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PREMA TYPE 6040 DIGITAL MULTIMETER

Operating Instructions

1. Introduction

The PREMA Type 6040 digital mu1timeter‘is suitable for measurement of bC, AC
and resistance. DC voltages and AC voltages are measured to a maximum reso-
lution of 100 nV and 10 uV, respectively. The maximum permissible voltage in
each case is 1000 V. A computing RMS-value converter converts the AC voltage-
signal to a DC voltage level. Depending on the range, resistance measurements
can be made from a maximum displayed value of 20 M ohms to a resolution of

10 p-ohms. Constant current sources, which are brought out separately, allow
four-terminal measurements* to avoid errors due to lead resistances. A1l mea-

surements can be made as relative (ratio) meaéurements, using an external
reference.

The Digital Multimeter operates with a microprocessor which controls, on the
one hand, the internal configuration and also offers, on the other hand, a

wide variety of data processing capabilities by means of the "mathematica)
program set"” option.

Data input and output provisions permit computer-controlled operation and make
the digital multimeter full system-compatibie. The technology of the fully
integrating multi-range process, along with the shielded measurement circuitry,
offers excellent suppresion of interference due to serial and common-mode
voltages. Since no pauses are required between individual measurements, the
entire time from the beginning of one measurement to the start of the next is
used for the generation of the average value (integration).

High-impedance input stages provide a problem-free interface to the item to
be tested and are protected extensively against incorrect operation (incorrect
use).

*Two terminal pair measurements.



2. Technical Data

DC Voltage (V=)

RANGES 52”’ $0.71 V, 21V, £10 v, +100 V,+1,000 V
MEASURING TIMES (p€) 0.02+0.0410.1+0.2+0.4]/1+2+4{10+ 20
MAXIMUM READOUT RANGE 19,999 .1 199,999 .1,999,999 ]9,999,99@
RESOLUTION 10 uv 1 uVv 100 nV 100 nv
RANGE SELECTION manual, automatic or remotely controlled
ACCURACY +[% of the indication (% Ind) + % of maximum indi-
cation (% m Ind)]
24 Hrs +10C 90 Days 1 Year
%Ind %¥MInd|%Ind %MInd[%Ind %M Ind
0.1 V Range 0.001 0.0005 | 0.002 0.002 0.004 0.002
1 V Range 0.0008 0.0Q01. -g;gg;- 0.0003 | 0.003  0.0003
+10 V Range 0.0004 0;0001 8%65;- 0.0001 | 0.003 0.0002
+100 V Range 0.001 0.0001 |0.002 0.0005 | 0.004 0.0005
+1000 V Range 0.001 0.0001 |0.002 0.0003 | 0.004 0.0003

The given values assume that the measurement-time dependent indicating range has
been set high enough to be able to display the corresponding accuracy. The
natural roundoff error of *1 digit must be added to the percentage error of

the maximum indication (% m. Ind.).

LINEARITY DEVIATION <1078 11 digit
TEMPERATURE COEFFICIENTS (10°C to 40°C) |+ [% Ind + % m. Ind]/°C
0.1 V Range 0.0003  0.0001
0. 0c0L
$0.1 V Range 86663 0.006003
C,omel
£10 V Range 8.800%  0.00002
£100 V Range 0.0003  0.00003
+1,000 V Range 0.0003 0.00003




TEMPERATURE COEFFICIENTS (0°¢C to 50°¢) Values for 10°C to 40°9C) x 2
NULL POINT

Offset voltage Temperature coefficient better than 0.2 uv/0C
(after 1 hr warmup time) Long term stability better than 4 uv over 99 days
. Offset current at 23° 110 less than 5 pA

Temperature coefficient better than 1 pA/oC

INPUT IMPEDANCE

0.1V, 21 v, 10 v Range 100 G © (up to 20.2 V, 22 V, or
320V input voltage,
respectively)

*100 V, £1,000 V Range 10MQ

INTERFERENCE SUPPRESSION (Measured by increasing of the interference peak
value until a one digit error is indicated with a
measuring period of 400 msec, without filter.)

Series Noise Suppression

He
50 Mz power sgpp]y better than 100 d8
46 Hz to 56 H3- better than 50 dB

Common-Mode Rejection (shield connected with low resistance to one of
the two inputs, with 1 K Q in one of the two
input leads)

DC voltage 160 dB
50 Hz power supply 160 dB
MEASUREMENT PAUSES None, except when a computer program is selected

whose processing time exceeds the measuring limit.

MEASUREMENT TECHNIQUE Fully integrating PREMA multi-ramp process
(German Pat. No. 2114141, US-Pat. No. 3765012).

POLARITY CHANGE Automatic, 50 msec max.

*
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OVERLOAD LIMITS
Between "+" and "-* input

0.1V, 21V, 210 V range for 60 sec} +1,000 Vv

continuous +700 V
T £100 V, £1,000 V range continuoys 1,000 V
Between "-" input and shield . {500 V DC voltage or peak-

to-peak AC voltage

Between shield and enclosure {500 V DC voltage or peak-
to-peak AC voltage

OVERFLOW INDICATION Display of a *2" in the first digit and blanking
of all other digits.
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Resistance Q/k 9

Option 02
MEASUREMENT PROCEDURE True 4-terminal (2 terminal pair)
RANGES 100, 1000, 1k, 10 k@, 100 k 2, TMQ, 10MQ
MEASURING TIMES 0.02 +0.040.1+0.2+0.4|1+2+24 10 + 20
MAXIMUM INDICATOR RANGE 19,999 199,999 1,999,999 | 19,999,999
RESOLUTION 1mQ 100 p @ [URTIRY: 10 p @
RANGE SELECTION Manual, automatic or remotely controlled

ACCURACY #[% of the indication (% Ind) + % of the maximum indication (% m. Ind))]

24 hrs )0V 90 days -1 Year
% Ind. %m. Ind.|.% Ind. %m Ind.|% Ind. % m. Ind.
10 © Range 0.003  0.0005 |0.004 0.002 |0.005 0.003
100 2 Range 0.002  0.0005 |0.003 0.002 0.004  0.003
1 k Q Range 0.001  0.0001 §0.002 0.0007 | 0.003 0.0007
10 k R Range 0.001 0.00005 | 0.002  0.0005 | 0.003  0.0005
100 k Q Range 0.002  0.0002 | 0.003  0.0007 0.004  0.0007
e.oc7 .0
1 M Q Range 0.003  0.0002 |6-864- 0.0007 fh¢;6&¢ 0.0007
10 M Q Range 0.01 0.001 0.02 0.001 0.02 0.001

The given values assume that the measurement-time dependent indication range is
high enough to allow presentation of the corresponding accuracy. The natural
roundoff error of %1 digit must be added to the % error of the maximum indi-
cation (% m. Ind.).

TEMPERATURE COEFFICIENTS (10°C to 40°C) +[% Ind + % m. Ind.]/oC

10 © Range 980664 ¢.0¢t  0.000]
100 Q Range 8-000% o.0c¢{  (0.0001
1k Q, 10 k 2 Ranges DB66F s.000r  (0.00003
100 k 2, 1 M Q Ranges , 0-0064 0.0006 000004

10 M 2 Range ' 08612 @003 (.0001
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TEMPERATURE COEFFICIENTS (OOC to 500C) Values at (100C to 400C) x 2
CURRENT THROUGH RESISTANCE MEASURED

10 Q Range 10 mA

100 2, 1kQ, 10k Q Ranges 1 mA
T 100 k 2, 1M Q Ranges 10 pA

10 M Q Range . T uA
VOLTAGE AT OPEN TERMINALS Approx. 22 V max
OVERLOAD LIMIT +400 V peak

OVERFLOW INDICATION

Resistance to be measured Display of a "2" in the first digit
too large and blanking of the remaining digits
Excessive input lead Display of a "3" in the first digit

resistance and blanking of the remairing digits



Ratio Measurement

Option 05
MEASURING TECHNIQUE True 4-terminal for all ranges and
- functions
INPUT RESISTANCE >3 6 R
REFERENCE VOLTAGE 2.5V to 20V
INDICATED VALUE 10V Input value .
Ref V. * Tom. Range Value . ©° 10 x Ratio
ACCURACY Same value as in the selected function

V=, V., kg multiplied by
(20 V)/(Ref V)

COMMON-MODE RANGE referenced to the "." signal input

"+" reference input -1V to+21V
"-" reference input <11 V to 417 Vv

OVERLOAD LIMIT FOR RATIO INPUT

Referenced to "-" signal input 2400 V peak
Between "+" and "-" ratio input  *400 V peak



CONVERSION METHOD
RANGES -

MAXIMUM INDICATION
MEASUREMENT TIMES (sec)

RANGE SELECTION

ACCURACY [% of indication

AC Voltage "v ." (AC)

Option 03

True RMS value, selectable for pure AC voltage
or the sum of DC and AC voltage.

