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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year
from date of shipment,

Keithiey Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable
batteries, diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective,

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio.
You will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service
facility. Repairs will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the balance of the original warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or
misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeable batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTAERILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PRO-
VIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAIL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS
INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY
PERSON, OR DAMAGE TO PROPERTY.
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Manual Print History

The print history shown below lists the printing dates of all Revisions and Addenda created for this manual. The
Revision Level letter increases alphabetically as the manual underpoes subsequent updates. Addenda, which are
released between Revisions, contain important change information that the user should incorporate immediately into
the manual. Addenda are numbered sequentially. When a new Revision is created, all Addenda associated with the
previous Revision of the manual are incorporated into the new Revision of the manual. Each new Revision includes
a revised copy of this print history page.

Revision C (Document Number 486-901-01) .....coecoiiiiiveniiiiiniieiseenenns December 1991
Revision D (Document Number 486-901-01) ......ccccvevcimnicinninniiniiinnn August 2000

All Keithley product names are trademarks or registered trademarks of Keithley Instruments, Ing,
Other brand and product namnes are trademarks or registered trademarks of their respective holders,



BESCHEINIGUNG DES HERSTELLERS/IMPORTEURS

Hiermit wird bescheinigt, (dap)/das MODEL 486 PICOAMMETER AND MODEL 487 PICOAMMETER/
VOLTAGE SOURCE in Ubereinstimmung mit den Besimmungen der Vig 1046 /1984 funk-entstort ist. Der Deutschen
Bundespost wurde das Inverkehrbringen dieses Gerates angezeigt und die Berechtigung zur Uberprufung der Serie auf
Einhaltung der Bestimmungen eingeraumt.

Die Einhaltung der betreffenden Bestimmungen setzt vordus, daf, (dass) geschirmte Mepleitungen verwendet werden.
Fur die Beschaffung richtiger Mefleitungen ist der Betreiber verantwortlich.

DIESES GERAET WURDE SOWOHL EINZELN ALS AUCH IN EINER ANLAGE, DIE EINEN NORMALEN
ANWENDUNGSFALL NACHBILDET, AUF DIE EINHALTUNG DER FUNK-ENTSTOERBESTIMMUNGEN
GEPRUEFT. EST IS JEDOCH MOEGLICH, DASS DIE FUNK-ENTSTOERBESTIMMUNGEN UNTER
UNGUENSTIGEN UMSTAENDEN BEI ANDEREN GERAFTEKOMBINATIONEN NICHT EINGEHALTEN
WERDEN., FUER DIE EINHALTUNG DER FUNK-ENTSTOERBESTIMMUNGEN SEINER GESAMTEN ANLAGE,
IN DER DIESES GERAET BETRIEBEN WIRD, IST DER BETREIBER VERANTWORTLICH.

Keithley Instrumenfs, Incorporated

CERTIFICATE BY MANUFACTURER/IMPORTER

This is to certify that the MODEL 486 PICOAMMETER AND MODEI, 487 PICOAMMETER/VOLTAGE
SQURCE is shielded against radio interference in accordance with the provisions of Vig 1046 /1984. The German Postal
Services have been advised that this device is being put on the market and that they have been given the right to inspect
the series for compliance with the regulations.

Compliance with applicable regulations depends on the use of shielded cables. It is the user who is responsible for pro-
curing the appropriate cables. ' .

THIS EQUIPMENT HAS BEEN TESTED CONCERNING COMPLIANCE WITH THE RELEVANT RFI PROTEC-
TION REQUIREMENTS BOTH INDIVIDUALLY AND ON SYSTEM LEVEL (TO SIMULATE NORMAL OPERA-
TION CONDITIONS). HOWEVER, IT IS POSSIBLE THAT THESE RFI REQUIREMENTS ARE NOT MET UNDER
CERTAIN UNFAVORABLE CONDITIONS IN OTHER INSTALLATIONS. IT IS THE USER WHO I5 RESPONSI-
BLE FOR COMPLIANCE OF HIS PARTICULAR INSTALLATION.

Keithley Instruments, Incorporated






Safety Precautions

The following safety precautions should be observed before using
this product and any associated instrumentation, Although some in-
struments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read the operating information
carefully before using the product.

The types of product users are:

Responsible body is the individual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that operators are adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuits.

Maintenance personnel perform routine procedures on the product
to keep it operating, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures are described in
the manuai. The procedures explicitly state if the operator may per-
form them. Otherwise, they should be performed only by service
personnel,

Service personnel are trained to work on live circuits, and perform
safe installations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute {ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circuit before
measuring.

Users of this product must be protected from electric shock at all
times. The responsible body must ensure that users are prevented
access and/or insulated from every connection point. In some cases,
connections must be exposed to potential human contact. Product
users in these circumstances must be trained to protect themselves
from the risk of electric shock. If the circuit is capable of operating
at or above 1000 voits, no conductive part of the circuit may be
exposed.

As described in the International Electrotechnical Commission
(IEC) Standard IEC 664, digital multimeter measuring circuits
(e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and 2010) are
Installation Category I1. All other instruments’ signal terminals are
Installation Category I and must not be connected to mains.

Do not connect switching cards directly to unlimited power circuits,
They are intended to be used with impedance limited sources.
NEVER connect switching cards ditectly to AC mains. When con-
necting sources to switching cards, install protective devices to lim-
it fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connect-
ed to a properly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuil under lest.
ALWAYS remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such as installing or removing jumpers.

Do not touch any object that could provide a current path to the
common side of the circuit under test or power line (earth)} ground.
Always make measurements with dry hands while standing on a
dry, insulated surface capable of withstanding the voltage being
measured.



The instrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal levels of the instruments and ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in a product, replace with same type and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.

If you are using a test fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.

Ifa @ screw is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The & symbol on an instrument indicates that the user should re-
fer to the operating instructions located in the manual.

The A symbol on an instrument shows that it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The WARNING heading in a manual explains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty,

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, replacement
components in mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same, Other components
that are not safety related may be purchased from other suppliers as
long as they are equivalent to the original component. (Note that se-
lected parts should be purchased onty through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only, Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument, Products that consist of a circuit board with no
case or chassis {e.g., data acquisition board for installation into a
computer) should never require cleaning if handled according to in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.

Rev.10/99



SAFETY WARNINGS

The following precautions should be observed before us-
ing Model 486/487. Refer to main manual for detailed
safety information and complete operating instructions.

The Model 486/487 is intended for use by qualified per-
sonnel who recognize shock hazards and are familiar
with the safety precautions required to avoid possible in-
jury. Read over the instruction manual carefully before
using the instrument.

Before operating the instrument, make sure the line cord
is connected to a properly grounded power receptacle.

Exercise extreme caution when a shock hazard is present.
Lethal voltages may be present on the fest fixture or the
Model 487 output jacks. The American National Stan-
dards Institute (ANS]) states that a shock hazard exists
when voltage levels greater than 30V RMS or 42.4V peak
are present. A good safety practice is to expect that haz-
ardous voltage is present in any unknown circuit before
measuring.

Inspect the connecting cables, test leads, and jumpers for
possible wear, cracks, or breaks before each use.

For maximum safety, do not touch the Model 487 connec-
tions, test fixture, test cables or connections to any other
instruments while power is applied to the circuit under
test. Turn off all power and discharge all capacitors be-
fore connecting or disconnecting cables or jumpers. Also,
keep the test fixture lid closed while power is applied to
the device under test. Safe operation requires the use of
the lid interlock.

Do not touch any object which could provide a current
path to the common side of the circuit under test or
power line (earth) ground.

Do not exceed the maximum signal levels of the instru-
ment, as shown on the rear panel and as defined in the
specifications and operation section of the instruction
manual.

Connect the@ screw of the test fixture to safety earth
ground using #18 AWG or larger wire.

Instrumentation and accessories should not be connected
to humans.

Maintenance should only be performed by qualified
service personnel. Before performing any maintenance,
disconnect the line cord and all test cables from the in-
strument.

CONTROL SUMMARY

DISPLAY INTENSITY: Selects normal/dim/off display.
LOCAL: Places unit in local and restores front panel key
operation.

MENU: Use with the knob or cursor keys to configure the
following menu items; data store, data recall, I-limit
(Model 487), integration, IEEE-488 bus (bus or talk-only),
defaults, selftest, debug, calibrate, and V-Source calibrate
(Model 487 only).

SHIFT EXIT: Exits MENU or trigger SETUP.

ZERO CHECK: Allows check of offsets, and must be dis-
abled to obtain an input signal measurement.

SHIFT CORRECT: Performs automatic zero correction to
null instrument offsets.

FILTER: Enables or disables the selected filter(s).

SHIFT FILTER SELECT: Use with knob or cursor to select
the filter(s); digital, analog, or digital + analog.

REL: Useto establish a baseline using the displayed read-
ing.

¥ RANGE A: Use range keys to select a lower or higher
current range.
SHIFT AUTO RANGE: Use to enable/disable autorange.

SETUP: Use with knob or cursor keys to configure the fol-
lowing frigger setup items; trigger mode, trigger interval,
trigger delay, and trigger source.

OPERATE: Places V-Source of Model 487 in operate or
standby.

TRIGGER: Press to trigger a reading or start the data
store.

PRESET: Toggles between two preset V-Source values
(Model 487 only).

SHIFT OHMS (V/{1); Press to select V/I Ohms.



TYPICAL CONNECTIONS

(Model 487 shown connected to Model 8002A test fixture)
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CONSIGNES DE SECURITE

1 faut prendre les précautions suivantes avant d'utiliser les mo-
deles 486/487. Veuillez vous reporter au manuel principal qui
contient tous les renseignements sur les consignes de sécurité
ainsi que les directives d’utilisation.

Les modeles 486/487 sont destinés 2 des spécialistes conscients
des dangers de secousse électrique et connaissant les mesures de
prévention a prendre pour éviter tout risque de blessures. Veuil-
lez lire attentivement ce manuel avant d’utiliser "instrument.

Veérifiez, avant d’utiliser I instrurnent, que le cordon soit branché
sur une prise convenablement reliée a la terre.

Redoublez de précautions lorsqu'il existe un risque de secousse
électrique. Des tensions mortelles risquent d’étre présentes au
niveau du circuit d’essais ou des jacks de sortie du modéle 487.
Selon V'institut américain des normes (ANSI), il existe un risque
de secousse électrique lorsque le niveau de la tension dépasse 30V
efficaces on 42,4 VC de tension créte. Il est toujours prudent
de considérer qu'une tension dangereuse est présente dans
tout circuit inconnu avant d’effectuer une mesure.

Examinez |’état des cibles de connexion, des fils d’essais et des
cavaliers pour s’assurer qu’ils ne présentent ni dégits d’usure, ni
craquetures, ni fissures avant chaque essai.

Pour un maximum de sécurité, ne touchez pas les fils du modéle
487, le circuit de mesure, les cibles d’essais, ni les branchements
4 aucun autre instrument lorsque le circuit en cours d’essai est
sous tension. Coupez I’ alimentation en courant et déchargez tous
les condensateurs avant de brancher on de débrancher des cibles.
D faut également veiller 4 ce que le couvercle du circnit de mesure
d’essais reste fermé pendant que I'appareil en cours d’essai est
sous tension. Le verrouillage du couverele est nécessaire pour un
fonctionnement en toute sécurité.

Ne touchez aucun objet susceptible de fournir un chemin con-
ducteur vers le cété commun du circuit en cours d’essai ou ia ter-
re (masse) du circuit d’alimentation.

Ne depassez pas les niveaux maximum de signaux de |’instru-
ment figurant sur le panneau arriére et définis au chapitre carac-
téristiques et fonctionnement de la notice d’utilisation.

Fixez la vis du circuit d’essais 4 ia terre 4 ’aide d’un &l de
jauge 18 AWG ou plus gros.

Instruments et accessoires ne doivent pas étre raccordés 4 des per-
sonfes.

11 ne faut faire exécuter la maintenance que par du personnel spé-
cialisé. Débranchez le cordon d’alimentation et tous les cibles
d’essais de I'instrument avant d’effectuer une quelconque opéra-
tion de maintenance.

RESUME DES COMMANDES

INTENSITE D'AFFICHAGE (DISPLAY INTENSITY) :
Permet de sélectionner : normal/faible/pas d’affichage.
COMMANDE DIRECTE (LOCAL) : Permet de commander di-
rectement 1'appareil et remet en fonctionmement les touches du
pannean d’affichage.

MENU (MENU) : § utilise avec le bouton ou les touches du cur-
seur pour configurer les éléments suivants du menu : mise en
mémoire de données, rappel de données, limite I (modele 487),
intégration, le bus [EFE-488 (voie de transmission ou communi-
cation seulernent), valeurs par défaut, contrble automatique, mise
au point, étalonnage et étalonnage de la source de tension V
(modele 487 seulement).

TOUCHE MAJUSCULE — SORTIE (SHIFT EXIT) : Permet
de sornr du MENU ou de déclencher 'INSTALLATION
{SETUP).

VERIFICATION DU ZERO (ZERO CHECK) : Permet la vén-
fication des décalages et doit étre invalidée pour obtenir le signal
normal de sortie.

TOUCHE MAJUSCULE — CORRECTION {(SHIFT COR-
RECT) : Réalise la mise 4 zéro automatique pour annuler les
décalages des instuments.

FILTRE (FILTER) : Valide ou invalide Ie ou les filtres sélection-
nés,

TOUCHE MAJUSCULE — SELECTION DU FILTRE
(SHIFT FILTER SELECT) . S’ utilise avec le bouton ou e cur-
seur pour sélectionner le(s) filtre(s); numeérique, analogique ou
numérique + analogique.

REL (REL} : Sert 4 érablir une ligne de base en utilisant les indica-
tions affichées.

¥ RANGE & (RANGE) : Utilisez les touches de gamme pour
sélectionner une gamme plus basse ou plus haute.

TOUCHE MAJUSCULE — GAMME AUTOMATIQUE
(SHIFT AUTO RANGE) : 5" wtilise pour valider on invalider le
mode gamme automatique.

INSTALLATION (SETUP) : S’udlise avec un bouton ou les
touches curseurs pour configurer le déclenchement des systémes
de déclenchement suivants : mode décienchement, intervalle de

déclenchement, retard de déclenchement et source de déclenche-
ment.

FONCTIONNEMENT (OPERATE) : Met la source de tension
V du modele 487 en fonctonnement ou en veille,
DECLENCHEMENT (TRIGGER) : Appuyez pour déclencher
une lecture ou démarrer la mise en mémoire des données,

PREREGLAGE (PRESET) : Permet de basculer entre valeurs de
sources de tension V (modéle 487 seulement).

TOQUCHE MAJUSCULE — OHMS (SHIFT OHMS Vi) : Ap-
puyez pour sélectionner V/I ohms.



SCHEMA TYPE DE BRANCHEMENT
(Modele 487 montré branché 4 Ia charge d’essai 8002A)
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SICHERHEITSHINWEISE

Vor dem Gebrauch des Modells 486/487 sollten Sie folgende
Vorkehrungen treffen. Wenden Sie sich hinsichtlich ausfithr-
licher Sicherheitsinformationen und volistindiger Bedierungsan-
weisungen an das Haupthandbuch.

Das Modell 486/487 ist fiir den Gebrauch durch qualifiziertes
Personal ausgelegt, das eine Stromschlaggefahr erkennt und mit
den Sicherheitsvorkehrungen vertraut ist, die zur Verhinderung
einer moglichen Verletzung getroffen werden miissen. Vor dem
Gebrauch des Gerites sollten Sie das Anweisungshandbuch sorg-
filtig Jesen.

Vor Inbetriebnahme des Geriites soilten Sie darauf achten, dad
das Stromkabel mit einer vorschriftsmihig geerdeten Stromquelle
verbunden ist.

Sollte Stromschlaggefabr bestehen, so gehen Sie mit fuberster
Vorsicht vor, Auf der Testvorrichtung oder den Anschliissen des
Modells 487 kénnen tédhiche Spannungen vorhanden sein. Das
American National Standard Institute (ANSI) weist darauf hin,
dak eine Stromschlaggefahr dann besteht, wenn die Spannungs-
werte hoher als 30 Volt RMS oder 42,4 Volt Spitzenleistung be-
tragen. Eine gute Sicherheitsmafinahme ist die Vermu-
tung, dah in jedemn unbekannten Stromkreis vor dem Mes-
sen eine gefihrliche Spannung vorhanden ist.

Prilfen Sie vor jeder Benutzung alle Verbindungskabel, Priifkabel
und Briicken auf mogliche Abnutzung, Risse oder Briiche,

Beriihren Sie zur maximalen Sicherheit keine Anschliisse, Priif-
vorrichtungen, Priifkabel oder Verbindungen zu anderen Ge-
riten, wihrend der zu priifende Stromkreis mit Strom versorgt
wird. Stellen Sie den Strom ab und entladen Sie alle Konden-
satoren, bevor Sie Kabel oder Briicken anschlieben oder trennen.
Halten Sie auberdem den Testanschlufdecke] geschlossen, wih-
rend das zu priifende Gerit mit Strom versorgt wird. Eine sichere
Bedienung bedeutet die Benutzung eines Deckelschiosses.

Beriihren Sie keinen Gegenstand, der eine Stromleitung zur ge-
meinsamen Seite des zu priifenden Stromkreises oder der Strom-
kabelmasse darstellt.

Uberschreiten Sie niche die auf der Riickseite des Gerites vorge-
gebenen Hochstwerte, die auberdem im Kapitel Technische
Daten und Betrieb des Bedienungshandbuchs beschrieben sind.

Verbinden Sie die Schraube des Priifanschiusses mit Hilfe
eines Nr. 18 AWG oder griheren Kabels mit der Masse.

Geriite und Zubehdr soliten nicht an Menschen angeschicssen
werden.

Die Wartung sollte nur durch qualifiziertes Personal vorgenom-
men werden. Vor einer Wartung des Geriites sollten das Stom-
kabel und alle anderen Priifkabel von diesern getrennt werden.

KONTROLILBEGRIFFE

ANZEIGEHEIIIGKEIT (DISPLAY INTENSITY): Wihle
Anzeige normal/abgedunkelt/aus.

LOKAL (LOCAL): Bringt Gerit in Local-Modus und stelit
Frontabdeckungstastenfunktion wieder her.

MENU (MENU): Verwenden Sie diesen Befehl zusammen mit
den Knopf- oder Cursortastens, um folgende Mentidaten abzu-
rufen: Speichern der Daten (data store), Abrufen der Daten (data
recall), I-Grenzwert (Ilimit) (Modell 487), Integration (inte
gration), [EEE-488 Vielfachleitung (nur Vielfachleitung oder
Gespriich), Nullstellungen (defaults), Selbstpriifung (selftest), Ent-
storen {debug), Eichen (calibrate) und Spannungsquelleneichung
(V-Source calibrate) (nur Modell 487).

SHIFT EXIT (SHIFT EXIT): Beenden MENU oder auslésen
SETUP.

NULLPRUFUNG (ZERO CHECK): Erméglicht Priffung der
Abweichungen und muob zum Erhalten einer Eingabesig-
nalmessung unterbrochen werden.

SHIFT CORRECT (SHIFT CORRECT: Fihrt automatsche
Nullkorrektur zur Nulistellung der Geriiteabweichungen durch.
FILTER (FILTER): Betiitigt oder unterbricht das/die gewihite(n)
Filter.

SHIFT FILTER WAHL (SHIFT FILTER SELECT): Verwenden
Sie diesen Befehl zusammen mit Knopf oder Cursor, um die Fil-
ter zu bestimmen; digital, analog oder digital und analog.

REL (REL): Verwenden Sie diesen Befehl, um einen Grundwert
fiir die angezeigte Ablesung festzulegen.

W BERFICH A (RANGE): Benutzen Sie diese Bereichstasten,
um einen niedrigeren oder hdheren Strombereich festzulegen.

SHIFT AUTO-BEREICH (SHIFT AUTO RANGE}: Verwen-
den Sie diesen Befehl, um den Auto-Bereich (autorange) Befehl
zu aktivieren/deaktivieren.

AUFSTELLUNG (SETUP): Verwenden Sie diesen Befehl zu-
sammen mit den Knopf- oder Cursortasten zur Konfiguration fol-
gender Triggerimpulsaufstellungen; Triggermodus, Trigger-
intervall, Triggerverziigerung und Triggerquelle.

BETRIEB (OPERATE): Bringt Spannungsquelle des Modells
487 in Betrieb- oder Standbymodus.

TRIGGER (TRIGGER): Betitigen Sie diese Taste, um eine Ab-
lesung oder die Speicherung von Daten auszulisen.
VORGABE (PRESET). Schaltet zwischen zwei vorgegebenen
Spannungsquellenwerten (nur Modell 487).

SHIFT OHM (VA) {(SHIFT OHMS V/): Driicken Sie diese
Taste, um V/I Ohm zu bestimmen.
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NORME DI SICUREZZA

Le norme di sicurezza seguenti devono essere osservate prima di
usare it modello 486/487. Fate riferimento al manuale principale
per maggiori dettagli sulle norme di sicurezza e le istruzioni per
Iuso.

1l modello 486/487 e’ stato progettato ad uso di personale
qualificato, a conoscenza del rischio di scossa elettrica ed avente
familiarita’ con le precanzioni necessarie per evitare ogni danno
possibile a persone e cose. Leggete attentamente questo manuale
prima di utlizzare lo strumento.

Prima di far funzionare lo strumento, assicuratevi che il cordone
elettrico sia opportunarnente collegato ad una presa di alimenta-
zione con la messa a terra corretta.

Prestate estrema attenzione in situazioni in cui e’ presente il
rischio di scossa efletrica sullo strumento o nel circuito di prova,
in quanto e’ possibile che vi si rilevino tensioni considerate letali
impresse dall’utente. L* ANSI (American National Standard In-
stitute} ricanosce il rischio di scossa elettrica in presenza di ten-
sioni di picco maggiori di 30V RSM 0 42.4V. E’ buona norma
considerare presenti tensioni pericolose in ogni circuito elettrico
SCONSAiLLo.

Controliate 1 cavi di connessione ed i contatti prima dell’uso per
evitare problemi creati da usurs, crepe o rotture.

Per maggior sicurezza, non toccate il circuito ed i cavi di prova, o
un qualsiasi altro strumento una volta applicata corrente al cir-
cuito di prova. Disinserite 1’alimentazione e scaricate tutti i con-
densatori prima di connettere o sconnettere i cavi. Mantenete in-
oltre chiuso il coperchio dell’impianto di prova quando si applica
corrente all’apparecchio che si vuole provare, Per un’operazione
sicura necessario un coperchio che, se aperto, blocchi
automaticamente il passaggio di corrente all’apparecchio.

Non toccate alcun oggetto che possa consentire passaggio di cor-
rente al lato comune del circuito in prova o alla massa (terra) della
linea di tensione.

Non superate I'ingresso di tensione massimo, come spedificato
nell’apposito capitolo sul funzionamento, contenuto in questo
manuale,

Collegate Ia vite dell’ apparecchiatura di prova a massa usan-
do un cavo No.18 AWG o piti spesso.

Gli strumenti e gli accessori non devono mai essere collegati ad
La manutenzicne deve essere eseguita esclusivamente da per-
sonale qualificato. Prima di effettuare alcun lavoro di manuten-
zione scollegate il cavo di linez e tuttd ghi altri cavi di prova dallo
strumento.

