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1.1. General Description

The PREMA 6030 is a Digital Multimeter with 6 1/2 digits reso-
lution with uncompromising top class performance. For direct volt-
dage measurements with input voltages up to +/- 20 V, source 1load-
ing is only 10 GOhm, an important condition for making high pre-
cision measurements. Extremely stable amplifiers and an inte-
grator with the same degree of precision, permit uninterrupted
averaging without disturbing gaps for offset measurements, even
with 100 nV resolution, which is reached after 1 second inte-
gration time.

This digital multimeter is capable of measuring direct and alter-
nating voltages as well as resistance values, with integration
times of up to 5555 hours.

The utilized, fully integrating multiple ramp +technique without
pauses and oscillator frequency synchronization to the power mains
frequency using a Phase Locked Loop (PLL) circuit, achieve a de-
gree of common mode and series mode rejection which would be unat-
tainable by other means.

The RMS value is determined in alternating voltage measurements,
optionally with DC or AC coupling of the test sockets.

Resistance measurements can be made with a resolution of 100uChm,
optionally in two-pole circuit.

An additional facility for offset correction permits compensation
of thermoeleciric EMFs with the test 1leads shorted, and 1line
resistance compensation in the case of resistance measurements in
two-pole circuit.

The extensive resident mathematics program package in the Digi-
tal Mutlimeter 6030 offers a wide range of data processing func-
tions, for example response curve linearization, threshold moni-
toring and statistics. Emphasis has hereby been placed not so much
on simple measurements data collection (which 1is more approp-
riately performed with the memory facilities of an additional
minicomputer), but rather on relieving the user of tiresome
calculations in standalone operation of this digital multimeter.

An IEEE 488 bus interface is incorporated as standard feature.
This permits remote control and remote monitoring of all func-
tions of the multimeter, including digital calibration. Excellent
electrical isolation between the test sockets and the interface
connector permits perfect 100 nV resolution for direct voltage
measurements even in system operation.
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Simple digital calibration reduces conventional-type alignment
complexity of the multimeter. The A/D Converter 1is so extremely
linear, that entry of a single neminal value via the keyboard ar
via the IEEE 488 bus suffices tc calibrate a measuring range. The
nominal value may lie in a wide range. Each measuring range and
each function can be vrecalibrated independently. A cancealed
mechanical switch on the rear panel of the multimeter prevents
unintentional destruction of the correcticn factaors.

A self test with errar messages checks all functicens of the multi-
meter an power-up or by call when required at other times.

Clear synoptical construction without extensive cable harness
facilitates servicing and considerably improves reliability.
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1.2. Measuring Principle

The P REMA multiple ramp methed for analecg tc digital canver-
sion (German patent No. 2114 141) is used in the Model 6030. It is
the basis fer a reliable digital multimeter with ocutstanding
linearity and long-term accuracy, with centinuous integraticn of
the measured signal te cancel any interference, without falsi-
fying breaks.

An amplifier which operates as integrator with the <c¢apaciter C
(fig.1) continucusly integrates a current Ie which is precpeor-
ticnal t¢ the current being measurad. This procedure has inherent
high linearity, because it dces nct require periodic switch off of
the input veltage. The capacitances of switch-transisteors used
teday in cother circuits requiring input veltage switching lead +teo
errcrs caused by switching surges which <change with the input
veliage.

The capacitor is periodically discharged (fig.2) by a current Iref
frem a reference veltage source Uref {(discharge times t1 te tn),
which has cpposite polarity with respect te the signal veltage
being measured. Pricr tec the down integraticon, the comparater
determines the sign of the input voltage to define the peolarity cof
the reference vecltiage. The same reference veltage and +the same
down integraticn resistor are used for beth polarities, se¢  that
the same reading is cbtained with a telerance of only one digit
when the input veltage is reversed. The and of a down intagraticn
is defined by ccincidence of cemparater respense and a pulse flank
cf the claock cscillater. Since the total change ¢f charge o¢n the
capaciter during cone measuring cycle is zerg, it feollcws that

r
! 1
A Ue di + 8 Uret J i = O
0

ar
r
H R,
"T_ Upg dt = "'R'o"eT Uref Zfi
0

This means that the sum ¢f the discharge times ti is preperticnal
to the mean value of the input veltage and is displayed as result
of the measurement.
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6030 SPECIFICATIONS

RANGES ...,

INTEGRATION TIMES (sec.) .... 0.1;0

.250.4

FULL SCALE v iv i et e e i e e ieenn 199 999
RESOLUTION .. eeineer i eeeans Tuy
RANGING ...vvtveinrenerrenanns manual,

Dus
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o4 /-1V: o +/-10V; +/-100V;

1:2:;4:;10:;20
1 999 999 (except
100nV 1000V)

automatic or by IEEE 488

ACCURACY +/-{(% of reading (%rdg.) + % of full scale (%f.s.))*)

24hrs +/- 1°C

Range %rdg.
8 0.001
1 0.0012
TV it ittt e e e ieecneanaas 0.001
100V . it ittt i i i ieaaannnne 0.002
1000V . s sttt e e ittt teeannsann 0.003
90 days
Range %rdg
0 0.0035
IV ettt eecneeeteenseanasonns 0.0035
OV e et e ettt taanenaneananeens 0.0035
T00V . s e s ettt eenenaaneonens 0.004
1000V . i e e et i i ir e eneaeannnns 0.004
1 year
Range %rdg.
O T 0.007
TV et it te e raanssansanas 0.005
IOV . s s e e et it i et 0.005
100V . s e e et i ittt 0.011
1000V . Lttt et ettt it e e 0.011
*) Add +/- 1 digit
It is furthermore assumed that the "Guard"

to the "V/Ohm-L0" socket.

% f.s.
0.0005
0.0003
0.0002
0.0003
0.0002

f.s.
L0025
.0004
.0003
.0004
.0003

OO0 OOsR

f.s.
.0025
.0004
.0004
.0007
.0006

OO0 O

socket is connected
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TEMPERATURE COEFFICIENTS

(10°C te 40°C) +/- (%rdg.+ % f.s.)/°C

Range %rdg. % f.s.

L 0.0009 0.00015

TV e e et i e ettt e it 0.0003 0.0001

L 0.0003 0.0001

TO0V . i s et et i e i tcsnnnnennn 0.001 0.0001

1000V . . e e i e et e e i iieeae 0.001 0.0001
TEMPERATURE COEFFICIENTS 2 x Values of temperature range
(0°C to 50°C) 10°C te 40°C

ZERO POINT

0ffset Voltage (after one hour warm-up time)

TEMPERATURE COEFFICIENTS..... better than 0.3 upv/°C

LONG TERM STABILITY.......... better than 5 uV about 90 days

INPUT RESISTANCE
+/-0.1V;+/-1V;+/-10V-range .. 10 GOhm
+/-100V; +/-1000V-range  ..... 10 MOhin +/- 0.25%

NOISE REJECTION (Ratio of peak to peak interference
te § digit reading error with an
integration time of 400 ms, filter
out).

SERIES MODE REJECTION (Filter out, 400 ms integration time)
60 Hz Pgower frequency .. better then 100 dB
56 Hz ta 65 Hz ......... better then 50 d8

The peak amplitude of the superimposed alternating veoltage musi be
less than the direct voltage component.

COMMON MODE REJECTION (Up tc 1 kOhm in either lead; guard
connected to ane of the inputs).
DC Voltage ............. 160 dB
60 Hz pawer frequency .. 160 dB



INTERNAL TIME OUT

-----------

MEASUREMENT TECHNIQUE

-------

POLARITY CHANGE

OVERLOAD PROTECTION

Between "V/Ohm-HI" and
"V/0hm-L0" input +/-0.1V;
+/-1V; +/-10V¥-range for
60 sec.
cantinous
+/-100V; +/-1000V-range
continous. it ittt it it
Between "V/0hm-LO" input and
guard

---------------------

-----------------------

Between guard and enclasure

OVERLOAD INDICATION
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None, except when a computer
programm is selected whose
preocessing time exceeds the
measuring limit and in the
case of polarity change.

Fully integrating PREMA multi-
ramp process (DBP.Nao. 2114141;
US-Pat. No. 3765012)

Autgmatic; 100 ms max.