TV 10V 100 V 1,000 Vv
1.99939 v . 19.9999 y 199.999 v 1000.00 Vv
0.4 to 20

Manual, automatic or remotely controlied

(% Ind) + % of maximum indication (% m. Ind)]*

24 hrs £10C 90 days -1 year
#Ind ¥m Ind{%Ind %m Indl2 Ind % m. Ind

DC 0.07  0.002 | 0.1 0.03 | 0.15 0.04 ?
. 10 Hz ~ 20 Hz 0.3 0.04 0.4 0.06 0.5 0.07 ;
( 20 Hz - 50 Hz 0.2 0.01 0.3 0.02 0.4 0.04 ( \Qq‘%,t
50 Hz - 10 k Hz 0.07  0.002 0.1 0.03 | 0.15 0.0 (4, . f"
Cag,
10 k Hz - 60 k Hz 0.3 0.17 0.3 0.3 0.4 0.5 See Y
60 k Hz - 300 k Hz**| 2.0 0.45 3.0 0.6 4.0 0.7 é"ioccv
300 k Hz - 1 M Hz** | 4.5 1.0 5.0 1.5 160 20 J \\
*Shield connected to black jack of V. (AC) input i
**Frequencies higher than 100 k Hz specified in the 1 V and 10 V range E
only. ‘u
0 0 [
TEMPEﬁA%E IEOE(Ff/IzCIENT (?Oz%otcoo_gggcﬂ)l‘ lNDI(M”l/V'f“0.00l?g eF Atador, /Mblc&,ﬁa_u‘)/éc %
-Ali-ranges +{0 -015%-ef-indication +07001% of -maximum—— i
—indication}/f—7——— I
IOKHE TD LomHE 2 (0.04 %o 0F WDICATION + 9,065 % OF MAR, (NDIEATIoN) S, \
. ’ |
ZHZ e G HE c. b 6.0 6.6 e.of 0.£ e.of ) aj
X 0.2 /
G-HE 0 /O HE o2 e. 0l &LF 0.0l ez o.c! //
( D + 10HE o 1 kHE .05 e.,ol 0.07 6.0/ o, ! .0/ A
[ KyE O so £HE | 0,05  0.05 0,07 0.05 o, ! o.05
10 KHZ 1D /00 KHZ | 6.2 ©.5 ©.3 &% 0.4 6.7
160 EHE TO [OMHE 50 L3 55 .5 6.0 2.




i TEMPERATURE COEFFICIENT (0°C to 50°¢) Values at (10°C to 40°C) x 2
CREST FACTOR '

At indication of 100.000 7:1

INPUT RESISTANCE 1 M /<50 pf

OVERLOAD LIMITS
V. (AC) Input 1414 V peak with a Timit of 107 V x
Shield to Chassis +500 V peak
Shield to Black Input
Jjack V. (AC) +200 V peak

. TRANSIENT TIME First readout to 0.2 % of an input voltage

step when triggered after the step with
400 msec measuring time.

OVERFLOW INDICATION Display of a "2" in the first digit and
blanking of the remaining digits

Digital-to-Analog Converter

Option 08
DECOUPLING FROM THE INPUT Galvanically separated from the input stage
CONVERSION RANGE - 2 BCD Digits of the Indicator
SELECTION OF THE DIGITS Via keyboard or 1EC-Bus Option 06
OUTPUT VOLTAGE RANGE : £10 v



IEC BUS Interface

Option 06
DECOUPLING FROM INPUT Galvanically separated from the input
- _ stage
OUTPUT INFORMATION Numerical readout of measurement result,

computed result and constants, function,
range, measuring time, and computer
program number

INPUT INFORMATION Function, range, measuring time, start com-
mand, computer program number, and values
of constants

ADDRESS ‘ Selectable from 0 to 30, can be set up via
switch on the rear of the enclosure

KEYBOARD Can be switched off via REN, can be
switched in via GTL

END CHARACTERS EOl, CR, LF

COMPATIBILITY IEEE Standard 488

BUS CONNECTOR 24 pin Amphenol No. 57-40240

HANDSHAKE TIME For data output <2.2 msec (typ. 1.2 msec)

for 30 characters + EQS.

BCD-Output/Remote Control Input

Option 07
DATA OUTPUT . -
Decoupling from Input Galvanically separated from the input
) stage

10



Plug-in Connector on 50 pin Amphenol-Strip

Rear of Enclosure ' No. 57-40500, suitable for the 50 pin
Amphenol cable connector No. 50-30500

Available Data a) Digits, polarity, decimal point
and end-of-measurement continuously
b) Ranges, functions, ratio, and filter
* only when not in the remote control
mode of operation

Coding of the Digits 8421 BCD-code, bit-parallel and digit-
parallel
Logic Level TTL-Tevel, 1 = high, 0 = low, may be

loaded with a TTL input load factor of )

REMOTE CONTROL INPUT :

.

Decoupling from Input Galvanically separated from the input
stage, the same ground as data output

Plug-in Connector on Same stfip as for BCD data output
Rear of Enclosure (Chassis)

Remote Control Capabilities Ranges, functions, ratio, filter,
triggering

Trigger Accuracy 5 msec after release of the trigger
contact

11



WARMUP TIME

HUMIDITY

Up to 250C
. Above 250(¢

POWER SUPPLY

WEIGHT
ENCLOSURE
DIMENSIONS

Bench Enclosure

Height without feet
Height with feet
Width

Depth without handles
and operator controls

Depth with handles

Mounting brackets for
reconfiguration to a
drawer enclosure (option)

Width of mounting
brackets

From each mounting
holes per mounting -
bracket

Arrangement of the
four mounting holes
in a rectangle

General
—cras

20 min. for 1 year accuracy, 1 hr for fulj
accuracy

Up to 75% rel. Hum.
Up to 65% rel. Hum.

220 V AC, 15 VA to 22VA depending on
configuration

Approx. 6 kg

Aluminum, 19 inch fhat enclosure

Approxf 88 mm
Approx. 105 mm
Approx. 444 mm

Approx. 356 mm
Approx. 396 mm

Approx. 484 mm
7.5 mm diameter

76 x 466 mm

12
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ADDITIONAL OPTIONS

TYP 5020 G
TYP AD-BNC
TYP 57-30500
~  TYP 6040-01
TYP 5023K

Changes Reserved

Accessories for frame mounting

Adapter plug to BNC Jack

Mating plug for BCD output strip in the rear
Added card, needed for options 02 and 03
Adapter cable for IEC BUS, 24 pin piggy-back
plug, 4 mm

13




3. Start-Up (Turn-0On)

Each PREMA measurement instrument was tested carefully and thoroughly for
compliance with all specified data prior to shipment. Therefore the instru~
ment should be in electrically perfect condition when it is received. 1In
order to make sure of this, the instrument should be inspected for shipping
damage'immediate?y after it is received. In case of complaints, a damage
report should be prepared Jointly with the deliverer.

Power Connection

This PREMA measuring instrument has been configured for connection to 220 v,
50 Hz power. Voltage changes of +10% and frequency variations of +4% are
permissible. Depending on the configuration, the power consumption is 15 to
22 volt-amperes. A cold (i.e., not hot) equipment plug connection (per DIN)
with a safety contact is located on the rear.for connection to thg power. The
equipment is protected by a 0.3 amp slow fuse. The measuring instrument is
separated from power by a two-pole pushbutton switch “Netz" ("Power"), located
on the front panel.

Grounding

The equipment enclosure is grounded for the user's safety by connection of the
power supply cable through a suitable safety contact plug. The chassis is
galvanically isolated from the shield and from both input terminals.