RIASSUNTO DEI COMANDI

INDICATORE INTENSITA' (DISPLAY INTENSITY):
Permette la selezione dellz chiarezza dell’indicatore tra nor-
male/chiaro/spento.

LOCALE (LOCAL): Pone il dispositive in uso locale e ripristina
'operativita’ del pannello a tasti.

MENU (MENU): Viene usato tramite la manopola o i tasti del
cursore per scegliere tra: memorizzazione dati, richiamo dati,
limite di corrente (Modello 487), integrazione, connessione
TEEE-488 (connessione o solo speaker), default, test automatico,
debug, calibratura, e calibratura sorgente di tensione. (Solo
modello 487),

SHIFT EXIT (SHIFT EXIT): Esce dal menu e proveca la INF
ZIAIIZZ AZIONE.

CONTROLLO RIPRISTINO (ZERO CHECK): Consente il
controllo degli offset, e deve essere disinserito per ottenere un
segnale normale in uscita,

CORREZIONE SHIFT (SHIFT CORRECT): Effettua
autornaticamente una correzione di ripristino per annullare 1z
tensione di offset dello strumento.

FILTRO (FILTER): Aziona o disinserisce 1 filtri selezionati.
SHIFT SELEZIONE FILTRO (SHIFT FILTER SELECT): Usate
ia manopola o il cursore per scegliere il filro(i): digitale,
analogico, oppure digitale + analogico.

REIL (REL): Usato per stabilire un punto di riferimento usando i
dati mostrati.

V¥ CAMPO DI VARIAZIONE A (RANGE): Usate 1 tasti del
campo di variazione per selezionaire un campo di variazione per
la corrente piui vasto o pit ristretto.

SHIFT CAMPO DI VARIAZIONE AUTOMATICO (SHIFT
AUTO RANGE): Usato per azionare/disinserire il campo di
variazione automatico.

INIZIALIZZ AZIONE (SETUP): Usate la manopolz o i tasti del
cursore per la confignrazione delle seguenti caratteristiche del im-
pulso (trigger); modulo trigger, intervallo, ritardo, e sorgente.
FUNZIONAMENTO (OPERATE}: Rende operativa o mette in
attesa la sorgente di tensione del Modello 487.

IMPULSO (TRIGGER): Premete impulso per ottenere una let-
tura o dare inizio alla memorizzazione dati.

PRESFIEZIONE (PRESET,: Sactta tra le due posizioni cor-
rispondent ai due valori predeterminati per la sorgente di ten-
sione. (Solo Modello 487).

SHIFT OHM (V/) (SHIFT OHMS V/I): Premete per scegliere
1a resistenza in Ohms V/L
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ADVERTENCIAS DE SEGURIDAD

Las precauciones siguientes deben ser observadas antes de usar
los Modelos 486/487. Remitirse al manual principal para infor-
macién detallada de seguridad e instrucciones completas de fun-
ciocnamiento.

Los Modelos 486/487 son para ser usados por perscnal califi-
cado, el cual reconoce los peligros de choque eléctrico y esta fami-
liarizado con las precauciones de seguridad requeridas para evitar
posibles lesiones. Leer cuidadosamente el manual de instruccio-
nes antes de usar el instrumento.

Antes de hacer funcionar el instrumento, asegurarse de que el
cordén de abastecimiento estd conectado a un recepticulo de
energia que tiene conexion correcta a terra.

Tener cuidado extremo cuando hay la posibilidad de choque eléc-
trico. Pueden existir voltajes letales en las clavijes de salida del
Modelo 487 6 en el accesorio de prueba. El Instituto Nacional
Americano de Normas (ANSI) expone que existe un peligro de
choque cuando hay presentes niveles de voltaje de més de 30V
VCM (valor cuadritico medio) o de 42,4V pico. Una buena
practica de seguridad es la de esperar que haya voltajes
peligrosos presentes en cualquier circuito desconocido
antes de medirlo.

Antes de cada uso, inspeccionar si hay desgaste, rajaduras o row-
ras en los cables de conexién, cordones de prueba y puentes.

Para seguridad maxima, no permitir que las conexiones del
Modelo 487, el accesorio de prueba, los cordones o conexiones
de prueba toquen a cualquier otro instrumento mientras esté apli-
cada Ia energia al circuito bajo prueba. Desconectar toda la
energia y descargar todos los condensadores antes de conectar o
desconectar cables o puentes. También, mantener la tapa del ac-
cesorio cerrada mientras la energia esté aplicada durante la prue-
ba. El funcionamiento seguro requiere el uso del entrecierre de la
tapa.

No tocar ningiin cbjeto que pudiera proveer un camino a la co-
rriente al lado comun del circuito bajo prueba o lz tierra de la
linea de energia.

No exceder los niveles méximos de sefial del instrumento, como
se muestra en el panel posterior y segun se define en la seccion de
funcionamiento y las especificaciones del mannal de instruccio-
nes.

Conectar el tornillo @ del accesorio de prueba 4 la tierra de
seguridad usando alambre calibre no. 18 AWG o mayor.

La instrumentacion y los accesorios no deben ser conectados a las
personas.

El mantenimiento debe ser realizado solo por personal calificado.
Antes de realizar cualquier tipo de mantenimiento, desconectar el
cordén de la linea de abastecimiento y todos las cables de pruebas
del instrumento.

SUMARIO DE CONTROL

INTENSIDAD DE PRESENTACION (DISPLAY INTEN-
SITY): Seleccionar presentacién normal/amortiguada/apagada.

LOCAL (LOCAL): Pone a la unidad en accién local y restaura Ia
operacidn de la llave del panel delantero.

MENU (MENU): Se usa con las llaves del cursor o perilla para
configurar lo siguiente: almacenamiento de dates, recuperacién
de datos, limite de corriente (I) (Modelo 487), integracion, barra
[EEE-488 (barra o sdlo voz), sustitucion, autoprueba, elimina-
cién de fallas, calibracién y calibradién de fuente de voltaje (V)
{solo Modelo 487).

CAMBIO SALIDA (SHIFT EXIT): Salida del MENU o activa-
¢ion de Preparacion (SETUP).

COMPROBACION DE CERO (ZERC CHECK): Permite la
comprobacion de desplazamientos y debe ser inhabilitado para ob-
tener una medicion de sefial de entrada.

CORRECCION DE DESPLAZAMIENTO (SHIFT COR-
RECT: Realiza correccién automatica de cero para balancear des-
plazamientos del mstrumento.

FILTRO (FILTER): Habilita o inhabilita el o los filtres seleccio-
nados. '
SELECCION DE FILTRQ (SHIFT FILTER SELECT): Usado
con perilla o cursor para seleccionar el o los filtros digitales, ana-
logicos o digitales + analégicos.

REL (REL): Usado para establecer una linea de base usando la lec-
tura mostrada.

V¥ GAMA A (RANGE): Usa las llaves de gama para seleccionar
una gama de corriente mis alta o mds baja.

CAMBIO GAMA AUTOMATICA (SHIFT AUTO
RANGE): Se usa para habilitarfinhabilitar la gama automatica.
PREPARACION (SETUP): Usado con llaves de cursor o perilla
para configurar las disposiciones siguientes de activacion: moda-
lidad de activacion, intervalo de activacién, demora de activacion,
fuente de activacién.

OPERACION (OPERATE): Sittia la Fuente V del Modelo 487
en Funcionamiento o Espera.

ACTIVACION (TRIGGER): Se deprime para activar una lec-
tura o comenzar al almacenamiento de datos.

PREAJUSTE (PRESET): Qscila entre dos valores de 12 Fuente V
preajustados (sdlo Modelo 487).

CAMBIOS OHMIQS V/C (SHIFT OHMS V/): Se oprime para
selecdonar Qhmics Voltaje Corriente.
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SPECIFICATIONS

AMMETER
ANALOG OUTPUT
Rise Time
ACCURACY (1 Year)* (10%-90%)
18°-26°C Analog Filter
RANGE RESOLUTION +(%rdg+ofiset) OFF ON
2 nA 10 1A 0.3 +500 fA 12 ms 70 ms
20 -nA 100 fA 0.2 + 3pA 4 ms 17 ms
200 pA 1 pA 0.15+ 20 pA 800 ns 4ms
2 pA 10 pA 0,15 + 200 pA -3B0ps 2ms
20 pA 106 pA 0.1 + 2nA 160 ps 370 ps
200 pA 1nA. B+ 20mAY - 160-p8. - 370 s
2 mA 14 nA 0.1 + 200 nA 160 ps 370 ps
*When properly zeroed.

MAXIMUM OVERLOAD: 350V peak on nA ranges and 2pA range; 50V peak on 20pA, 200pA, and 2mA ranges. Ligher voltage sources must be cur-
rent limited at 3maA.
INPUT VOLTAGE BURDEN: <2001V (18°-28°C) for inputs <100pA; <2mV for inputs = 100p4; 20pV/°C temperature coefficient.
TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C): (0,15 x applicable accuracy specification)/ °C.
NMRR: »60dB at 50Hz (LINE 50Hz integration) or 60Hz (LINE 60Hz integration).
ANALOG OUTPUT:
Range: +2V for full range input (non-inverting).
Accuracy: +(2.5% + 3mV); resistive loads >2k£); 18°-28°C.
Impedance: <1000, DC-2kHz.
RANGING: Automatic or manual,
AUTORANGING TIME: <200ms to final range (anaiog filter QFF).

MAXIMUM READING RATES (readings/second):

EXTERNAL TRIGGERED
CONTINUOUS TRIGGER vIA
INTEGRATION INTO INTO IEEE-488
SETTING RESOLUTION DATA STORE DATA STORE BUS**
FAST 4%-Digit 100 180 16
LINE 60Hz 5Y%-Digit 40 44 o 14
LINE 50Hz 5%-Digit 33 38 12
** One-shot on TALK, G7 data format.
VOLTAGE SOURCE (487 only):
ACCURACY TEMPERATURE
RANGE STEP (1 Year) NOISE COEFFICIENT
(maximum SIZE 18°-28°C (p-p)==* 0°-18°C &
value} (typical) +(%setting+offset) 0.1-10Hz 28°-50°C
+505.00V 10 mV 0.15 + 40 mV <1.5 mV 80 ppm + 2 mV/°C
50500V - AL 1 AT eV Rl SOV s B0 BEm - 200RVIC

*** With LO terminal connected to chassis.

SELECTABLE CURRENT LIMIT: 2.5mA +0.5mA or 25pA £5pA.
WIDEBAND NOISE: <30mV p-p 0.1Hz to 20MHz,

TIME STABILITY: +(0.003% + 1mV) over 24 hours at constant temperature.
OUTPUT RESISTANCE: <250,



V/I OHMS (487 only)

Used with voltage seurce; resistance calculated from voltage setting and measured current. V/I OHMS accuracy equals voitage source accuracy
plus ammeter accuracy. Typical accuracy better than 0.6% for readings between 1kQ and 1TG.

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, 8DC, GET, GTL, UNT, UNL, SPE, SPD.

UNILINE COMMANDS: IFC, REN, FOI, SRQ, AFN.

INTERFACE FUNCTIONS: SH1, A1, T5, TED, L4, LEO, SR1, RL1, PPO, 3C1, DT, CO, E1,

PROGRAMMABLE PARAMETERS: All parameters programmable except for IEEE-488 bus address and frequency for line integration.
TRIGGER TO FIRST BYTE: <50ms (trigger on TALK, ATN false to talker DAV true, G7 data format).

GENERAL

DATA STORE and MIN/MAX: Stores up to 512 readings and identifies minimum and maximum reading.
PROGRAMMABLE READING INTERVAL: 10ms to 999.99%s in 1ms increments.
TRIGGER: One-shot or continuous from front panel, IEEE-488 bus, and rear panel BNC.
PROGRAMMADBLE TRIGGER DELAY: 1ms to 999.999s in 1ms increments.
DISPLAY: One ten character plus one eight character alphanumeric LED displays with normal/dim/off intensity control.
MAXIMUM VOLTAGE BETWEEN VOLTAGE SOURCE AND CURRENT METER: 500V DC.
MAXIMUM VOLTAGE BETWEEN CHASSIS AND VOLTAGE SOURCE OR CURRENT METER: 500V DC.
REAR PANEL CONNECTORS:
Input Connector: 3-lug triax.
Analog Output: 5-way binding post.
External Trigger and Meter Complete: BNC connectors.
TEEE-488 Connecior: Chassis grounded.
Voltage Source Output (487 only): 5-way hinding post.
Interlock Connector (487 only): 3-pin minjature DIN.
ENVIRONMENT:
Operating: 0°-50°C, <70% RH up to 35°C; linearly derate 3% RH/°C, up 1o 50°C.
Storage: —25° to 60°C.
WARM-UP: 2 hours to rated accuracy.
POWER: 105-125V AC or 210-250V AC (external switch selectable), 90-110V and 180-220V AC version available. 50Hz or 60Hz, 45VA maximum.
DIMENSIONS, WEIGHT: 90mm high x 213mm wide x 397mm deep (3% in x 8% in x 15% in). Net weight 4.25kg (9.3 [b).

Specifications are subject to change without notice.



Contains general information, including features, unpack-
ing instructions, and a brief description of available acces-
sories.

SECTION 1

General Information

Includes an overview of the front panel and rear panel con-
figuration and basic test procedures. Use this information to
get your Model 486 or 487 up and running as quickly as pos-
sible. '

SECTION 2
Getting Started

This section contains detailed information on operating the
Models 486 and 487 from the front panel.

SECTION 3

Front Panel Operation

Contains information on using the Models 486 and 487 over
the IEEE-488 bus.

SECTION 4
IEEE-488 Reference

Provides the procedures necessary to verify that the Models
486 and 487 are operating within stated specifications.

SECTION 5

Performance Verification

A description of operating principles for the instrument is lo-
cated in this section. The various analog and digital circuits
are explained.

SECTION 6
Theory of Operation

Details maintenance procedures for the Models 486 and 487,
including fuse replacement, calibration and troubleshooting.

SECTION 7

Maintenance

Includes replacement parts information, schematic dia;
and component location drawings for the Model 486 and 487.

SECTION 8

Replaceable Parts







Table of Contents

SECTION 1 — General Information

11
1.2
1.3
1.4
1.5
1.6
1.7
1.8

2.1
2.2
23
231
232
24
2.4.1
242

3.1

3.2

321
3.2.2
323
3.2.4
325
3.26
327
33

34

3.5

351
352
353
354
355
3.5.6
3.6

3.6.1
3.6.2

INT RO D U T N . e e e e e e e e
FE AT RES. . e e e

L TT g oY (T DR (=) ogU=s 2 -
V /1 Ohms Measurements (Model 487) . ... ... it
BASIC TEEE-488 OPERATION . . oot e e e e e e

Line Voltage Setting ... ... o i e e
Fuse Replacement. ... .. ... . e
PoWer COrd . . e e e e e
POWET UP SBQUETIICE vttt ittt e e e
Default Conditions . . . ... .o o e
Line Cycle Integration ... ... ... . . . i e
Warmup Period .. ...
ERROR MESSAGES . .. e e e e e
DATAENTRY; BASIC RULES . ... e e e
CURRENT MEASUREMENTS. . ... e e
CUrTent Ranges . . . ot e
AUOram e . ..o e e
Zero Check and COTrect. .« ... ... .

USING THE VOLTAGE SOURCE (Model 487) . . ... ... e
Test Fixtureand Interlock .. ... ... o e e
Adjusting V-Source Level .. ... .. .. .

2-1
2-1

2-6
2-6

2-11

2-11

3-1

3-10
3-10

3-11




3.6.3
3.64
365
3.6.6
3.7
3.8
3.8.1
382
3.83
3.8.4
3.85
3.8.6
387
3.8.8
3.89
3.8.10
39
3.9.1
3.9.2
393
394
395
3.10
3.10.1
3.10.2
31
3.11.1
3.11.2
3.11.3
3.12
3.13
3.14
3.14.1
3.14.2
3.15
3.15.1
3.15.2
3.16
3.16.1
3.16.2
3.16.3
3.164
3.16.5
3.16.6
3.16.7
3.16.8

L T -

Basic V-Source Operating Procedure. . ....... .o i e
V/TOHMS MEASUREMENTS (Model 487) . . .. ... ittt e eiieiiaa
MENU L e e e
DataRecall. . . ... i e e e e e
LLimit (Model 487) ... ... e
Integration. . ... ... e e e e
IEEE-488 Addressor Talk-Only ......oo oo e
Defaults .. ..o e

Cal VSRC (Model 487} . ...ttt et e e e e et e
FRONT PANEL TRIGGERING ... ... i e
T gger Mode. . .o e e
Trigger Interval. ... ... o e ceeen
Trigger Delay. ... ... e
TE g T SOUTCES . . . ..ot e e e e
Trigger Examples .. ... .. . e e
EXTERNAL TRIGGERING. .. ... i i
External Trigger ..o e e e e
Meter Complete ... . e e
DATASTORE .. oo i i e et e e e
Storing Data at Programmed Intervals . ........ ..o i
Triggering One-shot Readingsinto Data Store .. ... . .. it iiiiiiieiiiiinnns
Recalling Data, ... ..o o i i ettt e
ANALOG OUTPUT. ... e e et e anae e

Measuring Current Generated by an LED . ... ... ... ... o 0 i
Resistivity Tests (Model 487) . ...ttt ettt ettt
SOURCE VOLTAGE /MEASURE CURRENT (Model 487) . .. ... .ot eiaee e
Basic Source V/Measure I Configuration. . ....... ... ..t
Testing 2-Terminal Devices. . ... ... ... . it
MEASUREMENT CONSIDERATIONS . .. ..o it ceaeens
Source Resistance . . ... ... ..o i e e e
Source CapaCtANCE. . . ... ut i r ettt e e et
Triboelectric and PiezoelectricEffects. . ......... .. ... i e
Electrostatic Interference. ......... .. o i e
Thermal EMFEs. . . ... e e e e
Electromagnetic Interference (EMI). . ... ..o i i e
Ground Loops. . ... e e e
Floating Measurements. . ... ...ttt ittt ettt

3-12
3-13
3-13
3-13
3-14
3-16
3-16
3-17
3-18
3-18
3-19
3-19
3-19
3-20
3-20
3-20
3-20
3-20

3-21
3-21
3-21

3-22
3-22

3-23
3-23
3-23
3231
3-24

3-25
325

3-27
3-27
3-27

3-29

3-31
3-31

3-32

3-33
3-33
3-33

3-34

3-35
3-35
3-35
3-35

3-36




SECTION 4 — IEEE-488 Reference

4.1
42
421
422
423
424
425
4.2.6
427
428
429
4.2.10
4211
4212
4213
4.2.14
4215
4.2.16
4217
4218
4219
4220
4221
42722
4.2.23
4224
43
4.3.1
432
433
4.34
4.3.5
436
4.3.7
438
44
4.5
4.6
4.7
4.7.1
472
473
4.8

A-—Display Intensity ... ... .o
B—Reading Source. ... ... e e
C — Zero Check and Zero Cormact. . .. oot i it e e e e e
D DS Play . e e e
F VT ORmS. .
G — Data Format . . o e e e e
H—Hit Control . ... o
TGl Teats . . oo e
K—EOIand Bus Hold-Off . . ... .0 . i e e e

M — SRQ Mask and Serial Poll Byte Format . . ........ ... ... ... . ... .. ..o,
N —Data Store; Armoand Set Size . ... . oot e e e
O — Operate (Model 487) . ... it e e e
el 221 £ =) 4= A
O —Interval . .. e e
R—Range. ... ..o e e

REN (Remote Enable). ... e e e e e e
TEC (Interface Clear) . . ..o v e e e
LLO (Local LoCKOUt). . oottt et e et e e e
GTL(Go ToLocal) and Local .. ...ttt e e e e e e
DCL (Device Clear). . . oo oottt et e e e e e e e e e
SDC (Selective Device Clear) ...ttt e e e e e e
GET (Group Execute THZEET) . . ... 0ottt e i e ieae e
SPE, SPD (Serial POIlNg) . ..ottt e e e
IEEE-488 BUS CONNECTIONS . o o i e e e ettt e e e et

CONTROLLER PROGRAMMING ... ..o i e
FRONT PANEL ASPECTS OF IEEE488 OPERATION ...... ... . i
Front Panel Error Messages. . ... ... .ouu i i
IEEE-488 Status Indicators. . . ... . . e
L AL Ky . e
BUSDATATRANSMISSIONTIMES ....... ..o e,

4-1
4-1

4-6

4-7

4-9

4-10

4-11

4-15

4-16

4-17

4-19

4-21
4-24

4-26

4-27
4-28

4-29

4-30

4-31

4-32

4-38

4-39

4-40

4-41

4-42

4-44
4-44

4-45
4-45
4-45
4-45
4-45

4-46
4-46
4-47
4-48
4-48
4-48
4-50
4-51
4-51




SECTION 5 — Performance Verification

5.1
52
53
5.4
5.5
55.1
5.5.2

6.1

6.2

6.2.1
6.2.2
6.2.3
6.2.4
625
6.2.6
0.3

6.4

6.5

6.5.1
6.5.2
6.5.3
6.5.4
6.6

6.6.1
6.6.2
6.6.3
6.64

.....................................................

REQUIRED TEST EQUIPMENT
VERIFICATION PROCEDURES
Picoammeter Verification

Input Amphfier. ... e
Analog Filter
Multiplexer ... ... e e
FBV ReferenCe . ... o e e e
Analog Outpul .. ... e e
Voltage Source (Model 487). .. ... .ottt e s
ANALOG CONTROL CIRCUITRY. . ..ottt it ettt e e e ittt e eiae e anns
A/D CONVERTER
DIGI AL CIRCUIT S L. e et e e ettt et et
Digital Block Diagram
MiCrocompuier. . ..o e
Display /Keyboard
TEEE-488 Interface
POWERSUPPLIES ... . i e e e et et
AC Line Input . L e e e
15V SUPPHeS . . e e e s
FVY A U PlY L e e
+6.5V Supply

..................................................................

SECTION 7 — Maintenance

7.1
7.2
7.3
7.3.1
7.3.2
733
734
7.3.5
7.3.6
7.4
75
751
7.5.2

....................................................................

.......................................................................

Recommended Calibration Equipment
Environmental Conditions . . ... i i i i e
CAL LOCK St . Lottt e e et e e
Warm-Up Period. .. ... .. e e
Front Panel Calibration

..............................................................

............................................................

.......................................................................