+/- 1000V
+/- 700V
+/~ 1000V

300V DC or peak tao peak AC
500V DC or peak to p=ak AC

"ERROR 1" in the main display
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RESISTANCE Ohm/kOhm

MEASUREMENT SCHEME .......... True 4 wire with active guard;
can be switched to 2 wire on
front panel or by IEEE 488 bus

RANGES &ttt i it sttt ettt e annnan 100 Ohm; 1 kOhm; 10 kOhm;
100 kOhm; 1 MOhm; 10 MOhm
INTEGRATION TIMES (sec.) ..... 0.1;0.2;0.4 1:2:;4:10;20
FULL SCALE ...ttt e e e e 199,989 1,999,999
RESOLUTION ‘i w ittt et s eeeeeenenn 1 mOhm 100 uOhm.
RANGING (..ot ieienn manual, automatic, or by

[EEE 488 bus

ACCURACY +/- (% of reading (%rdg.) + % of full scale
(% f.s.))*)
24hrs +/- 1°C

Range % rdg. % f.s.
100 Ohm L .oiii i i it i e iie e 0.003 0.0005
T kOhm i et i e it eaa 0.002 0.0003
10 KOhm L.t ii i it i i e eeee e 0.002 0.0002
100 kOhm .. it i i i e i 0.003 0.0003
1T MOhmM .. i i i i i 0.004 0.0003
10 MORM . .ii it et i i et i e e an 0.02 0.002
90 days
Range % rdg. % f.s
100 Ohm oo iiniii it 0.005 0.002
1 kOhm ..ottt i 0.004 0.0008
10 kOhm ...t i i i i en e 0.004 0.0007
100 kOhm ... ieii i i enas 0.005 0.0008
T MOhm ... ..t i i iiii .. 0.007 0.0008
10 MOhmM ittt ittt it iieeaan 0.03 0.002
i year
Range % rdg % f.s.
100 Ohm & iineiin e i ieeennn 0.006 0.003
1T kOhm . i . 0.005 0.001
10 kOhm .o e et i et i i e 0.005 0.001
100 kKOhm ... ernriii e ieeeann 0.006 0.001
T MOhmM ot i e 0.009 0.001
10 MOhm ...t i i i eenn 0.03 0.002

*) Add +/- 1 digit

It is furthermore assumed that the "Guard" socket is connected
te the "V/0hm-LO" sccket.
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TEMPERATURE COEFFICIENTS
(10°C to 40°C)

Range +/- (% rdg. + % f.s./°C)
100 ORM e i e s i ettt ennenens 0.001 0.00015

1 kOhm; 10 kOhm . ... e ennn 0.0005 0.0001

100 kOhm; 1 MOhm ........-... 0.0008 0.0001

10 MOhM &t e s e it r een e n s e 0.004 0.00015

TEMPERATURE COEFFICIENTS
(0°C to 50°C) 2 x Values ¢f temperature
range 10°C to 40°C

CURRENT THROUGH UNKNOWN

range
F00 Ohm & iwin s it i i e een e sanan 1 mA

1 kOhm; 10 kKOhm ... T mA

100 kOhm; TMOhM ..o eveennennan 10 uA

10 MOBRM e e i s it et s e m e nnns 1 uA

OPEN CIRCUIT VYOLTAGE ........ 22 ¥V max.
OVERLOAD PROTECTION ......... +/- 400 V peak

OVERLOAD INDICATION ......... "ERROR 1" in the main display
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TRUE RMS AC VOLTS

CONVERSION TYPE ......i.iooo... True RMS, AC coupled. Can be
switched to DC ccupled, manual
or by IEEE 488 bus.

RANGES .t ittt iiiis i iieinennnn Py 10V 100 V 1000 v

FULL SCALE . in i i iii i 1.99999 19,9999 199,999 1000.00

INTEGRATION TIMES ........... 0.4 to 20s

RANGING +vevenrieeeennnnnennn manual ; autaomatic or by IEEE
488 bus

ACCURACY (1 year) +/- (% of reading (%rdg.) + % of full scale
(% £.5.)) *)

Range DC+20Hz 1kHz 10kHz 40kHz 100 kHz 300 kHz

1V /----0.2540.07------- /--0.4+40.4-/---542---/
10 V [owau0.2540 .07 «emaauan /--0.4+0.4-/«--B542---/
100 V [====0.2540.07«--nnn [--0.7+0.4-/
1000 V /-0.25+0.1-/-7+0.5/

*) Guard cennected to "V/0hm-LO0" input; apply for sine curve
input voltages abave 5% f.s.. These values are spacifiead
assuming that the "V/0hm LO" sccket is connected to ground
petential in a suitable manner

TEMPERATURE COEFFICIENTS

(10°C tg 40°C)
0 to 20 HZ ..vvvvunnnn +/- (0.01% rdg. + 0.004% f.s.)/°C
20 te 300 Hz ...vueenn.. +/- (0,04% rdg. + 0.005% f.s.)/°C

TEMPERATURE COEFFICIENTS
(0°C to BO0°C) weveininnnnnnn 2 x Values ¢f temparature range
10°C tao 40°C
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CREST-FACTOR ... iiiiinnnnn. /7 : 1 at nominal range input
voltage, 1,414 kV peak max.

The peak valua must not excead 7 x the nominal range end
value or 1414 KkV.

INPUT RESISTANCE ........... 1 MGhm//smaller 60pF

OVERLOAD PROTECTION

Voltage input ........... +/- 1414 ¥V peak, with the limi-
tation 20,000,000xVxHz
Guard to enclasure ...... +/- 500 V peak
Guard tao “V/Ohm-LO"
input coveiiiiiiiii ... +/- 200 V peak
SETTLING TIME ...veeieenennn. 1 s to 0.1% of step size

OVERLOAD INDICATION ........ "ERROR 1" in the main display
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IEEE 488 BUS INTERFACE

DECOUPLING +uveeen i ennnnnn Galvanically insulated from
the input stage

QUTPUT INFORMATION .......... Numerical read out of
measurement result, computad
result, constants, functian,
range, measuring time, and
computer program number.

INPUT INFORMATION ........... Function, range, measuring
time, start command, computer
pragram number, and values of
canstants.

ADDRESS L.ttt s it s it i Selectable from 0 to 30, can
be set up via switch on the
rear of the enclasure,

FUNCTIONS ..o, SH1, AHY, T5, L3, RL1, DC1,
DT{, SR
KEYBOARD ..., Can be switched off via REN,

can be switchad in via GTL.

END-CHARACTER ... ... ... .. EOI

COMPATIBILITY ....ueeeernnnnn IEEE-Standard-488 (1978) and
[EC 625 part 1 and 2

BUS CONNECTOR .......iiueon.. 24 pin Amphencl compatible
to IEEE 488



GENERAL
WARMUP TIME ... nnienennnn 20 min. for 1 year accuracy
1 hr for full accuracy
HUMIDITY OPERATING
Uup to 25°C e iiiiiiiiiennnnan less then 75% rel.
above 25°C .. iiiiiiiiiinncnnn less then 65% rel.
WORKING TEMPERATURE RANGE ... 0 to + 50°C
STORAGE TEMPERATURE RANGE ... -10 to + 70°C
POWER SUPPLY ... ..iiiiiiiinnnn 100V, 120V, 220V, 240V AC,
50 or 60 Hz, 20VA
1 - ca. 5,1 kg (11.2 1bs)
ENCLOSURE .« i it i i i i n Aluminium-19-inch
DIMENSIONS
Height without feet ...... 89 mm ( 3.5 ins)
Height with feet ......... 105 mm ( 4.14 ins)
Width ...t nenineannn 443 mm (17.4 ins)
Depth without handles .... 356 mm (14.1 ins)
Depth with handles ....... 396 mm (15.6 ins)

Page 2/ 9
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3. Commissioning

Every PREMA measuring unit has been thoroughly and carefully tes-
ted for conformity to all performance specifications before leav-
ing the factory. These units should therefore arrive in perfect
electrical condition. To verify this, please examine +the unit
immediately after receipt, for any signs of shipping damage. In
the case of complaints, a record of damage should be made to-
gether with the shipping agent.

Mains Connection

This PREMA measuring unit is intended for —connection to 100V,
120V, 220V or 240V 50/60 Hz AC mains voltage (see the <chapter
headed “Calibration” for conversion to a different mains fre-
quency).

Yoltage fluctuations of +/- 10% and frequency fluctuations of
+/- 4% are tolerated. The power consumption is about 20 VA. A cold
equipment mains connector with ground contact, conforming to DIN
specification, is located on the rear of the wunit. The unit 1is
protected by a 0.2 A miniature fuse which must be vreplaced by
a 0.4 A fuse (slow blow} on conversion to 100V or 120V mains input
voltage. The unit is switched on and off in the mains input c¢ir-
cuit with the double-pole pressbutton switch marked "POWER" on the
front panel.

Grounding

To protect the user, the cabinet of the unit is grounded via the
mains cable, provided that the latter is connected to a properly
grounded power outlet. The cabinet is electrically insulated from
the shielding and from the two inputs.
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4. Keyboard

The front panel keyboard censists of two keysets. The left keyset
caomprises the range, functicn, integration time and decimal keys.
The right keyset comprises the mode and control keys.

Up to three functions are assigned to some of the keys. Function
level selection is made with the right mede and control keyset.
Function levels are emphasized by color designatiaon of the legend.

BLACK LEGEND:

The first function level is designated in black and assigned to
the operating modes Measure ("Meas") and Compute ('"Camp").

