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1.1 INTRODUCTION

.This manual contains operating instructions and other information relevant to the
7150plus Digital Multimeter (DMM).

The operating manual is divided into two parts; Part 1 contains general information,
including initial installation procedures and familiarizes the user with the DMM’s controls
and displays. Part 2 is required only when the DMM is to be controlled remotely — using a
suitable controller. In either case it will always be necessary to read Part 1 of the manual.

The DMM will perform all common types of measurement function whether commanded
directly, via its front panel controls, or remotely, via a controller. Users will find the
example commands given in Part 2 — using several common types of controller —
particularly useful.

For those perhaps less familiar with remotely controlled devices, some basic concepts and
an in depth description of Solartron’s General Purpose Interface Bus (GP-IB) are also
provided in Part 2. The GP-IB Interface, an integral part of the DMM, conforms to the
IEEE 488 (1978) Standard for Programmable Instrumentation, thus 7150plus is compatible
with a whole family of devices which comply with this internationally recognized standard.

1.2  SAFETY

The DMM has been designed in accordance with the recommendations of IEC 348. To
ensure the user’s safety, and the continued safe operation of the DMM, the user is advised
to read carefully the procedures and specifications given in this Operating Manual.

Care should always be exercised whenever the input leads are being connected or removed,
especially where high voltages are known to exist, or high transients occur.

The DMM is protected against measurement overload, up to 1.2kV peak on voltage
measurement, and 240V rms on resistance measurements. Protection against current
overload is by a 2A fuse.

When using the DMM on equipment which is capable of delivering high voltages (e.g.
inductive circuitry giving high back-emf’s) it is strongly recommended that the equipment
under test is not switched off while the DMM is still connected. The DMM leads should be
carefully disconnected before switching off the equipment; this will help to prevent the
hazards of back-emf’s. The following example illustrates this. Consider the inputs
connected across the secondary of a large mains transformer; the very high input impedance
of the DMM is such that, in the event of the mains supply being interrupted, the resultant
back emf induced in the undamped secondary could be in the order of 100kV. This is
obviously hazardous to the user, and would certainly damage the DMM. User safety may
be preserved by the inclusion of a switch between the DMM and the transformer secondary;
the switch could then be switched on, and off, while the transformer remained powered.

Whenever it is likely that the safety of the DMM has been impaired —e.g. if it shows visible

signs of damage, if it fails to perform correctly, or if the specifications have been exceeded
in any way — it should be made inoperative and referred to a suitable repair depot.

1.2.1 Maintenance

Maintenance, adjustment or repair of the DMM must only be carried out by

skilled personnel, in accordance with the procedures and precautions detailed in
the Maintenance Manual (Part No. 71500028).

1.2 KJT/7150plus/2



1.3

A Wherever this symbol appears on the front or rear panel it is advisable to
consult the appropriate section of the Operating Manual for further information.

Instrument warranty may be breached if the unit has been subjected to any of
the following conditions : mis-use by operators, damage due to incorrect
storage or environmental conditions whilst in the owners paossesion, physical
damage, repairs carried out by unauthorised personnel or third parties.

Integrity seals (plastic caps) have been placed over the cover retaining screws in
order to prevent unauthorised tampering with the instrument ,which may
invalidate the warranty. Regular, annual recalibration can be carried out
without removing the instrument cover, refer to Chapters 5 and 7 of this
manual.

INSTALLATION

The DMM is fitted with a mains supply input unit (Fig 1.1) which contains the mains fuses
and voltage selector. These items cannot be accessed until the mains input cable has been
removed. Before applying power to the instrument, check that the voltage selector is
correctly set, viz the relevant 100V, 120V, 220V or 240V appears in the aperture and that
the correct fuses are in place (Para 1.3.4).

For a 220—265V input, use the 240V setting
188—230V input, use the 220V setting

110—127V input, use the 120V setting
92—115V input, use the 100V setting

The method of adjusting the voltage setting is given in Para 1.3.1.

Lever up
flap from ===
here

Thin spindle
at top

Required voltage
must face outwards

Fig. 1.1 Mains Supply Input Unit

KJT/7051plus/2
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1.4

1.3.1

1.3.2

1.3.3

1.3.4

Voltage Adjustment

To change the selected voltage, gently lever up the hinged flap with a screwdriver, lift out
the voltage selector block and refit it such that the required voltage appears in the
aperture. Close the flap securely and refit the mains connector.

Frequency Range

The instrument is intended for use on nominal 50Hz, 60Hz or 400Hz power supplies.
However, if the frequency deviates from these values, the instrument will still operate
correctly but with reduced interference rejection.

Mains Input Cable

The mains input cable supplied with the instrument is usually appropriate to the country of
destination but should it require changing, observe the colour convention of the wires:

Connection Colour

Line Brown
Neutral Blue

Earth Green/Yellow

If rack mounting the DMM, or to obtain the best RFI performance, connect the rear panel
earthing terminal to a suitable earthing point (in addition to normal earthing arrangements
via the power lead).

Fuses

Line and neutral are both fused in the DMM. To access either of these fuses, disconnect
the mains cable and gently lever up the flap of the mains power input unit (Fig 1.1). Inside
are two fuse holders marked 1 which pull out. Fuse values are:

for 220V or 240V operation: 100mA slow-blow
100V or 120V operation: 250mA slow-blow

As replacements, only 20mm X 5mm cartridges can be fitted. If the instrument repeatedly
blows these fuses and the mains voltage is correctly set, do not insert a larger value of fuse
but have the instrument checked out by a suitable authority.

KJT/7150plus/1



1.4 SWITCH ON
The DMM is switched On/OFF by a rear panel switch adjacent to the mains input
unit. At switch-on, 7150plus checks its internal memories, front panel display

windows and status annunciators.

If the DMM is operating satisfactorily, its display will show the following at the
completion of a test:

PASS
This message will be followed by the DMM's GP-IB address:
IEEE nn'
(where nn is the actual address set on rear panel address switch)
The DMM is now ready for use.
Should the message:
FAIL 'n'

be displayed, then the multimeter is faulty and should be returned to an authorised
repair depot.

Note: The character 'n’' represents a failure code; full details are given in the
maintenance manual

1.5 ACCESSORIES

The 7150plus is supplied with the following accessories:

Part Number

Mains cable - UK/USA/Europe - as applicable 359900380/390/250
Set of test leads and probes 359900360
Calibration Jack plug 351302120
Calibration Overlay 71502070A
5-Pin Din Plug 351305070
Spare fuses 100mA slow blow 360106260

2A fast blow 360100150

250 mA 360103050
Fuse Holder 360208150
Operating Manual 71500024

1.6 OPTIONS
The following Options are available for 7150plus:

Radio Frequency Probe T0457F
High Voltage Probe T0457E
Current Shunt 70457X
Temperature Probe, Insertion T1517A
Temperature Probe, Surface T71517B
Rack Mounting Kit 71501
Maintenance Manual 7150026
Nato Connection Set ' 71517C
Carrying Case T1509A

KJT/7150plus/2



Chapter 2
Controls and Displays
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2.1

INTRODUCTION

This chapter describes the functions of the DMM'’s controls and displays. During
calibration, other control functions are possible. These are fully described in Part 1,
Chapter 5, ‘Front Panel Calibration’.

2.2 FRONT AND REAR INPUTS
Input terminals are provided on the front and rear panels. Generally either set of terminals
may be used; the choice depends on whether or not the instrument is to be rack mounted or
free standing and also on the type of measurement required. As Fig 2.1 shows, front and
rear terminal functions are not identical.
Front or rear inputs can be selected by a front panel switch whose action is indicated by the
symbols:
2 FRONT Pushbuttonout: frontinputs selected
=3 REAR Push buttonin: rear inputs selected
The selection of front or rear inputs cannot be actioned by remote control; however a
remote controller can interrogate the DMM to determine which set of terminals are in use.
(See Para 1.9.2 'Serial Polling' in Part 2 of this manual).
(( mAHI
2A fuse W
HI #o Hi
V-0
v-Q SENSE
Lo o LO > Rear panel
Front Panel ﬁ ) o
Lo HI
QO
SOURCE
X’C ‘ LO
\ GUARD

GUARD \c
Il, ‘

L Frontrear switch  “ —
To internal measuring circuits

Fig. 2.1 Switching of Front/Rear Input Terminals
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2.3 FRONT PANEL CONTROLS

The DMM’s front panel controls can be used to select:

The type of measurement (Vdc, ohms, etc).

The type of range (auto or manual; more sensitive/less sensitive).

The measurement resolution (number of digits).

The front panel also has controls which permit:

Nulling (to offset thermal emf’s).

A return to ‘local’ (from remote) control.

2.3.1 Measurement Selection

-

VAL
E:

KIJT/7150plus/1

Voltage dc, 100nV to 1kV in 5 ranges; results in V or mV.

Voltage ac, 1uV to 750V in 5 ranges; results in V or mV.

Resistance, 1mQ to 20MQ in 5 ranges; results in kQ.

Press again to measure diode forward volts drop, limit of 2.4V.

Uses 2Vdc volts range.

(Sequence repeats).

Current dc, 1A to 2A, 1 range; results in mA.

Current ac, 10uA to 2A, 1 range; results in mA.

Temperature in °C. Press again for °F.

(Sequence repeats).

(8]
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2.3.2 Ranging

The instrument can autorange — or ranges can be set manually. As a safety feature, the
DMM defaults to autorange on power up.

AUTO
| - Selects autoranging of the chosen measurement function.
Press again to deselect and fix on present range.
v
— Selects more sensitive range — and deselects AUTO.
i
- | Selects less sensitive range — and deselects AUTO.

2.3.3 Resolution

Ordinarily, the time taken for the DMM to display a measurement after receiving an input
is 800ms, (viz, 400ms ‘integration time’ plus a 400ms ‘drift correction’). A result so
produced is referred to as a 5 digits result (3 significant figures plus a leading digit of
either 0, 1 or 2). Faster measurements of less resolution (4% digits) or slower
measurements of greater resolution (6% digits) are possible using the DIGITS control.

DIGITS

3 Pressing this control causes the number of digits to increase.
After 61 digits (maximum), display reverts to 4%2 digits.

(Sequence repeats).
2.3.4 Walking Window Filter

When 64 digits is selected (DIGITS control) ‘walking window’ filter results are produced
and a FILT annunciator is displayed. The filter provides a high level of immunity against
interference, particularly at lower frequencies. Repeated 52 digit measurements are taken
and the display, which is refreshed every 800ms, shows the running average result. After
the sixteenth reading, the result becomes the running average of the sixteen most recent
readings. As each new reading is added, the earliest reading is discarded, hence the
description ‘walking window’.

With 52 digits selected, a walking window filter, similar to that described for 6% digits, is

effective. In this case however, only four readings are used to produce the running average
and the FILT annunciator remains off.

2.4 KJT/7150plus/1



2.3.5

2.3.6

Nulling

The nulling facility permits small dc error voltages, superimposed on the required input
signal, to be cancelled out. Typically, these may be produced by thermal effect on the
connecting leads or terminations. Errors of at least the following magnitudes may be
cancelled out:

voltage dc: = 1lmV
current dc: = 1mA
resistance: £ 10Q)

Briefly, a null (offset) value can be measured for each range of a selected dc function.
These values are then stored in memory along with the null values of any other nulled
function. Thereafter, when a measurement is made in a particular function/range, the
appropriate null value is recalled from memory and applied as a correction factor to the
measured result. The dc error at the input is thus cancelled out. Switching off the
instrument causes all null values to be destroyed.

Note: The null facility cannot be used on ac or diode ranges. To null a dc voltage or
resistance range, select the required measurement (Vde or kQ) fit the test leads to the
V-Q Hi and Lo terminals and short the free ends together. Now press NULL.

NULL
3 Press once to automatically null each range in turn.

To null a dc current, carry out the same procedure but open circuit the input leads.

When NULL is pressed, nulling begins on the lowest range. The display shows NULL ‘n’
where ‘n’ = the number of ranges yet to be nulled. Upon completion, the NULL
annunciator is displayed and the instrument returns to the range in use prior to nulling.

If an offset exceeds the value that can be nulled, the display shows H/ NULL and the
sequence is halted.

On return to a previously nulled function, its null values are recalled. To re-null a
particular function, select the function, press NULL to reset all previous null values, then
press NULL again to restart the nulling process.

Local/Remote Control

If the DMM is in remote control pressing the LOCAL control will restore local (front
panel) control. If Local Lockout (LLO) has been asserted via the interface however,
pressing LOCAL will have no effect. LLO disables the LOCAL control.

LOCAL

- Press to regain local (front panel) control. Inoperative when interface
command LLO is asserted.

Note: If single-shot measurements have been commanded remotely, using TO (see
Instruction Set in Part 2, Page 2.7 of the manual) pressing local will cause the DMM to
resume tracking- providing the external HOLD facility is not being used. (see Para 2.4).

KIJT/7150plus/1



2.4

2.4.1

2.4.2

2.4.3

REAR PANEL MEASUREMENT CONTROL

With the 7150plus, the user is able to initiate measurements using his own external
hardware. Access to the DMM'’s switching circuits is via 5-way Din socket SK505 which is
located on the rear panel (Fig. 2.2).

The socket, which also has an output facility, uses standard TTL logic levels to activate the
various control functions.

e )

5
TOBOROIR-FIORO

Hi V-Q SENSE Lo GUARD I SOURCE Lo I ]

- LINE/SECTEUR ~ 30260V 23VA 100/1 20V 250N\A SLO- ELO RETARDE
K506 Y e Yens0s 50/60/400Hz FUSIBLES | 220240V 100mA
TRIG
@ COMP ™, 2
SKS04 A OY==5 % = I N
‘
EXT | |
SK501 IEEE 488/GP-1B INTERFACE rmc !
: >
2 -
o~

~. |\ / i

\ 1/ | F—

CAUTION=

\_ Lu_u.u_u_u_u_‘ / ‘ cll B oo E 3 =) DISCONNECT

. / LUl esy | oF+ . B FROM SUPPLY
BEFORE

SH1 A1 TS TEQ L3 LEQ E1 i 8 Zx2> 0z REMOVING
k& SR1 AL1 DC1C8 DT1 PP —7/\ Dmg gggg . A USE CORRECT VOLTAGES AND FUSES COVERS

Fig. 2.2 DMM Rear Panel

The following input signals are available via SK505:
Hold
External Trigger

Following an External Trigger command, the following output is available via SK505:
Trigger Complete.

Hold

Usually, the DMM measures continuously. When the HOLD input (normally ‘high’) is
connected to 0V, the Multimeter stops measuring, the HOLD annunciator appears and the
most recent reading remains in the display.

External Trigger

External Trigger, which is only operative in HOLD, is used to command a single
measurement. This input is normally held ‘high’. To activate the measurement, the ‘EXT
TRIG’ input must be connected to OV. To make further measurements, the input must be
returned to +5V and the above action repeated.

Trigger Complete

The DMM can indicate (to an external device) that a measurement has been completed.

The indication is via the (normally high) ‘“TRIG COMP’ pin which is pulled low (logic 0) for
10-20ms after a measurement has been completed.

KJT/7150plus/1



2.5 DISPLAYS

The DMM presents data on a 6% digit, alpha-numeric, liquid-crystal display which is
back-lit to enhance clarity in poor light. The display includes a leading minus sign and a
series of status annunciators to show the various operating modes.

The main part of the display shows the numeric value of a measurement, it’s polarity, the
units of measurement and at times — messages. Messages may include for example an
indication of an overload, or a user prompt to facilitate calibration of the DMM.

REM AUTO HOLD FILT CAL NULL

II'IBEI'!:}’O:),)')mM«.

Fig. 2.3 Numeric Display and Annunciators

Fig. 2.4 Overload Message

KJT/7150plus/1



2.5.1 Status Indicators

Status Flashing Indicator Indicator Steady
Indicator
REM - DMM under remote control.
AUTO - Auto ranging is enabled.
HOLD - DMM is not measuring.
FILT - Filter (64 digits) is selected.
CAL Calibration Mode Enabled Calibration mode ENTERED.
NULL - Selected function has been nulled.
ERR In conjunction with the

message CAL, indicates a

calibration fault.
COMP Flashes briefly on COMPletion

of each measurement.

2.5.2 Messages

Displayed Message Meaning »
Complete display The input signal currently applied exceeds the full scale value of
flashes regardless the selected range. Range up — or disconnect the input.

of content

-OL- Appears in place of a measurement result to indicate that the

measurement exceeded the full scale value at some point during
the measurement time.

The function has been changed (eg, to Vac) but no measurement
has yet been taken with the new settings. The selected units only
are displayed.

NULL 'n’ Displayed during a nulling sequence. The ‘n’ indicates the
number of ranges yet to be nulled.

HINULL Indicates an input signal too large to be nulled.

ILLEGAL Appears when two conflicting modes of operation are selected; for
‘example, attempting to null on an ac range.

ERR 'xy' Refer to 'Error Messages' (Part 2, Page 2.8).

2.8 KJT/7150plus/1



Chapter 3
Taking Measurements

Para Title Page
3.1 INPUT TERMINALS | 3.2
3.2 MEASUREMENT - GENERAL 3.2
3.3 VOLTAGE MEASUREMENT

(VIAFRONT OR REAR PANEL) 3.3
3.4 CURRENT MEASUREMENT

(VIA FRONT PANEL ONLY) 3.4
3.5 RESISTANCE MEASUREMENT 3.4
3.5.1 Two-Terminal Resistance Measurement (Front or Rear Panel) 3.5
3.5.2 Four-Terminal Resistance Measurement (Rear Panel Only) 3.6
3.6 TEMPERATURE MEASUREMENT 3.7
3.7 USING THE ACCESSORIES 3.7
3.7.1 Radio Frequency Probe 3.8
3.7.2 High Voltage Probe 3.8
3.7.3 Current Shunt 3.8
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3.1

3.2

INPUT TERMINALS

With 7150plus, current measurement is only possible via the front panel mA HI and
(common) LO terminals. Conversely, 4-terminal ohms measurement is only possible via
the appropriate rear panel terminals. (See Fig. 2.1).

WARNING: Do not exceed the maximum permitted voltages between terminals as stated '
on the front and rear panels.

MEASUREMENT - GENERAL

For many applications, it is sufficient just to connect the unknown quantity (volts, ohms
etc) to the DMM with a pair of test leads connected to the appropriate terminals (V-Q HI
and LO etc). Measurements can then be taken.

Very often however, interference is superimposed on the input signal to the instrument and
if it is large enough, the displayed result may be affected, ie, the result may be unstable, or
worse still, steady but incorrect.

As it is sometimes difficult to assess whether or not results will be affected by interference,
it is advisable to take certain simple precautions that guard against it. Briefly, these are:

(a) Null the dc ranges prior to their use. (With ohms measurements, nulling will
also offset the value of the lead resistance).

(b) Connect the Guard terminal to the equipment under test at the source of any
suspected Common Mode interference, usually at the point of connection of
the LO lead. Although slightly less effective, a compromise is to connect
GUARD to LO at the instrument.

For information on the possible causes of interference, see Part 1, Chapter 4.
It is not normally too important which way round the connecting leads are arranged as the
instrument can measure +ve and —ve signals. If —ve, a minus sign will precede the result.

If maximum interference rejection is required, it is advisable to connect the leads in the
conventional manner once the polarity of the input is known.

KJT/7150plus/1



3.3 VOLTAGE MEASUREMENT (Via Front or Rear Panel)

Connect the test leads to the V-Q HI and LO terminals and select V==or VA, . Select
AUTO ranging and connect the test leads across the unknown voltage. Connect GUARD
as shown. Repeated measurements will be taken; use the HOLD facility to freeze the

display if required.
7151 MULTIMETER
e = unknown voltage N h
- HI
¥ V-Q
D o
IIJ
710
|
[}
]
/\¥
> GUARD
Alternative GUARD connection

Fig. 3.1 Connections for Voltage Measurement

Note: Protection against voltages in excess of approx. 1.2kVdc or 1.2k V peak ac is afforded
by a spark gap between HI and LO.

KJT/7150plus/1
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3.4

3.5

CURRENT MEASUREMENT (Via Front Panel Only)

Connect the test leads to the mA HI and LO terminals and select ==or I, . Connect the
test leads to the unknown current and to the GUARD terminal as indicated in Fig. 3.2.

Repeated measurements will be taken; use the HOLD facility to freeze the display if
required.

i = unknown current
7151 MULTIMETER

lﬁ
A |
I 5 "
i A
| .
|| Unit under test » MA
|
| b
| -~ LO
7
| . J
L——— !
A
= >~ GUARD
Alternative GUARD connection

Fig. 3.2 Connections for Current Measurement

Note: Protection against currents in excess of 2A is provided by a 2A fast blow fuse
mounted on the rear panel.

RESISTANCE MEASUREMENT

Resistance can be measured by using either the two or four-terminal method. For most
applications the two-terminal method is satisfactory. However, as the value of unknown
resistance becomes smaller, the effects of the instrument being remote from the resistance
becomes more noticeable. In particular, the connecting leads always have some resistance,

typically 0.25Q. As a result, the ratio of unwanted resistance to that which is required
becomes more significant.

In order to ascertain which method should be used, it is sufficient to measure the resistance
of the test leads (if not already known) and then calculate their value as a percentage of the
resistor under test. If this figure is unacceptable, the four-terminal method should be used.

A test current for resistance measurement is provided by a constant current generator

whose output varies with the selected resistance range, viz, 100uA (for 2k and 20k
ranges) 10pA, 1uA and 100nA.

KJT/7150plus/1



3.5.1 Two-Terminal Resistance Measurement (Front or Rear Panel)

Connect the test leads to the V-Q HI and LO terminals and select (). Short the leads
together, then null. Select AUTO ranging and connect the test leads across the unknown
resistance. Connect GUARD as shown in Fig. 3.3. Repeated measurements will be made;
use the HOLD facility to freeze the display if required.

7151 MULTIMETER

. N h
r = unknown resistance p) HI
> V-Q
N
LO
r/’J P
1
1
|
NN
pr g - GUARD
Alternative GUARD connection

Fig. 3.3 Two-terminal Resistance Measurement

KJT/7150plus/1
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3.5.2 Four-Terminal Resistance Measurement (Rear Panel Only)

Connect the test leads to the rear terminals as shown in Fig. 3.4 and select 2. Short the
V- test leads together and allow readings to settle, ie, allow settling time for thermals.
Perform a null. Disconnect the short and connect these two leads across the unknown
resistance, keeping the connections as close to the body of the resistance as possible. Now
connect the Q SOURCE HI and LO test leads. Allow thermals to settle and select AUTO
ranging. The instrument will make repeated measurements; use the HOLD facility to
freeze the display if required.

7151 MULTIMETER

r = unknown resistance

H  V-Q

WU\

HI  Q source

r
é LO Q source
Prov LO Vv-Q
]
|
/’L‘> GUARD

Alternative GUARD connection

Fig. 3.4 Four-Terminal Resistance Measurement

Note: For nulling prior to four-terminal resistance (or temperature) measurement, connect
the test leads as shown in Fig. 3.5.

3.6 KJT/7150plus/1



3.6 TEMPERATURE MEASUREMENT

Temperature may be measured using the optional immersion or surface type Platinum
Resistance Temperature (PRT) probes.

In practice, temperature measurement involves taking resistance measurements which the
DMM then converts into either °C or °F. As for resistance, two-terminals may be used but
four-terminal measurements will produce more accurate results. (Select rear panel inputs
for four-terminal measurements).

If two-terminal measurements are to be made, it will be sufficient to use the front panel
V-Q HI and LO terminals, otherwise the probe must be connected to the rear input V-Q
SENSE and ) SOURCE HI and LO terminals. (Match the colour of the probe leads to
those of the input terminals).

When using the surface probe, a small amount of heat sink compound between the probe
and the surface will ensure good thermal contact. To measure the temperature of a liquid,
insert the immersion probe approximately 3in (6-7cm) into the liquid.

It is advisable to null the resistance ranges before use. For two-terminal measurements,
connect a short circuit between the DMM’s V- HI and LO terminals. (A measured result
will show a small error due to lead length).

For four-terminal measurements, short the terminals as shown in the diagram, ie, V-()

SENSE HI to V-Q SENSE LO, ) SOURCE HI to Q SOURCE LO, then join the two at
the points shown.

" Red Bk Gm Y! BI

O

i Q.
HI V-0 SENSE Lo HI SOURCE LO

Fig. 3.5 Rear 4mm Terminals — Recommended Connections for Ohms Null
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3.7

3.8

3.7.1.

