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OPERATORS SAFETY SUMMARY

The general safety information in this part of the sum-
mary is for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the manual
where they apply, but may not appear in this summary.

TERMS

in This Manuai

CAUTION statements identify conditions or practices that
could result in damage ‘o the equipment or other property.

WARNING statements identify conditions or practices that
could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a persenal injury hazard not immediate-
ly accessible as one reads the marking, or a hazard to prop-
erty including the equipment itseif.

DANGER indicates a personal injury hazard immediately ac-
cessible as one reads the marking.

SYMBOLS

in This Manual

This symbeol indicates where applicable caution-
ary or other information is to be found.

As Marked on Eguipment

; DANGER — High voltage.
(—_9 Protective ground (earth) terminal.
ﬁ ATTENTION — refer to manual.

vi

Power Source

This product is intended to operate from a power module
connected to a power source that will not apply more than
250 volts rms between the supply conductors or between
either supply conductor and ground. A protective ground
connection by way of the grounding conductor in the power
cord is essentiat for safe operation.

Grounding the Product

This product is grounded through the grounding conductor
of the power module power cord. Te avoid electrical shock,
piug the power cord into a properly wired receptacle before
connecting to the product input or output terminals. A pro-
tective ground connection by way of the grounding conduc-
tor in the power module power cord is essential for safe
operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all accessi-
ble conductive parts (including knobs and controls that may
appear to be insulating) can render an electric shock.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type, voit-
age rating and current rating as specified in the parts list for
your product.

Refer fuse replacement to qualified service personnel,

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this preduct in an explo-
sive atmosphere unless it has been specifically certified for
such operation.

Do Not Operate Without Covers

To avoid personal injury, do not operate this product with-
out covers or panels installed. Do not apply power to the
plug-in via a plug-in extender.

REV JUL 1986
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY
Refer aiso to the preceding Operators Safety Summary

Do Not Service Alone

Do not perform internal service or adjustment of this prod-
uct unless another person capabie of rendering first aid and
resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages may exist at several points in this prod-
uct. To avoid personai injury, do not touch exposed connec-
tions and components while power is on.

Disconnect power before removing protective panels, sol-
dering, or replacing components.

Power Source

This product is intended to operate in a power module con-
nected to a power source that will not apply more than 250
voits rms between the supply conductors or between either
supply conductor and ground. A protective ground connec-
tion by way of the grounding conductor in the power cord is
essential for safe operation.

vii
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RECAPITULATIF DES CONSIGNES
DE SECURITE

Termes utilisés dans ce manuel

Les paragraphes intitulés ATTENTION identifient ies cir-
constances ou opérations pouvant entrainer la détérioration
de I'appareil ou de tout autre égquipement,

Les paragraphes intitulés AVERTISSEMENT indiquent les
circonstances dangereuses pour I'utilisateur (danger de mort
ou risque de blessure).

Repéres gravés sur I"appareil

CAUTION {(ATTENTION) : ce mot identifie les zones de ris-
que de blessure non perceptibies immédiatement ou un risque
éventuel de détérioration de I'appareil.

DANGER {DANGER) : ce mot indique les zones de risque
immeédiat pouvant entrainer blessures ou mort.

Symboies gravés sur I'équipement
; DANGER — Haute tension
@ Borne de masse de protection {terre}
A ATTENTION — se reporter au manuel

Source d’alimentation

L'appareil est congu pour fonctionner & partir d’une source
d‘alimentation maximale de 250 V efficaces entre les conduc-
teurs d'alimentation ou entre chaque conducteur d’alimenta-
tion et |a terre. Pour utiliser |'appareil en toute sécurité, une
connexion 3 la masse, réalisée au moyen d’un conducteur
prévu dans le cordon d’alimentation, est indispensable.

Mise 4 la masse de I'appareil

Une fois installé dans le chissis d’alimentation, 'appareil est
relié a la masse & I’aide d’un conducteur du cordon d'alimen-
tation. Pour éviter tout choc électrique, insérer la prise du
cordon d’alimentation dans une prise de distribution corres-
pondante avant de connecter "entrée ou les sorties de |'appa-
reil. Pour utiliser I'appareil en toute sécurité, une connexion
4 la masse réalisée au moyen d‘un conducteur prévu dans le
cordon d’alimentation, est indispensable.

Danger provoqué par !a coupure de connexion de
masse

En cas de coupure de la connexion de masse, 1ous les éléments
conducteurs accessibles (y compris boutons et commandes
apparaissant isolants) peuvent provoquer un choc électrique.

Utiliser le cordon d'alimentation approprié

N’utiliser que le cordon d’alimentation et la prise recom-
mandés pour votre appareil, Utiliser un cordon d'alimen-
tation en parfait état. Seul, un personne! qualifié peut
procéder & un changement de cordon et prises.

Utiliser le fusible approprié

Pour éviter tout risque d'accident {incendie...) n'utiliser
que le fusible recommandé pour votre appareil. Le fusible
de remplacement doit toujours correspondre au fusible
remplacé : méme type, méme tension et méme courant.
Un remplacement de fusible ne doit étre effectue que par
un personnel guaiifié,

Ne pas utiliser I’appareil en atmosphére explosive

Pour éviter toute explosion, ne pas utiliser cet appareil dans
une atmosphére de gaz expiosifs.

Ne pas démonter les capots

Pour éviter toute blessure, ne pas utiliser cet appareil sans
capots cu panneaux. Ne pas alimenter le tiroir & travers
un prolongateur.

ADD JUL 1986
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CONSIGNES DE SECURITE

UNIQUEMENT DESTINEES AU PERSONNEL DE
MAINTENANCE

Ne dépannez pas seul

Ces consignes s‘adressent exciusivement & un personnel qua-
lifié, 1 est également indispensable de se reporter aux consi-
gnes de sécurité précédantes. Toute intervention interne ou
réglage doit s’effectuer en présence d'une autre persenne ca-
pabie d’assurer les premiers secours en cas de danger.

Agir avec précaution lorsque |'appareil est sous ten-
sion
Des potentiels dangereux existent en différents points de

I'appareil, Pour éviter toute blessure, ne pas intervenir sur les
connexions et les compaosants alors que 'appareil est sous

ADD JUL 1386

tension. Débrancher |'alimentation avant le démontage des
panneaux, soudure ou remplacement de composants.

Source d’'alimentation

Cet appareil est congu pour fonctionner & partir d’une sour-
ce d'alimentation gui n'appiique pas plus de 250 V efficaces
entre les conducteurs d'alimentation ou entre un conduc-
teur et la masse. Pour utiliser 1"appareil en toute sécurité,
une connexion 3 la masse réalisée au moyen d'un conduc-
teur prévu dans le cordon d’alimentation est indispensable.

ix
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SICHERHEITSANGABEN FUR DEN ANWENDER

Die allgemeinen Sicherheitsinformationen in diesem Teil
der Angaben dienen dem Anwender- und Serviceperso-
nail. Spezielle Warnungen und Hinweise sind Gberail im
Handbuch zu finden, missen jedoch in diesen Angaben
nicht erscheinen.

BEGRIFFE

In diesem Mandbuch

VORSICHTSHINWEISE erfautern Bedingungen, die zur
Zerstérung des Gerites oder anderer Gegenstinde fiih-
ren kdnnen,

WARNUNGSHINWEISE erlautern Bedingungen, die zu
Personenschaden fihren kénnen oder lebensgefahr-
lich sind.

Markierungen auf dem Gerit

CAUTION - VORSICHT weist darauf hin, daf durch zuf4lli-
ges BerGhren an einer nicht unmittelbar zugéngtlichen
Stelle Personenschaden entstehen kann, cder Schaden
am Gerat selbst.

DANGER - GEFAHR weist darauf hin, daB durch zufélliges
Berdhren an einer zuganglichen Stelle Personenscha-
den entstehen kann.

SYMBOLE

in diesem Handbuch

Dieses Symbol zeigt an, wo Vorsicht walten
Zu lassen ist, oder wo Informationen zu
finden sind.

Markierungen auf dem Geréat

% GEFAHR - Hochspannung.
@ Schutzerdungskontakt.

ACHTUNG - beziehen Sie sich auf das
Handbuch.

Netzspannungsversorgung

Die Betriebsspannung fir dieses Gerat dad 250 V.4 nicht
Uberschreiten und ist an die Versorgungsleitungen bzw,
an eine Versorgungsleitung und Masse anzulegen. Inner-
halb des NetzanschluBkabels muB ein Schutzleiter vor-
handen sein, der mit Geratemasse verbunden ist.

MasseanschiuB des Gerites

Dieses Geréit wird Ober den Schutzleiter der Versor-
gungseinheit mit Erdpotential verbunden. Zur Vermei-

dung von elekirischen Schldgen vor der Beschaltung der
Ein-und Ausgédnge ist der Netzsteckerin eine korrekt ver-
drahtete Steckdose einzustecken. Verwenden Sie den
Schutzleiter nicht als einzige Verbindung zwischen zwei
oder mehreren Geradten. Zur Vermeidung von elektri-
schen Schiigen sind die Gerite untereinander mit sepa-
raten Leitungen zu verbinden.

Gefahr durch fehlende Schutzerde

Durch eine fehlende Schutzerde kénnen alle berihr-
baren, leitenden Teile (einschlieBlich Kndpfe und andere
Bedienungselemente, die isoliert sind) einen elektri-
schen Schlag bei der Berlihrung ausldsen.

Verwendung eines richtigen Netzkabels

Verwenden Sie nur Netzkabel, die fUr die Versorgungs-
einheit geeignet sind und die sich in gutem Zustand be-
finden.

Fur detaillierte Informationen (tber Kabel und Stecker be-
ziehen Sie sich bitte auf Abbiildungen innerhalb des
Handbuches.

Ein Austausch von Kabeln und Steckern ist nur von ge-
schultem Personal vorzunehmen.

Verwendung einer richtigen Sicherung

Zur Vermeidung von Brandschaden sind nur Sicherun-
gen zu verwenden, die in den Teilelisten dieses Gerates
aufgefiihit sind und die in Spannungs- und Stromwert
entsprechend sind.

Ersatz von Sicherungen ist nur von geschuitem Personal
vorzunehmen.

Arheiten Sie nicht in explosiver Umgebung

Zur Vermeidung von Explosionen ist die Inbetriebnahme
dieses Gerates in explosiver Umgebung zu unterlassen,
wenn das Gerat nicht daflr geeignet ist.

Entfernen Sie keine Gehduseabdeckungen

Zur Vermeidung von Personenschiden sind keine Ge-
hauseteile zu entfernen. Auch ist das Gerat ohne Gehau-
se nicht in Betrieb zu nehmen.

Arbeiten Sie nicht ohne Gehduseabdeckung

Zur Vermeidung von Perscnenschéden ist das Gerét
nicht ohne Gehduse in Betrieb zu nehmen. Der Einschub
sollte nicht Uber einen Verldngerungsadapter betrieben
werden.
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DM 5010

SICHERHEITSANGABEN FUR DEN SERVICE
NUR FUR GESCHULTES PERSONAL

Beziehen Sie sich auch auf die vorangehenden Sicherheitsangaben fir den Anwender.

Fihren Sie keine Servicetidtigkeiten alleine durch

Nehmen Sie an dem Gerat keine Service- oder Einstell-
arbeiten vor, wenn nicht eine andere Personverfigbarist,
um im Bedarfsfall Erste Hilfe oder Wiederbelebungsver-
suche zu leisten.

Lassen Sie besondere Vorsicht waiten, wenn
Sie an einem unter Spannung stehenden Gerat
arbeiten

Anverschiedenen Stellenim Gerat liegen hohe und damit
geféhrliche Spannungen. Zur Vermeidung von Personen-

ADD JUL 1586

schéden sind solche Stellen und Bauteile nicht zu berih-
ren, wahrend Betriebsspannung anliegt.

Vor dem Entfernen von Gehauseteilen, Loten oaer Er-
setzen von Bauteilen ist immer die Betriebsspannung zu
entfernen.

Netzspannungsversorgung

Die Betriebsspannung tir dieses Gerat darf 250 V4 nicht
Oberschreiten und ist an die Versorgungsleitungen bzw.
an eine Versorgungsleitung und Masse anzulegen. Inner-
halb des NetzanschiuBkabels muf ein Schutzleiter vor-
handen sein, der mit Gerdtemasse verbunden ist.

xi
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Section 1—DM 5010

SPECIFICATION

Introduction

The TEKTRONIX DMS5010 Programmabie Digital
Muitimeter is a TM 5000 plug-in designed to operate in two
compartments of a TM 5000-Series power module. The
DM 5010 measures and displays dc voltages, resistance,
true rms ac voltages, and true rms ac + dc voitages. Range
salection is automatic or manually incremented. A diode test
function provides a 1 mA current output for diode testing.
Measurements are made via froni-panei connectors or a
rear-interface connector.

The DM 5010 also performs calculations for averaging,
scale and offset, conversion to dBm or reference dB, and
comparison. Measurements and calculation results are indi-
cated on a signed 4 1/2 digit LED display. The decimal point
is automatically positioned and ieading zeros are blanked.

The operation of the DM 5010 is programmable via high-
level commands (ASCil) sent over the IEEE 488 digital inter-
face. The DM 5010 can send information about front panel
control settings, measurements, and calcutations via the
bus to 2 GPIB controller. Measurements and calculations
are triggered by internal circuitry (at a normal or a fast rate),
front-panel push button, GPIB command, or external signal
via a rear-interface connector.

This instrument is listed with Underwriters Laboratories,
inc. under U.L. Standard 1244 (Eiectrical and Electronic
Measuring and Testing Equipment).

Standard Accessories
1 Instruction Manuatl
1 Test Lead Set

1 Reference Guide

Refer to the Accessories page at the back of this manual
for part numbers.

|EEE 488 (GPIB) Functions

The DM 5010 can be remotely programmed via the digi-
tal interface specified in IEEE Standard 488-1978, /EEE
Standard Digital Interface for Programmable Instrumenta-
tion. In this manual, the digital interface is called the General
Purpose Interface Bus (GPIB).

The IEEE standard identifies the interface function reper-
toire of an instrument on the GP!IB in terms of interface func-
tion subsets. The subsets are defined in the standard. The
subsets listed in Table 1-1 apply to the DM 5010.

REV JAN 1983

Tabie t-1
IEEE 488 INTERFACE FUNCTION SUBSETS
Function Subset Capability

Source SH1 Complete.

Handshake

Acceptor AH1 Complete.

Handshake

Basic Talker TS Responds to Serial Poll.
Untailks if My Listen Ad-
dress (MLA) is received.
Talk Only capability.

Basic Listener L4 Uniistens if My Talk Ad-
dress (MTA) is
received.

Service Request SR1i Complete.

Remote-Local RL? Complete,

Paralle! POI PPO Does not respond to
Paralle! Poll.

Device Clear DC1 Complete.

Device Trigger DT Complete.

Controlier co No controller function.

Performance Conditions

The limits stated in the Performance Regquirements col-
umn of the following tables are valid with the following
conditions:

1. The instruments internal adjustments are performed
at an ambient temperature between +21°C and +25°C.

2. The instrument must be in a non-condensing environ-
ment whose limits are described under Environmental.

3. Allow thirty minutes warm-up time for operation to
specified accuracy; sixty minutes after exposure to or stor-
age in high-humidity {condensing) environment.

Items listed in the Performance Requirements column of
the Electrical Characteristics are verified by completing the

1-1



Specification—DM 5010

Performance Check in this manual. Information given in the
Supplemental Information and Description columns of the

following tables is provided for user information only and
should not be interpreted to be Performance Check require-
ments. The information under Electrical Characteristics ap-
plies to both front-panel and rear-interface measurements,

uniess otherwise noted.

Table 1-2
ELECTRICAL CHARACTERISTICS

NOTE

For measurernents to specified accuracy, internal ad-
justments should be performed after 1000 hours of
operation or every six months if used infrequently. Re-
fer fo the Adjustment Procedure in this manual.

Characteristics

Performance Requirements

Supplemental information

DC VOLTS

ACCURACY for the 200 mV, 2 V,
20V, 200 V, and 1000 V ranges:

Normal Conversion Rate

(3 readings per second)

+18°C to +28°C
200 mV range

*(0.015% of reading + 0.01% of full
scale)

2 V through 200 V ranges

x(0.015% of reading + 0.005% of full
scale)

1000 V range

+(0.020% of reading + 0.010% of full
scale)

0°C to +18°C,
+28°C to +50°C

200 mV range

+(0.06% of reading + 0.035% of full
scale)

2 V through 200 V ranges

+(0.06% of reading + 0.03% of full
scale)

1000 V range

+{0.065% of reading + 0.035% of full
scale)

For the typical accuracy for a given tem-
perature in this range, add to the +18°C
to +28°C accuracy, =(0.002% of read-
ing + 0.001% of fuli scale)/°C deviation
from +28°C or +18°C.

Fast Conversion Rate

{26 readings per second)

+18°C to +28°C
200 mV to 200 V ranges

+{0.05% of reading + 0.05% of full
scale)

1000 V range

+(0.05% of reading + 0.1% of full scale)

0°Cto +18°C, +28°Cto
+350°C

200 mV to 200 V ranges

*(0.1% of reading + 0.1% of full scale)

1000 V range

*{0.1% of reading + 0.15% of full scale)

1-2



Table 1-2 {cont)

Specitication—DM 5010

Characteristics

Performance Requirements

Suppliemental Information

DC VOLTS (cont)

TRUE COMMON MODE
REJECTION (CMR)

Verified with 1 k2 unbaiance in either
terminal.

Unguarded =130 dB at dc.
=B0dB at 50 to 60 Hz
Guarded =140 dB at dc

=100 dB at 50 to 60 Hz

NORMAL MODE REJECTION
RATIO (NMRR)

Normal Conversion Rate

=>40dB at 50 or 60 Hz, £ 0.2 Hz

Fast Conversion Rate

=40 dB at 50 Hz, £ 0.2 Hz
=40 dB at 60 Hz, £0.2 Hz

(50/60 Hz jumper in 50 Hz position)
(50/60 Hz jumper in 60 Hz position)

MAXIMUM RESOLUTION

10 uV

INPUT RESISTANCE
200 mvV—20 V ranges

=10° 0

200 V—1000 V ranges

107 Q, £0.25%

STEP RESPONSE TIME (To rated
accuracy}

RUN Mode
Normal Conversion Rate = 0.53 sec
Fast Conversion Rate «0.08 sec
TRIGGERED Mode
Norma! Conversion Rate =0.33 sec
Fast Conversion Rate =0.06 sec
MAXIMUM INPUT VOLTAGE
Front Panel Connectors
HIGH to LOW or HIGH to 1000 V peak
Chassis
LOW to Chassis or GUARD 350 V peak
to Chassis
GUARD to LOW 200 V peak

Rear Interface Connector

Pin 28B (Hi) to pin 28A (Lo}

60 V {dc plus pk ac)

REV AUG 1984
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Specification—DM 5010

Table 1-2 (cont)

Characteristics

Performance Reguirements

Supplemental Information

AC VOLTS—TRUE RMS

ACCURACY for the 200 mV, 2 V,
20V, 200V, and 700 V ranges:
{sinewave AC) (Input signal
between 5% and 100% of full scale
except 700 V range

{100 V<V, <700 V)).