The main display shows the measurement vresult or the computed
result, according to the sslected coperating mede. The keys "Vdc",
"Vac", "kOhm/2", "kOhm/4" respectively select the functions direct
voltage measurement, alternating voltage measurement, two-wire
resistance measurement and four-wire resistance measurement.

The "Zero" key permits separate input offset correcticn for all
functions and ranges. The individual ranges of the functions can
be selected with the keys 0.1 to 10000".

The "Auto" key activates fast autoranging for simplified measure-
ments with the type 6030 multimeter. The digital multimeter makes
advance decision within the first third of the selected measuring
time, whether or not the coarrect range is set. If the advance
decisiaon (fast automatic mode) retains the set measuring range,
then two further tests are made after expiry of the total measur-
ing time:

1. If the set span is reached or exceeded. then the next
higher range is selected.

2. If less than 8% of the s=2t span is reached, then the next
lower range is selected. The next measurement in the new
range ccmmences 100 msec after switchover,

The frant panel range keys are disabled when range selection 1is
made via the rear panel input (see chapter headed "IEEE 488 Bus
Interface"). The cantrel circuit is electrically insulated from the
measuring circuit input.
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"Filter":

A walking average over 10 measurements is maintained when this key
has been pressed. Continual updating is made by including the most
recent result in and discarding the oldest one from the averaged
set of 10 measurements, i.e. the result is always maintained as
the average of the last ten measurements.

BLUE LEGEND:

The second function level is designated in blue. It comprises the
operating modes select program number ("Prg"), select constant
("Const")} and enter. The blue decimal keyset 1is provided for
entering program numbers for constants in decimal form, including
decimal point and sign.

The "Enter" key is used to enter measured and computed results
into constants.

WHITE LEGEND:

The third function level is designated in white and is assigned to
the operating mode select integration +time (“"Integration Time").
After pressing the "Integration Time" key, integration times from
"0.1s" to "20s” can be selected with the white legend keys in the
left keyset.
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5. Display

The display of the Type 6030 multimeter is organized in three sec-
tigns for synoptical and comprehensive visual presentaticn of
infermation:

The main display secticon 1is provided for readout of
measured and computed values, together with sign and decimal
paint. This section alsc displays error messages and certain
operating modes of the multimeter.

The top right supplementary section bears the legend

"Integration time" in white, corresponding to the associated Kkey-
set, and reads the set measuring time, when the 1latter 1is less
than 4 seconds.
If the measuring time is set to be 4 sscands or longer, thean tThis
display sectien reads the remaining integration time in the cur-
rent cycle, with a count down in seconds to Zerc. This count down
commences always with the actually set measuring time, e.g.
20, 19, 18,..., and then repeats for the next measuring cycle.
This presents the user with clear informatien in the case of lang
measuring times, at which instant the display has been updated
with a new result, and when the next such instant will be.

The bottom right supplementary section of the display
bears the blue legend "Program" and "Caonstant", corresponding to
the associated keyset function level. It reads the designatian
numbar of the selectad computatien program, e.g. 12, or the desig-
natiaon number of one of the predefinable constants €O to €9 wused
in the computation pragrams. The current value of the called cans-
tant is shaown at the same time in the main display sectien.

LEDs are fitted in the respective keys to indicate range,
function and cperating mode.
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6. O0ffset Coarrection

Range zero displacement or drift is a common source of error re-
quiring correction in a multimeter. Narmally such errors can be
tested by checking whether the display reading differs from zero
when the input is shortad.

The model 6030 incorporates autamatic zero correcticon for iatern-
ally caused offsets. This of cause dees nat take 2xternal thermo-
electric EMFs at the input terminals inte accocunt, and these may
lead to a visible zerc offset in the most sensitive ranges. Such
errors can be corrected by pressing the "Zera Key" teo initiate an
autamatic offset carrection run which takes 4s to 40s far com-
pletion, depending on the actual measuring range which 1is being
corrected.

During this time the “Integration time" display sectien flashes,
the main display reads " null " and the keyboard is disabled. If
autaranging 1s in status "Off", then only the offset in the selec-
ted m=asuring range is corrected. But if autoranging is in status
"On", then all measuring ranges for +the selected function are
carrected in sequence befare normal operation of tha nultimeter is
reenabled.

The aoffset correction run can be used tao for compensating ather
than thermoaelectric zero displacements. Any external circuit
configuration in a state which the user wishes te give zero read-
ing, can ba carrected to fulfill this condition, within the limits
specified below. To permit this, an internal short is naver placad
on the measuring input during an offsat correction run. This 1is
very impartant, for example, when making resistance measuremants
in two-wire circuit. The offset correction will here eliminate all
errors otherwise produced by the finite resistance of the measur-
ing leads.

Errars of up to 0.2% of the nominal span can be corrected for
direct voltage measurements. The correspaonding limit is 5% of the
nominal span far resistance and alternating voltage measurements.
I[f the actual error exceeds these limits, then +the message
"Ervor 4" appears in the main display sectiaon and the ¢ld carrec-
tion value is retained without change.

For direct readout of the deviatian from a predefined nominal
value, use the two mathematical pragrams Neo.1 "Offset" far absco-
lute deviation and No.5 "Percentage deviation" for relative devi-
ation. For further details, refer to chapter hesaded ‘“Operating
Instructions for the Mathematics Program Package".
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7. Error Messages and Self-Test

The Type 6030 Digital Multimeter will recognize the following
erraor conditions resulting fram the manner of operation. Carres-
ponding messages with the designation "Error" and a code number
are shown in the main display and output via the IEEE 488 bus.

The Error code numbers have the following meanings:

1 - Measurement coverflow:
The available numerical span is exceeded.
2 - Computation averflow:
The available numerical span is exceeded.
3 - Ohm or Vac plausibility errcor:
An external offset was carrected and is no langer
present; the multimeter reads "negative" resistance gr
RMS alternating voltage values which therefaore have no
interpretable meaning.
4 - Offset measureament error:
The aoffset which is present at the input sockets is
too large for correction.
5 ~ Calibration call errar:
1. The specified nominal value is less than 5% or more
than 100% of the readout span.
2. The calibration switch on the rear of the unit is set
te "MEAS".
3. Calibration is attempted in function Ohm/2
4. Calibration is attempted in function Vac with
direct instead of the required alternating voltage.
6 - IEEE 488 bus error:
The multimeter has received a data telegram which is
longer than 30 characters.
7 - Self-test arror type 1:
A voltage exceeding 300 V is present at the multimeter input
sackets, or a hardware fault exists in the analog sectien of
the multimeter.
8 - Self-test error type 2:
Checksum verify error (Lithium battery exhausted).
9 - Self-test errcr type 3:
Pragram ROM errar
10 - Self-test errar type 4:
Working RAM error
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7.2 Self-Test

The self-test runs an power-up of the multimeter. Pass through the
successivea test routinaes is shown with the massages "Cantr., 1" te
"Contr. 4" in the display. If an arrar is encountered, the corres-
panding erreor message is displayed. Any voltage which 1is present
at the input sockets of the multimeter during the self-test nmust
nat exceed 300V.

Cantr. 1 initializes the multimeter and checks that the analog
section is intact.

Contr. 2 recalculates the checksum for the calibration factors
held in non-valatile RAM (backup battery) and verifies
agreement with the stored checksum.

Contr. 3 performs the corresponding checksum verification for
program ROM caontents

Cantr. 4 checks working RAM for defective mamory locations
In additien to automatic run on power-up, the self-test can be

called at any time by program number 98. For this purpose, selact
pragram 98 and start the test by pressing the "Comp" key.
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8.1. Operating Instructions for Vdc (Direct Veltage)

Measuring Voltage Cannection

Use the twe front panel scckets marked "V/Ohm". Peolarity giving a
pesitive potential at the red socket relative te¢ the black ane
leads to a display reading with positive sign. Make quite sure
that the maximum allowed common mode voltages, determinad as di-
rect or as peak-peak alternating voltage da not axcead 300V bet-
wean "LO" input and guard (see section neaded “Shielding") and
500V beiwaen guard and case. Bear in mind that this may dictate
palarity selection in the case of high veoltage equipment which s
nat mains isclated.