51
51
51
5-1

5-2
5-2

5-4

6-1

6-1

6-2

6-3

6-5
6-5

6-6

6-8

6-9
6-9

6-11

6-12

6-13

6-14
6-14
6-14
6-14

6-14

7-1
7-1
7-1
7-1

7-2
7-2
7-2
7-2

7-6

7-8

79
79

7-11




753
7.54
7.6

7.7

7.7.1
772
773
774
7.7.5
776
777

Front Panel Removal .. ... ..ot e e
Circuit Board Removal. . . .. .o oot e
SPECIAL HANDLING OF STATIC SENSITIVEDEVICES . ... ... oo
TROUBLESHOOTING . ... i i e i i e e en i aaans
Recommended Troubleshooting Equipment .. ... ... ... i
ST L2 X S
Analog Control LINEs . . .. ..ot e
ASD Test MOE . . .ttt e
Troubleshooting Procedures . . ... oot e i i
Input Offset Voltage Adjust. .. ... .t e
Fusible Resistor Replacement . ..... .. ... . i i

SECTION 8 — Replaceable Parts

8.1 L] ) [ () G T
8.2 N 4 S 3 1= P
8.3 ORDERING INFORMATION. . ..ottt e e et aai e g
8.4 FACTORY SERVICE . . ..o it e e s
8.5 SCHEMATIC DIAGRAMS AND COMPONENT LOCATION DRAWINGS ... ................
APPENDICES

A Device-dependent Command Summary . ........ ...
B Interface FuncHon Codes. .. ... ..o i e e e
C ASCII Character Codes and 1IEEE-488 Multiline Interface Command Messages................
D Controller Programs. ... ...t i e e
E TEEE-488 BUs OVeIVIBW . .. ottt it ittt e it te e ittt it en s a et aeme et

7-11
7-11
7-11

7-12
7-12
7-12
7-12

7-13
7-13

7-19
7-19







List of lllustrations

SECTION 2 — Getting Started

Figure 2-1
Figure 2-2
Figure 2-3
Figure 2-4
Figure 2-5
Figure 2-6

Model 486 Front Panel. . . ... e e e ey
Model 487 Front Panel. . .. ... o i i e e
Model 486 Rear Panel. . ..o oo i i e e e e e
Model 487 Rear Panel. . ... ..o i i i e e i s
Conneclions to Measure Gl ent . . .. ... it e it e e
Connections for V/I Ohms Measturements .. ... ..ottty

SECTION 3 — Front Panel Operation

Figure 3-1
Figure 3-2
Figure 3-3
Figure 3-4
Figure 3-5
Figure 3-6
Figure 3-7
Figure 3-8
Figure 3-9
Figure 3-10
Figure 3-11
Figure 3-12
Figure 3-13
Figure 3-14
Figure 3-15
Figure 3-16
Figure 3-17
Figure 3-18
Figure 3-19
Figure 3-20
Figure 3-21
Figure 3-22
Figure 3-23
Figure 3-24

Line Voltage Switchand Line Fuse . ........... .o i i
Data Bntry .o e
Triax Input Connector (3-Lug) . ...
Picoammeter CONNECHONS. . ... .\ttt ittt ettt et iaa it aaeaas
Model 487 V-Source Output Terminals. .. ....... ... ... o i
Interlock ConNectioNS .. ..o v ittt ottt i
Interlock Connections . ... ... it s
V-Source AdjUust . ... ..ot e e
Basic V-Source Connections . ... ... i e
V /1 Ohms Connections (Source VMeasure I} . ... ... i e aaeanens
Trigger Connectors. ... vt e e
External Trigger Pulse Specifications. . ... .. ... ..o i i
Meter Complete Specifications. .. ... .. ..
Typical Analog Qutput Connections. ......... ... i i
Setup for Measure LED Current. . .........oooiii i i
Connections for Resistivity Test .. ... i e
Configuration for Surface Resistivity .......... . ... .0
Configuration for Volume Resistivity ....... ... ... . ooiiiiiii
Simplified Model from Source Resistance and Source Capacitance Effects ................
Triboelectric BHfect . . ... oot e
Piezoelectric BFfect . .. .. .o v i e e e
Multiple Ground Points Createa Ground Loop . ... ..o
Eliminating Ground Loop. . .. ... oi i
Improper Method to make Floating Measurements . ........ ...t

SECTION 4 — IEEE-488 Reference

Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4
Figure 4-5
Figure 4-6
Figure 4-7

ASCII Data Format (G2; Prefix and Suffix). . ..o oo e e
G6 and G7 Binary Data Formats (Counts/Exponent). . ...,
G4 and G5 Binary Data Formats (IEEEStd. 754) . .. ...
Headers For Binary Formats. .. ....... ... i
SRQ Mask and Serial Poll Byte Format. . ...... ... i
U0 Machine Status Word (Factory Defaults Shown). ...t
UL Error Status Word . . .. oo oot e e e e e s

4-11

4-12
4-12

4-13

4-21

4-33

4-34




Figure 4-8
Figure 4-9
Figure 4-10
Figure 4-11
Figure 4-12

U9 Voltage Source Error Status Word . ... .. ... o i i e e
TEEE-488 Commector. ..ot i it as c i i e e
TEEE COmmections. . . .. v vttt o ittt e e ettt e it e e e aa e

SECTION 5 — Performance Verification

Figure 5-1
Figure 5-2

Setup for Picoammeter Verification. . ......... . i e
Setup for Voltage Source Verification (Model 487) . ...... ... ... .. ... iiiiiiiiin..

SECTION 6 — Theory of Operation

Figure 6-1
Figure 6-2
Figure 6-3
Figure 6-4
Figure 6-5
Figure 6-6
Figure 6-7
Figure 6-8
Figure 6-9
Figure 6-10
Figure 6-11
Figure 6-12
Figure 6-13
Figure 6-14
Figure 6-15
Figure 6-16
Figure 6-17

Overall Block DIagram ... ..o it ittt ettt e cian e n e
Simplified Model of Input Amplifier ... ... . i o
Zero Check Configuration ... ittt it e e i e e
Offset Voltage Adjust Circtit . .. ..o e et e
Analog Filter Circtttry ... ...
MU PIeXer L L. e e e e
Multiplexer PRases. .. ... ..ot e e
Analog Output Circuit (Simplified) ... ... e
Simplified Model of V-Source (Model 487) . . ... .. it
Analog Control Clreuitry ... ... e
Control Word . ..o i e i e
A /D Converter Simplified Schematic. . .. ...... .. oot i i
Digital Block Diagram. ... ... i i it e i e
Memory Map . ... e e
Simplified Block Diagram of Serial Port. ... ... .o i e e
Display Block DHagram . ... ..uuuiiit ot ettt et e e et e na i aneennn
Power Supply Block Diagram .. ... ettt e

SECTION 7 — Maintenance

Figure 7-1 Cal Lock SWitch . ..o v ot e e et
Figure 7-2 Setup for Picoammeter Calibration. ... ...... .. . . . i i
Figure 7-3  Setup for Voltage Source Calibration (Model487) .............oo i iiiiiini i
Figure 7-4 EXPIoded VoW ..t e
Figure 7-5 Test Point, R198 and R203 Locations . ..o oo vt it i ettt e it e ettt et eereneaannans
Figure 7-6 Integrator Qutput (Typical) ...t et
APPENDICES

Figure E-1  TEEE-488 Bus Configuration. .. ... ... ittt it i e
Figure E-2  IEEE-488 Handshake Sequence . ... ... ..ot ittt eiiannneaaiens
Figure E-3 Command Codes . .. ... e e e e

4-36

4-44

4-47
4-47
4-47

7-10

7-14

7-17

E-2

E-3

E-6




List of Tables

SECTION 2 — Getting Started

Table 2-1 Abbreviated Command Summary. .. ... e e 2-10

SECTION 3 — Front Panel Operation

Table 3-1 Line Voltage Selection (50-60HZ) . . ... ... o o i i e e 3-1
Table 3-2 Line Fuse Selection . . .. ..o oot e e e e 3-2
Table 3-3 Factory Default Conditions (FrontPanel). ..................... e 3-3
Table 3-4 BrrOr Messages . . . oot e e e e i 3-4
Table 3-5 T o 0 4 O T I 3-5
Table 3-6 Analog Filter Effects. .. ... ... e 3-6
Table 3-7 MOl 487 V-B0UI00 - o ettt et e e e 3-10
Table 3-8 L8 2 = v T U 3-17
Table 3-9 Typical Anatog Output Values . ............. o i 3-26
Table 3-10 Minimum Recommended . ... ... i e 3-33
Table 3-11 Feedback Capacitor (CE)Values, .. ... i e 3-33

SECTION 4 — IEEE-488 Reference

Table 4-1 Device-dependent Command SUMMATY .. .......oiivtt ittt aiaaenreas 4-2

Table 4-2 Typical Bus Holdoff Times ... .o i i 4-18
Table 4-3 Factory Default Conditions. .. ... oo e 4-19
Table 4-4 IEEE Contact Designations . ... ... it iiiiiieri e a i i 4-44
Table 4-5 HP BASIC 4.0 IEEE-488 Statements. . ... ...ttt e 4-48
Table 4-6 TEEE-488 BError Messames. . ..ottt ettt i i 4-49
Table 4-7 Typical Trigger to First Byte Out Times. .. ........ e e e 4-51

SECTION 5 — Performance Verification

Table 5-1 Verification EQUIpment . ... ... .. . e e 5-1
Table 5-2 Picoammeter Verifioation . ... i i i i e e et 5-3

SECTION 6 — Theory of Operation

Table 6-1 Range Relays. .. ... e e 6-2
Table 6-2 Filter Relay SWitching . ... ..o o o e e 6-4

SECTION 7 — Maintenance

Tabie 7-1 Line Fuse Selection. . ... i i e i e et e e e e 7-1
Table 7-2 Calibration Equipment ....... ... i e 7-2
Table 7-3 Picoammeter Calibration. . .. ... .. i i e e i e 7-3
Table 7-4 Recommended Troubleshooting Equipment ......... ... ... .o oo 7-12




Table 7-5 Power Supply Checks .. ..o e e
Table 7-6 Digital Circuitry Checks . ... ..o e e
Table 7-7 Analog Circuitry Checks........ e e e e
Table 7-8 V-Source Checks (Model 487 Only). ...t e,
APPENDICES

Table A-1 Device-dependent Command Summary ... i i
Table B-1 Model 486/487 Interface Function Codes ... . .uiutiriiiiiiii it iiaeans
Table D-1 BASIC Statements Necessary to Send Bus Commands .....................coiiao. ..
Table E-1 IEEE-488 Bus Command SUmmary. ... ... i iniincanenienns
Table E-2 Hexadecimal and Decimal Command Codes .......... ... ..o iiiiiiiiinneanennn...
Table E-3 Typical Addressed Command Sequence ...ttt it
Table E-4 Typical Device-dependent Command Sequence................ .o iiiiiiiee ..
Table E-5 IEEE Command Groups . ... ...ttt it e e ie et ee e nnres

7-14

7-15

7-16

7-18

D-3




SECTION 1

General Information

1.1 INTRODUCTION

This section contains general information about the
Model 486 Picoammeter and the Model 487 Picoamme-
ter/Voltage Source.

1.2 FEATURES
Some important Model 486 /487 features include:

¢ Dual Displays— A 10 character alphanumeric display
used for current readings and front panel messages,
and a smaller 8 character alphanumeric display for
front panel messages and the voltage source setting of
the Model 487.

» Zero Correct — Used to cancel internal offsets.

¢ Relative (REL) — Used to establish baselines.

e Data Store-—Canstore up to512 readingsand is acces-
sible over the bus or from the front panel.

¢ User Programmed Default Conditions ~— Establish
present operating setup conditions as power-up de-
fault conditions.

¢ Talk-Only — From the front panel, set instrument to
send readings over the bus to a listen-only device,
such as a printer.

e V/I ohms resistance measurements up to 50PQ
(Model 487 only).

» Preset (Model 487) toggles between preset V-source
values

1.3 WARRANTY INFORMATION

Warranty information is located on the inside front cover
of this instruction manual. Should your Model 486 /487
require warranty service, contact the Keithley represen-
tative or authorized repair facility in your area for further
information. When returning the instrument for repair,
be sure to fill out and include the service form at the back
of this manual in order to provide the repair facility with
the necessary information.

1.4 MANUAL ADDENDA

Any improvements or changes concerning the instru-
ment or manual will be explained in an addendum in-
cluded with the manual. Be sure to note these changes
and incorporate them into the manual.

1.5 SAFETY SYMBOLS and TERMS

The following symbols and terms may be found onan in-
strument or used in this manual.

'I‘heA symbol on an instrument indicates that the user
should refer to the operating instructions located in the
Instruction manual.

The WARNING heading used in this manual explains
dangers that might result in personal injury or death. Al-
ways read the associated information very carefully be-

fore performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the instrument. Such damage
may invalidate the warranty.

1.6 SPECIFICATIONS

Model 486/487 specifications may be found at the front
of this manual.

1.7 INSPECTION

The Model 486/487 was carefully inspected, both electri-
cally and mechanically before shipment. After unpack-
ing all items from the shipping carton, check for any obvi-
ous signs of physical damage that may have occurred
during transit. Report any damage to the shipping agent
immediately. Save the original packing carton for possi-
ble future reshipment. The following items are included
with every Model 486/487 order:

1-1
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s Model 486 Picoammeter or Model 487 Picoammeter/
Voltage Source.

Model 486 /487 Instruction Manual.

Model 236-ILC-3 Interlock Cable (Model 487 oniy)
Model 237-ALG-2 Triax to Alligator-clip Cable.
Quick Reference Guide

Additional Accessories as ordered.

® & & & 9

If an additional instruction manual is required, order the
manual package, Keithley part number 486-901-00. The
manual package includes an instruction manual and any
pertinent addenda.

1.8 OPTIONAL ACCESSORIES

The following accessories are available from Keithley for
use with the Model 486/487.

Model 4288-1 Single Fixed Rack Mount Kit — Mounts a sin-
gle Model 486 /487 in a standard 19 inch rack.

Model 4288-2 Dual Fixed Rack Mount Kit — Mounts two
Model 486/487s in a standard 19 inch rack.

Model 6105 Resistivity Chamber — Use with the Model 487
to measure the volume and surface resistivity of test sam-
ples. Accommodates sheet samples 64 to 102mm (2.5 {0 4
in.) in diameter and up to 6.4mm (0.25 in.) thick.

1-2

Model 6171 3-slot to 2-lug Triax Adapter — Adapts INPUT
connector for 2-slot triax cables.

Model 7007 Shielded IEEE-488 Cnbles — Connects the
Model 486 /487 to the IEEE-488 bus using shielded cables
to reduce electromagnetic interference (EMI). The Model
7007-1 is one meter in length and has an EMI shielded
IEEE-488 connector at each end. The Model 7007-2 is
identical to the Model 7007-1, butis two meters in length.

Model 7078-TRX Triaxial Cables — Low noise cables termi-
nated with 3-slot male friaxial connectors. The Model
7078-TRX-3 is 09m (3 ft) in length, the Model
7078-TRX-10 is 3m (10 ft.) in length, and the Model
7078-TRX-20 is 6m (20 ft.) in length.

Model 8002A High Resistance Test Fixture — Use with the
Model 487 to make high resistance (V/I) measurements.
The Model 8002 is designed to minimizeleakage currents
that could otherwise degrade the measurement. Connec-
tors include one pair of 5-way binding posts, two 3-lug
triaxial connectors, and a standard interlock connector
for the safety interlock switch.

Model 8006 Component Test Fixture — Provides a conven-
ient and practical way of making sensitive test measure-
ments on a variety of standard packaged devices. Sockets
are provided for resistors, diodes, 4-, 8-, 10-, and 12-lead
axial (TO) packages, and DIPs up to 28 pins. Connectors
include 16 3-lug triaxial, two BNC, five 5-way binding
posts, and a standard interlock connector for the safety
interlock switch.



SECTION 2
Getting Started

2.1 INTRODUCTION

This section contains introductory information on using
the Model 486 Picoammeter and the Model 487 Picoam-
meter/Voltage Source. For detailed front panel and
IEEE-488 bus operation, refer to Sections 3 and 4 respec-
tively.

2.2 FRONT AND REAR PANEL
CONFIGURATION

Figure 2-1 and Figure 2-2 show the respective front pan-
els of the Models 486 and 487, while Figure 2-3 and
Figure 2-4 show the respective rear panels. Each of these
figures includes important information that should be re-
viewed before operating the instrument.
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IEEE-488 Connector
BNC Note . Use shielded IEEE-488 cable
Trigger Connections
EXTERNAL METER [: A :l
TRIGGER COMPLETE
INPUT CUTPUT \EEE48%
S0-GOMEI GOVA MAX AT ONLY .
@ Line Power Input
— WARNING : Connect to
A grounded outiet using
o 3-wire power cord
cHassis Locx 1028 90125V
° “Eﬂk—— Line Voltage Switch
— Line Voltage Switc
,, u 161250 H sy 105V-125V
pETHLEY | woe usa ooy B M| 540080y
! {Optional transformer
Analog Calibration Switch :es%uggg\flor 90-1t:| 0\)’.
Fhagirr (sticker covers access hole) - operation)
3-lug Triax Outpgéth:wdmg In = Calibration enabled CA_UTION : Qperatton
Current input Out = Calibration disabled on improper fine
HI Chassis voltage may damage
Ground Line Fuse unit
500V LO Blndlng Posts CAUTION . Replace fuse
Max 500V with one of same type and
l Max rating : 1/2A, 80-125V
L /;7 Chassis 1/4 A, 180-250V
Figure2-3.  Model 486 Rear Panel
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V-Source
Binding Post
_ HI Interlock
500V Note : Use Mode! IEEE-488 Connactor
Max 236-1LC-3 cable BNGC Note : Use shielded |IEEE-488 cable
supplied Trigger Connectlons
500V LO (supp ) 99
500V
—_ ¥-SOURCY OUTPUT
D e V- mm e==)p
.. IZN L0 y INPUT IEEE-483
50-80Hz SOVA MAX AC ONLY .
. Line Power Input
ooy — WARNING : Connect to
... greunded outlet using
L 3-wire power cord
o GHABSIS Lock 12A BO-125V
o 1idh IB&HOV
—— Line Voltage Switch
,:: mn;m: 105V-125V
PRETHLEY] waoz i usa stow BLow 210-250V
I—' 1 {Opfional transformer
Anal Calibration Switch required for 90-110V,
o ”‘3899 ; (sticker covers access hole} | ~ 180-220V operation)
3-lug Triax mpfgostlsn ng In = Calibration enabled CAUTION : Operation
Current input Out = Calibration disabled on improper ling
HI Chassis \l.;nr:‘I_:age may damage
Ground '
500V LO Binding Posts Line Fuse
Max 500V CAUTION : Replace fuse
l "iﬂx with one of same type and
9- Chassis rating : 1/2A, 90-125V
1/4 A, 180-250V
Figure 2-4. Model 487 Rear Panel
2.3 BASIC FRONT PANEL OPERATION WARNING

The following presents the basic information needed to
use the Model 486/487 to make current measurements.
For the Model 487, a procedure to use the voltage source
in conjunction with the picoammeter is provided to
demonstrate V/I Ohms resistance measurements.

NOTE

Make signal input low connections only to
INPUT LO. Do not use ANALOG OUTPUT

LO for input connections.

Before attempting to operate the instrument, verify that
the rear panel line voltage switch is in the correct posi-
tion for the power line voltage in your area. Connect the
instrument to an appropriate power source using the
supplied line cord, then turn on the power by pressing
in the front panel POWER switch.

Use only a grounded ac outlet to avoid a pos-
sible shock hazard.

CAUTION
Operating the instrument on an incorrect
line voltage may cause damage to the
instrument.

NOTE
If the front panel display should appear to be
inoperative, try pressing the DISPLAY
INTENSITY key once or twice to restore the
display to normal intensity.
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231 Current Measurements 2.3.2 V/l Ohms Measurements
(Model 487)

The steps below outline the basic procedure for using the

Model 486 /487 to make current measurements from the NOTE

front panel:

1. Perform factory initialization as follows to return the
instrument to factory default conditions:
A. Press and release MENU until the following
message is displayed:

DEFAULTS OK

B. Use the rotary knob, or the and P keys to dis-
play the following message:

DEFAULTS  FACTORY

C. Press MENU. The instrument will return to the
normal measurement display state.

Note: Performing factory initialization is a con-
venient method to retrun the instrament to typi-
cally used operating states. Using factory de-
faults, zero check is enabled, autorange is en-
abled, and filter (digital + analog) is enabled.

2. Connect the rear panel triax INPUT connector to the
current source. For example, Figure 2-5 shows a
Keithley Model 263 source connected to the Model
486/487.

3. On the Model 486 /487, press SHIFT and then COR-
RECT to perform zero correction. This will cancel
any internal offsets.

4. On the Model 486/487, disable zero check by press-
ing ZERO CHECK. The ZERO CHECK indicator will
turn off.

5. If you intend to suppress an offset current from the
external current source, perform the following steps:
A. Apply the current to be suppressed to the input.

That current will be measured and displayed on
the Model 486/487.

B. On the Model 486/487, press REL. The current
will be suppressed as indicated by the zeroed
display.

6. Apply thesignal current to be measured to the input
of the Model 486/487.

7. Read the current measurement on the display of the
Model 486/487.

8. When the measurement is complete, enable zero
check to avoid accidental overloads to the instru-
ment. In general, zero check shouid be left enabled
while the instrument is turned on but not in use.

2-6

The following procedure demonstrates how
to properly use the V-Source of the Model 487.
Keep in mind that the V-Source can be used as
an independent source for any appropriate
application.

For V /I Ohms resistance measurements, the Model 487
sources a voltage to a device under test (DUT) and meas-
ures the subsequent current. The resistance value of the
DUT is automatically calculated (R = V/I) and displayed
in ohms.

The steps below outline the basic procedure for using the
Model 487 to make V/I Ohms measurements from the
front panel:

1. Perform factory initialization as follows toreturn the
instrument to factory default conditions:
A. Press and release MENU until the following
message is displayed:

DEFAULTS  CK

B. Use the rotary knob, or the 4 and P keys to dis-
play the following message:
DEFAULTS  FACTORY

C. Press MENU. The instrument will retuwrn to the
normal measurement display state.

Note: Performing factory initialization is a con-
venient method to return the instrument to typi-
cally used operating states. Using factory de-
faults, zero check is enabled, autorange is en-
abled, filter (digital + analog) is enabled, I-limit is
set to 2.5mA.

2. Selectthe V/1Ohms function by pressing SHIFT and
then OHMS (V/1).

3. Withthe DUT installed in an appropriate test fixture,
connect it to the V-Source and picoammeter of the
Model 487. Figure 2-6 shows how to connect a DUT
that is installed in the Keithley Model 8002A test fix-
ture to the Model 487.

WARNING
To prevent contact with possible hazardous
voltages, make sure the Model 487 interlock
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EXTERMAL METER
e o
4
[RETEY} wack mima
/ Mode 486
Mode! 6171 3-slot HI HI
to 2-iug triax
adapter 263 486
LO LO
/ ] Equivalent Circuit

Modet 7024
2-glot Triax cable

Connections to Measure Current

Model 263
(Source )

Guard
Disabled

Figure 2-5.

is properly connected to the test fixture (see
Figure 2-6). With proper use of Interlock, the
V-Source will not apply voliage to the test

5. Setthe V-Source of the Model 487 to the desired volt-
age level as follows:
A. Select the V-Source range. To select the 50V

fixture when the lid of the test fixture is
open.

WARNING

To provide protection from shock hazards,
the test fixture chassis must be properly con-
nected to a safety earth ground. A grounding
wire (18 AWG or larger) must be attached se-
curely to the test fixture at a screw terminal
designed for safety grounding. The other
end of the ground wire must then be at-
tached to 2 known safety earth ground.

range, keep pressing and releasing the® key un-
til the 50V range is displayed (i.e. OV on the 50V
range is displayed as “00.000V”). To select the
500V range, keep pressing and releasing the d
key until the 500V range is displayed (i.e. 0V on
the 500V range is displayed as “000.00V").

