the maxi mum and m ni num
readout values from the time the program is started

until the time when the values are examined. It is
possible to trace the mnima and maxinma of basic
nmeasurenents or the results of all post-processing
calculations. The storage of MNMX is started by
pressi ng PROG fol | oned by MIN/MAX.

The Mmnvwmax |.e.d. lights to show that the programis
active. Once the program is active pressing PROG
followed by MINMAX again halts it and allows the
recorded values to be exam ned. The first value to be
di splayed is the mnimum val ue indicated by Lo = being
briefly displayed before the actual value. Pressing
MINNMAX a second time displays H = followed by the
maxi mum val ue.

Havi ng exam ned the recorded m ni num and naxi mrum there
are two ways to continue recording. If ENTER is
pressed the display returns to the previous readout
node and the recording of max and min starts again;
the existing mn and max  val ues are |ost.
Alternatively if MNMAX is pressed a third time
instead of ENTER then the display returns to its
previous mnmode and recording continues wth the
existing mn and max val ues in pl ace.

MN MX nmay be cancelled individually by pressing CANCEL
at any time during exam nation of the recorded mn or
max values. If MNMX is operating but the data is not
presently being examned then it can be cancelled
either by pressing PROG MINMAX CANCEL or by pressing
PROG and then holding down MINMAX until CAnCEL'd is
di spl ayed.

ERROR MESSAGES

If the power up self-test of the EEPROM fails Error 1
is displayed and a warning buzzer sounds. The neter
cannot be used under these circunstances and further
operation is inhibited until the instrunent has been
recalibrated. For operation wthin the published
specification an accurate neter recalibration is
required. However if the user wishes to get the neter
working for less accurate work or for further
di agnostic checks the neter can be calibrated wth
default calibration constants.

To programin default calibration constants swtch off
the instrument and with a thin blunt inplement push in
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the recessed cAL switch located at the top left corner
of the front panel wuntil it latches in. Switch on
again, the ca |l.e.d. next to the cAL switch should
light and dEF CAL will be shown on the main display.
Press the STORE button on the keyboard bel ow the main
display. CAL donE will be displayed. Press in the caL
switch to release it and norrmal neter operation shoul d
comrence with default calibration.

If the self test finds corrupted data in the battery-
backed RAM then the neter bleeps and Error 2 1is
di spl ayed for a few seconds while default instrunent
settings are |oaded. The meter should then comence
normal operation but all functions and paranmeters wll
have been reset to the default condition. The
calibration <constants are not affected by this
oper ati on.

An Error 2 failure may be due to a faulty or exhausted
battery in which case the neter can be operated
normal ly except that nothing wll be retained at
switch-off. However care should taken to ensure that
the neter is operating properly as the fault may al so
be due to a faulty RAM chi p.

DEFAULT INSTRUMENT SETTINGS

The multimeter is put into the following default
condition as a result of a recall of store 9 (renote

or local), a renote *RST conmand or a RAM error at
power up.

5% Digit node set

Meter function set to Volts DC

Meter range set to 1KV

Aut or angi ng node set

Al conputational prograns cancelled

T/ HOLD cancel | ed

Continuity buzzer turned off

Digital Filter set to range dependant defaults

Data Logger cancelled, stored data |ost, |ogger
paraneters set to circular store, automatic
trigger with sanple period set to 0000 seconds

Renote readi ng trigger set to imediate

Al Ax+B scaling factors set to A=1.00000 and
B=0. 00000

Al LIMTS set to 0.00000

A% reference value set to 0.00000

dB reference val ue set to 1.000

M N MAX data invalid

Bus address set to 1 (not set if in renote state)

Baud rate set to 9600 (not set if in renote
state)
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REMOTE OPERATION

The following sections detail the operation of the
instrument via both GPIB and ARC. Were operation is
identical no distinction is made between the two.
Where differences occur these are detailed in the
appropriate sections or in some cases Separate
sections for GIB and ARC. It is therefore only
necessary to read the general sections and those
sections specific to the interface of interest.

ADDRESS AND BAUD RATE SELECTION

For successful operation each instrunent connected to
the ARC or GPIB nust be assigned a uni que address and,
in the case of ARC, all nust be set to the sane baud
rate.

The instrunment's renote address for operation on both
the ARC and GPIB interfaces is set via the keyboard by
pressing PROG followed by ADDR The display shows
"Addr = nn' where nn is the address from 0-30. The
address is set by scrolling. The SCROLL key scrolls up
and the STEP EDI T key scrolls down.

Once the required address is shown it is stored by
pressi ng ENTER

Pressing CANCEL will exit back to normal operation
| eavi ng the address unchanged.

The RS232 Baud rate is set by pressing PROG foll owed
by BAUD. There are three possibilities which are
scrolled through wusing SCROLL or STEP EDIT. The
selection is stored by pressing ENTER

Pressing CANCEL will exit back to normal operation
| eavi ng the Baud rate unchanged.

When operating on the GPIB all device operations are
performed through a single primary address; no
secondary addressing i s used.

NOTE: GPIB address 31 is not allowed by the | EEE 488
standards and it is not possible to select it even as
an ARC address.

REMOTE/LOCAL OPERATION

At power-on the instrument will be in the l|ocal state
with the REMOTE led off. In this state all keyboard
operations are possible. Wen the instrunent is
addressed to listen and a comand is received the

renmote state will be entered and the REMOTE led wll
be turned on. In this state the keyboard is | ocked out
and renote commands only wll be processed. The

instrument nmay be returned to the local state by
pressing the LOCAL key; however, the effect of this
action wll remain only wuntil the instrument is
addressed again or receives another character fromthe
ARC interface, when the renote state will once again
be ent ered.

ARC INTERFACE

ARC Interface Connections

The 9-way D-type serial interface connector is |ocated
on the instrunment rear panel. The pin connections are
as shown bel ow

Pin Narre Description

1 - No i nternal Connection

2 TXD Transmitted data frominstrunent

3 RXD Recei ved data to instrument

4 - No i nternal connection

5 G\D Si gnhal ground

6 - No i nternal connection

7 RXD2 Secondary received data (see
di agram

8 TXD2 Secondary transnitted data (see
di agram

9 G\D Si gnal ground

Pins 2, 3 and 5 nmay be used as a conventional RS232
interface with XOV XOFF handshaking. Pins 7, 8 and 9
are additionally used when the instrunment is connected
to the ARC interface.
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Using a sinple cable assenbly, a ‘“daisy chain
connection system between any nunber of instrunents,
up to the maxi mumof 32 can be nmade, as shown bel ow

The daisy chain consists of the transmt data (TXD),
receive date (RXD) and signal ground lines only. There
are no control/handshake lines. This makes XOV XOFF
protocol essential and allows the inter-connection
between instruments to contain just 3 wres. The
wiring of the adaptor cable is shown bel ow

el R
DCD ——— 1 O— 01
RX —wm— 20O ——————————— (02 ———— TX
X —a— 30O —— (03 —==— RX
DTR —m=— 40— 04
GND 5O ————OSF5 GND
DSR ——mt— 6 O——— Os
RTS —am— 7 o7
CTS ——f— Bg:l Os
RI —=a— 90 i\ 09
LINKS TO
CONTROLLER M- o e COATN
- (ONONONONONONONO ORI RN —>
1 2 3 45 6 7 8 9 MALE
AN INSTRUMENT * * + *
ON THE CHAIN
TX RX TXIN RXOUT
Al instruments on the interface nust be set to the
sane baud rate and all nust be powered on, otherw se
instruments further down the daisy chain wll not

recei ve any data or conmands.

The ARC standard for the other interface parameters is
as follows:

Start bits 1
Data bits 8
Parity None

Stop bits 1

In this mul ti neter, as w th nost ot her ARC
instruments, these paraneters are fixed.