Input Resistance Vdc (Direct Voltage Ranges)

In arder to be able to expleoit the high linearity of the measur-
ing principle used by this multimeter, the input resistance 1is
extremely large in some of the voltage ranges. For example, this
still permits relatively accurate measurements with 100kOhm source
resistance of the measured voltage up to +/- 20V. But in the 100 V
and 1000 V ranges with 100 thousand digits readout resclution,
100 Ohms saource resistance already lead to an error of 1 digit.
The fallowing table ¢f measuring ranges lists the values for in-
put resistance, span and resoclution:

maximum
physical input maximum
Range span resistance resclution
0.1V .2000000 Vv 10 GOhm 100 nV
1 v 2.0000600 v 10 GOhm 1T v
10 v 20.00000 Vv 10 GOhm 10 pv
100 i 200.0000 Vv 10 MOhm 100 pv
1000 v 1000.000 Vv 10 MOhm 1 my

Overlioad Protection

All ranges are protected toc a high degree against destructien by
avervoltage. The limits are:
+/-0.1V, +/-1V, +/-10V ranges +/-1000V for 60 seconds
ar +/- 700V centinucus
+/-100V, +/-1000V ranges +/-1000V continuaus

But bear in mind that heavy cverload in the sensitive ranges will
heat the series resistors and diodes, leading tc temporary zero
affset due to thermoelectric EMFs until internal temperature equi-
librium has been reestablished after removing such averload.
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Series Mode Disturbance Voltage Rejection

A major advantage of inftegrating conversion methods for digital
voltage measurement lies in the excellent rejection of series mode
alternating voltage superimposed on the wanted direct voltage.

With 60 Hz mains frequency, the rejection factor for 60 Hz compo-
nents achieved by averaging is greater than 100 dB with 100 ms
measuring time. All frequencies greater than 56 Hz are rejected by
a factor of better than 50 dB {can be <checked by deliberately
superimposing known alternating voltage and increasing the magni-
tude thereof until an error of 1 digit results, but do not thereby
exceed the maximum safe alternating voltage). This high <class
performance is obtained by mains synchronisation of the internal
clock oszillator (see alignment instructions).

Common Mode Rejection

Common mode voltages at the input of a measuring wunit are equal
voltages with respect to ground which are present simultaneously
at both input terminals. In the ideal case of perfect common mode
rejection, these voltages should produce no response in the dis-
play. The measturing unit should respond only to voltages which are
present as a difference signal between the "HI"™ and "LO" input
terminal. In any practical system, stray <capacitances, finite
insulation resistance and resistive asymmetries will convert a
part of common mode voltages to series mode voltages, so that the
common mode rejection becomes finite. The <common mode rejection
for the Model 6030 is better than 160 dB without filter when 1kOhm
asymmetry is present in the connecting leads.

Shielding

If no common mode voltage problems are expected in a measuring
circuit, then the guard input (blue socket) should be connected to
the "LO" input (black socket}.

In critical configurations the guard input can be used to achieve
high rejection for DC/AC common mode voltages. These are voltage
differences existing between the low potential point of the volt-
age to be measured and mains ground, or between mains ground of
the voltage source and mains ground of the measuring unit. All
common mode voltages inject equal direction currents through both
input sockets. In order to obtain optimum shielding effect, the
guard input must be connected to a DC potential equal to that of
the "LO" input, such that shield currents do not flow through any
voltage source and feedline resistances large encugh to sig-
nificantly disturb the measured voltage.
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The Type 6030 Digital Multimeter makes resistance measurements in
the feollewing manner: A current (I) is sent through the resis-
tance (Rx) which is to be measured, and this same current flows
trough a known value internal range resistor. The voltage drop
praduced across Rx is measured via the input sockets for Vdc and
the ratioc of this voltage drop to that across the internal range
resistor is determined. Drift ar ageing of the reference veoltage
source has no effect an the resistance reading in this method.

Two-Wire Measurements

The caonnections for a simple two-wire Ohm measurement are estab-
lished internally in the unit an pressing the "kOhm/2" key. Only a
single shielded cable is required for such measurements, with the
inner conductar connected to the "V/Ohm HI"-input and the cable
shield usad as the return line, connected to the "V/Ohm LO"-input.
This configuration gives acceptably accurate readings only cver a
certain resistance range which is limited at the top and bottom
end. Leakage current problems reduce the accuracy of high resis-
tance readings (parallel connecticn of Rx and the cable insu-
lation resistance), whereas the rasistance of the measuring leads
reduces the accuracy of low resistance readings, particulary in
the 100 Ohm range. A four-wire measurement is recommended for
these ranges.

Four-Wire Measurements

One possible configuration for four-wire measurements is shown in
Fig. 8.2b on page 8/2/3. The respective cable inner conducters are
connected to the "HI"-sacket of the "V Ohm"-input and so the
"Ohm source"-cutput, whilst the shields are connected to the
respective "LO"-terminal.

The effect of the feedline resistance is eliminated in this as
well as in the next <configuration Fig. 8.2.c¢c. But cables with
Teflon insulation are required when making high resistance
measurements in the arrangement Fig. 8.2.b. Ordinary 1insulaticn
materials suffice even in the MOhm range far the configuration of
Fig. 8.2.c. The shields of the twin shielded cables used here must
be caonnected to the Ohm ground socket ("Ohm Guard").
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Three-Wire Measuremants

The configuration shown in Fig. 8.2.d an page 8/2/3 can be used in
the 10 MOhm range in the case of severa external interference.
This arrangement will minimize stray alternating veltagz injec~
tien and is intended only for the 10 MOhm rangs.

Four-wire measuremants will tolerate up to about 0.5V drop on each
line connected to the "Ohm Scource" cutputs. Overflow due tc a teo
large value for Rx will bring the ima2ssage "Errer 1" in the main
display.

General Camments:
The currents passed through the measurad rasistance in the respec-
tive rangas are:

100 Ohm, 1 kOhm, 10 kOhm ranges imA
100 kOhm, 1 MOhm ranges 10pA
10 MChm range TuA

The polarity af the current through Rx is defined such +that ths
end of Rx which 1is connected to the upper saocket of the
"Ohm Source" cutput will have a negative potential with respect to
the aother end of Rx. Always cannact the end of the resistance Rx
which is connected to the top socket of the "Ohm Source" output,
to the top "HI" socket of the "V/0Ohm" input toc, and analagously
for the bottom sockets.

Semiconductor Test

The resistance measuring ranges 10 kOhm, 1MOhm and 10 MOhm are
suitable too far testing semiconductars. Connect the pn-junction
of a semiconductar which is to be testad in place ¢f a resistor.
The Ohm section ¢f the multimeter delivers a load-independent cur-
rent of 1, 10 or 1000 pA according to the selected measuring range
(see above). The reading obtained will be the forward bias volt-
age of the pn-junction fer this current. The numerical display
must be interpreted as 19.999999 V for full span, irraspective of
the actually displayed positiaon of the decimal point. For correct
pclarity, bear in mind that the black "V/Ohm" socket "LO" carries
pesitive patential with respect to the red "V/Ohm" socket "HIM.
The avalanche breakdown voltages of Zener diodes up te 20 V can be
measured toc. The current and voltage limiting (about 22 V) pre-
cludes any damage to the tested components.
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RX

a}simple two-wire configuration

Hi

Vis2

R X

b normol four- wire configuration

M1

VIS

1AL

RX

c) speciol configuration for high resistance ranges,
to minimize cabte insulation leokage current errors

H

vise

R
3\[‘}“

d} special shielded three-pole configuration for measurements
in the 10MObm range. to minimize errors due to cable
insulation leckage current and severe AC interference
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9, Jdperating Instructiaons for tha Mathematics Program Package

The RIM-resident mathematics program package in the type 6030
Digital Multimeter provides numerous prcgrams which relieve the
user of tiresome calculations. Each praogram can be called by its
pragram number.

The utilized constants CO to C9 can be assigned any desired values
in the range +/- 0,000000 to +/- 999999,

Caution: The constant C8 defines the number of measurements ta be
made and the "Start mode™ function. For certain values the digital
multimeter may make anly single measurements. Far further details,
refer to the chapter headed "Start Mode".

The last caomputation result is held in memory on switchover from a
mathematical program back to measuring wmode "MEAS". This com-
putatioen result is called 1inte the display on returning to
camputation mode by pressing the "Comp" key, until it is placed by
a new camputatiaon result.

PROGRAM 00

This program displays the last computation result irrespective of
the next measurement results or start. This feature can be used to
pratect a computaticn result against manual centrol error.

PROGRAMS 01 to 10

The functions of these programs are described by the mathematical
expressions in table 1. The polynomial program 06 is particulary
versatile. The four freely selectable caonstants make this program
well suited for linearization and respaonse curve matching, e.g.
for transducers which have nonlinear characteristics.

PROGRAMS 11 ta 13 LIMIT VALUE

Fer using this program, an upper limit value can be assigned to
the c¢onstant C7 and a lower limit value can be assigned to the
constant C6. Either value alene or both simultanecusly may be
used.

Readings within the allowed range are displayed in normal mannar,
Beyond limit values are displayed by alternation of "LJ" or "HI'
and the limit oversheocot value with correct sign in the display.