. Use the 4 and P keys to position the cursor

(flashing digit) on the digit to be modified.

. Use the rotary knob to increase or decrease the

voltage level from the selected digit.

Note: As a general rule, the V-Source should be
set as high as possible to optimize V/I Ohms

measurement accuracy.

6. On the Model 487, press ZERO CHECK to disable
zero check, and press OPERATE to apply the pro-
grammed voltage o the test fixture. The resistance of

4. On the Model 487, press SHIFT and then CORRECT
to perform zero correction. This will cancel any inter-
nal offsets.
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the DUT will be measured and displayed on the
Model 487.

Note: Using the setup in Figure 2-6, resistance will be
displayed as a positive value. Aslongas both current
and voltage read positive (or both read negative),
then the V/I calculation will be displayed positive.
Negative V/I is displayed only if the V-Source or

picoammeter {(but not both) have a negative read
out. V/I Ohms is simply the calculation of voltage

setting divided by meter reading.

7. When finished, place the V-Source in standby and

enable zero check.

Figure 2-b.

Interlock Cable {Supplied) 2236-1LC-3

Model 487\———— Jumper instalied

LO | 487
Picoammeter

7078-TRX Cable
> P - N
I [ Taosa i M0H MLISTANCE TERT RTINS l
Banana Plug | |
Cables | o |
l TROURCE '
41 Lol
e B 5
| o T
I L e [ 1 |
| | |
| | l
Connect to [:ﬁ Vol RERATARCE TEST FrTI
Safety earth I o o | Hi_- 467
ground l l " v.Source
[ ! 1w
{ (e out e {
Switch set for
picoammeter __'L l
Gperation l e | |
|[ oz Mz, SEettii.of |
l
Model 8002A

Connections for V{I Ohms Measurements
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2.4 BASIC IEEE-488 OPERATION

The following information outlines the basic procedures
to use the Model 486/487 over the IEEE-488 bus. An ab-
breviated summary of commands necessary for basic op-
eration isshown in Table 2-1. Simple contreller programs
that can be used to send these commands are listed in Ap-
pendix D of this manual.

Before attempting to operate the instrument, perform the
following steps:

1. With the power off, connect the Model 486/487 to
the IEEE-488 bus of the controller. A shielded
IEEE488 cable such as the Keithley Model 7007 is
recommended.

2. Verify that the rear panel line voltage switch is in the
correct position for the power line voltage in your
area. Connect the instrument to an appropriate
power source using the supplied line cord, then turn
on the power by pressing in the front panel POWER
switch.

WARNING
Use only a grounded ac outlet to avoid a pos-
sible shock hazard.

CAUTION
Operating the instrument on an incorrect
line voltage may cause damage to the instru-
ment.

NOTE
If the front panel display should appear to be
inoperative, try pressing the DISPLAY IN-
TENSITY key once or twice to restore the dis-
play to normal intensity.

3. Verify that the programmed primary address dis-

played on power-up is the same as the one you in-
tend to specify in your program statements. For ex-
ample, if the instrument is currently set for an ad-
dress of 22, the folowing message will be briefly dis-
played on power-up.

IEEE-488 ADDR 22

. Ifyoudesire to change the primary address of the in-

strument, you can do so as follows:

A. Press and release MENU until the IEEE-488 ad-
dress is displayed.

B. Use the rotary knob (or theorP key) to display
the desired address (0-30).

C. With the desired address displayed, press
MENU to save it.

D. Press SHIFT and then EXIT to return to normal
operation.

2-9
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Table 2-1. Abbreviated Command Summary
Command | Description
Co Disable zero check
Cl Enable zero check
c2 Enable zero check and perform zero correction
FO Disable V/I ohms (Model 487)
F1 Enable V/I ohms (Model 487)
Lo Return to factory default conditions and save (L1)
L1 Save present states as default conditions
12 Return to saved default conditions
13v Calibrate present measurement range using “v"”; v = —2E~3 to +2E-3 amps
L4 Calibrate zero on present voltage source range (Model 487)
L5 Calibrate full scale on present voltage source range (Model 487)
Le Prepare to calibrate present voltage source range (Model 487)
o0 Place Model 487 V-Source in standby
o1 Place Model 487 V-5ource in operate
PO Disable digital and analog filters
1 Enable digital filter; disable analog filter
P2 Disable digital filter; enable analog filter
P3 Enable digital and analog filters
RO Enable autorange
R1 Select 2nA range
R2 Select 20nA range
R3 Select 200nA range
R4 Select 211 A range
R5 Select 20 A range
R6 Select 200pA range
R7 Select 2mA range
R8 No range
R9 Norange
R10 Disable autorange
Vnrl Specify voltage source (Model 487) level “n” in volts, range “r” and limit “1”;
n: -505.000 to +505.000
r: 0 =50V range; 1 = 500V range
I: 0 = 25pA limit; 1 = 2.5mA limit
X Execute.other device-dependent commands
Z0 Disable relative
21 Enable relative using present reading as baseline
2,v Enable relative using “v” as baseline;
v = —2E-3 to +2E-3 amps for current
v = 0Q to 5.05E16%2 for V/I ohms
Z3 Enable relative using baseline previously defined.
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2.4.1 Current Measurements Over the

Bus

Perform the following steps to make current measure-
ments over the bus:

. Boot up your computer and load your test program
(again, see Appendix D for programs that can be
used to send commands).

NOTE
If using a program from Appendix D, a read-
ing will be sent to the computer and displayed
every time you input a command string.

. Send the following command to perform factory in-
itialization:

LoX

Performing factory initialization is a convenient
method to return the instrument fo typically used
operating states. With factory defaults, zero check is
enabled, autorange is enabled, and filter (digital +
analog) is enabled.

. Connect the rear panel triax INPUT connector to the
current source. For example, Figure 2-5 shows a
Keithley Model 263 source connected to the Model
486.

. To cancel internal offsets, send the following com-
mand to perform zero correction:

X

. Disable zero check by sending the following com-
mand:

COX

. If you intend to suppress an offset current from the

external current source, perform the following steps:

A. Apply the current to be suppressed to the input.
That current will be measured and displayed on
the Model 486 /487.

B. Send the following command to perform sup-
pression:

Z1X

7. Set the external current source to apply the signal
current to be measured to the input of the Model
486/487.

8. Thecurrent measurement is displayed on the Model
486/487. To send and display the reading on the
computer CRT, the Model 486/487 must be ad-
dressed to talk.

9. When finished, enable zero check by sending the fol-
lowing command:

C1X

2.4.2 V/1 Ohms Measurements Over the
Bus (Model 487)

For V/I ohms measurements, the Model 487 sources a
voltage to a device under test (DUT) and measures the
subsequent current. The resistance value of the DUT is
automatically calculated (R = V/I) and displayed.

Perform the following steps to make V /I chms measure-
ments over the bus:

1. Bootup your computer and load your test program
(again, see Appendix D for programs that can be
used to send commands).

NOTE
If using a program from Appendix D, a read-
ing will be sent to the computer and displayed
every time you input a command string.

2. Send the following command to perform factory in-
itialization:
LOX
Performing factory initialization is a convenient
method to return the instrument to typically used
operating states. With factory defaults, zero check is

enabled, autorange is enabled, filter (digital + ana-
log) is enabled, and I-limit is set for 2.5mA.

3. Select the V/I chms function by sending the follow-
ing command:

F1X

4. Withthe DUT installed inan appropriate test fixture,
connect it to the V-Source and picoammeter of the
Model 487. Figure 2-6 shows how to connect a DUT
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that is installed in the Keithley Model 8002A test fix-
ture to the Model 487.

WARNING

To prevent contact with possible hazardous
voltages, make sure the Model 487 interlock
is properly connected to the test fixture (see
Figure 2-6). With proper use of Interlock, the
V-Source will not apply voltage to the test
fixture when the lid of the test fixture is
open.

WARNING

To provide protection from shock hazards,
the test fixture chassis must be properly con-
nected to a safety earth ground. A grounding
wire (18 AWG orx larger) must be attached se-
curely to the test fixture at a screw terminal
designed for safety grounding. The other
end of the ground wire must then be at-
tached to a known safety earth ground.

5. To cancel internal offsets, send the following com-

mand to perform zero correction:

C2X

2-12

10.

Use the V command to program the V-Source. For
example, to set the V-Source for 10V, send the fol-
lowing command string:

V10X

Note: Asa general rule, the V-Source should be set as
high as possible to optimize measurement accuracy.

Disable zero check by sending the following com-
mand;:

COX

To source voltage to the DUT, place the V-Source in
operate with the {following command:

O1X

The resistance measurement is displayed on the
Model 487. To send and display the reading on the
computer CRT, the Model 487 must be addressed to
talk.

When finished, enable zero check and place the V-
Source in standby by sending the following com-
mand string:

C100X
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3.1 INTRODUCTION

This section contains the detailed information necessary
to use the instrument from the front panel. These opera-
tions (except for IEEE-488 address selection and fre-
quency for line integration) can also be programmed
over the IEEE-488 bus, as described in Section 4.

3.2 POWER-UP PROCEDURE

3.2.1 Line Voltage Setting

The instrument is designed to operate from 105-125V or
210-250V line power ranges. A special transformer may
be installed (at factory) for 90-110V and 180-220V ranges.
The operating voltage that the instrument is configured
to operate at is indicated on the line voltage slide switch
located on the rear panel (see Figure 3-1). The required
switch positions for the available line voltages are sum-
marized in Table 3-1. If the line voltage setting needs to
be changed, proceed as follows:

Table 3-1. Line Voltage Selection (50-60Hz)

Voltage Selection

Line Voltage Switch Position
105-125V 115V
210250V 230V
90-110V* 115V
180-220V* 230V
*Requires special power transformer, installed
at the factory.

WARNING

Make sure the Model 486/487 is discon-
nected from the power line and all other
equipment before proceeding.

1. Locate the line voltage switch on the rear panel (see
Figure 3-1). Place the blade of a screwdriver into slot

in the switch slot and slide it over to the alternate po-
sition.

2. Install a fuse consistent with the operating voltage,
as described in the next paragraph.

s0-110v [ 180-220¢

108125V [ 210-250V
LNEFUSE BFS O
SLOW BLOW
Figure3-1.  Line Voltage Switch and Line Fuse
3.2.2 Fuse Replacement

A rear panel fuse located adjacent to the line voltage
switch (see Figure 3-1) protects the power line input of
the instrument. If the fuse needs to be replaced (line volt-
age switch setting changed or suspected blown fuse),
perform the following steps:

WARNING
Make sure the instrument is disconnected
from the power line and other equipment
before replacing the fuse.

1. With the power off, place the end of a flat-blade
screwdriver into the slot in the rear panel line LINE
FUSE holder. Push in gently and rotate the fuse car-
rier one-quarter turn counterclockwise. Release
pressure on the holder and its internal spring will
push the fuse and carrier out of the holder.

2. Remove the fuse and replace it with the type recom-
mended in Table 3-2.

CAUTION

Do notuse a fuse with a higher current rating
than specified, or instrument damage may
occur. If the instrument repeatedly blows
fuses, locate and correct the cause of the
trouble before replacing the fuse. See the
maintenance section for troubleshooting in-
formation.

31
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Table 3-2. Line Fuse Selection

Line : Keithley
Voltage | Fuse Type Part Number
90-125V | 1/2A,250V, 3AG, Slo Blo | FU4

180-250 1/4A, 250V, 3AG, Slo Blo | FU-17

3. Install the new fuse and the fuse carrier into the
holder by reversing the above procedure.

3.2.3 Power Cord

Connect the female end of the power cord to the ac recep-
tacle on the rear panel of the instrument. Connect the
male end of the cord to a grounded ac outlet.

WARNING

The instrument is equipped with a 3-wire
power cord that contains a separate ground
wire and is designed to be used with
grounded outlets. When proper connections
are made, instrument chassis is connected to
powerline ground. Failure to use agrounded
outlet may result in injury or death due to
electric shock.

CAUTION
Be sure that the power line voltage agrees
with the indicated range on rear panel line
voltage switch. Failure to observe this pre-
caution may resultin instrument damage not
covered by the warranty.

3.24 Power Up Sequence

To turn on the instrument, depress the POWER button.
During the power up cycle, the unit will perform the fol-
lowing:

1. Theinstrument will perform self-tests on its memory
elements. If a failure occurs, one or more of the fol-
lowing error messages will be displayed:

3-2

ROM ERROR
RAM ERROR
NO DEFLTS
UNCAL

The displayed error message can be cleared by press-
ing any front panel key. However, a problem exists
and needs to be rectified (see troubleshooting infor-
mation in the Section 7). A brief explanation of any
displayed error message is contained in Table 3-4.

NOTE
If the instrument is still under warranty and a
problem develops, it should be returned to
Keithley Instruments, Inc. for repair.

2. Assuming the unit successfully passes the self test, it
will then briefly display the firmware revision level.
For example:

REV A00.4

The revision level of your unit will probably be dif-
ferent. In any case, the revision level should be re-
corded in case it becomes necessary to replace the
firmware in the future.

3. Next, the programmed primary address will be dis-
played as in the following exampie:

IEEE488 ADDR22

Atthefactory, the IEEE address of the Model 486 and
487 is set to 22. If If the address has been changed by
the user, then that address value will instead be dis-
played.

4. The unit will then begin normal operation in accor-
dance with the power up configuration discussed in
the next paragraph.

3.2.5 Default Conditions

Default conditions can be defined as the setup conditions
that the instrument will return to when it is powered up
(or when a DCL or SDC command is sent over the bus).
The instrument will return to either factory default con-
ditions or user saved default conditions.
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Factory Default Conditions

At the factory, the Model 486 /487 is set up so that the in-
strument is configured to certain setup conditions on the
initial power up. These factory default conditions are
listed in Table 3-3 (front panel operation) and Table 4-3
(IEEE-488 bus operation). If alternate setup conditions
are saved (see User Saved Default Conditions), the in-
strument can be returned to factory default conditions
using the DEFAULTS FACTORY menu selection (see
paragraph 3.8.6) or sending LO over the IEEE-488 bus (see
paragraph 4.2.10).

Table 3-3. Factory Default Conditions (Front

Panel)
Control/Feature | Factory Default Condition
Display Intensity* | Normal display intensity
Zero Check* Zero check enabled
V/1 Chms* V /I ohms disabled
Data Store Unarmed
Operate (487) Voltage source in standby
Filters* Digital and analog filter enabled
Range* Autorange enabled
Integration® Line cycle; 60Hz
Trigger* Multiple, 175msec interval, Osec

delay

Preset* 0V, 50V range, disabled
Voltage Source OV level, 50V range and 2.5mA
(487)* limit
Relative* Relative disabled

*Operating aspects of these controls/features can be saved as user

saved default conditions.

User Saved Default Conditions

Unique setup conditions can be saved by using the DE-
FAULTS SAVE menu selection (see paragraph 3.8.6) or
by sending device-dependent command L1 over the
IEEE-488 bus. These user saved default conditions will
prevail over the factory default conditions on power-up,
or when a DCL or SDC is asserted over the bus.

3.2.6 Line Cycle Integration

When using a line cycle integration period, the line cycle
setting should match the frequency of the power line to
ensure maximum rejection of noise caused by eleciro-
magnetic, electrostatic or conducted pickup from power
supplies, or power cards and outlets. The instrument will
still operate with a mismatched setfing, but measure-
ments will be noisier.

To set the integration period for your line frequency, per-
form the following steps:

1. Keep pressing and releasing the MENU key until the
following message appears on the large display:

INTEGRATE

2. Use the rotary knob (or € and # keys) to display the
desired line frequency setting on the small display as

shown:
INTEGRATE LINE5S0HZ (50Hz setting)
INTEGRATE LINE6OHZ (60Hz setting)

3. Press MENU to select the displayed integration pe-
riod setting. The next menu item will then be dis-
played.

4. Exit from the menu by pressing SHIFT and then
EXIT. The instrument will retum to normal opera-
tiom.

Note: The selected integration period can be saved as the
default condition (see paragraph 3.8.6).

3.2.7 Warm Up Period

The instrument can be used immediately when it is first

turned on. However, the unit must be allowed to warm
up for two hours to achieve rated accuracy.

3.3 ERROR MESSAGES

Error messages associated with front panel operation are
listed and explained in Table 3-4.
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Table 3-4. Error Messages

Message Description

NODEFLTS Checksum error in defanlt condi-
tion during power-up.

UNCAL Checksum error in calibration
during power-up.

ROM ERROR Failed ROM self-test.

RAM ERROR Failed RAM self-test.

TRG OVERUN | Trigger overrun; instrument frig-
gered while still processing a pre-
vious trigger.

CAL VALUE Calibration value conflicts with
the currently selected range.

CAL ERROR Calibration value not within al-
lowable limits.

CALLOCK Sent calibration command with
calibration switch (CAL LOCK)
disabled.

CAL ZCHK Cannot calibrate picoammeter
with zero check enabled.

INTERLOCK Tried to put V-Source in operate
while an enabled safety interlock
switch is open.

3.4 DATA ENTRY; BASIC RULES

The following basic rules pertain to entering data from
the front panel for MENU items, TRIGGER SETUPs, FIL-
TER SELECTions and the voltage source (Model 487).
These rules, fo some extent, summarize the operation of
these features. The detailed information for using these
features is found later in this section.

MENU, TRIGGER SETUP and FILTER SELECT

1. Menu and trigger setup items are displayed by sim-
ply pressing MENU or TRIGGER SETUT. Indicators
denote the feature that is enabled.

2. Filter selections are displayed by pressing SHIFT
and then FILTER SELECT in that order.

3. Options of the enabled feature are displayed by us-

ing the rotary knob or 4 and P keys (see
Figiire 3-2A).

4. A displayed option of a menu item is selected by
pressing MENU.

5. A displayed option of a trigger setup is selected by
pressing SETUP.

6. A displayed filter option is selected by pressing
SHIFT and then FILTER SELECT (exits filter selec-
tion mode).

Voltage Source (Model 487)

The following basic rules to set the level of the voltage
source assume that the Model 487 is in the measurement
display state. Refer to Figure 3-2B for location of controls.

1. The cursor {flashing digit) for the voltage source dis-
play is enabled when the rotary knob is turned, or
when a 4 or P key is pressed.

2. The position of the cursor is controlled by the € and
P keys. With the cursor on the most significant digit,
pressing 4 will select the 500V range. With the cur-
sor on the least significant digit, pressing ¥ will se-
lect the 50V range.

3. Therotary knob is used to adjust the voltage source

level.
— Select option of
ABJUST displayed MENU,
Or  TRIGGER SETUP, or FILTER
’ SELECT item
<&
| B

A. Menu, TRIGGER SETUP and FILTER SELECT

st 1 Adjust voltage
level
Position cursor
4 and change
O i range

B. Voltage Source (487)

Figure 3-2.  Data Entry
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3.5 CURRENT MEASUREMENTS

3.5.1 Current Ranges
¥ RANGE A
(o] o]

AUTO
RANGE

Range selection provides control over the sensitivity of
the measurement. The available current ranges of the
Model 486 /487 are listed in Table 3-5. Also included in
the table for each range are maximum reading and masxi-
mum input voltage overload.

Table 3-5. Current Ranges

Maximum
Reading Maximum
Range (5-1/24) Overload*
2nA 2.19999nA . 350Vde
20nA | 21.9999nA 350Vdc
200nA | 219.999nA 350vdc
2HA 2.19999uA 350vdc
20uA | 21.9999uA 50Vdc
200pA | 219.999uA 50Vdc
2mA | 2.19999mA 50Vdc

*Higher voltages require current to be limited to
3mA.

CAUTION
Do not exceed the maximum input voltage as
specified in Table 3-5. Otherwise, damage to
the Model 486/487 may result.

NOTE
After an overload occurs, it may take several
minutes for the instrument to recover and dis-
play a settled reading. In general, the more se-
vere the overload, the longer it takes to re-
cover.

Manual range selection is accomplished with the two
ranging keys. Each press and release of the RANGE &
key upranges the instrument to the next higher current
range. Conversely, RANGE ¥ downranges the instru-
ment to the next lower current range. Range selection can

also be controlled automatically and is discussed in the
next paragraph.

3.5.2 Autorange
SHIFT v
o]
AUTO
RANGE

When autorange is enabled (AUTO RANGE indicator
on), the instrument will automatically go to the lowest
possible (most sensitive) current range to make the meas-
urement. Autorange is enabled by pressing SHIFT and
then AUTO RANGE in that order. To disable autorange,
again press SHIFT and then AUTO RANGE. Autorange
will also disable by manually selecting a different range
using the ¥ and A range keys.

CAUTION
To avoid possible damage to the instrument,
do not apply moze than 50Vdc to the input
when autorange is enabled (unless an exter-
nal series resistor to limit current to 3mA is

used).
3.5.3 Zero Check and Correct
ZERO
SHIFT CHECK
o
CORRECT

When zero check is enabled, the input amplifier is inter-
nally disconnected from the input connector of the in-
strument. A 100kQ resistor shunts the input connector,
and the instrument is configured to measure and display
the offset of the selected range.

When zero correction is performed, the offset is meas-
ured and algebraically subtracted from every subsequent
reading (including zero checked readings). This correc-
tion value is “remembered” and used until a new correc-
tion value is established by again performing zero correc~
tion. Also, an established correction value can be retained
as a default condition on power up (see paragraph 3.8.6).

Zero check is enabled by pressing ZERO CHECK (ZERO
CHECK indicator turns on). Pressing ZERO CHECK a
second tirne disables the feature,
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When zero correction is performed, only the present
range is zero corrected. Before making measurements, it
is recommended that each current range be zero cor-
rected. The zero corrected value for each range is “re-
membered”. The zero corrected values can be retained as
default conditions on power up (see paragraph 3.8.6).

For best measurement accuracy, zero correction should
be performed any time a settled zero checked display is
not reading zero. Note that zero check does not haveto be
enabled to perform zero correction. The instrument will
automatically zero check the input before performing the
correction.

Perform the following steps to perform zero correction:

1. Enable zero check and allow the displayed reading
to settle.

2. To perform zero correction, press SHIFT and then
CORRECT in that order. The following message will
be displayed while zero correction is in process:

CORRECTING

After correction, the instrument returns to the normal
measurement display state. Zero check will be on only if
it was enabled in step 1.

Enabling zero check with a REL baseline established (see
paragraph 3.5.5) will remove the applied signal from the
input with a displayed reading as follows:

Displayed reading = input signal - relative baseline
= 0 - relative baseline
=— relative baseline

Performing zero correction will cancel (zero) only the
measured offset.

Note: In the V/I ohms function, the ZERO CHECK indi-
cator will flash if zero check is enabled. In zero check, the
display will blank (-—~-- KQ).

3.54 Filters

SHIFT FILTER
O

FILTER
SELECT

Filtering is used to stabilize noisy measurements. The
Model 486 /487 has two available filters; a digital filter
and an analog filter. The digital filter is a function of
measurement conversions. It bases the displayed (or
stored) reading on the weighted average of a number of
measurement conversions. The analog filter is a simple
RC filter whose time constant varies with the selected
range. It affects the rise time and settling time of the
measurement (see Table 3-6). Rise times are defined as
the time it takes the measurement to go from 10% to 90%
of its final value of a step change. Settling time is the total
time it takes the measurement to reach its final value
(within 0.1%).