Normal and Fast Conversion Rates

{3 and 26 readings per second)

ACV+DCV Function
(DC only or DC component
>10% of AC Component.)

+18°C to +28°C
200 mV Range
2V, 20 V Ranges
200 v, 700 V Ranges

+(.2% of reading + .55% of full scale}
+{.2% of reading + .2% of full scale)

+{.2% of reading + .5% of full scale)

0°Cto +18°C
+28°C to +50°C

200 mV Range

2V, 20 V Ranges

200V, 700 V Ranges

=(.45% of reading + 1.3% of full scale)

+(.45% of reading + .4% of full scale)

+(.45% of reading + .95% of full scale)

For the typical accuracy for a given
temperature in this range, add to the
+1B°C to +28°C accuracy the following
tolerance, per degree deviation from
+18°C or +28°C.

+{.009% of reading + .025% of full
scale)/*C

+(,009% of reading + .007% of full
scale)/°C

+(.009% of reading + .015% of full
scale)/°C

ACV+DCV Function

(DC component <10% of

AC Component.)
10 Hz to 20 Hz (using LOW
FREQ RESPONSE)

+18°C to +28°C

200 mV through
200 V Ranges

700 V Range

+(.B% of reading + .3% of full scale)

+(.8% of reading + .9% of full scale}

0°Cto +18°C
+28°C to +50°C

200 mV through
200 V Ranges

700 V Range

+(1.25% of reading + .45% of full scale)

+(1.25% of reading + 1.25% of fuli
scale}

For the typical accuracy for a given
temperature in this range, add to the
+18°C to +28°C accuracy the following
toierance, per degree deviation from
+18°C or +28°C.

+(0.02% of reading + 0.005% of full
scale)/°C

=(0.02% of reading + 0.015% of full
scaley/°C

14
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Table 1-2 {cont)

Specification—DM 5010

Characteristics

Performance Requirements

Supplemental Information

AC VOLTS—TRUE RMS (cont)

ACV and ACV+DCV

(DC Component <10%

of AC Component)
+18°C o +28°C

200 mV through
200 V ranges

20 Hz to 100 Hz

=(0.8% of reading + 0.2% of full scale)

100 Hz to 20 kHz

+{0.2% of reading + 0.2% of full scale}

20 kHz to 100 kHz

+{1.0% of reading + 0.5% of full scale)

Subject to 107 V = Hz maximum

700 V range

20 Hz to 100 Hz

+0.8% of reading + 0.6% of full scale)

100 Hz to 15'kHz

+(0.2% of reading + 0.6% of tull scale)

0°Cto +18°C
+28°C to +50°C

For the typical accuracy for a given
temperature in this range. add 1o the
+18°C to +28°C accuracy the following
tolerance, per degree deviation from
+18°C or +28°C.

200 mV through
200 V ranges

20 Hz 10 100 Hz

+(1.25% of reading + 0.35% of full
scale)

+(0.02% of reading + 0.005% of full
scale)/°C.

100 Hz to 20 kHz

+(0.65% of reading + 0.3% of full scale)

+(0.2% of reading + 0.005% of full
scale)/°C.

20 kHz to 100 kHz

+(1.45% of reading + 0.65% of full
scaie)

+(0.02% of reading + 0.005% of fufl
scale)/*C.

700 V range
20 Hz to 100 Hz

+(1.25% of reading + 0.95% of full
scaie)

+(0.02% of reading + 0.015% of full
scale)/*C.

100 Mz to 15 kHz

+{0.65% of reading + 0.95% of full
scale)

+(0.02% of reading + 0.015% of full
scale)/°C.

MAXIMUM RESOLUTION

10 uV

STEP RESPONSE TIME (To rated
accuracy)

«<1.2 sec, except for LOW FREQ
RESPONSE

INPUT IMPEDANCE

2 MO, £0.1% paralleled by <150 pF

MAXIMUM INPUT VOLTAGE

Front-Panel Connectors

HIGH to LOW, or
HIGH to Chassis

1 kV peak (500 Vdc maximum in ACV
mode)

LOW to Chassis, or
GUARD to Chassis

350 V peak

REV AUG 1984
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Table 1-2 {cont)

Characteristics

Performance Requirements

Suppiemental Information

AC VOLTS—TRUE RMS

GUARD to LOW

200 V peak

Rear Interface Connector

Pin 28B (H1) to pin 28A (LO)

60 V (dc pius pk ac})

CREST FACTOR

4 (subject to maximum peak input
voltage)

MAXIMUM VOLT » Hz PRODUCT

107 Ve Hz

TRUE COMMON MODE
REJECTION (CMR)

Unguarded

With 1 k2 unbalance in either terminal

Typically =80 dB from dc to 60 Hz

Guarded

Typically =100 dB from dc to 60 Hz

OHMS

ACCURACY for the 200 2, 2 KQ,
20 KQ, 200 KQ, 2 MQ, and 20 M2
ranges:

Normal Conversion Rate

(1.6 readings per second)

+18°C to +28°C
200 Q range

=(0.015% of reading + 0.015% of full
scale)®

2 k{? to 200 kQ ranges

+({0.015% of reading + 0.01% of full
scale)’

2 M range +{0.10% of reading + 0.01% of full
scale)
20 MQ range +{0.15% of reading + 0.005% of full

scale)

0°Ctc +18°C,
+28°C to +50°C

For the typical accuracy for a given
temperature in this range, add to the
+18°C to +28°C accuracy the following
tolerance, per degree deviation from
+18°C or +28°C.

200 Q range

+{0.06% of reading + 0.06% of full
scale)®

2 k2 to 200 k{2 ranges

+(0.06% of reading + 0.035% of full
scale)®

={0.002% of reading + 0.001% of full
scale)/°C

2 M range =(0.54% of reading + 0.035% of full +(0.02% of reading + 0.001% of full
scale) scale)/*C
20 M1} range +(0.8% of reading + 0.01% of full scale)| *(0.034% of reading + 0.0001% of full
scale)/°C
8. Using NULL

" Using NULL on 2k OHM range only.
€. Using NULL on 200 OHM range only.

When the NULL function is not used, add =+ 200 milliohms to all readings.

1-6
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Table 1-2 (cont)
Performance Requirements

OHMS (cont)

Specification—DM 5010

Supplemental Information

Fast Conversion Rate

(7.1 readings per second)

+18°C to +28°C
200 Q to 200 ki ranges

+(0.05% of reading + 0.05% of full
scaie)

2 MQ range +{0.10% of reading + 0.05% of full
scale)
20 M@ range +({1.0% of reading + 0.05% of full scaie)

0°C to +18°C,
+28°C to +50°C

200 Q to 200 k2 ranges

+{0.1% of reading + 0.1% of full scale)

2 Mg range +{0.55% of reading + 0.1% of full scaie)
20 M@ range +{1.6% of reading + 0.05% of full scale)
STEP RESPONSE TIME Fast Normal
(To rated accuracy) Conversion Conversion
Rate Rate
RUN Mode (all ranges) =0.33 sec =<1.24 sec
TRIGGERED Mode (all ranges) =0.19 sec =0.73 sec

MAXIMUM INPUT VOLTAGE
Front Panel Connectors

HIGH to LOW, or HIGH

400 V peak, applied continuously

to Chassis
LOW to Chassis, or GUARD 350 V peak
to Chassis
GUARD to LOW 200 V peak

Rear Interface Connector
Pin 28B (Hi) to pin 28A (Lo)

60 V {dc plus pk ac)

MAXIMUM RESOLUTION

10 MQ

8. Using NULL

b. ysing NULL on 2k OHM range oniy.

€. Using NULL on 260 OHM range only.

When the NULL function is not used, add +200 millichms to all readings.

REV AUG 1984
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Table 1-2 (cont)

Characteristics

Performance Requirements

T
!

Suppiemental Information

OHMS {cont)
MAXIMUM OPEN CIRCUIT <5 volts
VVOLTAGE
MEASURING FULL SCALE VOLTS
200 Q through 2 MQ ranges 0.2 V max
20 MQ range 0.8 V max
REAR INTERFACE OFFSET
Ohms offset to rear interface in- | —0.5Qto -0Q Subtract offset from measurements, or
put connector pins use NULL feature to eliminate offset for
ohms measurements via the rear
interface.
DIODE TEST
ACCURACY With a 604 £, +1% resistor connected
between the HIGH and LOW input con-
nectors, the display shouid read between
0.5484 Vdc and 0.6054 vdc.
- MAXIMUM OPEN CIRCUIT VOLT-
AGE <5 volts
Table 1-3
MISCELLANEQUS
Characteristics Description
POWER CONSUMPTION 20 VA or less

RECOMMENDED ADJUSTMENT INTERVAL

1000 hours or 6 months

WARM-UP TIME

30 minutes (60 minutes after storage in high humidity environment)

OVER-RANGE INDICATION

For OHMS or DIODE TEST function, OC is displayed; for ACV, DCV,
or ACV+DCV, the display flashes.
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Table 1-4
ENVIRONMENTAL*
Characteristics Description
TEMPERATURE Meets MIL-T-288008B, class 5. Class 5 non-operating
Operating 0°C to +50°C temperature exception due to intemal keep-alive
Non-operating —20°Cto +65°C battery.
HUMIDITY 95% RH, 0°C to 30°C  Exceeds MIL-T-288008, ciass 5.
75% RH, to 40°C
45% RH, to 50°C
ALTITUDE Exceeds MIL-T-28800B, class 5.
Operating 4.6 km (15,000 ft.)
Non-operating 15 km (50,000 ft.)
VIBRATION® 0.38 mm (0.015") peak  Meets MIL-T-288008, class 5, when instalied in quali-
to peak, 5Hz to 55 Hz, fied power module.®
75 minutes
SHOCK® 304g's (1/2sine} 11 ms  Meets MIL-T-28800B, class 5, when installed in quali-

duration, 3 shocks in
each direction along 3
major axes, 18 total
shocks.

fied power module.®

BENCH HANDLING®

12 drops from 45°, 4"

or equilibrium, whichev-

er occurs first,

Meets MIL-T-28800B, class 5, when installed in quali-
fied power module.©

TRANSPORTATION?

Qualified under National Safe Transit Association Preshipment Test Procedures

1A-B-1 and 1A-B-2.

EMC*®

Within limits of F.C.C. Regulations, Part 15, Sub-part J, Class A; VDE 0871; and
MIL 461A test REQ1, REQZ, CEO1, CE03, RS01, RS03, CS01, and CS02.

ELECTRICAL DISCHARGE

20 k¥ maximum charge applied to instrument case.

“with power module.
Requires retainer clip.

“Refer to TM 5000-Series power module specifications.

Without power module.

*System performance subject to exceptions of power module or other individual plug-ins.
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Table 1-5
PHYSICAL CHARACTERISTICS

Characteristics

Description

FINISH

Plastic-aluminum laminate front panel.

NET WEIGHT

| 4.51bs (2.04 kg)

ENCLOSURE TYPE AND STYLE

MIL-T-28B00B, type 3, style £ package with power module, {Style F in rackmount

power module.)

NOMINAL OVERALL DIMENSIONS
Height
Width
Ltength

126.01 mm (4.96 in.)
134,47 mm {5.29 in.)
288.34 mm (11.35 in.)

1-10
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Section 2—DM 3010

OPERATING INSTRUCTIONS

Introduction

This section of the manual provides instailation and re-
moval instructions and describes the functions of the
DM 5010 front-panel controls and connectors. Operators
familiarization information is also provided as an aid in un-
derstanding how to operate the DM 5010 under local (man-
val) control only. The information in this section assumes
the instrument is not connected to the GPIB via the power
module.

Compiete information for programming the DM 5010 via
the GPIB (General Purpose Interface Bus) is found in the
Programming section of this manuat.

PREPARATION FOR USE

Installation and Removal

Upon receipt of the instrument, the DM 5010 should
be powersd up continuously for approximately 24
hours to ensure that its internal keep-alive battery re-
mains sufficiently charged. Failure to do so can result
in faulty operation due to loss of calibration factors
stored in memoary. Calibration factors are restored to
memory by performing the Adjustment Procedure in
this manual.

NOTE

The DM 5010 is designed to operate only in a
TM 5000-Series power module. Refer to the power
module instruction manual before installing the
DM 5010.

The DM 5010 is calibrated and ready for use when re-
ceived. Make certain that the line selector block on the pow-
ar module is positioned correctly. tn addition, the DM 5010
contains an internal line frequency select jumper. For best
rejection of line frequency related noise when the instrument
is operating at the FAST CONVERSION RATE, this jumper
position shouid match the line frequency supplied to the
power moduie. The instrument is shipped with the jumper

positioned for a 60 Hz line frequency. For jumper placement,
refer qualified service personnei to the Maintenance section
of this manual for additional information,

é CAUTION 3

To prevent damage to the DM 5010, turn off the pow-
er module before instaling or removing the instru-
ment. Do not use excessive force to install or remove.

Check to see that the plastic barriers on the
interconnecting jacks of the selected power module com-
partments match the cutouts in the DM 5010 rear.nterface
connectors. If they do not match, do not install the DM 5010
until the reason is investigated. When the units are properly
matched, align the DM 5010 chassis with the upper and
lower guides of the selected compartments {see Fig. 2.1).

* Push the DM 5010 chassis in and press firmiy to seat the

rear-interface connectors in the interconnecting jacks. Apply
power to the DM 5010 by operating the power switch on the
power moduie. -

To remove the DM 5010 from the power module, puit out
on the release latch {located in the lower left corner) untit the
interconnecting jacks disengage and the DM 5010 slides
out.

GROOVE

2958-C1

Fig. 2-1. Plug-in installation and removal.
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FRONT PANEL CONTROLS
AND CONNECTORS

General Information

The seventeen front-panel push buttons listed below en-
able their functions and illuminate when pressed. The push
buttons in the left column are seif-cancelling; that is, only
one push button is active (iluminated) at a time. The push
buttons in the right column iluminate when activated, and
remain ifluminated and active until pressed again.

DCV NULL
OHMS LOW FREQ RESPONSE
DIODE TEST AUTO
ACV RUN
ACV+DCV TRIGGERED
FAST
AVERAGE
X-B
A
dBm
dBr
COMPARE
REAR INPUT

The remaining twenty-three are non-illuminating push
buttons that activate their associated functions. Refer to
Fig. 2-2.

Display Window

The left side of the window displays measurements and
calculation resuits using signed 4 1/2 digit LEDs. Zeros lead-
ing the decimal are suppressed. A fiashing display indicates
over-range when the voltage measurement functions are ac-
tive: OC is displayed for OHMS and DIODE TEST.

The center area of the window indicates the range muiti-
plier for the displayed reading. llluminated LED associated
with the words MILLI, KILO, and MEGA on the window indi-
cate when the dispiayed measurement is in milli, kilo, or
mega units. The decimal point is fixed for each function
range. The multiplier LED and decimal point location indi-
cate the range for both AUTO and manual (STEP} methods
of range selection. See Fig. 2-2.

The right area of the display window indicates the oper-
ating state of the instrument, as follows:

REMOTE and ADDRESSED illuminate only when the in-
strument is operating under remote program control via
the GPIB.

ERROR illuminates when an internal error, self test error,
or operating error occurs. The left area of the window
also displays front panet error codes indicating the type
of error. See Table 2-2 in Operators Familiarization in this
section of the manual.

Function I Hiuminated Selected Range
Muitiplier
« MILLI 200 mv
DCvV
2v 20V 200v 1000 V
ACV s MILLI 200 mv
and
ACV + DCV 2v 20V 200V 700 V
200 Q
OHMS « KILO 2 kQ 20 kQ 200 kQ
+ MEGA 2 MQ 20 MO
DIODE ‘ Uses 2V dc
TEST range.
1 ® ® 9 ® 9 ® 9
L
Overrange indication: Blank when
Display flashes for voitage functions. FAST CONVERSION
Dispiays “OC” for OHMS and DIODE TEST functions. RATE is enabled. 2¢94-02

Fig. 2-2. DM 5010 front pane! range indication.
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Fig. 2-3. DM 5010 front panel controis and connectors.

2994-02
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Caontrois and Connectors

The following list describes the functions of the DM 5010
front-panel controls and connectors. See Fig. 2-3.

FUNCTIONS

O

DCV

When this button is iluminated, the DM 5010 mea-
sures dc voltages applied to the front-panel or rear-
interface input connectors. The range used with
this function are: 200 mV, 2v, 20 v, 200V, and
1000 V.

OHMS

iluminating this button selects the resistance mea-
surement mode. Resistances applied to the front-
panel input connectors or the rear-interface input
connections are measured using the 200 Q, 2 k(,
20 k2, 200 k2, 2 MQ, and 20 M ranges.

NULL

This function operates with the DM 5010 set to
DCv, OHMS, DIODE TEST, ACV, or ACV+DCV
(any range). When the NULL button is iliuminated,,
the instrument measures and stores the vatue of
resistance or voltage across the front-panel or
rear-interface input connectors. This stored offset
is applied to the subsequent measurements and
the results displayed. The value of the offset may
be up to *+ 100% of the range. When the function in
use is changed or NULL function disabled (NULL
button pressed), the NULL offset is no longer ap-
plied. The stored offset is retained until a new off-
set is set by nuliing or until the function in use at
the time of nulling is changed.

Use caution when the NULL function is enabled, since
the displayed measurement may not indicate the value
of the voitage applied to the input connectors.

©

24

DIODE TEST

lluminating this button generates a 1 mA dc cur-
rent at the front panel or rear interface high input
connector. Using conventional current flow, this
current flows out the high input connector, through
a component connected between the high and low
connectors and into the low connector. The volt-
age developed across the component is measured
and displayed using the 2 V dc range.

ACV

When this button is illuminated, the DM 5010 mea-
sures and displays true rms ac voltages. Applied
voltages are internally ac coupled to a rms convert-

er. The ranges used with this function are: 200 mv,
2V, 20V, 200V, and 700 V.

ACV+DCV

When this button is illuminated, the DM 5010 mea-
sures and displays true rms ac voitages elevated to
a dc voltage level. Applied voltages are internally
de coupied to the rms converter. The ranges used
are: 200mv, 2V, 20V, 200V, and 700 V.