14




4.0 Operating Instructions for V = (vDC)

Measurement Voltage Input

The voltage to be measured ijs brought in on the front panel through the two
"Eingang V=" (VDC input) Jacks, where a positive voltage at the red jack
relative to the black jack results in a positive readout (display). Care must
be taken that the maximum values of 500 VDC or peak-to-peak AC between the "-"
input and the shield (see shielding section) and between the shield and enclo-
Sure are not exceeded. This must be considered in the polarity selection for
high voltage instruments which are not isolated in voltage from power.

Input Resistance "V=" (VDC)

In order to exploit the high linearity of the measur1ng technique, the input
impedance for voltage measurements is in some cases extremely h1gh For
example, with a 100 k ohm internal resistance of the device being tested, the
instrument still permits relatively accurate measurements, up to #20 volts.

In the 100 V and 1,000 V ranges, 100 ohms internal resistance at a resolution
of 10 already cause an error of one digital step. Input impedance, indicator
range, and resolution are given in the following table:

Max imum
Indicator Input Maximum
Range Range Resistance Resolution

0.1V 0.2000000 V 2100 G ohm 100 nV
1V 2.0000000 v 2100 G ohm . 100 nV
10V 20.000000 Vv 2100 G ohm 1 v
100 V 200.00000 V 10 M ohm 10 pv
1,000 V 1000.0000 v 10 M ohm 100 pv

15



Input Offset Current

In. addition to the impedance, the input offset Current represents an important
input quantity which affects the accuracy. If measurements in the mV range
are to be performed on very high-impedance sources, then it is desirable to
compensate this current up to its noise component by means of the internal
potentiometer R6 (see alignment instructions within the instrument). Thus,
for example 1 pA offset current already causes an error of 100 nV correspond-

ing to a one digit step in the 0.1 V range with a 100 k ohm internal impedance
of the device being tested.

Null Point

Shifting of the null point represents a possibility for error. It is, however,
easily detected by a readout differing from zero when the input is short-
circuited. This error, which can appear in the lower ranges inspite of the
regulated null point due to thermal EMI at the input terminals, ié corrected
using a rotary potentiometer on the front panel. Due to stress in shipment or

because of component aging, a null shift in the 10 V range could occur under
especially unfavorable conditions.

Automatic Stability Control

The Digital Multimeter performs an automatic stability control sequence five
minutes after it is turned on. Subsequently it automatically performs a
stability control sequence every twenty minutes and, if necessary, implements
a correction. This is shown by blinking of the numbers in the "Messzeit"
(measuring time) indicator field. The duration of this stability control
process is 40 seconds. The stability control can be disabled by selection of
program numbers 50 to 98. If the input signal exceeds 10% of the maximum
indication, then stability control is also not performed. If necessary,

a stability control sequence can be performed directly by selection of pro-
gram 49 if the input signal does not exceed 10% of the maximum indication.
Should the Digital Multimeter be turned on again only after several days and

16



the last-stored RAM data no longer be available, then a stability control
Procedure is carried out without use of the program numbers 50 to 98,

Overload Protection

All ranges are protected to a high degree against damage due to overvoltages.
In this case the overload is as follows:

0.1V, 1V, #10 V ranges for 60 sec. +1,000 V
or continuously 2700 V
2100 V, £1,000 V ranges, continuously +£1,000 V

It must be noted, however, that by strong overloading of the Jower ranges a
heat up of the protection resistors and diodes cannot be avoided and that sub-

sequently thermal voltages can cause a null point shift until internal thermal
equilibrium is reached.

Serial Interference Voltage Suppression

One of the major advantages of the integrating measurement technique is its
high suppression of the serial AC component of the voltage to be measured.
For 50 Hz with a 400 ms measurement time, averaging of more than 100 dB is
obtained. Frequencies higher than 47 Hz are a?ways averaged out to better
than 50 dB (measured by raising the input AC voltage until a one digit error
indication results). These outstanding values are achieved by synchroniza-
tion of the internal clock oscillator with the power supply (see alignment
instructions within the equipment).

Common Mode Rejection

Common mode rejection is defined as the ability of a measuring instrument to
indicate (display) only the desired differential signal between the "+" and
"~ input but, on the other hand, to maximally suppress a voltage equal for
both terminals with respect to ground. No error would result in an ideal

system; however, in reality, a part of the DC voltage is converted to a series

17



voltage by stray capacitances, isolation resistors and resistive imbalances.

The common-mode rejection is higher than 160 dB without filter with a one-
sided imbalance of 1 k ohm in the input leads.

Shielding

If no difficulties resulting from common-mode voltages are expected in the

measurement, then the protective shield input (blue jack) should be connected
to the negative input (black jack).

Using the protection shield input, it is possible to achieve a high DC and AC
common-mode rejection in critical cases. Common-mode voltages are voltages
which exist between the low point of the voltage to be measured and the

power ground as well as between the power ground of the voltage sopurce and
the power ground of the measuring instrument. ' Common mode voltages have a
tendency to permit currents to flow in the same direction into both input
Jacks. In order to achieve optimal shielding, the protective sh1e]d input
should be connected to a DC voltage at the same level as the negative input
in such a manner that the shield currents do not flow through such resistances
of the voltage source and voltage lead-in cables which can affect the
measurement voltage.

Keyboard Fields
The front panel ke}board is divided into the following fields:

a) Automatic and range keys: The capability of rapid, automatic range selec-
tion simplifies measurement by the Type 6040 Digital Multimeter. For
longer measurement periods, the Type 6040 Digital Multimeter makes a pre-
decision within 50 msec as to whether the right range has been set up. In
order to achieve a high reliability, mechanical switches are avoided as
much as is possible within the state of technology (i.e., except for the
relay to switch in the lines carrying 1000 V). If range selection is
accomplished through the rear fnput (see Chapters: BCD-Data Qutput/Remote
Control Input and IEC Bus Interface), then the functions of the range keys

18
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b)
c)

d)

on the front panel are disabled (interrupted). The control is galvanically
isolated from the input.

Function Keys.

Data Entry Field, which is used to enter data according to the instructions
under d).

Programming Field with the following keys:

"MESSERGEBNIS" (measurement result): When this key is activated, the direct
Measurement value appears in all cases.

“MESSZEIT" (Measurement time): With this key, the Data Entry Field is pre-
pared for entry of measurement times,

"RECHENERGEBNIS" {computed result): This key causes the result of the just-~
selected program to be displayed.

"PROGRAMM/CONSTANTE" (program/constant): With this key, the Data Entry

Field is prepared (initialized) for selection of a program or the number
of a constant.

"EINGABE" (entry): Following prior call-up of a constant and activation
of the entry key, the measured value ("Measurement Result" key) or any
desired combination of numbers ("Data Entry” field) can be loaded into

the memory of the corresponding constant (see description of the programs).

"Filter": After depressing this key, an average-value determination over
ten measurements is performed. The most recent measured value is included
in the average-value determination and the oldest measured value is
discarded. '

Easy-to-Read Display

For the Type 6040 Digital Multimeter, emphasis was placed on an easy-to-read
presentation of the values important to the user. For this purpose the dis-
play was divided into three functionally related groups:

.a)

The display field for measurements and computed values was -configured such
that the locations of the digits for V, mV, pV and nV remain the same,

19
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independent of the range and measurement time. In addition, the readouts
for V, mV, uV and nV are always combined in groups of three.

The display field for the measurement time shows the inserted measurement
time to the user at a glance. For times greater than 4 seconds, the
remaining residual integration time of the entire measurement cycle is
displayed by this indication decrementing its value at one second inter-
vals starting from the entered value and ending at zero at the end of the

- measurement, e.g.: 20, 19, 18 .... Thus, for long measurement times, the

important point in time when a new measurement result is accepted, is

. recognized.

d)

The program/constant display field shows the number of a selected

computer program, e.g., 12, or the numberof one of the predefinable con-
stants Cg to Cg of the computer programs. The value of this constant also
appears simultaneously in the main display field.

Light emitting diodes above the corresponding pushbutton keys indicate the
selected range and function.

20



4.1 Operating Instructions for "/ K"

A resistance measurement using the Type 6040 Digital Multimeter is conducted
in the following manner: a current (1), which simultaneously flows through a
known internal range-resistor is impressed on the resistance to be measured
(Bx). The voltage drop across R, is measured across the + input jacks by
means of V = (DC) and the ratio to the voltage drop at the internal range-

resistor is formed. Thus, aging or drifting of a reference voltage source
does not enter into the resistance measurement .