ARC Character Set

Because of the need for XOV XOFF handshake it is
possible to send ASCII coded data only; binary Dbl ocks
are not allowed. Bit 7 of ASCI|l codes is ignored, i.e.
assumed to be low No distinction is made between
upper and |ower case characters in comand nmmenonics
and they may be freely mixed. The ASC | codes bel ow
20H (space) are reserved for interface control.

ARC Interface Control Codes

Al instruments intended for use on the ARC bus use
the following set of interface control codes. Codes
between OOH and 1FH which are not Ilisted here as
having a particular nmeaning are reserved for future
use and wll be ignored. Mxing interface control
codes inside instrunent commands is not allowed except
as stated below for CR and LF codes and XON and XOFF
codes.

Wien an instrument is first powered on it wll
automatically enter the Non- Addressable node. In this
node the instrument is not addressable and w Il not
respond to any address commands. This allows the
instrument to function as a normal RS232 controll able
device. This node may be |ocked by sending the Lock
Non- Addressable node control code 04H (LNA). The
controller and instrunent can now freely use all 8 bit
codes and binary blocks but all interface control
codes are ignored. To return to addressable node the
i nstrument nust be powered off.

To enabl e addressabl e node after a instrument has been
powered on the Set Addressable Mde control code, 02h
(SAM), nust be sent. This wll then enable all
i nstruments connected to the ARC bus to respond to all
interface control codes. To return to Non-Addressabl e
node the Lock Non-Addressable nbde control code nmnust
be sent which will disable addressable node until the
instruments are powered off.

Before an instrument is sent a comrand it nust be
addressed to listen by sending the Listen Address
control code, 12H (LAD), followed by a single
character which has the lower 5 bits corresponding to
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the unique address of the required instrunment, e.g.
the codes A-Z or a-z give the addresses 1-26 incl usive
while @is address 0 and so on. Once addressed to
listen the instrument wll read and act wupon any
comands sent until the listen node is cancell ed.

Because of the asynchronous nature of the interface it
is necessary for the controller to be inforned that an
instrument has accepted the listen address sequence
and is ready to receive comands. The controller will
therefore wait for code 06H (ACK) before sending any
comands, The addressed instrunment will provide this
ACK. The controller should tine-out and try again if
no ACK is received within 5 seconds.

Listen node will be cancelled by any of the follow ng
interface control codes bei ng received:

12H LAD Listen Address followed by an address not
bel onging to this instrunent.

14H TAD Talk Address for any instrunent.

03H UNA Uni versal Unaddress control code.

04H LNA Lock Non- Addressabl e node control code.
18H UDC  Universal Device dear.

Before a response can be read from an instrument it
nust be addressed to talk by sending the Tal k Address
control code, 14H (TAD) followed by a single character
whi ch has the lower 5 bits corresponding to the unique
address of the required instrunment, as for the listen
address control code above. Once addressed to talk the

instrument will send the response nessage it has
available, if any, and then exit the talk addressed
state. Only one response nessage will be sent each

tinme the instrument is addressed to talk.

Talk node will be cancelled by any of the follow ng
interface control codes being received:

12H LAD Listen Address for any instrunent.

14H TAD Tal k Address followed by an address not
bel onging to this instrunent.

03H UNA Uni ver sal Unaddress control code.
04H LNA Lock Non- Addr essabl e node control code.
18H UDC Uni versal Device d ear.

Talk node will also be cancelled when the instrunent
has conmpleted sending a response nessage or has
nothing to say. The interface code OAH (LF) is the
Uni versal Command and response Terminator (UCT); it
nust be the last code sent in all commands and will be
the last code sent in all responses.

The interface code ODH (CR) may be used as required to
aid the formatting of commands; it will be ignored by
all instrunents. Mst instruments wll terminate
responses with CR foll owed by LF.

The interface code 13H (XOFF) may be sent at any tine
by a listener (instrument or controller) to suspend
the output of a talker. The listener nust send 11H
(XON) before the talker will resune sending. This is
the only form of handshake control supported by ARC

ARC Interface Control Code List
02H SAM Set Addressabl e node.
03H UNA Universal Unaddress control code.
04H LNA Lock Non- Addressabl e node control code.
06H ACK Acknow edge that |isten address received.
OAH UCT Universal Conmand and response Term nator.
ODH CR Formatti ng code, otherw se ignored.
11H XON Restart transm ssion.

12H LAD Listen Address - nust be foll owed by an
address belonging to the required
i nstrument .

13H XOFF Stop transm ssion.

14H TAD Tal k Address - nust be followed by an
address belonging to the required
i nstrument .

18H UDC Universal Device dear.
GPIB INTERFACE

Wen the GPIB interface is fitted the 24-way GPIB
connector is located on the instrument rear panel.
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The pin connections are as specified in |EEE Std.
488. 1- 1987 and the instrunent conplies with |EEE Std.
488. 1-1987 and | EEE Std. 488. 2-1987.

GPIB Subsets

This instrunent contains the following IEEE 488.1
subset s:

Sour ce Handshake SH1

Accept or AHL
Handshake

Tal ker T6
Li st ener L4
Servi ce Request SR1
Renot e Local RL1
Paral | el Poll PP1
Devi ce d ear DC1
Devi ce Trigger D1
Controller (0]
El ectri cal E2

I nterface

GPIB IEEE Std. 488.2 Error Handling

The |EEE 488.2 UNTERMNATED error (addressed to talk
with nothing to say) is handled as follows. |If the
instrument is addressed to talk and the response
formatter is inactive and the input queue is enpty then
the UNTERMNATED error is generated. This wll cause the
Query Error bit to be set in the Standard Event Status
Regi ster, a value of 3 to be placed in the Query Error
Regi ster and the parser to be reset. See the STATUS
REPORTI NG CAPABI LI TI ES section for further
information. The | EEE 488.2 INTERRUPTED error is handl ed
as follows. If the response formatter is waiting to
send a response nessage and a <PROGRAM MESSAGE TERM NATOR>
has been read by the parser or the input queue
contains nore than one END nessage then the instrunent
has been INTERRUPTED and an error is generated. This
will cause the Query FError bit to be set in the
Standard Event Status Register, a value of 1 to be
placed in the Query Error Register and the response
formatter to be reset thus clearing the output queue.
The parser wll then start parsing the next <PROGRAM

MESSAGE UINT> from the input queue. See the STATUS
REPORTI NG CAPABI LI TI ES section for further
i nformati on.

The | EEE 488.2 DeaDLOoX error is handled as follows. If
the response formatter is waiting to send a response

nmessage and the input queue becones full then the
instrument enters the DEADLOX state and an error is
generated. This wll cause the Query Error bit to be

set in the Standard Event Status Register, a value of
2 to be placed in the Query Error Register and the
response formatter to be reset thus clearing the
output queue. The parser will then start parsing the
next <PROGRAM MESSAGE UINIT> from the input queue. See the
STATUS REPCRTING CAPABILITIES section for further
i nformation.

GPIB Parallel Poll

Conplete parallel poll capabilities are offered on
this nultineter. The Parallel Poll Enable Register is
set to specify which bits in the Status Byte Register
are to be used to form the ist l|local nessage The

Paral l el Poll Enable Register is set by the *PRE <nrf>

comand and read by the *PRE? command. The value in
the Parallel Poll Enable Register is ANDed with the
Status Byte Register; if the result is zero then the
value of ist is O otherwise the value of ist is 1.