LOW FREQ RESPONSE

When this button is iiluminated and the ACV or
ACV +DCV function is active, the instrument aver-
ages 4 measurements and displays the average
value of these measurements. This sequence then
repeats. The function provides a stable readout
when measuring low-frequency ac voltages. It is
specified down to 10 Hz; however, it is usable over
the entire frequency range specified for the
DM 5010.

@ AUTO

When this button is illuminated, range selection is
automatic. At over-range, the DM 5010 switches
to the next higher range. If the measured value is
less than 9.5% of the range (for most ranges), the
instrument switches to the next lower range.

STEP 4

Activating this button causes the DM 5010 to in-
crement one range. The range i$ maintained until
the AUTO button is pressed to activate automatic
range selection or until the range is again incre-
mented. The range is maintained when the function
{DCV, OHMS, DIODE TEST, ACV, ACV+DCV} is
changed, except a change to the OHMS function
selects the highest range. Incrementing while oper-
ating in the highest range selects the lowest range.

TRIGGER MODE

(s) mun

When this button is illuminated, conversions are
free-running at the selected rate. For conversion
rate selection, refer to FAST.

TRIGGERED

lluminating this button triggers and displays one
measurement. The next measurement begins
when this function is again activated (button is
pressed, or EXTRIG trigger signal is received). Use
of the EXTRIG triggering requires installation of an
internal jumper by qualified service personnel. The
TRIGGERED button flashes on briefly when the in-
strument is triggered.



CONVERSION RATE

@ FAST

With this button illuminated, the conversion {read-
ing) rate is the maximum rate specified for the se-
lected measurement function. At this conversion
rate, resolution is 3.5 digits.

When the FAST button is not iluminated, conver-
sions oceur at the normal reading rate specified for
the selected measurement function. Resuits are
displayed using 4.5 digits.

AVERAGE

lituminating this button causes the DM 5010 to cal-
culate the average of a series of readings. The val-
ue of the N constant determings how many
readings are averaged in the series. To calculate
the average, the instrument sums the measured
values for the series of readings and divides the
sum by the number of readings in the series. If
LOW FREQ RESPONSE is also active, the number
of measurements averaged is four times the value
of the N constant. When operating in the TRIG-
GERED mode, only one trigger is required to initi-
ate all the measurements used in the AVERAGE
caiculation.

N

This button is used to store or recail a constant
used in the AVERAGE calcuiation. The constant
determines how many measurements are aver-
aged. At instrument power-up, the value of N is set
to 2. This value can be changed to any positive
integer =1 and <19999.

X-B

A
Huminating this button causes the DM 5010 to
subtract a stored offset constant from a measure-
ment, divide the resuit by a stored scale constant,
and display the result. The offset constant is B, the
scale constant is A, and X is the measurement.

A, B

These buttons are used to store or recall constants
used in the X-B/A calculation. At instrument power-
up, the value of A is set to 1 and the value of B is
set to 0. These constants can be changed to any
number (integer, decimal, positive or negative) ex-
cept that the value of A cannot be 0.

dBm

When this button is illuminated, the DM 5010 cal-
culates and displays the power ratio of a voltage
measurement referenced to 1mW and 6009
(.7748 V), using the formuia:

dBm = 20 log,, 1 X,

NG
where x_ is the voltage measurement. The loga-
rithm of the absoiute value of x / \/-B is taken.
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dBr

When this button is illuminated, the DM 5010 cal-
culates and displays the logarithmic ratio of a mea-
surement to the constant stored for the ref button,
using the formula:

dBr = 20 log,

e

where x_ is the measurement. The logarithm of the
absclute value of x 1/ref is taken.

ref

This putton is used to store or recall a constant
used in the dBr calculation. At instrument power-
up, the vatue of ref is set to 1. The value of ref can
be any number except 0.

COMPARE

Activating this calculation (button illuminated)
causes the DM 5010 to compare the next reading
with fimits set by LIMITS constants. If the com-
pared reading is algebraically less than both
constants, the word LO is disptayed. The word Hi
is displayed if the reading is algebraically greater
than both constants. PASS is displayed if the read-
ing is equal to or between the constants.

LIMITS (2)

These buttons are used to store or recall constants
used as limits in the COMPARE calculation. The
values of the constants are set to 0 at instrument

power-up.

RECALL CONST

Pressing this button and then one of the constant
buttons (N, A, B, ref, LIMITS) causes the instru-
ment to display the value stored for that constant.

REAR INPUT

See Rear interface Measurements under Opera-
tors Familiarization in this section of the manual.
lluminating this button selects rear-interface inputs
instead of front-panel inputs.

DIGITS (0 through 9), Decimal Point, and Sign
These buttons are used for entering numerals,
decimals, and polarity for storing constants.

CLEAR

When an error code is displayed in the display win-
dow, activating this button clears the displayed er-
ror code. Also, when entering a constant, acti-
vating the CLEAR button clears from the display
window a constant vaiue that has not yet been
entered.

ENTER

When entering a constant, activating this button
stores the number for the selected constant and
displays the stored constant value.
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'INPUT

®

The

INST 1D

Activating this button causes the instrument to dis-
play its primary address and, if USEREQ has been
enabled, generate a Service Request {SRQ) on the
GPIB. Also, the minus sign lights if Talk Only mode
is enabled and the far right decimal point lights if
LF/EQI message terminator is selected; decimal
does not light for EOl ONLY selection.

HIGH Connector

Isolated anaiog high connector used with LOW and
GUARD connectors for all front panel
measurements.

LOW Connector
isolated analog low connector used with HIGH in-

put connector.

GUARD Connector

Isolated connector connected to a shield that en-
closes the anaiog circuitry of the instrument. If a
GUARD test iead is not used, the GUARD connec-
tor is connected to the LOW connector by an inter-
nal switch in the connector assembly. if a GUARD
test lead is used, it is normally connected to the
LOW test lead at the point of measurement by the
user. The GUARD is used to maximize commaon
mode rejection.

Ground Binding Post
Chassis ground connector.

Release Latch
Pull to remove piug-in.

OPERATORS FAMILIARIZATION

following discussion describes the use of the

DM 5010 front panel controls and connectors under local
operation.

Power On Self Test

Upon application of power, the DM 5010 performs a self-
test routine. During the self test, all front panet LEDs illumni-
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nated. After the self test, the instrument enters the Local
State (LOCS) and assumes the power on default settings
listed in Table 2-1.

Table 2-1
POWER ON SETTINGS
{FRONT PANEL FUNCTIONS ONLY)

Front-Panel Control Status
DV on
OHMS off
NULL {off) Constant set to 0
DICDE TEST off
ACV off
ACV+DCV off
LOW FREQ RESPONSE ! off
AUTO ‘on
STEP off
RUN on
TRIGGERED off
FAST off
AVERAGE off
N Constant set to 2
X-B

A off
A Constant set to 0
B Constant set to 1
dBm off
dBr off
ref Constant set to 1
COMPARE off
LIMITS Constants set to 0, 0
REAR INPUT off

if an internal error is detected during self test, the instru-
ment continuously displays a three-digit error code in the
dispiay window and the ERROR indicator is lit. See Table
2-2. Refer an error code condition to qualified service
personnel.



Table 2-2
FRONT PANEL ERROR CODES
Displayed Abnormal Event
Execution Errors:
205 Argument out of range.
231 Not in calibrate mode.
232 i Beyona caiibration capability.
i Internal Errors:
303 Math pack error.
an Converter time-out.
317 Front panel time-out.
318 Bad calibration constant.
340 RAM error (high nibble}.
341 RAM error {low nibbie},
351 Calibration checksum error.
372 ROM placement error. C000
373 ROM placement error. D000
374 i ROM placement error. EQQO
392 ! ROM checksum error. Cooo
393 ROM checksum error. Dooo
394 ROM checksum error. EQQO0
395 ROM checksum error. FOOO

General Operating Information

Allow 30 minutes warmup time for operation to specified
accuracy. Qver-range for the OHMS and DIODE TEST fune-
tions causes the instrument to display OC; for the DCV,
ACV, and ACV +DCV functions; over-range is indicated by

a flashing display.

Observe the specified maximum input voltage ratings.
instrument damage may occur if the maximum input
voitage ratings are exceeded.

For all measurement functions, range selection may be
gither auto-ranging (AUTO button pressed) or a fixed range
may be selected using the STEP button. Refer to the range
indication discussion under Display Window. DIODE TEST
uses only the 2 V range.

With the instrument in the AUTO range mode, do not
repeatedly swilch the input voitage between a low val-
ve (<200 mV peak) and a higher value (>200V
peak). For repeated measurements alternating be-
tween voitage extremes, use the STEFP range mode to
select an appropriate higher range before increasing
the input voltage. Failure to do so may temporarily
cause inaccuracy in measurements made using the
200 mV range.

Operating Instructions—DM 5010

input Connections

The HIGH, LOW. and GUARD connectors are used for
front-panel measurements. The connector assembly con-
tains an internal switch connected between the LOW and
GUARD connectors. This switch is closed untii a test lead
probe is inserted into the GUARD connector: it remains
open until the GUARD test lead probe is removed.

Figure 2-4 illustrates three exampies of using the front-
panel connectors to make measurements, Method A is the
most commoniy used. 1t is used when common mode voit-
age is not a consideration. In this example, only the HIGH
and LOW connectors of the DM 5010 are used. Since a test
lead probe is not inserted into the GUARD connector, the
connector assembly internal switch is closed, shorting the
LOW to the GUARD. This allows common mode current to
fiow through the LOW test lead and the power source
ground, introducing some measurement error.

Method B provides the most accurate measurements
when common mode voltages are a problem. The DM 5010
GUARD connector is connected to the source low terminal.
Common mode current flows through the GUARD test lead
and power source ground, not the measurement circuits.

in Method C, the DM 5010 GUARD connects to the
source ground. Some measurement error may occur, since
common mode current generated between the source low
and power source ground flows in the measurement circuit.

To help eliminate shock hazard from voltages mea-
sured by the DM 5010:

1. Avoid alf contact with the voltage source if the
measured voltage exceeds 42.4 V peak.

2. Disconnect test probes from the circuit-under-
test before disconnecting probes from the
DM 5010, or before removing the DM 5010
from the power rmodule.

Rear-Interface Measurements A

If the REAR INPUT button is pressed (illuminated), sig-
nals applied to the rear interface pins 28B (Hi) and 28A (Lo)
on the ADC board (A17) are measured. If the button is not
illuminated, signals are measured via the front-panel input
connectors.
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DM 5010 SOURCE
HIGH Hi
O O
GUARD LOW LO
O—8—9—=0 O

A. Guard connected {intemnally) to DM 5010 LOW terminai—E_, emor present,

DM 5010 SOURCE

HIGH

H
O -0

GUARD LOW Lo
O—o" 8-——0 va

B. Guard connected to source Lo terminal—No E_ error,

DM 5010 SOURCE
HIGH HI
O Q
GUARD LOW Lo
O--~ 8—0 0

C. Guard connected to source chassis ground. Low Ecm error, assuming the
commaon error source is mostly between grounds.

2853-04
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Fig. 2-4. Examples of front panel input connection methods.




To avoid equipment damage, do not apply a voltage
exceeding 42.4 V peak ac or 60V dc between pins
288 (Hi} and 28A (Lo) of the rear-interface connector
P1031 on the ADC board (A17).

E CAUTION g

Do not switch from front-panel to rear interface input
while over 500 V peak is appiied to the front panel
input connectors. Instrument damage and erratic 6p-
eration may resuit.

Dc Voitage Measurements

When the DCV button is pressed, the DM 5010 mea-
sures dc voltages using the following ranges: 200 mV, 2V,
20 V, 200 V, and 1000 V. The readout displays a positive
sign when the input to the HIGH connector is positive with
respect to the LOW connector. Observe the maximum input
voltage ratings.

Resistance Measurements

Pressing the OHMS button enables the DM 5010 to
measure resistance using these ranges: 200 ¢, 2 k(, 20 kQ,
200 k92, 2 ME, and 20 MQ. Conventional current flow is from
the HIGH connector to the LOW connector. Refer to Table
2.3 for the value of current and maximum voltages across
the input connectors for fuil scale display readings {instru-
ment not over-ranged). The maximum (open circuit) voltage
available from the HIGH connector referenced to the LOW
connector is less than 5 V.

Table 2-3
SOURCE VOLTAGES
(OHMS FUNCTION)

Range Typicat Current Y Max
{0 Q to Fult Scale} (Full Scale)

200 Q 1.02 mA to t mA

2kQ 0.12 mA to 0.1 mA

20 kD 9.2 uA to 10 uA 02V
200 k2 1.08 uA to 1 A

2 M 0.12 pA to 0.1 uA
20 MQ 0.12 uA to 0.04 LA 08V

Measuring Diodes

Pressing the DIODE TEST button causes the DM 5010
to generate a 1 mA dc current at the HIGH connector. The
forward voltage drop of diode junctions is measured by con-
necting the diode anode to the HIGH connector and the
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cathode to the LOW. Devices that can be checked are those
having a voltage drop under 1,999 volts. These include most
diodes and some LEDs.

To check the reverse voltage drop, reverse the diode
connections to the instrument. The dispiay window should
display OC.

Ac Voltage Measurements

The DM 5010 provides two ac measurement functions.
True rms ac voltages are measured and displayed using the
ACYV function. True rms ac voltages elevated to a dc level
are measured and displayed using the ACV+ DCV function.
Ranges for both functions are 200 mV, 2V, 20V, 200V,
and 700 V. Voitages can be measured with a crest factor up
to four at fult scale. The crest factor is the ratio of the peak
voitage to rms voitage. Observe the maximum input voitage
ratings. The LOW FREQ RESPONSE function provides a
stable display for low-frequency ac measurements. When
activated, this function displays the average of four ac
measurements.

Conversion Rates

The DM 5010 operates at either of two conversion rates.
The FAST rate (CONVERSION RATE button illuminated)
makes measurements at the maximum rate specified for the
selected function. Measurements are displayed using 3 1/2
digits. With the button not illuminated, the instrument makes
measurements at the normal rate specified for the selected
function and uses a 4 1/2 digit display.

Triggering

The DM 5010 has two front-panel trigger modes, RUN
and TRIGGERED. When the RUN button is pressed, con-
versions are free-running at the selected conversion rate.
Pressing the TRIGGERED button causes the instrument to
trigger one measurement each time the button is pressed.

In addition, conversions may be triggered via the rear
interface connector, pin 16A and 16B (Lo) on the Isolation
board (A15). Use of this feature requires installation of an
internal jumper. Refer qualified service personnel to the
Maintenance section of this manual for addttional informa-
tion. Installation of this jumper enables the EXTRIG trigger
function in addition to the RUN and TRIGGERED functions.
To use the EXTRIG trigger, activate the TRIGGER button to
disable the instrument's free-running trigger. The EXTRIG
requires a negative-going TTL compatible signal to initiate
the internal trigger. To cause a single trigger, this line must
be held low between 0.5 and 10 usec, If held low for & longer
time, the instrument triggers multiple measurements.
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Calculations

Five front-panei buttons activate calculations on mea-
surements made by the DM 5010. These calcuiations may
be performed singly or in a sequence. A sequence of calcu-
lations may be activated (buttons pushed) in any order;
however, the DM 5010 executes them in the foilowing or-
der: AVERAGE, X-B/A, dBm or dBr, COMPARE. The in-
strument performs all activated caiculations on the
measurement and then displays the resuit. If active, NULL
and then LOW FREQ RESPCNSE are executed before any
of the calculations. Both of the calculations dBm and dBr
cannot be performed in the same sequence. If both buttons
are pressed in the same calculation sequence, only the last
one pressed will be executed. One trigger begins execution
of a single calculation or a caiculation sequence. In the RUN
trigger mode, an activated calculation or sequence repeats
until turned off (calculation button(s) pressed again), or until
the trigger mode or measurement function is changed. The
display LEDs blank while calculations are being executed.
The instrument displays OC to indicate a dispiay overflow
for caiculation resuits.

Except for dBm, each calculation uses one or more
constants. The numerical value stored in memory for each
constant is set to a default value at instrument power up.
This value may be changed to any value within the limits
specified for each constant. Table 2-4 lists each calculation

and associated constant(s), constant defauit vaiues, and the
limits for each constant.

Changing Constant Values

There are two metheds for changing constant values in
the instrument memory.

1. Using the numeric keyboard:
a. Press selected constant button.
b. Press numeric keyhoard buttons to display the

new constant value (within the limits specified in Table
2-4).

¢. Press ENTER.

2. Using a displayed measurement. (Changes a constant
value to the vaiue of the dispiayed measurement.; Make cer-
tain the displayed measurement meets the limits specified in
Table 2-4 for the selected constant.

a. Press selected constant button.

b. Press ENTER.

Table 2-4
CALCULATION AND CONSTANTS

Calculation Constants Default Value [ Valid Constant Range
AVERAGE N 2 +11t0 +19999
XB
A B (offset) 0 + or —, integer or decimal,

A (scale) ' 1 + or —, integer or decimal, # 0
dBm - - -
dBr ref 1 + or —, integer or decimal, = 0
COMPARE LIMITS (2} 0

2-10
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After the ENTER button is pressed, the DM 5010 dis-
plays the stored constant value. The displayed value is the
new one if the entered vaiue was valid. The previousiy-
stored value is displayed if the entered value was invalid.
Each constant value remains stored until a new value is
entered or until power is removed from the instrument.

Calculation Examples

The foliowing examples are provided to suggest applica-
tions using the DM 5010 caiculations.

Example 1: Using X-B/A to display the difference between
the nominai and actual zener voltages.

Set the DM 5010 front-panel controls as follows:

bCv on
NULL off
LOW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST off
CALCULATIONS

X-B

A on

ail others off

REAR INPUT oft

Set the constant A to 1.

Set the constant B to 15 (for a 15 V zener diode).

Operating Instructions—DM 5010

Connect the zener diode, resistor, and power supply to
the DM 5010 input connectors as shown in Fig. 2-5. The
value of the resistor and the power supply voitage set the
zener current.

The displayed voltage initiaily is unstable until the current
through the dicde reaches its final vaiue. When the display
stabilizes, the displayed voltage is the difference between
the nominai zener voltage (15 V) and the actuai zener volit-
age for the zener diode being measured,

To read the voltage difference in percent deviation,
change constant A to .15 where A=28 (.01).

Example 2: Using dBr to find the point where an audio am-
plifier is 3 dB down from mid-range.

Set the DM 5010 front-panel controls as follows:

ACV on
NULL off

L OW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST off
CALCULATIONS off
REAR INPUT off

Set constant ref to 1. Connect a sinewave generator, the
audio ampiifier, and the DM 5010 as shown in Fig. 2-6.