3.7.3

USING THE OPTIONS
The following options may be used with the DVM:

Radio Frequency Probe (70457F)

High Voltage Probe (70457E)

10A Current Shunt (70457X)
Radio Frequency Probe
This is a peak-sensing rms-scaled probe which extends the frequency coverage for ac
voltage measurements. With the probe, the DMM may be used to measure ac voltage at
grg\(}uencies between 10kHz and 750MHz. Probe inputs can be within the range 100mV to
To use the RF Probe:

1. Select Vdc (the probe gives a dc output).

2. Depending on the magnitude of the voltage being measured, select one of the
following Vdc ranges: 20V or 200V.

3. Connect the probe to the V-2 HI and LO input terminals.
High Voltage Probe

The probe extends measurement range of dc voltage to 40kV, giving a division ratio of
1000:1.

To use the HV probe:
1. Select Vdc (the probe is for use with dc voltages only).

2. Depending on the magnitude of the voltage being measured, select one of the
following Vdc ranges: 20V, 200V.

3. Connect the probe to the V- HI and LO input terminals.

Note: When using the RF or HV Probe, use only the ranges stated. This ensures
that the the probe is correctly terminated by 10MQ.

Current Shunt
This is a Lm{ shunt which extends the measurement range of ac or dc current up to 10A.
The input current will be read as an ac or dc voltage developed across the shunt. The
voltage readings produced by the DMM must be converted by the user into current, using
the conversion; ImV/Amp.
(A 2.5mV reading for example, would indicate a current of 2.5 Amps).
To use the current shunt:

1.  Select Vdc or Vac as appropriate.

2. Selectthe 0.2V range.

3.  Connect the shunt to the V-Q HI and LO input terminals.

KJT/7150plus/1



Chapter 4
Interference — Some Causes & Cures
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4.1

4.2

4.2.1

INTRODUCTION

Consider a DMM measuring a signal applied to its input terminals. The signal presented to
the input comprises two components; the required input signal and an unwanted signal (no
matter how small). If the unwanted signal is sufficiently large, it invariably causes a change
in the DMM reading.

This unwanted signal, or interference, may be ac or dc. Sometimes, the presence of
interference is simply indicated by a result that differs from the expected value, or perhaps
the last one or two digits are unstable, due to some additional, spurious signal. Very often
however, the displayed result gives no indication that the measurement has been affected
by interference, and so precautions against it must be taken.

SERIES MODE INTERFERENCE

The term series mode (or normal mode) arises because the interference is effectively in
series with the signal source and voltmeter input. It may arise (a) as part of the source
where the signal and interference are inextricably mixed; or (b) as a separately identifiable
generator.

e = wanted signal
e; = interference signal

In both cases the DMM sees an input = e+e;

(a) ’ (b)

B}

4 }
7150plus 7150plus

¥ ¥

:

In both cases the DMM sees an input = e+e€;

e = wanted signal
e; = interference signal

Fig. 4.1 Series mode interference

Series Mode DC

When the interference is dc there is no way of designing the DMM to ignore it. If the
interference is only of the order of microvolts then a zero, or null control may be able to
compensate. For example, on Volts dc, the DMM can null out offsets of at least £ 1mV. If
the offset is excessive and cannot be nulled, the user can only take precautions, knowing
that the problems may exist.

If the source of the offset if simply resistance in the test leads then the solution is to make
the leads shorter/thicker. Often though, the offset is caused by thermal effects upon
connectors, clips, and relays in the measuring path. For example, a simple reed relay with
nickel-iron contacts usually has copper connections, i.e. a pair of thermocouples. Any
temperature gradient across the relay then resuits in an emf of approximately 40 uV/°C.

KJT/7150plus/1



4.2.2

KJT/7150plus/1 4.3

Other sources of dc interference can result from leakage across nominally good conductors,
especially under conditions of high humidity; moisture on exposed terminals may cause
galvanic emf’s to be generated; screened cables connected to vibrating equipment may
generate electrostatic potentials; and so on.

Series Mode AC

The most serious form of ac interference is usually derived from the mains supply, ie 50Hz,
60Hz, etc.

Mains outlet

Test leads

X e, may cause indeterminate result
e = wanted signal

e, sonz = interference signal

Fig. 4.2 Mains induced interference

This problem can be overcome by designing the DMM so that its measurement times are
multiples of the mains frequency period. For example, for 50Hz operation, measurement
times of 20ms, 40ms, 60ms ---- etc. would be suitable. Thus the S0Hz induced interference
components are averaged out.

However, if the interference is other than mains induced, the most successful way of dealing
with it is to use the longest practicable measurement time in order to average out the
interference components. When relying on this process however, the DMM’s dynamic
range becomes important. Consider a DMM with a nominal range of 2.000V having an
applied input of 1.700V. A series mode rejection ratio of 40dB (100:1) implies that the
DMM can withstand 100mV of ac before 1mV error is displayed. But conversely, it is not
true to say that a display error of say, 10mV is allowable in addition to the 1.7V input. This
is because with a 40dB (100:1) rejection ratio, to display 10mV error implies an error input
of 1.0V, in addition to the wanted signal of 1.7V. Consequently, at times the total input to
the DMM exceeds the range maximum (2.000V). This problem can easily be avoided by
ensuring that plenty of headroom is always given in the selected measurement range, i.e.
range up if in doubt.



4.3

COMMON MODE INTERFERENCE

Common mode interference is brought about by a source which is common to both input
leads and superimposed as a standing voltage with respect to earth. Itis when this common
mode voltage is converted to series mode that corruption of a measurement occurs.

If the connecting leads have identical resistances and the currents flowing through them are
equal, then there is no potential difference at the DMM input terminals, apart from the
input voltage proper, thatis. But, in practice, these resistances and currents are unequal
(unequal volts drops along the two connecting leads) and the resultant interference

becomes series mode again. This can happen particularly if there is some resistance in the
LO lead.

To prevent the common mode interference being converted to series mode, the DMM is
designed such that its measuring circuitry is ‘floating’ and enclosed by a protective screen,
or GUARD. By connecting the source of common mode voltage to the GUARD, all current
produced by this voltage flows into the GUARD instead. Thus the measuring circuitry
floats up and down with the interference. The greater the interference, the more effective
is the GUARD connection.

7151 MULTIMETER

HI

U

|

I

Floating l

measuring |

circuitry I

(ADC) I

LO |
I

I

GUARD A T eant -\' >UARD screen

° wanted signal L
>

common mode voltage

Fig. 4.3 DMM Guard Arrangement

With 7150plus, the GUARD is internally ac coupled to the LO terminal by a series RC
network. This path provides adequate protection for most ac interference and the GUARD
terminal need not necessarily be connected externally. However, it is good policy to always
connect the GUARD to a suspected source of common mode interference, usually the point
at which the LO lead is connected.
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4.4 REMEDIAL ACTION

Interference can be series or common mode, ac or dc. Here is a summary of the suggested
methods for dealing with the interference. In addition, keep the lengths of any connecting
leads approximately equal, and to a minimum.

Series mode, dc

Series mode, ac

Common mode,
dc & ac

KIJIT/7150plus/1

Use the null facility to remove small offsets. Alternatively, attempt to
eliminate the offset source from the measuring path.

Select a measurement time that is a Multiple of the mains period. For
example, for 50Hz operation, use 40ms, 400ms etc. For other forms of
interference (e.g. noise), use the longest practicable measurement time
to average out the effects, 400ms or 1.6s etc. In practice, the higher
ohms ranges may be found more susceptible to series mode ac. The real
cure here is to use a screened lead where the V-Q HI, and Q SOURCE
HI & LO leads are screened by an outer braid connected to V—Q LO.

Connect the GUARD terminal to the source of common mode
interference, usually the point to which the LO lead is connected. If
possible, use matched connecting leads.
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3.1

GENERAL

The 7150plus DMM may be calibrated via it’s GP-IB interface, using programmable
calibration standards and a suitable controller. Part 2 of the manual contains in Chapter 7,
the procedure for calibrating the DMM via the GP-IB and also gives some program
examples using various types of controller. As an alternative, the DMM may be calibrated
via it’s front panel controls as described in Paras. 5.2 to 5.4 below. '

Calibration of the 7150plus is possible without the use of tools or the removal of covers.
Calibration coefficients are held in the DMM’s non-volatile memory (EAROMS),
replacing conventional potentiometers. With ‘digital’ calibration, the DMM can be fully
calibrated in less than half the time taken, using traditional methods.

Since calibration coefficients are stored independent of each other, individual functions and -
ranges may be calibrated without disturbance to others. Thus with 7150plus, it would be in
order to calibrate only the range required — and simply refresh coefficients for others.

Data retention times of ten years are typical with the EAROMS. It is however
recommended that calibration (or a memory refresh) is carried out annualily.

Fig 5.1 shows an ‘actual’ uncalibrated A-to-D converter characteristic alongside the

calibrated ‘ideal’. The characteristic represents a straight line equation, y = mx + . and is

typical of a DMM that uses digital calibration to convert an unknown input Voltage V,, into

a measured reading. - —

COUNT
Crii 4=
Actual —> _
(slope = m)
y; Ideal
m=1
Ce 4+ ( ) Cui=Cro =
slopem = ———
VHi-Vio
y Cro= mVip+Co =
Co= Cro—-mVy,
. ' : Ce-GCo
s for any input V, =
m
Co INPUT
/‘ VOLTAGE —
: : —
0 Vi Ve VHi

Fig 5.1 Calibration Characteristic
At calibration, a specific mode and range are selected, say dc volts and 2V range.
Two known calibration voltages, eg, 2 volts as Vi and 0.1V as V,, are then presented to the
DMM in sequence and a measurement triggered in each case. The DMM will store the -

result of its own A-to-D conversion for these known input voltages as C; and Cyo
respectively.
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Because the DMM has been told that Viy; should be 2V and V,, should be 0.1V, its
microprocessor is able to compute the slope shown in the diagram. The offset at zero volts,
C,, can be also derived from the equation for m.

In practicé”(arid' 1deall; for dc) C,, can be a short circuit input (zero volts) so C, could be
measured directly. The calibration of the 2V dc range is now complete. The values of m

“and G, are stored in the DMM’s memory as the calibration coefficients for the 2V dc range.

For any unknown input voltage, V4, in the 2V dc range, the DMM will measure Cy and use
this value in the equation:

el
e=""m

to compute the unknown input voltage V.
A similar procedure is repeated for all ranges and modes. It simply involves selecting the

appropriate measurement mode, stepping through the ranges in sequence and for each
range, applying an appropriate high and low reference input.

5.2 PRELIMINARIES
The following equipment will be required to calibrate the DMM:
Standards (AC/DC Voltage, AC/DC Current, Resistance)
Front Panel Calibration Overlay
Calibration Enable Jack-plug
5.2.1 Standards
The standards should be able to provide reference inputs appropriate to each range and
mode. Suggested reference values are shown on the DMM’s display. If other values are
used, refer to the procedure for modifying reference values given in paragraph 5.3.3.
For resistance and dc inputs, the low reference — usually zero — is readily obtained simply by
shorting out the DMM’s V=Q HI and LO terminals. On ac ranges, the low reference value
should not be less than 10% of the nominal full scale value.
For all ranges, the nominal full scale value of a range is suitable as a high reference value.
A high reference of less than 50% of nominal full scale should not be used.
5.2.2 Front Panel Calibration Overlay
In calibration mode, some of the DMM’s controls assume different functions; these are
identified on the calibration overlay. During the calibration procedure, the overlay is
placed over the control keypad.
KJT/7150plus/1
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5.4

5.2.3

5.3

Calibration Enable Jack-plug

The calibration jack-plug, when inserted in the rear panel CAL socket, ‘enables’ the
DMM’s calibration circuits. After calibration the jack-plug must be removed, to prevent
unauthorized calibration and to protect the calibration constants.

Before use, the internal contacts of the jack-plug should be shorted together. (This is
assumed to have been done in the following calibration procedure).

_
MODE

e

| RANGE

f EXIT REFRESH ENT
ca 313 3

Fig. 5.2 Calibration Overlay

CALIBRATION PROCEDURE

To calibrate the DMM:

1.

Insert the jack plug into the CAL socket on the rear panel.

The CAL annunciator will flash indicating that the calibration mode is enabled — though
not yet entered. -

. Press LOCAL to enter CAL mode.

The CAL annunciator will stop flashing and remain solidly on.

. Fit the calibration overlay (Fig. 5.2).

(With the jack plug inserted and LOCAL pressed, the control functions identified on the
overlay become effective).

. Select the appropriate measurement mode; Vdc or Vac, Idc or lac, or . (The display

annunciator indicates the present mode).

Note that with the overlay in position, no diode or temperature controls are offered;
both diode and temperature calibration are inherent in ohms calibration.

. Select the required range using the normal range controls.

Pressing either ‘range-down’ or ‘range-up’ not only causes the range to change in the
prescribed manner, but also momentarily displays its nominal full scale value. Thisisa
convenient reminder of the range in use. Ranges may be calibrated in any order.
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6. With the required mode and range selected, press ENTER.

This causes the DMM to display a sequence of prompts advising the user that the low
reference value (or low point) should be applied, eg:

”Lo Pt. ”
"APPLY "
”0.00000 V" (Set low point).

For all ranges, a recommended value is given for the low (and high) point. However, a
flashing first digit in the prompt indicates that it is possible to modify the recommended
value to one which matches precisely the available input (see Para 5.3.3).

7. With the appropriage reference value set, connect the DMM to the reference source,
apply the low point and allow time for the reading to settle. Once the input is steady the
value may be entered.

8. Press ENTER again.

This time, pressing ENTER causes the DMM to measure the low point and commit it to
memory. :

A similar sequence of prompts automatically follows for the high point, eg:

"HiPt. "
"APPLY ”
”2.00000 ” (Set high point).

At this stage the high point should be applied. Alternatively, the value may be
modified (Para 5.3.3) and the new value applied to the DMM.

9. In either case, when the input has settled, press ENTER again.
The DMM will measure the high point and commit it to memory.

The actual value of the units entered, will depend upon the chosen range and mode.
The above values are typical for the Vdc 2V range.

When both the low and high reference values have been measured, the DMM will
proceed to calculate the calibration constants for that particular range and on successful
completion, display a final message:

”Good ”
This message indicates that the present range has been calibrated and that
the calibration constants in memory have been altered accordingly. (See
Para 5.4 for details of other calibration messages).

To select another range (or mode), return to steps 5 (or 4) and repeat the procedure until
the required ranges are calibrated. Do nor at this stage remove the jack-plug; it is
important that the correct exit procedure be followed on completion of the required
calibration task (see Para 5.3.1). '

5.3.1 Exit From Calibration Mode
If only a partial calibration has been carried out (ie, not all ranges of all modes

have been calibrated) it is strongly recommended that memory refresh is used
before exiting from calibration mode. (See Para 5.3.2)

KJT/7150plus/1

W
W



5.6

5.3.2

5.3.3

Once the required ranges have been calibrated, the multimeter may exit calibration mode
as follows:

1. Press EXIT.

When EXIT is pressed, the DMM calculates an overall checksum for the calibration
constants and stores the value in memory.

2. Remove the calibration overlay and withdraw the jack-plug from the CAL socket.
(A flashing CAL annunciator warns if the jack-plug has been left in position).

Memory Refresh

When REFRESH is pressed, the DMM reads all the calibration constants held in memory
and then re-writes them. Memories therefore re-acquire maximum (and thus identical)
retention times.

The refresh sequence is monitored on the DMM (see ‘Messages’ Para 5.4).

Modifying a Reference Setting

Usually, when setting a low and high reference points, the DMM will prompt the user to
apply the most appropriate input for the chosen range.

In some cases, the calibration equipment available may not be able to provide the value
requested. It may still be possible however to calibrate a range.

Consider for example that calibration is to be carried out on the 2V dc range and that the
only useful input available as a high reference is, say 1.01864V, from a standard cell.

In the normal manner, the DMM will have been programmed to expect only the value
displayed in the prompt, viz, 2.00000V and would therefore reject the lower value as being
outside of acceptable limits. An appropriate error message would be displayed (see Para
5.4).

For the DMM to accept 1.01864V as the high point, the value must first be set on its display
using the ‘MODIFY’ controls.

Initially, when the high point prompt appears in the display, the first digit will flash —
indicating that the value displayed may be modified if required. (Some values eg, zero on
ohms, or dc ranges, may not be modified).

To modify a reference value:

1. Use the control marked [ 1 ] to increment the first (flashing) digit.
(Digits increment from 1 to 9, then back to 0).

2. Once the first digit has been incremented, select the next digit using the other arrowed
control [—]. The newly selected digit will now flash: (This control will scroll, through
the remaining digits, back to the first if required).

3. Increment the digit as described in 1 above.

4. Repeat the process for the remaining digits until the display reads 1.01864.

5. Apply 1.01864V from the standard and allow time for the input to settle.

6. Commit the value to the DMM’s memory by pressing ENTER as per step 9 of the
calibration procedure.

KJT/7150plus/1



5.4 MESSAGES

During calibration, the following messages may be displayed.

Displayed Message

Meaning

Good

Error

Abort

_ LOC ‘nn’

A range has been successfully calibrated.

The calculated calibration constants for the
present range exceed acceptable limits. Original
calibration constants for the range will be
retained.

Repeat calibration for this range, ensuring that
correct reference inputs are applied.

An inappropriate control key has been pressed
during the calibration sequence. Original
calibration constants will be retained.

Reselect range and repeat calibration.

Displayed during a REFRESH sequence. Shows
the location in memory most recently refreshed.
The DMM range (0 to 16) X 2 (number of
constants per range) = nn.

KJT/7150plus/1
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6.1 GENERAL

The optional Rack Mounting Kit (71501) will be required if the DMM is to be rack
mounted. Each kit will allow two DMM’s to be mounted side by side in a standard 19"
rack. Once the rack mounting kit has been assembled, the DMM itself must be prepared
(removal of handle, trims etc) before it can be located inside the kit assembly.

If only one DMM is to be mounted, a blanking plate (included in the kit) can be fitted.

6.2 ASSEMBLY INSTRUCTIONS

Before attempting to assemble the rack mounting kit, or prepare the instrument for rack
mounting, first identify the parts of the kit.

4 struts

2 sided plates

2 centre trims

2 rack ears

8 M4 x 8mm screws (for fitting struts and rack ears)
4 M3 x 10mm screws (for fitting the centre trims)

4 M4 x 16mm screws (for fitting the DMM’s)

1 blanking plate

8 captive nuts (4 to be fitted into each DMM)

6.2.1 Assembling the Rack Mounting Kit
1. Fit the two rear struts to the side plates, using the M4 X 8mm screws. Ensure that the

struts are fitted to the ‘rear’ end of the side plates. The correct orientation of the side
plates is given by the relative positions of the holes marked ‘A’ in the assembly diagram

below.
SIDE PLATE: CENTRE TRIM:
ENSURE CORRECT FIT LAST, AFTER
ORIENTATION BY DMM(s) HAVE BEEN
NOTING RELATIVE LOCATED IN ASSEMBLY
POSITION OF HOLES ‘A’
(USED FOR FIXING
THE DMM)
BLANKING PLATE:
SLIDE IN BEFORE EAR
FITTING CENTRE TRIM CENTRE
(MAY BE FITTED ON TRIM SIDE PLATE:
EITHER SIDE) STRUTS pack ENSURE CORRECT
EAR  ORIENTATION BY
NOTING RELATIVE
POSITION OF HOLES ‘A’
(USED FOR FIXING
THE DMM)
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6.2.2

1.

Fit the two front struts and two rack ears to the side plates using the same (M4) screws.

. If only one DMM is to be fitted, locate the blanking plate into the appropriate position

(left or right side) by sliding the plate into the inner recess in the rack ear.

. Next, take a centre trim and butt it against the other edge of the blanking plate, then fix

the centre trim to the front struts using the M3 screws. This will lock the blanking plate
in position.

. If two DMMs are to be fitted, fit the centre trim to the front struts using the M3

screws. (Do not fit the blanking plate).

Preparing the DMM for Rack Mounting

Raise the carrying handle shown in the diagram below to the vertical position then
gently pull the handle away from the case at the pivot points. Detach the handle.

. Peel off the trim on both sides of the DMM.

Trim

/
|—Q‘=;1<——— Handle

Front panel ——>

. Remove the 4 rubber feet from the underside of the DMM, by carefully prizing out

with a small screwdriver.

Top cover
(underside)

'z\«-— Base mOUlding

[ ' [ \
\ Slots for _ Slots for

captive captive

[[ / nuts [[ / nuts

{ [
4 Front

panel

Remove the four plastic caps and cover retaining screws on the underside of the DMM
and carefully lift off the top cover.

Cover retaining screws

g Y

S )
L4 s

- Front panel

Underside
of DMM

S 9
% P Al

Cover retaining screws
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6.4

10.

11.

. Fit captive nuts in the four slots indicated in the diagram below; two in the top cover

and two in the base moulding.

. Refit top cover and replace the cover retaining screws.

. Slide (each) DMM into the finished assembly from the rear as indicated on the

assembled rack diagram. The front moulding of the DMM will then butt against the
front centre trim and rack ear such that it protrudes from the front of the assembly by
approx. 6mm.

. Fix the DMM to the adjacent side plate using two of the M4 X 16mm screws. Pass the

screws through the holes in the side plate marked ‘A’ on the diagram and screw into the
captive nuts within the DMM. Use only the screws provided, or ensure that screws do
not exceed 16mm in length.. (Longer screws may damage the DMM).

. Fit the centre trim to the rear struts, using the M3 screws as shown in the kit assembly

diagram.

Fit the complete assembly into a standard 19” rack. Ensure that adequate ventilation is
provided.

See Part 1, Chap. 1 ‘Installation’ before connecting the DMM to a power supply.
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Specification
Accuracy

The following applies to the Accuracy
sections.

Limits of error:

Applicable after 2 hours warm up. DC and
resistance measurement with null in use. The
accuracy specification gives the uncertainty
in measurement for the stated time and
temperature range and is expressed in two
parts — as a fraction of the reading, (in
percentage), plus a numbper of counts in the
least significant digit displayed. Drift wiii
significantly reduce with increasing age of
the instrument.

Temperature coefficient

Expressed as + [% reading + counts] /°C.
Valid from 0 to 40°C. Temperature coefficient
need only be applied outside the
temperature span quoted with Te.

Calibration temperature

Calibration Temperature (Te) is the
temperature of the calibration room
environment. Calibration occurs at 20°C
(23°C for USA) and is directly traceable to
Intemational Standards via the National
Physical Laboratory or the National Bureau of
Standards. Recalibration is valid at T from
15°C to 30°C. A 3 hour warm up time is
recommended before attempting
recalibration

KJT/7150plus/1

DC Voltage

Accuracy: * [% rdg + counts]. 572 digits.

Nominal Sensitivity Input Stability Limits of Error
Range 612D 52D Resistance T2 1°C T+ 5°C

24 hrs 90 Day 1 Year

0.2v 100nV* v >10GQ 0002 + 3 0.006 + 4 0.008 + 4
2.0V v 10V >10G(Q) 0002 +3 0005 + 4 0.006 + 4
20V 10uVv 100uVv 10MQ 0002 +3 0.006 + 4 0.008 + 4
200V 100pV mVv 10MQ 0002 + 3 0.006 + 4 0.008 + 4
1000V mV 10mV 10MQ 0.002 + 3 0.006 + 4 0.008 + 4

For 64 digits add 3 to counts error + 1uV.

32 digit accuracy add 1 to counts error. 42 digit accuracy divide counts ermor by 2.

*Over the bus only.
Readings per Second Linearity: <0.001% of range
Input current: <150pA
Digits Full Scale Integration Track Range of null: B o
rdg/s Temperature
3% 2300 6.67mMs o5 coefficient: <0.001% rdg/°C + 0.2 uV/°C
4 23000 40ms 13 Overload protection:
42 23000 50ms 12 ; |
4V 53000 bl Autorange: ' 1.2kV peak
Fixed ranges:
52 230000 400ms 1
6% 2300000 64s 1 02, oV o0 Ams
20, 200, 1000V 1.2kV peak
Resistance
Accuracy: £ [% rdg + counts]. 5V2 digits.
Nominal Sensitivity Measuring Stability Limits of Error
Range 62D 52D Current Te 2 1°C T2 85C
24 hrs 90 Day 1 Year
2.0kQ) mQ 10mQ 100pA 0.002+4 0.015+5 0.02+5
20kQ) 10mQ) 100mQ 100pA 0.002+3 0015+4 0.02+4
200k 100mQ 10 10pA 0.003+3 0.025+4 0.03+4
2.0MQ 10 10 Q TuA 0.005+3 0.025+4 0.03+4
20MQ 10Q 100 _Q 100nA 0.03 +20 0.045+20 0.05+20

For 6% digits: add 3 to counts error + 5m(Q). 3'2 digit accuracy add 1 to counts error.