The instrument nmust also be configured so that the
val ue of ist can be returned to the controller during a
parall el poll operation. The instrument is configured
by the controller sending a Parallel Poll Configure
coommand (PPC) followed by a Parallel Poll Enable
command (PPE). The bits in the PPE command are shown
bel ow

bit 7 = X don't care

bit 6 =| 1

bit 5= 1 Paral l el poll enable

bit 4= 0

bit 3 =|Sense sense of the response bit; 0 = |ow,
1 = high

bit 2 =| 2
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bit 1 = 2
bit 0 =| ?

bit position of the response

Exanmpl e. To return the RQS bit (bit 6 of the Status Byte
Regi ster) as a 1 when true and a 0 when false in bit
position 1 in response to a parallel poll operation send
the fol l owi ng conmands.

*PRE 64<pmt >, then PPC foll owed by 69h (PPE)

The parallel poll response fromthe power supply
will then be 00h if RGBis 0 and 01h if RS is 1.

During parallel poll response the DIO interface |ines
are resistively termnated (passive termination). This
allows multiple devices to share the sane response bit
posi tion in ei t her wi r ed- AND or wi red-OR
configuration, see |EEE 488.1 for nore information.

POWER ON SETTINGS

Most instrument settings are stored in non-volatile
ram and will remain unchanged while power is off. The
following instrunent status values are set at power
on:

Status Byte Register =0
* Servi ce Request Enable =0
Regi st er
Standard Event Status Register = 1)28 (pon bit
set
* Standard Event Status Enable =0
Regi st er
Execution Error Register =0
Query Error Register =0
* Paral |l el Poll Enable Register =0

* Regi sters marked thus are specific to the GPIB
section of theinstrunent and are of limted use in
an ARC environment.

The instrunent wll be in local state wth the
keyboard acti ve.

Due to the non-volatile storage the power on settings
are essentially nodified by any command, |ocal or
renote, which changes any value not |isted above. If a
defined state is required at start wup by the

controller the =*RST command should be issued which
will load the settings as listed in the description of
t hat comrand.

If for any reason an error is detected at power up in
the non-volatile rama warning will be issued and all
settings will be returned to their default states as

for a *RST command.

STATUS REPORTING

This section describes the conplete status nodel of
the instrument. Note that sone registers are specific
to the GPIB section of the instrument and are of
[imted use in an ARC environnent.
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Standard Event Status and Standard Event Status Enable Registers

These two registers are inplenented as required by the
| EEE std. 488. 2.

Any bits set in the Standard Event Status Register
which correspond to bits set in the Standard Event
Status Enable Register will cause the ESB bit to be
set in the Status Byte Register.

The Standard Event Status Register is read and cl eared
by the *ESR? command. The Standard Event Status Enable
register is set by the *ESE <nrf> command and read by
t he *ESE? conmand.

Bi t Power On. Set when power is first applied to
7 - the instrunent.

Bit Not used.

6 -

Bi t Command Error. Set when a syntax type error is

5 - detected in a command fromthe bus. The parser
is reset and parsing continues at the next byte
in the input stream

Bit Execution Error. Set when an error is

4 - encountered while attenpting to execute a
conpl etely parsed conmand. The appropriate
error nunber will be reported in the Execution
Error Register as listed bel ow
0 no error has occured
119 value out of range
121 attenpted an illegal function change

while a conputation programis active.
122 invalid store nunber or no valid data in
store

Bi t Not used.

3 -

Bit Query Error. Set when a query error occurs. The

2 - appropriate error nunber will be reported in
the Query Error Register as |listed bel ow
1 Interrupted error
2 Deadl ock error
3 Unt ermi nated error

Bit Not used.
1 -

Bi t Qperation Conplete. Set in response to the *CPC
0 - command.

Status Byte Register and Service Request Enable Register

These two registers are inplenmented as required by the
| EEE std. 488. 2.

Any bits set in the Status Byte Register which
correspond to bits set in the Service Request Enable
Regi ster will cause the RQS/M5S bit to be set in the
Status Byte Register, thus generating a Service
Request on the bus.

The Status Byte Register is read either by the =*STB?
command, which wll return MSS in bit 6, or by a
Serial Poll which wll return RQ in bit 6. The

Service Request Enable register is set by the =*SRE
<nrf> command and read by the *SRE? conmand.

Bit Not used.

7 -

Bi t RQS/ MBS, This bit, as defined by | EEE Std.

6 - 488. 2, contains both the Requesting Service
message and the Master Status Summary nessage.
RQ@ is returned in response to a Serial Poll
and MSS is returned in response to the *STB?
conmand.

Bi t ESB. The Event Status Bit. This bit is set if

5 - any bits set in the Standard Event Status

Regi ster correspond to bits set in the Standard
Event Status Enabl e Register.

Bi t MAV. The Message Available Bit. This will be

4 - set when the instrunent has a response nessage
formatted and ready to send to the controller.
The bit will be cleared after the Response
Message Term nator has been sent.

Bit Not used.

Bit Not used.

25



Not used.

Not used.
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POWER ON

COMMAND ERROR
EXECUTION ERROR - ERROR NUMBER IN EXECUTION ERROR

REGISTER
EER? (READ AND CLEAR)

QUERY ERROR - ERROR NUMBER IN QUERY ERROR
REGISTER
QER? (READ AND CLEAR)

OPERATION COMPLETE

STANDARD EVENT STATUS REGISTER
*ESR? (READ AND CLEAR)

STANDARD EVENT STATUS

A\ V \l/
7| x| s 2 | x |0
7| x|s 2

X 0 ENABLE REGISTER
*ESE <NRF> (SET TO <NRF>)

1 RESPONSE READY
RQS

SRQ

CEN ESB| MAV| X | X | X
MSS

&)

&}C& <

5

4 X X X

*ESE? (READ)

STATUS BYTE REGISTER
SERIAL POLL (READ WITH RQS)
*STB? (READ WITH MSS)

SERVICE REQUEST ENABLE REGISTER
*SRE <NRF> (SET TO <NRF>)
*SRE? (READ)

St at us Model

27



ARC REMOTE COMMAND FORMATS

Serial input to the instrument is buffered in a 256
byte i nput queue which is filled, under interrupt, in a
nmanner transparent to all other instrunent operations.
The instrunent will send XOFF when approximtely 200
characters are in the queue. XON wll be sent when
approximately 100 free spaces becone available in the
queue after XOFF was sent. This queue contains raw (un-
parsed) data which is taken, by the parser, as
requi red. Commands (and queries) are executed in order
and the parser will not start a new command until any
previous comand or query is conplete. There is no
out put queue which neans that the response fornatter
w | wait, indefinitely if necessary, until t he
instrument is addressed to talk and the conplete
response nessage has been sent, before the parser is
allowed to start the next command in the input queue.

Commands are sent as <PROGRAM MESSAGES> by the controller,
each nessage consists of zero or nbre <PROGRAM MESSAGE
UNT> elements separated by <PROGRAM MESSAGE UNIT SEPARATCR>
el enent s.

<PROGRAM MESSAGES> are separated by <PROGRAM MESSAGE TERM NATCR>
el emrents whi ch consist of the new line character (OAH).

A  <PROGRAM MESSAGE UNIT SEPARATOR> IS the sem-colon
character ';' (3BH).

A <PROGRAM MESSAGE UINT> is any of the conmmands in the
REMOTE COMVANDS sect i on.

Responses from the instrument to the controller are
sent as <RESPONSE MESSAGES>. A <RESPONSE MESSAGE> consi sts of
one <RESPONSE MESSAGE UNIT> followed by a <RESPONSE MESSAGE
TERM NATOR>.

A <RESPONSE MESSAGE TERMNATOR> is the carriage return
character followed by the new |ine character (ODH OAH).

Each query produces a specific <RESPONSE MESSAGE> which is
listed along with the command in the REMOTE COWANDS
section.