DM 5010
HIGH

1k i

LOW

V ==15V¥
z

2994-05

Fig. 2-5. Setup tor calculation example 1.
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UuT
Audio Sinewave
DM 50
e Amplifier Generator
HIGH
o O O O
LOW
jor O O 0
ouT IN ouT

2994.06

Fig. 2-6. Setup for calcuiation example 2.

Set the sinewave generator to mid-range (5 kHz in this
example); adjust the sinewave generator amplitude fora 1 V
reading on the DM 5010.

Press the DM 5010 dBr button. The display reads 0.0.

Reduce the sinewave generator frequency until the
DM 5010 display reads —3.00. (Do not readjust amplitude.)
The frequency of the generator is the lower —3 dB point of
the audic ampilifier.

Example 3: Using COMPARE to select resistors within 2%
of the nominai value.

Set the DM 5010 front-panel controls as follows:

OHMS on
NULL off
LOW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST off
CALCULATIONS

COMPARE on

all others off
REAR INPUT off

To select 15 kQ resistors within 2% of the hominai value,
set one LIMITS constant to 15300. Set the other LIMITS
constant to 14700. Connect the first resistor to the
DM 5010 front-panel HIGH and LOW input connectors.The
DM 5010 displays HI or LO if the resistor is above or below
the 2% tolerance. PASS is displayed if the resistor is be-
tween or equal to the limits.
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The COMPARE and X-B/A calculations may be com-
bined in the above example. This combination eliminates fig-
uring the highest and lowest in-tolerance values; only the
nominal resistance vaiue and the tolerance are used as
constants.

Set constant B to 15000 (nominal resistance).

Set constant A to 150 where A=B (.01). This converts
the difference between nominal value and actual value to a
per cent.

Set one LIMITS constant to 2 (for a 2% tolerance).

Set the other LIMITS constant to —2.

Press X-B/A.

The DM 5010 displays PASS, Hi, or LO.

Repackaging information

If this Tektronix instrument is to be shipped to a
Tektronix Service Center for service or repair, attach a tag
showing owner (with address) and the name of an individual
at your firm that can be contacted. Include the complete
instrument serial number and a description of the service
required.

Save and re-use the package in which the instrument
was shipped. If the original packaging is unfit for use or not
available, repackage the instrument as foillows:



Surround the instrument with polyethyiene sheeting to
protect the finish of the instrument. Obtain a carton of
corrugated cardboard of the correct carton strength and
having inside dimensions of no less than 6 inches more
than the instrument dimensions. Cushion the instrument
by tightly packing at least 3 inches of dunnage or

Operating Instructions—DM 5010
urethane foam between carton and instrument on all

sides. Seal the carton with shipping tape or an industriai
stapler.

The carton test strength for this instrument is 200
pounds per square inch.

2-13






Section 3—DM 5010

PROGRAMMING

introduction

This section of the manual provides information for pro-
gramming the TEKTRONIX DM 5010 Programmable Digital
Multimeter via the |IEEE-488 digital interface. The IEEE-488
interface function subsets for the DM 5010 are listed in Sec-
tion 1. in this manual, the IEEE-488 digital interface is called
the General Purpose Interface Bus (GPIB). The foliowing
information assumes the reader is knowledgeable in GPIB
communication and has some exposure to programming
controllers. Message protocol over the GPIB is specified
and described in the IEEE Standard 488-1978, Standard
Digital Interface for Programmable Instrumentation'.
T™ 5000 instruments are designed to communicate with
any GPIB-compatible controller that sends and receives
ASCI messages (commands) over the GPIB. These com-
mands program the instrument or request information from
the instrument.

Commands for TM 5000 programmable instruments are
designed for compatibility among instrument types. The
same command is used in different instruments to control
similar functions. In addition, commands are specified in
mnemonics related to the functions they implement. For ex-
ample, the command INIT initializes instrument settings to
their power-up states. For further ease of programming,
command mnemonics are similar to front-panel control
names.

instrument commands are presented in three formats:

* A front panel illustration—showing command relation-
ships to front panel operation. See Fig. 3-1.

& Functional Command List—a list divided into func-
tional groups with brief descriptions.

¢ Detailed Command List—an alphabetical listing of
commands with compiete descriptions.

'Published by the institute of Electrical and Electronics Engi-
neers, Inc., 345 East 47th Street, New York, N.Y., 10017,

TM 5000 programmable instruments connect to the
GPIB through a TM 5000 power module. Refer to the Oper-
ating Instructions section of this manual for information on
installing the instrument in the power module. Also review
this section for instrument caution and warning statements
and to become familiar with front-pane! and internally
selectable instrument functions.

The GPIB primary address for this instrument may be
internally changed by qualified service personnel. The
DM 5010 is shipped with the address set to decimal 16. The
message terminator may also be internally selected by quali-
fied service personnel. Message terminators are discussed
in Messages and Communication Protocol {in this section).
TM 5000 instruments are shipped with this terminator set to
EOI ONLY. Refer qualified service personnel 10 the Mainte-
nance section of this manual for locations and setting infor-
mation. Pressing the INST iD bution causes the instrument
to display its selected GPIB primary address; the far right
decimal point lights if the selected message terminator is
LF/EOI. The minus sign lights if the Talk Only mode is

.enabled.

Talk Only Mode

The Talk Only mode enables the DM 5010 to send data
under local control over the GPIB to a listener. To initiate
this mode, an internal switch is set to the Talk Only position.
Refer qualified service personnel to the Maintenance section
of this manual for switch setting information.

With the Talk Only mode enabied, the DM 5010 begins
sending measurement data when the front panel INST D
button is pressed; it stops sending data when the front pan-
el CLEAR button is pressed. If the instrument is sending a
reading when CLEAR is pressed, it compietes sending that
reading. The ADDRESSED light remains on until transmis-
sion of the last reading is complete.

31
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Fig. 3-1. instrument ¢ommands and relationship to front panel controls.
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COMMANDS

The instrument is controlled by the front panel or via
cormmands received from the controlier. These commands
are of three types:

Setting commands—control instrument settings.
Query-ocutput commands—ask for data.

Operational commands—cause a particular action.

Using fewer characters than the abbreviated header
or argurnent should be done with caution since erro-
neous results or damage could result if this data is
sent to the wrong instrument.

Programming—DM 5010

The instrument responds to and executes all commands
when in the remote state. When in the local state, setting
and operational commands generate errors since instru-
ment functions are under front panel control; only query-
output commands are executed.

Each command begins with a header—a word that de-
scribes the function implemented. Many commands require
an argument following the header—a word or number that
specifies the desired state for the function.

With the instrument in the AUTO range mode, do not
repeatedly switch the input voltage between a low val-
ve (<200 mV peak) and a higher value (=200 V
peak). For repeated measurements alternating be-
tween these voltage extremes, use the STEF range
mode to select an appropriate higher range before in-
creasing the input voltage. Faiiure to do so may tem-
porarily cause inaccuracy in measurements made
using the 200 mV range.

FUNCTIONAL COMMAND LIST

INSTRUMENT COMMANDS

Function Commands

ACDC <num>-—Sets the ACV-+DCV function and
range.

ACV <numz—S8ets the ACV function and range.
DCV < num>>—Sets the DCV function and range.
DIODE—Sets the DIODE TEST function.
FUNCT?—Returns present junction and range.

LFR ON—Enables the LOW FREQ RESPONSE
function.

LFR OFF—Disables the LOW FREQ RESPONSE
function.

LFR?—Returns LFR ON or LFR OFF.

NULL <num>—Enables the NULL tunction and offset
value.

NULL? —Returns NULL offset value.
OHMS <num>—3ets the OHMS function and range.

Trigger Mode Commands
MODE RUN—Enables the RUN trigger mode.
MODE TRIG—Enables the TRIGGERED trigger mode.
MODE?—Returns MODE RUN or MODE TRIG.

RDY7—Returns RDY 1 if a measurement is ready; RDY
0 if one is in progress or waiting for trigger.

DIGIT 3.5—Enables FAST conversion rate.
DIGIT 4.5—Enables normai conversion rate.
DIGIT?—Returns DIGIT 3.5 or DIGIT 4.5,

Ceiculation Commands
AVE <num>—Sets the value of constant N.
AVE?—Returns value of constant N.
CALC AVE—Enabies the AVERAGE calcuiation.
CALC CMPR—Enabies the COMPARE caiculation.
CALC DBM—Enabies the dBm calculation.
CALC DBR—Enables the dBr calculation
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CALC RATIO—Enables X-B/A calculation.
CALC OFF—-Disables all calculations.

CALC?—Returns CALC OFF or the enabled
calculation(s}).

DBR <num>—=Sets the value of the ref constant.
DBR?—Returns value of ref constant.

LIMITS <num>,<num>—Sets values of LIMITS
constants.

LIMITS?—Returns vaiues of LIMITS constants.

MONITOR ON—Enables SRQ when measurement
exceeds LIMITS constants.

MONITOR OFF—Disables SRQ when measurement
exceeds LIMITS constants.

MONITOR?—Returns MONITOR ON or MONITOR
OFF.

RATIO <num>,<num>—Sets values of A and B
constants.

RATIO?—Returns values of A and B constants.

INPUT/CUTPUT COMMANDS
DATA-—Outputs data saved by MONITOR SRQ.

SEND—OQutputs data in Qutput Buffer; triggers, if
necessary.

SOURCE REAR-—Selects rear interface connector input.
SOURCE FRONT—Selects front panel connector input.

SOURCE?—Returns SOURCE FRONT or SOURCE
REAR.

34

SYSTEM COMMANDS

DT TRIG—Enables device trigger function. Instrument
triggers after <GET> interface message.

DT OFF—Disables device trigger function.
DT?7—Returns DT TR!G or DT OFF.
ERR?—Returns error code.

ID?—Returns instrument identification and firmware
version.

INIT—Initializes instrument settings.
SET?—Returns instrument settings.

TEST—Returns 0 for correct calibration checksum; 351
for incorrect.

STATUS COMMANDS
OPC ON—Enables operation complete SRQ.
OPC OFF—Disbles operation complete SRQ.
OPC?—Returns OPC ON or OPC OFF.
OVER ON—Enables overrange SRQ.
OVER OFF—Disables overrange SRQ.
OVER?-—Returns OVER ON or OVER OFF.
RQS ON—Enables generation of SRQ's.
RQS OFF—Disables generation of SRQ's.
RQS?—Returns RQS ON or RQS OFF.
LUSER ON—Enables SRQ when 1D button is pushed.
USER OFF—Disables SRQ when ID button is pushed.
tJSER?—Returns USER ON or USER OFF.



Programming—DM 5010

DETAILED COMMAND LIST

ACDC (AC with DC Voltage Function)

Type:
Setting

Setting syntax:

ACDC <number>
ACD <number>

ACDC
Examples: Range Selected:
ACDC 2 2V
ACDC & 2v
ACD —200 700 V, auto-range

ACD 700 V, auto-range
ACD O 700 V, auto-range

Discussion:

The header selects the ACD+DCV function; the argu-
mernt selects a fixed range or auto-range. The format for
numeric arguments is described under Number Format later
in this secticn of the manual. The argument can be any val-
ue =700; however, the instrument rounds the argument up
to the next full scale range. For instance, for an argument of
.9, the instrument selects the 2 V range.

if the argument is omitted or its value is 0 or less, the
instrument auto-ranges beginning at the highest range.

If the argument is above the highest range, the instru-
ment generates a command error (and asserts SRQ if RQS
is on).

Ranges:

200 mv
2V
20 v
200V
700V

@ ACDC

ACV (AC Voltage Function)

Type:
Setting

Setting syntax:
ACV <number>

ACV
Exampies: Range Selected:
ACv 18 20V
ACV 2 2V
ACV —200 700 Vv, auto-range
ACV 700 V, auto-range
Discussion:

The header selects the ACV function; the argument se-
lects a fixed range or auto-range. The format for numeric
arguments is described under Number Format later in this
section of the manual. The argument can be any value;
however, the instrument rounds the argument up to the first
full scale range. For instance, an argument of 18 selects the
20 V range.

If the argument is omitted or its value is 0 or less, the
instrument auto-ranges beginning at the highest range.

if the argument is above the highest range, the instru-
ment generates a command error {and asserts SRQ if RQS
is on). :

Ranges:

200 mv
A
20V
200 v
700V

ACV 3-5



Programming—DM 5010

AVE (Average)

Type:
Setting or query

Setting syntax:

AVE <number>-
AVG <number>

Examples:

AVE 6
AVE 2
AVG 10

Query syntax:

AVE?
AVG?

Query response:;

AVE <number>;

Discussion:

This command specifies the number of conversions used
in the AVERAGE calculation. {It corresponds to setting the
vaiue for the front panel button constant N.) See CALC
AVE. The argument may be any number from 1 to 19999.
The instrument truncates the argument to integers.

3-6 AVE



CALC (Calculation Operation)

Type:
Setting or query

Setting syntax:

CALC <argument>
CALC <argument>...... ,<cargument>

Arguments:

AVE or AVG
CMPR or COMP
DBM

DBR

RATIO

OFF

Examples:;

CALC OFF

CALC AVE

CALC AVE, DBM

CALC RATIO, AVE, DBR

Query syntax:
CALC?

Query response:
CALC OFF; or list of enabied calcuiation(s).

Discussion:

Wnen the instrument receives a CALC command, it turns
off all calculations except those listed after the CALC head-
er. if the result of a calculation exceeds the capabilities of
the math pack { =3 .4028E + 38). the instrument generates &
math pack error (303;.

s CALC AVE or CALC AVG enabies the AVERAGE cal-
culation. The instrument calculates the average of a

REV JAN 1982 CALC
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series of measurements. The number of measure-
ments in the series is set by the AVE <number>
command.

One trigger generates enough readings for an average
result. If over-range occurs for a measurement in a
sequence, the AVE caiculation is aborted.

If LFR is also enabled, the number of measurements
set by the AVE <<number> command is multiplied by
4,

CALC CMPR or CALC COMP enables the COM-
PARE calculation. The instrument compares the input
to the vaiues set by the LIMITS command. Refer to
the text on the following commands, which cutput
comparison results:

SEND—returns 1., 2., or 3. for LO, PASS, or Hi;
returns +1E+99; or —1E+99; for over-range.

DATA--returns out-of-limits measurement value.

CALC DBM enables the dBm calculation and disables
the dBr caiculation. The instrument calculates the
power ratio of the input voitage, referenced to 1 mwW
dissipated in 600 Q (.7746 V).

dBm = 20 log,,

X |
VE |

\
V.6

CALC DBR enables the dBr calculation and disables
the dBm calcutation. The DM 5010 computes the
logarithmic ratio of the input to the value set by the
DBR <number> command.

dBr = 20log,, ! X'
i ref

CALC RATIO enables the X-B/A calculation, where X
is the measurement, B is an offset value, and A 15 the
scate factor., The values of A and B are set by the
RATIO command.

CALC OFF disables all calculations.
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DATA

Type:
Output

Syntax:
DATA

Response:

DATA <humber>;
or

DATA =1.E+99; (for over-range)

Discussion:

This command returns one of the responses listed below.
It does not trigger a conversion nor wait to return a new
reading as the SEND command does.

1. After power on, returns 0 until a reading is available.

2. If a MONITOR SRQ has occurred, DATA returns the
measurement causing the SRQ.

3. if neither of the above conditions is true, DATA re-
turns the most recent reading. DATA returns the same read-
ing until the next conversion is triggered and a new reading
is available,

DATA may return more digits of resoiution for a reading
than is displayed on the front panel or retumed by the SEND
command.

3-8 DATA

DBR

Type:
Setting or query

Setting syntax:
DBR <number:=

Examples:

DBER 1
DBR .707
DBR 2E—3

Query Syntax:
DBR?

Query Response:

DBR <number>;

Discussion:

This command argument sets the value of the constant
used by the CALC DBR command. It corresponds to setting
the constant value for the front panel button constant ref.
The argument can be any number except 0.

DBR @



DCV (DC Voltage Function)

Type:
Setting

Setting syntax:
DCV < number>

DCV
Examples: Range selected:
DCV 1.5 2V
pCcv 1000 mV, auto-range
DCV —1.E+3 1000 V, auto-range
Discussion:

The header selects the DCV function; the argument se-
lects a fixed voltage range. The format for numeric argu-
ments is described under Number Format later in this
section of the manual. The argument can be any value,
however, the instrument rounds the argument up to the first
full scale range. For instance, for an argument of 1.5, the
instrument selects the 2 V range.

If the argument is omitted or its value is O or less, the -

instrument auto-ranges beginning at the highest range.

If the argument is above the highest range, the instru-
ment generates a command error {and asserts SRQ if RQS
is on).

Ranges:

200 mv
2v
20v
200V
1000V

REV JAN 1982 bCcv
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DIGIT (Digital Resolution)

Type:
Setting or query

Setting syntax:

DIGIT 3.5
DIGIT 4.5
DIG 3.5
DIG 4.5

Query syntax:

DIGIT?
DIG?

Query response:

DIGIT 3.5;
DIGIT 4.5,

Discussion:

This command selects the conversion rate. The argu-
ment 3.5 sets the FAST conversion rate (3.5 digit resolu-
tion}. A reading takes approximately 35 ms in the voltage
functions and approximately 130 ms in the OHMS function.

The argument 4.5 sets the normal conversion rate (4.5
digit resolution). A reading takes approximately 310 ms in
the voltage functions; 620 ms in the OHMS function.

DIGIT 39
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DIODE (Diode Test Function)

Type:
Setting

Setting syntax:

DIODE
Dio

Discussion:

This command selects the DIODE TEST function. An ar-

gument is not accepted.

DIODE

DT (Device Trigger)

Type:
Setting or query

Setting syntax:

DT TRIG
DT OFF

Guery syntax:
DT?

Query response:

DT TRIG:
DT OFF;

Discussion:

This command enabies or disables the device trigger
function. If Device Trigger is enabled, the <GET> IEEE 488
interface message causes the instrument to trigger a
reading.

If <GET> is received while the message processor is
busy or when DT is OFF, the instrument generates an etror,
which indicates the <<GET> message was ignored.

DT @



ERR? (Error)

Type:
Query

Query syntax:
ERR?

Query response:
ERR < number>
sp s5D
Examples:
ERR 401,

o 5o {power on)

Discussion:

The ERROR query is used to cobtain information about
the status of the instrument.

The ERROR query returns a code indicating the event
causing SRQ to be asserted. See Status and Error Report-
ing for more information.

@ ERR?
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FUNCT? (Function)

Type:
Query

Query syntax:

FUNCT?
FUNC?