PROGRAMS 14 to 16 MAX - MIN

The maximum and the minimum value ocut of a set of measurzment
readings, and their difference, can be displayed. Thz constant C8
(see chapter hesaded “Start Mode") specifies the number of
measuring cycles to be evaluated.
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PROGRAMS 17 to 20 STATISTICS / EXTENDEDED INTEGRATION TIME

These programs have been devised for statistical evaluation of
measurements made with the digital multimeter. The algebraic aver-
age, the variance, the standard deviation and the root mean square
(RMS) value are determined. These statistical functions are deter-
mined concurrently and are available for <call by entering the
corresponding statistics program numbers. For these programs tao,
the number of measurement cycles to be taken inte account can be
specified by the caonstant C8 (see chapter headed "Start Mode").

Procgram 17 performs a continucus average determination {(extandad
integratiaon time) aever a number of measurements in the range 1 %o
999999 which must be assigned to the constant C8. A fixed range
must be selected (Autecranging can not be used).

CAUTION 1in the case of polarity changes:

A pause of 100 ms results when zerc is undershot or overshot by
mare than 1°/ooc ef the readout span for thz measuring rangs which
is being used.

PROGRAM 30 PROGRAM COMBINATION

Up to three different programs (see mathematics programs set) can
be cambined in any order to constitute a new program. Each suc-
cessive program thereby operates on the last computatiaon rasult cf
the preceding program.

The sequence of the programs must be entered as a contiguous
string of decimal digit pairs preceded by a decimal point in the
constant C9. The sign is ignored. For example, if the wvaluz /-
.040703 is assigned to €9, i.e. +the sequence of decimal digit
pairs 04,07,03 in this order, then program 04 runs first, then
pragram 07 using the result of program 04, and finally pregram 03
runs using the result from program 07.

CAUTION: When combining praograms, a cembination may contain only
ane (or no) program for each of the fellowing groups:

1st Group Pregrams 11 tc 13
2nd Group Pragrams 14 tg 16
3rd Group Pragrams 17 ta 20

If a non-valid caombination is entered, than the last camputation
result stays in the display.

PROGRAM 40 START MODE

Qutputs the unchanged measurament result after a start (see also
the chapter headed "Start Mode").
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MATHEMATICS PROGRAMS SET

Prog.No Mathematical function Expression

01 0ffset R = X-CO

02 Multiplication R = X*C5

03 Ratio R = X/C4

04 Power R = X*X/C4

05 Percentage deviation R = 100*(X-C4)/C4

06 Polynomial R = CO+CTI*X+C2* X*X+C3* X *X*X
07 Logarithm R = C5* LOG(X/C4)

08 Square root R = C5*% SQR(X/C4)

09 Tangent R = Cb6* TAN(X/C4}

10 Arctangent R = C5% ARCTAN(X/C4)

11 Limit C7 greater X greater (6
12 Limit greater X smaller C7

13 Limit smaller X greater (6

14 Maximum measured value R = Xmax

15 Minimum measured value R = Xmin

16 Difference between

extreme values R Xmax - Xmin

In the following expressions, summation is over all
values for K from 1 to i

17 Average R = SUM(Xk)/ = X'

18 VYariance R = SUM{(Xk- X')(Xk X'"))/(i-1)

i9 Standard deviation R = SQR{ Variance )

20 Root mean square (RMS)

value R = SQR(SUM(Xk*Xk/i))

30 Program combination

40 Start Mode The measurement result is output
after a start *)

97 IEEE-Setting Setting the IEEE-bus address and
terminating character

98 Self-test Call by pressing the "Comp" key after
selecting program 98

99 Calibration

Do not choose an integration time shorter than 1s for programs
07-10 and 17-30 because otherwise some measurements may be ignored
as a result of too long computation time.

*)}Provided for Start mode without using any special
mathematical function
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Selecting Program Numbers for the Computation Programs

The programs can be changed in the course of a measurement and
also in the course of a computaticen, but not during an autamatic
calibration run.

Pressing the “Program" key cancels the status measurement result
or computation result, measuring time and constant. The pragram
numbers appear in the bcttom display on the key-bocard and change
by digit shift-in from the right.

1.) Press the "Pragram" key

2.) Enter program number digits between 0 and 9 with the left
keyset, in any desired sequence and string length. The last
twa entered digits, as finally displayed, represent the selec-
ted program number.

3.) To terminate pragram number entry: Select Measurement,
Compute, Integration-Time or Const.

Entering Constants far the Camputatian Praograms

10 canstants whose values are freely programmable, are available
far the camputation programs. The constant designation numbers as-
sociated with the individual computation programs are listed 1in
the description far the "Mathematics Programs Set™.

The designation number of the selected constant appears as "Cx" in
the bottom display on the keybcard and the currently assigned
value of this constant is shown in the main display. The 1last
measurement result or the last computation result can be assigned
as value for a constant.
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To select and display a desired constant:

1.) Press the "Const." key.

2.) Enter the designation number far the desired constant on the
decimal keyset (blue legend, 0-9). The designation number and
the currently assigned value of the constant are displayed.

3.) To terminate selection of the constant designaticn number:
Press "Meas", "Comp", "Integration-time" or "Prog".

Te inspect several canstants in sequence, the steps 1-3 defined
above must be executed foar each constant. It is not possible t¢
inspect a sequence aof constants just by entering their desig-
nation numbers after pressing the "Caonst" key only ance.

To assign the last measurement c¢r camputation result as a value
for a constant:

1.) Press the "Const" Kkey

2.)-Select the constant designation number.

3.) Press the "Enter" key. This transfers the measurement
ar caomputation result which was standing in the main display
to the canstant.

4.) Terminate the entry procedure by pressing one of the
keys "Meas", “Comp", "Integration-Time", "Prog" or "Const"”

To assign an arbitrary value to a canstant:

1.) Press the "Const" key

2.) Select tha canstant designation number

3.) Use the decimal keyset (blue legend) to enter the
desired value for the constant, with the decimal point in the
right pasitian. Up to seven digits can be entered.
The sign may be entered and modified, at any point during the
numerical value entry, by pressing the sign Kkey. Each suc-
cessive keypress changes the sign.

4.) Terminate the entry by pressing ane of the keys "Meas",
"Comp", "Integration Time", "Prog" or “Canst”
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10. START MODE (Meaning of the Censtant C3)

A specified number of measurements can be triggered in start mecde.
The desired number of measurements must be assigned as value (in
the range 1 ta 999999) for the constant €8. Start mcde is possible
only in computation ("Comp") operating mode.

Start mode can be activated or deactivated by programming the con-
stant C8 accordingly. Start is triggered via the IEEE bus inter-
face {(see section describing the IEEE bus interface), or by

pressing the "Comp" key repeatedly. The meanings of the indi-
vidual digits in the constant C8 are:

c8 = +/- X1 X2 X3 X4 X5 X6 X7 . X8

ignored number of measurements status
to be evaluated

Digit X8 (first digit to the right of the decimal point) switches
start mocde on and coff.

The fellowing status levels are possible:

X8 =0 The multimeter makes a continucus stream of measure-
ments without waiting for a start command.

X8

1l
—_

The multimetaer makes a single measurement in raspense
to a start command, and issues a service request (SRQ)
on the IEEE bus

x8

if
no

After a start command, the multimeter makes the number
of measursments specified by X2,..,X7 of C8, shows the
result of each successive measurement in the display
and also issues a SRQ each time on the IEEE bus.

X8

1l
W

After a start command, the multimeter makes the number of
measurements preselacted in €8. The result is displayed
anly after completion of all measurements and cnly

ane SRQ is transmitted aon the IEEE bus

If a new start command arrives before complete execution af the
previous cne, then the first start sequence 1is aborted and
execution of the new start command commences from the beginning.

In order that the measurement result can be selected again. also
after switching over to "Comp"”, restart deces not take place at
once after switching over to "Cemp", but only after pressing the
"Comp" key again.
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11. IEEE 488 Bus Interface

SH1 Handshake scurce function
AH1 Handshake sink function
T5 Talker functian

L3 Listener functicn

RL1 Remote control

DC1 Reset functian

DT1 Trigger function

SR1 Service request function

1.1 Programming the Digital Multimeter 6030 via the

The device addresses and the end characters can be set wusing the
keyboard of the digital multimeter. For this purpose, press the
“program" key and then enter pragram number 97 on the left keypad
with the blue legend decimal number keys 0 to 9. The main display
now shows, for example, "IEEE 07.8", i.e. the digital multimeter
is set to the device address 7 and the end character 8 in this ex-
ample. The digital multimeter is set to this device address and
end character as delivered from the factory.

The device address and the end character can now be c¢hanged with
the keys in the decimal keypad. Hereby the digits are shifted into
the display from.right to left, so that three digits must always
be entered for a new setting. Just =2nter the three digits in
correct arder, without the period between the device address and
the end character. Device addresses smaller than 10 must be
entered with a leading zero.