<WH TE SPACE> is ignored except in conmand identifiers.

e.g. *C LS is not equivalent to "*CLS . <WHTE SPACE>
is defined as character codes OOH to 20H inclusive with

the exception of the codes specified as ARC interface
comrands.

The high bit of all characters is ignored.
The commands are case insensitive.

GPIB REMOTE COMMAND FORMATS

The GPIB interface has an effective input queue length
which is variabl e betwen about 156 and 210 characters.
This is because GPIB input is internally converted to
serial data and sent to the instrument's main processor
via the ARC serial interface. The ARC interface wll
send XOFF when approximately 200 characters are in the
queue. XON will be sent when approximately 100 free
spaces beconme available in the queue after XOFF was
sent. The queue contains raw (un-parsed) data which is
taken, by the parser, as required. Comands (and
queries) are executed in order and the parser will not
start a new command until any previous conmand or query
is conplete. There is no output queue which neans that
the response formatter wll wait, indefinitely if
necessary, until the instrunent is addressed to talk
and the conpl ete response nessage has been sent, before
the parser is allowed to start the next command in the
i nput queue.

Commands are sent as <PROGRAM MESSAGES> by the controller,
each nessage consists of zero or nore <PROGRAM MESSAGE
UINT> elenments separated by <PROGRAM MESSAGE UNIT SEPARATOR>
el enent s.

<PROGRAM MESSAGES> ar e separ ated by <PROGRAM MESSAGE TERM NATCR>
el ements which nay be any of the foll ow ng:

NL The new |ine character (0AH)

NL"END The new line character wth the END
nmessage

NEND The END nmessage with the last character
of the message

A <PROGRAM MESSAGE UNIT SEPARATOR> s the sem -colon
character ';' (3BH).

A <PROGRAM MESSAGE UINIT> is any of the commands in the
REMOTE COVIVANDS. secti on.
Responses from the instrument to the controller are
sent as <RESPONSE MESSAGES>. A <RESPONSE MESSAGE> consi sts of
one <RESPONSE MESSAGE UNIT> followed by a <RESPONSE MESSAGE
TERM NATOR>.




A <RESPONSE MESSAGE TERMNATOR> is the new |ine character
with the END nmessage NLMEND.

Each query produces a specific <RESPONSE MESSAGE> which is
listed along with the conmmand in the REMOTE COMVANDS
section.

<WH TE SPACE> is ignored except in command identifiers.
e.g. *C LS is not equivalent to "*CLS . <WHTE SPACE>
is defined as character codes OOH to 20H inclusive with
the exception of the NL character (OAH).

The high bit of all characters is ignored except in
bi nary bl ocks.

The commands are case insensitive.

REMOTE COMMANDS

The following sections list all conmands and queries
impl emented in this multineter.

Note that there are no dependent paraneters, coupled
paraneters, overlapping comands, expression program
data elements or conpound comrand program headers and
that each command is conpletely executed before the
next command is started.

The following comand sections use the followng
norencl at ur e:

<pnt > <PROGRAM MESSAGE TERM NATCR>
<rnt> <RESPONSE MESSAGE TERM NATCR>

<nrf> A nunber in any format. e.g. 12, 12.00, 1.2 el
and 120 e-1 are all accepted as the nunber 12.
Any nunber, when received, is converted to the
required precision consistent with the use
then rounded up to obtain the value of the

conmmand.

<nrl1> A nunber with no fractional part, i.e. an
i nt eger.

<nr2> A nunber in fixed point format, e.g. 11.52,
0.78 etc.

[...] Any iten(s) enclosed in these brackets are
optional paranmeters. If nore than one itemis
enclosed then all or none of the itens are
required.

Common Commands

The commands in this section are those specified by
|EEE Std. 488.2 as Common commands. Al wll function
when used on the ARC interface but sone are of little
use.

*CLS
Sequenti al comrand.

Operation conplete message generated inmediately after
executi on.

Clear status. Clears the Standard Event Status
Register, Limt Event Status Register, Query FError
Regi ster and Execution Error Register. This indirectly
clears the Status Byte Register.

*ESE <nrf>
Sequenti al comrand.

Qperation conplete nessage generated inmediately after
execut i on.

Set the Standard Event Status Enable Register to the
value of <nrf> If the value of <nrf>, after rounding,
is less than 0 or greater than 255 an execution error
is generated and error nunber 119 (out of range) is
pl aced in the Execution Error Register.

*ESE?
Sequenti al comrand.

Operation conpl ete message generated inmediately after
<rm>is sent.

Returns the value in the Standard Event Status Enable
Register in <nrl> nuneric format. The syntax of the
response is

<nr 1><r mt >

On the serial interface the response is sent
imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.
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Exanpl e. If the Standard Event Status Enable

Regi ster contains 01000001b the response to =*ESE?
wll be 65<rnt>.

*ESR?
Sequenti al command.
Operation conpl ete nmessage generated inmediately after
<rm>is sent.
Returns the value in the Standard Event Status Register
in <nrl> nuneric format. The register is then cleared.
The syntax of the response is

<nr 1><r nt >

Oh the serial interface the response is sent
imrediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

Exanpl e. If the Standard Event Status Register

contai ns 01000001b the response to *ESR? will be
65<rnt >.

*|DN?

Sequenti al comand.

Qperation conpl ete nmessage generated inmediately after
<rnmt> is sent.

Returns the instrunent i dentification. The exact
response is determined by the instrument configuration
and is of the form

<NAME>, <nodel >, 0, <ver si on><r nt >

where <NAME> s the manufacturer's nane, <MODEL>
defines the type of instrument and <VERSION> is the
revision |l evel of the software install ed.

Oh the serial interface the response is sent

imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.
*|ST?

Sequenti al command.
Qperation conplete nessage generated inmediately after
<rmt> is sent.

Returns ist | ocal nmessage as defined by |EEE Std. 488. 2.
The syntax of the response is

O<rmt >
if the local nessage fal se or

I<rmt >
if the |local nessage is true.

On the serial interface the response is sent

imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.
*LRN?

Sequenti al conmand.
Operation conpl ete message generated inmediately after
<rm>is sent.

Returns the conplete set up of the instrunment as a
hexadeci mal character data block approxinmately 1050
bytes long. To re-install the set up the block should
be returned to the instrument exactly as it 1is
recei ved. The syntax of the response is

LRN <Char at er dat a><rnt >

Oh the serial interface the response is sent
i medi ately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

The settings in the instrument are not affected by
execution of the *LRN? conmand.

*OPC

Sequential comrand.

Operation conpl ete message generated inmmediately after
execution.

Sets the Operation Conplete bit (bit 0) in the Standard
Event Status Register. This will happen i mediately the
conmand is executed because of the sequential nature of
all operations.

*OPC?

Sequential comrand.

Qperation conpl ete message generated inmediately after
<rm>is sent.

Query operation conplete status. The syntax of the
response is

1<rnt >

The response will be available imediately the conmand
is executed because of the sequential nature of all
oper ati ons.




Oh the serial interface the response is sent

imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.
*PRE <nrf>

Sequenti al command.
Qperation conpl ete message generated inmediately after
execution.

Set the Parallel Poll Enable Register to the value
<nrf> |If the value of <nrf> after rounding, is |ess
than O or greater than 255 an execution error is
generated and error nunber 119 (Value out of range) is
pl aced in the Execution Error Register.

*PRE?

Sequenti al command.

Qperation conpl ete message generated inmediately after
<rnt> is sent.

Returns the value in the Parallel Poll Enable Register
in <nrl> nuneric format. The syntax of the response is

<nr 1><rnt >

Oh the serial interface the response is sent
imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

Exanple. If the Parallel Poll Enable Register contains

01000001b the response to =*=PRE? wll be
65<rnt >.