Query response exampile:

DCV 2.;

ACV 20.;
DICDE;

ACDC 200.;
OHMS —2.E-+6;

Discussion:

This command returns the measurement function in use.
The argument specifies the range currently in use. A nega-
tive argument is returned if the instrument is in autorange.

FUNCT? 3-11
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ID? INIT
Type: Type:
Query Operational
Query syntax: Syntax:
ID? INIT
Query response: Discussion:

ID TEK/DM5010,V79.1 Fxx; . . , .
/D XX This command resets instrument functions to their pow-

er-on settings. Table 3-3 lists the power-on settings.
Discussion:

The ID? query returns the above response.

TEK/DM5010 —Identifies the instrument manufac-
turer and type.

" V79.1 —ldentifies the version of Tektronix
Codes and Format Standard to
which the instrument conforms.

Fxx —Identifies the firmware version of
the instrument.

3-12 ID? INIT @



LFR (Low Frequency Response)

Type:
Setting or query

Setting syntax:

LFR ON
LFR OFF

Query syntax:
LFR?

Query response:

LFR ON;
LFR OFF;

Discussion:

This command enables or disables the LOW FRECQ RE-
SPONSE function {used with ACV and ACV+DCV func-
tions). When enabled, the instrument computes the average
of four measurements.

If CALC AVE is also enabled, the number of measure-
ments set by the AVE <num> command is multiplied by 4.

@ LFR
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LIMITS

Type:
Setting or query

Setting syntax:

LIMITS <number>,<number=>
LIM < number>,<number>

Examples:
LIMITS 3.2, -2
LIMITS —1, —86.5
LIM 6, 1

Query syntax:

LIMITS?
LIM?

Query response:

LIMITS <<number>,<<number>>;

Discussion:

The arguments for this command set the value of the
limits used by the COMPARE calculation and the MONITOR
SRQ. The first argument sets the value of the limit, which
corresponds to the upper front panel LIMITS button; the
second argument sets the constant value, which corre-
sponds to the lower LIMITS button.

LIMITS 3-13
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MODE

Type:
Setting or query

Setting syntax:

MODE RUN
MODE TRIG
MOD RUN
MOD TRIG

Query syntax:

MODE?
MOD?

Query response:

MODE RUN;
MODE TRIG;

Discussion:

This command selects the Trigger Mode. The RUN argu-
ment sets the RUN (free-run) Trigger Mode.

The TRIG argument sets the TRIGGERED mode. In this
mode, a trigger occurs upon receipt of one of the following:

* A “SEND” command

* A Group Execute Trigger <GET > interface message
{only if DT, Device Trigger, is enabled).

« My Talk Address (MTA) with the output unspecified
(no query command).

* EXTRIG rear interface trigger (requires internal jumper
installation—see Maintenance section). To cause a
singie trigger, this line must be held low between 0.5
and 10 usec. If held low for a longer time, the instru-
ment triggers multiple measurements.

if over-range or under-range occurs while MODE TRIG is
enabled and the instrument is in auto-range, it will change
range and take another reading.

3-14 MODE

MONITOR

Type:
Setting or query

Setting syntax:

MONITOR ON
MONITOR OFF
MON ON

MON OFF

Query syntax:

MONITCR?
MON?

Query response:

MONITOR ON;
MONITOR OFF:

Discussion:

This command enables or disables the MONITOR SRQ.
With the MONITOR SRQ enabled, the instrument.saves the
first measurement outside the limits (set by LIMITS com-
mand} and generates an SRQ. SRQ’s are not generated for
subsequent measurements (outside the limits) until the SRQ
is serviced and the measurement is reported to the control-
ler in response to the DATA command.

If the instrument over-ranges with MON ON, it reports an
over-range error even though OVER is OFF.

MONITOR @



NULL

Type:
Setting or query

Setting syntax:
NULL <number>

Examples:

NULL .2
NULL O

Query syntax:
NULL?

Query response:
NULL <number>;

Discussion:

This command enables the NULL function; the argument
{in volts or ohms) specifies the vaiue of the offset. This vaiue
can be any number up to 100% of the range.

The NULL function is disabled when the measurement
tunction is changed or when the argument is 0. (Changing
the measurement function also sets the argument to 0.)

I WARNING '

Use caution when the NULL function is enabled, since
the measuremen! may not indicate the value of the
voltage applied to the input connectors.

@ NULL
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OHMS (Ohms Function)

Type:
Setting

Setting syntax:
OHMS <number>

OHMS

Examples: Range selected:
OHMS 20 MQ, auto-range
OHMS 100 200 @
OHMS —2E+7 20 MQ2, auto-range
OHMS 1E+4 20 k2

Discussion:

The header selects the OHMS function; the argument
selects the range. The format for numeric arguments is de-
scribed under Number Format later in this section of the
manual. The argument can be any value; however, the in-
strument rounds the argument up to the first full scale
range. For instance, for an argument of 100, the instrument
selects the 200  range.

If the argument is omitted or its value is 0 or less, the
instrument auto-ranges beginning at the highest range.

If the argument is above the highest range, the instru-
ment generates a command error {and asserts SRQ if RQS
is on).

Ranges:

200 Q
2 kQ
20 kQ
200 k0
2 MO
20 MQ

OHMS 3-156
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OPC (Operation Complete)

Type:
Setting or query

Setting syntax:

OPC ON
OPC OFF

Query syntax:
oPC?

Query response:

OPC ON;
OPC OFF;

Discussion:

This command enables or disables the operation com-
plete service request. If enabied and RQS is ON, the instru-
ment asserts SRQ when a new measurement is available.

3-16 OPC

OVER (Over-range)

Type:
Setting or query

Setting syntax:

OVER ON
OVER OFF

Query syntax:
OVER?

Query response:

OVER ON;
OVER OFF;

Discussion:

This command enables or disables the over-range ser-
vice reguest. If enabled and RQS is ON, the instrument as-
serts SRQ when it takes an over-range measurement.

When OVER is OFF, the instrument returns +1.E+99
when taiked, to indicate over-range (does not assert SRQ).

OVER @



RATIO

Type:
Setting or query

Setting syntax:
RATIO <number>,<number>

Examples:

RATIO 100, 15
RATIO 10, 2

Query syntax:
RATIO?

Query response:

RATIO <number>,<number>;

Discussion:

The arguments for this command set the value of the
offset and scaie factor used in the X-B/A calculation. See
CALC RATIO. The first argument sets the value of the scale
factor (button A on the front panel); the second sets the
offset value (button B on the front panef). The arguments
can be any number except that scale factor cannot be 0.

@ RATIO
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RDY?

Type:
Query

Query syntax:
RDY?

Query response:

RDY " Sp0;
RDY 1;
50 Sp
Discussion:

This command returns RDY 0 if a measurement is in
progress or if the instrument is waiting for a trigger. RDY 1
indicates data is available.

RDY? 3-17
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RQS (Request Service)

Type:
Setting or query

Setting syntax:

RQS ON
RQS OFF

Query syntax:
RQS?

Query response:

RQS ON;
RQS OFF;

Discussion:

This command enabies the instrument to generate any
service requests. The OFF argument disables all service re-
gquests. See Status and Error Reporting for more
information.

3-18 RQS

SEND

Type:
OCutput

Syntax:

SEND
SEN

Response:

< number>; (no header)

Example:

+1.E+98;
+3.28+3;

{over-range)

Discusgsion:

This command causes the instrument {0 output the latest
measurement. If no measurement is available, the instru-
ment triggers a measurement and then outputs it.

If the COMPARE calculation is enabled (CALC CMPR)
the instrument outputs one of the following numbers which
indicate the relationship between the input and the limits set
by the LIMITS command:

3.; if the input is above both limits

2.; if the input is between limits or equal to one of the
limits

1.; if the input is below both iimits

+1.E+99; or —1.E+99; if over-ranged.

SEND @



SET?

Type:
Query

Query syntax:
SET?

Query response example (power up settings):

DCV —1.E+3AVE 2; RATIO 1. 0.;0BR 1.;LIMITS 0.,
0.;CALC OFF;NULL 0.; DIGIT 4.5;LFR OFF;MODE
RUN;SOURCE FRONT,;DT OFF;MONITOR OFF;0PC
OFF, OVER OFF,USER OFF;RQS ON;

Discussion:

This command returns the present settings of all instru-
ment functions. The longest response is 225 characters.

@ SET?
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SOURCE

Type:
Setting or query

Setting syntax:

SOURCE FRONT
SOURCE REAR
SOUR FRONT
SOUR REAR

Query syntax:

SOURCE?
SOUR?

Query response:

SOURCE FRONT;
SOURCE REAR;

Discussion:

SOURCE FRONT selects the front panel input for mea-
surement; SOURCE REAR selects the rear interface input
connectors for measurement.

E CAUTION g

Do not switch from front panel to rear interface input
while over 500 V peak is applied to the front panel
input connectors. Instrument damage and erratic op-
eration may resuit.

SOURCE 3-19



Programming—-DM 5010

TEST

Type:
Output

Syntax:
TEST

Response:

TEST 0;
TEST 351,

Discussion:

Returns a number that indicates the status of the calibra-
tion checksum. Returns 0 if the checksum is correct; 351 if
erroneous.

3-20 TEST

USER

Type:
Setting or query

Setting syntax:

USER ON
USER OFF

Query syntax:
USER?

Query response:

USER ON;
USER OFF;

Discussion:

This command enables or disables the INST ID button
service reguest. if enabled, the instrument asserts SRQ
when the front panel INST ID button is pressed.

USER @



MESSAGES AND
COMMUNICATION PROTOCOL

Command Separator

A message consists of one command or a series of com-
mands, followed by a message terminator. Messages con-
sisting of multiple commands must have the commands
separated by semicolons. A semicolon at the end of a mes-
sage is optional, For example, each line beiow is a message.

INIT
TEST;INIT;RQS ON;USER OFF;ID?:SET?
TEST;

Message Terminator

Messages may be terminated with EOI or the ASCII line
feed {LF)} character. Some controllers assert EOI concur-
rently with the last data byte; others use only the LF charac-
ter as a terminator. The instrument can be internally set to
accept either terminator. With EOI ONLY selected as the
terminator, the instrument interprets a data byte received
with EQI asserted as the end of the input message; it also
asserts EOI concurrently with the iast byte of the output
message. With the LF/EOI setting, the instrument interprets
the LF character without EOl asserted (or any data byte
received with EQ| asserted) as the end of an input message;
irtransmits carriage return (CR) foliowed by line feed (the LF
with EC| asserted) to terminate output messages. Refer
service personnel to the Maintenance section of the manual
for information on setting the message terminator. TM 5000
instruments are shipped with EOl ONLY selected.

Formatting A Message

Commands sent to TM 5000 instruments must have the
proper format (syntax) to be understood; however, this for-
mat is flexible in that many variations are acceptabie. The
following describes this format and the acceptable
variations.

The instruments expect all commands 1o be encoded in
ASCII; however. they accept both upper and lower case
ASCIl characters. All data output is in upper case.

As previousiy discussed, a command consists of a head-
er followed. if necessary, by arguments. A command with
arguments musi have a header deiimiter that is the space
character {SP) between the header and the argument. The
space character (SP). carnage return (CR), and line feec
(LF) are shown as subscript in the foliowing exampies.

RQS,ON

If extra formatting characters SP, CR, and LF (the LF can-
not be used for format in the LF/EQI terminator mode) are
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added between the header delimiter and the argument, they
are ignored by the instrument.

Example 1: RQSSPON;
Example 2: RQS ON;
Example 3: RQS

SP 5P

SP CFlLF

&P SPON

In general, these formatting characters are ignored after any
delimiter and at the beginning and end of a message.

A L e
USER OFF

In the command list, some headers and arguments are
listed in two forms, a fuli-length version and an abbreviated
version. The instrument accepts any header or argument
containing at least the characters listed in the short form;
any characters added to the abbreviated version must be
those given in the fufl-iength version. For documentation of
programs, the user may add alpha characters to the full-
length version. Alpha characters may also be added to a
query header, provided the question mark is at the end.

USER?

USERE?
USEREQ?
LUSEREQUEST?

Multiple arguments are separated by commas; however, the
instrument will also accept a space or spaces as a delimiter.

23
2.3
2,3

'5p

NOTE

In the last exampie, the space Is lreated as a format
character because it follows the comma (the argument
delimiter}.

Number Formats

The mstrumeni accepts the foilowing kinds of numbers
tor any of the numeric argumernts.

* Signed or unsigned integers (including +0 and —0).
Unsigned integers are interpreted as positive. Exam-
ples: +1,2, -1, ~10

* Signed or unsigned decimat numbers. Unsigned deci-
mal numbers are interpreted to be positive. Examples:
—-3.2, +5.0.1.2
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* Fioating point numbers expressed in scientific nota-
tion. Examples: +1.0E~2, 1.0E—2, 1.E-2, 0.01E+0

The largest acceptable number for an argument is
+3.4028E +38.

Message Protocol

As the instrument receives a message it is stored in the
input Buffer, processed, and executed. Processing a mes-
sage consists of decoding commands, detecting delimiters,
and checking syntax. For setting cornmands, the instrurnent
then stores the indicated changes in the Pending Settings
Buffer. If an error is detected during processing, the instru-
ment asserts SRQ, ignores the remainder of the message,
and resets the Pending Settings Buffer. Resetting the Pend-
ing Settings Buffer avoids undesirable states that could oc-
cur if some setting commands are executed while others in
the same message are not.

Executing a message consists of performing the actions
specified by its command(s). For setting commands, this in-
volves updating the instrument settings and recording these
updates in the Current Settings Buffer. The setting com-
mands are executed in groups—that is, a series of setting
commands is processed and recorded in the Pending
Settings Buffer before execution takes place. This allows
the user to specity a new instrument state without having to
consider whether a particular sequence would be valid. Ex-
ecution of the settings occurs when the instrument pro-
cesses the message terminator, a query-output command,
or an operational command in a message.

When the instrument processes a query-outputl com-
mand in a message, it executes any preceding setting com-
mands 1o update the state of the instrument. It then
executes the guery-output command by retrieving the ap-
propriate data and putting it in the Qutput Buffer. Then, pro-
cessing and execution continue for the remainder of the
message. The data are sent to the controlier when the in-
strument is made a talker.

When the instrument processes an operational command
in a message, it executes any preceding sefting commands
before executing the operational command.

Multiple Messages

The Input Buffer has finite capacity and a single message
may be long enough to fill it. In this case, & portion of the
message is processed before the instrument accepts addi-
tional input. During command processing the instrument
holds off additional data (by asserting NRFD) until space is
available in the buffer.
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When space is available, the instrument can accept a
second message before the first has been processed. How-
ever, it holds off additional messages with NRFD until it
completes processing the first.

After the instrument executes a query-output command
in a message, it holds the response in its Qutput Buffer until
the controlier makes the instrument a talker. If the instru-
ment receives a new message before all of the output from
the previous message is read, it clears the Output Buffer
before executing the new message. This prevents the con-
trolier from getting unwanted data from old messages.

One other situation may cause the instrument to delete
output. The execution of & iong message might cause both
the Input and Output buffers to become full. When this oc-
curs, the instrument cannot finish executing the message
because it is waiting for the controlier to read the data it has
generated; but the controller cannot read the data because
it is waiting to finish sending its message. Because the in-
strument's Input buffer is full and it is holding off the rest of
the controllers message with NRFD, the system is hung up
with the controller and instrument waiting for each other.
When the instrument detects this condition, it generates an
error, assets SRQ, and deletes the data in the Output buff-
er. This action allows the controlier to transmit the rest of
the message and informs the controlier that the message
was executed and that the output was deleted.

A TM 5000 instrument can be made a talker without hav-
ing received a message that specifies what it should cutput.
In this case, acquisition instruments (counters and multi-
meters) return @ measurement if one is ready. If no mea-
surement is ready, they return a single byte message with all
bits equal to 1 {with message terminator); other TM 5000
instruments will return only this message.

Instrument Response to IEEE-488 Interface
Messages

interface messages and their effects on the instrument’s
interface functions are defined in IEEE Standard 486-1978.
Abbreviations from the standard are used in this discussion,
which describes the effects of interface messages on instru-
ment operation.

UNL —Unlisten (63 with ATN)
UNT~-Untalk {85 with ATN)

When the UNL command is received, the instrument's
listener function goes to its idle state (unaddressed). In the
idie state, the instrument will not accept instrument com-
mands from the GPIB.



The talker function goes to its idie state when the instru-
ment receives the UNT command. In this state, the instru-
ment cannot output data via the GPIB.

The ADDRESSED light is off when both the talker and
listener functions are idle. If the instrument is either talk ad-
dressed or listen addressed, the light is on.

IFC—Interface Clear (GPIB pin 9)

This uniline message has the same effect as both the
UNT and UNL messages. The front panel ADDRESSED
light is off.

DCL—Device Clear (20 with ATN)

The Device Clear message reinitializes communication
between the instrument and controlier. in response to DCL,
the instrument clears any input and cutput messages and
any unexecuted settings in the Pending Settings Buffer.
Also cleared are any errors or events waiting to be reported,
except the power-on event. If the SRQ line is asserted for
any reason other than power-on when DCL is received, the
SRQ is unasserted.

SDC—Selected Device Clear {4 with ATN)

Tnis message performs the same function as DCL; how-
ever, only instruments that are listen addressed respond to
SDC.

GET—Group Execute Trigger (8 with ATN})

The instrument responds to <GET> only if it is listen
addressed and the instrument device trigger function has
been enabled by the Device Trigger command (DT). The
<GET> message is ignored and an SRQ generated if the
DT function is disabled (DT OFF}. tne instrument is in the
local state, or if 2 message is being processed when
<GET> is received.

SPE—Serial Poll Enable (24 with ATN)
SPD—Serial Poll Disabie (25 with ATN)

The SPE message enables the instrument to output
senal poll status bytes when it is 1alk addressed. The SPD
message switches the instrument back to its normai oper-
ation of sending the data from the Qutput Bufter.

MLA—My Listen Address
MTA-—My Talk Address

The primary listen and talk addresses are established by
the instruments GPIB address (internally set). The current
setting of the GPIB address is displayed on the front panel
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when the ID button is pressed. When the instrument is ad-
dressed to talk or listen, the front panel ADDRESSED indi-
cator is illuminated.

LLO—Local Lockout (17 with ATN)

In response to LLO, the instrument goes to a lockout
state—from .OCS to LWLS or from REMS to RWLS.

REN—Remote Enable

If REN is true, the instrument goes to a remote state
(from LOCS to REMS or from LWLS to RWLS) when its
listen address is received. REN false causes a transition
from any state to LOCS; the instrument stays in LOCS as
long as REN is false.

A REN transition may occur after message processing
has pbegun. In this case, execution of the message being
processed is not affected by a transition.