Legal values for the device address range from 01 te 30, and 9
different end characters can be selected from the following list:

Designation End characters

0 CR + EQI

1 CR

2 LF + EOI

3 LF

4 CR + LF + EOI
5 CR + LF

6 LF + CR + EO0I
7 LF + CR

8 EQL

You can changa the setting shown in the display any number of
times, just by entering three new digits. When the display shows
the desired setting, press any one of the keys "integration time",
"Prg", "Const", "Meas" or "Comp". This writes the setting shown in
the display into memory and the digital multimeter exits ‘“set
device address"-mode.
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If it is desired to take aver these new settings inte protected
memory, set the calibration switch en the rear of the unit ta the
positien "Cal" before takeaver of the address data.
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* Do not ferget to return the calibration switch te the *

* Position "MEAST *
PR A R R R R R R R o R R R R e R R R L

The new device address will now not be 1lost when the digital
multimeter is switched off. The keybocard of +the digital multi-
meter is disabled after the digital multimeter has been accessed
agnce via the IEEE bus interface. The keybcard 1is enabled again
when the "REN" becomes inactive or when the c¢ontroller transmits
the addressed command "GTL"(Go To Local).

The digital multimeter does not interrupt its continucus measur-
ing sequence within the talker functicen. The digital multimeter
understands the universal commands "DCL"(Device CLear),
"SPD"(Serial Poll Disable), and "SPE"(Serial Poll Enable). The
cemmand "DCL" sets the digital multimeter in status "Direct
Veltage measurement with 1000V range".

0f the addressed commands, the digital multimeter understands the
following: "GTL"(Ge Te Local), "GET"(Group Execute Trigger) and
"SDC"(Selected Device <Clear). The "GET" command starts the
continucus measuring sequence if the digital multimeter has been
stopped previously. The command "SDC" switches the multimetser to
the function status “Direct Voltage Measurement with 1000Vdc
range"

To program the digital multimeter, follow the instructians of the
correspanding description or preoceed accerding te the table at the
end of this chapter. Data entry can be in the form of a single
string of up to 30 characters, e.g. "MRT3R4F1P20", ar in the form
of shaorter strings for individual legic blecks, e.G. “MR"™, "POt1“,
"Ch", "C5123.5" or "T4",

The IS0-7-bit code is used for command transfer. Any spaces in the
transferred string are ignored. If +the digital multimeter re-
ceives mare than 30 characters (excluding any spaces), then it
evaluates the first 30 characters and also reports a transmission
error (see section headed "Error Messages®).
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Device Messages Recagnized by the Digital Multimeter 6030

"MR" The measurement result 1is selected. It appears in 1the
display of the digital multimeter and in the character
string of the talker functian

"CR" The computation result of the selected program appears in
the display of the digital multimeter and in the character
string of the talker function.

npn The digital multimeter expects a program number after
receiving "P". The pragram numbers are shifted thrcough fram
right to left. For example, if program "01" was set and the
next received preogram number is "P2", then the new program

number is "12". "P21" sets program number "21", irres-
pective of the previcus pragram number. To terminate the
entry, ane of the messages measurement results "MR", com-

putation result "CR", constant number "CX" or measuring time
"TX" must always be sent (even when transmissicn of the
device message was disjunct). For example, “P21T5" will
terminate an entry.

e The digital multimeter expects a constant designatiaen number

after receiving "C". Fer example, if "C5" 1is entered, the
currently assigned value of the constant No.b5 will appe=ar in
the main display of the multimeter and the bottom right sup-
plementary display reads "C5". The next characters expected
by the digital multimeter are the new numerical value of the
constant. If nc new value is to be entered ar tc terminate
tha entry, one o¢f the terminating messages measurement
result "MR", computation result "CR", pragram number "Pxx"
or measuring time "Tx"™ must be sent, even if transmission of
the complete device message was disjunct.
If a constant number is entered and the digital multimeter
then read out, the first message unit of the talker func-
tion contains the currently assigned value of the constant
in the 1st to 13th characters and the second message unit
contains the characters "CX" in positions 14 an 15, as 1lang
as no terminating combination "MR", "CR"™, "Pxx"™ ar "Tx" has
been sent.

The censtants can be entered in twe numerical forms:

1. The normal form: The most significant decimal digit 1is
entered first, then proceeding in order te the least sig-
nificant digit. Thea decimal point is the delimiter Dbetween
positive and negative exponent digits. The sign can be
changed at any stage.
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2. With mantissa and expanent:

The mantissa can have up to 8 digits and thze decimal point
may lie anywhere in the mantissa. The sign can ba changed at
any stage of entering the mantissa digits. The -exponent 1is
prefixed with the letter "E" and consists of a single digit
not greater than 7. The sign must be changed to negative, if
desired, befares entering the exponent digit. No sign for the
exponant defaults to positive sign.

Example: The entry +300.1-2E+3 is interpreted as -300.12E+3.

The same as far Keybcard entry, the last computation or
measurement result can be assigned toc a <censtant via the
IEEE 488 bus too. For this purpose, send "CxCMR" (or CR, Tx,
Pxx instead of MR). Here too, the measurement or cam-
putatien result which previcusly steaed in the main display,
is assigned tc the constant x.

After receiving "R", the digital multimeter expects a digit
specifying a measuring range. Note that various ranges are
valid entries only in cenjunction with the corresponding
measuring function:

Ri = 0.1 V/kOhm aonly with Vdc and Ohm

R6 = 10000 kGhm only fer Ohm

R7 selects autaoranging and can be usad for all
measuring functicons. It is cancelled again the next time a
specific range is selected.

Selects the measuring function "Direct Voltage" in the
digital multimeter.

Selects the measuring function "RMS value of alternating
voltage with superimposed direct voltage component”.

Selects the measuring function "Pure Alternating Veltaga"
Any superimposed direct voltage compeonent is rejectead.

Selects the Ohm measuring function in two-wire
canfiguratiaon.

Selects the Ohm measuring functicon in four-wire
canfiguration.

switches off the auxiliary filter

switches on the auxiliary filter. The filter can not be
switched on or off when a program cr constant number has
just been called. For a2xample, the message "CF1" is intar-
preted as "C1", i.e. a call to constant No.1.
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When the constant C8 has first been laaded with the
appraopriate value and a mathematical program has baan salec-
ted, a measurament can be started with the command "S" (see
description o¢f "Start Mode"). All status levels arsa
possible, the same as for manual programming. The interval
between successive trigger commands must bz longer than the
set measuring and computation time.

The multimeter expects a 0 or a 1 after receiving "Q".
0 sets operation with and 1 sets cgperation without ser-
vice request.

Initiates an offset correction run. The instructions given
in the corresponding chapter are valid.

(L/Zerg) Short format: The multimeter transmits anly the
first data black (measurement data and text messages)

Long format: The multimeter transmits both data blocks
(measurement data and text messages in first block, and
programming data in second block).
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Device Messages Recognized by the Multimeter 6030

MR Measuremant result

CR Computation result

Pxx Program number

Cx Canstant number

R1 Range 0.1 vde, kOhm

R2 Range i ydc, Vac, kOhm

R3 Range 10 Vdc, Vac, kOhm

R4 Range 100 Vdc, Vac, kOhm

R5 Range 1000 Vdc, VYac, kOhm.

RG Range 10000 kQhm

R7 Autoranging

D Direct voltage

A Alternating voltage

AD Alternating valtage with direct voltage component

02 ohm/2 - wire

04 Ohm/4 - wire

FO (F/Zero) Filter off

F1 Filter an

T0 Measuring time 100 ms

T Measuring time 200 ms

T2 Measuring time 400 ms

T3 Measuring time 1 s

T4 Measuring time 2 s

T5 Measuring time 4 s

To Measuring time 10 s

17 Measuring time 20 s

S Start

Qo (Q/Zera) Without SRQ

Q1 With SRQ

L Zero

LO (L/Zero) Digital multimeter transmits only measurement
result

L1 Digital multimeter transmits measurement result and pro-

grammed status data
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The device messages transmitted by the multimeter as talker can-
sists of a data telegram which is gensrated as a caherent unit
with terminator. The data telegram comprises twe subunits, the
first one of which contains measurement or text data and the
secend one ¢f which coentains programming status data. Fach sub-
unit is a string with a fixed number of characters. Thus no de-
limiter is required or transmitted betwean the two subunits. The
first unit has 13 characters, the second one 16 characters.

If character transmission by the digital multimeter 1is aborted
before transition to TIDS status, transmissien recommences with
the first character of the data telegram after renewed call-up.
The terminating character(s) of the data set are as chosen ac-
carding to the section headed "Programming the digital multimeter
via the IEEE 488 bus interface".

The 150 7-bit code is used for encoding the device messages.
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Descriptiaon of the Transmittsd Data Telegram

The contents of the main display are cutput in the 13 characters
constituting the first subunit string. These are chiefly measurza-
ment and computation results, values assigned toc constants and
text messages. The measurement and computation results as well as
the values assigned to constants are always cutput in right justi-
fied format, i.e. they terminate in the 13th character position.