*RCL  <nrf>

Sequenti al command.

Qperation conplete nessage generated inmediately after
executi on.

Recalls the instrunent set up contained in store nunber
<nrf> Valid store nunbers are 0 - 5 and 9. Recalling
store 9 sets all paraneters to the default settings
(see DEFAULT |NSTRUMENT SETTINGS). If the value of
<nrf>, after rounding, is invalid or no set up has been
saved in the specified store then an execution error is
generated and error nunber 122 (Invalid Store) is
pl aced in the Execution Error Register.

*RST
Sequenti al command.

Operation conpl ete message generated inmediately after
execution.

Resets the instrument paraneters to their default
val ues (see DEFAULT |NSTRUMENT SETTINGS). No other
action is taken.

*SAV  <nrf>

Sequenti al conmand.

Operation conpl ete message generated inmediately after
executi on.

Saves the conplete instunent set up in the store nunber
<nrf> Valid store nunbers are 0 - 5. If the value of
<nrf>, after rounding, is invalid then an execution
error is generated and error nunber 122 (Invalid Store)
is placed in the Execution Error Register.

*SRE  <nrf>

Sequenti al conmand.

Operation conplete message generated inmediately after
executi on.

Set the Service Request Enable Register to <nrf>. |If
the value of <nrf>, after rounding, is less than 0 or
greater than 255 an execution error is generated and
error nunber 119 (Value out of range) is placed in the
Executi on Error Register

*SRE?

Sequenti al conmand.

Qperation conpl ete message generated inmediately after
<rm>is sent.

Returns the value of the Service Request Enable
Register in <nrl> nuneric format. The syntax of the
response is

<nr 1><r nt >
Oh the serial interface the response is sent

imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

Example. If the Service Request Enabl e Register

contai ns 01000001b the response to *SRE? wll
be 65<rnt>.

*STB?
Sequenti al comrand.
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Qperation conpl ete message generated inmediately after
<rnt> is sent.

Returns the value of the Status Byte Register in <nrl>
nuneric format. The syntax of the response is

<nr 1><rnt >

Oh the serial interface the response is sent
imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

Exanple. If the Status Byte Register contains

01000001b the response to =*STB? wll be
65<rnt >.

*TRG

Sequenti al comand.

Qperation conplete nessage generated inmediately after
executi on.

Performs one of two possible trigger functions.

If the data logger is active and in the ready'
condition then =*TRG causes the logger to start
recording readings and triggers the first sanple. If
the logger trigger is set to autonatic then subsequent

readings will be recorded regularly at the sanple
period set as one of the |ogger paraneters. If the
logger trigger is external then a reading wll be

recorded after every subsequent *TRG is received.

If the logger is set to a linear store and 100 sanpl es
have al ready been stored then *TRG will cause no action
to be taken. If the logger is recording automatically
at tined intervals then no action will result from *TRG
commands after the first one.

If the data logger is not running and the instrunent
has already received a triggered reading request
(TREAD?) then this conmand will trigger the response.

Note that when the instrunent is operating on the GPIB
the CGET nmessage perforns the sane functions as *TRG

*TST?

Sequenti al command.

Operation conpl ete nmessage generated inmediately after
<rm>is sent.

The multimeter has no self-test capability and the
response i s al ways

o<rnt >

On the serial interface the response is sent
imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

*WAI

Sequenti al comrand.

Qperation conplete nessage generated inmediately after
execut i on.

Wait for operation conplete true. As all conmmands are
conpletely executed before the next is started this
command takes no additional action.




Instrument Specific Commands

The commands in this section are additional to those
specified by | EEE Std. 488.2 as Common Conmands.

Note: |If the nmeter is currently reading out in AX+B

A% or dBs or the logger is active or MNMAX is
recording then Function Change comrands are
prohibited. In this case an Execution Error is
generated and error nunber 121 (ln Program is
pl aced in the Execution Error Register.

RANGE <nrf>
Sequenti al command.

Operation conpl ete nmessage generated inmediately after
executi on.

Sets the neter range to code <nrf> depending on neter
function as specified belowin table 4.

| | Range
<nrf> Vol ts Current | Resistan
ce
0 | 210mv 210pA 2100
1 2.1V 2. 1mA 2. 1kQ
2 21V 21mA 21kQ
3 210V 210mA 210kQ
4 2. 1kVv - 2. 1M
5 - - 21M02

Table 4 - Renote Range Setting Codes

If the value of <nrf> after rounding is outside the
range specified for the nmeter function in Table 4 an
execution error is generated and error nunber 119 (Qut
of Range) is placed in the Execution Error Register.

If the neter function is set to 10Anps then this
comand perfornms no action, an execution error is
generated and error nunber 119 (Qut of Range) is placed
in the Execution Error Register

This comrand places the meter in the non-autoranging
node.

ADC

Sequenti al conmand.

Functi on Change command (see note above).

Qperation conplete nessage generated inmediately after
execut i on.

Set the neter function to mA DC with the range set to
the range last used in this function

AAC

Sequential comrand.

Function Change conmand (see note above).

Qperation conpl ete message generated inmediately after
executi on.

Set the meter function to mA AC with the range set to
the range last used in this function

A10DC

Sequenti al conmand.

Functi on Change command (see note above).

Qoeration conplete nessage generated inmediately after
execut i on.

Set the meter function to 10A DC

A10AC

Sequential comrand.

Function Change conmand (see note above).

Qperation conplete nessage generated inmediately after
executi on.

Set the neter function to 10A AC

OHMS
Sequential command.

Functi on Change comrand (see note above).
Qperation conpl ete nessage generated imediately after
executi on.
Set the meter function to resistance neasurenent wth
the range set to the range last used in this function

VAC

Sequenti al conmand.

Function Change conmand (see note above).

Qperation conpl ete message generated inmediately after
executi on.
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Set the nmeter function to Volts AC with the range set
to the range last used in this function

VDC

Sequenti al conmmand.

Functi on Change command (see note above).

Qperation conplete nessage generated inmediately after
executi on.

Set the nmeter function to Volts DC with the range set
to the range last used in this function

AUTO

Sequenti al comand.

Operation conpl ete nmessage generated inmediately after
executi on.

Set the nmeter to Autoranging. If the neter is set to
10A no action is taken.

MAN

Sequenti al command.

Qperation conplete nessage generated inmediately after
execut i on.

Set the nmeter to nmanual ie. non-autoranging with the
neter set to the present range. If the nmeter is set to
10A then no action is taken.

LOZ

Sequenti al command.

Functi on Change command (see note above).

Qperation conpl ete message generated inmediately after
executi on.

Set the Volts DC function to | ow i nput inpedance (10MY)
on all ranges. If the neter is presently set to Volts
DC then the action is imediate and the HHZ |.e.d. is
turned off. If the nmeter is set to any other function
then the next tine Volts DCis selected it will be |ow
i npedance on all ranges.

HIZ

Sequenti al comand.

Functi on Change conmand (see note above).

Qperation conplete nessage generated inmediately after
executi on.

Set the Volts DC function to high input inpedance

(>1&2) on the 210nV and 2.1V ranges. If the neter is
presently set to Volts DC then the action is inmrediate

and the HZ | .e.d. is lit if the neter is set to either
the 210nV or 2.1V range. If the neter is set to any
other function then the next tinme Volts DC is sel ected
it will be high inpedance on the bottomtwo ranges.

FAST

Sequenti al comrand.

Qperation conplete nessage generated inmediately after
execut i on.
Sets 4%

i s taken.

SLOW

Sequenti al conmmrand.

Qperation conpl ete message generated inmediately after
executi on.
Sets 5%

i s taken.

TREAD?

Sequential comrand.