4/ digit accuracy divide counts error by 2.

Measurement configuration:
4-wire, or 2-wire auto-sense.

Readings per second
As for dc voltage.

Temperature
coefficient:
20MQ range

<0.004% rdg/°C + 2m(/°C
<0.006% rdg/°C

Linearity: <0.001% of range

Maximum overload protection:
350V peak, 250V rms

Maximum open terminal voltage: <7V
Range of null: >+100

Temperature

Using 1000 Platinum Resistance
Thermometer linearised to IEC751.
Temperature range:

—200°C to +600°C

Max Resolution: 0.01°Cor°F
Conformance to IEC751: 0.1°C
Measurement current: 100uA
Resistance at 0°C: 100 ohms



Snecification

AC Voltage True rms of ac component.

Accuracy:  [% rdg + counts]”. 5"/ digits. For inputs above 10% of range.

Stability: 24 hours, T, £ 1°C

Range 40Hz-10kHz 10kHz-30kHz 30kHz-50kHz 50kHz-100kHz
0.2v 003+ 15 0.05 + 40 025 + 80 0.4 + 200
20V 003+ 15 0.05 + 40 025+ 80 0.4 + 200
20V 004 + 15 0.05 + 40 025 + 80 0.4 + 200
200V 004 + 15 005 + 40 025 + 80 0.4 + 200
1000V 005+ 15 0.06 + 40 025+ 80 0.4 + 200
Limits of error:
90 Day, Tg = 5°C
Range 40Hz-10kHz 10kHz-30kHz 30kHz-50kHz 50kHz-100kHz
o2v 007 + 15 0.08 + 40 03+ 80 0.45 + 200
20V 0.06 + 15 0.08 + 40 03+ 80 0.45 + 200
20V 0.07 + 15 0.08 + 40 03 + 80 045 + 200
200V 0.07 + 15 0.08 + 40 03 + 80 0.45 + 200
1000V 008 + 15 0.09 + 40 0.3+ 80 0.45 + 200
1 Year, To £ 5°C
Range 40Hz-10kHz 10kHz-30kHz 30kHz-50kHz 50kHz-100kHz
o.2v 0.08 + 15 009 + 40 0.35 + 80 0.5+ 200
20V 0.07 + 15 0.09 + 40 0.35 + 80 0.5 + 200
20V 0.08 + 15 0.09 + 40 035+ 80 0.5 + 200
200V 0.08 + 15 009 + 40 0.35+ 80 0.5 + 200
1000V 009+ 15 0.1 +40 0.35 + 80 0.5 + 200
Extended frequency error: 1 year, T, = 5°C  Temperature
Low frequency coefficient <0.008 rdg/°C up to 20kHz
* (% rdg + counts] Inputimpedance TMQ, 100pf
3-8Hz 100 + 100t Crest factor 10:1 add 1% of rag
?(‘31 (2)85—4 885 1‘_ 1%8* Peak input < 5 times full scale or 1.2 kV
Yo ; Sensitivity Full scale (230000) 57/ digits:
20-40Hz 03 +40 )
3 1uVon 0.2 range
High frequency Decreases by a factor of 10 for each
+ [% rdg + counts] successive range to 1000V.
100-200kHz 5+ 400t
0.2V to 200V) Readings per second: As for dc voltage
200-500kHz 10 + 1000t except 52 digit rdg is 0.8/second
0.2V to 20V)
500kHz-1MHz 15 + 1500t Maximum ratings
(2V only) Autorange: <lkHz  750Vrmsor
1.2kV peak
>1kHz 200V rms
0. Fixed range:
022 <1kHz SC0V rms
>1kHz 120V rms
20,200, 1000V <30kHz 750V rms or
1.2kV peax
>30kHz  2x 10" VHz
DC content: 400V max

7.4

DC Current

Accuracy: * (% rdg + counts]. 572
digits.

Nominal  Sensitivity  Stability Limits of Error
Range 62D 5D  24hrs, 1yr, Tex5°C
Tet1°C
200CmA 1uA 10uA 002+5 004 +5

For 6/ digits add 10 to counts error.
3% and 4/ digits as above.

Full scale: 2300.000mA
Shunt resistor: 100 miilionm
Temperature

coefficient: <0.005% rag/°C
Burden: <08V
Overload protection: 2A fuse
Range of nuli: >+1mA

Readings per Second: As dc voltage

AC Current True rms of ac component

Accuracy: * [% rdg + counts]. 52 digits,
40Hz to 10kHz. For inputs above 1% of
range.

Nominal Input Stability  Limits of Error
Range  Sensitivity 24hrs, 1yr, Tex5°C
To£1°C
2000mA  10uA 005+50 02+50

For 312 and 42 digits: divide count error Dy
10. Above 1kHz add 0.1% rdg.

Full scale: 2300.00mA
Readings per second: As ac voltage
Temperature

coefficient: <0.01% rdg/°C
Burden: <0.8v
Overload protection: 2A fuse
Interference Rejection

Normal mode rejection ratio

OC measurements, 64 to 44 digits

Power Frequency

50/60/400Hz £ 0.1% >60aB

Effective common mode rejection ratio
With 100Q imbalance in either lead

DC measurement, 642 to 42 digits

Rejection of 50/60Hz: >14Cce
400Hz: >120cs
dc: >180cB

AC measurement, 52 to 472 digits

Rejection of 50/60Hz: > 60aB

g >150cB
\aximum Common Mode Voltage:
50NV Ae or peak
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Specification

Systems Use

interface, proviced as stancard IEEE488
(1978)

Provides full talker/listener talk only and listen
only faciiities ana remote control of all
functions. Serial ana paraliel poll.

Subset:  SH1,AH1, T5, TEO, L3, LEO. SR1,
RL1.DC1,C0.DT1. E1, and parallel poll.

Addaitional Inputs and outputs:
External tngger input: TTL level or
contact closure
Sample complete output: TTL pulse —
active low
Display hold: Contact closure

General Data

Power Supply
Voltage:

Switch selected  100/120/220/240Vac

9210 127V or 188 to 265V

Frequency: nominal 50/60/400Hz
Consumption: <25VA
Protection
Power Supply: fused line and neutral
Current Measurement: fused 2A
Voltage Measurement:  spark gap at 1.4kV
Safety

Designed in accordance with [EC348,
BS4743, and UL 1244,

Environment
Design & construction to Def Std. 66-31
Issue 1 Cat 111 and MIL-T-28800 Type Il
Class 5 Style E.
Operating Temperature:

—5°t0 55°C, RH < 30%

0°to 40°C, RH < 93%*

Storage Temperature: —40°Cto +70°C

Allow a suitable recovery, warm-up and
thermal stapilization period after storage or
high humidity conditions.

*90% RH for 2M() and 20MQ)

KJT/7051plus/1

Dimensions

Height: 88mm (3.46ins)
Width: 228mm (8.98ins)
Depth: 278mm (10.94ins)
Weight: 3kg (6.6lbs)

Optional Accessories
Temperature probes:

Four Terminal 1000} picinum resistance
sensorto .LE.C. 751.

Insertion probe: (7177

Temperature ra: -y —50tc 250°C
Emor (Class Ai: < QI°C
Surface probe: (71% .=

Temperature range: —50t0 200°C
Emor (Class B): < 1.5%
Radio Frequency "7TGABTF)
Peak-sensing, th ~ rovides 1V de
output for Tvrms sir= input when
terminated into 10 vit. T Linplete with fittings

and adaptors.
Limits of Error: 1V rms sine wave
10CWHz ic 500MHz: + 1dB
100KkH7 to 750MHz: + 3dB

Voliage Range: 100mV to 40V
DC Isolation: 200V
Working Temperature: —5t0 +55°C
Lead Length: m

High voltage probe (70457E)

Extends measurement of dc voltage to 40kV.
Complete with fittings and adaptors. Input
resistance 1000 M(Q, when terminated into
10 MQL.

Voltage Range: 1kV to 40kV
Division Ratio at 20kv, 23°C:

(1000:1) £ 0.5%
Limits of Error 1KV to 40kV, 23°C: + 3%
Temperature Coefficient: <200ppmv°C
\Working Temperature: -51t0 +55°C
Lead Length: 1.8m

Current shunt, 10A (70457X)
Extends the current measuring capacity to
10A. Simple plug-in unit.

Shunt Value: TmV/A (1mQY)
Accuracy: +0.9%fs
Range: 1t0 10A
Temperature Coefficient: + 250ppnv°C
Maximum Voltage Burden: ~ 100mV at 10A
Absolute Max. Current: 12A

NATO connection set (71517C)

Two input leads witn interchangeable
alligator clips, spades, hooks and probes.
NATO Stock No. 6625-99-744-2794.

Rack mounting kit (71501)

The 7150plus is a 2-rack width unit. Using
the 71501 allows one or two DMMs to be
mounted in one 19 inch width.

Ot
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1.8.5

1.8.6

1.8.7

1.10

Service Request (SRQ)

A service request is generated from a device to the controller and it requests the controller
to interrupt the controller’s present task and attend to the requirements of the device. The
device continues to assert the SRQ line until its requirements are serviced by the controller.

For example, if the controller sends the Q1 instruction to the DMM, the DMM generates '
an SRQ when it is ready to send a measurement or when an error occurs on the DMM. The
controller responds to the SRQ by performing a serial poll on the DMM.

Device Clear (DCL and SDC)

By sending the Device Clear (DCL) command, all devices connected to the bus are set to
their initialised or power-up ‘default’ state.

To set any one particular device to the initialised or power-up state, the Selective Device
Clear (SDC) command is sent accompanied by the device listen address. All other devices
remain as previously set.

The power-up state to which the DMM is set when sent a DCL or SDC command is defined
in Chapter 2.

Note the difference between Device Clear and Interface Clear commands. A Device Clear
command resets only the interface of a device, it does not reset the operating status of the
device, e.g. on the DMM the function and range of operation would remain unchanged.

Some controllers, such as the PET 4032 or 8032, are unable to send the DCL or SDC
commands and provision has been made within the DMM for such an eventuality. The
DMM Instruction Set includes an ‘A’ command which sets all DMM parameters to the
power-up state. The A command is device dependent and can be sent to the DMM
whether or not the controller has the DCL/SDC capability. The ‘A’ command is a device
clear command which operates only on the DMM addressed. A period of about two
seconds should be left after sending an A command, further commands can be sent after the
delay.

Local Lockout

Some GP-IB devices have a LOCAL key fitted on the front panel. For example, the
7150plus has a LOCAL key which can be pressed while the instrument is under remote
control to regain local control, i.e. front panel control. The Local Lockout (LLO)
command is used to protect a device against inadvertent or unauthorised front panel
operation.

When Local Lockout is asserted, all LOCAL keys fitted to devices on the bus are made
inoperative and local control cannot be obtained from the device front panel.

Note that the action of the Local Lockout command should not be confused with the action
of the Remote Enable (REN) command. With respect to the DMM, the Local Lockout
command disables only the operation of the single LOCAL key.

The various states of Local/Remote operation, obtained by using the Remote Control and
Local Lockout commands in conjunction with the LOCAL key, are shown in Fig. 1.4.
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LOCAL -— , —= REMOTE
' Press
LOCAL
POWER UP
S GTL
LOCAL -+ REMQTE
CONTROL - CONTROL
REN
unasserted
\Clcl)t?:%l:_t REN asserted
and MLA
LOCKOUT 5
i epppreem s, L1 REN REN o LLO
l unasserted unasserted
With
LOCAL
LOCKOUT Y Y
LOCAL GTL REMOTE
CONTROL - CONTROL
with with
LOCAL key i LOCAL key
disabled MLA disabled

GTL GoToLocal

LLO Local Lockout
MLA My Listen Address
REN Remote Enable

Fig. 1.4 Local/Remote Status Transfer Diagram

This diagram shows that, at power up, the device isin LOCAL CONTROL. To place the
device in REMOTE CONTROL, the controller must assert the REN (Remote Enable) line
and send MLA (My Listen Address) for the device. To cause the device to return from
REMOTE to LOCAL control, any one of the following three actions can be used:

a) Pressthe LOCAL key on the device front panel.
b) Use the controller to send GTL (Go To Local) command.
c) Use the controller to unassert the REN (Remote Enable) line.

In either LOCAL or REMOTE CONTROL, the LOCAL key can be disabled by sending
the LLO (Local Lockout) command to the device.

When controlling a DMM via the GP-IB it is possible for the LOCAL key to be
enabled/disabled in one of two ways by

a) using the standard GP-IB commands.
To disable LOCAL key send LLO.
To enable LOCAL key unassert the REN line.

b) using the KO and K1 commands from the 7150plus Instruction Set.
To disable LOCAL key send K1.
To enable LOCAL key send KO.

The KO and K1 commands are intended primarily for use with controllers which do not have
a Local Lockout capability (such as the PET 4032 or 8032).

The standard GP-IB command LLO places all devices on the Bus in the Local Lockout
state, whereas the DMM (device dependent) commands KO and K1 enable/disable the
LOCAL key only on the particular DMM addressed.
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1.9

1.9.1

1.9.2

POLLING

The Request for Service (SRQ) line is asserted by a particular device when it requests the
controller to interrupt the controller’s present task and attend to (i.e. to service) the
device’s requirements.

As the line is connected to all the devices on the bus, the controller does not know which
particular device is requesting service and also what service is required. To identify which
device is requesting the service, the controller enters a polling routine. The polling routine
is simply a method of interrogating each device to establish which device has asserted the
SRQ line and thus requires servicing. There are two types of polling routine, a Parallel Poll
and a Serial Poll. In a Parallel Poll, all of the devices are simultaneously interrogated and
the SRQ device is immediately identified. In a Serial Poll, each device is interrogated in
turn until the SRQ device is identified, thus it takes longer to identify the SRQ device using
a Serial Poll.

The Serial Poll also informs the controller as to the particular service required. A Parallel
Poll, when used, is always followed by a Serial Poll to obtain the particular service
required. If the controller used cannot perform a Parallel Poll but can perform a Serial
Poll, on receipt of a service request, a Serial Poll is performed on each device in turn. This
method is equally as effective but is of course slower than if a Parallel Poll had first been
used to give the initial identity of the device causing the request.

Some controllers cannot perform either Parallel Polling or Serial Polling so other
techniques are used. For example, the PET 4032 or 8032 cannot perform either type of
polling and when used in conjunction with the DMM, the ! (Send Error Message) can be
sent to the DMM. The ! command will cause the DMM to output an error message which
may be examined to ascertain if an error has occurred. If no error has occurred the
message Error 00 is produced. During a long program, the ! command could be sent
periodically to detect any error which may have occurred.

Parallel Polling

A parallel poll is configured by the controller assigning a DIO line to each device as a reply
line for the device when it is interrogated by the controller during a parallel poll.

Each of the eight DIO lines, DIO1 to DIOS is assigned to a particular device such that when
a Parallel Poll command is issued by the controller, the appropriate device (e.g. Device
No. 1) replies only on DIO1, Device No. 2 on DIO2, etc.

By this arrangement it is possible to interrogate up to eight separate devices in parallel and
immediately establish which device is requesting service. If more than eight devices on the
bus can generate a SRQ, it is possible to assign one DIO line to two or more devices.

Serial Polling

Every device capable of generating a SRQ contains a status register which holds
information on the current operating status of the device. A device status register is
examined by the controller during a Serial Poll to establish that the particular device is
requesting service and also to determine the service required. The status register on the
7150plus contains eight bits which are termed the Serial Poll byte. Fig. 1.5 shows how the
register is organised.
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decimal value

16 8 4 2 1

lor0 | 1or0 0 lor0 | 1or0

of bit when

binary value = 1 128 64 32
binary value 0 7 and) L Land
Always 0 NS

Service Request
Calibration error

Output available

Always 0

Remote control
Rear terminals selected

Command/operational error

Each of the above conditions is true when the bit in question = 1,
and false when the bit in question = 0.

Fig. 1.5 DMM Serial Poll Byte

If the controller conducts a Serial Poll, the DMM responds by outputting a Serial Poll status

byte into the data lines.

The controller reads the binary status byte (above) and computes its decimal representation
from the relevant bit values. From this, it can deduce the status of the DMM by means of a
suitable program. For example, if the decimal value of the byte is 80, SRQ was generated
because an output was available (i.e. 16 + 64 = 80).

1.9.3 Simplified Description of System Polling

A simplified description of system operation following a request for service is given below
and shown in the accompanying diagrams.

The device needing service asserts the

SRQ line.

BUS

/ SRQ line \

o — |

DEVICE A

SRQ

DEVICEB
Result ready.
assens SRQ

CONTROLLER
Detects SRQ

DEVICEC

DEVICE D

KJT/7150plus/1

This is an automatic response by the device but
some prior configuration of the device is
necessary. As an example, for a DMM the
SRQ can be generated on error (QO0), or on
error and when a measurement is ready (Q1).
This configuration is achieved by sending the
appropriate command to the device prior to
running the program or at the beginning of the
program.

When the controller detects the SRQ it
interrupts its present task.

1.1



The controller performs a Parallel Poll to
determine which device has caused the
request for service.

Bus

! DIO ines \
DEVICE A
DIO line 2 DEVICEB

asserts one
010 ine

CONTROLLER DIO Line 2 Asserted

Performs

Parailel Poil
DEVICEC
DEVICED

The controller performs a Serial Poll to
determine the cause of the service
request.

BUS

/ DIO lines

DEVICE A

Senal
Poll

— Byte DEVICE B
Send Senai

Poll Byte

Examine Serial Poll Byte
—

CONTROLLER
Performs. Serial Poll

on Device

DEVICEC

DEVICED

This is an automatic response by the controller
when an SRQ is detected, assuming that the
controller is capable of performing a Parallel
Poll and that the particular device has been
properly configured. In a Parallel Poll, the
device which caused the SRQ responds on one
of the DIO lines, as previously defined using
the controller. Each device is assigned to a
unique DIO line and thus the controller can
determine the identity of the particular device.
In the case of a DMM, a J command is used to
cause the DMM to respond on any selected
DIO line, in response to a Parallel Poll.

This is an automatic response by the controller
providing that it is capable of performing a
Serial Poll and that it has been programmed
accordingly. In a Serial Poll, the controller
requests the particular device to send a Status
Byte held in the device Status Register. This
byte contains information on the current
operating status of the device and informs the
controller of the service required by the device.
The Status Byte from the 7150plus provides the
following information, refer to Fig. 1.5.

* The DMM is requesting service (SRQ)
* Calibration error

* Output available

* Remote/Local status

* Rear terminals selected

* Error has occured. :

The controller can then use this information to
take some specific programmed action. For
example, if the Status Byte from a DMM has
conveyed the message ‘Error has occurred’
then the controller could send the ! (Send
Error Message) command to the DMM which
would cause it to send back the error message.
This message takes the form ‘Error nn’. The
DMM error messages are listed in Part 2,
Chap. 2.
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1.10

1.10.1

1.10.2

PROGRAMMING AIDS

DIO Line Code Representation

Tables 1.2 and 1.3 respectively show the GP-IB and ASCII Command codes used on the
eight DIO lines. The status of the ATN line determines which of the two codes is currently
represented on the lines. When the ATN line is asserted, each byte transmitted on the DIO
lines represents a GP-IB command (Table 1.2) and when the ATN line is unasserted, each
byte represents an ASCII character (Table 1.3).

Tallg Adﬂress Grbup and Listen Address Group

Examination of Table 1.2 shows that the multi-line commands are divided into a number of
groups.

One such group is the Listen Address Group which is a set of 32 bytes which all have the
upper (most significant) 3 bits as “001”. The lower 5 bits are used to represent an address
number, 0 to 31. When a controller commands a device to be an active listener, it sends a
multi-line command byte from this group which has the lower 5 bits matching the address of
the device concerned. The following example command byte instructs the device at address
2 to be an active listener.

(DIOS) (DIO1)
o 0o 1 0 0 0 1 0

listen ‘—————— address = 2
address group

The Talk Address Group of commands is used in exactly the same way. Command bytes in
this group all have the 3 upper bits as “010” and the remaining 5 bits indicating the address.
The following example command byte instructs the device at address 5 to be an active
talker.

(DIOS) (DIO1)
S S SE - MR, SERE) S W

talk ' address = 5
address group |

By sending just two multi-line interface command bytes, the controller can establish an
active talker and an active listener.

Although there are 32 command bytes in each of the talk address and listen address groups,
only the first 31 (for addresses 0-30) are used for defining active talkers and listeners. The
last byte of each group (i.e. the one which refers to address 31) is a special command. In
the Listen Address Group, sending this command instructs all active listens to UNLISTEN
(UNL), i.e. to no longer be active listeners. Similarly, in the Talk Address Group, sending
the command instructs any active talker to UNTALK (UNT), i.e. to no longer be an active
talker.

As the listen and talk address commands for address 31 are used for unlistening and
untalking, no device can be set to address 31.
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1.16

Table 1.2 GP-IB Commands on DIO Lines

0 0 0 0 0 0 0 0
J 0 o o0 o0 1 1 1 1
0 0 1 1 0 0 1 1
l L 0 T soQomdos 05 Aag (0 ok
DIO Y '
Lines 8 7 6 5 4 3 2 1
0 0 0O 0 16 0 16
0 0 01 GTL LLO 1 17 1 17
0 010 2 18 2 18
0 011 3 19 3 19
01 00 SDC DCL 4 20 4 20
01 01 PPC PPU 5 21 521
0110 6 22 6 22
0.1.1 1 7 23 7 23
1 000 GET SPE 8 24 8 24
1 0 01 TCT SPD 9 25 9 .25
1 010 10 26 10 26
1 011 1 27 11 27
1100 12 28 12 28
1 1 01 13 29 13 29
1110 14 30 14 30
1 111 15 UNL 15 UNT
e / l AN
Addressed Universal Listen Talk
Command Group Command Address Address
(ACG) Group (UCG) Grou Grou
(LA(?) (TAC?)

The above command groups and addresses are part of the Primary Command Group (PCG).
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Table 1.3 ASCII Coding on DIO Lines

0 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1
0 0 1 1 0 0 1 1
0 1 0 1 0 1 0 1
DIO 1 l l *
Lines 8 7 6 5 4 3 2 1
0 00O NUL DLE SP O @ P P
0 0 01 SOH DC1 ! 1 A Q a q
0 010 STX DC2 " 2 B R b r
01208 ik ETX DC3 # 3 CcC S c s
01 00 EOT DC4 § 4 D T..d t
010 1 ENQ NAK % 5 E U e u
0110 ACK SYN & 6 F V f v
01 11 BEL ETB ? 7 G W g w
10 00 BS CAN ( 8 H X h X
1 001 HT EM ) 9 I Y i y
1 010 LF suB * : J z j z
1011 VT ESC + : K [ k {
1100 FF FS ; < L 1 |
1101 CR GS - = M ] m }
1 110 SO RS : > N 1 n -~
1 111 SI US / ? O __ o DEL

1.10.3 Initiating a Parallel Poll

Before a parallel poll command can be initiated, a DIO response line must first be allocated
to each device on the bus. Response lines are allocated by using the DMM J command.

The command for a parallel poll is given by simultaneously energising ATN (Attention) and
EOI (End or Identify) lines. The instrument requesting service will reply by energising one
of the data lines (DIO 1-8), only one line being applicable to an instrument.

1.10.4 Initiating a Serial Poll

To initiate a serial poll, a controller sends a Serial Poll Enable (SPE) command by means of
a coded message on the data lines (DIO-8). This command sets all talkers to a serial poll
idle state. The talk address for a particular device is then sent. If the particular device
addressed has previously sent a SRQ (Service Request) then RQS (Request Service) is
enabled by energising DIO 7 of the data lines when ATN is released.

The state of the other data lines is immaterial to RQS and information regarding the
condition of the interface can be sent as a Status Word on the other data lines.

To exit the Serial Poll State, Serial Poll Disable (SPD) is sent on the data lines together with
ATN and bus messages may then be resumed.

When the DMM is serial polled, it de-energises its SRQ output. But, because SRQ is a

wired OR function, the controller may still receive a SRQ call due to a service request by
another instrument.
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1.10.5

1.10.6

1.18

All listeners should be given the command UNL (Unlisten) before SPE (Serial Poll
Enable).