The first character is always the sign "+;-" for direct voltage
measurement results, computed results and values of constants. A
sign is not required for resistance and alternating voltage
measurements. All unrequired leading digits in frent of the
measurement and computation results ¢r values c¢f constants are
filled with Zero characters.

Values of canstants and the results of measurements and com-
putations are output in format with mantissa and exponent without
embedded blanks, e.qg.

"+01.987654E+2"
Text messages comprise

"ERROR x", "NULL ", "CONTR x",
TCAL nooMHT SRR Y u

These messages are always ocutput left justified, i.e. they start
in the first character position. All unreaquired character
positiaons are filled with Dblanks.

The second substring starts with the 14th character. It outputs
the programming status of the multimeter.



The characters have the fallowing meanings:

14th and 15th character

IIDCIE, IIACIE, 'IIADII, IIOZII’ 1l041l

Specify the measuring functicn:
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DC = Direct voltage measurement
AC = Alternating veltage measurement without
direct voltage campanent
AD = Alternating voltage measurement withn
direct voltage component
02 = Ohm measurement in 2-wire circuit
04 = Ohm measurement in 4-wire circult
16th and 17th character
IIMRII’ IICRII’ ”CX“
MR = Measurement result
CR = Computation result
Cx = Designatiaon number of the last selected constant

18th to 20th character
IIPXXII

The number of the selected program

2i1st to 23rd character

HRXXII

The set measuring range is ocutput in
too.

RO1 = Range 0.1 Vdc, ..., kOhm
R0O2 = Range 1 Vdc, Vac, kOhm
R0O3 = Range 10 Vdc, Vac, kOhm
R04 = Range 100 Vdc, Vac, kOhm
RO5 = Range 1000 Vdec, Vac, kOhm
R0O6 = Range 10000 cees .., KOhm

22nd character

The 22nd character states whether or not autoranging

autoranging mode

is

switched ¢on, e.qg.

R11 = Range 0.1 Vdec, ..., kOhm with
autoranging an

RO1 = Range 0.1 Vvdc, ..., kOhm with

autoranging off



24th
!Iint

26th
] TX 1]
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and 25th character

Specifies whether br not the filter is in circuit
FO Filter off
F1 Filter on

and 27th character

Specifies the set integration time

T0 = 100 ms
T = 200 ms
T2 = 400 ms
13 = 1 s
T4 = 2 s
15 = 4 s
76 = 10 s
17 = 20 s

The measuring time display for T5-T7 is counted down to
0 in 1sec rhythm. But the intermediate times, e.g.
19,18,17,...are not transmitted via the IEEE 488 bus.
For example, just T7 is transmitted for 20s.

28th and 29th character

|tQX 11

Specifies whether or not SRQ is sent
Q0 = without SRQ
Q1 = with SRQ
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Summary of the Device Messages Transmitted by the Multimeter 6030

1st. character 29.th character
| |

;X.XXXXXXXE+XDCMRPXXRXXFXTXQ*END

- ACCR
ADCx
02
04
----------- J(mmmmmmmmmaamo)
1st. data 2nd. data
block block
+,- Sign of mantissa for DC,
Zero for AC,AD,02 and 04
XOXXXXXXX 8 digit mantissa
E+X {-digit exponent with sign

DC,AC,AD,02,04 Measuring function:
DC - Direct voltage
AC - Alternating voltage

without direct voltage component

AD - Alternating voltage

with direct voltage component
02 - Resistance, 2-wire-circuit
04 - Resistance, 4-wire-circuit

MR,CR,Cx Type of display
MR - Measurement result
CR - Computation result
Cx - Value of a constant

Pxx Program number

RO1-RO6 Measuring range 0.1 to 10000, autoranging off
R11-R16 Measuring range 0.1 to 10000, autoranging on
FO,F1 Filter status (0 = without, 1 with Filter)
10 - T7 Measuring time 100 ms to 20 s

Q0,Q1 SRQ status (0 = without, 1 = with SRQ)

END Terminating character(s) as selected when

setting the device address. For terminating
character No.8, EQI is transmitted together
with the final (29.th) string character.
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Service Request Function (SR Interface Functiaon)

The IEEE 488 bus interface of the Type 6030 Digital Multimeter s
aquipped with a service raquest functicn (SR functien, SRQ). The
transmitted status bits have the fellowing meanings:

Bit 1: Measurement end

Bit 2: Overflow during computaticn

Bit 3: Overflew during measurement

Bit 4: Ohm plausibility errar (Erraor 3)
Bit 5: Qutside limit

Bit 6: Reset

Bit 7: SRQ

Bit 1 (measurement end) can appear togethar with the other status
bits, in order not to falsify the SRQ in the case eof a fast
measurement sequences.

Bit 6 appears with a reset, i.e2 after power-up or severa external
interference. A reset reestablishes basic program status of the
digital multimeter 6030 (DC, 1000V, wetc.), so that the con-
trolling computer must reprogram the Digital Multimeter 6030 ac-
carding to sectien 1i.1 after =2very reset



Page 11/3/1

Programming Examples for the IEEE 488 Bus Interface

Before the digital multimeter can be operated via the IEEE 488 bus
interface, the device address and the end character(s) must be set
as described at the beginning of this section. Address 7 and tThe
end character number 8 (only EOI) are recommanded in the follow-
ing examples far Commedore and Tektronix computers.

COMMODORE CBM 3032
Control of the digital multimeter by the CBM 3032. Tha CBM 3032 is
the cantroller and tha digital multimeter is the listaner.

CBM 3032: 100 print " your entry please "
110 input a$
120 apen 1, 7
"7" is the davice address of the
digital multimeter
130 print #1, a$
140 cliose 1

Reading the character string from the digital multimeter with the
CBM 3032. The CBM 3032 is the contrcller, the digital multimeter
is the talker.

CBM 3032: 200 open 2, 7
"7" is the device address c¢f tha
digital multimeter
210 input #2, b$
220 clase 2
230 print b$
240 goto 100

TEKTRONIX 4051:

Control of the digital multimetar with tha Tektronix 4051:

The Tektrenix 4051 is the contraller, the digital multimeter 1is
the listener

4051: 100 PRI " YOUR ENTRY PLEASE "
110 INP A$
120 WRI @ 7:A$
“7" is the device address of the
digital multimeter

Reading the character string from the digital multim=ter by the
Tektrenix 4059. The Tektronix 4051 is the contrcller, the digital
multimeter is the talkar.

4051: 140 INP @ 7:B$
"7" is the device address of the
digital multimetear
150 PRI B$
160 GO TO 100
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HEWLETT PACKARD HP 85

The davice address of tha multimeter is 7, the =and c¢haracter |is
No.5 (CR+LF without EOI).

ek
=
[

Control of the digital multimetsr by the HP 35. The HP 85 1is
contraller and the digital multimeter is the listener.

HP 85 : 130 PRINT " YOUR ENTRY PLEASE “
140 INPUT BS
160 OUTPUT 707;8%
190 END

Reading the character string from th2 digital multimater with the
HP 85. Tha HP 85 is the contrcller, th2 digital multimeter is the
talker.

HP 85 : 530 DIM A${50)
string size agre=ment ;cheocss large
engugh, at lesast 29 charactars
h50 ENTER 707;A$
h80 DISP AS
590 END
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MEWLETT PACKARD HP 87

The device addrass of the multimeter is 7, the end character 1is
No.5 (CR+LF without EOI).

HP 87 : 10 DIM A$ T[40I, B$ I301

string size agreement, chocse
large encugh, at least
29 characters

Cantrol of the digital multimeter by the HP 37. The HP 87 is the
cantreoller and the digital multimeter is the listener.

20 INPUT BS
entry via HP 87 kaybecard (voltmeter-
- cade)}, up to 30 characters
30 QUTPUT 707 ;B$
string transfer from the HP 87 to the
digital multimeter

Reading the character string from the digital multimeter with the
HP 87. The HP 87 is the cantroller, the digital multimeter is the
talker.

40 ENTER 707;A$
string transfer frcem digital multimeter
to the HP 87 (26-28 characters)

50 PRINT A$

60 GOTO 20
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HEWLETT PACKARD HP 87

Operation of the digital multimeter as before,

The device address of the multimeter is 7, the end character
(CR+LF without EOQI).