Qperation conplete nessage generated inmediately after
<rm> is sent.

digit node. If already in this node no action

digit node. If already in this node no action

Returns one reading imediately after a *TRG conmand is
received (or CGET if GPIB). If the data | ogger is active
the trigger is used by the logger instead and the
readi ng response will not be triggered.

The syntax of the response is <ASC | data><rnt>, where
<ASCI| data> contains sixteen characters divided into
two fields. The first field of eleven characters
contains the reading value and the second field of five
characters contains the units if the reading is not in
dBs or %

*n. nnnnnEtn VDC

+n. nnnnnExnMADC

=n. nnnnnExnKCHM

tnnn. nnDB

*nnn. nnn%

+OVERLQAD

+OVERFLOW
where n represents a deci mal nunber.

The reading field may contain a fixed decinmal point
representai on of the reading with exponent in Volts, nA
or kOhns or a fixed decinmal point nunber without




exponent in dB or A% or it may contain "+*OVERLOAD' or
"+OVERFLOW .

The units field will contain " VDC', " VAC', "MADC',
"MAAC' or "KCOHM depending on the neter function and

readout value. If the reading is in dB or A% the units
w || be bl ank.

Exanpl es: -1.23456E-1 VDC
+1. 78912E+1NVAAC

+120. 00DB

Oh the serial interface the response is sent

imrediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.
READ?

Sequenti al command.
Operation conpl ete nmessage generated inmediately after
<rm>is sent.

Returns the next reading imediately after the command
has been parsed.

The syntax of the response is the sane as for TREAD?
descri bed above.

Ohn the serial interface the response is sent

imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.
CANCEL

Sequenti al comand.

Operation conpl ete nmessage generated inmediately after
executi on.

Cancel sinutaneously any of the follow ng prograns that
are active:

AX+B, A% dB, M N MNAX, LIMTS.

Update the display if T/HOD is active and the display
is currently on hold but wthout quitting T/HOD.

NULL

Sequenti al conmmand.

Qperation conplete nessage generated inmediately after
executi on.

Light the nuL |.e.d., store the existing neasurenment as
an absolute value and subtract it from all future
nmeasurenments in this function until the NULLOFF command

is received or the local NuLL key is pressed. The
inplications if computing prograns are also active are
the sanme as for manual operation (see Advanced Features
section).

If NULL is already active then no action will be taken.

Note that NuL cannot be activated while the AX+B
conputation is active. In this case an Execution Error
is generated and error nunber 121 (In Program is
pl aced in the Execution Error Register.

NULLOFF
Sequential comrand.

Operation conpl ete message generated inmediately after
execution.

Turn of f the NuL LED and cancel operation of NULL.

If NUL is not currently active then no action will be
t aken.

Note that NUL cannot be cancelled while the Ax+B
conputation is active. In this case an Execution Error
is generated and error nunber 121 (In Program is
pl aced in the Execution Error Register.

LIMITS [<nrf>,<nrf>]
Sequential comrand.

Qperation conpl ete nessage generated inmediately after
execut i on.

Start the LIMTS conparison program using the optionally
sent <nrf> parameters. The paraneters are sent |ow
l[imt followed by high limt and are required in Volts,
mAnps or kQ. |If no paraneters are sent then existing
limts are used. Note that different limts can be set
for each basic neter function in addition to limts for

dB and A% readouts (see Advanced Features section). The
[imts sent with this conmand will be stored for the
meter function currently operating when the command is
recei ved.

If the <nrf> values sent with this comand are not
perm ssible values after rounding then an execution
error is generated and error nunber 119 (Qut of Range)
is placed in the Execution Error Register. The
perm ssi ble values for the basic neter function limts
are the sane as listed in Table 2 for the "B values of
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AX+B. The perm ssible values for dB and A% limts are as
fol | ows:
dB: -999.99 to +999.99

A% -999.999 to +999. 999

If only one parameter is sent then a Conmand Error will
be reported in the Standard Event Status register.

LIMOFF

Sequenti al conmmand.

Operation conpl ete nmessage generated inmediately after
executi on.

Stop the LIMTS program from operating. If The LIMTS
programis not operating then no action is taken.

COMP?

Sequenti al comand.

Qperation conpl ete nmessage generated inmediately after
<rm>is sent.

If the LIMTS program is currently operating then this
command returns the result of the latest LIMTS
conpari sons.

The syntax of the response is <ASCI| data><rnt>, where

<ASCI| data> contains the the word "H", "LO', "PASS',
"OVL+", "OWL-" or "LIMTS OFF".
"H" indicates that the reading was greater than the

upper set limt.

"LO" indicates that the reading was | ess than the | ower
set limt

"PASS' indicates that the reading was between set
limts or equal to one or both limts.

"OVL+" and "OVL-" indicate that the | atest reading was
in positive or negative overload respectively and that
no compari son was nade.

"LIMTS OFF' is returned if the LIMTS program is not
currently operating.

Oh the serial interface the response is sent
imediately if in non- addressable node, or when
addressed to talk, if in addressabl e node.

DB [<nrf>]

Sequenti al conmmand.

Operation conpl ete nessage generated inmediately after
executi on.

Start the dB readout node using the optionally sent
<nrf> reference value. If no reference value is sent
then the existing value is used. If the <nrf> value
sent with this command is not a permssible value after
roundi ng then an execution error is generated and error
nunber 119 (Qut of Range) is placed in the Execution
Error Register.

The permssible values for the dB reference are from
0.001 to +9.999.

The wunits of the reference will depend on the basic
nmeter function.
DBOFF

Sequenti al comrand.
Qperation conplete nessage generated inmediately after
execut i on.

Cancel dB post proccessing of neasurenents.

If dB conmputations not currently active then no action
w |l be taken.

DEV [<nrf>]

Sequential comrand.

Qperation conpl ete message generated inmediately after
execution.

Start the A% readout node about the optionally sent
<nrf> reference val ue.

If no reference value is sent then the existing value
is used. If the <nrf> value sent with this command is
not a permssible value after rounding then an
execution error is generated and error nunber 119 (Cut
of Range) is placed in the Execution Error Register.

The perm ssible values for the A% reference depend on
the selected basic neter function and are the sane as
listed in Table 2 for the "B val ues of Ax+B.

The units of the reference will depend on the selected
basi ¢ meter function.
DEVOFF

Sequenti al conmand.
Operation conpl ete message generated inmediately after
executi on.

Cancel A% post proccessing of measurenents.




If A% conputations not currently active then no action
w |l be taken.

AXB [<nrf><nrf>]
Sequenti al command.

Qperation conpl ete message generated inmediately after
execution.

Start the Ax+B scaling programusing the optionally sent
<nrf> paraneters. The parameters are sent A value
followed by B value. The A value can be any nuneri cal
val ue between + and - 999999. The B value is required

to be in Volts, mAnps or kQ for basic nmeter functions

The range of permssible B values is listed in Table 2.
For dB calculations the B value is required to be in
dBs with the same range as A |If no paraneters are sent
then existing values are used. If the Ax+B program is
al ready operating then this command will cause it to
continue, with the new values if sent.

Note that different paraneter values can be stored for
each basic neter function in addition to values for dB
readouts (see Advanced Features section). The values
sent with this comand will be stored for the neter
function currently operating when the command is
received.

If the <nrf> values sent with this command are not
permi ssible values after rounding then an execution
error is generated and error nunber 119 (Qut of Range)
is placed in the Execution Error Register

AXBOFF
Sequenti al command.

Operation conpl ete nessage generated inmediately after
executi on.

Stop the aAx+B program from operating. |If the Ax+B
programis not operating then no action is taken.
MMON

Sequenti al conmmand.

Qperation conplete nessage generated inmediately after
executi on.