Data Output

Measuring devices put results onto the bus for transmission to recorders, or perhaps to the
controller where the results may be processed before transmission to a recorder. In this
sense the recorder might be a system terminal such as a VDU.

When a voltmeter has made a measurement it has to tell the controller that the data is ready
for transmission. It may do this by sending SRQ (Service Request) which is its way of
saying, “Task finished, what next?” If there are several devices, the controller has no means
of immediately knowing which has sent SRQ; hence the controller conducts a poll to
establish which device has requested service. With simple systems a poll will not be
necessary.

Previously assigned active talkers and listeners are disabled by the controller sending UNL
(Unlisten) followed by the new listen address (recorder) and the new talk address
(voltmeter). The voltmeter knows what it is measuring (e.g. Vdc) so this can be used as a
header to the measured value.

Example of Data Transfer

To illustrate the use of the bus, a typical sequence of events leading to the transfer of
information between a talker and listener is described. Itis assumed that a controller is in
command of the system.

The sequence of messages can be commenced by the IFC (Interface Clear) command which
sets all interfaces to their initial condition. This command is also used to reset the system
when the system ceases to run normally, e.g. system crash. -

Following this, the ATN (Attention) command is made by signifying that there is address or

command information available on the 8 data lines; this transfer of information is controlled =
by means of the handshake routine. The information transferred during the interval

defined by ATN will set up the message route; the initial information will give the addresses

of listener devices followed by the address of the talker devices (a preferred, but not

obligatory, order).

On release of the ATN command (viz ATN) the talker may then place data on the data
lines (DIO 1 to DIO 8). This data transfer is controlled by the handshake routine and is
received by all addressed listeners. The last data byte may be accompanied bya
delimiter/terminator to indicate the end of a message.

Before commencing another message sequence, the controller may switch all listeners off
by the command Unlisten (UNL) and switch the talker off by the command Untalk (UNT)
which will be issued in conjunction with ATN (Attention). The commands UNL and UNT
are coded commands appearing on data lines (DIO 1-8).

Should a controller wish to interrupt during a message sequence it does so by energising
ATN; the talker then enters a wait state. In order to avoid losing information ATN should
be asserted synchronously with the handshake routine; when NRFD is energised NDAC is
released.
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1.10.7

EXAMPLE
A Talker ‘P’ is instructed to send a message, 12 3, to listener ‘Q’.

Management Data
Lines Lines
Controller sends ATN Listen address of Q
ATN Talk address of P
P sends —_ 1
— 2
EOI 3
Controller sends ATN UNL
ATN UNT

Listener Q receives only messages 12 3.
Controlling an Instrument from the Bus

During manual use an operator makes decisions as to what the instrument must do and then
makes selections via the front panel controls. Under remote control the same decision
must be fed into the instrument as a message string from the bus.

Although the GP-IB standard defines the protocol and procedures for transferring data
strings and interface commands from one device to another on the bus, it does not define
the interpretation of the strings. The interpretation is dependent upon the type of device.
Obviously the commands given to a voltmeter and to a frequency response analyser will be
different. On the DMM each commanded function (e.g. Range) is given a letter (e.g. R),
while sub-divisions of a function are given numbers (e.g. R3 for Range 3).

As an example the following table shows some of the command characters for a typical
digital voltmeter.

Control function Sub-division of function
Title Command Command Title
Character Character
0 Vdc
Measurement type M 1 Vac
2 Q
0 autorange
Range R 1 0.2V
2 2V
' 0 6.66ms
Integration period I 1 40.0ms
2 50.0ms
Send Service Request upon Q 0 no
completion of each measurement 1 yes
- 0 single
Sample (Trigger) T 1 repetitive
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Thus a control setting for the voltmeter might be:

dc measurement
2V range

40ms integration
I repetitive sample

MOR2I1T1

Prior to the control string, the voltmeter and its interface must be put in a state to receive
the control message. Frequently this will commence by Unlisten to ensure that no other
device will receive the control message should one have been left in the listen state. This is
followed by the voltmeter’s listen address and the controller’s talk address.

Interface addressed to listen Interface made transparent to message
MANAGEMENT LINES: ATN ATN (ATN asserted)
DATA LINES: UNL 9 W17 MOR2I1T1CRLF
Unlisten
Voltmeter Message
listen address delimiters
Controller Control
talk address message string

All devices designed for operation on the GP-IB can be set-up in this way. Power supplies,
oscillators, counters have codes for the parameters that are peculiar to their function. This
is why it is essential to consult the operating manual for each device before attempting to
use it on the bus.
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1.1

1.2

INTRODUCTION

The 7150plus Digital Multimeter has a built-in GP-IB Interface which complies with the
[EEE 488 1978 Interface Standard. GP-IB is an abbreviation for General Purpose
Interface Bus which is the name used by Solartron for the IEEE 488 Standard.

The standard defines mechanical, electrical, timing and data parameters. All devices and
instrumentation which comply with the standard, regardless of manufacturer, are
compatible with and can be connected to the GP-IB.

All DMM facilities can be accessed and controlled remotely via the GP-IB using a suitable
controller.

Part 2 of the manual contains general information about GP-IB (Chapter 1), specific
7150plus GP-IB information (Chapter 2), example programs for four particular controllers
(Chapters 3 to 6) and a procedure for calibrating the DMM via its GP-IB interface
(Chapter 7). The controllers used in the example programs are the:

Hewlett-Packard HP9825
Hewlett-Packard 85
Commodore Pet 4032 and 8032
Apple II

The user will require the Operating/Programming Manual(s) for the particular controller to
obtain a full understanding of remote control of the DMM:

In addition, the following IEEE publication, which contains a complete description of the
Standard, is recommended.

IEEE Standard Digital Interface for Programmable Instrumentation.

BASIC CONCEPTS

A bus is simply a number of separate wires which run parallel with each other and onto
which electrical connections are made.

The GP-IB is a bus, constructed from special cables, whose electrical and mechanical
features are standardised and are used to interconnect various devices to form a particular
system required by the user. The term “device” is used for convenience and it applies to
any instrument (voltmeter, logger etc.) and peripheral unit (printer, VDU etc.) which is
capable of being connected to the bus.

The important point to note about the GP-IB is that devices (fitted with GP-IB interface
connections) manufactured by different companies can readily be connected together to
form a system without requiring special and expensive equipment or expertise.

Most GP-IB systems require a controller to regulate the activities on the bus by giving

commands, as and when required, to the various devices on the bus. A low cost
microcomputer usually performs the role of the controller. ‘
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A typical GP-IB system is shown in Fig. 1.1. The devices and controller in a system can be
connected to the bus in any order and they each must contain a GP-IB interface which is
either incorporated into the original design of the device (and also the controller) or is a
separate unit which is fitted as an optional extra. With 7150plus, the GP-IB interface is
incorporated into the design of the multimeter.

The basic tasks performed on the bus by the controller and devices are described as follows.

1.2.1 The Controller

As previously stated, the controller is usually a microcomputer fitted with a GP-IB
interface. The controller can be operated “manually” by the operator entering each
command string on the keyboard as and when required. This method has very limited use
(e.g. test purposes) and in practice, the controller is loaded with an application program
specially written for the tasks to be performed by the bus system. Examples of controller
programs for operating the DMM are given in Chapters 3 to 6.

The controller has complete control of all the devices on the bus and it can be considered as
the “master” and the devices as “slaves”.

To implement computer control of the bus, a standard set of GP-IB commands are used.
These commands are applicable to most types of controllers but for some controllers
alternative methods may be required to perform a standard routine.

In addition to the general GP-IB commands, most devices have a unique instruction set
which enables the operating facilities of the device to be remotely controlled from the bus.
The GP-IB instruction set for the DMM is given in Part 2, Chapter 2. Programming
statements made on the controller consist of GP-IB commands and DMM instructions
entered in the controller’s programming language.

The IEEE 488 Standard is divided into a number of sub-sets which define particular
functions performed on the bus by a device. The sub-sets applicable to a particular device
are dependent upon the functions and facilities of that device. The sub-sets implemented
within the DMM are listed in Chapter 2 and annotated on the rear panel of the DMM.

1.2.2 Talker and Listener Devices

Devices connected to the bus are generally categorised as either Talkers, Listeners or
Talker/Listeners.

a) A Talkeris a device (e.g. tape reader) which puts data onto the bus.

b) A Listener is a device (e.g. printer) which receives data from the bus.

c) A Talker/Listener (e.g. controller) device both sends and receives data to and from the
bus but not simultaneously.

At any time there can only be one Active talker, including the controller, operating on the
bus. However, there can be more than one Active Listener on the bus.

The term ‘data’ also refers to some types of controller commands received by the device,
e.g. commands to select the required function and range of operation on the DMM. Refer
to ‘1.7 Interface Commands and Device Messages’ for a more precise description of Talkers
and Listeners.

More than one controller can be connected to the bus but only one of them may be the
Active Controller. The others must operate as an ordinary Talker/Listener. The Active
Controller can, when required, pass control of the bus to a currently Inactive Controller
and in doing so makes itself an Inactive Controller.
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1.4

As most systems use only one controller, the information given in this manual applies only

to this type of system.

Fig. 1.1 GP-IB Bus Structure with Typical Devices Connected

A A A A ik A A {\
DEVICE A
e.g. System Controller
g. System Controlle
Able to talk, listen = ] 2
and control. EY
-3
3‘
-»
—
< > Data Bus
~—1 (8lines)
DEVICEB
.g. DMM
eg.D
Able to talk and hd 3
listen. D
I
? -3
-9
r'N\
< / 3 Wire Handshake
DEVICEC
e.g. Printer
: J .
Only able to listen. ] 3
9
: X J
- 2 ..
1 ’
TN
< \
/ Management Bus
B b (5 lines)
DEVICED
e.g. Tape Reader
Only able to talk. d L
: ]
) } DIO 1-8
[ DAV
NRFD
NDAC
IFC
ATN
SRQ
REN
EOI
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1.3 BUS CONNECTIONS

The maximum cable length of the GP-IB is 20 metres and up to a maximum of 14 devices
plus a controller can be connected to the bus.

A combined plug and socket connector is fitted to each end of the standard cables which
form the bus. This type of connector allows a cable end to be plugged into another cable
end which in turn can be plugged into a device or another cable end. This cabling facility
allows the devices to be easily connected to the bus in either a daisy chain or star
connections arrangements, refer to Fig. 1.2 and 1.3.

GP-IB compatible devices are fitted with a standard 24-way connector and also a group of
selector switches which determine the bus address and bus mode of operation (e.g. talker)
for the device.

STANDARD STANDARD STANDARD
CABLE CABLE CABLE
TAPE
CONTROLLER DMM PRINTER & READER

Fig. 1.2 Example of Bus Daisy-chain Connections

CONTROLLER DMM
STANDARD
+— CABLES ~

T

~
STANDARD 7~
CABLES
- TAPE
PRINTER READER

Fig. 1.3 Example of Bus Star Connections
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1.6

1.4

1.5

BUS PARAMETERS

The GP-IB consists of a standard cable format of 24 lines, comprising 16 signal lines and 8
earth returns. The 16 signal lines are functionally grouped as follows, refer to Fig. 1.1.

a) 8 Data Input/Output Lines ,
Data is transferred across the bus on these 8 lines in the form of 8-bit bytes, DIO1 is the
least significant bit and DIOS the most significiant bit. As data is sent 8-bit (1 byte)ata
time and as one byte may follow another in a serial fashion, this arrangement is referred
to as a ‘bit-parallel byte-serial’ system.

b) 3 Handshake Lines
DAV Data Valid
NDAC Not Data Accepted
NRFD Not Ready for Data

These three handshake lines are used to control the transfer of every data byte (on the
DIO lines) across the bus. The lines operate in the following sequence to transfer a
byte. Refer to the following description on signal-level conventions.

i) The device sending the byte activates the DAV line to indicate the validity of the

byte. |

ii) The device receiving the byte de-activates the NDAC line to indicate the
acceptance of the byte and de-activates the NRFD line to indicate that the device is
ready to receive another byte.

¢) 5 Management Lines
These lines are used to manage the bus, and they are described in ‘1.8 Descriptions of
GP-IB Commands’.
ATN Attention
REN Remote Enable
IFC Interface Clear
EOI  End or Identify
SRQ  Service Request

BUS SIGNAL-LEVEL CONVENTION

The GP-IB standard adopts a particular convention for the true/false condition of the
signals on the lines with respect to voltage levels. A signal is considered “true” or
“asserted” when the voltage on the line is low (i.e. least positive), and “false” or
“unasserted” when the voltage is high (or most positive).

For example, if the DAV line is low, then data is valid; when high, the data is nor valid.

Some signal lines are described in a negative sense (¢.g. NFRD, NDAC) and the
convention also applies to these lines. If NRFD is low then the signal is true, i.e. not ready
for data; if NRFD is high then the signal (Not Ready For Data) is false (i.e. is ready for
data).
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1.6

1.7

1.7.1

1.7.2

BUS ADDRESSING

To command a device to be an active talker or active listener, the controller must send that
device a command. However, as the GP-IB is a parallel bus, the command message will be
presented to all the devices on the bus, not just the device for which it is intended. For this
reason, each device on the bus is identified by a unique number termed the ADDRESS.

Listen and talk addresses are allocated, where applicable, to each device on the bus and
also to the controller.

There are 31 addresses available for active talkers and 31 for active listeners.

When communicating with a bus device, the controller sends an interface command on the
DIO lines. The command contains the address of the device.

A device is fitted with address and talk/listen selector switches or links which are manually
set to the required address.

INTERFACE COMMANDS AND DEVICE DEPENDENT MESSAGES

The GP-IB standard classifies all data sent on the bus into the following two distinct
categories.

a) Interface Commands
b) Device-dependent Messages.

Interface Commands

Interface commands are instructions sent by the controller for the purpose of “managing”
the bus system. For example, if the controller wishes to specify a device (e.g. a printer) to
be an active listener it would have to send an appropriate Interface Command. A different
interface command would be sent by the controller in specifying an active talker. Interface
commands can be sent on the management lines (see Fig. 1.1) or the DIO lines. Those sent
on the management lines (e.g. ATN, REN, IFC, etc) are sometimes referred to as “uni-line
commands” as they involve only one line. Those commands sent on the DIO lines are
referred to as “multi-line commands” as they involve more than one line.

Interface commands have to be recognised and understood by all interfaces on the bus and
their meanings are specifically defined by the GP-IB standard. A list of common GP-IB
commands is given in Table 1.1.

Device-dependent Messages

A device-dependent message is the correct title for what is loosely referred to as normal
data. Itis sent by the active talker and received by the active listener(s) and is referred to as
“device dependent” because the information content of such a message depends upon the
devices sending and receiving the data. For example, such a message may be a
measurement result generated by a digital voltmeter or data to be printed by a printer.

Device dependent messages are sent on the DIO lines and can consist of any number of
bytes. Itis usual that the devices consider these bytes to represent the standard ASCII
characters (one byte represents one character). Sometimes, but quite rarely, binary
representation is used.

Unlike interface commands, the device-dependent messages are not interpreted by the
interfaces.
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Table 1.1 List of Common GP-IB Commands

Mnemonic Command Function Comments
ATN Attention Indicates interface message  From controller to
all devices.
DCL Device Clear Resets all instruments to From controller to
initial state all devices.
END End Indicates end of message From talker to listeners
and controller.
GET Group Execute Starts device actions From controller to all
Trigger simultaneously addressed listeners.
GTL Go To Local Instructs device to respond  From controller to all
to local controls addressed listeners.
IFC Interface Resets the interface From controller to
Clear all devices.
LLO Local Lockout Inhibits manual operation From controller to
of a device locally all devices.
MLA My Listen Alerts device to receive From controller to
Address next message. accepting device.
Returns talker to idle. Can initiate three separate
Changes device to remote functions in conjunction
control. with other commands.
MTA My Talk Alerts device to send From controller to
Address next message. accepting device.
Returns listener to idle. Can initiate two separate
functions.
sErC Parallel Poll Allocates a data line to a From controller to
Configure device for parallel polling all devices.
*PPU Parallel Poll Removes a data line From controller to
Unconfigure previously allocated all devices.
REN Remote Enables control of devices From controller to
Enable via the bus all devices.
SDC Selective Resets the selected From controller to
Device Clear instrument to initial state. selected device.
SPD Serial Poll Disables a serial poll From controller to
Disable selected device.
SPE Seérial Poll Enables a serial poll From controller to
Enable selected device.
SRQ Service Informs controller of From talker to
Request availability of new controller.
information or device error
message.
*TCT Take Control Transfers control of new Controller addressed as
controller-in-charge talker.
UNL Unlisten Terminates activity as From controller to
listener all devices.
UNT Untalk Terminates activity as a From controller to

talker

all devices.

*indicates that the command is not applicable to the DMM. The DMM J command is used for parallel polling.

1.8
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1.8

1.8.1

1.8.2

1.8.3

1.8.4

By defining active talkers and active listeners, the controller is essentially defining a
pathway for device-dependent messages from the active talker to the active listener(s).

Reference has previously been made to talkers, listeners and talker/listeners. Itis
important to realise that these terms are in reference to device-dependent messages and not
interface commands. All devices “listen” to interface commands.

DESCRIPTIONS OF GP-IB COMMANDS
The Attention Line (ATN)

As the eight DIO lines are used for both multi-line commands and device-dependent
messages, there obviously must be some way of indicating which of these two types of data
is currently on the DIO lines. This is done by the attention line ATN.

When the ATN line is high (false) then bytes (which are put on the bus by the active talker
and accepted by the active listeners) are understood to be device dependent messages.
When the ATN line is low (true), the bytes on the DIO lines are understood to be multi-line
interface commands.

The ATN line is driven by the controller. When pulled low by the controller, the transfer
of device dependent messages across the bus is suspended and the controller may then send
multi-line commands to the interfaces.

Remote Enable (REN)

Most devices can either be controlled from their front panel controls or remotely controlled
from the GP-IB. The REN command is used in conjunction with the My Listen Address
(MLA) command to set a selected device to remote control operation. When the DMM is
operating in remote control, all of the front panel controls, with the exception of the local
key, are disabled and the DMM is operated under remote control from the bus. To regain
local control, the LOCAL key on the DMM is operated or the Go To Local (GTL)
command is sent by the controller. Refer also to the description on Local Lockout.

Interface Clear (IFC)

This command line is used by the controller to immediately stop any activity on the bus and
to reset all device interfaces to a known state. It does not alter the current operating status
of the devices.

End or Identify (EOI)

This command line is used for ending a message (i.e. a delimiter/terminator) and is also
used in conjunction with another command for identification purposes, e.g. polling
function.

A data message is usually represented on the bus by a series of bytes coded in the ASCII
character set. These messages are terminated (deliminated) by the Carriage Return (CR)
and/or Line Feed (LF) characters. Other terminator characters can be used to suit the
requirements of a particular controller.

When a data message is represented in binary format, i.e. not ASCII represented. the usual
terminators are not used as they cannot be differentiated from the binary data bytes. The
EOI command is used as the message terminator when the message is binary represented.

It can also be used to terminate ASCII represented messages when a fast-acting terminator
is required.

The EOI line is also used in conjunction with the ATN line to initiate a Parallel Poll.
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2.1

2.2

INTRODUCTION

Full control of all the DMM facilities can be achieved via the GP-IB using a suitable
controller. These facilities consist of all those offered at the front panel plus some
additional ones.

The DMM will accept commands from the controller, initiate measurements and send
results back to the controller when requested. In addition, the DMM can be programmed
to interrupt the controller when a measurement or an error occurs, thereby allowing the
controller to conduct other tasks until interrupted and so increase system efficiency.

Connection to the GP-IB is made using the ‘IEEE 488/GP-IB INTERFACE’ socket on the

rear panel. The DMM address number and Talk/Listen status are selected using the
adjacent switch.

GP-IB SOCKET CONNECTIONS

Pin Numbering

12 1

l |

24 13
Front view of socket
Pin Connections
PIN NO SIGNAL

1 DIO1

2 DIO2

3 DIO3

4 DIO4

5 EOI

6 DAV

7 NRFD

8 NDAC

9 IFC
10 SRQ
11 ' ATN
12 Shield (0V)
13 DIOS
14 DIO6
15 DIO7
16 DIOS
17 REN
18 0V (GND)
19 0V (GND)
20 0V (GND)
21 0V (GND)
22 0V (GND)
23 0V (GND)
24 0V (GND)
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2.3 DMM ADDRESS/STATUS SWITCH

For normal operation on the GP-IB (using a controller), set the selector switch on the rear

panel as indicated below:
SET AS

REQUIRED
ON
ADDRESS 1,2, 4,8,16: As required (0 to 30) N0000G W& 4
LISTEN ONLY . OFF OFF
TALK ONLY . OFF /2/4/ [ ?Dbm
GI-IB ON : ON ADDRESS E%‘Egg

Note: Address 31 (all switched ON) is disallowed by the Standard and should never be
selected.

At power-up the DMM display will show all segments and annunciators (as a display test)
and then show the legend ‘IEEE n’, where n is the address selected at the switch.

For operation without a controller, e.g. if a printer only is connected to the DMM, the
TALK ONLY mode should be selected. To achieve this, set TALK ONLY to ON, and set
other switches as shown above.

If TALK ONLY is set to ON at power-up, the DMM display will show all segments and
annunciators (as a display test), and then the message ‘IEEE to’. If LISTEN ONLY had
been set to ON, the message ‘[EEE Lo’ would appear instead.

Example 1 . ON
For Address 13, Listener/Talker, GP-IB on. - B B E L H oiF
OO
1.2 4:8 16Zxx>ax
ADDRESS 1 323 %
Examplé 2 ON

ol | 4

sad TN

For Address 16, Talker only, GP-IB on.

2.4 SENDING COMMANDS TO THE DMM

The DMM is controlled by messages sent from the controller. This is normally achieved
using statements of the form:

<Controller-specific command> <DMM command string>
e.g. PRINT # 1, “M0DOI3”

Controller-specific DMM command
command string

2.4.1 Controller-specific Command

The ‘controller-specific command’ is an instruction to the controller, such as ‘output’,
‘display’, ‘read’ or ‘print’ which is expressed in the language appropriate for the controller
being used.
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2.4

2.4.2

2.4.3

2.4.4

DMM Command String

The ‘DMM command string’ is a device-dependent message which controls the DMM. The
string consists of one or more commands from the DMM Instruction Set which is tabulated
in page 2.7. The commands are listed in alphabetical order and additional information is
given where appropriate.

Most commands consist of a command letter and a number (the argument), e.g. 13. The
letter defines a parameter (e.g. I = Integration time); the number defines the status of the
parameter (e.g. 3 for Integration time = 400 ms).

Each parameter will always assume one of its settings, by virtue of, either, (1) the ‘power
up’ condition, or (2) the commands entered using the controller.

Power-up ‘Default’ States

When the DMM is switched on, each parameter assumes the ‘default’ commanded state as
shown below:

Co
DO
I3
JO
KO
MO
NO
Qo0
RO
T1
uo
YO
Z0

Commands Entered Using the Controller

Any or all parameters can be changed at any time using a ‘DMM command string’. An
example command string is given below:

“M2R4I1NO”

\ L Numeric output with literals

Integration time = 40ms
Range = 200kQ
Mode = k) (resistance measurements)

All other parameters would remain as previously selected.
The commands can be entered in any order, but if both the Mode (M) and Range (R)
commands are to be sent, it is recommended that the M command is always sent before the

R command.

Whenever the DMM makes a measurement, this will be performed according to the
parameter settings which are selected when the measurement is taken.

Certain commands, such as A (Device Clear), E (Echoback) and G (Sample) do not
require an argument number.
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If a new command string is sent to the DMM before all outputs produced by the
previous string have been read, then all the previous command string is aborted; any
unread outputs are discarded and the DMM starts to action the new command string.

When the T1 Track Mode (repetitive measurements) is selected, the output buffer in the
DMM will be continuously updated by each new measurement taken, whether or not any
measurements are read by the controller. When the controller reads the DMM, the result
of the last measurement taken will be output.

2.5 DMM OUTPUT DATA FORMATS
Measurement results

Results are presented as ASCII strings in one of two formats depending upon the
commanded status of N.

For NO, the output will be of the form

+1.234567 — _V _DC

i.e. characters 1 to 9 contain the numeric result,
character 10 is always a space,
character 11 is a space if not overload, or ‘!” if overload,
characters 12 to 15 indicate the measurement mode (literals),
(— = space)

For N1, only characters 1 to 9 are presented
(i.e. overload and measurement mode do not appear).