Ne.5
HP 87

10

20

30

40

50
60

500
510
520
530
540

1000

1010

1020

ON INTR 7 GOSUB 509
chacks IRQ from IEEE 438 bus
DIM A$ T301, B$ T401
string size agrzement, choose
large encugh, at least
29 characters
INPUT BS
entry via HP 87 keyboard , 2.9.:
"Q1" for SRQ enabled
QUTPUT 707 ;B$

string transfer from thz HP 87 to the

digital multimeter
ENABLE INTR 7:;8
enable IRQ initiated by SRQ

line numbar af user program

STATUS 7,1, W

P=SPOLL (707)

transfer of the SRQ status register
IF P=63 THEN GOSUB 1000

evaluation ¢f the register contents
ENABLE INTR 7,38

eanable IRQ initiated by SRQ
RETURN

ENTER 707 ;A%
reaad in the messagz from the
digital multimeter

PRINT A%, P, "DEVICE NO.7"
and print it on the screen tagether
with status informatian

RETURN

but naow with SRQ.

is
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APPLE II with CCS Interface Module 7430

2 PRINT
3 PRINT "SET DMM 6030 TO ADDRESS 07.0 .*
5 PRINT
6 PRINT "WHEN YOU HAVE DONWE SO,"
7 PRINT "PRESS THE RETURN KEY.™
8 INPUT C$
0 DIM A$(30), B$(30)
dimension the string arrays sufficiently
lTarge
12 PRINT:PRINT
15 PRINT "YOUR ENTRY PLEASE:"
20 INPUT B$
30 PR #3
initialize slot 3 for output
40 PRINT "@ ':"
(@ switches to address mode;
REN and ATN active;
' transmits listener address 7;
+ switches back ta Coemmand mode;
50 PRINT 1IIII;B$;IEIII
the message is transmitted;

' switches text mods en and off;
60 PRINT "(@ G:"
@ switches to address made;
G transmits talker address 7;
switchas back to Command mode;
70 PR #0
data from IEEE bus ara printed directly
an the screen
80 INPUT " ":A$
read-in the message from the IEEE bus
90 IN #0
100 GOTO 20

Lines 20 to 100 are essential.

Lines 2 to 15 are optienal for user guidance.
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12. CALIBRATION

The digital multimeter is delivered with the PLL <c¢ircuit factary
aligned to the customary mains frequency in the country of des-
tinatiaon. A correction is necessary if the unit is to be c¢perated
on a different mains frequency. For this purpgse, unscrew the
caver of the unit. Connect an oscilloscope to the test pin in the
front top corner of the vertical PC board. Cannect oscilloscope
ground to the hexaganal bolt aen the tap side of the PC board. Ad-
just the trimmer on the PC board for 4V +/-0.5V. The superimposed
control signal voltage should have a peak-peak amplitude of 1l1ess
than 0.5 V.

When converting to a different mains frequency (e.g. from 50Hz to
60Hz), the EPROMs on the microprozessor beard must be replaced by
the correct ones for the new mains frequency. If it 1is omitted,
then the actual measuring times will differ from the legend an the
frant panel of the digital multimeter, in appesite ratic to the
frequency change (e.g. from 1 secand to 833 msec).

12.2 Calibration

Allow the unit to reach final operating temperature aver a periaod
¢f 2 to 3 hours befare commencing calibratien. The digital cali-
bration facility incorporated in the Digital Multimeter 6030 al-
lows single range or total recalibration of the unit. It 1is not
necessary to open the unit for this purpose. Calibration 1is pos-
sible via the IEEE bus as well as via the front panel Keyboard.
The carrection values with checksum are stored in CHMOS-RAM with
Lithium backup battery giving about 10 years service life. To pre-
vent unintentional destructicen of the correction values, they are
praotected by a recessed slideswitch lacated at the left on the
rear panel of the unit. The settings of this switch are desig-
nated "MEAS" and “CAL". The normal setting is "MEAS". Tc vrecali-
brate the digital multimeter, move the switch from "MEAS" to
"CAL", using a small screwdriver or other suitable tcel. The
correctian values are now unprotected and therefere the unit must
not be disconnacted from the mains voltage in this state.
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"CAL" status is indicated by the legend "CAL" periodically appear-
ing in the main display. An input offset caompensation run must now
bz made befare recalibrating a measuring range. For ¢ffset campen-
sation shert the input sackets "V/Ohm" of the digital wmultimeter,
select auteranging in functien "Vdc¢" and than press the "Zarc"
key. The multimeter thereupcn determines zerc-cerraction values
for all Vdc measuring ranges in succession and stores them in the
pratected RAM. Tc correct only a single measuring range, selact
this range instead of autaranging.

First select the measuring range and the calibration program 99.
Far this purpeose, press the keys "Prg","9","9" in this order. The
blue legend is valid. Then connect an exactly known pasitiva aor
nagative reference voltage between 5% and 100% ({preferably bat-
ween 50% and 100%) of the display span in the respective measur-
ing range, to the input sockets. Enter the naminal value inta the
constant number 9. For this purpose, press the ‘"Const" Kkay and
than key "9", fallowad by 2ntry of ths decimal value of the refer-
encza voltage with decimal point, via the blue legznd numarical
kayset.

Than start the calibration run by pressing thzs "Comp" Kkey. Th2
multimater now starts a calibration procedure. This 1is indicated
by the text "CAL." in th2 main display. Calibration takes 20 se-
cands. The keyboard is disabled during this time. Tha <calibration
time is ccunted down in seconds from 20 te zerc in the uppar right
supplementary display. Calibration of the selected measuring range
is finished when the countdown has been completad. Ta recalibrate
further ranges, selact thasz successively by keystrike and repeat
the procadure as dascribad above, except for calling program 99.

Calibration via the IEEE bus is analagous ta calibration by man-
ual control on the front panel. Cansult chaptar 11 for the oper-
ating instructions for the IEEE bus. When no further ranges and
functians are to be recalibrated, tarminate the calibration proce-
dura by returning the switch on thz rear panel of the wmultimeter
from “"CAL" to "MEAS".
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12.2.2 Calibrating the Resistance Measuring Ranges

The resistance measuring ranges are calibrated in 4-wire circuit.
First aof all make Zero offset correction in function setting
kQhm/4 as described in section 12.2. Alsc o¢bserve the instruc-
tions given in the section "Operating Instructions Ohm/kOhm". The
calibration procedure far the resistance measuring rang2s is ana-
logous to that for the direct voltage measuring ranges.

12.2.3 Calibrating the Alternating Voltage Measuring Range

The alternating voltage measuring ranges can be «calibrated only
with alternating voltage coupling. For Vac calibration teoe, first
make zera aoffset correcticn as described in section 12.2, using
function setting Vac. 1 kHz sinuscidal veltages are required as
referance. The calibration procedure 1is analegous te that for
dirsct voltage measuring range calibration.

HEAKAEIIREAKAAKAAA AT AR AREA R A I AR T ANk AA NIRRT rAF bk bbbt hhdk

* DO NOT FORGET TO RETURN THE CALIBRATION SWITCH TO *
* POSITION "MEAS" *

T R U T g R R S E T T P R R R S R Sk
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13. Cempensating the Negative Feedback Vac

Before initial calibration of the alternating voltage section of
the 6030, align the two offset trimmers R60 and R56 (this is
normally carried out in the factory). First allow half an hour
warm-up time to elapse. Set the digital multimater to Vac withaout
direct voltage component, 10 V measuring range and 1s Integration
time. Caonnect a digital voltmeter with 10 uV resolution ta the
test points M1 (R57, see layout diagramm for preamplifier 6030-V)
and M3. Then adjust trimmer R60 for reading 0.00000 V +/-100uv.
Thereafter, adjust the trimmer R56 to wmake the voltage reading
between the test points M3 and M2 (R55) equal to 0.00000 V +/-
20uV.

13.2 Ccarse Precompensaticn of the Negative Feedback Vac

The negative feedback network ¢f the alternating voltage atten~
uator is coarsely aligned using a rectangular wavefarm signal. Use
a good rectangular waveform signal with 10 kHz frequency and
4V peak-peak amplitude (e.g. fram a Philips PM 5715 signal gene-
rator) and an oscilloscope with at least 20 MHz bandwidth and
accurately aligned signal preobes. Apply the rectangular signal
vaoltage tc the "V/Ohm"-input sockets and cennact the signal probe
of the oscilloscope to M1 (R57, see layout diagramm for pre-
amplifier 6030-V) with oscilloscaope ground to M3. Now sSuc-
Cessively align the 1V-range with C73 and €83, the 10V-range with
€62 and the 100V-range with C70, in each case for oaptimum rect-
angular wavefarm (compare with the input voltage via a second
channel of the oscillescepe if available).
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13.3 Digital Calibration af the Alternating Voltage Section

(see chapter calibration)

13.4 Vernier Compensation of the Negative Feedback Vac

Use a precisiaon sinewave signal generator, e.g. Fluke 5200A, con-
nected to the "V/Ohm" input sockets of +the digital multimeter.
Connect the low potential pole {(with respect to ground) of the
signal generator toc the "V/OHM LO" input socket of +the digital
multimeter. Set the signal generator clock frequency to 80 kHz.
Successively align the 1 V range with C73, the 10 V range with C62
and the 100 V range with C70, in each case for reading 100000 +/-
20 digits in the main display of the digital multimeter.
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