When the filter is enabled, theselected filter(s) (digital fil-
ter, analog filter or both) will be used. Filter is enabled by
simply pressing FILTER (FILTER indicator will turn on).
Pressing FILTER the second time will disable the filter(s).

Perform the following steps to check or change the filter
selection:

Table 3-6. Analog Filter Effects

Filter Disabled

Filter Enabled

Rise Time | Settling
Range | (10-90%) Time

Rise Time | Settling
(10-90%) Time

2nA 12msec 56msec
20nA 4msec 17msec
200nA. | 800usec émsec
2nA 300usec 2msec
20pA 160psec Imsec
200uA | 160usec Imsec
2mA 160usec 1msec

70msec 333msec
12msec 56msec
4msec 17msec
2msec émsec
370usec 2msec
370usec 2msec
370usec 2msec
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1. Press SHIFT and then FILTER SELECT in that order.
Orne of the following messages will be displayed to
indicate the currently selected filter(s):

FILTER DIGITAL (Digital filter selected)

FILTER ANALOG (Analog filter selected)

FILTER DIG+AN (Both digital and ana-
log filters selected)

2. Toselecta different filter, use the rotary knob, or the
 and P keys to display the desired filter selection.

3. Enter the displayed filter selection by pressing
SHIFT and then FILTER SELECT. The instrument
will return to the normal measurement display state.

NOTES:

1. Typically, both fiiters should be used unless trying to
optimize speed.

2. Factory initialization selects both analog and digital
filters, and enables the filter feature.

3. The filter selection and operation (enabled/dis-
abled) can be saved as the default condition (see
paragraph 3.8.6).

4. When using the digital filter in a one-shot trigger
mode, keep in mind that the first triggered conver-
sions will not represent settled readings. A number
of reading conversions are necessary to acquire a set-
tled reading for the digital filter. For this reason, the
digital filter should typically not be used when using

the one-shot trigger mode.
3.5.5 Rel
REL
o

The rel (relative) feature serves as a means of baseline
suppression by allowing a stored offset value to be sub-
tracted from subsequent readings. When rel is enabled,
the instrument takes the currently displayed reading asa
baseline value. All subsequent readings represent the
difference between the applied signal level and the
stored baseline.

A baseline level can be established for both current and
V/I ohm measurements and is “remembered” by both
functions. For example, a 11A baseline can be established
for current measurements and a 10002 baseline can be es-
tablished for V /I ohms. These levels will not be canceled
by switching back and forth between functions. Once a

baseline is established for a measurement function, that
stored level will be the same regardless of what range the
Model 486/487 is on. For example, if 1uA is established as
the baseline on the 2 A range, then the baseline will also
be 1A on the 20pA, 200pA and 2mA ranges. A relative
baseline level can be as large as full range. Selecting a
range that cannot accommodate the baseline level will
cause an overrange condition.

‘When a REL baseline level is established for current, the
Rel’ed current will be in effect when V /I ochms is selected
(Model 487). This allows leakage current to be cancelled
when performing V/I ohms measurements.

NOTE
The following discussion on dynamicrangeis
based on a display resolution of 5-1/2 digits.
At 4-1/2d resolution, the number of counts
would be reduced by a factor of 10.

By design, the dynamic measurement range of the Model
486/487, at 5-1/2d resolution, is 439,998 counts. With rel
disabled, the displayed reading range of the instrument
is £219,999 counts. With rel enabled, the Model 486 /487
has the capability to display #439,998 counts. This in-
creased display range ensures that the dynamic measure-
ment range of the instrument is not reduced when using
a relative baseline vaiue.

The following two examples will use the maximum al-
lowable rel values (+219,999 counts and -219,999 counts)
to show that the dynamic measurement range will not be
reduced. It is important to realize that the increased dis-
play range does not increase the maxirmuam allowable in-
put level to the insirument. For example, on the 2mA
range, the Model 486/487 will always overrange when
more than +2,19999mA is connected to the input.

Example 1— The instrument is set to the 2mA range and
a maximum -2.19999mA is established as the rel value.
When -2.19999mA is connected to the input, the display
will read 0.00000mA. When +2.19999mA, is applied to the
input, the display will read +4.39998mA. Thus, the dy-
namic measurement range of the Model 486 is OmA to
+4.39998mA, which is 439,998 counts.

Example 2 — The instrument is set to the 2mA range and
a maximum +2.19999mA is established as the rel value.
When +2.19999mA is connected to the input, the display
will read 0.00000mA. When—2.19999maA is applied to the
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input, the display will read -4.39998mA. Thus, the dy-
namic measurement range of the Model 486 is OmA to
—4.39998m A, which is still 439,998 counts.

Rel is enabled by pressing the REL key (REL indicator
turns on). Pressing REL a second time disables the fea-
ture. The REL indicator (on or off) denotes the REL state
of the displayed measurement (current or V/I ohms).

Perform the following steps to establish a relative
baseline:

1. Disable rel, if presently enabled, by pressing REL.
The REL indicator will turn off.

2. Selectacurrentrange or V/l ohmsrange (Model 487)
that is appropriate for the anticipated measurement.

3. Connect the desired baseline level to the input of the
Model 486/487.

4. Press the REL key. The display will zero and the REL
indicator will turn on. The previously displayed
reading will be the stored level.

NOTES:

1. Enabling zero check with a rel baseline established
will remove the applied signal from the input witha
displayed reading as follows:

Displayed reading = input signal - reiative baseline
= 0 - relative baseline
= --relative baseline

2. Disablingrel cancels therel baseline value on that se-
lected function. A, baseline established on the other
function is not affected.

3. Tostoreanew baseline, rel must first be disabled and
then enabled again. the new value will be stored
with the first triggered conversion.

4. Setting the range lower than the suppressed value
will overrange the display.

5. Enabling Rel while displaying dashes or an over-
ranged condition will cause the REL indicator to
blink until a valid on-scale reading becomes avail-
able. At that time, the REL indicator stops blinking
(stays on) and the valid on-scale reading is used as
the Rel baseline value.

3.5.6 Current Measurements

Input Connector

Terminal identification for the Model 486 /487 input con-
nector is shown in Figure 3-3. It is a 3-lug female triax
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connector that will mate to a cable terminated with a
3-slot male triax connector. The center conductor of the
connector is connected to input high, the inner shell is
connected to input low, and the outer shell is connected
to chassis ground.

CAUTION
To prevent damage to the Model 486/487, do
not exceed the maximum input levels speci-
fied in Figure 3-3.

Max Overload

2nA - 2pA Range; 350Vde

20pA - 2mA Range; 50 Vdc
7 Q Input Hi

Max Overload

500V peak A
Max S O Input LO
l SOVIoETA 500V¢Peak Max
Max © Chassis Ground
Figure 3-3.  Triax Input Connector (3-Lug)

Circuit Connections

Current source connections to the Model 486/487 are
shown in Figure 3-4 using the supplied triax-to-alligator
cable. Note that if the current source is equipped with
3-lug triax female connector, a 3-slot triax-to-triax cable
{(Model 7078-TRX) could be used. A shield (connected to
circuitlow) should be used to minimize noise when mak-
ing measurements below TLA.

WARNING
A shock hazard, that could cause severe in-
jury or death, exists when the input signal is
at 42.4V peak or more. When this voltage
level is present, a safety shield must be used
as shown in Figure 3-4. Chassis ground of
the Model 486/487 must be connected to the
safety shield. Also, a grounding wire (18
AWG or larger) must be attached securely to
the safety shield at a screw terminal de-
signed for safety grounding. The other end
of the ground wiremust then be attached to a
kmown safety earth ground.
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CAUTION
To prevent damage to the instrument, ad-
here to the following precautions when
floating the input above chassis ground:

1. Do not connect ANALOG OUTPUT LO
to CHASSIS. If there is a ground link in-
stalled at the rear panel binding posts, re-
mote it.

2. Make sure that any monitoring instru-
ment connected to the analog output is float-
ing.

Paragraph 3.16.8 explains the precautions for
floating measurements in more detail.

Making Current Measurements

Perform the following steps to make current measure-
ments:

1.

Turn the instrument on, and allow the Model
486 /487 to warm up for two hours to obtain rated ac-
curacy.

Make sure the instrument is in the current function
(amps reading displayed). If the V /I ohms function
of the Model 487 is selected (ohms reading dis-
played), press SHIFT and then OHMS to place the in-
strument back in the current function.

Select a current range that is appropriate for the ex-
pected measurement or enable autorange (press
SHIFT and then AUTO RANGE).

Enable zero check and, if the display is not zeroed,
perform zero correction by pressing SHIFT and then
CORRECT.

Figure 3-4.

237-ALG-2 cable
(supplied)

Picoammeter Connections

Model 486

Shield
{Recommendec
[ “below 1u4)

|

j=s— Satety Shield

] (Required for 42.4V
| peak or more)

|

WARNING : Connect
to safety earth ground
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5. Comnnect the current to be measured to the input of
the Model 486 /487 (see Figure 3-4).

6. Disablezerocheck and read the measured currenton
the display of the Model 486/487.

Notes:

1. To prevent the possibility of oscillation, input low
should typically be connected to a common low im-
pedance, such as chassis or output low if using the V-
Source of the Model 487. Only use input cables that
are properly shielded and keep them as short as pos-
sible.

2. Anumber of other considerations that could have an
affect on the integrity of current measurements are
discussed in paragraph 3.16.

3.6 USING THE VOLTAGE SOURCE
(Model 487)

The V-Source of the Model 487 can source up to£505V at
2.5mA. The available voltage ranges of the V-Source are
summarized in Table 3-7. This is a floating voltage source
thatis isolated from the chassis and signal commen of the
picoammeter of the Model 487. The output terminals
(five-way binding posts) for the V-Source are shown in
Figure 3-5. If desired, OUTPUT LO of the V-Source can
be connected to chassis ground or signal common at the
test fixture.

CAUTION
The voltage source may float. However, nei-
ther V-Source terminal may ever be more
than 500V above chassis.

V-SOURCE OUTPUT
500V MAX TO * OR*

II'll LOI
500v
MAX

Model 487 V-Source Output Terminals

Figure 3-5.

3.6.1 Test Fixture and Interlock

The voltage source of the Model 487 is designed to be
used with a test fixture that incorporates a safety inter-
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Table 3-7. Model 487 V-Source

Range [ Maximum Qutput | Step Size
50v 50.500V ImV
500V 505.00V 10mV

lock switch, such as the Keithley Model 8002A High Re-
sistance Test Fixture. By using the interlock feature, the
Model 487 cannot source voltage when the lid of the test
fixture is open or ajar.

The interlock feature is automatically enabled when the
supplied interlock cable (Mode] 236-ILC-3) is connected
to the Model 487. When using Interlock with the Model
8002A test fixture, the voltage source of the Model 487
will go into standby whenever the lid of the fixture is
open or ajar. Figure 3-6 shows the interlock of the Model
487 connected (and thus, enabled) to the Model 8002A
test fixture,

WARNING

Do not connect the interlock of a Model 487
to the interlock of another instrument. The
interlock of the Model 487 is designed to be
connected to a single-pole interlock switch
of a test fixture, If connecting two or more
Model 487s to a single test fixture, an iso-
lated interlock switch for each instrument is
required. Connecting multiple instrument
interlocks to the same switch could cause
failure of the safety interlock system.

1f using a custom-built test fixture, the following require-
ments must be met for safe operation:

1. Themetal chassis of the test fixture must be properly
connected to a safety earth ground. A grounding
wire (18 AWG or larger) must be attached securely to
the test fixture at a screw terminal designed for
safety grounding. The other end of the ground wire
must then be attached to a known safety earth
ground.

2. The test fixture must have a lid that closes toprevent
contact with live circuitry inside. Safe operation re-
quires that a safety interlock switch be used to inter-
rupt all power sources when the lid of the test fixture
is open or ajar. Information required to build an in-
terlock that will be compatible with the Model 487 is
provided in Figure 3-7.
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Interlock Cable (Supplied) 236-1LC-3

[EERE) o i

Model 487
WARNING : Test fixture must
ba connected to salety earth
ground.
Figure 3-6. Interlock Connections

r—- - -~ - - - - - - -—- - - - -7 T

] 236-1LC-3 Cable I

1 (Supplied) |

-0
| Interiock ]
| Connector I
Model 487 Test Fixture
l A. Interiock Connection to Test fixture i
. T I [
444 +.004 Normally-open SPST
! "°f°_“_ [ #3 # | Momentary Switch |
| 1 | ﬂlmﬂ[ﬁlb % j |
'S | 490+.004 Side View
| 196 20 | ) ) #.2 I Open lid = Open Switch l
View from inside
| | of test box |
B. Panel cutout dimensions C. interiotk Cormector: D. interiock Wiring
! Kelthley PN : CS-659 |
(Switchcraft P/N : TB3M)
e et e e e e el o —— e mma e — D — e 1
Figure 3-7. Interlock Connections
3.6.2 Adjusting V-Source Level output terminals of the V-Source. The V-

The rotary knob and the €and P keys are used to adjust
the V-Source level which is displayed just above the knob
(see Figure 3-8).

WARNING
With the instrument in operate (OPERATE
indicator on), the displayed voltage level
(possibly hazardous) will be applied to the

Source should be kept in standby until ready
to safely source voltage to a load.

With the Model 487 in the normal measurement display
state, perform the following steps to adjust the level of
the V-Source:

1. PressdorP to enable the cursor.
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00.000V ‘

ADJUST

<
O

1 4

Figure 3-8.  V-Source Adjust

The cursor is indicated by the flashing digit. If an ad-
just action does not occur in three seconds, the cursor
will disable.

2. Select the appropriate V-Source range.

The position of the decimal point in the displayed V-
Source reading denotes the selected range. For ex-
ample, a reading of 00.000V is OV on the 50V range,
while a reading of 000.00V is 0V on the 500V range.

If on the 50V range, the 500V range can be selected by
pressing € until the displayed range changes. Con-
versely, to select the 50V range, press P until the
range change occurs.

3. Position the cursor on the digit to be adjusted.

The position of the cursor is controlled by the €and
P keys. Each press of the € key moves the cursor to
the next more significant digit. Each press of the ¥
key, moves the cursor to the next less significant
digit.

4. Adjust the voltage source level

The rotary knob is used to adjust the voltage source
level. Turning the knob clockwise increases the volt-
age level at the cursor position, and conversely, turn-
ing it counter-clockwise decreases the voltage level.

Cursor position determines how much the dis-
played value changes with each detent turn of the
knob. For example, with the cursor on the tenths
digit of the displayed value, each detent turn of the
knob will increase or decrease the value by 1/10 volt
(100mWV).
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NOTE: For best accuracy, use the 50V range to source
+50.5V or less.

Quick Zero

The Quick Zero feature allows you to set the voltage
source of the Model 487 to OV with two key presses;
SHIFT and € orP key. The voltage source will not change
ranges. For example, with the voltage source level cur-
rently set to 100.50V (500V range), pressing SHIFT and
then® (or) will set the voltage source to OV on the 500V
range (000.00V). To return to the previously set voltage
source level, simply press SHIFT and P (or €} again.

3.6.3 Preset

PRESET
o

OHMS
(v

Preset allows the V-Source to be adjusted to a predeter-
mined level at the touch of a single key. This feature
eliminates the tedious task of manually adjusting the V-
Source to a frequently used level.

Perform the following steps to preset a V-Source level:

1. Enable preset by pressing PRESET. The PRESET in-
dicator will turn on.

2. Adjust the V-Source to the desired range and level
using the 4 and P keys, and rotary knob as previ-
ously explained.

3. Disable preset by again pressing FPRESET. The wvolt-
age source will return to the level it was previously
set to.

Whenever preset is enabled, V-Source will adjust to the
value set in step 2.

NOTES:

1. A preset V-Source level can be saved as the default
condition (see paragraph 3.8.6).

2. A preset V-Source value of 00.000V is the factory de-
fault condition.

3. With the V-Source in operate, the output will imme-
diately update to whatever voltage value is dis-
played (unless I-limit occurs).
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The Quick Zero feature can be used to set the Preset level
to 0V as follows:

1. Enable Preset by pressing PRESET.

2. Perform Quick Zero (press SHIFT and then® (or ).

3. Disable Preset by again pressing PRESET. The volt-
age source will return to the previously set level.

3.64 I-Limit

The V-Source has current limit (I-limit) capabilities to
protect the instrument and external current sensitive cir-
cuitry from possible damage. The V-Source can be set for
an I-limit of 254A or 2.5mA.

When I-limit occurs, the OPERATE indicator will flash.
This indicates that the V-Source is no longer sourcing the
programmed voltage level to the load. For example, as-
sume the V-Source is set to source 10V to a 250kS2 load
with I-limit set to 25LA. Based on Ohms Law, the current
through the load should be 40uA (10V/250k = 40uA).
However, because the I-limit is set to 25uA, the current
through the load will be 25pA. The actual voltage applied
to the load will really be 6.25V (250kQ X 25 A = 6,25V} in-
stead of the programmed 10V, If the 250k€2 load can han-
dle 2.5mA without being damaged, then the I-limit could
be increased to 2.5mA to prevent I-limit from occurring,.

Perform the following steps to set I-limit:

1. Keep pressing and releasing MENU until the cur-
rently selected I-limit is displayed:

nmaT 2504
or

ILIMIT 2.5mA

2. Use the rotary knob, or € and P keys to display the
desired I-limit value.

3. Toenterthedisplayed I-limit, press MENU. The next
menu item will be displayed.

4. To exit the menu, press SHIFT and then EXIT in that
order. The instrument will return to the normal
measure display state.

3.6.5 Operate

500V 2mA
MAX
OPERATE

O

FLASHES
IN L LIMIT

The OPERATE key toggles the output between standby
and operate. In standby, the V-Source is removed from
the rear panel output terminals. In operate (OPERATE
indicator on) V-Source is applied to the output terminals.

A flashing OPERATE indicator denotes that the V-Source
is in current limit as previously explained in paragraph
3.64.

CAUTION

A relay switch, in series with OUTPUT HI, is
opened when the V-SOURCE is placed in
standby. The transition to an open output
creates a potential for noise spikes. The open
output allows dielectric absorbtion to re-
charge capacitors to unexpected voltage lev-
els.

3.6.6 Basic V-Source Operating

Procedure

The following procedure will summarize how to use the
V-Source as a separate, independent source. Using the V-
Source in conjunction with the picoammeter is covered in
paragraph 3.7 (V /I ohms measurements) and paragraph
3.15 (Source V Measure I). This procedure assumes that
the user is familiar with the operation of the basic V-
Source controls as previocusly explained.

Perform the following steps to use the V-Source:

1. With the V-Source in standby (OPERATE indicator
off), connect the load to the V-Source output termi-
nals as shown in Figure 3-9.

2. Use the rotary knob, € and # the keys to set the de-
sired voltage range and level. Note that if previously
set, a preset value can be used by enabling preset.

3. Select the appropriate I-limit (25LA or 2.5mA).

4. Press OPERATE. The OPERATE indicator will turn
on to denote that the displayed voltage level is avail-
able at the output terminals.

5. Todisable the V-Source, again press OPERATE. The
OPERATE indicator light will turn off.

3-13
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Figure 3-9.  Basic V-Source Connections

3.7 V/ OHMS MEASUREMENTS
(Model 487)

By using the V-Source in conjunction with its picoam-
meter, the Model 487 can make resistance measurements
as high as 50.5 x 10%Q. With V/I ohms selected, the resis-
tance is automatically calculated from the applied volt-
age and measured current (R = V/I) and displayed (in
ohms) on the Model 487. Actual resolution of the resis-
tance measurement depends on the selected current
range.

The V /1 ohms function is enabled by pressing SHIFT and
then OFIMS. The display will toggle to the resistance (Q)
measurement state. To disable V/I ohms, again press
SHIFT and then OHMS. The display will return to the
normal amps measurement state.

Perform the following steps to make V /I ohms measure-
ments:
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1. Turn on the Mode] 487 and allow it to warm up for
two hours to achieve rated accuracy.

2. Disable the V/I ohms function, if it is currently se-
lected.

3. With zero check enabled and the V-Source in
standby, connect the circuit shown in Figure 3-10.
The Keithley Model 8002A test fixture is shown be-
cause it is ideally suited for V /I ohms measurements
of 2-terminal devices. '

4. Selectacurrent range that gives the nearest full scale
reading or autorange, and perform zero correction
by pressing SHIFT and then CORRECT.

5. Set the V-Source to the desired voltage level.

6. Press OPERATE to turn on the source output, and
disable zero check. The current measurement will be
displayed.

7. Enable V/I ohms by pressing SHIFT and then
OHMS. The resistance measurement will be dis-
played in chms (Q).

8. To measure from a baseline resistance, enable rel
while in V/I ohms.
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Figure 3-10.  V/I Ohms Connections (Source V Measure I)

To make V /I ohms measurements, the Model 487 is con-
figured to source voltage and measure current (Source V

Measure I). The V/I feature simply performs the calcula-

tion (R = V/I} and displays the resistance reading in
ohms. The results of any source V measure I test can be
converted to resistance by using the V/I ohms function.
Paragraph 3.15 expands on tests that source voltage and
measure current, and provides some examples that are

particularly applicable to the V /I chms function.

CAUTION

To prevent damage to the instrument, ad-

move it.

here to the following precautions when
floating the input above chassis ground:

1. Do not connect ANALOG OUTPUT LO
to CHASSIS. If there is a ground link in-
stalled at the rear panel binding posts, re-

2. Make sure that any monitoring instru-

ment connected to the analog output is float-

ing.

Paragraph 3.16.8 explains the precautions for
floating measurements in more detail.

3-15
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NOTES:

1. Do not use zero check while in V /I ohms. Doing so
will blank the display (ie. © KQ") and cause the
ZERO CHECK indicator to flash.

2. Placing the V-Source in standby while in V/I ohms
will result with zeroes being displayed (i.e. 0.00000
KQ).

3. The minus (-) sign is not disabled in V/I ohms. Po-
larity changes during a test could indicate charge/
discharge effects of the DUT. For example, a DUT
may behave as a capacitor. At a certain voltage the
capacitor will charge and display some positive re-
sistance reading. If the V-Source is decreased, the ca-
pacitor will discharge causing current to flow in the
opposite direcdon. A negative resistance reading
will then be displayed.

4. If a current Rel baseline exists (REL indicator on
while displaying current measurements) when V/I
Ohms is selected, resistance is calculated as follows:

v
R=1T1

where: Iis the actual current.
10 is the current rel baseline level.

Optimizing Accuracy

When using V /I ohms, the V-Source range and current
range should be set up to optimize accuracy. In most
cases, it is best 10 use the maxirmum voltage possible and
set the current range accordingly. The instrument should
be placed in the most sensitive range possible without
causing an overranged condition. Doing so will optimize
the measurement for resoluion and accuracy.
Autoranging can facilitate range selection.

V/I ohms measurements tend to be more accurate when
current measured is close to fuil scale. Disadvantages of
operating with higher voltages include power dissipa-
tion in the DUT and voltage coefficient of high imped-
ance DUT.

Leakage Resistance

There are cases where leakage resistance could adversely
affect V/I ohms measurements. For example, test fixture
leakage paths may appear in parallel with the device be-
ing measured, introducing errors into the measurement.
These errors can be minimized by using proper insulat-
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ing material (such as Teflon®) for terminal connections
in custom-built test fixtures.