GTL—Go To Loca! {1 with ATN)

Only instruments that are listen addressed respond to
GTL by going to a iocal state. Remote-to-local transitions
caused by GTL do not affect the execution of the message
being processed when GTL was received.

Remote-Local Operation

The preceding discussion of interface messages de-
scribes the state transitions caused by GTL. and REN. Most
front panel controls cause a transition from REMS to LOCS
by asserting a message called return-to-local (rti). This tran-
sition may occur during message execution; but in contrast
to GTL and REN transiticns, a transition initiated by r#/ does
affect message execution. in this case, the instrument gen-
erates an error it there are any unexecuted setting or oper-
ational commands. Front panel controls that only change
the display (like INST ID} do not affect the remote-local
states—only front panei controls that change seftings as-
sert rtl. The rt/ message remains asserted while multiple
keystroke settings are entered: and it 1s unasserted after
the execution of the settings. Since rtf prevents transitions
to REME, the instrument unassers 7t/ if a multiple button
seguence is not completed in a reasonabie length of time
(approximately & to 10 seconds}.

The instrument maintans a record of its settings in the
Current Setiings Bufier and new settings from the front
pane! or the controller update these recorded settings. In
addition, the front panel is updated to reflect setting
changes due to commands. instrument settings are unaf-
fected by transitions between the four remote-local states.
The REMOTE indicator is illuminated when the instrument is
in REMS or RWLS.
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Local State (LOCS)

In LOCS, instrument settings are controlled by the opera-
tor via front panel push buttons. When in LOCS, only bus
commands that do not change instrument settings are ex-
ecuted (query-output commands); all other bus commands
(setting and operational] generate an error since their func-
tions are under front-panel control.

L.ocal With Lockout State (LWLS)

The instrument operates the same as it does in LOCS,
except that r#/ will not inhibit a transition to remote.

Remote State (REMS)

In this state, the instrument executes all instrument com-
mands. For commands having front panel indicators, the
front panel is updated when the commands are executed.

Remote With Lockout State (RWLS)

instrument operation is identical to REMS operation ex-
cept that the rt/ message is ignored.

STATUS AND ERROR REPORTING

Through the Service Reguest function (defined in the
-IEEE-488 Standard). the instrument may alert the controlier
that it needs service. This service request is also a means of
indicating that an event {a change in status or an error) has
occurred. To service a request the controller performs a
Serial Poll; in response the instrument returns a Status byte
(STB), which indicates whether it was requesting service or
not. The STB can also provide a limited amount of informa-
tion about the request. The format of the information en-
coded in the STB is given in Fig. 3-2.

When data bit 8 is set, the STB conveys Device Status
information that is indicated by bits 1 through 4. Bit 4 is set
if the DM 5010 is waiting for a trigger; bit 3 set indicates a
reading is avaitable.

Because the STB conveys limited information about an
event, the events are divided into classes: the Status Byte
reports the class. The ciasses of events are defined as
toliows:

COMMAND ERROR Indicates the instrument has re-
ceived a command that it cannot

ungerstand.
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EXECUTION ERROR Indicates that the instrument has
received a command that it can-
not execute. This is caused by ar-
guments out of range or settings
that conflict.

indicates that the instrument has
detected a hardware condition or
firmware problem that prevents
operation.

INTERNAL ERROR

Events that are common to in-
struments in a system (e.g., Pow-
er on, User Request, etc.).

SYSTEM EVENTS

INTERNAL WARNING internal warning indicates that
the instrument has detected a
problem. The instrument remains
operationa!, but the probiem
should be corrected (e.g., out of
calibration).

DEVICE STATUS Device dependent events.

_ ] 110, STB indicates event ciass
If 1. STB indicates device status

- = 1 if requesting service

= =1 indicates an abnormal event

= 1if message processor is busy
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Fig. 3-2. Definition of STB bits.

The instrument can provide additional information about
many of the events, particularly the errors reported in the
Status Byte. After determining that the instrument request-
ed service (by examining the STEB) the controller may re-
guest the additional information by sending error query
(ERR7). in response, the instrument returns a code which
defines the event. Tnese coaes are gescribed in Table 3-1.



Table 3-1
ERROR QUERY AND STATUS INFORMATION
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Table 3-2
FRONT-PANEL ERROR CODES

Error Query | Serial Poll

Abnormal Events Response Response®

Command Errors:

Invalid command header 101 97
Header delirniter error 102 97
Argument error 103 97
Argument delimiter error 104 97
Missing argument 106 97
Invalid message unit delimiter 107 97

Execution Errors:

Not executable in local mode 20 98
Settings lost due to rt/ 202 98
Input and output buffers fult 203 o8
Argument out of range 205 98
Group Execute Trigger ignored 206 98
Not in calibrate mode 231 98
Beyond caiibration or null

capability ) 232 98

Intermal Errors:

Interrupt fault 301 9%
System error 302 99
Math pack error 303 99
Converter time-out 311 g9
Front panel time-out 317 99
Bad ohms calibration constant 318 99
Catibration checksum error 351 a9

Normal Events

System Events:

Power on 401 65
Operation complete 402 66
1D user request 403 67

internal Warning:

Over-range 601 102
Device Status®:

Reading avaiiable o 132
Waiting for trigger 0 136
Reading available and

waiting for trigger 0 140
Below iimits 701 193
Above limits 703 195
No Errors or Events 0 128

*|{ the instrument is busy, it returns a decimal number 16 higher
than the number listed.

BThe 4050-Series controller POLL command returns 0 for serial

poll responses between 128 and 192; the responses listed can
be obtained by using WBYTE and RBYTE statements.
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Displayed Abnormal Events

Execution Errors:

205 Argument out of range
231 Not in calibrate mode
232 Beyond calibration capability

internal Errors:
303 Math pack error

an Converter time-out
317 Front panel time-out
318 Bad ohms calibration constant

340 RAM error (high nibble)

341 RAM error (low nibble)

351 Calibration checksum error

372 ROM placement error Cooo
373 ROM placement error D000
374 ROM placement error EOOO

392 ROM checksum error Cooo
393 ROM checksum error D000
394 ROM checksum error EQQO
395 ROM checksum error FGOO
521 Indicates GPIB address switch (Signature

Analysis) is enabled

If there is more than one event to be reported, the instru-
ment re-asserts SRQ until it reports all events. Each event is
automatically cleared when it is reported via Serial Poll. The
Device Clear (DCL) interface message may be used to clear
all events except power-on.

Commands are provided to control the reporting of some
individual events and to disable all service requests. For ex-
ample, the User Request command (USER) provides indi-
vidual control over the reporting of the user request event,
which occurs when the front panel INST 1D button is
pushed. The Request for Service command (RQS) controls
whether the instrument reports any events with SRQ.

RQS OFF inhibits all SRQ's, (except the power-on SRQA)
so in this mode the ERR? query allows the controlier to find
out about events without first performing a Serial Poll. With
RQS OFF, the controlier may send the ERR? query at any
time and the instrument returns an event waiting to be re-
ported. The controlier can clear ali events by sending the
error query until a zero (0) code is returned, or ciear all
events except power-on through the DCL interface
message.

With RQS OFF the controller may perform a Serial Poll,
but the Status Byte only contains Device Dependent Status
information. With RQS ON, the STB contains the class of
the event and a subseguent error query returns additional
information about the previous event reported in the STB.
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SENDING INTERFACE COMMANDS

The controller commands in the following text are for
TEKTRONIX 4050-Series Controllers; they are representa-
tive of commands for other controllers.

Instrument commands are sent to the DM 5010 in ASCII
using controller PRINT statements. The DM 5010 outputs
data in response to INPUT statements from the controller.
For exampie:

PRINT @ 16:"SET?"
INPUT @ 16:A$

where 16 is the DM 5010 primary GPIB address.

Interface control messages may be sent to the DM 5010
using WBYTE controller commands. in the following exam-
ples, A and B are the DM 5010 talk and listen addresses.
For A, substitute the instrument primary address plus 32;
for B, substitute the instrument primary address pius 64.

Listen (MLA) WBYTE @ A:
Uniisten {UNL) WBYTE @ 63:
Talk (MTA) WBYTE @ B:
Untalk (UNT) WBYTE @ 95:
Device Clear (DCL) WBYTE @ 20:
Selected Device Clear {SDC) WBYTE @ A4:
Go To Local (GTL) WBYTE @ A,1:
Remote With Lockout (RWLS) WBYTE @ A,17:
Local With Lockout (LWLS) WBYTE @ 17:
Group Execute Trigger <GET> WBYTE @ A.8:
Serial Poll Enable {SPE) WBYTE @ 24:
Serial Poll Disable (SPD) WBYTE @ 25:

Refer to the 4050-Series Controller manual for informa-
tion on using RBYTE statements.
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POWER-ON (INITIAL) CONDITIONS

At power on, the DM 5010 microprocessor performs a
diagnostic routine {self-test} to check the functionality of the
ROM and RAM. If no error is found, the instrument enters
the Loca! State (LOCS) with the settings listed in Table 3-3.
The SRQ iine on the GPIB is also asserted.

The DM 5010 also assumes the settings in Table 3-3
when it executes the INIT command. The range setting for
the DCV function is vaiid only for the first reading, since the
instrument is in auto-range.

Table 3-3
DM 5010 POWER ON SETTINGS
Header Argument

AVE 2
CALC OFF
DBR 1
DCv —1.E+3
DIGIT 4.5
DT OFF
LFR OFF
LIMITS 6.0
MODE RUN
MONITOR OFF
NULL 0
OPC OFF
OVER QOFF
RATIO 1,0
RQS ON
SOURCE FRONT -
USER OFF
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Fig. 3-3. ASCIl and IEEE 488 (GPIB) Code Chart.
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Example Programs

Talker Listener Program For TEKTRONIX 4050-Series
Controllers

100 REM DMS0I0 Telker/Listener Frosres
110 REM OMS010 Prisary Addrass = 146
120 INIT

130 OH SRQ THEH 240

140 DIK A$(200)

150 PRINY "Entnr Massadga{s)’ "}

&40 INFUT Cs

170 PRINT RLi4:(s

iB0 REM Check for aueries

190 IF POS(CS$,"7?",1)<>0 THEHW 220
200 REM Chechk for "SEND’

210 IF POS(CS."SEND",1)=0 THEHN 150
220 REM Input from device

230 IMPUT RLGTAS

240 FRINT As

250 6GQ¢ TO 1530

260 RENM Serigl FOLL Kouwtlne

270 POLL X.Y114

2B0 PRINT “"Status Bute: "3Y

290 RETURMH

These sample programs aliow a user to send instrument
commands to the DM 5010 to change instrument settings
and to return the data generated.

Additionat assistance in developing specific application
oriented software is available in the following Tektronix
manuals.

070-3985-00—GPIB Programming Guide. This manual is
specifically written for applications of this instrument in
IEEE-488 systems. It contains programming instructions,
tips, and some specific example programs.

070-2270-00—4051 GPIB Hardware Support Manual.
This manual gives an in-depth discussion of IEEE-488
bus operation. explanations of bus timing details and ear-
Iy bus interface circuitry.
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Talker Listener Program For TEKTRONIX 4040-Series
Controllers

100 Rem DM5010 TALKER/LISTENER PROGRAM

110 Rem PRIMARY ADDRESS = 16

120 Init all

130 On arq then gosub srqhdl

140 Enable asrq

150 Dim respons$ to 200

160 Input prompt "ENTER MESSAGE(S}: ":message$
170 Print #16:message$

180 Rem CHECK FOR QUERIES

190 1f pos(message$,™?",1) then goto 280
200 Rem CHECK FOR 'SEND' COMMAND

210 If pos(message$,"SEND",1) then goto 280
220 Rem CHECK FOR 'TEST' COMMAND

230 1f pos{message$,"TEST",1) then goto 280
240 Rem CHECK FOR 'DATA' COMMAND

250 If pos(message$,"DATA",1) then goto 280
260 Goto 160

270 Rem INPUT FROM DEVICE

280 Input #16:respons$

290 Print "RESPONSE: ";respons$

300 Goto 160

310 Rem SERIAL POLL ROUTINE

320 Srghdl: poll stb,pri

330 Print "STATUS BYTE: ";stb

340 Resume

350 End

070-2058-01—Programming in BASIC
070-2059-01—Graphic programming in BASIC

062-5971-01—4050-Series programming aids, T1 (in-
cludes software)

062-5972-01—4050-Series programming aids, T2 {in-
ciudes software)

(70-2380-01—4907 File manager operators manual
070-2128-00—4924 Users manual

070-1940-01—4050-Series graphic system operators
manual!

070-2056-01—4050-Series graphic system reference
manual

076-3918-00—4041 Operators manual

061-2546-00—4041 Programming reference manual
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PROGRAMMING AIDS

This discussion of programming considerations and the
program examples are provided to aid in developing pro-
grams to control the DM 5010. The program examples were
designed using a TEKTRONIX 4050-Series controller and
the DM 5010; some examples also use other TM 5000
programmable instruments.

An initial programming consideration is setting the
DM 5010 message terminator, GPIB address, and Talk Only
mode switches. To determine their settings, press the INST
ID bution. The number displayed is the selected GPIB pri-
mary address; the far right decimal illuminates if the LF/EOI
message terminator is selected; the minus sign illuminates if
the Talk Only mode is selected. To change switch settings,
refer qualified service personnel to the Maintenance section
of this manual.

In the program examples, variable D is assigned to the
DM 5010 GPIB primary address, which is assumed to be
set to decimal 16. Using a variable name eliminates repeat-
ing the address decimal number and allows the address in
the program to be easily changed.

Handling Service Requests

At power-on, the DM 5010 asserts SRQ. The power-on
SRQ is incorporated to inform the centroller if the power
source is interrupted during program operation, since it may
interfere with proper program execution. The DM 5010 can
also assert SRQ for other events, if SRQ is enabled (see
Table 3-1, Error Query and Status Information). Some con-
trollers have the capability of ignoring SRQs; the other con-
trollers require servicing all SRQs. ¥ SRQs are to be
serviced in the program, be sure to enable its interrupt.

Interrupt Handler—an interrupt driven routine to service
SRQs when they occur during program operation. An inter-
rupt handler basically consists of an ON SRQ statement in
the beginning of the program, and a serial poll routine some-
where in the program. The ON SRQ statement directs pro-
gram control to the serial poll routine when an SRQ occurs.
See program exampie 1 or 3, line 110 for ON SRQ state-
ments. When an SRQ interrupt occurs, the controlier per-
forms the serial poll routine. In a POLL statement, the first
variable returns the instruments position in the st of GPIB
addresses; the second variable returns the status byte. A
serial poll of one instrument on the bus is illustrated in ex-
ample 3, line 1000. Line 400 in exampie 4 polis three instru-
ments on the bus, using the variable names for each
instrument address. In each example, the POLL returns the
status byte from the instrument asserting SRQ. Program
example 9, lines 150, 160, and 170 comprise a serial poll
using 4050-Series WBYTE andg RBYTE statements.
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The serial poll routine can be expanded to decode infor-
mation about the event causing the SRQ. In example 1,
fines 510 and 520 clear the husy bit in the status byte; lines
530 through 560 decode the status byte, and lines 1000
through 7030 print the event class on the controller display.

Program exampie 7 uses the MONITOR SRQ to detect
measurements above or below limits set by the LIMITS
command, or overrange. Lines 1020, 1040, and 1045 de-
code the status byte and initiate the appropriate print out on
the controlier display.

in program exampie 2, iine 130, the controller polis the
instrument at address 16 to clear the power-on SRQ. Line
160 turns SRQ off to inhibit additional SRQs. After SRQ
OFF, the ERR? query may be inserted in the program where
it is necessary to determing an event state.

Front Panel Lockout

The front panel may be locked out so that only the con-
trolier may change instrument settings. To lock out the front
panel, first assert REN (true). REN must remain true as long
as lock out is desired. For 4050-Series controfiers, the RUN
statement automatically asserts REN; the END statement
unasserts REN. Then send the interface message LLO
(decimal 17 with ATN). This is done in the 4050-Series con-
troller with the WBYTE statement. Finally, address the in-
strument by sending a setting or guery command using a
PRINT @D: statement or send only the listen address using
a WBYTE statement. After these three steps, the front pan-
el is locked out and remains s0 until REN goes false or a
<GTL> message (decimal 1 with ATN) is sent. See pro-
gram exampie 4, iines 150 and 190; and example 5, lines
130 and 220.

Using INIT

Using the INIT command simplifies the program because
it usually takes fewer commands to set the instrument state
than specifying all settings individually. In program example
6, line 150, the DM 5010 receives the INIT command, fol-
lowed by a series of commangs that change the instrument
state from the INIT (power-on) settings to the desired state.

Iinvalidating a Pending Reading

Following a change to the applied input, it may be desir-
able to invalidate the pending reading since it no longer re-
flects the current measurement conditions. One way to
invalidate a pending reading is to send the instrument a set-
ting command—this causes the instrument to delete data in
the output buffer. Another way is to input a reading to the
controller and ignore it.
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Invalid readings can be avoided by using MODE TRIG to
control when readings are taken.

Allowing Settling Time

Settling time may be incorporated in a program to ensure
that the reading returned to the controlier is valid. Refer to
Step Response Time in the Specification section of this
manual.

In program example 4, lines 230-250 use a FOR...NEXT
loop to input five readings into variable R. At the end of the
loop, variable R contains the fifth reading.

in program example 5, lines 290-320, two DM 5010 read-
ings are compared; if the difference is greater than 0.001,
another reading is taken for comparison. Comparisons are
repeated untit the difference indicates two readings are
nearly the same.

Triggering Measurements

To trigger a single conversion, use MODE TRIG and initi-
ate a trigger by using one of the following:

1. Talk-address the instrument. See program example 2
line 180.

2. SEND command.

3. Send DT TRIG. Then trigger the DM 5010 by trans-
mitting a Group Execute Trigger (GET) interface message
{decimal B with ATN). Refer to program example 9, lines 120
and line 5.

4. If the EXTRIG mode is enabled, hold P1031-16A on
the Isolation board low for 10 us or less.

5. instruct the operator to press the front-panel TRIG-
GERED button.
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For repetitive (free-run) triggering, use the MODE RUN
command. If the EXTRIG mode is enabled, hold P1031-16A
on the Isolation board low.

Determining Reading AVailability

It is not necessary to determine if a reading is available
when the instrument is taik addressed or when the SEND
command is used to return data. For either of these retrigval
methods, the instrument triggers a conversion if a reading is
not pending.

For other retrieval methods, there are several ways to
determine if a reading is available.