The commanded value of U determines which of the available set of delimiter characters
will be sent at the end of an output string from the DMM.

2.6 IEEE 488/GP-IB SUB-SET IMPLEMENTATION

The following sub-sets of the IEEE 488/GP-IB Standard are implemented within the
DMM.

SH1  Source Handshake

AH1  Acceptor Handshake ,
TS5 Basic Talker, serial poll, talk-only selectable, unaddressed if MLA (My Listen Address)
TEO  Extended Talker no capability

L3 Listen-only selectable, unaddressed if MTA

LEO  Extended Ljstener no capability

SR1  Service Request

RL1  Remote/Local

DC1 Device Clear

Co Not a Controller

DT1 Device Trigger, full capability

PP- See below

El Open collector

PP- (Parallel Poll). The DMM has a parallel poll capability, but the manner in which it is
configured is not covered by any of the IEEE 488 1978 Parallel Poll sub-sets. Instead,
parallel poll configuring in the DMM is achieved using the device-dependent command J
(see 7150plus Instruction Set). Re-configuring is achieved using the controller itself
(thereby offering an advantage over the PP2 sub-set in which configuring would be achieved
using switches at the instrument).
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2.7  7150plus INSTRUCTION SET

A - Device clear For use with a controller having no ‘Device-Clear’
command capability. Sets each parameter to the
‘power-up’ default state, refer to page 2.3.
C 0 Normal operating mode
1 Calibration mode selected Permits the automatic calibration routine to be used.
D 0 Displayon Normal operating state
1 Display inhibited Gives a higher measurement speed by removing the
display updating time. When D1 is sent the message
‘OFF’ appears on the display and remains visible for
as long as D1 is selected.
E - Echoback Causes the DMM to output the present settings of
all parameters (in alphabetical order) e.g. C0 DO I3
J1 KOM2N1QOROT1U7Y0Z1. Usethe
Interrogate (?) command for individual parameters.
Note: When the Range setting is output (using either
E or R?), the result will be R, followed by 2
numbers, e.g. R13; the first number gives autorange
status, 0 = autorange off,
1 = autorange on;
the second number gives the actual range.
G - Sample Produces a ‘single-shot’ measurement.
H Calibration High Point For use in C1 mode only.
I 0 6.66ms (3 X9%) Sets the Integration Time
1 40.0ms (4 x 9’s, 5S0Hz line) For actual reading rates, see Specification in the
2 50.0ms (4 X 9’s, 60Hz line) Operating Manual.
3 400ms (5 x 9’s)
4 10 % 400ms (6 X 9’s ‘walking window’) 4 cannot be used for Vac (M1) or Iac (M4)
5 (Reserved) or diode (M5) measurements.
6 100ms (4X9s)
J 0 No response to Parallel Poll Determines the DIO line which will respond in a
1 Respond on DIO line 1 parallel poll. This response will only occur if the
2 Respond on DIO line 2 DMM is generating SRQ when the parallel poll is
3 Respondon DIO line 3 performed.
4 Respond on DIO line 4
5 Respondon DIO line 5
6 Respond on DIO line 6
7 Respond on DIO line 7
8 Respondon DIO line 8
K 0 LOCAL key operates as per IEEE 488 Normal operating mode when using a controller
with Local Lockout.
1 LOCCAL key disabled For use with a controller having no Local Lockout
capability.
L Calibration Low Point For use in C1 mode only.
M 0 Vdc
1 Vac
2 kO Selects the Mode (‘Mode’ is also referred to as
3 Idc ‘Input Function’ when controlled from the front
4 Tac panel).
5 PRT
N 0 Numeric output with literals Vdc, kQ, etc. are output with results
1 Numeric output only Vdc, k1, etc. are not output.
O Refresh calibration constants

For use in C1 mode only.

~
@)}
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(2.7 7150plus Instruction Set cont.)

Q 0 SRQonerroronly The DMM genei'ates an SRQ when an error occurs
(the controller may then determine the type of
error)

1 SRQ on error or output available As QO, except that SRQ will also be generated

when an output is available. This would allow the
controller to conduct other tasks while the DMM
was making measurements, and the tasks would be
interrupted only when each result is ready.

Vdc & Vac kQ Idc & lac
R 0 Autorange Autorange Autorange Selection of R1 to R6 inclusive will switch-off

1 0.2V (Vdconly) Notused Notused autoranging.

2 2V Notused Not used

3 20V 20k} Not used

4 200V 200kQ Not used

5 2000V 2MQ 2A

6 Not used 20MQ Not used

T 0 Sample mode Sample (single-shot) measurements can be made
using the G command (Internal measurement
triggers are disabled).

1 Track mode Allows (normal) repetitive measurements to be
taken.

U 0 CR,LF Output Delimiters. -

1 ETX Selects the terminating characters to match the

2 CR,LE,ETX requirements of the particular controller.

3 (EOI) EOLl is not a character but a separate uniline signal

4 CR,LF, (EOI) and when required, will be asserted with the last

5 ETX, (EOI) character of the string eg, with LF when using U4.

6 CR,LF,ETX, (EOI)

7 CR

8 Space

w Write calibration constants For use in C1 moge only.
Y 0 Timed drift-corrects enabled Drift corrects are always taken whenever Mode

1 Drift-correct with next measured result (input function), Range or Integration time are -

2 Timed drift-corrects disabled changed. Timed drift-corrects, taken automaticaily
at 10 second intervals, will also be taken if YO is
selected (normal operating condition). These timed
drift-corrects can be inhibited by selecting Y2. One
additional drift-correct will be taken with the next
measurement if Y1 is selected, the DMM will then
automatically revert back to YO0 or Y2 as previously
selected.

Z 0 Disable Null Cancels null on the Mode selected.
1 Take anew Null New Null taken on the Mode selected.
? When preceded by a command letter, Use this command to determine the present status
e.g. M?, the Interrogate command will of any one parameter; for example M? might
cause the present setting of that produce the result M3, indicating the DMM is
command to be output currently set to Idc. Can be used with any command
that expects an integer argument.
! Send error message Refer to Part 2. Para 2.8
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ERROR MESSAGES

If an error condition occurs, the DMM automatically generates an appropriate error
message. The error message is shown on the DMM front panel display and is also available
at the GP-IB Interface as detailed below.

Immediately an error is detected:

a) The error message is displayed on the front panel in the form ‘Err nn’ or can be an
‘Illegal’ or ‘Hi Null’ message.

b) An SRQ (service request) is generated at the interface. The SRQ line is
consequently asserted and the controller may then conduct a Parallel and /or
Serial pole. In response to a Serial pole, the DMM sends a Serial Pole Byte (see
Para 1.9.2 of Part 2) which indicates its operating status. The least significant bit
in this byte is a '1' if an error is present. The controller can send the ! (query)
command requesting the DMM to send the error message in the form described
above.

The error messages are listed in the following table.

Error  Displayed Error Condition Additional Information
Number Message m
0 - No error
1 Err.01 Bad command Command letter was not »
recognised by the DMM
2 Err.02 Bad argument Argument (number) for the
associated command does not exist 2
3 Err.03 Input buffer overflow Input string is too long and will be
¢ ignored; re-send the commands in
shorter strings B
4 Hi null Null too big No null taken
5 Illegal Null not allowed in this Null cannot be used with Vac, Iac oy
mode or diode test
6 Illegal Filter not allowed in this  Filter cannot be used with Vac, Iac
mode or diode test R
7 Err.07 Cal not allowed in this Cal cannot be used in diode test
mode mode -
8 Err.08 Cal inhibited Cal command C1 has not been sent
or accepted, and/or CAL plug not
: inserted or shorted
9 Err.09 Command not allowed in G, T, Z, M5 and Z1 cannot be used
CAL mode in Cal mode
10 Err.10 Computed Cal multiplier/ Cal input is out of range
offset not OK
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Chapter 3
Hewlett-Packard HP9825
Example Programs
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3.1

3.2

INTRODUCTION

The following example programs are given:

* Obtaining repetitive measurements on a given range/mode
* Obtaining a single-shot measurement on demand
* Nulling a given range/mode

* Local key enable/disable

Before using the HP982S in conjunction with the DMM, refer to ‘3.2 Preliminaries’.

PRELIMINARIES

1.

Ensure that the HP-IB Interface 98034A is fitted to one of the rear slots on the HP9825.
The Interface ‘select code’, which is switchable by means of the rotary switch on the
Interface, should be set to 7 (normal factory setting).

Ensure that the 98214A ROM cartridge is fitted in one of the 4 front slots in the
HP9825 (up to 4 ROM cartridges can be fitted; the 98214 A is essential for GP-IB
operation).

Set the DMM GP-IB address to 13, as this is the address used in the various programs.
If required, any other address in the range 0 to 30, with the exception of address 21, can
be selected, providing that the appropriate program lines are amended accordingly.
Address 21 is factory set for the HP9825. Instructions for changing this address are
given in the H-P manual “Hewlett-Packard 98034 A HP-IB Interface Installation and
Service Manual”.

Connect the lead from the HP-IB Interface to the DMM GP-IB socket.
Switch on the equipment.

Before entering any example programs, erase any existing programs by pressing the
ERASE and EXECUTE keys.

Remember to press the STORE key after entering each program line.
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3.3

3.3.1

3.3.2

OBTAINING REPETITIVE MEASUREMENTS ON A GIVEN
RANGE/MODE

The program will set up the DMM as follows:

Mode : Vdc (MP)
Range : 2V (R2)
Integration time : 400ms (I3)
Track : (T1)

Results from the repetitive measurements produced will be read by the HP9825 and
presented on the display.

Program Listing

0 dim AS$ [15]

1 wrt 713, “UANPMPR2I3T1”
2 red 713, A$

3 dspAS$

4 gto 2

Press RUN to start the program.
Press STOP to stop the program.

Listing Description

Line 0 defines the string variable A$, and its length (15 characters) into which the
measurement results from the DMM will be placed.

Line 1 sets up the DMM
“713’ defines the write destination : 7 = HP-IB Interface select code, 13 = DMM
address. Note that if the address of the DMM was 06 then lines 1 and 2 would
read 706.

ug N@ Mg R2 3 T1 4 is the DMM command string

l which defines its settings
Track

400ms integration time

2V range

Vdc

Numeric output with literals
Output delimiter CR, LF

Measurements can be made on a different range/mode by altering the command
string, see the Instruction Set in Chapter 2 for other possible commands.

Line 2 causes a measurement result from the DMM to be read and placed in variable
AS.

Line 3 causes HP9825 to display the contents of A$, i.e. the measured results.
The command prt A$ could be used instead, and this would cause the results to
be output on the built-in printer.

Line 4 sets up a program loop which causes repetitive measurements.
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3.4

3.4.1

OBTAINING A SINGLE-SHOT MEASUREMENT ON DEMAND

This program will set up the DMM as follows:

Mode : Vac(M1)
Range : 20V (R3)
Integration time: 400ms (I3)
Sample . (TO)

Single-shot measurements can be produced on demand when required by pressing the {0
(Special Function Key) on the HP9825. Each result will be read by the HP9825 and
presented on the display.

Prior to running the program the f0 and f1 (Special Function Keys) must be defined as
follows:

f0:*1->F
fl:*2—F

ie. when ‘f0’ is pressed F becomes equal to 1
when ‘f1’ is pressed F becomes equal to 2 B

Programming the Special Function Keys

The procedure for programming fO and f1 is as follows:-
On the HP9825:

Press FETCH

Press f0, the special function key

Enter the definition in the display, i.e. * 1 — F (* means Immediate Execute Key)
Press STORE

Press FETCH

Press f1, the special function key

Enter the definition in the display, i.e. * 2— F (* means Immediate Execute Key)
Press STORE

Enter rck n, where n is the file number. This will cause the definitions of the special —
function keys to be stored in the defined file.

0100 Mgy W L R

N.B. 1. Itisassumed that the file has previously been formatted.
2. The definitions of all other special function keys will also be stored in the
file if they have previously been defined.
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3.4.2 Program Listing

0: dim ASI17]1,R$[15]

i: 1dk 14

2: "FO0=sample,Fi=exit"J)A$

St Q3F

4: wrt 743,"UONOMARIIOTO"

S: dsp A$

6: 1f F=2;gto 43

7: if F*i;gto 6

8: wrt 743,"G"

?: red 713,B$

i0: dsp A$4&ES$

$14: 0JF

i2: gto 6

13: end
Press RUN to start the program. Note. Lines 3 and 11 above
Press STOP to stop the program. read: 0 —»F

3.4.3 Listing Description
Line 0 defines the string variable A$ and B$ and their respective length.
Line 1 causes the special function key definitions (i.e. 0, f1) to be loaded.
Line 2 defines a text string and places it in variable AS$.
Line 3 makes the flag F equal 0, in readiness for a key press.

Line 4 contains a write instruction which sets up the DMM
“713’ defines the write destination:
7 = HP-IB Interface select code
13 = DMM address

ug N@ M1 R3 19 0 4 is the DMM command string

which defines its settings
Sample

6.66ms integration time
20V range

Vac

Numeric output with literals
Output delimiter CR, LF

A different mode/range can be called by altering the command string
accordingly.

Line 5 causes the contents of variable A$ (see Line 2) to be displayed. The statement
simply informs the user of the definition of keys f0 and f1 on the HP 9825. At
this point, the user may press 0 (if a sample measurement is required) or f1 (to
exit from the program).

Line 6 detects if F = 2, i.e. if the key f1 (exit) has been pressed. If so, the program
jumps to line 13.
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3.5

3.6

3.5.2

Line 7 detects if F is not equal to 1, i.e. if any key other than key {0 or f1, has been
: pressed. If so, the program jumps back to line 6 to again test the status of F.
IfF = 1, i.e. fO (sample) has been pressed, the program continues at line 8.

Line 8 causes the G (sample) command to be sent to the DMM, causing it to produce
one single-shot measurement (on the mode/range selected).

Line 9 contains a read instruction which causes the DMM measurement to be read by
the HP9825 and stored in variable BS.

Line 10  causes the contents of variables A$ and B$ to be displayed, i.e. “FO = sample,
F1 = exit” and the measurement resulit.

Line 11 makes the flag F equal to 0 in readiness for another key press. At this point the
user may press either fO key (for another sample) or f1 (to exit).

Line 12  causes the program to jump back to line 6; the program will then determine the
status of the next key press. (

NULLING A GIVEN RANGE/MODE

This program will set up the DMM as follows:

Mode : Q(M2)
Range : 20k (R3)
Sample : (T9)

A null will be taken on the 20k} resistance range/mode; the null value will be stored in the
DMM but will not be presented on the HP9825.

Program Listing

0 dim AS [15]

1 wrt 713, “UPNOM2R3T@”
2 wrt 713, “Z1Z?”

3 red 713, A$

4 red 713, A$

Press RUN to start the program.
Press STOP to stop the program.

Listing Description

Line 0 defines the string variable A$, and its length (15 characters), into which the null
status (Z) will be placed.
Line 1 contains a write instruction which sets up the DMM.

“713’ defines the write destination:
7 = HP-IB interface select code
13 = DMM address

KJT/7150plus/1



ug N@ M2 R3 TP » is the DMM command string which
defines its settings

Sample

20k{2 range

kQ (resistance)

Numeric output with literals
Output delimiter CR,LF

A different mode/range can be nulled by altering the command string. Tf
(Sample) is selected to ensure that no measurements will be made before or after
the null, i.e. after the T) command is sent, measurements are automatically
inhibited during a null.

Line 2 contains a write instruction which causes a null to be taken (Z1).

Line3  asks for the present status of the null to be sent back (Z?). Z? is included so
that further commands are not sent to the DMM until the null is completed;
in effect, Z? actually causes the controller to wait until the null is finished.
Any commands sent while a null is in progress will not be activated until the
null is completed.

Line 4 contains a read instruction which causes the null status to be stored in AS$.

3.6 LOCAL KEY ENABLE/DISABLE

This program causes the local key on the DMM front panel to be enabled/disabled, thereby
rendering all front panel controls to be operative (permitting Local control) or
non-operative (preventing Local control). The fO (special function key) on the HP 9825 is
utilised to perform toggling between the two states of the Local key; each successive press
of fO will change the state.

Prior to running this program the fO (Special Function Key) must be defined as follows:

f0: *1—>F
i.e. when f0 is pressed F becomes equal to 1

3.6.1 Programming the Special Function Key
The procedure for programming f0 is as follows:
On the HP9825

Press FETCH

1.

2. Press f0, the special function key

3. Enter the definition in the display, i.e. * 1 — F (* means Immediate Execute Key)
4. Press STORE

5. Press FETCH

6.

Enter rck n, where n is the file number. This will cause the definition of the special
function key to be stored in the defined file.

N.B. 1. Itisassumed that the file has previously been formatted.

2. The definitions of all other special function keys will also be stored in the
file if they have previously been defined.
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3.6.2

3.6.3

Program Listing
' 0: 1ldk 1°
i1 O023F
27 lel7Ld
3: dsp "KEYBOARD ENABLED ,KEY FO TO CONT™
4: if F#i;gto0 4
S: 03F
6 1lle 7
7. rem 743
8: dsp "KEYBOARD DISAEBLED,KEY FO0 TO CONT."
@: 1f F#ij;gto 9
i0: gto 1
Press RUN to start the program. Note. Lines 1 and 5 above
Press STOP to stop the program. reads 0 -F
Listing Description

Line 0 causes the special function key definition (i.e. f0) to be loaded.
Line 1 makes the flag F equal to 0 to ensure that fO has not already been pressed.

Line 2 sends the local command to the DMM.

“713’ defines the destination:
7 = HP-IB Interface select code
13 = DMM address

Line 3 causes the display to show the message ‘Keyboard Enabled, Key f0 to Cont’.
‘Keyboard Enabled’ means that the DMM Local Key is enabled and that all
DMM keys are operational. The user should now verify this by pressing various
DMM keys. ‘Key fO to Cont’ means that when the user wishes the program to
continue, and thereby make the Local Key revert to ‘being disabled’, the {0 key
on the HP9825 should be pressed.

Line 4 is a wait loop, which waits for fO to be pressed. When it is pressed, F = 1 and the
program continues.

Line 5 makes the flag F equal to 0, in readiness for a key press.

Line 6 causes the command ‘local lockout (1lo) 7’ to be sent to the DMM thereby
disabling its Local key.

Line 7 causes the command ‘remote’ to be sent to the DMM.
N.B. It is important that llo (line 6) is sent before rem so that the DMM Local
Key cannot be used to regain local control before llo is sent.

Line 8 causes the display to show the message ‘Keyboard Disabled, Key f0 to Cont’.
‘Keyboard Disabled’ means that the DMM Local Key is disabled and all DMM
keys are non-operational. The user should verify this by pressing LOCAL and
then various other keys. ‘Key fO to Cont’ means that when the user wishes the
program to continue, and thereby make the Local Key revert to being enabled,
the fO key on the HP 9825 should be pressed.

Line 9 is a wait loop which waits for 0 to be pressed. When it is, the flag F = 1 and the
program continues.

Line 10  causes the whole program to repeat.
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4.6.1

4.10

Program Listing

10 !

20 ' ¥ Serial Poll Example X

30 !

40 DIM AS({271,RB3(436]

S0 !

60 ! %xx Read Serial Poll RByte descriptions XX
70 )

80 FOR I=41 TO 8

Q0 J=(I-L)%X4i7+4

100 READ BRs$(J,J+1i6]

110 NEXT I

120 !

130 ! xx Initialise 74S0 & Setup Interrupts XX
140 !

150 CLEAR 7 ! Send Device Clear to 7150

160 REMOTE 743

170.STATUS 7,4 ; A ! Clear SRQ from HP-8S interface
180 OUTPUT 713 ;"UONOQLi" ! Set terminator,alpha mode and enable SRQ
190 CLEAR

200 ON INTR 7 GOSUE 290

210 ON KEY# {, "SEND" GOSUB 630

220 ON KEY# 3,"END" GOSUER 760

230 ENABRLE INTR 7;8 ! Enable interrupts on SRQ only
240 !

250 ! XX Wait for interrupt XX

260 !

27y GOTO 270

280 !

290 ! xx GFIR Interrupt Service Routine XX

300 !

340 S=SPOLL(713) ! Get serial perlil byte from 7iS0
320 STATUS 7,1 ; A )} Clear SRQ from HP-8S intertace
330 !

340 ! Show SRO status byte on screen

350 !

360 CLEAK

370 DISP "RIT DESCRIPTION VALUE™"

380 T=0

390 FOR I=8 TO 1 STEP -1i

400 J=(I-1)%17+4%

410 Ti=RIT(S,I-1)

420 T2=2"~(I-1)

430 T3=TixT2

440 IF T3=0 THEN 470

450 DISP USING "X,D,XX,1i8A,XX,D,XX,DD" ; I-1,R%0J,J+161,T4,T3
460 GOTO 480

470 DISP USING "X,D,XX,1i8A,XX,D,XX" ; I-4,RB8(J,J+i61,T1
480 T=T+T3

490 NEXT I

S00 DISP USING %S0

S10 DISP USING 960 ; T

S20 DISP USING 950

S30 IF EIT(S,4)=0 THEN S70 ! Is there any data available ?
S40 ENTER 743 ; AS

SS0 DISP " Data:"

S60 DISP USING “3X,27A" ; AS

S70 ON KEY# 2,“CONT* GOTO S90

S80 GOTO SB80 ! Wait for k2 to continue

590 :QFP -KEY®: 2

6500 ENABLE INTR 7;8 ! Enable SRQ interrupts

610 RETURN

520 !

630 ! %X Enter command Interrupt Service Routine XX
640 !

650 CLEAR

660 DISP

670 DISP "Enter Command “;

680 INPUT AS

690 OUTPUT 743 ;As ! Sand Command

700 ENABLE INTR 7;8 ! Enable SRR interrupts

710 CLEAR

720 RETURN

730 !

740 ! xx Terminate program XX

7S50 !

760 CLEAR

770 LOCAL 7143

780 DISP

790 DISP " XX PROGRAM TERMINATED xx*"

800 END .
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810 !

820 ! Serial Poll Eyte descriptions
330 !

840 DATA "Error Status"

850 DATA "Always zero"

860 DATA "Always zero”

870 DATA “Remote/Locnal"”

880 DATA "QOutput Available”
890 DATA "Calibration Error"
?00 DATA "Service Request"
2?40 DATA “Always zero"

?20 !

230 ! IMAGE definitions
?40 !

950 IMAGE 26X,"-——-"

960 IMAGE 7X,"Serial Poll Byte = ",DDD

Press RUN to start the program.
Press RESET to stop the program.

4.6.2 Listing Description
Line40 dimensions the variables A$ and BS. Incoming data from the bus is entered into
AS$. Variable B$ is a dimension for the title descriptions used in the VDU
display.

Lines 80 to 110 is a loop which reads the title descriptions into variable B§. The variable
J in Line 90 assigns the start position of each title.

Line 160 sets the DMM (at address 13) to Remote mode.
Line 170 clears any SRQ from the HP8S interface.
Line 180 sets up the DMM

“713’ defines the write destination:

7 = HP-IB Interface select code
13 = DMM address

' ‘ SRQ on error or output available
Numeric output with literals
Output delimiter CR, LF

Lines 210 and 220 specify the subroutine and key labels for the special function keys
k1 and k3.

Line 270 is a loop waiting for an SRQ or keyboard interrupt.
Line 310 The variable S contains the value of the DMM Serial Poll byte.

Lines 360 to 520 determine the status of each bit in the Serial Poll byte and display it on
the VDU.

Line 530 examines the status of bit 4 (Output Available) of the Serial Poll byte. If the bit
is 0 there is no data available from the DMM and the program jumps to Line 570.

Line 540 Data from the DMM is entered into variable AS.
Lines 550 and 560 format and display the data contained in AS.

Lines 570 and 580 form a loop waiting for the special function key k2 (continue) to be
depressed.

KJT/7150plus/1 4.11



4.12

4.7

4.7.1

Line 590 breaks the loop when key k2 is pressed.

Line 600 enables SRQ interrupts. The next request can now be read from the DMM
when available.

Line 630 starts the key k1 (enter command) routine.

Line 650 clears the screen.

Line 670 instructs the operator to enter the required DMM command.
Line 680 the command from the keyboard is entered into AS.

Line 690 outputs the command to the DMM.

Line 700 enables SRQ interrupts.