The current Rel feature provides a way to compensate for
leakage resistance which cannot be eliminated from the
test fixture. If the DUT (device under test) is removed
from the test fixture and then the test voltage is applied to
the fixture, the resulting current will be entirely due to
the leakage resistance. Using Rel (while in the current
function) will “eliminate” this leakage current. Then with
the DUT in the test fixture, the current used for the V/I
ohms calculation will be entirely due to the DUT.

NOTE
Paragraph 3.16 contains additional considera-
tions that must be addressed when making
current measurements.

3.8 MENU

The menu items are listed in Table 3-8. In general, each
press of the MENTU key displays a menu item in the order
shown in the table. The available selections of the dis-
played menu item are selected and displayed with the ro-
tary knob or the M and P keys. The selected option of the
displayed menu item is entered by again pressing
MENU. To exit the menu, press SHIFT and then EXIT.

The following information will provide the detailed
steps for selecting the available options of the menu item

program.

3.8.1 Data Store

This menu item is used to arm the data store and select
the number of readings to store in the buffer. Details for
using the data store is contained in paragraph 3.11.

Data Store Selections:

NO Do nothing

YES Armdatastore

BUFFERSIZE 000 RDGS Wrap-around
operation (cir-
cular buffer)

BUFFERSIZE 001-512 RDGS Number of
readings to
store in buffer
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Table 3-8. MENU Iltems

Menu Item Description

DATA STORE | Arm data store and set buffer size

DATA RECL Recall data stored in buffer

ILIMIT Set current limit; 25pA or 2.5mA
(Model 487 only)

INTEGRATE | Set integration period; fast or line
cycle (50 or 60Hz)

IEEE-488 Set IEEE-488 address 0-30 or select
Talk-only

DEFAULTS Save steps as power-up defaults,
return to previously saved de-
faults, or return to factory defaults

SELFTEST Test display and memory elements

DEBUG Troubleshooting mode

CALIBRATE Calibrate current range

CALVSRC Calibrate V-Source (Model 487
only)

Perform the following steps to arm the data store and set
buffer size:

1. Press and release MENU until the following mes-
sage is displayed:

DATA STORE NO

NO indicates that the data store is not armed. If you
are not going to store readings, exit the menu by
pressing SHIFT and then EXTT.

2. Use the rotary knob or the € and P keys to display
the following message:

DATA STORE YES

3. To arm the data store, press MENU. The following
message will appear on the large display:

BUFFERSIZE

On the small display, the last programmed size
value will be displayed.

4. Use the ADJUST controls to display the desired
value. The 4 and P> keys position the cursor on the
digit to be adjusted and the rotary knob increments
or decrements the value from the selected digit. For
example, to store 236 readings in the buffer, adjust
the value to the following display message:

BUFFERSIZE 236 RDGS

5. With the desired buffer size value displayed, press
MENU. The instrument will exit the menu and wait
for a trigger to start the storage process as shown in
the following example:

e mA*

The “*” indicates that the data storeis armed, and the
flashing TRIGGER indicator denotes that the instru-
ment is waiting for a trigger.

NOTE: When setting buffer size, you cannot increase a
selected digit that will cause the value to exceed 512. For
example, if the present value is 428 with the cursor on the
“4”, you cannot increase it to a “5” since 528 is invalid. To
increment the value 428, the cursor must be on the “2” or
ﬂle 418ff ,

38.2 Data Recall

This menu item is used to recall data that is stored in the
buffer using the data store. Details for using the data
store is contained in paragraph 3.11.

Data Recall Selections:

NO Disable data recall

YES Enable data recall

LOC 001-512 Stored reading at displayed
buffer location

LOC MIN Minimum reading stored in
buffer

LOCMAX Maximum reading stored
in buffer

Perform the following steps to recall data stored in the
data store buffer:

1. Press and release MENU until the following mes-
sage is displayed:

DATA RECL NO

NO indicates that data recall is disabled. If you do
not wish to examine stored readings, proceed to step
5.

2. Use the rotary knob or the € and P keys to display
the following message:

DATA RECL YES
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3. Press MENU. The stored reading at memory loca-
tion 001 will be displayed. For example, if the stored
reading is —1.00000mA4, the following will be dis-
played:

-1.00000 mA LOC 001

4. ‘The stored readings at the other memory locations
(and MIN and MAX) can be examined by using the
ADJUST controls. The # and P keys position the cur-
sor on the digit to be adjusted and therotary knobin-
cremernts or decrements the memory location num-
ber from the selected digit. Decrementing the value
from 001 displays the maximum and minimum
readings.

5. To exit from data recall press MENU to display the
next menu item, or press SHIFT and then EXIT to exit
from the menu.

NOTES:

1. Themessage “NODATA" on the small display,indi-
cates that there are no readings stored in the buffer.

2. Turning off power, performing factory initialization,
defaults recall or sending a DCL or SDC over the bus,
clears the buffer (NO DATA).

3.8.3 I-Limit (Model 487)

This menu item is used to check or change the current
limit setting of the V-Source of the Model 487. Details on
I-limit is contained in paragraph 3.6.4.
I-Limit Selections:
2.5mA I-limit setting of 2.5mA
25uA I-limit setting of 25pA
Perform the following steps to check or change the I-
limit:

1. Press and release MENU until the currently selected
I-limit is displayed. For example, if I-limit is 2514,
the following message will be displayed:

ILIMIT 285uA
To retain this I-limit setting, proceed to step 3 or 4.

2. Use the rotary knob or the € and P keys to display
the alternate I-limit.
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3. Enter the displayed I-limit by pressing MENU. The
next menu item will be displayed.

4. To exit from the menu, press SHIFT and then EXTT.
The instrument will return to the normal measure-
ment display state.

3.8.4 Integration

This menu selection is used to check or change the inte-
gration pericd for A/D conversions.

Integration Period Selections:

FAST 1.6msec integration (4-1/2 digit
resolution)

LINE60HZ Line cycle (16.67msec) integra-
tion (5-1/2 digit resolution)

LINES0HZ Line cycle (20msec) integration

(5-1/2 digit resolution)

The selectable integration periods offer a trade-off be-
tween speed, resolution and noise rejection. The fast inte-
gration period provides the fastest measurements and
should be used when speed is the most important consid-
eration. The line cycle integration periods provide slower
but more stable (quieter) measurements by rejecting
power line noise. To achieve the most stable measure-
ments, select the line cycle period that matches the avail-
able line frequency.

Perform the following steps to check or change the inte-
gration period: -

1. Press and release MENU until the currently selected
integration period is displayed. For example, if the
integration period is currently set for 60z line cycle,
the following message will be displayed:

INTEGRATE LINE60HZ

To retain this integration period, proceed to step 3 or
4,

2. Use the rotary knob or the 4 and P keys to display
the desired integration period.

3. Enter the displayed integration period by pressing
MENU. The next menu item will be displayed.

4. Toexitthemenu, press SHIFT and then EXIT. The in-
strument will return to the normal measurement dis-
play state.

NOTE: Menu selection DEFAULT SAVE (see paragraph
3.8.6) can be used to save the selected integration period
as the power-up default condition.
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3.8.5 |IEEE-488 Address or Talk-Only

This menu item is used to check or change the IEEE-488
address, or select talk-only.

IEEE-488 Selections:
ADDR 00-30 IEEE-488 primary address
TALKONLY talk-only mode

Atthe factory, the IEEE-488 address is set to 22. However,
it can be set to any valid value from 0 to 30. Section 4 con-
tains detailed information on IEEE-488 programming. In
talk-only, the instrument will continually output data to
a listening device, such as a listen-only printer. Details on
using talk-only are contained in paragraph 3.13.

Perform the following steps to check or change the
IEEE-488 address, or select talk-only:

1. Press and release MENU until the current IEEE-488
selection is displayed. For example, if primary ad-
dress 22 is currently selected, the following message
will be displayed:

TEEE-488 ADDR 22

To retain this selection, proceed to step 3 or 4.

2. Use the rotary knob or the € and P keys to display
the desired address or talk-only.

3. Enter the displayed selection by pressing MENTU.
The next menu item will be displayed.

4. Toexitthemenu, press SHIFT and then EXIT. Thein-
strument will return to the normal measurement dis-
play state.

NOTE: The instrument will power-up to the last selected
IEEE-488 selection.

3.8.6 Defaults

This menu item allows you to save the present operating
states as the power-up default conditions, or to return the
instrument to previously saved default conditions, or to
refurn the instrument to the factory default conditions.
Factory default conditions are listed in Table 3-3. Also in-
dicated in the table are the controls/features that can be
saved as the power-up default conditions.

Default Selections:
OK Do nothing
SAVE Save present operating states as
power-up default conditions
RECALL Return to previously saved power-

up default conditions

FACTORY Return to factory default conditions
and save as power-up default con-
ditions.

Perform the following steps to use a default selection:

1. Press and release MENU until the following mes-
sage is displayed:

DEFAULTS oK

If you do not wish to execute one of the other default
selections, proceed to step 3 or 4.

2. Use the rotary knob or the € and P keys to display
the desired default selection.

3. Execute the displayed default selection by pressing
ENTER. If “OK” or “SAVE” is executed, the next
menu item will be displayed. If “RECALL” or “FAC-
TORY” is executed, the instrument will return to the
normal measurement display state.

" 4. Ifstill in the menu, you can exit from it by pressing

SHIFT and then EXIT.

3.8.7 Sel-Test

This menu item is used to test display segments and in-
ternal memory elements. During the display test, each
segment of all the LEDs will be briefly displayed. Then,
all segments of each LED will be sequentially displayed.
The display test takes approximately 17 seconds to com-
plete. After the display test, tests on its memory elements
will be performed.

Seli-Test Selections:
NG Do not perform self-test
YES Perform self-test

Perform the following steps to perform the self-test:

1. Press and release MENU until the following mes-
sage is displayed:

SELFTEST NO
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if you do not wish to run the self-test, proceed to step
5.

2. Use the rotary knob or the € and P keys to display
the following message:

SELFTEST YES

3. Torun the test press MENU. After the display test is
completed, tests on its memory elements will be per-
formed while the following message is displayed:

SELFTEST

4. Tests on its memory elements takes approximately
five seconds. If the tests pass, the next menu item will
be displayed. In the event of a failure, one of the fol-
lowing messages will displayed.

ROM ERROR
RAM ERROR

The error message can be canceled by pressing any
front panel key. However, a problem exists and must
be resolved. Refer to the troubleshooting informa-
tion in Section 7.

5. To exit from the menu, press SHIFT and then EXIT.
The instrument will return to the normal measure-
ment display state.

3.8.8 Debhug

The debug menu item locks the A /D converter in one of
three muitiplexer state to allow signal tracing through

the instrument during troubleshooting. Refer to para-
graph 7.7 for details on using this feature.

If you haveinadvertently selected debug, press MENU to
display the next menu item, or press SHIFT and then
EXIT to exit the menu.

3.8.9 Calibrate

The calibrate program is used to calibrate the current
ranges of the Models 486 and 487. Refer to paragraph 7.3
to calibrate the instrument.

3.8.10 CalV SRC (Model 487)

This program is used to calibrate the V-Source of the
Model 487. Refer to paragraph 7.3 to calibrate the V-
Source.
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3.9 FRONT PANEL TRIGGERING

TRIGGER

SETUP

[]

TRIGGER

[]

The following paragraphs discuss front panel triggering,
trigger mode selection, trigger interval, trigger delay and
trigger source.

3.9.1 Trigger Mode

The Model 486 /487 may be operated in two basic trigger
modes; one-shot and multiple. In the one-shot mode, a
separate trigger is required to initiate each reading. For
the multiple mode, however, only a single trigger is re-
quired, with conversion rate determined by the pro-
grammed trigger interval. The muiltiple trigger mode is
the factory default, however, the one-shot mode can be
saved (see paragraph 3.8.6) as the power-up default.

To check or change the selected trigger mode, proceed as
follows:

1. Press SETUP to enable trigger setup (SETUP indica-
tor turns on). The currently selected trigger mode
will be displayed. For the multiple mode, the follow-
ing will be displayed:

TRIG MODE  MULTIPLE

For the one-shot mode, the following will be dis-
played:

TRIGMODE  ONESHOT

2. To toggle the displayed trigger mode use the rotary
knob or the M and P keys.

3. Select the displayed trigger mode by pressing
SETUP to display the next trigger setup selection
(trigger interval), or by pressing SHIFT and then
SETUP to exit trigger setup.
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3.9.2 Trigger Interval

The trigger interval determines the time period between
individual readings when the instrument is in the multi-
ple trigger mode. Interval also affects the storage rate of
the data store.

The trigger interval can be set from 10msec to 999.999sec.
A trigger interval of 175msec is the factory default condi-
tion. However, any valid trigger interval can be saved
{see paragraph 3.8.6) as the power-up default.

Trigger interval speeds from 10msec to 49msec can only
be achieved using the data store. Ctherwise, an interval
of 50msec or the programmed interval (whichever is
greater) will be used.

NOTE
Trigger interval cannot be set in the one-shot
trigger mode.

Perform the following steps to check or change the se-
lected trigger interval:

1. Press and release SETUP until the trigger interval is
displayed. For example, if the trigger interval is set
for 175msec (factory default), the following will be
displayed:

TRIGINTVL 000,175

To retain the displayed trigger interval, proceed to
step 3.

2. Use the€and P keys, and the rotary knob to display
the desired value. The and P keys position the cur-
sor on the digit to be modified, and the rotary knob
increments/decrements the value from the selected
digit.

3. Seilect the displayed trigger interval by pressing
SETUP to display the next trigger setup selection
(trigger delay), or by pressing SHIFT and then
SETUP to exit trigger setup.

3.9.3 Trigger Delay

Trigger delay is the time from the trigger point until the
unit takes a reading. In the multiple trigger mode, the de-

lay period affects only the first conversion; however, in
the one-shot trigger mode, the delay period affects every

conversion, with the instrument waiting the pro-
grammed delay time after each trigger before taking a
reading. For example, if you program a 300msec trigger
delay, the unit will wait 300msec after each trigger before
taking a reading.

The Model 486/487 can be programmed for a delay inter-
val from Osec to 999.999secin Imsecincrements, A {rigger
delay of Osec is the factory default; however, any valid
trigger interval can be saved (see paragraph 3.8.6) as the
power-up default.

NOTE
If a trigger occurs during the trigger delay pe-
riod, the trigger overrun (TRG OVERUN) er-
ror message will be displayed. The trigger that
caused the error will be ignored.

Perform the following steps to check or change the trig-
ger delay period:

1. Press and release SETUP until the trigger delay is
displayed. For example, if the trigger delay is set for
Osec (factory default), the following will be dis-
played:

TRIG DELAY  000.000

To retain the displayed trigger delay, proceed tostep
3.

2. Use theand P keys, and the rotary knob to display
the desired value. The €and P keys position the cur-
sor on the digit to be modified, and the rotary knob
increments/decrements the value from the selected
digit.

3. Select the displayed trigger delay by pressing
SETUP to display the next trigger setup selection
(rigger source), or by pressing SHIFT and then
SETUP to exit trigger setup.

3.8.4 Trigger Sources

For front panel operation, there are three trigger sources
available; front panel TRIGGER key, the EXTERNAL
TRIGGER INPUT jack, and the OPERATE key for the V-
Source of the Model 487.

With the external trigger source selected, a trigger pulse
applied to the rear panel EXTERNAIL TRIGGER INFUT
jack will trigger the instrument (see paragraph 3.10.1 for
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details). With the operate trigger source selected, a trig-
ger will occur when the V-Source of the Model 487 is
placed in operate. The front panel TRIGGER key is al-
ways enabled, regardless of the selected trigger source;
however, this key is locked out when the instrument isin
remote.

Additional trigger sources include IEEE-488 X, GET, and
talk commands, as discussed in Section 4.

The external trigger source is the factory default; how-
ever, any of the other trigger sources can be saved (see
paragraph 3.8.6) as the power-up default condition.

Perform the following steps to check or change the trig-
ger source:

1. Press and release SETUP until the currently selected
trigger source is displayed. If external trigger source
is selected, the following will be displayed:

TRIG SRC EXTERNAL

The other available trigger source selections:

TRIG SRC OPERATE
TRIG SRC BUSX
TRIG SRC GET
TRIG SRC TALK

To retain the displayed trigger delay, proceed to step
3.

2. Use the 4and P keys, or the rotary knob to display
the desired trigger source.

3. Select the displayed trigger source selection by
pressing SETUP. The instrument will return to the
normal measurement display state.

3.9.5 Trigger Examples

Example 1:

Multiple trigger mode with a three second interval be-
tween readings:

1. Press SETUP (SETUP indicator turns on}and use the

rotary knob (if necessary) to display the multiple
trigger mode as follows:
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TRIG MODE MULTIPLE

2. Press SETUP and use the € and P keys, and rotary
knob to set a trigger interval of three seconds as fol-
lows:

TRIG INTVL  003.000

3. Press SHIFT and then SETUTP. The instrument will
retummn to the normal measurement display state. The
display will update with a new reading every three
seconds as indicated by the trigger status LED (flash-
ing decimal point) that follows the reading.

Example 2:
One-shot trigger mode with a one second trigger delay:

1. Press SETUP (SETUP indicator turns on) and use the
rotary knob (if necessary) to display the one-shot
trigger mode as follows:

TRIGMODE  ONE-SHOT

2. Press SETUP and use the € and P keys, and rotary
knob to set a trigger delay of one second as follows:

TRIG DELAY 001.000

3. Press SHIFT and then SETUP. The instrument will
return to the normal measurement display state.

4, To initiate a single reading, press TRIGGER. Note
that the display updates after a delay of approxi-
mately one second.

3. Quickly press TRIGGER twice. The second press of
TRIGGER causes a trigger overrun error. The mes-
sage “TRG OVERUN" isdisplayed. The invalid trig-
ger, which occurred during the delay period, is ig-
nored.

3.10 EXTERNAL TRIGGERING

The Model 486 /487 has two external BNC connectors on
the rear panel associated with instrument triggering (see
Figure 3-11). The EXTERNAL TRIGGER INPUT connec-
tor allows the instrument to be triggered by other de-
vices, while the METER COMPLETE OUTPUT connector
allows the instrument to trigger other devices.
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EXTERNAL METER

TRIGGER COMPLETE

INPUT QUTPUT
Figure 3-11.  Trigger Connectors
3.10.1 External Trigger

The external trigger input requires a falling edge pulse at
TTL logic levels, as shown in Figure 3-12. Connections to
the rear panel EXTERNAL TRIGGER INPUT jack should
be made with a standard BNC connector. If the instru-
ment is in the external trigger source mode, it will be trig-
gered to take readings while in either a multiple or one-
shot trigger mode when the negative-going edge of the

external trigger pulse occurs.
Triggers on
Leading Edge
TTL High
(2V-5V)
TTL Low
(<0.8V) oys
Minimum
Figure 3-12.  External Trigger Puise Specifications

To use the external trigger, proceed as follows:

1. Connect the external trigger source to the rear panel
BNC EXTERNAL TRIGGER INPUT connector. The
outer shell (shield) of the connector to digital com-
mon.

2. Place the instrument in “one-shot on external trig-
ger” or “multiple on external trigger” as explained in
paragraph 3.9.

3. To trigger the instrument, apply a pulse to the exter-
nal trigger input. The instrument will process a sin-
glereading each time the pulse is applied {one-shot),
or start multiple readings.

NOTE
Triggering the unit while it is processing a
reading from a previous trigger will cause a
trigger overrun (TRG OVERUN).

3.10.2 Meter Complete

The Model 486/487 has an available output pulse that
can be used to trigger other instrumentation. A single
TTL-compatible negative-going pulse (see Figure 3-13)
will appear at the METER COMPLETE OUTPUT jack
each time the instrument completes a reading. To use me-
ter complete output, proceed as follows:

1. Connect the Model 486 /487 to the instrument to be
triggered with a suitable shielded cable. Use a stan-
dard BNC connector to make the connection to the
Model 486/487.

2. Configure the Model 486/487 to make the desired
measurements.

3. In the multiple trigger mode, the instrument will
output pulses at the conversion rate; each pulse will
occur after the Model 486/487 has completed a con-
version.

4. Intheone-shot trigger mode, the Model 486 /487 will
output a pulse once each time it completes a reading
after being triggered.

AD

Conversion Ready for

Complete Next Trigger
LS TTL High
(3.4V Typical)
LSTTL Low

{0.25V Typical)
(~— 1Qps —
Minimum

Figure 3-13.  Meter Complete Specifications

3.11 DATA STORE

Thedata store can store up to 512 readings for later recall.
Data can be stored at specificintervals of between 10msec
and 999.999sec with 1msec increments. In addition, one-
shotexternal or front panel triggering can be used to store
data at arbitrary points in time.

The following paragraphs describe front panel operating
procedures for storing and recalling data.

3.11.1  Storing Data at Programmed

Intervais

Use the following procedure for storing data at defined
intervals:
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1. Select function (amps or V/I ohms) and range to be
used to make measurements. Autorange may be
used.

2. Set the trigger mode, interval and delay as follows:
A. Press SETUP and verify that the multiple trigger

mode is selected as follows:

TRIGMODE  MULTIPLE

If necessary, use the rotary knob or the d and P
keys to display the multiple trigger mode.

B. Press SETUP and use the rotary knob or the 4
and P> keys to display the desired trigger (stor-
age) interval. For example, the following mes-
sage denotes a trigger interval of 1/2 second:

TRIGINTVL  000.500

C. Press SETUP and use the rotary knob or the or
P keys to display the desired trigger delay. If you
do not wish to delay the initial trigger that starts
the storage process, set trigger delay to Osec as
shown:

TRIG DELAY  000.000
D. Exit trigger setup by pressing SHIFT and then
SETUP.
3. Armthe data store and set the buffer size as follows:

NOTE
Details on arming the data store and entering
buffer size parameters are contained in para-
graph 3.8.1.

A. Press and release MENU until the data store is
selected, and use the rotary knob or the dand ¥
keys to display the following message:

DATA STORE YES

B. Press MENU. The currently defined buffer size
will be displayed. For example, if the buffer size
is currently set for 100 readings, the following
message will be displayed:

BUFFERSIZ 100 RDGS
Note: The size value determines how many read-
* ings will be stored (up to 512) before the storage
cycle stops. However, a buffer size of 000 indi-
cates that the storage cycle will continue even af-
ter all 512 readings are stored. After the 512th
reading is stored, readings will be stored begin-
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ning at the first memory location, overwriting
the previously stored data.

C. Use the rotary knob or the € and P keys to dis-
play the desired buffer size value.

D. Enter the data store parameters by pressing
MENU. The instrument will exit the menu and
will wait for a trigger to start the storage process
as shown in the following example:

The “*” indicates that the data store is armed and
is waiting for a trigger as denoted by the flashing
TRIGGER indicator.

4. Press TRIGGER to initiate storage, The instrument
will begin storing data at the programmed interval.
While storage is active, you can begin to examine
stored readings by entering the data recall mode (see
paragraph 3.11.3).

5. After all readings have been stored, the displayed
“# will furn off to indicate that the storage process
has been completed (except for continuous wrap-
around storage).