1. Send the RDY? query command. When the response
is 1, a reading is ready. See program example 3, line 140.

2. Set OPC ON and RQS ON. The instrument asserts
SRQ when a reading is available. See example 8, line 150.

3. Repeat a serial poll routine using the WBYTE state-
ments until the status byte is 132, 148, 140, or 156. See
example 9, lines 150 and 200.

The RDY?, OPC ON and serial poll routine are useful
when several tasks are going on at the same time,

Sending Readings to a Listener

To transfer a DM 5010 reading to a GPIB listener, the
instrument that is to receive the data must be listen ad-
dressed. Then talk address the DM 5010 to transmit read-
ings. When sent to a controlier, data can be read into a
string or numeric variable. See programming examples 2,
line 180, and 3, line 150



Program Example 1:

1 REM INTERACTIVE DRIVER WITH STATUS BYTE DECODER FOR DMSR1@

99 REM D = ADDRESS OF DMSO10

108 D=16

i1@ ON SRQ THEN S©@

1280 PRINT @16:"INIT;USER ON; OVER ON"
130 PRINT “"ENTER DMS@16 COMMAND: “;
142 INPUT A%

150 PRINT @D:R$

158 REM GET QUERY RESPONSE OR READING FROM DMSQ1@

168 INPUT @D:R$

178 PRINT R%

e GO TO 138

499 REM SERVICE REQUEST INTERRUPT SUBROUTINE
Se@ POLL X,Y;D

S@% REM CLEAR BUSY BIT

518 IF Yr/32-INT(Y-32)<@.5 THEN 530
528 Y=Y-16

529 REM DECODE STARTUS BYTE

536 IF Y=idz THEN 6818

548 GO TO Y-192 OF 7918,550, 7830
558 GO TO Y-64 OF 4010, 4828, 4039
568 GO TO Y-96 OF 1008, 2000, 3000

578 PRINT ¥;" IS AN INVALID STATUS BYTE FOR DMSP1@©"

588 RETURN

100@ PRINT "COMMAND ERROR™
1805 RETURN

2008 PRINT "EXECUTION ERROR"
2089 RETURN

3008 PRINT "INTERMNAL ERROR"
3002 RETURN

4010 PRINT "POLER ON"

4819 RETURN

4820 PRINT "OPERATION COMPLETE"
4829 RETURN

4830 PRINT "USER REQUEST"

7018 PRINT “BELOW LIMITS"
7819 RETURN
7E30 PRINT "ABOVE LIMITS™
B39 RETURN

Program Example 2:

1 REM PROGRAM TO ECHC READINGS FROM DMS@18 ONTO CONTROLLER DISPLAY
2 REM ASSUME USER WILL SET DMS@18 TO PROPER FUNCTIONS VIA FRONT PAMNEL

108 REM D = RADDRESS OF DMS@ig

118 D=16

120 REM RERD SERVICE REQUESTS

139 POLL X,Y;D

14p IF X THEN 138

156 REM DISABLE ALL OTHER SERVICE REQUESTS
1682 PRINT @15:"RQS OFF"

178 REM INPUT READING FROM DMSB1B
186 INPUT @D:R$

192 REM CHECK FOR ERROR

2o PRINT @D:"ERR?"

218 INPUT @D:E$

226 IF £%="ERR 8;" THEN 240

238 PRINT E$;

248 PRINT R$

258 G0 TO 18@
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Program Example 3:

1 REM RERDY QUERY

100 REM D = ADDRESS OF DMoB1o

181 D=16

118 ON SRQ THEN 1000

115 PRINT @D:"INIT"

120 PRINT "WRITING FOR READING"
132 PRINT KWARITING FOR READING"
148 PRINT @D:"RDY?"

158 INPUT @D:G

168 IF NOT(G) THEN 138

169 REM INPUT READING FROM DMS210
178 INPUT €D:R

188 PRINT "READING IS "“;R

199 GO TO 126

999 REM SERVICE REQUEST INTERRUPT SUBROUTIMNE
1688 POLL X,Y;D

1818 RETURN

Program Example 4:

1 REM GRIN vS FREQUENCY USING DMSP18, FGS818 AND SISe1n
192 ON SRQ THEN 46a

11@ D=16

129 F=24

139 5=26

148 REM SEND LLO (LOCAL LOCKOUT)

158 WBYTE @€17:

160 PRINT "FREQUENCY (HZ) AMPLITUDE (DBY"
1780 REM H = FREQUENCY IN H2Z

182 H=18

193 PRINT @D:"INIT;ACV"

208 PRINT @F:"INIT;AMPL 1;0UTPUT ON;FREQ ";H
218 PRINT @S:"INIT;CON B,8,8,8;CLOSE 4"

2280 REM WAIT FOR FG, TEST CIRCUIT AND DM TO SETTLE
230 FOR K=1 TO S

248 INPUT @D:R

258 MNEXT K

268 REM R = INPUT VOLTAGE TO TEST CIRCUIT

270 PRINT @D:"CALC DBR;DBR ";R

288 PRINT @S:"INIT;CLOSE 1,4,5”

298 REM WARIT FOR SISE18 AND DMSB18 AC CONVERTER TO SETTLE
302 FOR K=1 TO 5

318 INPUT eD:R1

326 NEXT K

338 REM R1 = TEST CIRCUIT GAIN IN DB

348 PRINT H,R1

356 REM STEF FREQUENCY AND REPEART MERSUREMENT
368 H=10%xH

370 IF H(=100000 THEN 196

380 £ND

390 REM SERVICE REQUEST INTERRUPT SUBROUTINE
400 POLL X,Y;D;F;S

418 RETURN
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Program Example 5:

1 REM GRIN V5 FREQUENCY USING DMSO18 AND A MANURL FG
98 INIT
99 REM D = ADDRESS OF DM3@1@, S = ADDRESS OF S1S@1Q

100
185
118
iz@
130
148
156
1680
178
180
196

D=16

S=26

ON SRG THEN 480

REM SEND LLO (LOCAL LOCKOUT)

WBYTE @17:

PRINT "PLEASE APPLY THE FOLLOWING FREQUENCY, ;

PRINT “THEN PRESS THE INSTRUMENT ID BUTTON ON THE DMSP10*
PRINT "FREQUENCY (HZ) AMPLITUDE (DBY"

REM H = FREQUENCY IN HZ

H=1@

REM v IS A FLRG THAT IS CLEARED WHEN USER PUSHES ID BUTTON ON DMSD1P
V=1

REM FRONT INPUT OF DM IS CONNECTED TO THE FG QUTPUT

PRINT @D:"INIT;ACV:USER ON;LFR ON"

PRINT &26:"CONF 0,8,8,8;CLOSE 4;RQS OFF"

PRINT H,"":

REM WAIT FOR USER TO SET FG FREGUENCY AND PUSH DMSB1B INST ID BUTTON
IF v THEN 258

REM WAIT FOR FG, TEST CIRCUIT AND DMSA1@ TO SETTLE BY TAKING
REM READINGS UNTIL TWO READINGS ARE WITHIN B.1% OF EACH OTHER
INPUT @D:R

Ri=R

INPUT @D:R ,

IF ABS(R-R1)>R*1.PE-3 THEN 3098

REM R HAS VALUE OF INPUT TO TEST CIRCUIT

PRINT @26:"CONF 4,4,4,4;CLOSE 1,5"

PRINT @D:"CALC DBR;DBR ";R

REM WAIT FOR TWO CONSECUTIVE REARDINGS WITHIN @.1% OF EACH OTHER
INPUT eD:R

R1=R

INPUT @D:R

IF ABS((R-R1)/R)*1.8BE-3 THEN 380

REM R HARS TEST CURCUIT’S GARIN IN DB

PRINT R

REM CHANGE FREQUENCY AND REPEAT MEASUREMENT

H=10xH

IF H{=108808 THEN 2008

END

REM SEVRICE REQUEST INTERRUPT SUBROUTINE

POLL X,Y;D;S

REM CHECK FOR USER REQUEST INTERRUPT GENERATED BY PUSHING INST ID
IF vY=67 OR Y=83 THEN 538

RETURN

REM CLEAR FLAG TO INDICATE THAT USER HAS PUSHED ID BUTTON
V=g

RETURN
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Program Example 6:

1 REM DAC TEST USING DMS@1@ AND MIS@18 WITH 58M30 DIGITAL 10 CARD
99 REM D = ADDRESS OF DMS@iB, M = ADDRESS OF MIS@1@, C = CARD SLOT

D=16

M=23

C=1

ON SRQ THEN 1600
DIM R(256)

PRINT @D:"INIT;DCY 28;MODE TRIG;DIGIT 32.5"
PRINT @M:“INIT;SEL ";C;";CHA 1"

FOR K=8 TO 255

REM QUTPUT K TO DAC UNDER TEST

PRINT @1:"DATA ";K;";DATA?"

REM WAIT FOR MIS@18 TO SETTLE BY READING RESPONSE TO DARTA QUERY

INPUT @M:K$

REM TRIGGER DMS@1iP AND RERD VOL.TAGE FROM DAC UNDER TEST

INPUT @D:R(K+1)
NEXT K

REM DATA IN ARRAY R IS READY FOR PROCESSING

END

REM SERVICE REQUEST INTERRUPT SUBROUTINE

1000 POLL X,Y;D;M
1816 RETURN

Prog

1 RE

ram Exampie 7:

M MONITOR LINE VOLTAGES

99 REM D = ADDRESS OF DMSBLB

108

D=16

119 ON SRQ THEN 100@

120 PRINT @D:"INIT;RACV;LIMITS 185, 126;MONITOR ON"

132 REM PLACE MAIN PROGRAM HERE
158 GO TO 138

1668 END

999 REM SERVICE REQUEST INTERRUPT SUBROUTINE
1868 POLL X,Y;D

18@S PRINT Y

16@G REM TEST STATUS BYTE FOR BELOW LIMITS
1818 Z$="BEL OW"

1828 IF Y=193 OR Y=203 THEN 1868
1829 REM TEST FOR ARBOVE LIMITS
1838 2%="ABOVL"

1648 IF v=195 OR Y=211 THEN 1060
1844 REM TEST FOR OVERRANGE

1845 IF Y=182 OR Y=118 THEN 1118
1858 RETURN

1068 PRINT @D:"DATAR"

1870 INPUT @D:W

1880 PRINT W;“ IS “;2%;" LIMITS"
18398 RETURN

1118 PRINT "OVER-RANGE"

1120 RETURN

3-34

ADD JAN 1982



Programming—DM 5010

Program Example 8:

1 REM AN EXAMPLE OF DOING TWO UNRELATED TASKS

2 REM MAIN PROGRAM LISTS A TAPE FILE ONTO A PRINTER AT RADDRESS P
3 REM INTERRUPT SUBROUTINE FINDS MAXIMUM VOLTRGE USING DMSO16
1088 INIT

183 REM D = ADDRESS OF DMS@18, P = ADDRESS OF PRINTER
118 p=16

115 P=48

126 ON SRQ THEN 1900

138 PRINT @0: " INIT"

14 INPUT @D:M

158 PRINT @D:"OPC ON"

168 PRINT "ENTER FILE NUMBER TO BE LISTED"

170 INPUT F

180 FIND F

199 E=1

200 ON EOF (8) THEN Soa

2180 GO TO 238

228 PRINT @40:A%

230 INPUT @33:R%

240 IF E THEN 228

258 PRINT "DOMNE WITH FILE “;F

268 PRINT "MAX VOLTAGE IS ;M

278 GO TO 1608

493 REM END OF FILE INTERRUPT SUBROUTIMNE

S0 E=8

518 RETURN

993 REM SERVICE REQUEST INTERRUPT SUBROUTINE

1002 POLL X,Y;D

1005 REM TEST FOR OPERATION COMPLETE

1818 IF Y=66 OR Y=B2 THEN 1830

1820 RETURN

1829 REM INPUT RERADING FROM DM AND COMPARE TO PREVIOUS MRXIMUM
1830 INPUT @D:M1

1848 IF M1(=M THEN 1068

1849 REM NEW READING IS NEW MAXIMUM

1858 M=M1

1868 RETURN
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Program Example 9:

1 REM POLL FOR MNORMAL DEVICE DEPENDENT STATUS

3 GO TO 168

4 REM USER DEFINABLE KEY #1 SENDS GROUP EXECUTE TRIGGER TO DMSB10

S WBYTE @D+32,8,63:

7 RETURN

19 REM USER DEFINARBLE KEY #5 DOES AN ERROR QUERY

28 PRINT @D:"ERR?"
21 INPUT @D:R%

22 PRINT

23 PRINT A%

24 RETURN

93 REM D = ADDRESS OF DMSB@10

180 D=16

189 REM DO SERIAL POLL TO CLEAR POMER ON SERVICE REQUEST

118 POLL X,Y;D
119 REM DISABLE SERVICE REQUESTS

120 PRINT

129 REM S = PREVIOUS STRTUS, 51 = PRESENT STRTUS

132 5+
148 S1=5

144 REM DO SERIAL POLL WITH WBYTE TO GET DEVICE DEPENDENT STATUS

@D: "INIT; DT TRIG;RQS OFF"

145 SET NOKEY

158 WBYTE
168 RBYTE
178 WBYTE

€24, D+64;
s
€z5,95:

175 SET KEY

178 REM IF MNEW STATUS IS SAME AS OLD STATUS THEN PRINT VERTICAL TAB
179 REM S0 THAT STATUS MESSAGE WILL APPEAR BRIGHT

180 IF S<>5"; THEN 2098

199 PRINT

"y

1938 REM DECODE STATUS BYTE
199 REM TEST FOR READING READY

208 IF S=132 OR 5=148 OR S=14P OR 5=156 THEN 300

283 REM TEST FOR WAITING FOR TRIGGER
218 IF S5=136 OR S=152 THEN 258

219 REM TEST FOR COMVERSION IN PROGRESS
228 IF 5=128 OR S=144 THEN 289

238 PRINT
248 GO TO
25a PRINT
278 GO TO
288 PRINT
29% GO TG
300 INPUT
3180 PRINT
3B GO TO

3-36

S;" UNEXPECTED STATUS BYTE™
148

S;" WARITING FOR TRIGGER"
141

5;" CONVERSION IN PROGRESS™
148

eD:R

S;" READING IS ":R

148

ADD JAN 1982



Section 4—DM 5010

THEORY OF OPERATION

BLOCK DIAGRAM DESCRIPTION

This discussion is provided to aid in understanding the over-
all concept of the DM5010 Programmable Digital
Muitimeter. The basic block diagram of the DM 5010 in Sec-
tion 10, Diagrams and Circuit Board lllustrations, should be
followed when reading the Block Description.

General Description

The DM 5010 Programmable Digital Multimeter is a
microprocessor based GPIB programmabile instrument de-
signed to operate in any two adjacent compartments of a
TM 5000-Series power module. It has dual-poiarity floating-
voltage measurement capabilities as well as the ability to
offset or null resistance and voltage measurements under
user control. it uses a charge balancing technique to convert
the analog input signais to digital data for storage and
processing.

To understand how the DM 5010 functions, some con-
cepts and techniques implemented in the instrument are ex-
plained at this point. These concepts shouid be understood
before proceeding to the block diagram and detailed circuit
descriptions in this section.

Isolation

The floating measurement capability allows the DM 5010
to accurately measure voltages referenced to a point other
than DMM chassis ground. To accomplish this, the
DM 5010 implements an isolation scheme. The TM 5000
power module supplies power to the analog and isclated
sections through a transformer to electriclaly isolate it from
the chassis ground. The reqguired data and control signals
to/from this section are transmitted via opto-isolators, com-
pleting the isolation scheme. Isolating the “front-end”,
where the critical portion of the measurement process o¢-
curs, from chassis ground eliminates many problems inher-
ent in ground-related measurement techniques.

Charge Balancing

The DM 5010 Programmable Digital Multimeter operates
on the principle that each of its various measurement modes
{dc volts, ac volts, Ohms, etc.) may, through proper input
conditioning, be translated into a dc voltage representing
the conditions present at the instruments inputs. After input
conditioning, four major tasks remain:
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1. conversion of the representative voltage to a digital
form that may be stored and manipuiated as necessary,

2. keeping track of measurement specifics {i.e.. type,
range, etc.);

3. performing any secondary conditioning or algorithms
dependent on 2, above, and;

4. presenting the resultant measurement data to the
user in a visible display or, if desired, to another device in
some inteliigent format.

The latter three functions are performed and controlled
mostly by microprocessor and GPIB circuitry and are de-
scribed more fully later in this section. In this instrument, the
conversion of step 1 is performed using the charge-balanc-
ing A/D conversion technigue.

Charge balancing conversion operates on the following
principle. An unknown (voltage-dependent) current | inject-
ed into an integrator's input causes the integrator’'s output
to charge away from its initial value at some unknown rate.
Similarly, either injecting or removing a known net current
Dot retin OT Troe ror our @1 the input node causes the integrators
output to integrate down and up, respectively, at a known
rate. If the unknown current and one of the known net cur-
rents (either injected or removed) are applied to the node
simuitaneously, the integrators output charges at a rate de-
termined by the sum of the currents. If the reference cur-
rents lnat rof in @Nd lpgt rof oyt @re chosen to aiways be
greater in magnitude than any allowed value of |, the inte-
grators output charges in the direction established by the
reference current switched into the summing mode. Charge

rate is established BY |, or i or o + Ui

A conversion is accomplished by keeping track of the
time required in each of its |, ., + |,, charge mades to keep
the integrators output near a predetermined zero-reference
voltage. By attaching a comparator to the zero-reference
voltage and to the output of the integrator, it may be deter-
mined whether the integrators output is above or below the
zero-reference. By adding or subtracting ciock pulses to a
counter in response to the comparator output, a numerical
representation of the net time required by |, ., to balance
the effect of | on the integrator capacitor is generated. The
system microprocessor translates the numerical resuits into
a meaningful data format for display to the user.
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At the beginning of a conversion, an Auto-Zero period is
initiated in which a zero-reference voitage is stored by the
converter. This voltage is compared to the output of the
integrator during actual signal measurement and represents
a zero-volt input.

After the zero reference has been established, the input
current is switched into the node. This current and I, .,
cause the integrators output to integrate up toward the
zero-reference voltage at a rate determined by !, ..+ |,
For input voltages =< the full scale voitage, the integrator
output will cross the zero-reference voltage in less than four
measurement intervals. After the zero-reference voitage
crossing and a new polarity determination is made, the con-
trol logic switches the reference current’s direction (and thus
the direction of integration).

The measurement interval consists of 18 clock cycles,
which ailow the integrators output to charge somewhat be-
yond the zero-reference voitage before charge direction is
reversed. During this charging process, each clock is added
to or subtracted from the contents of a counter depending
on the output state of the comparator.