Line 740 starts the key k3 (terminate) routine.

Line 760 clears the screen.

Line 770 sets the DMM to local control.

Lines 840 to 910 contain data statements which are read into variable BS.

Lines 950 and 960 are used to format the display.

CALIBRATION OF A GIVEN RANGE/MODE

This program will calibrate the 20k(2 resistance range. No provision is made for error
trapping. Although this program is only a simple example for calibrating just one range

and mode, it will write calibration constants to the DMM. The calibration source used
must be accurate.

This section should be read in conjunction with Part 2, Chapter 7, “Calibration via the
GP-IB”.

Program Listing

10 ! CALIERATION EXAMPLE
20 D1IM AsL8]

30 D=2000 ! VALUE USED FOR INTEGRATION & CALIERATION WRITE DELAY
40 CLEAR 713 ! INITIALISE 74150

S0 WAIT D! WAIT FOR INITIALISATION TO COMPLETE

40 DUTPUT 743 ;“UONOTOM2R3" ! SET TERMINATOR,ALPHA MODE,MUDE A& RANGE
70 CLEAR

80 DISP " THE 7150 IS TO BRE CALIEBRATED FOR THE 20 K OHMS RANGE."
?0 DISP

100 DISP " INSERT THE CALIEBRATION PLUG"

110 GOSUE 620 @ IF K=1 THEN S80

120 QUTPUT 743 ;"Ci" ! CHANGE TO CALIRFRATION MODE
130 QUTPUT 743 ;™!"™ ! GET ERROR STATUS FROM THE 71S0
140 ENTER 743 ; As

150 E=VAL(A$(7,81) ! E IS THE 7i1S0 ERROR CODE

160 IF E=0 THEN 190 ! IF NO ERROR THE CONTINUE

170 IF E=8 THEN 60 ! IF CAL PLUG NOT INSERTED ASK THE QUESTION AGAIN

180 DISP “ERROR “;E @ STOP

190 CLEAR

200 DISP " CONNECT A 20 K OHM REFERENCE TO THE 7150"
2410 GOSUE 620 B IF K=1i THEN 580

220 ! GET CALIEBRATION HIGH POINT

230 OQUTPUT 743 ;"H200000" ! OHMS REFERENCE IS ASSUMED TO KE EXACTLY 20 K OHMS

240 ENTER 743 ; AS
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250 H=VAL(A$) ! H IS THE 7150 CALIERATION HIGH POINT

260 CLEAR

270 DISP " SHORT THE INPUT TERMINALS TOGETHER™"

280 GOSUB 620 @ IF K=i THEN 580

290 ! GET CALIERATION LOW POINT

300 OUTPUT 743 ;"L0" ! OHMS LOW VALUE IS ASSUMED TO EHE ZERO

310 ENTER 713 ; AS

320 L=VAL(A$) ! L IS THE 74S0 CALIERATION LOW POINT -

330 CLEAR

340 DISP " THE CALIERATION POINTS FOR THE 20 K OHMS RANGE ARE :-"
350 DISP

3&0 DISP " HIGH POINT : ";H

370 DISP " LOW POINT : “;L

380 DISP

390 DISP " WRITE THESE VALUES ?"

400 GOSUB 620 @ IF K=1 THEN 580

4140 OQUTPUT 743 ;"W" ! WRITE CALIERATION CONSTANTS
420 CLEAR

430 WAIT D ! PAUSE SO THAT THE STATUS OF THE CALIERATION CAN BE SEEN ON THE 7450

440 QUTPUT 743 ;"!™ | GET ERROR STATUS FROM THE 71S0
4S0 ENTER 713 ; AS

460 E=VAL(AS$(7,81)

470 IF E=0 THEN S30 ! NO ERRURS CALIERATION CONSTANTS VALID
480 IF E(>10 THEN DISP "ERROR ";E @ STOP

490 CLEAR

S00 DISP " RAD CALIERATION"

S40 GOSUE 420 @ IF K=4i THEN 580

520 GOTO 40

S30 CLEAR

S40 DISP " CALIERATION COMPLETE"

SS0 DISP " PRESS ’Ki’ TO EXI("

S60 ON KEY# 4,"EXIT" GOTO S80

S70 GOTO S70

S80 CLEAR

S90 OUTPUT 743 ;“C0" ! RETURN FROM CALIERATION MODE
600 END

610 ! GET ’Ki? TO CONTINUE OR ’K2’ TO EXIT

620 K=0

630 DISP

640 DISP " PRESS ’'Ki’ TO CONTINUE ‘K22 TO EXIT®
6S0 ON KEY# 1,"CONT"™ GOTO 680

660 ON KEY# 2,"EXIT" GOTO 690

670 GUTO 670

680 K=2 @ GOTO 700

690 K=1

700 RETURN

Press RUN to start the program.
Press RESET to stop the program.

4.7.2  Listing Description

Line 20  defines the length of variable A$, into which each result will be placed.

Line 30  sets up a 2s delay.

Line40 initialises the DMM (Device Clear)
“713’ defines the write destination:
7 = HP-IB Interface select code
13 = DMM address.

Line 60  sets up the DMM. ‘713’ defines the output destination.

ug No T@ M2 R3 4 is the DMM command string

which defines its settings
20k{) range

Mode (k)

Sample mode

Numeric output with literals
Output delimiter CR, LF
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4.14

Line 70

clears the display.

Lines 80 to 100 contain remarks which are presented on the display.

Line 110

Line 120

Line 130

Line 140

Line 150

Line 160

Line 170

Line 180

Line 190

Line 200

Line 210

Line 230

Line 240

Line 250

Line 260

Line 270

Line 280

The DISP statement in line 90 gives a line space. Line 100 instructs the user to
insert the Calibration Plug (with contacts shorted) at the rear of the DMM.

causes the program to jump to the subroutine starting at Line 620, which sets the
flag K to 0.

causes the C1 (Calibration) command to be sent to the DMM, thereby placing it
in the Calibration Mode.

causes the ! (send error message) command to be sent to the DMM.
causes the error message to be read into variable AS.

causes the 7th and 8th digits in the error message (i.e. the error number) to be
read from AS$; E becomes equal to the error number.

detects if E = 0, i.e. no error, and if so the program jumps to line 190.

detects if E = 8, i.e. error 8 is present (Calibration command C1 has not been
sent or accepted, and/or CAL plug not inserted or shorted). In this event the
program returns to line 60 and repeats the program, so that the cause of the
error can be determined and rectified.

detects if any other error is present, and if so stops the program and displays the
word ‘Error’ and the error number.

clears the display (the program has jumped from line 160, if no error was
present).

causes the message in quotation marks to be displayed. At this point the user
must connect a precise calibration source of 20k ohms to the DMM input
terminals in readiness for the Hi calibration point to be set up.

is identical to line 110. Calls subroutine 620 to invoke a function key to continue
or exit and act accordingly.

causes the Hi point command and value (H200 000) to be sent to the DMM.
(If the calibration source is not exactly 20k ohms, the number must be amended
accordingly).

causes the meéasured value of the calibration source (Hi point) to be read into
variable AS$.

makes variable H equal to the value of AS.

clears the screen.

causes the message in quotation marks to be displayed. At this point the input
terminals on the DMM should be shorted together in readiness for the Lo

calibration point to be set up.

is identical to line 110 and invokes the same subroutines, see the previous
description ‘Line 110°.
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Line 300

Line 310

Line 320

causes the Lo calibration point command and value ‘LO’ to be sent to the
DMM. (This assumes that the effective resistance of the input, which is shorted,
is zero).

causes the measured value of the Lo value resistance to be read into variable AS.

makes variable L equal to the value of AS.

Lines 340 to 370 cause the calibration Hi and Lo points to be displayed.

Line 390

Line 400

Line 410

Line 430

Line 440
Line 450

Line 460

Line 470

Line 480

Line 500

Line 510

Line 520

Line 530

KJT/7150plus/1

asks the user if these calibration Hi and Lo points (values) are to be written into
the DMM.

is identical to line 110 and invokes the same subroutines, see the previous
description ‘Line 110’.

causes the ‘W’ (Write Calibration Constants) command to be sent to the DMM;
the Hi and Lo point values are thereby written into the DMM memory and
become the new calibration constants for the measurement mode/range selected
(the previous constants are overwritten).

causes a delay of 2 seconds; this allows the user time to read the DMM display
which will display ‘Good’ or ‘Bad’ indicating if the constants have been accepted
or not.

causes the ! (send error message) command to be sent to the DMM.

causes the error message to be read into variable AS.

causes the 7th and 8th digits in the error messages (i.e. the error number) to be
read from AS$; E becomes equal to the error number.

detects if E = 0, i.e. no error, and if so the program jumps to line 530.

detects if the error is not error 10 (i.e. error 1 to 9), in which case the display
shows Error E (E = error number) and the program stops. In this event the
error must be rectified and the calibration procedure repeated.

If the error detected at line 480 was error 10, then the program continues at line
490 which clears the display.

causes ‘Bad Calibration’ to be displayed.

causes the program to call the subroutine starting at line 620 which checks for
either of the special function keys k1 or k2. If, in this subroutine, the k1 key
(“Continue™) is pressed, K = 2; if the k2 key (“Exit”) is pressed, K = 1.

If k2 has been pressed then K = 1 and the program exits. This is achieved by the
IF statement which follows the GOSUB statement and directs the program to
line 580 to terminate the program. If k1 has been pressed then K = 2 and the
program continues to line 520.

as the previously pressed key must have been k1 (“Continue”) the program
proceeds to line 40 to start another calibration.

clears the display, and lines 540 and 550 cause the messages in quotation marks
to be displayed.
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4.16

Line 560

Line 570

Line 580

Line 590

Line 630

Line 640

Line 650

Line 660

Line 670

Line 680

defines key 1 as “Exit”, and when the key is pressed the program jumps to line
580.

is a wait loop which waits for the key 1 to be pressed.

clears the display.

sends the CO (Normal Operating Mode) command to the DMM, and program
ends at line 600.

If in Line 110, K is not equal to 1, then the program continues at line 120.
provides another space between the lines.

causes an instruction to the user to be displayed.

defines Key 1 as ‘Continue’, and when the key is pressed, causes the program to
jump to line 680.

defines Key 2 as ‘Exit’, and when the key is pressed, causes the program to jump
to line 690.

is a wait loop which will be interrupted by a key press (‘Continue’ or ‘Exit’).

If ‘Continue’ is selected, the program jumps to line 680 which makes K = 2 and
the program then returns (via line 700) to line 110. If ‘Exit’ is selected, the
program jumps to line 690 which makes K = 1 and the program then returns (via
line 700) to line 110. The second statement in line 110 detects if the flag K = 1.
If it is, this implies that ‘Exit’ has been selected and the program jumps to Line
580.

causes the program to jump to line 700 when the k1 (“Continue”) key is pressed.
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4.8 OBTAINING ECHOBACK

This program will cause the DMM to output an echoback string indicating the present
setting of all parameters. The echoback string will show the parameters in alphabetical
order and will take the form of the following example.

CODOI3J1KOM2NOQOR3T1UOYO0ZO

The meaning of each command letter/argument number is defined in the Instruction Set in
Chapter 2.

4.8.1 Program Listing

5

10
15
20
30

DIM AS$ [30]
OUTPUT 713; “UGE”
ENTER 713; A$
DISP A$

END

Press RUN to start the program.
Press RESET to stop the program.

4.8.2 Listing Description

Line 5

defines the string variable A$, and its length (30 characters) into which the
echoback string from the DMM will be placed.

Line 10  causes the echoback command E to be sent to the DMM.

U@ is the delimiter CR, LF.
“713’ defines the ‘write’ address:
7 = HP-IB Interface select code,
13 = DMM address.

Line 15  causes the echoback string to be returned and placed in variable AS.

Line 20  causes the HP8S to display the echoback string.

KJT/7150plus/1
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4.1 INTRODUCTION

The following example programs are given:

* Obtaining repetitive measurements on a given range/mode
* Obtaining a single-shot measurement on demand

* Parallel Polling

* Serial Polling

* Calibration of a given range/mode

* Using Echoback

Before using the HP85 with the DMM, refer to ‘4.2 Preliminaries’.

4.2 PRELIMINARIES

1.

(O3]

Ensure that the module ports at the rear of the HP85 contain the following modules

HP-IB Interface Module 82937
ROM Drawer, Type 82936A containing the /O ROM.

Set the DMM GP-IB address to 13 as this is the number defined in the various
programs. If desired, any other address in the range 0 to 30, with the exception of
address 21, can be selected, providing that the appropriate program lines are amended
accordingly. Address 21 is factory set for the HP85. Instructions for changing this
address are given in the H-P manual, “HP-IB Peripheral Installation Instructions”.
Connect the lead from the HP-IB Interface to the DMM GP-IB socket.

Switch on the equipment.

Before entering any example programs, erase any existing programs by pressing the
SHIFT and SCRATCH keys and then ENDLINE.

Remember to press the ENDLINE key after entering each program line.

Once running, the program can be paused by pressing the PAUSE key, and stopped by
pressing RESET or any alpha key.
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4.3

OBTAINING REPETITIVE MEASUREMENTS ON A GIVEN
RANGE/MODE

This program will set up the DMM as follows:

Mode : V.dc (Mp)
Range : 2V (R2)
Integration time: 400ms (I3)
Track : (T1)

Results from the repetitive measurements produced will be read by the HP85 and presented
on the display.

4.3.1 Program Listing

5 DIM AS$ [15]

10 OUTPUT 713; “USNPMPR2I3T1”

15 ENTER713; A$

20 DISP AS

25 GOTO15

30 END

Press RUN to start the program.

Press RESET to stop the program.

4.3.2 Listing Description

Line § defines the string variable A$ and its length (15 characters) into which the
measurement results from the DMM will be placed.

Line 10  sets up the DMM
‘713’ defines the write destination:

7 = HP-IB Interface select code,
13 = DMM address.
ug N@ Mg R2 3 T1 4 is the DMM command string

which defines its settings
Track mode
400ms integration time
2V range
Vdc
Numeric output with literals
Output delimiter CR, LF

Measurements can be made on a different range/mode by altering the command

string, see the Instruction Set in Chapter 2 for other possible commands.

Line 15 causes a measurement result from the DMM to be read and placed in variable
AS.

Line 20  causes the HP85 to display the contents of AS, i.e. the measured result; ‘PRINT’
could be used instead; this would cause measurements to be sent to the system
printer and not to the display.

Line 25  sets up a program loop which causes repetitive measurements.
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4.4 OBTAINING A SINGLE-SHOT MEASUREMENT ON DEMAND

This program will set up the DMM as follows:

Mode : Vac(M1)
Range : 20V (R3)
Integration time : 400ms (I3)
Sample . (T9)

Single-shot measurements can be produced on demand when required by pressing the K1
Key. Each result will be read by the HP85 and presented on the display. To exit from this
program press the K2 key. (K1 and K2 are special function keys).

4.4.1 Program Listing

10 ! SAMPLE MODE EXAMPLE

20 DIM A$L4S] ! DESIGNATE SPALE FOR STRINGS
30 CLEAR
40 DISP @ DISP

S0 DISP "THE 74150 HAS BEEN PROGRAMMED FOR"

60 DISP

70 DISP " 20 VOLTS AC 6.66 MILLISECONDS"
80 DISP " INTEGRATION"

90 DISP @ DISP

100 DISP " PRESS FUNCTION KEY "

110 DISP

120 DIsP " ’Ki’? TO SAMPLE"™

130 DISP " ’K2? TO EXIT"

140 DISP @ DISP @ DISP

150 OUTPUT 743 ;"UONUMAR3IOTO"™ @ ! SET MODE,RANGE,INTEGRATION & SAMPLE MODE
{160 ON KEY#¥ i,"SAMPLE" GOTO 190

170 ON KEY# 2,"EXIT" GOTO 230

180 GOTO 180 @ ! WAIT FOR KEY

190 QUTPUT 743 ;"G" @ ! SEND SAMPLE COMMAND
200 ENTER 713 ; As .

240 DISP " ";A%

220 GOTO 140

230 CLEAR

240 END

Press RUN to start the program.
Press RESET to stop the program.

4.4.2 Listing Description

Line 20  defines the length of variable AS$, into which each result will be placed.

Line 30  clears the display.

Lines 40 to 140  contain remarks which are presented on the display.
The DISP statements in lines 40, 60, 90, 110 and 140 give spaces between the
lines of remarks.

Line 150 sets up the DMM
713’ defines the write destination:

7 = HP-IB Interface select code
13 = DMM address
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ug N@ M1 R3 19 TP 4 is the DMM command string

which defines its settings
Sample

6.66ms integration time
20V range
V ac

Numeric output with literals

Line 160

Line 170

Line 180

Line 190

Line 200
Line 210

Line 220

Line 230

Line 240

KJT/7150plus/1

Output delimiter CR, LF

Measurements can be made on a different range/mode by altering the command
string, see the Instruction Set in Chapter 2 for other possible commands.

defines the KEY 1 as “SAMPLE”, and when the key is pressed, causes the
program to jump to line 190.

defines KEY 2 as “Exit”, and when the key is pressed, causes the program to
jump to line 230.

The action of lines 160 and 170 is to ‘sample’ or ‘exit’, but the keys are labelled
‘sample’ or ‘exit’ for convenience so that the function name may be displayed.

is a wait loop which will be interrupted by a key press (“Sample” or “Exit”).

causes the G command to be sent to the DMM, following a program jump from
line 160.

causes the result of ‘G’ measurement to be read into variable AS.
causes the result to be displayed.

sets up a program loop which makes the program jump back to line 160 in
readiness for the next “Sample” key press.

clears the display, following a program jump from line 170.

terminates the program.



4.5

4.6

5.1

PARALLEL POLLING

This example program is used to parallel poll two DMMs. The program is generally
divided into the following three sections as shown in the format of the program
listing.

1. Setting-up the DMM operating modes and running the HP8S5 interrupt-on-SRQ
routine.

2. Servicing an SRQ received from a DMM.
3. A simple serial poll routine.

The DMMs are identified as DMMSs 7150A and 7150B and their modes of operation and
bus configuration are set-up by the program as follows:

7150A . 7150B

DC voltage autoranging DC current range
Integration time of 10 X 400ms Integration time of 400ms
(“walking window™)

Responds on DIO Line 1 Responds on DIO Line 2
Bus address 13 Bus address 14

The outputs from the two DMMs are displayed on two separate columns on the HP85 VDU
display. The left column displays the A measurements and the right column the B
measurements. The display scrolls-up to accommodate each new measurement.

When the program is initially run, only the B measurements are displayed. Due to the
“walking window” filter input selected for the 7150A, the A measurements are displayed
only when the eleventh measurement is received.

Program Listing

ig !

20 ! X% Parallel Poll Example x

30 !

40 DIM A$(4iS]1,B$(45]1,Cs(1S] ! Designate space for strings
S0 CLEAR 7 ! Device clear

60 ON INTR 7 GOSUE 1?0

70 CLEAR

80 ! Set up 7150 ’A?’

?0 OUTPUT 743 ;"UONOJLiQiMOROLATL"

100 ¢ Set up 71S0 ’H?’

110 OUTPUT 744 ;"UONOJ2QLiM3RSI3TL"

120 ! Enable interrupts on SRQ only

130 ENABLE INTR 7;8

140 GOTO 440 ! Loop until interrupt received.

1S0 END

1560 !

170 ! XXX Service SRQ xxx

180 !

1?0 As=" " ! Erase old data

200 Bs=" "

220 D=PPOLL(7) ! Discover which device requires servicing
230 IF D<(2 THEN 290

240 ! 7450 ’R’ has caused serwice request

250 D=D-2 ! Acknowledge that 7iS0 ’B’ has baen serwviced
260 A=14 | Address of device is 14

270 GOSUE 390 ! Service device

280 ! Check for request from 7150 A’

290 IF D(i THEN 330

300 ! 7450 ’A’ has caused service requast

310 A=13 ! Address of dewvice is 13

320 GOSUR 390 ! Serwvice device
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330 DISP A$;B$ ! Display data

335 STATUS 7,4 ; A ! Clear SRQ@ from interface

340 ENAELE INTR 7;8 ! Enable SRQ interrupts

350 RETURN

360 !

370 ! XXX Service routine XXX

380 !

390 S=SPOLL(700+A) ! Get status from interrupting device
400 ' Check for dnta available

410 IF BRIT(S,4)=0 THEN 470

420 ! Datn available so read it from 7450
430 ENTER 700+A ; Cs
440 ! Transfer data to correct string

4S50 IF A=13 THEN A$=C$ @ GOTO 470
460 IF A=14 THEN Es$=C$
470 RETURN

Press RUN to start the program.
Press RESET to stop the program.

4.5.2 Listing Description
Line40 dimensions the three variables A$, B$ and C$. All measurements from the bus
are first entered into C$ and then transferred to the appropriate variable, A$ for
the 7150A and BS$ for the 7150B.

Line 50  clears all devices on the bus. “(7)” refers to HP8S Interface.

Line 60 instructs the HP8S to direct the interrupts received from peripheral 7
to the subroutine at line 190.

Line 70  clears the screen.

Line 90  sets-up the 7150A (address 13) with the following command string.

U®  Output delimiter CR, LF

NO@  Numeric output with literals

J1 Respond to Parallel Poll on DIO line 1

Q1 Enables SRQ on error and output available

M@  Voltsd.c.
RY Autorange
14 10 x 400ms (6 x 9s ‘walking window’) integration

T1 Track mode
Line 110 sets-up the 7150B (address 14) with the following command string.

U@  Output delimiter CR, LF

N¢@ Numeric output with literals

J2 Respond to Parallel Poll on D10 line 2

Q1 Enables SRQ on error and output available
M3 d.c. current '

RS 2A range

I3 400ms integration

T1 Track mode

Line 130 enables the SRQ interrupts from the bus.
Line 140 is a loop waiting for a SRQ interrupt.

Lines 190 and 200 clear the variables A$ and BS.
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Line 220

Line 230

Line 250

Line 260

Line 270

Line 290

Line 320

Line 330

Line 335

Line 340

Line 390

Line 410

Line 430

identifies the device which requires servicing by returning the value of the DIO
lines, after a parallel poll, to variable D. “(7)” refers to the HP85 GP-IB
interface.

Depending on the value of D (1 for 7150A, 2 for 7150B and 3 for 7150A and B)
the program either continues to line 240 (B or A and B requires service) or 290
(A requires service).

decrements D by 2 to indicate that the 7150B is going to be serviced.

sets the variable A to the address of 7150B

directs the program to the service subroutine at Line 390.

detects if there is another device to service. If there is not (D = 0) then the
program jumps to Line 330 to display the data.

the service routine, Line 390, services the device.

displays A and B measurements or spaces if no data is available.
clears the SRQ from the HP 85 GP-IB interface.

enables SRQ interrupts so that another interrupt can be accepted.

reads the serial poll byte from the selected 7150 whose address (13 or 14) is held
in variable A.

checks bit 4 of the 7150 Serial Poll byte for an available output. If no outputis
available (bit 4 set to 0) then the program returns.

enters available data from the selected 7150 into variable CS$.

Lines 450 and 460 transfer data from variable C$ into the correct string for the device

4.8

serviced. Data is transferred from C$ to A$ for a 7150A measurement response
and to BS for 7150B.

KJT/7150plus/1



4.6 SERIAL POLLING

This program demonstrates the programming techniques used to serial poll a DMM
connected to the bus. The program displays the status of each bit of the Serial Poll byte in
the DMM.

A typical display produced by the program is shown as follows:

BIT DESCRIPTION VALUE
7  Always zero 0
6  Service Request 1 64
5  Calibration Error 0
4  Output Available 1 16
3  Remote/Local 1 8
2 Always zero 0
1  Always zero 0
0  Error Status 0

Serial Poll Byte = 88

Data:
-.0005530 VvV DC

The binary value and corresponding weighting of each bit of the Serial Poll byte show the
operating status of the DMM. If data is available from the DMM it is shown at the bottom
of the VDU display.

The three function keys k1, k2 and k3 are used to control the program as follows:

kl Enters a DMM command
k2 Enables SRQ ready for the next DMM response
k3 Terminates the program

To enable measurements from the DMM, type k1 to enter a command and then type, for
example, T1 (Track Mode) to generate SRQs from the DMM. To allow the operator time
to interpret the DMM results, the HP85 does not respond to every SRQ generated by the
DMM. To obtain the next measurement, the operator must depress function key k2.
Other DMM commands which can be entered by the operator to generate SRQs from the
DMM are G (Single Sample), E (Echoback), M? (Interrogate) and ! (Error Response). In
this demonstration Serial Polling program, the Q1 (SRQ on error and on output available)
command is used to generate a stream of SRQs from the DMM.