Two-Wire Measurements

The hookups for a simple two-wire resistance measurement is presented

in Figure a). 1In such a measurement just one.shielded cable is used, where
the inner conductor is connected to the "+V = Eingang" (+DC voltage input) and
the "+ Strom" (+ current) output, while the cable shield serves as the return
lead for the "-V = Eingang" (-DC voltage input) and "~ Strom" (- current) out-
put. This measurement setup provides acceptable measurement results; however,
only in a resistance region limited at the top and bottom ends. For high
resistance values, leakage current problems appear which arise from the
parallel circuit of RX and the cable insulation resistance. For Tow resistor
values, especially in the 10 ohm and 100 ohm range, the input lead resistance
comes into play. A four-wire measurement is recommended for these ranges.

Four-Wire Measurements

The first measurement configuration for a four-conductor measurement is
presented in Figure b). The appropriate inner conductor in each case is
connected to the "+" terminal of the "V = Eingang" (DC input) or to the
“Strom Q" (éurrent—ohms) output, while the shield is connected to the
corresponding "-" terminals.

21
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In this, and also in the following measurement configuration (Figure c), the
effect of the input lead resistance is eliminated. However, for high resistance
measurements, a cable with teflon insulation should be used in Figure b).
Simpler insulating materials can be used even in the M-ohms range with a
measurement configuration as shown in Figure c. The shield of the two-
conductor cable, which is used in this configuration, is connected to the

black jack of the "W" input (AC input). This Jack simultaneously serves ﬁs
ohm ground.

Three-Wire Measurements

Wheri there is strong external interference {noise) in the 10 Mohm range, the
arrangement of Figure d) may also be used. It serves to minimize AC voltage
pickup and is provided only for the 10 Mohm range.

General Remarks:

The currents through the resistance to be measured are:

10 ohm range 10 mA
100 ohm, 1 kohm, 10kohm ranges 1 mA
100 kohm, 1 Mohm ranges 10 pA

10 Mohm range 1 A

With four-wire measurements, a voltage drop in the wires from the "Strom Q"
(current o) outputs of up to about 2 V per wire is permissible. An excessively
high lead-in resistance is indicated by a 3 in the first readout digit and
blanking of the remaining digits. An overflow due to an excessive RX is
presented by a 2 in the first digit and blanking of the remaining digits.

The polarity of current to be carried through Rx is defined such that the end
of Rx connected to the red jack has a negative potential relative to the other
end of Rx’ Care should always be taken (see also Figure a) to d)) that the
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resistor end of Rx’ which is connected to the red (+) jack of the "Strom @
(current-ohms) output, is also connected to the red (+) jack of the
"V=Eingang" (DC input). The same also applies to the black (-) jacks.

In an incorrect measurement configuration, a 3 appears in the first readout
digit, and the remaining digits are blanked.

24



4.2 Operating Instructions for Vu (AC voltage)

When equipped with option 03, the Digital Multimeter measures the true rms
value of the applied voltage, that is the rms value of the sum of the applied
At and DC voltages. Using the switch below the AC terminals on the front -

panel, it is possible to separate the DC voltage out and to display only the
pure AC voltage. :

A measurement hookup recommended for AC voltage measurements consists of a
two-conductor cable with a shield, with the shield being connected to the
"Schirm" (shield) input. In all measurements the "Schirm" (shield) and the

black "W" (AC) input should be connected to the test point which is closest
to ground potential.

Somewhat lower shielding is achieved if a simple coaxial cable is used with
a connection (jumper) between the “"Schirm" (shield) and the black "Va" (VAC)
input. This frequently used measurement setup is adequate for most measure-
ments except for high ambient noise or very low voltages.

Care must be taken with higher frequencies in the 100 V and 1,000 V ranges
(above 50 kHz in the 100 V range, and over 10 kHz in the 1,000 V range) that
the applied AC voltage does not exceed the rms value product of 107 volt - Hz.
The shortest selectable measurement time is 400 msec.
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4.3 Operating Instructions for Relative Meésurement {Ratio)

In order to conduct a ratio measurement, a positive DC voltage is applied to
the "Ratio" input jacks on the rear of the instrument, and an input signal
having any desired polarity or function is applied to the inputs on the front
panel. “The reference voltage must be in the 42.5 V to +20 V range. The
indicator then presents the ratio multiplied by 10:

(vinput/vref) x 10.

A ratio measurement is a true four—termina1-neasurement, i.e., the SIGNAL
INPUT is not internally connected to the - REFERENCE INPUT in order to avoid
grounding problems in extremely precise measurements., However, referenced
to the - SIGNAL INPUT, the following common-made voltages, are permissible:

+ REFERENCE INPUT -1 V to +21 V

- REFERENCE INPUT =11 V to +11 V

If however the reference voltage source is floating, e.g., when a standard
battery is used, then the -SIGNAL INPUT and the -REFERENCE INPUT should be
tonnected such that the common-mode range is not exceeded by static charges.
The reference input itself has high impedance (>3 G ohm), and thus permits
also hook-up of sources with higher internal impedance. Averaging of the
reference voltage takes place simultaneously with integration of the signal
voltage; this is a characteristic important for bridge measurements.
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4.4 Operating Instructions for the Computer Program Set

The 6040 Digital Multimeter with its Option 09 "Computer Program Set" offers

a multitude of programs, which free the user from annoying conversion compu-
tations. 1In addition to these standard programs, there exists the possibility
of adding customer-specific programs in case they are needed. Fach of these
p?ograms must be selected under two program numbers, with automatic stability
control operational for the numbers 0 to 4. Under the numbers 50 to 99, the
measurement process is not interrupted for automatic stability control. The
constants CO to C9 that are used are freely selectable over the range of
*0.000 000 000 to *9 999 999 993

PROGRAM D0/50

In this program, the last computed result is presented, independent of the
next measurement result or of the start. ‘Thus a computed result can be
protected against incorrect operation.

PROGRAMS 10/60

The use of these programs is described in an easy-to-understand way by the
mathematical formulas in Table 1. Program 06/56 "Polynomial" is especially
useful due to its broad range of applications. With four freely selectable
constants, this program is good for linearization and curve-fitting, e.g.
for non-linear measurement pick-ups (sensors).

PROGRAMS 11/61 to 13/63 Grenzwert (Limit Value)

In these programs an upper limit can be specified by constant C7, a lower
limit can be specified by constant C6, or both 1imits can be specified
simultaneously.
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The measured value is indicated if it is within the permitted range. If it is

outside, then a blinking indication appears with the correctly signed difference
to the exceeded 1imit.

PROGRAMS 14/64 to 16/66 MAX-MIN

From a series of measurements, the maximum value and the minimum value, as wel]
as the difference of the two, can be presented. The number of measurement
cycles to be considered can be specified through constant C8 (see table).

PROGRAMS 17/67 to 20/70 STATISTIK (Statistics)

These programs were developed for statisticalevaluation of measured values

of the Digital Multimeter. These are the algebraic mean, the variance, the
standard deviation and the mean square value. The various statistica]
functions are obtained timewise in parallel and are available on request. For
these programs, the number of measurement cycles to be observed can also be
specified through constant (8.

PROGRAM 21/71 INTEGRATION TIME EXTENSION

This program performs a continuous average-value determination routine over a
specified number of measurements. The 0.15 measurement time should be selected
on the Digital Multimeter. The number of measurements between 1 and 999 999
must be specified in constant €8, and the second digit after the print must con-
tain a one. The Digital Multimeter displays the convergence of the average
value from the start to the end of the measurement, i.e., not the previous
measurement result. CAUTION: The program is re-started when the polarity

is changedi. .
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PROGRAM 30/80 PROGRAM COMBINATION

Up to five different programs (see computer program set) can be combined 1in
any desired sequence to form a new program. In doing this, each subsequent
program is applied to the last (previously) computed result.

The sequence of the programs is entered in groups of two into constant C9.