NOTES:

1. The data store can be disarmed, even after the stor-
age process has started, by changing a trigger setup;
trigger mode, trigger interval, trigger delay or trig-
ger source. Data storage can also be aborted by re-
arming the data store. The displayed “*” turns off
when the data store is disarmed.

2. Arming the data store clears the buffer of previously
stored readings.

3. With the operate trigger source selected (see para-
graph 3.9.4), placing the V-Source of the Model 487
in operate will frigger the start of the storage process.

4. The front panel TRIGGER key can be used to start
the storage process with any trigger source selected
(see paragraph 3.9.4).

3.11.2 Triggering One-shot Readings into
Data Store

Reading storage can be controlled by trigger pulses ap-
plied to the rear panel EXTERNAL TRIGGER INPUT
(paragraph 3.10), by using the front panel TRIGGER key,
or by placing the V-Source of the Model 487 in operate. In
a one-shot trigger mode, each trigger stimulus will proc-
ess and store a single reading.

For one-shot operation, the data store is configured the
same as for multiple trigger operation as explained in the
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previous paragraph. Only the trigger setup is different.
The trigger mode is set for one-shot (TRIG MODE ONE-
SHOT), and the trigger source is set for external (TRG
SCR EXTERNAL) or operate (TRG SRC OPERATE).

In the one-shot mode, each press of the TRIGGER key
will cause a single reading to be processed and stored in
the buffer. The front panel TRIGGER key is active regard-
less of the trigger source selection. With the external trig-
ger source selected (TRIG SRC EXTERNAL), each trigger
pulse applied to the unit (see paragraph 3.9.4) will proc-
ess and store a single reading. With the operate trigger
source selected (TRIG SRC OPERATE), a single reading
will be processed and stored each time the Model 487 V-
Source is placed in operate.

NOTES:

1. Trigger interval cannot be set when in the one-shot
trigger mode.

2. Triggerdelay can besetin the one-shot trigger mode.
Each time the trigger stimulus occurs, the reading
and storage process will not occur until the delay has
expired. Any triggers that occur during the delay pe-
riod will result in a trigger overrun error (TRG
OVERUY). The invalid trigger(s) will be ignored.

3.11.3 Recalling Data

Data can be recalled either during storage or after storage
is complete by using the following procedure:

1. Press and release MENU until data recall is selected,
and use the rotary knob or the <and> keys to display
the following message:

DATA RECL.  YES

2. Press MENU. Thereading stored in the first memory
location will be displayed. For example, if a 1mA
reading is stored in location 001, the following mes-
sage will be displayed:

1.00000 mA LOC 001

3. For sequential access, use the rotary knob. Turning
the knob counter-clockwise will display the maxi-
mum (LOC MAX) and minimum readings stored in
the buffer. Turning the rotary knob clockwise will in-
crement buffer locations until the last buffer location
is reached.

4. To access a reading at a particular memory location,
use theand P keys to position the cursor on the de-
sired digit and use the rotary knob to adjust the loca-
tion value from the selected digit.

5. To exit data recall, press SHIFT and then EXIT.

NOTES:

1. If the data store has no valid data to display, the fol-
lowing message will appear in the small display
upon enfry into data recall:

NODATA

2. The instrument will continue to store data while in
data recall unfil the data store buffer is full (unless in
wrap-around operation).

3.12 ANALOG OUTPUT

The Model 486/487 has a non-inverting 2V analog out-
put. ANALOG OUTPUT connections are shown in
Figure 3-14. For a 200,000 count input, the analog output
will be 2V. Typical examples are shown in Table 3-9.

The output resistance of the analog output is 100Q. To
minimize the effects of loading, the input impedance of

the device connected to ANALOG OUTPUT should be as

high as possible. For exampie, for a device with an input
impedance of 10kQ, the error due to loading will be ap-
proximately 1%. Rel has no effect on the analog output. A
1mA input (2mA range) will result in a 1V analog output
whether Rel is enabled or not.

CAUTION
To prevent damage to the instrument, ad-
here to the following precautions when
floating the input above chassis ground:

1. Do not connect ANALOG OUTPUT LO
to CHASSIS. If there is a ground link in-
stalled at the rear panel binding posts, re-
move it.

2. Make sure that any monitoring instru-
ment connected to the analog output is float-
ing.

Paragraph 3.16.8 explains the precautions for
floating measurements in more detail.
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Banana Plug <

Cables
Hi LO

Measuring Device (Ry)
(i.e. Chart Recorder)

Figure 3-14.  Typical Analog Output Connections

486487 .
r 1
| Analog
Input Preamp Output
1000 Hl
) .}
R
R L
Lo LC
|
| i
e 1
Equivalent Circuit

R* = 1k for protection purposes, and
virtually 0$2 for accuracy considerations.

Table 3-9. Typical Analog Output Values

Analog

436/487 | Applied | Output
Range | Signal Level
2nA 1.2nA 1.2v
20nA 21nA 2.1V
200nA 12nA 0.12v
2uA 1.2uA 1.2V
20pA 190A 1.9v
200uA 85pA 0.85V
2mA 2mA 2V
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3.13 TALK-ONLY

In talk-only, the Model 486 /487 will talk continuously on
the IEEE~488 bus and output readings to a listen-only de-
vice whenever a measurement conversion occurs. For ex-
ample, in talk-only, measurement readings from the
Model 486/487 will be transmitted to a listen-only
printer that is connected to the [EEE-488 bus. Bus connec-
tions are covered in paragraph 4.4 of Section 4. While us-
ing talk-only, a controller cannot be connected to the
IEEE-488 bus.

The listen-only device will not slow down the Model
486 /487 measurement rate. For example, after the buffer
of a listen-only printer fills, the printer will only accept
readings from the Model 486/487 at its print rate. The
Model 486/487 continues to take readings at its pro-
grammed rate, but sends them only as fast as the printer
can accept them.

Perform the following steps to place the Model 486/487
in talk-only:

1. Press and release MENU until the present IEEE-488
selection is displayed. For example, if the [EEE-488
bus addressis set to 22, the following message will be
displayed:

IEEE-488 ADDR 22

2. Use the rotary knob, or the P button to display talk-

only as follows:
TEEE-488 TALKONLY

3. To enter the talk-only mode, press MENU. The
TALK indicator will turn on.

4. Exitthemenuby pressing SHIFT and then EXIT. The
instrument will return to the normal measurement

display state. Each measurement conversion will be
sent over the bus.

NOTE: If the reading source is currently set to Bl (data
store readings) from previous IEEE-488 operation (see
paragraph 4.2.2 in Section 4), a data store dump to a lis-
ten-only device can be performed by placing the instru-
ment in talk-only. If the instrument is in talk-only while
data storage is in progress, each reading will be sent to
the listen-only device at the programmed interval. If the
instrument is placed in talk-only after the data storage is
complete, all the stored readings will be sent to the listen-
only device as fast as it will accept them.

3.14 OPERATING EXAMPLES

3.14.1 Measuring Current Generated by

an LED

A standard light emitting diode (LED) will generate
small currents (nanoampere region} when exposed to
light. This operating example will use the Model 486 or
487 to measure the current generated by an LED over a
range of light intensity, and store the readings in the data
store.

Equipment needed:

1 LED
1 Model 237-ALG-2 Alligator Cable (supplied)

Procedure:

NOTE
Step 1 will return the instrument to factory de-
fault conditions. In that state, filter will be en-
abled (DIG+AXN), zero check will be enabled,
and autorange will be enabled.

1. Perform the following steps to perform factory in-
itialization:
A. Press and release MENU until the following
message is displayed:

DEFAULTS OK

B. Use the rotary knob to display the following

message:
DEFAULTS FACTORY
C. Press MENU to perform factory initialization.

2. Connect the LED to the Model 486/487 as shown in
Figure 3-15.

3. Zero correct the Model 486/487 by pressing SHIFT
and then CORRECT.

4. Placethe LED, with the test cable connected to it,ina
dark place (i.e. desk drawer, or a in a box}.

5. Disable ZERO CHECK.

6. Verify that the reading on the display is around 1pA
or less. The LED should generate virtually OA in a
dark environment.

7. Configure the data store of the Model 486 /487 as fol-
lows:

A. Press and release SETUP until the trigger inter-
val is displayed. Use the € and P keys, and the
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10.

rotary knob to display an interval of 1/2 seconds
as follows:

TRIGINTVL 060500

B. Enter the displayed trigger interval by pressing
SHIFT and then SETUP.

C. Press MENU and use the rotary knob to display
the following message:

DATA STORE YES

D. Press MENU and use the €and P keys to display
a buffer size of 50 readings as shown:

BUFFERSIZE 050 RDGS

E. Arm the data store by pressing MENU. The
“data store armed” indicator (*) will be dis-
played.

NOTE
When triggered, the data store will store 50
readings at an interval rate of 1/2 seconds.
This will give you approximately 25 seconds
to move the LED gradually from the dark en-
vironment to a bright light source (lamp or
flashlight).

To start the data storage process, press the flashing
TRIGGER key.

After allowing a few seconds to acquire readings in
the dark environment, gradually move the LED
from the dark towards a brightlight source. Time the
transition from dark to bright light such that the last
few seconds of data storage are performed at peak
light conditions.

Data storage will be complete when the displayed
“*” turns off.
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11. Perform the following steps to recall stored data:
A. Press and release MENU until the following
message is displayed:

DATARECL NO

B. Use the rotary knob to display the following
message:

DATARECL YES

C. Press MENU. The first reading (at memory loca-
tion 001) will be displayed. Since this measure-
ment was performed in the dark, the following
reading could result:

0.00074 nA LOC 001

D. Examine the readings stored in the other mem-
ory locations by using the rotary knob. Turning
the knob clockwise increments the memory loca-
tions. Turning the knob counter-clockwise past
location 001 displays the minimum and maxi-
mum readings stored in the buffer. For this test,
the following maximum and minimum readings
could result:

022.106 nA LOCMAX
-0.36250nA  LOCMIN

12. Todisable data recall, press SHIFT and then MENU.

For this example, you would expect the current to in-
crease as the source of light increases. In general, the test
data should support this. However, because this test was
net conducted under ideal conditions, electric fields due
to a lack of shielding and induced currents due to cable
flexing when moving the LED most likely caused some
“undesirable” readings.
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EXTERMAL  WETER
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237-ALG-2 HED
cable LED /‘/71 Isl»
LO

Red HI Hi LO
~ @—“‘ A)
Green W Black
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{not used}

Figure 3-15.  Setup for Measure LED Current

3.14.2 Resistivity Tests (Model 487)

Resistivity of insulators can be determined by applying
high voltage to the material under test and measuring
the subsequent current.

The following operating example will determine the
volume or surface resistivity of paper using the V/I
ohms function of the Model 487 and the Model 6105
Resistivity Adapter, Be sure to read the instruction man-
ual for the Model 6105 before performing this test.

Equipment Needed:

Model 6105 Resistivity Adapter

Model 6147 2-Slot Triax to BNC Adapter (supplied with
Maodel 6105)

Model 4801 BNC to BNC Input Cable (supplied with
Model 6105)

Model 6171 3-Slot Triax to 2-Lug Triax Adapter

Model 237-TRX-T Triax Tee Adapter

Model 237-ALG-2 Triax/ Alligator Clip Cable

Procedure:

NOTE
Step 1 will return the instrument to factory
default conditions. In that state, filter will be
enabled (DIG+AN), zero check will be
enabled, and autorange will be enabled.

1. Perform the following steps to perform factory

initialization:
A. Press and release MENU until the following
message is displayed:

DEFAULTS OK
B. Use the rotary knob to display the following
message:
DEFAULTS FACTORY

C. Press MENU to perform factory initialization.

. Connect the Model 487 to the Model 6105 as shown

in Figure 3-16.

CAUTION
Insulate the unused red clip lead of the
Model 237- ALG cable to avoid contact.

Perform one of the following steps (A or B) {o con-
figure the Model 6105 for the desired test:

A. To test surface resistivity, configure the Model
6105 as shown in Figure 3-17, The banana plug
cable from the electrode is connected to the

banana jack labeled "SURFACE." The shorting
plug is installed in the other two banana jacks.
B. To test volume resistivity, configure the Model
6105 as shown in Figure 3-18. The banana plug
cable from the electrode is connected to the
banana jack labeled "VOLUME." The shorting
plug is installed in the other two banana jacks.
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B o 237-ALG-2 Cable
arée;nbe‘\es “9 {Connect black clip to VOLTAGE OUTPUT LC.
Model 487 _~ Insulate red clip 1o avoid contact.)
Adapter

Figure 3-16.

[RELER, nce m s

[
20-atHz BIVA MAX AC DMLY

\—- 237-TRX-T Adapter
6171 Adapter

6105

T

Connections for Resistivity Test

¥ Jumper Installed

-~4— 4801 BNG Cable

Equivalent Circuit

NOTE Do not connect signal tow to
ANALOG QOUTPUT .O. Always
use INPUT LO for input
connections.
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For shipping and during storage, two screw fasten-
ers are used to secure the electrodes. Remove these
two fasteners if they are currently installed.

As shown in Figure 3-17 and Figure 3-18, position
the paper sample between the electrodes. Make
sure there are no conductive paths between the
electrodes other than through the sample. The elec-
trodes must not touch anything except the sample.

Close the Model 6105 cover and secure the latch.
An interlock switch disconnects power from the
sample if the cover is not completely closed.

WARNING
The following steps will apply hazardous
voltage, that could cause severe injury or
death. Exercise extreme caution when the
V-Source of the Model 487 is in operate.

With the V-source of the Model 487 in standby
(OPERATE indicator off), use the « and p keys,
and the rotary knob to set the V-source to 500.00V.
Select the V/I ohms function by pressing SHIFT
and then OHMS. The ZERO CHECK indicator will
start flashing,

Place the V-source of the Model 487 in operate by
pressing OPERATE. 500V will be applied to the
paper sample.

6105 Resistivity Adapter

Banana Plug
&~ from electrode
SURFACE
Shoring
plug
W E
Tep
Electroda
Surtace
To To
V-Source Picoammater
=
Figure 3-17.  Configuration for Surface Resistivity

10. On the Model 487, press ZERQ CHECK to disable
zero check and allow one minute to electrify the
sample.

11. After one minute electrification time, record the
resistance measurement (Ry;} from the display of
the Model 487.

12. On the Model 487, enable zero check and place the
V-Source in standby.
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6105 Resistivity Adapter
Shorting
plug
sSu E
. VOLUME
.
Top Banana Plug
Electrode trom slectrode
Volume
SAMPLE
To To
v-Source * Picoammeter
L
Figure 3-18.  Configuration for Volume Resistivity

13. Calculate the resistivity of the paper sample as
follows:

A, If the Model 6105 is configured for surface
resistivity, perform the following calculation:

o =53.4 Ry ohms

where; o is the surface resistivity of the
sample;

53.4 is a constant based on the physi-
cal dimensions of the electrodes of the
Model 6105;

Ry is the V/I ohms reading from the
Model 487.

For example, if the reading on the Model 487
(Ryy) is 90GQ2 (typical for plain paper), the sur-
face resistivity of the paper sample is calcu-
lated as follows:

o = 53.4 x 90GQ = 4.8 x 107°Q

B. If the Model 6105 is configured for volume
resistivity, perform one of the following
calculations:

p = Citi?a Ry ohm-inches
i

229 :
p = t_c Ry ohm-centimeter

where; p is the volume resistivity of the
sample;
3.53 is a constant based on the physi-

cal dimensions (in inches) of the elec-
trodes of the Model 6105;

229 is a constant based on the physi-
cal dimensions (in centimeters) of the
electrodes of the Model 6105;

Ry, is the V/I ohms reading from the
Model 487;

t; is the thickness of the sample in
inches;

t. is the thickness of the sample in cen-
timeters.

For example, if the reading on the Model 487
(Ryp) is 90GQ and the thickness of the paper
sample is 5 mils, the volume resistivity is calcu-
lated as follows:

3.53

P = iropg 90GQ = 635 103 ohm-inches

3.15 SOURCE VOLTAGE/MEASURE
CURRENT (Model 487)

For V/I ohms measurements (see paragraph 3.7), the
Model 487 is configured to source voltage and measure
current. The following paragraphs will summarize how
to use the Model 487 in other test systems that require
the instrument to source voltage and measure current
(Source V/Measure 1).

NOTE
An operating example to perform resistivity
tests is contained in paragraph 3.14.2.

3.15.1 Basic Source V/Measure |

Configuration

The most common configuration to source V and
measure I, as used for V/I ohms measurements, is
shown in Figure 3-10. In this configuration the V-source
and picoammeter are separately connected to the test
fixture.

NOTE
Do not connect signal low to ANALOG
OUTPUT LO. Always use INPUT LO for
input signals.
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3.15.2 Testing 2-Terminal Devices

The Model 487 is ideal for sourcing voltage and measur-
ing current to test voltage coefficients of resistors, leak-
age current of capacitors, and reverse current of diodes.
Generally, these tests are performed on high impedance
devices allowing either source V measure I configura-
tion to be used. (Figure 3-10),

NOTE
For the following test examples, use
Figure 3-10 as the circuit configuration. The
device under test (DUT} is shown installed in
the Keithley Model 8002A test fixture.

Voltage Coefficient Tests of Resistors

High megohm resistors often exhibit a change in resis-
tance with applied voltage. This resistance change is
characterized as the voltage coefficient.

To determine voitage coefficient of a resistor, two V/I
ohms measurements at two different voltage vatues will
be required. The voltage coefficient in % /V can then be
calculated as follows:

100(R, - Ry)
Voltage Coefficient (%/V) = —=——=
R,V

where; R, is the measured resistance with the first
applied voltage.
R, is the measured resistance with the second
applied voltage.
V is the difference between the two applied
voltages.

Example: Assume that the following values are

obtained.

R, = 1.01 x 101%Q
R, =1x10"%Q
V=5V

The resulting voltage coefficient is:

100(1 x 10%)

1x10"(5)

Voltage coefficient (% /V) = = 02%/V

Note that the voltage coefficient of a particular device
may apply only across the selected voltage range and
may vary with different voltage increments in the same
approximate range,
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Capacitor Leakage Tests

An important parameter associated with capacitors is
leakage current. The amount of leakage current in a
capacitor depends both on the type of dielectric as well
as the applied voltage. With a test voltage of 100V, for
example, ceramic dielectric capacitors have typical leak-
age currents in the nA to pA range. By using the V/I
ohms function, the leakage current measurement can be
automatically converted into the insulation resistance
value.

When measuring leakage currents on capacitors, stabil-
ity and noise performance can be maintained by adding
a resistor in series with the capacitor under test. The
value of this resistor should be around 1MQ. For larger
capacitor values (>1yF), the value of the series limiting
resistor can be made lower in order to improve settling
times; however, values below 10kQ are not generally
recommended.

After the voltage is applied to the capacitor, the device
must be allowed to charge fully before the measurement
can be made. Otherwise, an erroneous current, with a
much higher value will be measured. The time period
during which the capacitor charges is often termed the
"soak” time. A typical soak time is 7 time constants, or
7RC, which would allow settling to less than 0.1% of
final value.

WARNING
Hazardous voltage may be present on the
capacitor leads after performing this test.
Discharge the capacitor before removing it
from the test fixture,

Diode Reverse Current Test

The reverse current of a diode can be checked using the
Model 487 to source voltage and measure current.

To perform this test, the diode must be reverse-biased
by programming the V-Source to apply a positive (+)
voltage to the cathode of the diode (anode to V-Source
common). Forward biasing the diode will, in most cases,
cause the Model 487 to go into I-limit.

To check the reverse current of a 1N3952 germanium
diode, set the V-source of the Model 487 to apply +4.5V
to the cathode of the diode. The measured reverse cur-
rent displayed on the Model 487 should be approxi-
mately 4uA.
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3.16 MEASUREMENT CONSIDERATIONS

The Model 486/487 is a highly sensitive instrument that
can measure very low current levels. At these low signal
levels, a number of factors can affect a measurement.
Some considerations when making measurements with
the Model 486/487 are discussed in the following
paragraphs.

3.16.1

As shown in Table 3-10, a minimum value of source
resistance (Rg) is recommended for each current range.
The reason for this can be understood by examining
Figure 3-19. Considering the effects on low frequency
noise and drift, Cy and Cy can momentarily be ignored.

Source Resistance

Input amplifier noise and drift appearing at the output
can be calculated as follows:

Table 3-10. Minimum Recommended

Equation 1

R
F
Output Eyggp = Input Eqpopgg X (l + ﬁ;)

Thus, it is clear that as long as Rg>> Ry, Output Eyaeg =
Input ENOISE' When RF = Rs, Output ENO]’SE =2x Input
Enoise:

The same applies for Eqg. The Model 486/ 487 will typi-
cally show insignificant degradation in displayed per-
formance with the noise gain of 2 resulting from
allowing Rg = R Amplifier E(,; can be nulled by using
the relative feature. The temperature coefficient of Eqg is
<30uV/°C. These numbers can be used with Equation
(1) to determine expected displayed noise/drift given
any source resistance. Note also the values given in
Table 3-11 for minimum source resistance also represent
the value of R on that range.

3.16.2 Source Capacitance

Very high input capacitance (Cg) may increase noise and
induce instrument instability. The noise gain of the mea-
surement circuit can be found from:

Equation 2

ZF
Output Ey g5 = Input Eynrgg X (1 + -Z-;]

Ry
where: Z; =
{2RrfRECp)? +1
R
Zg = 5

[(2nfRgCg)? + 1

Clearly as f—0, Equation 2 reduces to Equation 1 (see
previous paragraph).

The frequency of interest is 0.1 to 300Hz which is the
bandwidth of the A/D converter. The values of C; are
listed in Table 3-11.

Table 3-11. Feedback Capacitor (CF) Values

Minimum Source

Range Resistance {RS)

2nA 1GQ

20nA 100M£2
200nA 10MQ

2uA 1IMQ

20pA 100k
200p A 10kQ

2mA 1kQ

Cr
— 1
r——NA—r¢
Cg RF
—
) To A/D
Rs Converter
O O
ENolsE
~
Figure 3-19.  Simplified Model from Source Resistance
and Source Capacitance Effects

Feedback Capacitor (Cg)
Analog Filter Analog Filter

Range Disabled Enabled

nA 4pF 253pF
20nA 13.3pF 13.3pF
200nA 25.3pF 47.3pF

2uA 103.3pF 125.3pF
20uA 333.3pF 355.3pF
200u A 3633.3pF 3655.3pF
2mA 10333.3pF 10355.3pF
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In general, as Cg becomes larger, the noise gain becomes
larger. An application of where Cg is very high is leak-
age measurements of capacitors. In this case, Input
Enorsg must include the effects of the voltage source (Eg)
used to bias the capacitor (any noise in the source volt-
age will increase the input noise).

When measuring leakage currents on capacitors larger
than 10,000pF, stability and noise performance can be
maintained by adding a resistor in series with the capac-
itor under test. The value of this resistor should be
around 1MQ. For large capacitor values (>1uF), the
value of the series limiting resistor can be made lower in
order to improve settling times; however, values below
10k€2 are not generally recommended.

The resistor is not critical in terms of tolerance or
stability. Any carbon composition resistor will prove
adequate.

3.16.3 Triboelectric and Piezoelectric
Effects

Unwanted currents may be generated due to triboelec-
tric and piezoelectric effects, and will subsequently be
measured by the Model 486/487.