To obtain an example error status message from the DMM, the operator can send an illegal
command. For example, sending a command such as S or requesting C1 (Calibration
mode) without having a calibration plug inserted into the rear of the DMM.

Only the U@ command should be used as the output delimiter as the other U commands will
not terminate the lines correctly and may subsequently affect the running of the program.
Also the A (Device Clear) command should not be used as it resets the DMM to the
‘power-up’ default state.
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5.10

Line 450

Line 470

detects if an error other than Error 10 is present. If so, the message Errorn (=1
to 9) will be displayed and the program will be stopped by the STOP

statements. The user must rectify the error condition and then re-run the
program. If Error 10 is present (Calibration input is out of range), line 460
causes the message ‘Bad Calibration’ to be displayed.

causes the program to jump to the subroutine starting at line 570. This routine
detects if ‘C’ (to continue), ‘E’ (to exit) or an invalid key has been pressed (see
description for lines 580 to 610).

If “E” was pressed K = 1 and the program returns to the second statement in
line 470. The program then jumps to line 530 which clears the screen. Line 540
then sends the CO (Normal mode) command to the DMM, line 550 closes file 1
and line 560 ends the program.

If C was pressed K = 2 and the program returns to the second statement in line
470 then to line 480. This causes the program to return to line 40 and the
program is repeated.

Lines 490 and 500 respectively cause the ‘Calibration Complete’ and ‘Press E to Exit’

Line 510

Line 520

Line 530

Line 540

Line 550

Line 560

Line 580

Line 590

Line 600

messages to be displayed.

is a wait loop. The program will advance only when a key is pressed.

detects if the key pressed was not an ‘E’. If any key except E was pressed, the
program returns to line 510 and waits for another key to be pressed. If E was
pressed the program advances to line 530 which clears the screen. Line 540
sends the CO command (normal operating mode) to the DMM. Line 550 closes
file 1 and the program ends at line 560.

clears the screen.

sends the CO command (normal operating mode) to the DMM.

closes file 1.

ends the program.

causes text to be presented on the screen preceded by a 3 line gap.

is a wait loop waiting for a key to be pressed. The program will advance only
when a key is pressed.

the action taken for each key is as follows:

a) If key E (exit) is pressed, the program is ended in the following manner.
When E is pressed, K = 1 and the program returns, via line 630, to the
second statement in line 100. Since K = 1 the program jumps to line 530
which clears the screen. Line 540 sends the CO command (normal operating
mode) to the DMM, line 550 closes file 1 and the program ends at line 560.

b) Ifkey C (continue) is pressed, the program will detect this at line 590. K will
be made equal to 2 at line 620 and the program will return (via line 630) to
line 100 and then to line 110 which will send the C1 (calibration mode)
command to the DMM.

c) Any other key pressed is invalid and this is detected at line 610 and the
program returns to line 590 to await next key press.
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Line 610 detects if the key pressed was not “C” (for continue). If so an invalid key was
pressed and the program returns to line 590 to await the next key press.

5.7 USING LOCAL LOCKOUT

As the PET does not have a Local Lockout (LLO) or Go To Local (GTL) capability, the

DMM commands K1 and KO must be used to disable/enable the LOCAL key on the DMM
front panel.

The program below shows how the K1 and KO commands may be used. In this program the
‘C’ key on the PET is used to ‘toggle’ the state of the LOCAL key (disable/enable). Ineach
state, the user can verify that the DMM front panel controls are enabled or disabled.

5.7.1 Program Listing

1% FEM LOCAL KEY EWRELE ~ DISRELE EXAMFLE

2R OPEM 1.13 @ REM THE 7158 MUST BE SET TO ADDRESS 13

IH FRIMT#1.,"K@" @ REM EMARELE EEYEORRD

45 FRIMT "7* : REM CLERR SCREEM

S8 FRINT:FRINT:FRINT

E@ FRIMT “"THE 7T158 REYEOARRD IS HOW EMARELED AMD CAWY

T8 FRIWNT "EE FROGREAMMED FROM THE FROMT FRHEL. ™

S8 PRIMT:FRIMT :FRINMT

23 PRINT "FRESS THE “LOCALS KEY TO GAIN COMTROL"

198 PRIMT

119 FRIMT "“AMD THEMW CHAMGE MOLE OF RAMGE TO WERIFY"

128 FRIMT

138 FRIMT "THAT THE KEYECARD I2 ACTIVE."

148 PRINT:FRIHNT:FRINT

153 FRINT " FREZS "7 TO COWNTIHLE® 2 ¥ o

168 GET A$: IF A% = "" THEW 1ed : REM WAIT FOR A KEY TO BE FRESZED
178 IF A$CS"C" THEM 188 GREM KEY IS MOT A “C° THEREFORE IT MUST BE AM INWALID
128 FRIMT#1."K1" : REM DISHELE KEYEORRD

123 PRINT "3" : REM CLEARR =ZCREEH

283 FRINT:FRINT

DD

FRINT"THE 7158 KEYEOARD HAS HOW EEEMH"

FRIMT

FRIMT"DIZAELED EBY THE “K1- COMMAMD. "

FRIMT

FRINT "ATTEMFT T FROGRAM THE 7158 EBY LESIHG"

A FRINT

A FRINT "THE “LOCAL® EEY."

FRIMT:FRIMT :FRIMT

FRIWT "PREZZ 07 TO COMTIMUE OF "E- TOQ EXIT"

GET A%:IF As="" THEN 2988 : REM WRIT FOR A KEY TQ EE FRES:ZELD

: IF A = "C" THEH 28 : REM “C° FOR COMTIHUE . EMAELE KEYEOARD AGAIM
228 IF A$ <> "E" THEM 288 :REM KEY FRESIED WAS HOT “E° THEREFORE.SET AMOITHER KE
228 EEM EXIT FPROGEAM

348 FRINT#1."ES" @ REM EMSURE THAT THE EEYEOSED IZ EMAELED OH ESIT

25a CLOSE 1 @ REM CLOSE GRIEB QUTFUT

FRIMT "3" : REM CLERR :3SCREEH

378 END

Type RUN to start the program.
Press STOP to stop the program.

5.7.2  Listing Description

Line20  opens file 1 and assigns to it the device at GP-IB address 13 (i.e. the DMM).

Line 30  causes the KO command to be sent to the DMM thereby enabling the its LOCAL
key.

Line40  clears the screen.

Lines 50 to 150 contain text which is presented on the screen. The PRINT statements
in lines 50, 80, 100, 120 and 140 give spaces between the lines of text.
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5.8

5.8.1

3.12

Line 160 is a wait loop. The program will advance only after a key has been pressed.
Pressing C causes the program to continue.

Line 170 detects if the key pressed was C. If a key other than C was pressed (i.e. an
invalid key), the program returns to line 170.

Line 180 causes the K1 command to be sent to the DMM thereby disabling its LOCAL
key.

Line 190 clears the screen.

Lines 200 to 290 contain text which is presented on the screen. The PRINT statements
in lines 200, 220, 240, 260 and 280 give spaces between the lines of text.

Line 300 is waiting for a key. The program will advance only after a key has been
pressed. Pressing C causes the program to continue, pressing E to exit from the
program.

Line 310 detects if the key pressed was C; if so the program returns to line 30. This allows
the DMM to be toggled again between the LOCAL key enabled/disabled status
using the KO and K1 commands.

Line 320 detects if the key pressed was an E, if not an invalid key must have been pressed
and the program returns to line 300. If an E was pressed, the program
continues.

Line 340 causes the KO command to be sent to the DMM thereby enabling its LOCAL
key on exit.

Line 350 closes file 1.

Line 360 clears the screen.

OBTAINING ECHOBACK

This program will cause the DMM to output an echoback string indicating the present
setting of all parameters. The echoback string will show the parameters in alphabetical
order, and will take the form of the following example:

‘CPDPI3T1KPM2NPQ2R1GT1UGYPZH

The meaning of each command letter/argument number is defined in the Instruction set in
Chapter 2.

Program Listing

10 OPEN 1, 13

20 PRINT #1, “E”

30 INPUT #1, AS$: IF ST <> 0 THEN 30
40 PRINT A$

50 CLOSE 1

60 END

Type RUN to start the program.
Press STOP to stop the program.
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5.8.2 Listing Description

Line 10
Line 20

Line 30

Line 40

Line 50

KJT/7150plus/1

opens up file 1 and assigns to it the device at GP-IB address 13 (i.e. the DMM).
causes the echoback command E to be sent to the DMM.

causes the echoback string to be read from the DMM and placed in variable AS,
refer to para. 5.1.4.

causes the PET to display the echoback of AS, i.e. the echoback string.

closes file 1.

n
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Chapter 5

Commodore PET 4032 and 8032

Example Programs
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5.1

5.1.1

5.1.2

5.1.3

W
(9]

INTRODUCTION
The following example programs are given:
* Obtaining repetitive measurements on a given range/mode

* Obtaining a single-shot measurement on demand

* Using Device Clear

* Calibration of a given range/mode
* Using Local Lockout

* Obtaining Echoback

The example programs given will operate on both the PET 4032 and 8032 computers.

Before using the PET in conjunction with the DMM refer to the following paragraphs and
to ‘5.2 Preliminaries’.

Polling

As the PET 4032 and 8032 do not have a normal polling facility, it may be helpful to
incorporate the DMM command ! (send error message) into a program. The ! command
will cause the DMM to output an error message which can then be examined to ascertain if
an error has occurred. If no error is detected the message “ERROR @¢)” is produced.
When an error is indicated, the user may then take appropriate action. During a long
program the ! command could be sent periodically to detect any error which may have
arisen in the DMM.

Lockout

As the PET 4032 and 8032 do not have a ‘Local Lockout’ (LLO), or ‘Go to Local’ (GTL)
command, the DMM commands K1 and KO must be used to disable/enable the LOCAL
key on the front panel.

Output Delimiter

The output delimiter must be CR, i.e. the U7 command must be sent. Other delimiters,
such as LF, would not be cleared from the DMM output buffer after a measurement and
would thus corrupt the subsequent reading.

Bus Transfers

In practice, the PET may attempt to read data from the DMM before a measurement result
is ready and thus a zero reading would be produced. To avoid this, the IF statement is
included with the bus transfer statement. This will cause the program to keep repeating the
INPUT instruction until a reading is available. At this point the status of the PET will

change from 1 to 0 and the program will continue.

Status = 1 means no output is available, status = 0 means that an output is available.
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5.1.5 Cursor Control Characters

Cursor control characters are used within the programs. Special symbols associated with
these cursor control characters are echoed on the VDU and printed on the hardcopy listing,
e.g. the CLR character echoes a heart-shaped symbol in reverse video.

5.1.6 DMM Addressing

Only the addresses, 5, 6, 7 and 9 to 30 inclusive, from the range 0 to 30, can be used for the
DMM when a PET is used as the controller. The remaining addresses are allocated to the

PET as follows:
0 Keyboard
1 Cassette 1
2 Cassette 2
3 VDU
4 IEEE Device 4 (Printer)
8 Disk Drives

5.2 PRELIMINARIES

1. Setthe DMM GP-IB address to 13, as this is the number defined in the various
programs.

2. Connect the lead from the GP-IB port on the 4032/8032 (port nearest the mains switch)
to the DMM GP-IB socket.

3. Switch on equipment.

5.3 OBTAINING REPETITIVE MEASUREMENTS ON A GIVEN RANGE/
MODE

The program will set up the DMM as follows:

Mode : Vdc (M@)
Range : 2V (R2)
Integration time: 400ms (I3)
Track : (T

Results from the repetitive measurements produced will be read by the PET and presented
on the display.

5.3.1 Program Listing
Listing to go here
Type RUN to start the program.
Press STOP to stop the program.

5.3.2  Listing Description

Line 10  opens file 1, and assigns to it the device at GP-IB address 13 (i.e. the DMM).
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54

5.4.1

Line20 sets up the DMM

M@ R2 I3 T1 U7 4 is the DMM command string

which defines its settings

Output Delimiter CR
Track mode

400ms integration time
2V dcrange

Vdc

Measurements can be made on a different range/mode by altering the command
string, see the Instruction Set in Chapter 2 for other possible M and R
commands.

Line 30  causes the measurement result to be read from the DMM and placed in variable
AS$, refer to para 5.1.4.

Line 40 causes the PET to display the contents of AS$, i.e. the measured results.

Line 50  sets up a program loop which causes repetitive inputs from the DMM.

OBTAINING A SINGLE-SHOT MEASUREMENT ON DEMAND

This program will set up the DMM as follows:

Mode : Vac(M1)
Range : 20V (R3)
Integration time : 6.66ms (I3)
Sample . (T9)

Single-shot measurements can be produced on demand when required by pressing the
SPACEBAR. Each result will be read by the PET and presented on the display.

Program Listing
189 REM ZAMFLE MOLE EXAMFLE
28 FRIMT"I":REM CLEAR SCREEH
9 FRIMT:FRIMT
48 FRIMTYTHE T1589 HAS EBEEM FROGRAMMED FOR ="
S8 FRINT
S8 FRIMT"29 YAC &.85 MILLISECOMD:S IMTEGREATION"
A FPRIMT:FRIMT :FRINT
38 FRIMT"FREZS THE “SFACEEAR- TO TREE A SAMFLE."
3 FRINT
199 PRINT" 7 T ERIT."
119 FPRIMT :FRIMT :FEINT
129 OPEML.13:REM THE F1S@ pMuUsT BE €T TO ADDREZS L2
128 PRIMTH#L. "UFMIRIIATE" (REM SET TERMIMATOR.MODE.RAMGE. INT. TIME & ZAMPLE MIZLE
148 SET AfF: [FAS=""THEM14G:REM WAIT FOR A KEY T EBE ~FEZZELD
158 IF AF="E" THEM Z30:REM "E- FOR ExIT FREZZED
18 [FA$C:" "THEMI4G:REM HOT SPRCEZERRS THEREFCRE IT musT EBE & IHVALIL KEY
178 FRIMT#1."3":FEM ZEMD SAMFLE ZOmMMANLD
130 ITHPUTH#L . A$: IFSTCATHENLS9: REM WARIT FOR BUS TRAMIFER
128 FRIMT" “AE

FRIMT"TI :REM SE-FOISITION CURSIR FioR MEAT MEASUREMEMNT
GOTO14G:REM GET AHOTHER EE'Y

FEMESIT FRIOGEAM

CLOSE 1 :REM CLOSE GPIE QUTFUT

FRIMT"II":REM CLEAR :SCREEH

238 EMD

=
(D

Type RUN to start the program.
Press STOP to stop the program.
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5.4.2 Listing Description

Line 20  clears the screen.

Lines 30 to 110 contain remarks which are presented on the screen. The PRINT
statement in lines 30, 50, 70, 90, and 110 give spaces between the lines of
remarks.

Line 120 opens file 1, and assigns to it the device at GP-IB address 13 (i.e. the DMM).

Line 130 sets up the DMM.

U7 M1 R3 10 T 4 is the DMM command string

which defines its settings

Sample Mode

6.66ms integration time

20V range

Vac

Output delimiter CR
Measurements can be made on a different range/mode by altering the command
string, see the Instruction Set given in Chapter 2 for other possible M and R
commands.

Line 140 is a wait loop. The program will advance only after a key has been pressed.
Press the SPACEBAR for a single-shot measurement or press ‘E’ to exit from
the program (all other keys are invalid).

Line 150 detects if the key pressed was ‘E’.

Line 160 detects if the key pressed was SPACEBAR. If it was not, the program returns
to line 140.

Line 170 causes the G (single-shot) command to be sent to the DMM.

Line 180 causes the measurement result to be read from the DMM, and places it in
variable A$, refer to para 5.1.4.

Line 190 causes the result to be displayed.

Line 200 re-positions the cursor such that the next measurement will overwrite the
existing reading displayed.

Line 210 causes the program to jump back to line 140 so that another reading can be
taken.

Line 230 closes the GP-IB output following an exit (‘E’) command.

Line 240 clears the screen.

KJT/7150plus/1
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5.5

5.5.1

5.5.2

5.6

USING DEVICE CLEAR

As the PET 4032 and 8032 do not have a Device Clear command, the DMM command ‘A’
must be used instead. The ‘A’ command will set all parameters to their power-up state, see
‘Sending Commands to the DMM’ in Part 2, Chapter 2. Immediately after sending the ‘A’
command, a delay of approximately two seconds must be allowed for the DMM parameters
to assume their new settings. Further commands can then be sent to the DMM.

A Device Clear command must not immediately follow a C1 (calibration mode) operation
as this will induce a calibration error. Command C1 is followed by CO (normal operating
mode) and then the Device Clear command.

The program below uses the A command to set up all the DMM parameters to the
power-up state.

Program Listing

10 OPEN 1, 13
20 PRINT #1, “A”

30 FORI=1TO?2000: NEXTI: REM WAIT APPROXIMATELY 2 SECONDS
40 CLOSE 1

50 END

Type RUN to start the program.
Press STOP to stop the program.

Listing Description

Line 10  opens up file 1 and assigns to it the device at GP-IB address 13 (i.e. the DMM).

Line20 sends the ‘A’ command to the DMM.

Line 30  gives the necessary delay of approximately 2 seconds.

Line 40 closes file 1.

CALIBRATION OF A GIVEN RANGE/MODE

This section should be read in conjunction with Part 2, Chapter 7, “Calibration via the

GP-IB”.

This program will calibrate the 20k{2 resistance range. Although this program is only a
simple example for calibrating just one range and mode, it will write the calibration
constants to the DMM. A precision 20k{2 calibration source must be used.

Refer to para.

5.5 regarding the use of a Device Clear command.

Program Listing
189 REM CALIBRATION EXAMFLE
29 D=2e@9 : REM “%ALUE IISED FOR IMITIALISATION AMD CALIERATION WRITE DELAY.
33 OPEM 1.13 @ REM THE 7158 MUST EE SET TO ADDRESS (=
40 PRIMT#1."A" : REEM IMITIALIZE 7154
A FOR I =1 TO D @ MEXT I : REM WAIT FOR IMITIALISATION TO COMFLETE
S8 FRIMT#1. “"UTTOMIRI" : REM SET TERMIMATOR.HOLD.SAMFLE.MOLE AMD RAMGE
TE FRIMT "DIETHE F1Sa I TO EE CALIEBRATED FOR"
20 FRIMT “ATHE 29 K OHMS RERMGE.
30 FRIMT "AMAEMIMSERT THE CHRLIERATION FLUG"
199 SOSUB S79 ¢ IF K=1 THEM S24
119 PRINT#1."Ct" : REM CHAMGE T CALIERATICH MODE
129 FRIMT#1."!" : REM GET ERROR STATUS FROM THE 7154
130 INFUT#L.AE © IF =T <> & THEM 124

KJT/7150plus/1



4 E = YAL(MIDSCA$.7,20) ¢ REM E IS THE 7152 ERROR CODE

F E = THEN 159 : REM IF MHQ ERROR THEM COMTIHMUE
IF E = & THEM £8: REM IF CAL PLUG MOT IMSERTED THEH ASK RUESTICH AGRIN
FRINT "ERROIR ":E : 3TOP
FRINT " TalslsCONMECT A 29 K OHM REFEREHCE TO THE"
FRINT "sF1Sa."
289 GOSUR STa ¢ IF K=1 THEM 328
219 REM GET CRALIBRATIOM HIGH FOIWT
28 FRINT#1."HZ98083" @ REM OHMS REFEREMCE IS ASSUMED TO EE EXACTLY 28 K OHME
INPUT#1.8% : IF ST <> @ THEW 239 : REM WARIT FOR ELZ TRAMSFER -
H=VAL(A$Y @ REM H I3 THE 7159 CALIERATION HIGH FPOINT
FRINT "IMMSHORT THE IMPUT TERMIMALS TOGETHER™
A GOSUB S7@ : IF K=1 THEHM SZ&
FEM GET CRLIBRATIOM LOMW FOINT
220 PRINT#1."LO" @ REM OHMS LOW “YALUE ASSUMED TO BE ZEROQ
229 INPUT#1.AF : IF ST<>9 THEH 233 : REM WARIT FOR EUS TRAMSFER
289 L=VYALC(A$) @ REM L I3 THE 71548 CALIERATION LOW FOINT
218 FRINT "“TalIMTHE CHLIBRATIOW FIOIMTS FOR THE 29 K OHMS"
28 PRINT "SRAMGE ARE :-"
28 PRINT "MeHIGH POINT : ":iH
349 FRINT "“aal Ol FOIMT : "L
358 FRINT "MeBBMRITE THESE CALIERATION “WALLUES ¢
2EQ GOSUB 73 - IF K=1 THEH S2g
A7T9 PRINT#1,"W" : REM WRITE CRLIERATION CONSTANTS
359 FRINT "3 : REM CLEAR SCREEH
32@ FOR I=1 TO D : HNEKT I
4353 FEM FRIJSE =0 THAT THE STATUS OF THE CRALIEBRATION CAM EE SEEM OH THE F1iSa
413 PRINT#1."!"™ : REM GET ERROR STATUS FROM THE 7138
428 INFUT#L,A%$:IF ST <> @ THEW 429
439 E = YALCMIDSCAF. 7,202
448 IF E = @ THEW 433 @ REM MO ERRORS CALIERATION COMSTAMTS YALID
453 IF E<>1Q THEW FRIMNT "ERROR " E:3TOF
463 PRINT "“InsaBAD CALIBRATIOH"
473 GOSUBR S78 ¢ IF K=1 THEM 5=
438 GOTO 49
439 PRINT "TasCALIBRATION COMFLETE"
S89 FRIMNT "mMBFRESS “E- TO EXIT"
518 GET A$ : IF A% = "" THEN S1§ : FEM WAIT FOR A KEY TO EE FREZZED
s29 IF A$ <> "E" THEH 514
S38 PRIMT "' : REM CLEAR SCREEM
S4@3 PRINT#1."Ca" @ REM RETURH FROM CRALIEBRRTION MODE
S5O CLOSE 1
560 EMD
S7Ta REM GET KEY “C7 TO COMTIMUE OR “E“ TO ERIT
Se@ FPRINT"aBBEPRESS “C/ TO COMTIHUE OR “E- TO EXIT
S2@ GET A$:IF A% = "" THEHW S3@ : REM WAIT FOR A KEY TO EE FRESZED
669 IF AF = “"E" THEM K=1 : GO TO &3&
519 IF AS<H"CUTHEMSZ@: REM KEY IS MOT A “C° THEREFORE IMVALID =0 3ET AHOTHER
sed K=2

£
A28 RETURM

— e s e s
w4
OOQI DD

Type RUN to start program.
Press STOP to stop program.

5.6.2 Listing Description
Line 20  defines the length of delay time as 2000m:s.
Line30  opens file 1 and assigns to it the device at GP-IB address 13 (i.e. the DMM).

Line40 sends the command A (Device Clear) to the DMM, this sets its DMM
parameters to the power-up (initialised) state.

Line 50 is a delay which causes the program to wait for 2 seconds, as defined in line 20;

this allows the DMM parameters to settle at the initialised state before another
command is sent.
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Line 60

sets up the DMM.

U7 T0 M2 R3 4 is the DMM command string

which defines its settings
20k} range

kQ (resistance)

Sample mode

- Output delimiter CR'

Any other mode/range can be calibrated by altering the M and R commands, see
the Instruction Set in Chapter 2. A highly accurate voltage/current/resistance
standard must be used.

Lines 70 to 90 incorporate cursor control symbols, refer to para. 5.1.5. Line 90 contains

Line 100

Line 110

Line 120

Line 130

Line 140

Line 150

Line 160

Line 170

a message instructing the operator to insert the calibration plug, with shorted
links, into the rear of the DMM.

causes the program to jump to the subroutine starting at line 570 to get one key
to continue or another to exit.

will send the C1 (calibration mode) command to the DMM.
will send the ! (send error message) command to the DMM.

causes the error message to be read from the DMM and places it in variable AS.
Refer to para. 5.1.4, Bus Transfers.

makes E equal to the error code number.
VAL (MID$(AS$,7,2))

7,2 causes two characters
starting at the seventh to be output

the error message, e.g. Error 08
detects if no error was present, i.e. E = 00. If so, the program jumps to line 180.

detects if Error 8 was present, i.e. the Calibration plug was not inserted. In this
event, the program jumps to line 60 and repeats the request to insert the plug.

causes the number of any other error detected (i.e. 1 to 7 inclusive or 9 and 10)
to be displayed. If any such error is detected, the program is stopped by the
STOP statement. The user must rectify the fault and then re-run the program
starting at line 10.