The first program number is the ones and tens digit, the second number is the

hundreds and thousands digit, etc. For example, for program sequence 01, 0
03, 08, 04

C9 0.408030201

Meaning of Constant C8

Constant C8 allows optimal utilization of the individual computer programs.
It is used to specify the number of measurements to be evaluated, whether
each measurement should be newly started and the selection of digits (places)
for the D/A converter (see description of the D/A Converter). The following
table shows the meanings of the individual digits of constant C8:

C8: ix] X2 X3 X4 X5 X6 X7~ X8 X9 X10 X11
see description | Number of measurements [Start | Number No significance
of D/A to be evaluated in of
converter conjunction with Xg Mea-

‘ sure-
ments

Digits X3 to X7 specify the number of measurements between 1 and 999 899,
Without the D/A converter it is not necessary to fill the digits between X
and the value with zeros (@). ’

1
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Example: 100 measurements

Without D/A converter D 100.XBTD pbD D
With D/A converter \ ix] 000100, Xg1D D
D = blank (dark)

Digit X8, i.e. the first digit after the decimal point, defines the starting
mode. With a @, the Digital Multimeter processes the measurements continu-
ously; with a 1, the instruments waits for a start command. If a number of
measurements is defined via X2 to X7 and Xg, the Digital Multimeter processes
the entire number of measurements after it is started and only then does it
wait for the next start command. If no number of measurements is specified

(Xg), the Digital Multimeter processes only one (single) measurement after
the start command. '

Starting is accomplished via the IEC-Bus Interface (S), via the BCD-Output/
Remote Control Input, or via repeated activation of the computed result key.

Digit X9, the second digit after the decimal point, specifies whether a
specific number of measurements is selected. With a @, the number of
measurements is unlimited; with a 1, the number of measurements is defined

by the value of digits X2 to X7.
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COMPUTER PROGRAM SET
PROGRAMS OF OPTION 03

Program No. Math. Functi , :
with/without » Function Equation %':L;:umson
Stability Control {msec.)
01/51 Ofizet R=X~Cg 3-8
02/52 Multiplication R=X-Cg 4-14
03/53 Ratio R=X 7-18
Cq
04/54 Power 'R-ﬁ 12
3 Ca - 40
05/55 Percent Deviation R 100-’-‘-‘5? 13~-55
06/ 56 Polynomial R-C0+C1'X+Q’X2+C3'X3 168 - 65
07157 Logarithms R=Cs - log éz 180 - 300
08/58 Root R=Cs- é—-‘ 170 - 350
09138 Tangent R«-Cyhpé—; 276 - 390
10/ 60 Arctangents R=Csg- mn-é-‘- 220 ~ 450
11761 Limit C7>X>Cg 5-10
12762 Limit greater than X<Cy 4.5~6
13/6&3 Limit smalier than X>Cg 45-8
14/ 64 Maximum Measured Value R = Xmax 11=-15
15/65 Minimum Measured Value R = Xmin 1M1-15
18/ 66 Speed (range) of Measured Values R = Xmax - Xmin 11~15
1 i
177 67 Mean (Average Value) Rew o E ] Ay = X 28 -85
i
18/¢68 Variance R-—-}-E Xk - X2 75 - 150
ke 1
1
19768 Standard Deviation R-J;.-,' T x-%2 230 - 400
Lo
]
20/ 70 Root-Mean-Square Value R = -I-‘V I xz 180 ~ 380
=1
. . 1 Cs
FARRA integration Time Extansion Re Ca’ E} ; Xk 28~-55
30/ 80 Program Combination

®The shorter computation times apply to measurement times with 4-1/2-digit readouts,

the larger times apply to 7-1/2-digit readouts.
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Selection of Program Numbers for the Computer Programs
' of Option 09

The programs can be changed during a measurement and also during a computing
process, but not during automatic calibration.

AEtivation of the "Programm/Constant" (program/constant) key clear the state
of the measurement result or computed result, measurenent time and constants:
the display is blanked. The program nunbers appear on the lower readout in
the keyboard and they change during entry from right to left.

1) Depress "Programm/Constante" (program/constant) key

2) Enter the program numbers on the right-hand keyboard field - data entry -
between 0 and 9 in any desired Tength and sequence.

3) Complete entry of the program numbers: Select measurement result,
computed result, measurement time on constant. )

Entry of the Constants for the Conputer Programs
of Option 09

Ten (10) constants, whose values are freely programmable, are available for
the individual computer programs. The numbers of the constants, which are
assigned to the individual computer programs, should be taken from:

"Programs of Option 09 (Mathematics Program Set)".

The number of the selected constant appears with "cX" on the lower readout in
the keyboard; the associated value appears on the large readout. It is possi-

ble to enter the last measurement result or the last computed result as the
value of a gonstant.

’

32



Selection* and display of the desired constant:

1)
2)

3)

4)

Depress the "Programm/Constante" (program/constant) key

Depress the "Constante/." {constant/+) key (the constant number and
constant value appear) :

Enter the desired constant number (0 to 9) on the “Dateneingabe"” (daté

~entry) field of the keyboard.

Complete the selection* of the constant number: depress measurement result,
computed result, measurement time, program, or entry.

Entry of the last measurement result as a constant:

Depress "Programm/Constante" key (program/constant key)
Depress "Constante/-".

Select constant number.

Depress "Eingabe" key (entry key)

Depress "Messergebnis" key ("measurement result" key)

Complete the entry by activation of the measurement result, computed
result, measurement time or program/constant key.

Entry of the last computed result as a constant:

1) Depress program/constant key.

2) Depress constant/. key.

3) Select constant nunber.

4) Depress entry key. . B
5) Depress computed result key.

*Addressing
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{ 6) Complete the entry by activation of the measurement result, computed
o result, measurement time or program/constant key.

Entry of an arbitrary value ag a‘constant:

1) Depress program/constant key.
2) Depress constant/« key.
3) Select constant number,

4) Depress entry key.

- 5) Using the keys in the data entry area, enter the value of the constant;
a maximum of 10 digits are available.

6) Complete the entry by activation of the measurement result, computed
result, measurement time or program/constant key.

3
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Alignment Instructions for "V=""(pC)

is depressed for

For the locations of th

all alignment tasks)

e trimming potentiometers see page 5-1-2

Trimmiag teasurempnt
. Potentiometers / Range Tine teasurement Value to be {nput ¥oltage
§tep | Procedure Board Setting Setting Ins ¢ runmnt {Rasured Point Set Up Calibration Voltage Soprce
1 jOscitlator R20 - - Any ~ Issg prove at |4 v -
Synchroniza- | p - Board Osct1lograph Borehole in 0.5 vne,
tion Rip 111, the front cor-'| AC Yoltage
Z V/em ner of the below 0.5
digital sec- Ve
tion. Groundg |77
8t fest Point |
, 110 the Top N : !
front Corner i
of the Inte- '
_ ol o ] grator Roard. i !
5 Stabiljgy - oy ’ L - Select Pro- {Short chremt
fontro} . arae 49 )
3 { Inpuy cup- My . ¢ n R inimst Inpui Open
rent com- ¥-Boarg ' Ot %sphy Change of fle
PEnsation the feadout
‘ (about
2 0.002 ¥ per
N | measurerent )
& [ Preamolifier’ front Fanel 0.1 v g Own 0.0000000 !Short Crreyit ]
Zero setting| v: (D} Display . ;
[ bome o d — R, —_—
5 | tnout Cur- :f RE. 1 100 V.. 1 sec -Own - ) 4'Short "eivcuit Gieadwe i
o jreat com- Y V-board i ¢ Y'Drsplay - . S SIEERENT SN SRSt I | BN
Y ensation ¥ ‘ I ;
—j e —— - — -— . R
6 | Repeat i Front Panel C.1 v 1 sec Owr $0.0000000 - Short Circurt ;
Step 4 - ) v (00 Msplay i i |
'__..__ P e . - . { - —
7 Calabratyon - nas Y 1 2 sec Own . L0 Ly Y.01...¥ fron an Wsaturated,
of 1y ! 1-Boara f Display ; i rtemperature regulatec
Ran ! <$tsndar
ange : N S A . - _.:su a d__ o
8 [ Calsbration | RID Y ¢ 2sec Qwn i- - 10,00000 v [1.00000 ¥ from the Calibrator
of 10 v- t AB-Board rsplay t [ with setf-calibratior
Range . —1 i scapabi bty
———— i —_ - -} o el
g Calibration ; R34 0.t v 2 sec Own - {0.3000000 v 10.1000000 v from the calibra.
0.1 ¥-Range * AB-Boarg Display ! [tor with self-calibratsor
| | ’ccmbnity :
i ——— ] - . — CEEEP— N e ]
10 Calibration § Plg 00 ¥ 2 sec Own - 100.0000 v IIOD.COOO ¥ from the calibra-
100 ¥-, AB-Board Display tor with self-calibration
1000 ¥ - capabitity
Range