Start the MNMX recording node, initially setting both
M N and MAX values to the sanme reading value. If MNMX

is already operating then reset the MN and MAX val ues
to the sane reading and restart recording.

Note that a delay of five readings is inposed between
receiving this conmmand and starting the recording
during which tinme the result of a MM? query will be the
"I NVALI D nessage.

MMOFF

Sequential comrand.

Qperation conpl ete message generated inmediately after
execution.

Stop recording MNMX values and exit from MNMX
recording node. The recorded MNMX values will remain
unchanged and can be read using the MW comrand unti

the neter function is changed or MNMX is restarted

which will cause the values to becone invalid. |If
MNMX is not active then no action will be taken
MM?

Sequenti al conmand.
Operation conpl ete message generated inmediately after
<rm>is sent.

Returns the recorded M N and MAX val ues.
The syntax of the response is:

MN MAX - <ASC | data><rm>
<ASCI| data> contains two fields separated by a space:
units dat a

where the units field contains the units of the basic
meter function and data is the formated data field.

The basic neter function units are:
VOLTS ©DC
VOLTS AC
M LLI AMPS DC
M LLI AMPS AC
KOHVB

This field is fourteen characters w de between the dash
and separating space.

The data field contains the MN value followed by the
MAX value, separated by a coma. Each value is
contained in el even characters: -

*n. nnnnnExn

37



+nnn. nnDB
+nnn. nnn%
+OVERLQAD
+OVERFLOW

-0. 12345E- 1, +0. 56789E+2
+20.00DB , +100.00DB

If there are no valid M N MAX val ues then the response
syntax is:

Exanpl es:

M N, MAX - INVALID -

Oh the serial interface the response is sent
imrediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

Exanpl e: M N, MAX - VOLTS DC
+2. 10000E+1, +OVERLQAD

HOLDON

Sequenti al command.

Qoeration conplete nessage generated inmediately after

execut i on.

Turn on the T/HOD display node. If the node is already
active then this command wll cause the display to
unfreeze and follow the neasurements until the next
stable non-zero reading is obtained. If the display is
not being held when the command is received then no
action will result.

HOLDOFF

Sequenti al comand.

Qperation conpl ete message generated inmediately after
execution.

Cancel T/HoD display node. |If T/HOD nbde not active no
action will be taken.

LOGON [<nrf>,<nrf>,<nrf>]

Sequenti al conmmand.

Qoeration conplete nessage generated inmediately after
execut i on.

Turn on the data |ogger sending optional |ogger
paraneters. Wth or wthout paraneters this conmand
causes the logger to enter the “ready' condition in
which the logger is conpletely set up and is waiting

for the first *TRG (or GET if GPIB) to start storing

data. The LOG |.e.d. is |lit and the display flashes
ready intermttently.

The three paraneters are (in the required order):

Parameter 1 Tine interval between automatically
- triggered sanples with pernitted val ues
between 0 and 9999 seconds.

Par aneter 2 Autonatic/ External
- 1/0 respectively.

trigger encoded as

Paraneter 3 Linear/Grcular store encoded as 1/0
- respectively.

Exanpl e : LOGON 1234,1,0 - programes the
logger with automatic trigger every 1234
seconds into a circular store.

If no paraneters are sent then the existing paraneters
are used.

If the <nrf> values sent with this comand are not
permssible values after rounding then an execution
error is generated and error nunber 119 (Qut of Range)
is placed in the Execution Error Register.

Upon receipt of a *TRG (or CET if GPIB ) command the
| ogger stores one reading. Subsequent sanples are
recorded either at tinmed intervals if the triggering is

automatic or upon receipt of each *TRG (or CGET if GPIB)
if the triggering is external. After receipt of the

first *TRG (or CGET if GPIB) the Loz |.e.d. flashes to
indicate that the logger is active and the display
st ops showi ng ready.

The logger can be stopped in two ways, either by
i ssuing a PAUSE command or LOGOFF.

LOGOFF

Sequenti al comrand.

Qperation conplete nessage generated inmediately after
execut i on.

Turn off and exit from the data logger. If the | ogger
was storing data then this will be stopped and the data
retained for later retrieval or examnation. Wen the
logger next stores data the old data wll be
overwitten.




If the data |l ogger is not active then no action will be
t aken.

LOG?

Sequenti al command.

Qoeration conplete nessage generated inmmediately after
<rmt> is sent.

Returns the contents of the data | ogger.
The syntax of the response is
DATA LOGGER - <ASO | dat a><rnt >

<ASClI| data> contains three fields separated by dashes:
nnn SAMPLES - units - data

where nnn is the nunber of sanmples stored in the data
| ogger, units are the units of the basic neter function
and data is the formated data field.The basic meter
function units are:

VOLTS DC

VOLTS AC

MLLIAWS DC

M LLIAWPS AC

KOHVB

This field is fourteen characters w de between dashes.

The data field contains up to 100 el enents separated by
comras. Each elenment <contains fourteen characters
giving the store location followd by the data stored
at that location in the sane format as described for
the TREAD? query.

NN +n. nnnnnExn

NN +nnn. nnDB

NN +nnn. nnn%

NN +OVERLQAD

NN +OVERFLOW

where NN is the store location and n is a decinal
nunber

Exanpl es: 00 +0. 12345E-1,

99 +120. 00DB

If the store contains no data then the response syntax
is:
DATA LOGCGER - NO DATA -

On the serial interface the response is sent
imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

Exanpl e: DATA LOCGER - 3 SAMPLES - VOLTS DC -
00 +2. 10000E+1, 01 +OVERLOAD , 02 -0. 00001E-1

PAUSE

Sequenti al comrand.

Operation conpl ete nessage generated imediately after
execution.

Stop the data logger storing readings and enter the
“ready'’ condition. Data storage may be restarted by
issuing a *TRG (or GET if GPIB) comrand w thout
overwiting existing data.

If the data logger is not active then no action will be
t aken.

FILTER <nrf>

Sequenti al comrand.

Qperation conplete nessage generated inmediately after
execut i on.

Set the digital filter paraneters to selection <nrf>.
There are ten possibilities, 0-9, detailed in table 1.

Exanple: FILTER O - sets the digital filter to the
default values optimsed for each range and
functi on.

If the value of <nrf> after rounding is outside the
range 0-9 then an execution error is generated and
error nunber 119 (Qut of Range) is placed in the
Execution Error Register.

TRGSET <nrf>

Sequential comrand.

Qperation conpl ete message generated inmediately after
executi on.

Set the type of triggered reading that will result from
a TREAD? query.

If <nrf> = 0 then the next reading after receipt of a
*TRG (or GET if GPIB) will be returned.

If <nrf> = 1 then the instrunent will return the next

stable reading followi ng receipt of a *TRG (or CET if
GPIB). The reading is judged to be stable when the
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digital filter has seen n readings all within + j of
each other. This wll therefore change with filter
setting. (see table 1)

If the <nrf> values sent with this command are not
permi ssible values after rounding then an execution
error is generated and error nunber 119 (Qut of Range)
is placed in the Execution Error Register.

BUZZ <nrf>,<nrf>,<nrf>

Sequenti al command.

Qperation conplete nessage generated inmediately after
executi on.

Set up the buzzer paraneters (in the required order):

Paraneter lcontinuity O=of f,
- buzzer: 1=on.

Paraneter 2limts

- buzzer:
0 = off
1 = sound if inside
[imts
2 = sound if outside
[imts

conpari son

Paraneter 3data |ogger triggerO=off,
- buzzer: 1=on.

Exanpl e : BUzZ 1,1,0 - programes the buzzer
to gi ve continuity i ndi cati on on
resi stance neasurenents, to sound if the
LIMTS programis active and readings are
within limts and to give no audible
indication if a trigger occurs when the
data | ogger is active.