Lines 180 and 190 contain text which is presented on the display.

Line 200

N.B. an accurate 20k ohm calibration source must be connected to the DMM
input, at this stage.

causes the program to jump to the subroutine starting at line 570. This
subroutine detects if ‘C’ (to continue), ‘E’ (to exit) or an invalid key has been
pressed (see description for lines 580 to 610).

Assuming ‘C’ has been pressed, the program then advances to line 210,
otherwise if E has been pressed then the program will go to line 530.
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Line 220

Line 230

Line 240

Line 250

Line 260

Line 280

Line 290

Line 300

sends the H (calibration High Point) value to the DMM. If necessary, this value
may be changed to suit the precise value of the calibration source if it is not
exactly 20kQ.

causes the measured value of resistance to be read from the DMM, and placed in
AS. The IF statement is described under Line 130.

makes H equal to the numeric value of AS.

contains text which is presented on the screen requesting that the 20k ohms
calibration source be removed and the input terminals shorted together.

causes the program to jump to the subroutine starting at line 570. This
subroutine detects if ‘C’ (to continue) ‘E’ (to exit) or an invalid key has been
pressed (see description for lines 580 to 610).

Assuming C has been pressed, the program advances to line 270, otherwise if E
has been pressed the program will go to line 530.

sends the L (Calibration Low Point) value to the DMM.

causes the measured value of resistance to be read from the DMM and placed in
AS.

makes L equal to the numeric value of AS$.

Lines 310 to 340 cause the calibration high and low point values measured to be displayed

Line 360

Line 370

Line 380

Line 390

Line 410

Line 420

Line 430

Line 440

KJT/7150plus/1

on the screen.

N.B. at this point the user must decide whether or not to write these calibration
values into memory in the DMM.

causes the program to jump to the subroutine starting at line 570. This
subroutine detects if ‘C’ (to continue), ‘E’ (to exit) or an invalid key has been
pressed (see description for lines 580 to 610).

If C to continue has been pressed then the program continues onto line 370,
otherwise if the E to exit key has been pressed, the program then jumps to line
530.

sends the (Write) command to the DMM, thereby causing the calibration values
to be written into memory.

clears the screen.

is a delay loop which gives a 2 second delay; this allows the status of the
calibration, e.g. ‘good’ or ‘bad’ to be read on the DMM display.

causes the ! (Send error message) command to be sent to the DMM.

causes the error message to be read from the DMM and places it in AS, refer to
para. 5.1.4, Bus Transfer.

makes E equal to the error code number.
detects if no error was present, i.e. E = 0. If so, the program jumps to line 490.

No error indicates that the calibration constants are valid, otherwise the
program continues at line 450 because an error has occurred.
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6.1

6.1.1

6.1.2

INTRODUCTION
The following example programs are given:
* Obtaining repetitive measurements on a given range/mode
* Obtaining a single-shot measurement on demand
* Nulling a given range/mode
* Using Device Clear

The reader is referred to the APPLE II IEEE-488 Interface User’s Guide which describes
in detail the operation of the APPLE in conjunction with the GP-IB bus.

Before using the APPLE in conjunction with the DMM, refer to ‘6.2 Preliminaries’.

DMM Addressing

An example listing for addressing a DMM is given as follows:

10 ADDR = 13: REM DMM ADDRESS
20 ZL$ = CHRS (ADDR+32) + CHRS (26)
30 ZT$ = CHRS (ADDR+64) + CHRS (26)

In this example,' the DMM GP-IB address is 13 but it can be easily changed by amending
line 10 only. The listen address is defined by the string ZLS$ in line 20.

The listen address is formed by adding on offset of 32 to the required IEEE address to give

the relevant ASCII character. The special character “control Z” [CHR$(26)] indicates the
end of the address list. In a similar way, the talk address is defined by the string ZTS$ in line
30 and uses an offset of 64.

The address zero is not usually used for the DMM as this address is allocated to the )
APPLE. If required, the address range 0 to 30 can be selected by using the DEVICE
command on the APPLE, refer to the APPLE II IEEE-488 Interface User’s Guide.

Poke Commands

In general terms, the APPLE operating system intervenes between the application program
and the software monitor and it intercepts BASIC commands directed to the monitor.
Operating systems commands are prefaced by the CHR$(4), control D, characters. Using
these CHR$(4) commands to select and activate an input/output device means that the
device is initialised every time the appropriate CHRS$(4) command is generated.

To avoid this happening to the GPIB interface card in slot 3, the input and output vectors

are manually changed to different locations by POKE commands to avoid the repeated
initialisation of the bus interface.
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6.2

6.3

6.3.1

6.3.2

PRELIMINARIES

1. Ensure that a GP-IB Interface card is fitted in the APPLE, normally in slot 3; refer to
the APPLE II IEEE-488 Interface User’s Guide for further information. Ensure that
the VDU is connected to the Video Output slot and the Disk Drive(s) to slot 6.

2. Setthe DMM GP-IB address to 13, as this is the number defined in the various
programs. If required any other address in the range 1 to 30 can be selected, refer to
para6.1.1.

3. Connect the lead from the APPLE GP-IB Interface to the DMM GP-IB socket.

4. Insert the operating system disk into Disk Drive 1.

5. Switch on the equipment. The APPLE will automatically load the operating system
from the disk and run the first program found on the diskette catalogue which is

normally the “Greetings” program and is titled “HELLO”.

6. Before entering any example programs, erase any existing programs from memory by
typing the command NEW.

7. Remember to press the RETURN key after entering each program line.

OBTAINING REPETITIVE MEASUREMENTS ON A GIVEN RANGE/
MODE

The program will set up the DMM as follows:

Mode : Vdc (M@)
Range : 2V (R2)
Integration time: 400ms (I3)
Track ¢ (T1)

Results from the repetitive measurements produced will be read by the APPLE and
presented on the display.

Program Listing
10 ADDK = 13: REM 7150 ADDRESS
20 ZL$ = CHRS (ALDK + 32) + CHRS (26)
30 £LY$ = CHRS (ADDR + 54) + CHRS (26)

40 PFRINY CHR$ (4);"PR#3"
S0 PRINM CHRS$ (4);"IN#3"
60 PRINT "sCoO"
70 PRINT “RA"
80 PRINT "WT";ZL3%;"U7NOMOR2I3TL"
90 PRINT "RD";ZTs$;
100 INPUT As
140 PRINT CHKRS (4);"PR#0"
20 PRINT CHRS (4);"IN#¥0"
i30 PRINT AS
140 POKE S4,6: POKE SS5,19S5: FOKE S6,3: POKE S7,19S
150 CALL 1002
160 GOTO 90

Type RUN to start the program.
Press RESET to stop the program.

Listing Description
Lines 10 to 30 define the DMM address, refer to para 6.1.1.

Lined0  causes all output data to be sent to slot 3.
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6.4

6.4

Line 50  causes all input data to be sent to slot 3.
Line 60  switches off the debug modea a;ld stops écixo orrilto“t'hé screeri.
Line70  puts the DMM into remote control.

Line 80 causes a command string to be sent to the DMM.
PRINT “WT” causes a string to be output.
ZLS$ is the listen address of the DMM as defined in line 20.

u7 N@ M@ R2 3 T1 4 is the DMM command string

' which defines its settings
Track Mode

400ms integration time

2V range

Vdc

Numeric output with literals
Output delimiter CR

Measurements can be made on a different range/mode by altering the command
string, see the Instruction Set in Chapter 2 for other possible M and R
commands.

Line90  prepares the APPLE Interface card (in slot 3) to read from talk address ZT$ as
defined in line 30.

Line 100 causes the APPLE to read data from the DMM.

Line 110 causes data to be sent to the VDU.

Line 120 re-enables the APPLE to read from the keyboard.

Line 130 causes results from the DMM to be shown on the VDU.

Lines 140 and 150 set up the GP-IB Interface ready for another measurement without
further initialisation. CALL 1002 relinks the operating system.

Line 160 sets up a program loop which causes repeated measurements to occur.

OBTAINING A SINGLE-SHOT MEASUREMENT ON DEMAND

This program will set up the DMM as follows:

Mode : Vac(M1)
Range : 20V (R3)
Integration time : 400ms (I3)
Sample : (TY)

Single shot measurements can be produced on demand when required by pressing the
SPACEBAR. Each result will be read by the APPLE and presented on the VDU. Press E
to exit from the program.
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6.4.1 Program Listing

10 REM SAMPLE MODE EXAMPLE
20 - HOME
30:++PRINT. ;. PRINF
40 PRINT "THE 7450 HAS BEEN PROGRAMMED FOR :="
S0 TPRINT
60 PRINT "20 V AC 400 MILLISECONDS INTEGRATION" -
70 PRINT : PRINT : PRINT
Q0 PRINT "FRESS THE ’SPACERAR’ TO TAKE A SAMPLE"
90 PRINT
100 PRINT " i TO EXIT"
140 PRINT : PRINI : PRINT
120 REM INITIALISE APPLE INTERFACE CARD
130 PRINT CHR$S (4);"PR#$3"
140 PRINT "SCO"
1S0 PRINT "RA"
iSi ZL$ = CHR$ (32 + 13) + C(HKS$ (26): REM IEEE LISTEN ADDRESS = {3
1S2 ZT$ = CHRS$ (44 + 13) + UHR$ (26): REM IEEE TALK ADDRESS = 1J
160 PRINT CHRS$ (4);"PR*0" :
170 PRINT CHR$ (4);"IN*0"
180 A$ = "UZNOMLR3IIITO": GOSUEK 340: REM SET DELIMITER,ALPHA 0O/P ,MUDE,RANGE,
INTEGRATION T1ME & SAMPLE MODE
190  VTAB 18: HTAB 12: GET AS
200 IF As = “E" THEN 260: REM ’E’ FOR EXIT PRESSED
210 IF As ( > " " [HEN 190: REM KEY IS NOT ’SPACEBAR’
THEREFORE [T MUST BE AN INVALID KEY
220 A% = "G": GOSUER 340: REM SEND SAMPLE COMMAND -
230) GOSUB 400: REM GET MEASUREMENT FROM 7450
240 HTAE i2: UTAR i8: PRINT A$: REM POSITION CURSOR & PRINT MEASUREMENT

250 GOTO 190

260 HOME

270 END

280 REM CHANGE I/0 TO IEEE

290 POKE S4,6: POKE 55,192 + 3: REM IEEE CAKD IS ASSUMED TO EE IN SLOT 3

300 POKE S6,3: POKE 57,4192 + 3: REM I/0 IS NOW VIA IEEE CARD
340 CALL 41002: REM RE-LINK THE OPERATING SYSTEM

320 RETURN :

330 REM SEND IEEE COMMAND

340 GOSUB 290: REM CHANGE (/0 TO IEEE

350 PRINT “WT";ZL$;A%$: REM SEND COMMAND TO IEEE

360 PRINT CHR$ (4);"PR¥0": REM RETURN I/0 TU VDU & KED
370 PRINT CHR$ (4);"IN#0"

380 RETURN

390 REM INPUT FROM 7150

400 GOSUB 290: REM CHANGE I/0 TO IEEE

410 PRINT "“RD";ZT$;

420 INPUT "";A%: REM INPUT FROM IEEE

430 PRINT CHR$ (4);"PR#0": REM I/0 TO VDU & KED

440 PRINT CHRS$ (4); "IN%0"

450 RETURN

Type RUN to start the program.
Press RESET to stop the program.

6.4.2 Listing Description

Line20  clears thé screen.

Lines 40 to 100 contain text which is presented on the display. The PRINT statement
in lines 30, 50, 70, 90, and 110 give spaces between the lines of text.

Lines 130 causes all output data to be sent to slot 3 and switches the Input/Output to the
GP-IB interface.

Line 140 switches off the debug mode and stops echo onto the screen.

Line 150 puts the DMM into remote control.

Lines 150 to 152 define the DMM address, refer to para. 6.1.1.

Line 160 causes data to be sent to the VDU and switches I/O to the keyboard VDU.
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6.6

Line 170 re-enables the APPLE to read from the keyboard.

Line 180 places the DMM command string in AS.

u7 N@ M1 R3 I3 TP 4 is the DMM command string

which defines its settings

Sample Mode

400ms integration time

20V range

Vac

Numeric output with literals

Output delimiter CR
Measurements can be made on a different range/mode by altering the command
string, see the Instruction Set in Chapter 2 for other possible commands.

Line 190 obtains the input from the tabulated positions of line 18 and column 12 of the
display.

Line 200 detects if ‘E’ (for exit) has been pressed. If so the program jumps to line 260
(which clears the screen) and 270 (which ends the program).

Line 210 detects if the key pressed was not the SPACEBAR, i.e. an invalid key. If an
invalid key was pressed the program returns to line 190 in readiness for the next
key to be pressed.

Line 220 enters G, the sample command, into A$. (The SPACEBAR will have been
pressed for the program to have reached this line.) The program will then gosub
to line 340 and line 290.

Line 240 sets up the vertical and horizontal cursors and causes the DMM measurement to
be printed.

Line 250 returns the program to line 190 in readiness for the next measurement command

(press SPACEBAR) or exit command (Press E).

Lines 290 and 300 change vectors in order to re-direct the Input/Output to the GP-IB card

Line 310

Line 320

Line 350

Line 360

Line 370

Line 380

Line 410

which is assumed to be in slot 3 (hence the ‘+3’ part in the statement).
re-links the operating system.

causes the program to return to line 350.

causes the G command to be sent to the GP-IB interface.

PRINT “WT” causes a string to be output.

ZLS$ is the listen address of the DMM as defined in line 151.

AS contains the G command.

causes the data to be sent to the VDU and returns Input/Output to the VDU and
Keyboard.

re-enables the APPLE to read from the keyboard.
causes the program to return to line 230 and then gosub to line 400.

prepares the Interface card (in slot 3) to read from talk address ZTS$ as defined in
line 152.
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Line 420 causes the input from the Interface card (i.e. the DMM results) to be read into
AS.

Lined30 causes data to be sent to the VDU.
Line 440 re-enables the APPLE to read from the keyboard.

Line 450 causes the program to return to line 240.

6.5 NULLING A GIVEN RANGE/MODE
This program will set up the DMM as follows:
Mode : kQ (M2)
Range : 20kQ (R3)
Sample : (T0)
A null will be taken on the 20k{) resistance range/mode; the null value will be stored in the
DMM but will not be presented on the APPLE value.
6.5.1 Program Listing
10 ADDR = 13 :REM 7150 ADDRESS
20 ZL$ = CHR$ (ADDR + 32) + CHRS (26)
30 ZTS = CHRS$ (ADDR + 64) + CHRS$ (26)
40 PRINT CHRS (4); "PR#3”
50 PRINT CHR$ (4); "IN#3” .
60 PRINT "SCO”
70 PRINT "RA”
80 PRINT “WT”;ZL$ ; Z$ ; "UTNOM2R3T0”
90 PRINT “WT”;ZL$;Z$;"Z1"
100 PRINT “WT” ;ZL3;Z$;"2?”
110 PRINT “RD”;ZT$;Z$
120 INPUT A$
130 PRINT CHRS (4); “PR#0”
140 PRINT CHRS$ (4); "IN#0”
150 END
Type RUN to start the program.
Press RESET to stop the program.
6.5.2 Listing Description
Lines 10 to 30 define the DMM address, refer to para. 6.1.1.
Lined0 causes all output data to be sent to slot 3.
Line 50  causes all input data to be sent to slot 3.
Line 60  switches off the debug mode and stops echo onto the screen.
Line70  puts the DMM into remote control.
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Line 80 causes a command string to be sent to the DMM.
PRINT “WT?” causes a string to be output
ZL$ is the listen address of the DMM as defined in line 20.
Z$ is the listen address terminator.

U7 N¢

M2

R3 T@ 4 is the DMM command string

which defines its settings

Sample mode
20k{2 range

kQ (resistance)

Numeric output with literals

Output delimiter CR

A different range/mode can be nulled by altering the command string see the
Instruction Set in Chapter 2 for other possible commands.

Line 90 Z1 causes a new null to be taken.

Line 100 Z? requests the present state of Z to be sent back as verification that
the particular range has been nulled.

PRINT “WT”:ZL$ ; Z$ ; are as used in line 80.

Line 110 prepares the Interface card (in slot 3) to read from talk address ZT$ as
defined in line 20. Z$ is the talk address terminator.

Line 120 causes results from the DMM to be shown on the VDU.

Line 130 causes data to be sent to the VDU.

Line 140 re-enables the APPLE to read from the keyboard.
6.6 USING DEVICE CLEAR

The program below sets up all of the DMM parameters to the power-up state, see ‘Sending
Commands to the DMM’ in Part 2, Chapter 2. The standard IEEE command (CL) is used

for Device
Clear.

When the A command (DMM instruction set) is used for device clear it must be followed by
a delay period of approximately two seconds.

A device clear command must not immediately follow a C1 (calibration mode) operation as
this will induce a calibration error. Command C1 is followed by CO (normal operating
mode) and then the device clear command.

6.6.1 Program Listing

10
20
30
40
S0
60
70
80
?0

i00
140

ADDR =

L% =
ZTs =
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

PRINT

END

13: REM 7150 ADDRESS
CHR$ (ADDR + 32) + CHR$ (26)
CHRS (ADDR + &4) + CHRS (26)
CHR$ (4);"PR#3"
CHR$ (4);"IN%3"
"sCo
o
"CL"ZLS
CHRS (4);"PR#0"
CHR$ (4);"IN#Q"

Type RUN to start the program.
Press RESET to stop the program.

6.8
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6.6.2 Listing Description

Lines 10 to 30 define the DMM address, refer to para. 6.1.1

Line 40
Line 50
Line 60
Line 70

Line 80

Line 90

Line 100
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causes all output data to be sent to slot 3.

causes all input data to be sent to slot 3.

switches off the debug mode and stops echo onto the screen.

puts the DMM into remote control.

causes a Device Clear command to be sent to the DMM.

‘CL’ is the IEEE Device Clear command as used on the APPLE IEEE interface
CZaIllg.is the listen address of the DMM as defined in line 20.

causes data to be sent to the VDU.

re-enables the APPLE to read from the keyboard.
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Chapter 7
Calibration via the GP-IB

Para
7.1
7.2
7.3

13.1
732
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7.1

7.2

7.3

GENERAL
The 7150plus DMM may be calibrated via the GP-IB interface.
Calibration of the DMM by this method involves the use of a controller rather than of the

front panel controls. The principle used to derive calibration constants however remains
the same as that described in Part 1, Chapter 5, ‘Front Panel Calibration’.

PRELIMINARIES
The following equipment will be required to calibrate the DMM via the GP-IB:
Standards (for ac/dc voltage, ac/dc current, resistance).
Controller (IEEE 488/GP-IB compatible).
Calibration Enable Jack-plug (with remote switch if required).
The DMM address switch on the rear panel should be set as indicated below:
ADDRESS 1,2,4,8,16 : As required (0 to 30)
LISTEN ONLY : OFF

TALK ONLY : OFF
GP-IB ON : ON

CALIBRATION PROCEDURE

To calibrate the DMM:

1. With the DMM switched on, insert the calibration plug into the CAL socket on
the rear panel. The CAL annunciator will flash indicating that the calibration
mode is enabled.

Note: The jack-plug should be shorted before use. Alternatively, the plug may be
inserted and the contacts closed remotely,via a switch connected to the plug.

2. Send “C1” command to enter calibration mode. (Error code 08 on the display

would indicate that no calibration plug is fitted). The CAL annunciator should
appear in the display.

With the DMM in the calibration mode, the following conditions apply:
a. The Z (null) command cannot be used.

b. Commands H (high ref.) L (low ref.) W (write constants) and O (memory
refresh) become available for use.
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3. Send commands M (measurement mode) and R (range) for the particular mode and
range to be calibrated.

eg, for Vdc, 2V, send “MOR2”

The DMM must now be supplied with two reference inputs. One input, usually the
nominal full scale value of a range, is known as the ‘high’ reference. The other, at zero,
the ‘low’ reference. In the case of Iac and Vac, the low reference value should not be
less than 10% of nominal full scale rather than zero.

After a reference input is applied, the DMM must be informed of it’s precise value. This
is achieved using the H command for the high reference and L for the low reference.
These commands, which may be sent in any order, must be accompanied by an integer
(argument) of up to six digits in length, which expresses the applied input in terms of a
5-digits count. This may be calculated using the formula below.

H or L integer to be entered = applied input x 10("®)
where R = commanded range number (1 to 6)

eg, for a 2V input on the 2V range, enter 200000
for a 0.3V input on the 200V range, enter 000300

4. Apply the high reference input to the DMM for the particular mode/range.
eg, 2.00000V on 2Vdc range.
5. Using the controller, send the H command to the DMM.

eg, H200000

The DMM will respond by displaying ‘Hi Pt’ for approximately 1%2 seconds, during
which time it will measure the applied reference input. When finished, the DMM will
display and output its measured count. The result may differ from the applied input; this
is quite normal.

6. Apply the low reference input to the DMM, eg, OV short circuit for non-ac ranges.
7. Using the controller, send the L command to the DMM.
eg, LO (leading zeros need not be specified).

The DMM will respond by displaying ‘Lo Pt for approx 12 seconds, during which time
it will measure the applied reference input. When finished, the DMM will display and
output the measured count. The result may differ from the applied input; this is quite
normal.

8. Having specified high and low reference points (which may be repeated if necessary)
send the command W to the DMM. The W command, which has no argument, causes
the DMM to compute and store the appropriate values of calibration constants for the
mode/range selected. The display will show the message ‘Good on successful
completion of a W command. If W is not sucessfully completed, an error message will
be displayed and output to the controller.

9. Repeat instructions 1 to 8 for each range to be calibrated.
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7.3.1

7.3.2

7.4

Memory Refresh

If only a partial calibration has been carried out (ie, not all ranges calibrated) it is essential
to executive a memory refresh before exiting from calibration mode. This causes all
calibration constants held in memory to be read and re-written.

To refresh:

1. Send the command O via the controller to re-write calibration constants.

Exit Calibration Mode

Once the required ranges have been calibrated/refreshed, the DMM may exit calibration
mode as follows:

1. Send the command CO via the controller. The DMM will exit calibration mode and the
CAL annunciator will flash, warning that the calibration jack-plug is still in position.

2. Remove the jack-plug. The flashing CAL annunciator will now no longer be visible.

The DMM is now ready for use.
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Appendix A

Preparing the 7150plus for insertion in the carrying case.

The 7150 plus is delivered with the carrying handle fitted for normal bench use, as shown in
Figures A.1and A.2. However, the instrument has been designed so that the the handle can be
repositioned to allow the instrument to be operated whilst inits carrying case (optional
accessory, Part No 71509A).-

Figure A.1
Orientation of handle when unit is
removed from the packing case.

Connection

Figure A.2
Normal bench-top
operating position for the
7150 pius

Figures A.3 to A.9, together with the accompanying notes, show how to remove the handle from
the instrument and reposition it for use with the carrying case.
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1.

Rotate the handle to the position shown in Figure A.3.

: ‘3 Front

\6}:;:

Power __— L g
Connection

Figure A.3
Orientation required to remove
the handle. .

2. Remove the handle by gently pulling it away from the casing at the pivot point. Figures

A.4 and A.5 show close up view of the location mechanism.

Figure A.4
Clase-up shows locating hole for
the handle.

's' shows the point to which the cog
must be withdrawn to rotate the
handle around the unit. When the
locking pin is aligned correctly, the

handle can be completely removed,

(The position of the handle for this

Locking pin alignment is shown in Figures A.3 and
A.4.
|
§ Figure A.5
1 Close-up one of the ‘cogs’ on the
4]_ handle.
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Turn the unit upside down and replace the handle with the same orientation as it had

when it was removed, as shown in Figures A.6, and A.7.

— I .
B L E > Front

Figure A.6
Turn the unit upside down.

Power

Connection

Front

Figure A.7
Replace the handle .

Turn the unit the correct way up and rotate the handle through 270° so that the handle lies
flush with the casing., see Figures A 8 and A.9.
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Figure A.8
Turn the unit up the correct way.
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5.

The unit may now be placed in the carrying case and the power supply connected through

Power
Connection

Rotate the handle until it lies flat

P ——

Figure A.9

along the top of the unit.

the aperture in the rear of the carrying case.
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