The 1 second measurement time.and the measu

steps 1

and 3 to 8.

measurement result shall be selected.
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q 5.2 Alignment Instructions for v (AC)

Trimming Input Voltage at
Pot. - . {Measurement Value to | the ™y~ input
Step Procedure Capacitor | Range Setting | Instrument Measured Point |Be Set Up Terminal
1 [Offset AC Yoltage | Front Panel Ve (DC) Built-in pC 1P £0.00000V | Short Circuit
Amplifier Zero V. (AC) 1¥ Yoltmeter 6- Board
b —_— o~ —— — ]
- 2 |Offset RMS R2 ¥= {DC) Built-in DC 192 ‘0 00000V | Short Circuit
Module G-Board ' Tv Voltmeter G-Board
3 | Operating Point R3 Ve (DC) Built-in BC TP3 H.12 v Short circuit
RMS Module G-board 1y Yoltmeter 6-Board 0.02 ¥ |
4 [Offset RIS R4 ¥= (DC) Built-in DC P4 +0, 00000V Shurt'Circuit
Hodule G-Board v Yoltmeter 6-Board
5 [Operating Point RS, V= {DC) Built-in D¢ TP5 -0y Short; Circuit
RMS Modute 6-Boarg Ty Voltmeter G-Board 0.1 ¥
€ |Repeat Steps 1
to 5
" 7 j0ffset U-1 R6 % (AC) Owen Display - 0.0000 V { Short Circuit
Converter G-Board 1v .
8 [1 v-Lalibration R7 P (AC) Own Display - 10000 vV |1V rme
Vh -8Board Ty " 1Y kHz sinusoidal
9 |10 v-Calibration R1D Vo (AL) Own Display i - 10.000 v [ 10 v rms
Yi-Board 0v 1 k2 sinuspidal
10 {100 v- R13 Ve (AC) | Own Display| - 190.00 v [ 100 V rms
Calibration Vii-Board 100 v 1 kKz sinusoidal
1 11000 v- R15 v Own Display - 3000.0 Vv {1000 ¥ rms
{ Calibration YW-Poard 1000 v ‘ 100 Hz sinuspidal
12 1) v-Calibration |5 Vo (AC) [ Own Display| - ' 1.0000 V |1V rms
Viu-Board 1v 100 kHz sinuysordal
13 10 ¥-Calibration | C7 ¥ {AL) Own Display - 10.000 v 10V rms
¥W-Board 0 v 100 kHz sinusoidal
{100 v-Calibration | c9 ¥u (AC) | Own Display| - 100.00 v | 100 v rms
VW -Board 1o v : 100 kHz sinusoidal
15 11000 y- tH ¥ (AC) Own Display | - 1000.0 V | 1000 V vms
Catibration VW-Bcard 1000 v 10 kHz sinusoida)

The measurement t1me should be 1 second and the measurement result should be
selected during alj alignment tasks.
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5.3 Alignment Instructions for Q/kQ (Resistance)
Trieming
Step Procedure Potentiometer Range Setting Heasurement Instrument Measured Point
1 {Common Hode R4t a) 0.1 k Second DVM, 100 v Test Point A
0-Boarg b) 10 Resolution at 6 v against Test
¢} Same as a) Point | :
8 d) Same as b) D-Boarg
2 [Mmplification R4S 10 kn (] Display -
O-Board
3 {10 fi-Range R42 100 Own Display -
Catibration O-Board
4 |10C k2-Range R43 100 ko Own Display -
Calibration 0-8oard
5 110,000 ka-Range Raa 10,000 kp Own Display -
Calibration O-Boarg

During anl alignment tasks,
"measurement resylt"

T e e e e e .= = .
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the measurement time
should be selected.

-

fnput
Value to Be Calibration
Set Wp Resistance
a) Note Rsadout | Short Circuit
tn the 0,1 k-
Range
b} Set for same
Readout as
inthe 0.1 k-
Range
10.0000 10 kit
. - f—— ]
16.0000 ' 10 0
100. 000 J 100 k2
10 M}

should be } secoﬂdméadﬁ‘




5.4 Alignment Instructions for "Ratio"

i . - t .
Depress the following keys for all steps: 10 V, V= (DC), "Ratip" (see Item 3
for exception)

i Trizming Measurement

Step | Procedyre Potentiometer Instrument Heasured Ppint Yalve to Be Set Up Input ¥= (D¢} Retio-Input Comments
—— B IR S — —— .
1 1 Common R3? Onn Display - 8} Hote Readout at 0 v About 6...12 ¥ koprox, 10V ig) Connect the Minys
Hoge R-Board Constant i ¥= {DC) and
Ratio Terming}s
b} Set in the same About 6...12 v Approx. 10 ¥
value at ¢ v Constant b} Voltage source
about 6 ¥ |
c) Seme as )
ito "Ratio” Minys
d} Seom a3 b) T$m1nc¥
! =180 "Ve* (D} Mynys
Terming)

2 |Coarse 3 Yoltmeter Test Point A Hull <§ oy Short Circuit Short Circuit | Connect “Ratio”
Ratio R-Board (R* >1kD) R-Board input with | Boargd |
#ull ag2inst Test

Point 3
1-Boarg :
3 | Readout a} Rep Om Display - About BO00DS Short Circuit Release *Ratio” Key
Hatl 1=Boarg ©
b) Own Display - Hote Readout at 17 v Short Circuit | Approx. 17 ¥ [ Press “Ratro” ke, .
Connect "y=" (DL} 10
“Ratio” wminyg
terminal
c} R33 Own Display - Set in the same Short Lircuit | Approx. 2.5V | Press “Ratio~ Key,
R-Boarg readout at 2.5 ¥ Comnect to "=+ [p:1
) "Ratio"” Minys
Terminal
d4) Same a5 &)
2) Same 43y )
f) R&g Own Display - 0 Short Circuit Release “Ratig" Key
i-Board
g} Owm Display - Check if :0 Short Circuit | Approx. WV [ Press "Rario” Key,
Connect “v=* (D) 1o
“Ratic” Minyg
Terming)
4 [(Ratip R31 Owr: Display - 4} Hote Readout at Approx. 17 ¥ Approx. 17 v
Rull R-Boarg 7y
b} Set tn the seme Approx. 2.5 ¥ Approx. 2.5 ¥
teadout at 2.5 v
c) Same as a)
Connect Plys Terminals
c) Same g5 b) of "v=" (D) ang
"Ratic, a5 well gy

5 lifi- | R30 Owm Displa - 10.0000 10y 10y Minus Terminals of

:::fin:m1 R-Board ad "¥=" (DL} snd “Ratip"

6hring all alignment tasks the measuremen

“Measurement result”

<

’

should be selected.
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6.1 Measurement Principle

The PREMA multi-ramp process for analog-to-digital conversion (German Patent,
Disclosure No. 2114,141) is used in the 6040 model. It provides the basis
for a reliable digital voltmeter with outstanding Tinearity and Tong term
accuracy with continuous integration of the measurement signal to average out
noise (interference) without error-generating pauses (waiting periods).

An amplifier, combined with capacitor C to form an integrator ciréuit (see
Figure 1), continuously integrates a current Ic, which is proportfcna] to the
voltage to be measured. This process has a high linearity becaus% the input
voltage does not have to be switched off; otherwise the capacitanees of
transistors, which are commonly used as switches at this time, cause an error due
to the different switching transient. The error changes with the input voltage.
The capacitor (Figure 2) is discharged (dischérge,times t1 to tn).at periodic
intervals by a current Iref from a comparison DC voltage source with opposite
polarity Uref‘ Prior to the start of the,down-integration, the comparator‘
determines the sign of the input voltage and establishes thereby the polarity
of the reference voltage. For both polarities, the same reference voltage and
the same down-integration_resistor are used so that the readout is precisely
constant to within one digit when reversing the input voltage polarity. The
end of down-integration is established by coincidence of the comparator output
with a pulse edge of the c1oEk oscillator. Since the total charge-change of
the capacitor during a measurement period is zero, it follows that

7
!