If the <nrf> values sent with this command are not
perm ssible values after rounding then an execution
error is generated and error nunber 119 (Qut of Range)
is placed in the Execution Error Register.

LRN <character data>

Sequenti al conmmand.

Qperation conplete nessage generated inmediately after
executi on.

Re-configure the rmultinenter according to the
instrument set up information contained in <character
dat a>.

The set up information nmust previously have been
obtai ned using the *LRN? query. Note that the response

to #*LRN? includes the LRN conmand menonic so it is
only necessary to send this response in full to re-
configure the instrunent.

The instrument |ooks for "#H' at the beginning of the
data and checks for the correct nunber of bytes. |If
either is found to be wong then a conmand error is
reported in the Standard Event Status Register.

STEPCAL

Sequenti al comrand.

Qperation conpl ete nessage generated inmediately after
execut i on.

Used for meter calibration only - refer to service
manual .

Perfornms range up operation if not in calibrate node.

SETCAL <nrf>

Sequential comrand.

Qperation conpl ete message generated inmediately after
execution.

Used for neter calibration only - refer to service
manual .

If not in calibrate node then no action is taken.

EER?

Sequential comrand.

Qperation conpl ete message generated inmediately after
<rm>is

sent .

Returns the value in the Execution Error Register in
<nr1> nuneric format. The register is then cleared. The
syntax of the response is

<nr 1><rnt >

On the serial interface the response is sent

imediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.
QER?

Sequential comrand.
Qperation conpl ete message generated inmediately after
<rm>is sent.




Returns the value in the Query Error
nuneric format. The register 1is
syntax of the response is

<nr 1><rnt >

Regi ster in <nrl1>
then cleared. The

Oh the serial interface the response is sent
i mediately if in non-addressable node, or when
addressed to talk, if in addressabl e node.

REMOTE COMMAND SUMMARY

Common Commands

*CLS Clear Status.

*ESE  <nrf> Set the Standard Event Status Enabl e
Regi ster to the value of <nrf>.

*ESE? Returns the value in the Standard Event
St at us Enabl e Regi ster.

*ESR? Returns the value in the Standard Event
Status Register.

*| DN? Returns the instrument identification.

x| ST? Returns ist |ocal nessage.

*LRN? Returns the conplete set up of the
i nstrument.

*OPC Sets the Qperation Conplete bit in the
St andard Event Status Register.

*OPC? Returns the Operation Conpl ete status.

*PRE  <nrf> Set the Parallel Poll Enable Register to
the val ue <nrf>.

*PRE? Returns the value in the Parallel Poll
Enabl e Regi ster.

*RCL  <nrf> Recalls a set up fromstore <nrf> (0-5
or 9)

*RST Resets the instrunent.

*SAV  <nrf> Saves a set up in store <nrf> (0-5)

*SRE ~ <nrf> Set the Service Request Enabl e Regi ster

to <nrf>.

*SRE?

*STB?

*TST?
*\WAI

Returns the value of the Service Request
Enabl e Regi ster.

Returns the value of the Status Byte
Regi ster.

No self test capability - returns O<rnt>
Wait for operation conplete true.

Instrument Specific Commands

RANGE <nrf>

ADC
AAC
A10DC
A10AC

VAC

AUTO
L&Z
H Z

FAST
SLOW
TREAD?
READ?
CANCEL

NULL

NULLOFF

LIMTS
[<nrf>, <nrf>]

LI MOFF

Sets the instrunent range, switches

t 0 non-aut or angi ng
Sel ects mA DC neasurenent function
Sel ects mMA AC neasurenent function
Sel ects 10A DC neasurenent function
Sel ects 10A AC neasurenent function

Sel ects Resi stance Measur enent
function

Sel ects Volts AC neasurenent
functi on

Sel ects Volts DC neasur enent
function

Sel ect's aut o-rangi ng
Sel ects non-aut orangi ng function

Sel ects 10M2 input inpedance on
210nVv and 2.1V DC ranges

Sel ects 1@ i nput inpedance on 210nV
and 2.1V DC ranges

Set 5% digit node

Set 4% digit node

Return one triggered readi ng

Return next reading

Cancel all active conputations and
t he data | ogger

Store the NULL val ue and start NULL
operating
Stop NULL operating

Start LIMTS programwi th optional
new par aneters

Stop LIMTS program operating
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cowvP?

DB [<nrf>]

DBOFF

DEV [<nrf>]

DEVOFF

AXB [<nrf>, <nrf>]

AXBOFF
MVON

MVIOFF

Mwe?
HOLDON
HOLDOFF
LOGON

[<nrf>, <nrf>, <nrf>]

LOGOFF
PAUSE

LOG?
FI LTER

TRGSET

BUZZ

<nrf>, <nrf>, <nrf>

LRN

<char act er data>

STEPCAL

SETCAL

<nrf>

<nrf>

<nrf>

Return the current result of the
LIMTS conpari son

Start dB conputations with optional
new par aneters

Stop the dB conput ati ons

Start the A% conputations with
optional new paraneters

St op the A% conput ations

Start measurement scaling with
optional new scaling paraneters

St op measurenent scaling

Set M N value = MAX val ue = | at est
readi ng and start recording
M N MAX val ues

Stop M N?MAX recording, retain
| atest M N MAX val ues for
retrieval by MW

Return the | atest M N and MAX val ues

Start T/ HOLD readout node or
unfreeze display if currently held

Exit from T/ HOLD node

Enter the data | ogger with optional
new par aneters

St op 1 oggi ng readings and exit the
dat a | ogger

St op | oggi ng readi ngs but do not
exit the data | ogger

Return the Data Logger contents

Set the digital filter to val ues
i ndi cated by the code <nrf>

Set the type of reading trigger to
filtered or imedi ate

Program buzzer activity to the codes
<nrf> <nrf>, <nrf>

Send instrunent set up information
to the multinmeter

Used in calibration only - refer to
servi ce manual

Used in calibration only - refer to
servi ce manual

EER? Returns the value in the Execution
Error Register

CER? Returns the value in the Query Error
Regi st er

MAINTENANCE AND REPAIR

The Manufacturers or their agents overseas wll provide
repair for any instrunent developing a fault. Were
owners wish to undertake their own nmintenance work,
this should only be done by skilled personnel in
conjunction with the service manual which nmay be
purchased directly from the Manufacturers or their
agents overseas.

Calibration

The Manufacturers will provide a re-calibration
service, as wll their agents overseas. Were owners
wish to carry out re-calibration thenselves, this
shoul d only be done by skilled personnel with access to
precision equipment working in conjunction with the
servi ce manual which may be purchased directly fromthe

Manuf acturers or their agents overseas.
Cleaning

If the instrument requires cleaning use a cloth that is
only lightly danpened with water or a mld detergent.
Polish the display window with a soft dry cloth.

WARNING TO AVO D ELECTRIC SHOCK, OR DAVAGE TO THE
I NSTRUMENT, NEVER ALLOW WATER TO GET INSIDE THE CASE.
TO AVO D DAVAGE TO THE CASE CR DI SPLAY W NDOWN NEVER
CLEAN W TH SOLVENTS.




TEST EQUI PMENT RI SK ASSESSMVENT

Reconmendation fromthe U K Health and Safety
Executive

Users of this equipnent and or their enployers are
rem nded that Health and Safety Legislation require
them to carry out valid risk assessnents of all
electrical work so as to identify potential sources of
electrical danger and risk of electrical injury such
as from inadvertent short circuits. Wiere the
assessnent show that the risk is significant then the
use of fused test |eads constructed in accordance with
the HSE gui dance note GS38 ‘ El ectrical Test Equipnent’
for use by electricians’ should be used.
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