The integrators output now charges back toward the
zero-reference at a rate determined by I, ... + |, it may
take less than one or up to several hundred measurement
intervais for the integrator output to again cross the zero-
reference voltage. After the comparator detects the cross-
ing and a new polarity determination is made, charge
direction is reversed at the beginning of the next measure-
ment interval. This process of charging toward the thresh-
old, beyond the threshold, and then reversing direction to
charge back toward the threshold repeats until the pre-
scribed number of measurement intervals is complete. Dur-
ing this time. the accumulated count in the up/down counter
is being added to or subtracted from, depending on the out-
put state of the comparator (ICOMP). When the last mea-
surement interval is complete, the accumulated clocks in the
counter are representative of the A/D converters input.

Microprocessor

The implementation of a microprocessor in the DM 5010
substantially reduces its hardware requirements and in-
creases its flexibility and capability. Microprocessor sys-
tems use bus-structured architecture. A general description
follows.

At any given time in a microprocessor system, many
*pieces” of information may be present at various physical
locations within the system. This information may include
the instructions for the microprocessor to perform some
process, constants and algorithms for that process, inter-
mediate and final results for the process, control and switch-
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ing information, “locations” of certain information, etc. Of
these types of information, most are stored (at least tempo-
rarily} in the form of “data” at an “address’ or as some type
of control signal or ievel.

The microprocessor uses busses to control the flow of
data and program execution. A bus is a group of signal lines
dedicated to a data transfer or program control function. It
is connected to allow bidirectional data transfer or control
over two or more devices using the same signal paths for
any two of the transfers or control functions.

The data bus is the group of eight signal lines in the
DM 5010, dedicated to transferring data in a standard for-
mat between the microprocessor and the other devices on
the bus.

The address bus is another group of signal lines dedi-
cated solely to “addressing” (selecting) the device that the
microprocessor wants to communicate with (data transfer
via the data bus). Address-decoding circuitry makes the de-
vices on the data bus respond only to their proper
address{es).

The remaining lines associated directly with the micro-
processor IC {with the exception of power supply and clock
signals) comprise the control bus. These signal lines allow
the processor to control certain system functions and allow
certain conditions within the system to alter processor
operation.

The bus configuration employed in processor-oriented
systems allows great flexibility when implementing hard-
ware. Since system operation is under “firmware” control,
functions that normally require large amounts of dedicated
circuitry may be performed by a general block operating in
several different modes.

Another characteristic of processor-oriented systems is
the ability to perform caiculations. Some parameters may
not be measured directly with a multimeter, and a series of
calculations must be performed to arrive at the desired re-
sult. The DM 5010 has the capability of performing some
frequently used calculations, giving the user the abiiity tc
“directly” measure these parameters.

GPIB

The GPIB (General Purpose Interface Bus) circuitry of
the DM 5010 provides a communication link to other GPIB
compatible instruments. This communication link allows the
DM 5010 to be programmed to operate in any of its mea-
surement modes and then to transfer the results of that
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measurement to any other assigned instrument on the GPIB
bus. The DM 5010's GP!B circuitry adheres to IEEE Stan-
dard 488-1978 and will be described later in this section.

Block Description

The following bilock description uses the Block Diagram
in Section 10 at the rear of this manual. Each major block of
circuitry is assigned a name according to its primary func-
tion. The diamond numbers within a block represent the dia-
gram({s) on which the complete circuit may be found. Only
the basic interconnections between the individual blocks are
shown.

As previously mentioned, the circuitry of the DM 5010 is
divided into two distinct sections, depending on how the
devices within each section receive their power. The block
diagram indicates the division between the Grounded Sec-
tion and the isolated Section.

The power for the circuitry in the Grounded Section is
derived from the Grounded Power Supplies. These supplies
are powered from the TM 5000-Series power module and
regulated to meet the requirements of the DM 5010.

The power required for the circuitry in the Isofated Sec-
tion is tranferred from the power module to the Isolated
Power Supplies through a transformer. The Transformer
Drive circuitry switches the power-module current through
the transformer at a frequency synchronized to the analog-
to-digital conversion process to minimize the noise error
caused by power supply ripple in the Isclated Section.

Power is transferred to the Isolated Power Supplies, and
the Isolated Reguiators stage reqQulates the power to the
levels required by the rest of the Isolated Section.

The Input Switch stage allows analog signals from either
the front panel or the rear interface input to be selected for
measurement.

The selected input is applied to either the DCV Signal
Conditioner, RMS, or Ohms Converter circuits where the
applied input is translated into a representative dc voltage.
The Range Control circuitry provides the gain and attenu-
ation switching necessary to accommodate the various
ranges of the AMS, DCV Signal Conditioner, and Ohms
circuits.

Depending on the mode of operation, the d¢ ocutput from
either the input switch, RMS Converter, or Ohms Converter
is applied to the DCV Signal Conditioner as determined by
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the Function Switch. The Attenuator and DCV Signal Condi-
tioner provide attenuation or gain factors and scaie the input
signal to fall within the A/D converters input range. The A/D
converter uses a charge palancing conversion technigue to
convert the applied analog dc input to a corresponding digi-
tal equivalent.

As the conversion takes place, the A/D converter gener-
ates a count direction control signal defining the input condi-
tions. As this signal is generated, it is transferred via an
opto-isolator to the Grounded Section and is used to main-
tain control of the on-going conversion. The remaining opto-
isolators transfer control information from the Grounded
Section to the Isolated Section to set up the range switching
and to control the A/D conversion process.

The microprocessor is the controi center for all activity in
the instrument. It is a time-dependent device and most func-
tional blocks are synchronized to it, either directly or indi-
rectly, shortly after power-up. The Timing Logic, together
with the Control Logic, develops the proper time-dependent
legic signals for the A/D conversion circuitry on both sides
of the opto-isolators. The Timing Logic also drives the
Transformer Drive circuitry at a rate that makes the A/D
conversion most immune to power supply noise.

The Data circuitry consists of a counter that keeps track
of clock pulses under the direction of the count-direction
control signal generated during an A/D conversion. The sig-
nal originates in the A/D Converter in the Isolated Section
and is passed through the opto-isolators and the Control
Logic to the Data counter where it controls the count direc-
tion of an up/down counter. From there, this binary-coded
counter data is transferrerd one bit at a time onto the data
bus via the block labeled Miscellaneous Buffer. This sequen-
tial data string, representing the conditions at the instru-
ments inputs, i$ read by the Microprocessor. Then the
processar performs the manipulations necessary to bring it
to the desired format for display or transfer over the GPIB.

With the exception of some front-panel circuitry and a
battery circuit, the remainder of the circuitry in the instru-
ment is directly connected to the microprocessor's adadress
or data busses.

The Address Decode and Logic circuits decode certain
addresses or groups of addresses output from the proces-
sor on its address bus. When output by the processor, they
enabie specific blocks of circuitry to communicate with the
processor. There are many discrete enabling lines involved
with the Address Decode; they are shown on the Block Dia-
gram as being returned back onto the address bus. These
enable lines may be thought of as an extension of the ad-
dress bus. Due to the multipiicity of devices requiring micro-
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processor addressing, an Address Bus Buffer stage is
necessary to increase current drive capability.

The Data Bus Buffer serves much the same purpose but
is bidirectional; i.e., it buffers data signals both from and to
the microprocessor.

The ROM circuitry contains the instruments operational
firmware that telis the Microprocessor how to control and
perform instrument functions. Many functions the processor
performs require some way to temporarily store data and
read it back later. The RAM serves this purpose.

A special CMOS RAM is used to store “calibration
constants” for the instrument. During adjustment of the in-
strument, specific signals are applied to its inputs and the
microprocessor is “told” what the readings it is receiving
from the D/A converter represent. Constants are derived
from this data and are stored in the CMOS RAM. This mem-
ory may only be changed during the adjustment procedure.
The Battery circuit connected to the CMOS RAM ensures
that these constants are maintained when instrument power
is turned off.

The Front-Panel Control biock provides the circuitry nec-
essary for the microprocessor to read information from the

user-selectable Front-Panel Switches as well as the ability
to present measurement data and some status information
back to the user via the Front-Panel Display. The Front-
Panel Drive circuitry provides the current drive necessary to
iluminate the various devices of the Front-Panel Display.

The GPIB (General Purpose Interface Bus) circuitry en-
ables the DM 5010 to communicate with other GPIB-com-
patible instruments. By using an external controiler, other
GPIB instruments may receive measurement information
from the DM 5010 or may send measurement related
instructions to it. This ailows the DM 5010 to change mea-
surement modes and send the measurement resuits to a
desired instrument without operator intervention.

When a GP!B controiler addresses an instrument on the
GPIB, the microprocessor fooks at the DM 5010’s Switches
block to see if it is supposed to respond. These Switches
may be set by the user to define which GPIB address the
DM 5010 will recognize.

One of the Switches, when set, stops all normai oper-
ation of the DM 5010. This is its signature analysis mode,
and signature analysis troubleshooting may be performed
on the instrument. By disconnecting the Data Bus Buffer
from the Microprocessor and connecting the NOP (no-oper-
ation) Buffer in its place, a more rudimentary form of
troubleshooting may be performed.

DETAILED CIRCUIT DESCRIPTION

The following description provides detailed information
about the circuitry of the DM 5010. The diamond number(s)
preceding the individual descriptions indicate the specific
diagram{s) being explained by that description.

INPUT SWITCH (>

The Input Switch determines whether the analog signal
applied to the DM 5010's front-panel inputs or the signal
from the analog inputs at its rear interface connector is mea-
sured. Depending on the range of the measurement being
made, the input is attenuated by an appropriate factor to
prescale the signal and protect the various input circuits
from overvoltage conditions.

With no current through relay K1631, the front-panel in-
puts HIGH, LOW, and GUARD are selected for measure-

ment. Guard switch 31731 allows the user to select the
guard configuration most suited for his measurement re-
guirements. Resistor R1626 providaes a known impedance
of 1 MQ between the GUARD and LOW inputs with the
Guard switch open. Refer to the Operating Instructions in
Section 2 for specifics concerning use of the GUARD input.
The internal Guard is connected to the rear LO when using
the rear interface inputs.

With the low (—27 V) applied to K1631-4, indicating that
measurements should be taken from the rear interface con-
nector, current to activate the relay flows through both
R1613 and CR1621. Once activated, the current path
through R1831 is opened and only the smaller current nec-
essary to keep the relay activated flows in the relay via
CR1621 and R1615.
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ATTENUATOR D

The input signal to be measured passes through a resis-
tive attenuator network that prescales the analog signal to
fall within the input circuitry’s dynamic range. Attenuation
factors of 1 and 100 are controlled by ciosing contacts of
relays K1527, K1425, and K1525 as shown in Fig. 4-1 and
Tables 10-2 and 10-5 in the pull out pages.

OVERVOLTAGE PROTECTION AND FUNC-
TION SWITCHING @

All measurement modes of the DM 5010 require that
some type of conditioning be performed on the input signal
before an A/D conversion is performed. In each case, the
input conditions are converted to a representative dc volt-
age level by the appropriate conditioning circuitry and are
then applied to the DCV Signal Conditioner where some
range-dependent gain factor is applied to the signal. This
resultant prescaled signal is the basis for all A/D conver-
sions and. along with the various mode, attenuation, and

Theory of Operation—DM 5010

gain factors set by the microprocessor, represents the input
conditions.

This stage selects the appropriate conditioning circuit
output and routes it to the DCV Signal Conditioner input. It
also provides overvoltage protection should these signals
exceed the specified input range.

A simplified schematic of the Overvoltage Protection and
Function Switching stage appears in Fig. 4-2. Each of the
FET switches connects either an individual function or the
high quality ground reference to the DCV Signal Conditioner
when closed. Refer to Tables 10-2 and 10-5 in the pull out
pages for mode-dependent function and range switch
settings.

Transistors Q1327 and Q1323 connected as diodes pre-
vent the input voltage applied to FET switch Q1319 from
exceeding ~ + 23 volts and — 23 voits, respectively. Similar-
ly, transistors Q1321 and Q1322 prevent the output voltage
of the Ohms Converter from exceeding the same voltages.

R1837 R1521
MIGH N o o e 0 FUNCTION
FROM INPUT 7 SWITCH H1
SWITCH K15275
LoV
FROM INPUT >—D>
SW1TCH
A, ATTENUATION FACTOR = 1, INPUT IMPEDANCE12'°R
R1637 R1427 10
HIGH 2en 9.9M0 108K1 FUNCTION
FROM INPUT SWITCH
SWITCH K15255 K14255 HI
R1429
182K0
LoV — —
FROM INPUT
SWITCH
B. ATTENUATION FACTOR = 180, INPUT IMPEDANCE = 18 MR
2994.08

Fig. 4-1. Attenuator.
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> ATTENUATOR L . )
EXTERNAL
CONNECTORS NI ot 501319
[
a2y -22v
Qr32t Q1222
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CONVERTER —VWViA——4 .
R1331
OHMS
S
b
G
M3s
RMS
CONVERTER F—VWW—
R1215 RMS 0
s 4
Q217
HIGH
QUALITY
GROUND R1418 AUTQO-ZEROD 0 10
S oCyv
c - S ICNAL
Q1317 CONDITIONER

2994.10

Fig. 4-2. Simplified overvoltage protection and function switching.

DCV SIGNAL CONDITIONER @

The DCV Signal Conditioner provides range-dependent
gain for the various dc mode-dependent signals applied to it.
Figure 4-3 shows a simplified diagram of the buffer ampilifier
Table 4-1 shows the states of the buffer amplifier.

gain of the buffer amplifier is set depending on which of the
FET switches are turned on by a high at their gates.
Feedback to the inverting input of the operational amplifier
is through either Q1112 or Q1105 while forward attenuation
of the signal to the A/D converter is determined by Q1114
for Q1106. Dicdes CR1221 and CR1223 prevent
overdriving the buffer amplifier.

Table 4-1

DCV SIGNAL CONDallT,'IeONER GAIN SETTINGS To ensure linear response of the buffer amplifier over its
input range, a bootstrap buffer is used to make the buffer
FET Gain of the Buffer Amplitier amplifier supply voltages track its input. This has the effect
Switch 10 1 0.1 of making U1210 operate at the middle of its range, avoiding
the linearity problems encountered when the output ap-
Q1105 ON OFF OFF proaches one of the supply voltages. By making the gate
Q1106 OFF OFF ON bias of the various FET switches also track the input volt-
age, proper bias is maintained and current leakage through
Q1112 OFF ON ON the FETs (and thus the associated error) is minimized. A
simplified schematic of the bootstrap buffer is shown in Fig.

Q1114 ON ON OFF 4-4

The Function Switch directs the mode-dependent dc level
to the noninverting input of U1210, the buffer amplifier. The

4-6

The input to the bootstrap buffer, pin 3 of U1110, is con-
nected to the inverting input of U1210 and is therefore at the
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FROM
FUNCTION
SWITCH

TO UN1g-3
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% Q1126
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299411

Fig. 4-3. Simplified DCV signal conditioner buffer amplifier.

same voltage as the input of the buffer ampiifier. Operation-
al amplifier U1110 and transistors Q1017 and Q1021 form a
unity gain, noninverting amplifier that tracks the input of the
DCV Signal Conditioner. Hence, the bases of Q1101 and
Q1111 follow the input signal (plus and minus 6.2 volts, re-
spectively, as determined by VR1011 and VR1015). The
emitters of Q11071 and Q1111 {and thus U1210's supplies)
remain +5.5 volts and — 5.5 volts away from the input voit-
age, respectively. Diodes CR1111 and CR1113 aliow the
operational amplifiers supply pins to follow the buffer ampli-
fier input under transient conditions where Q1101 or Q1111
might become reverse biased.

As an example, let the input to the buffer amplifier start
at zero volts. The input to U1110 at pin 3 and. thus, the
buffered output at pin 2 must aiso be at zero volts. Zener
diodes VR1001 and VR1013 along with resistor R1011 bias
transistors Q1001 and Q1015 on, allowing current to flow in
Zener diodes VR1011 and VR1015. This sets the bases of
Q1101 and Q1111 at +6.2 volts and —6.2 volts, respec-
tively. Their emitters, and U1210’s supplies, are at +5.5
volts and —5.5 voits, respectively.

if the input to the buffer amplifier goes to + 15 voits, the
input to the bootstrap buffer also goes to +15 volts. The
output at the emitters of Q1017 and Q1021 goes positive
until the inverting input of U1110 also reaches +15 volts.
The bases of Q1101 and Q1111 go to +21.2 volts and
+8.8 volts, respectively. The supply voltages at their
emitters go to +20.5 volts and +9.5 voits, respectively.
The supply voitages are plus and minus 5.5 volts from the
input voltage of the buffer amplifier, so it is operating in the
middle of its range.

ADD JAN 1982

CHARGE-BALANCING CONVERTER @

The Charge-Balancing Converter is the analog portion of
the A/D Converter and, along with the Control Logic, Timing
Logic, opto-isolators, and Data stages, changes the analog-
dc voltage from the input-conditioning circuits to a digital
representation. It derives its name from the fact that, during
one conversion cycle, the total current added to and sub-
tracted from the input summing node equals zero. Input
buffer U1120 and the charge-balancing IC U1230, along
with their associated components, comprise the Charge-
Balancing Converter stage. Figure 4-5 shows a diagram of
the stage with details of the converter IC added for clarity.
The Block Diagram illustrates the major functional
interconnections used in this description. The Biock Dia-
gram description explains some of the generai charge-bal-
ancing concepts that should be understoocd before
proceeding with this description.

The A/D conversion process is based upon two main
time-dependent pericds calied Auto-Zero and Measure-
ment. The Auto-Zero period involves setting a zero-refer-
ence voltage for the Charge-Balancing Converter. The
actual conversion on the selected input is performed during
the Measurement period. Both are synchronized to the
microprocessor clock by the Timing Logic. Figure 4-6 illus-
trates some of the critical timing for each period of the con-
VErsion process.

Both of the above conversion phases are based on what
are known as measurement intervais. The Timing Logic di-
vides the microprocessor 1 MHz clock down to a 250 kHz
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Fig. 4-4. Simplified DCV signal conditioner bootstrap buffer.
rate. Eighteen of these 250 kHz clock pulses in sequence Auto-Zero
comprise one measurement interval. Some special counters L L
and decoding logic define the beginning, middle, and end of Before a conversion is performed, an initial zero-refer-
each interval and initiate or terminate certain conversion ence voltage (= —2V) must be set. The Function Switch,
functions as shown in Fig. 4-6. under direction of the Function and Range Control circuitry,

switches the input of the DCV Signal Conditioner buffer am-
plifier to the high quality ground to initiate the Auto-Zero
period. The input signal, and the output of input buffer
1120, goes to zero volts.
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IN