!
E—/U,ar . 3:0",2‘,.. o 0

or

> R,
T U. gl e .-_.__R"r L‘-.[ ["

39

T T e e e PP




This means that the sum of the discharge times ti is proportional to the
average value of the input voltage and is displayed as the measurement resylt.

Figure 1. Simplified Conceptual Schematic

»-!1-—! Ll,«-l L':J—‘-.- L-'.*J
, MSASUREMENT“———-——M
TIME

—

Figure 2. Integrator Qutput Voltage.

In this type of voltage-to-time conversion, the result is distorted neither
by the loss factor (Teakage) of the Capacitor nor by drifting of the capaci-
tance C. It isg furthermore independent of the frequency of the clock
oscillator used for the time measurement since the determination of T and of
atl ti is accomplished at the same frequency. Only modest drift and speed
requirements are imposed on the comparator in the PREMA Multi-Ramp Process,
S0 that a cost effective instrument concept is possible in spite of the
excellent DVM properties.
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ANALOG OUTPUT OPTION 08

a) Applications for Analog Output

By means of the analog output (digita]-to-ana?og converter~DAC), Option 08, an
analog voltage is obtained, which is derived from the digital measurement result
of the Digital Multimeter. Here a one digit step corresponds to an output
voltage change of 100 mV. Thus, for the specified DA conversion of two decimal
digits, the output voltage range js +9.9V. The permissible curren& load is
0.1mA.  The output is protected against voltages of up to x100v. f

|

Application Examples: : {

1) Observation of small changes in the measured voltage, e.g. with a recorder.
For this, the DAC is set up so that it converts the two most-right decimal
digits of the measurement or computer result (least significant digits).

2) Observation of coarser changes of a measured voltage with a recorder, Then

the DAC is controlled s0 that it converts the decimal digits which are of
interest.

b) Connection of the Analog Output

The analog output voltage can be taken from the "Analogausgang" (analog output)
terminals Tocated on the rear of the instrument. Two decimal digits are used
for conversion to an analog voltage.

The decimal digits of interest are selected through constant €8 (Const. 8).

c) Selection of the Decimal Digits to be Converted

Digit X] of constant C8 specifies the decimal digits for conversion to an analog
voltage. The display range of the Digital Multimeter allows 10 digits in front
of and behind the decimal point. The numeral in X] specifies the first of the
two decimal®*digits ahead of or after the decimal point. The sign defines whether
the decimal digits are in front of or after the decimal point. The "+" sign
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defines the digits in front of the decimal point and the "-v sign defines the
digits after the decimal point. If no value js given to X, (display remains
blank), then it has the same meaning as 0. The two digits adjacent to the dec-
imal point are converted. The decimal digits to be converted, with the corres-
ponding value in X}, are presented in the table on the following page.

d) Balancing of the Analog Output

The output voltage to be set up to balance the analog output must!be measured

with an instrument having an accuracy better than 0.3% and an input resistance
greater than 100 K ohms.

Value to be :
: Selected written into Potentiometer Cutput voltage
Step * Constant the constant to be aligned to be set up
1 C8 +0 _
2 C9 +5.9 R22 (TAW) +8.9V+10%
3 c7 +0.0 - R23 (TAW) +10mV
4 €9 +9.9 R22 +9.9V+10my
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JEC
4ES<Bus Interface Option 06

Programming the Digital Multimeter 6070 via the IEC-Bus Interface!

|

If the Digital Multimeter is to be programmed via the IEC bus.-it%must be
assured that the "REN" bus management line is active. If the con?rol unit
does not output an active signal or outputs it only temporarily, #he date
transfer to tho Digital Multimeter is interfered with. For such éases, the
switch No. 6 is installed on the rear of the Digital Multimeter. In position
ON, this switch bypasses the non-standard-(unusual) state of the control unit
in the Digital Multimeter.

Programming the Digtial Multimeter is performed according to the following
description or table. Data input is possible with a character string (e.g.,
"MT3B4V1FiP52") or in individual logic blocks (e.g., "M", "PP1", "PC5",
"PC5E123.5", "VP" or "T4").

Once the Digital Multimeter has been addressed via the IEC-bus interface,
the keyboard on the front is inoperative. The keyboard is reconnected when
the "REN" line is inactivated or the control line transmits GTL (go to local).

Connection of the keyboard with GTL can only be done in conjunction with the
bus state “"Listener Active" and "ATN". The character GTL has the ASCII value
@1 and is listed in the associated table as "SOH" (Start of Heading).
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Exp]anat1on of Symbols for Programming the D1gjta1 Multimeter, Type 6040,
via the IEC-Bus Interface

“Lt With "L", the talker is placed into the function "slow". This
. Character need be entered only with the first programming and is stored,
" as the keyboard, over a long time periqﬂ when the unit is turned off.

"H" “H" places the talker in the “fast" state. This character need be
entered only with the first programming and is stored, as the keyboard,
over a long time period when the unit is turned off.

"M" The Measurement result is addressed. It appears on the disp]ay of the
Digital Multimeter and in the character string of the talker function.

“R" The computation result (Rechenergebnis) of the selected program appears

on the display of the Digital Multimeter and.in the character string of
the talker function.

“p" The Digital Multimeter is prepared that the next values are the program
numbers. The program numbers are changed from the least significant
digit towards the most significant digit. If the program number was
"@1" and "P2" is entered as next program number, then "12" results as
program number. By entering "P", the Digital Multimeter display is
darkened, and in the character string of the speaker function " "
appears then as 3rd to 14th character. "p" must be entered also prior
to the addressing (selection) of the constant.

"J" If AC voltage is selected (see "A"), the rms value of the AC voltage
with superimposed DC component is measured.

wgt  As for "J", but without superimposed DC component.

mcw wCY §s the character for calling the individual constants. However, it
is recognized only if previously "P", even without number, is entered.
The values after "C" specify the constant numbers. For example, if
“pCS" is entered, the valueé of the Constant 5 appears in the large
display of the Digital Multimeter, "C5" appears in the small display,
and in the character string of the talker function the va1ue:of the con-
stant appears as 2nd to 14th character, and "C5" (the number of the
constant) appears as 15th and 16th character.

2=
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“E" is used to change the individual constants. If a constant has
been addressed, then — after inputting "E" — the last measurement
value can be entered with "M", the last computation result can be
entered with “R", and individual number combinations, e.g.,
"+123.456" can also be entered.

If a certain number combination is to be written into a constant,
then this number combination must be entered in 2 sequence beginning
with the sign, followed by the most significant decima1§digit, the
next most significant decimal digit, etc. The point sebarates'the
digits with positive exponent from those with negative ?xponent.

“B" (Bereich = Range) prepares the Digital Multimeter for a
measurement range change. The values after "B" give the individual
ranges. It is to be noted that some ranges can be selected only -
with the associated measurement function:

BPp = 1P ohm only with Ohm,

Bl = 0.1 V/kOhm only with YDC and Ohm,

B6 = 1P PPP only with Ohm,

B7 = automatic range selection, can.be selected with all measure-

ment functions and is cancelled again only with the selection
of a definite range.

"D" selects in the Digital Multimeter the measurement function
“DC Voltage".

“A" selects in the Digital Multimeter the measurement function '
"AC Voltage". If the unit is not equipped with this option, this
command is ignored.

"Y' prepares the Digital Multimeter for a change of the function
“Ratio".

"yp" turns Ratio off.

"Vi" turns Ratio on.

If the unit is not equipped with this optioa, this command is
ignored. ' .
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“F* prepares the Digital Multimeter for a change of the filter.
“F@" bypasses the additional filter,
“F1" jnserts the additional filter.

"T" prepares the Digital Multimeter for a change of the measurement

time. The subsequent digits within the range § thru 9 specify the
measurement time. If several digits are inputted, always the last

digit is valid: e.g., “TP12" yields the measurement time "T2" = 100 msec.

With "S", the Digital Multimeter can be started. The interval between
the individual triggers shall be larger than the specified weasurement

and computation time. j
1
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Table of Commands in "Listener" State

Talker Slow

Talker Fast
Measurement Result
Computation Result
Program Number

Number of Constant
Input

Range 1¢ Ohm

Range §#.1 VDC, kOhm
Range 1 VDC, VAC, kOhm

Range 1P VDC, YAC, kOhm

Range 1¢p, VDC, VAC, kOhm
Range 19¢¢, VDC, VAC, kOhm
Range 1Pp@0 kOhm

Automatic Range Selection
DC Voltage

AC Voltage

Ohm

AC Voltage with DC Component
AC Voltage without DC Component
Ratio off

Ratio on

Filter off

Filter on

Measurement Time 2§ ms
Measurement Time 4§ ms
Measurement Time 1£@ ms
Measurement Time 20P ms
Measurement Time 4PP ms ’
Measurement Time 1 s
Measurement Time 2 s
Measurement Time 4 s
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Table of Commands in "Listener" State (Continued)

Measurement Time 10 s
Measurement Time 20 s
Start



Explanation of the Individual Symbols in the "Talker" State

The character string in the "Talker" state consists of 30 characters indicat-
ing the state of the Digital Multimeter, including the numerical value of the
_display indication, the name of the display indication (Measurement Result,
Computation Result, Constant), the selected program number, the measurement
range, the measurement function (DC Voltage, AC Voltage, Ohm), Ratio, Filter
and Measurement Time.

In addition, with the 30th character, the EOI bus management 1ine is activated
in order to indicate the end of the transmission.

For the control units which do not respond to “EOI", two additional "EOS"
(End of String) characters are outputted. These two characters, “LF" and
“CR", are only additional information and need not be read.

If the "Talker" state of the Digital Multimeter is terminated during the
transmission, the character string — after the Digital Multimeter is called
again as Talker — begins again with the first character.

The’IEC bus interface in the Digita) Multimeter has two Talker modes:
“Talker Fast" and "Talker Slow". In "Talker Fast", the Digital Multimeter
operates with the normal sequence. When a value is read at the IEC bus
output, a short program interruption occurs internally during which 2 new
value is supplied to the output. Thereafter, the Digital Multimeter con-
tinues to operate normally. No measurement pauses occur.

If the Digital Multimeter is addressed as Talker in the “fast" state, a
value is sent to the output, after which the internal program remains in a
waiting Toop in order to make the next value immediately available. The
advantage of this output mode, in conjunction with a fast controller, is
that the bus is used (tied up) only for a short time. With slow devices,
this output mode is not recommended because the Digital Multimeter would be
disabled up to the end of the transmission. The time required by the con-
troller to accept 30 characters should be less than 8 msec.
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Explanation of the Outputted Characters in the "Talker" State

Character 1
“LH": Talker Function Slow/Fast
~ L = Talker Slow

H = Talker Fast

Character 2 .

“p-3": Designates decimal point of display indication ?
B = X XXX XXX XXX. X |
1= X XXX XXX. XXX X !
2 = X XXX. XXX XXX X ;
3 = X. XXX XXX XXX X
In Measurement Result, the decimal point is always in
Position 2!

Character 3

", -, ¥ Indicates the sign of the reading
+ = positive sign
- = negative sign
* = no sign (at VAC and Ohm)

Characters
4 thru 14
"g-9, *': The value of the reading
p - 9 is the numerical value
* = this position has no meaning (display is dark)
Characters
15 and 16
“M,R,CX": Name of value indicated

M = Display shows Measurement Result
- R = Display shows Computation Result
CX = Display shows Constant “X"




Characters

17 and 19
"PXX": Program number of selected program
; P49 = Zero-point correction
~ ot POX = Programs with zero-point correction
P5X = Programs without zero-point correction
Characters ‘ z
20 and 21 g
"BX": Selected measurement range, shown also with autom§tic range
selection. é
BP = Range 1§Q
Bl = Range .1 VDC, kQ
B2 = Range 1 VDC, VAC, k@
B3 = Range 1§ VDC, VAC, kQ
B4 = Range 1§9 VDC, VAC, kQ
BS = Range 1§9p VDC, VAC, kQ
BE = Range 19992 kQ
Characters
22 and 23
"BX": Automatic range selection

BP = without automatic range selection
Bl = with automatic range selection

Character 24

"D,A,0": Indicates measurement function
D = DC Voltage
A = AC Voltage
0 = Ohm

Character 25 J = AC Voltage with DC component
. K = AC Voltage without DC component

~———— e dtm 4 mmpai—— s e - ew e



Characters
26 and 27
') &

Characters
28 and 29
(IFX!I :

Characters
30 and 31
|lTx ] :

ST e Ay s e e e e = g

Indicates whether Ratio is selected
V@ = Ratio off
V1 = Ratio on

#

Indicates whether Filter is inserted
F@ = Filter off
Fl1 = Filter on

Indicates Integration Time

9 = 20 ms
Tl = 4§ ms
T2 = 199 ms
T3 = 200 ms
T4 = 4PP ms
5= 15
T6 = 25
T7 = 4 s
T8 =19 s
19 = 20 s

The measurement time indication is counted with T7 thru T9
with 1 second timing toward zero. The intermediate times,
e.g., 19, 18, 17 ... etc. are not taken into account with (at?)
the 1EC bus interface, i.e., only T9 for 2p sec is indicated.

Together with character 20, the EOI line (bus management) is
activated.

—— - ————— — - v ws w—- _——-—



Character String Qutputted in "Talker" State - Summary

L2- XXXXXXXXXXXM PXXBXBXBJ VXFXT(X+EOI)

CX 0K

H R A
H,L Talker Function Fast/Slow
0-3 Decimal Point
+- Sign .
11 Position Indication A g
M,R,CX Type of Indication (Measurement Result, Computation Resd]t.

Constant) |
PXX Program Number !

Bp-6 Range 19 - 199090 k
Bp/1 Automatic Range Selection (P = without, 1 = with)
D,A,D Measurement Function (DC, AC, Ohm)
J/K J = AC Voltage with DC Component
K = AC Voltage without DC Component

Vp/1 Ratio (P = without, 1 = with)
Fp/1 Filter (@ = without, 1 = with)
T0-9 Measurement Time 2 ms - 2P s
EQI END

Y




Service Request, SRQ

The IEC bus interface for the Digital Multimeter, Type 6040, is equipped with
a service request function (SRQ). ‘Sensing (finterrogation) of the SRQ must
;bqrdone serially. The meaning of the individual state bits transmitted when
an SRQ is made are listed in the following table.

Bit §: End of Measurement

Bit 1: Computation Overrun =~ (Option $9)

Bit 2: Measurement Overrun |

Bit 3: Ohm in Error (Option £2)

Bit 4: Outside of Limit (Option £3)

Bit 5: Reset

Bit 6: SRQ

Bit 7: Selected Option not available

Bit §, End of Measurement, can appear together with the other state bits in
order not to falsify (affect) the SRQ in fast measurement sequence.

-
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Simple Programming Examples for IEC Bus Interface

The device address of the Digital Multimeter 6040 can be set between § and
3¢ with the switches @ thru 5 at the rear of the unit.

Pet 2001:

-
e bttt b

With the Pet, the "EOI" line must be opened (separated)!
Operating the 6040 Digital Multimeter from the Pet:
The Pet 2pP1 is Controller, the Digital Multimeter is Listener.

110 Input A$

128 OPEN 1, 7 ("7" is the device address of the DMM)
13p Print #1, A$

149 Close 1

15p End

Pet: 1@P Print “Input" \

Reading the Character String of the 6040 Digital Multimeter by the Pet 29p1.
The Pet 2p¢1 is Controller, the DMM 6040 is Talker.

Pet: 2¢p Open 2, 7 ("7" is the device address of the DMM)
219 Input #2, B$
220 Close 2
23p Print B$
24p End

-13-
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Tektronik 5p41:

Cperating the Digital Multimeter 6040 from the Tektronik 5041:
Set’ switch "6" on the rear of the Digital Multimeter 6040 (REN) to "on".
The Tektronik is Controller, the DMM 6040 is Listener.

5¢41: 1pp PRI "Input"
119 INP A8 1
120 WRI @ 7:AB ("7" is the device address of the DMM)
13p END !

‘Reading the Character String of the Digital Multimeter 6040 by the Tektronik

5p41: |

The Tektronik is Controller, the DMM 6040 is Listener.
5p41: 14p INP 7:B8 ("7" is the device address of the DMM)
15p PRI @ B8 |
160 END
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