Triboelectric Effects

Triboelectric currents are generated by charges created
between a conductor and an insulator due to friction.
Here, electrons rub off the conductor and create a charge
imbalance that causes the current flow. A typical exam-
ple would be electrical currents generated by insulators
and conductors rubbing together in a coaxial cable (see
Figure 3-20).

Frictional motion
at boundary due
to cable motion

GCoaxial Conductiva
Cable Lubricant in
?;2:;, Quter Low Noisa Cable
Shield
Figure 3-20.  Triboelectric Effect

"Low-noise"” cable greatly reduces this effect. It typically
uses an inner insulator of polyethylene coated with
graphite underneath the outer shield. The graphite
provides lubrication and a conducting equipotential
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cylinder to equalize charges and minimize charge
generated by frictional effects of cable movement.
However, even low-noise cable creates some noise when
subjected to vibration and expansion or contraction, so
all connections should be kept short, away from
temperature changes (which would create thermal
expansion forces), and preferably supported by taping
the cable to a non-vibrating surface such as a wall,
bench, or rigid pole.

Other solutions to movement and vibration problems
include:

* Removal or mechanical decoupling of the source of
vibration. Motors, pumps and other electromechani-
cal devices are the usual sources.

¢ Stabilization of the test hookup. Securely mount or
tie down electronic components, wires and cables.
Shielding should be sturdy.

Triboelectric effects can also occur in other insulators
and conductors which touch each other. Therefore, it is
important to minimize contact between insulators as
well as conductors in constructing test fixtures and con-
nections for low current and high impedance.

Piezoelectric Effects

Piezoelectric currents are generated when mechanical
stress is applied to certain insulating materials. The
effect occurs in ceramics and other crystalline materials,
as well as some plastics used for insulated terminals
and interconnecting hardware. An example of a
terminal with a piezoelectric insulator is shown in
Figure 3-21.

Metal
f/" Terminal

Piezoelectric
Irnsulator

Figure 3-21.

Plate

Piezoelectric Effect

To minimize the current due to this effect, it is important
to remove mechanical stresses from the insulator and
use insulating materials which have minimal piezoelec-
tric effects, such as sapphire, Teflon®, or PVC.



SECTION 3
Front Panel Operation

3.16.4 Electrostatic Interference

Electrostatic interference occurs when an electrically
charged object is brought near an uncharged object, thus
inducing a charge on the previously uncharged object.
Usually, the effects of such electrostatic action are not
noticeable because low impedance levels allow the
induced charge to dissipate quickly. However, high
impedance levels of many measurements do not allow
these charges to decay rapidly, and erroneous or unsta-
ble readings may be caused in the following ways:

1. Dc electrostatic elds can cause undetected errors
or noise in the reading.

2. Ac electrostatic elds can cause errors by driving
the ampli er into saturation, or through recti ca-
tion that produces dc errors.

Electrostatic interference is rst recognizable when
hand or body movements near the experiment cause

uctuations in the reading. Pick up from ac elds can
also be detected by observing the output on an oscillo-
scope. Line frequency signals on the output are an indi-
cation that electrostatic interference is present.

Means of minimizing electrostatic interference include:

1. Shielding. Possibilities include; a shielded room, a
shielded booth, shielding the sensitive circuit (test
xture), and using shielded cable. The shield
should always be connected to a solid connector
that is connected to signal low. Note, however, that
shielding can increase capacitance, possibly
slowing down response time.

2. Reduction of electrostatic elds. Moving power
lines or other sources away from the experiment
reduces the amount of electrostatic interference
seen.

3.16.5 Thermai EMFs

Thermal EMFs are small electric potentials generated by
differences in temperature at the junction of two dissim-
ilar metals. Low thermal connections should be used
whenever thermal EMFs are known to be a problem.
Crimped copper to copper connections can be used to
minimize these effects.

3.16.6 Electromagnetic Interference (EMI)

The electromagnetic interference characteristics of the
Model 486 Picoammeter and Model 487 Picoammeter/
Voltage Source comply with the electromagnetic com-
patibility (EMC) requirements of the European Union
(EU) directives as denoted by the CE mark. However, it
is still possible for sensitive measurements to be affected
by external sources. In these instances, special precau-
tions may be required in the test setup.

Sources of EMI include:

¢ Radio and TV broadcast transmitters.

e Communications transmitters, including cellular
phones and handheld radios.

* Devices incorporating microprocessors and high-
speed digital circuits.

* Impulse sources as in the case of arcing in high-
voltage environments,

The instrument, measurement leads, and other cables
should be kept as far away as possible from any EMI
sources, Additional shielding of the test xture, signal
leads, sources, and measuring instruments will often
reduce EM] to an acceptable level. In extreme cases, a
specially constructed screen room may be required to
suf ciently attenuate the troublesome signal.

Many instruments, including the Models 486/487,
incorporate internal ltering that may help reduce EMI
effects in some situations. Increasing the programmed

lter rise time will often help to reduce EML In some
cases, additional external ltering may be required.
Keep in mind, however, that ltering or increased rise
time may have detrimental effects on the desired signal.

3.16.7 Ground Loops

Ground loops that occur in multiple-instrument test
setups can create error signals that cause erratic or
erroneous measurements. The con guration ShOWI’l in
Figure 3-22 introduces errors in two ways. Large ground
currents owing in one of the wires will encounter small
resistances, either in the wires, or at the connecting
points. This small resistance results in voltage drops
that can affect the measurement. Even if the ground
loop current is small, magnetic ux cutting across a
large loop formed by the ground leads can induce
suf cient voltages to disturb sensitive measurements.

Signal Paths

lnstrument A /\
Hi @

/

——

ﬂ‘;p‘lcai ground

wop causes clurreﬂ[
flow in signajy

‘\q..—-—'

Power Line @5
Ground

Multiple Ground Points Create a
Ground Loop

lnstrument B
HI

COMMON

COMMON

Ground Link
tnstalled

Ground Link
Installed

Figure 3-22,

3-35



SECTION 3
Front Panel Operation

To prevent ground loops, test system common should
be connected to earth ground at only a single point, as
shown in Figure 3-23. Note that circuit common is con-
nected to earth ground only at Instrument B (via the
ground link). The ground link for Instrument A has
been removed. Experimentation is the best way to
determine an acceptable arrangement. For this purpose,
measuring instruments should be placed on their lowest
ranges. The con guration that results in the lowest
noise signal is the one that should be used.

Signal Paths
Instrument A /\ Instrument B
Hi @y / @ H:
COMMON @ @ COMMON
b
Ground Link Ground Link
Removed Installed
Power Line /D>
Ground \Z
Figure 3-23.  Eliminating Ground Loop

3.16.8 Floating Measurements

CAUTION
To prevent damage to the instrument, adhere
to the following precautions when ocating
the input above chassis ground:

1. Do not connect ANALOG OUTPUT LO
to CHASSIS, If there is a ground link
installed at the rear panel binding posts,
remove it.

2. Make sure that any monitoring instru-
ment connected to the analog output is
oating,.

The circuit connected to the input of the Model 486 /487
in Figure 3-24 shows a typical con guration to make

oating measurernents. A problem occurs when
ANALOG OUTPUT LO is connected to chassis ground.
As shown in the illustration, connecting ANALOG
OUTPUT LO to chassis ground will provide a current
path for the voltage source through the internal fusible
resistor R203. In this con guration, a voltage source
with high current capabilities could damage the resistor.
For example, if voltage source (E) is set to 100V and has
a 100mA limit, current through R203 could be 100mA
(100V/1kQ=100mA) damaging the 1/2W fusible
resistor.

If the V-Source of the Model 487 is used to make oating
measurements, damage to R203 cannot occur because of
the 2.5mA limit. However, the measurement could be
compromised if the V-Source is forced into current limit.

Figure 3-24.

Model 486/487
______ 1
V[ DN HI :«
Analog Monitor
| Input Output | Instrument
> Lo (Chassis Referenced)
HLg ”l |
Voltage A4 R203
E() source | e |
(Chassis - — — e e J
Referenced)

Improper Method to make Floating Measurements
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4.1 INTRODUCTION

The IEEE-488 bus is an instrumentation data bus with
hardware and programming standards originally
adopted by the IEEE {Institute of Electrical and Electronic
Engineers) in 1975 and given the IEEE-488 designation.
In 1978, standards were upgraded into the [IEEE-488-1978
standards. The Models 486 and 487 conform to these
standards.

This section contains reference information on program-
ming the Model 486 /487 over the IEEE-488 bus. Detailed
instructions for all programmable functions are in-
cluded, however, information concerning operating
modes presented elsewhere is not repeated. Refer to Sec-
tions 2 and 3 for information not found in this section.

Additional information on the IEEE-488 bus is located in
the appendices.

NOTE
The programmed examples used in this sec-
tion are written Hewlett Packard BASIC ver-
sion 4.0. This language was chosen because of
its versatility in controlling the IEEE-488 bus.

4.2 DEVICE-DEPENDENT COMMAND
PROGRAMMING

IEEE-488 device-dependent commands are the most im-
portant commands associated with instrument program-
ming because they control most instrument operating
modes. The IEEE-488 bus actually treats these commands
as data, in that they are sent with the ATN line false.

Most Model 486/487 front panel operations (such as
range selection) as well as some operations not available
from the front panel (like SRQ and terminator) can be
programmed with these commands.

Command Syntax — Each command is made up of a sin-
gle ASCII capital letter followed by one or more numbers
or letters representing an option or numeric parameter of
that command. For example, the integration time can be
set over the bus by sending the letter “5” followed by a
number representing the integration time option. SOX
would be sent to program a 1.6msec integration time.
Sending a command without an option (such as RX) is the
same as not sending a command. However, it will take
time to process the command.

If a command appears more than once in an X-terminated
string, only the last occurrence of the command is exe-
cuted - the others are ignored.

Multiple Options — Some commands have two or more
options that must be separated by commas. For example,
a V5,0,1X command programs the voltage source of the
Model 487. In this case, the 5 is the value of the voltage
source (+5V), 0is the voltage source range (50V), and the
1 is the current limit option (2mA).

Options of a multiple option command may be defaulted
as demonstrated in the following examples:

V10X Set V-source to 10V. Range and I-limit will de-
fault to currently programmed parameters.
Ve0,1X  SetV-source to 60V on the 500V range, and de-

fault I-limit.

V,0X Default V-source, select 50V range, and default
I-limit.

V,,0X Default V-source, default range, and set I-limit

to 25pA.

Multiple Commands — A number of commands can be
grouped together in one command string, which is gen-
erally terminated by the “X” character. This character
tells the instrument to execute the command or com-
mand string, as described in paragraph 4.2.22. Com-
mands sent without the execute character will not be exe-
cuted at that particular time, but they will be stored
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within an internal command buffer for later execution
when the execute character is finally received.

Invalid Commands — If an invalid command is sent as
part of the command string, no commands in the string
will be executed. Under these conditions, the instrument
will display a front panel error message (IDDC or ID-
DCO) and it can be programmed to generate an SRQ
(Service Request), as discussed in paragraph 4.2.11. Com-
mands are checked as they are received. When an illegal
command is received, all other commands since the pre-
vious X and until the next X are ignored.

Some typical examples of valid command strings in-
clude:

ROX Single command followed by execute com-
mand.

Y4S0P0X Multiple command string.

Z1X Space is ignored

V4,00X  Multiple-option command string (options
separated by commas).

Typical invalid command strings include:

EIX Invalid command, as E is not one of the in-
strument’s valid commands.

Kex Invalid command option because 6 is not an
option of the K command.

N600X  Invalid parameter (buffer size cannot exceed
512).
Z2.001X Multiple-option command without the nec-

essary separating commas.

Device-dependent Command Sumumary — All Model
486/487 device-dependent commands are summarized
in Table 4-1, which also lists respective paragraphs where
more detailed information on each command may be
found.

Table 4-1. Device-dependent Command Summary

Mode Command | Description Para.
Display Intensity AD Normal display 4.2.1
Al Dim display
A2 Turn display off
Reading Source BO Readings from A/D ‘ 422
Bl Single reading from data store
B2 All readings from data store
B3 Maximum reading from data store
B4 Minimum reading from data store
Zero Check 0 Disable zero check 423
and Correct C1 Enable zero check
c2 Enable zero check and perform zero correction
Display Da Display up to 18 character (a) message 424
D Cancel display mode
V/1Ohms FO Disable V/I ohms 4.25
F1 Enable V/I ohms
Data Format GO ASCII rdgs with prefix 4.2.6
Gi ASCII rdgs without prefix
G2 ASCH rdgs and buffer locations with prefix
G3 ASCI rdgs and buffer locations without prefix
G4 Binary rdgs: IEEE Std 754 single-precision, bytes reversed for Intel
CPUs
G5 Binary rdgs: IEEE Std 754 single-precision, bytes in normal order for
Motorola CPUs
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Device-dependent Command Summary (Cont.)
Mode Command | Description Para.
Data Format Gb6 Binary rdgs: counts and exponent, bytes reversed for Intel CPUs
(Cont). G7 Binary rdgs: counts and exponent, bytes in normal order for
Motorola CPUs
Hit Control H1 Hit DISPLAY INTENSITY key 4.2.7
H2 Hit LOCAL key
H3 Hit SHIFT key
H4 Hit MENU key
H5 Hit ZERO CHECK key
Hé Hit FILTER key
H7 Hit RANGE V key
H8 Hit REL key
H9 Hit RANGE A key
H10 Hit SETUP key
H11 Hit TRIGGER key
HI2 Hit OPERATE key (487)
Hi3 Hit PRESET key (487)
Hi14 Hit 4
H15 Hit p
Hig Hit Rotary Knob counterclockwise
H17 Hit Rotary Knob clockwise
Self-Test Jo Perform ROM/RAM self-test 4238
J1 Perform display and ROM/RAM self-test
EOI and Ko Enable EOI and bus hold-off on X 429
Bus Hold-off K1 Disable EQI, enable bus hold-off on X
K2 Enable EQI, disable bus hold-off on X
K3 Disable both ECI and bus hold-off on X
Default Conditions Lo Return to factory default conditions and save (L1) 4.2.10
or Calibration L1 Save present states as default conditions
L2 Return to saved default conditions
L3v Calibrate present measurement range using “v”; v =—-2E-3 to +2E-3
amps
4 Calibrate zero on present voltage source range (Model 487 only)
L5 Calibrate full scale on present voltage source range (Model 487 only)
L6 Prepare to calibrate present voltage source range (Model 487 only)
SRQ MO Disable SRQ 4211
M1 Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
M16 Ready
M32 Error
M128 Voltage Source Error (Model 487 only)
Data Store NO Arm data store; wrap around operation 4212
Nn Arm data store; set buffer size “n” wheren =1 to 512
Operate o0 Place voltage source in standby 4213
01 Place voltage source in operate
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Device-dependent Command Summary (Cont.)
Moade Command | Description Para,
Filters PO Disable digital and analog filters
Pl Enable digital filter; disable analog filter
P Disable digital filter; enable analog filter
P3 Enable digital and analog filters
Interval Qo 175msec (factory default) 4215
On Set to “n” seconds. n = 0.010sec to 999.999sec
Range RO Enable autorange 4.2.16
R1 Select 2nA range
R2 Select 20nA range
R3 Select 200nA range
R4 Select 2UA range
R5 Select 20puA range
R6 Select 200pA range
R7 Select 2mA range
R8 No range
R9 No range
R10 Disable autorange
Integration 50 Fast integration; 1.6msec at 4-1/2 digit resolution 42.17
Sl Line cycle integration; 16.67msec (60Hz) or 20msec (50Hz) at 5-1/2
digit resolution
Trigger T¢ Multiple on Talk 4218
Tl One-shot on Talk
T2 Multiple on GET
T3 One-shot on GET
T4 Multiple on X
T5 One-shot on X
Té6 Multiple on External Trigger
T7 Omne-shot on External Trigger
T8 Multiple on Operate (487)
T9 One-shot on Operate (487)
Status uo Send machine status word 4.2.19
Ul Send error status word
Uz Send model number and firmware revision
U3 Send calibration value
T4 Send interval
Us Send delay
U6 Send relative value for current
U7 Send relative value for V/I ohms
Ug Send voltage source value (487)
U9 Send voltage source error status word (487)
Voltage Source Vnrl Specify voltage source level “n” in volts, range “r” and limit “1" 4.2.20
(487) n: 505 to +505
r: 0 = 50V range; 1 = 500V range
L: 0 = 20pA limit; 1 = 2mA limit
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Device-dependent Command Summary (Cont.)

Mode Command | Description Para.
Delay Wn Delay trigger “n” seconds; n = 0 to 999.999sec 4.2.21
Execute X Execute other device-dependent commands 4.2.22
Terminator Y0 CRLF 4.2.23

Y1 LFCR

Y2 CR

Y3 LF

Y4 None
Relative Z0 Disable relative 4224

Zl Enable relative using present reading as baseline

2V Enable relative using “v” as baseline; v = -2E-3 to +2E-3 amps
for current, v = 0Q to 50.5E16Q for V/I ochms
Z3 Enable relative using the baseline previously defined
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a2.1 A — Display Intensity

Purpose To control the brightness of the display and front panel indicator lights.
Format An
Parameters A0 Select normal display

Al Select dim display
A2 Turn display off

Default Upon power-up, or after receiving a DCL or SDC command, the instrument returns to the dJs—
play intensity that was saved as the default condition.

Description Control of display intensity is useful in applications where the light from the display and indi-
cators could be detrimental to an experiment or test.

The Al command dims the display and indicators. In low ambient light conditions, the display
and indicators are still easily read. The A2 command turns the display and indicators (except
POWER) completely off. The power switch indicator remains dimly lit to denote that the instru-

ment is on.
Programming OUTPUT 722; “A1X" ! Dim the display.
Examples OUTPUT 722; “A2X" ! Turn the display off.
OUTPUT 722; “AOX” ! Return display to normal.
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s22 B — Reading Source

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Exampies

To select the source of data (A /D converter or data store) that is transmitted over the bus.

Bn

BO Select A/D converter readings for output to bus

Bl Select single data store reading for output to bus

B2 Select all data store readings for output to bus

B3 Select maximum value reading in data store for output to bus.
B4 Select minimum value reading in data store for output to bus.

Upon power-up or after receiving a DCL or SDC command, the instrument returns to the op-
tion of the B command that was saved as the default condition.

With this command, the user has a choice of data from the A /D converter or the buffer (data
store). When in B0, A /D readings will be sent. In a continuous trigger mode, readings will be
updated at the conversion rate. The B1 command is used to access single readings from the
buffer. When the Bl command is sent, subsequent readings will be taken from consecutive
buffer locations beginning with the first memory location (001). Once all readings have been
taken, the instrument will not send any more readings until another B command is received or
another data store operation is started.

The B2 command allows you to dump the entire data store contents to the computer in one op-
eration. Individual ASCII readings will be separated by commas.

The B3 command allows you to send the maximum reading from the data store buffer to the
computer, while the B4 command is used to obtain the minimum reading.

1. The programmed terminator and EOI will be asserted at the end of the complete dump—
not after each reading as is the case with Bl.

2. In Bl or B2, nothing will be transmitted over the bus until data is stored in the data store.

3. Theselected data format (see G command) will apply to each reading sent over the bus to
the controller.

10 REMOTE 722

20 OUTPUT 722; “BOX” ! Select A/D reading mode.

30 ENTER722; A$ ! Acquire reading from 486/487.
40 PRINT A$ ! Display reading on CRT.

50 END
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323 C — Zero Check and Zero Correct

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Example

Use to cancel any internal offsets that might affect accuracy.

Cn

Co Disable zero check

C1 Enable zero check

C2 Enable zero check and perform zero correction

Upon power-up, or after receiving a DCL or SDC command, the instrument will return to
the state (CO0 or C1) that was saved as the default condition. The instrument will return to
zero correction parameters that are saved as default conditions.

Normal current measurements are performed when zero check is disabled (C0). When
zero check is enabled (C1), a large impedance (100kQ) appears at the input and any inter-
nal offset is presented at the output of the input amplifier and measured (see paragraph
3.5.3).

When C2 is sent over the bus, zero check is enabled and zero correction occurs. For zero
correction, the measured offset is stored and algebraically subtracted from subsequent
readings. After correction is performed, zero check returns to its previous state {(enabled
or disabled). A separate zero correction needs to be performed for each range.

1. Zero correction should be performed whenever the display is not zeroed when in zero
check.

2. The specifications at the front of this manual assume that the instrument has been
properly zeroed.

3. When in autorange, zero correction will be performed on the range the instrument is
currently in.

OUTPUT 722; “R1X"
OUTPUT 722; “C2X"

! Select InA range.
! Zero correct 1nA range
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a24 D — Display

Purpose
Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

To display messages on the front panel-

Da

Da Display characters “a”, where “a” represents printable ASCII characters.
D Return display to normal operation.

Upon power-up, or after receiving a DCL or SDC command, the display returns to normal op-
eration.

The D command allows you to display messages on the front panel. Up to 18 characters, includ-
ing blanks, can be sent by simply following the D command with ASCII characters. Characters
that can be displayed include; 0-9, A-Z (except uppercase X), arithmetic and most punctuation
symbols.

1. Spaces in a message are displayed as blanks.
Sending a message that exceeds 18 characters will result with only the first 18 characters
being displayed. The exira characters will be ignored.

3. For messages that are less than 18 character in length, the characters are left-hand justified
and the rest of the display is blank.

4. Pressing LOCAL on the front panel will cancel the message and return the instrument to
the normal display state.

OUTPUT 722; “D MODEL 486X” ! Display “MODEL 486".
OUTPUT 722; “DX" ! Return display to normal.
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425 F—V/10Ohms

Purpose To conirol the V/I ohms function of the Model 487.
Format Fn
Parameters F0 Disable V/I ohms

F1 Enable V/Ichms

Default Upon power-up or after receiving a DCL or SDC command, the instrument returns to the op-
tion of the F command that was saved as the default condition.

Description For V /1 ohms, resistance is automatically calculated (and displayed) from the applied voltage
and the measured current in accordance with Chms Law: R =V/L

For complete information on using V /I ohms, refer to paragraph 3-7.

Programming OUTPUT 722; “F1X” ! Enable V/1 ohms.
Examples OUTPUT 722; “FOX” ! Disable V/I ohms.
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426 G — Data Format

Purpose
Format

Parameters

Defauit

Description

Control the format of output data that is transmitted over the bus.

Gn

GO0 ASCH readings with prefix

G1 ASCH readings without prefix

G2 ASCH readings and buffer location with prefix

G3 ASCH readings and buffer location without prefix

G4 Binary readings ~ IEEE Std 754 single-precision, bytes reversed for Intel CPUs.

G5 Binary readings — IEEE Std 754 single-precision, bytes in normal order for Motorola CPUs,
G6 Binary readings — counts and exponent, bytes reversed for Intel CPUs.

G7 Binary readings — counts and exponent, bytes in normal order for Motorola CPUs.

Upon power-up, or after receiving a DCL or SDC command, the instrument will return to the
data format that was saved as the default condition.

Whenever the instrument is addressed to talk, it sends data over the IEEE-488 bus to the con-
troller. The format of output data is determined by how it is configured with the G command.
Figure 4-1 shows an example of an ASCII output data string that includes the buffer location
and prefix.

Prefix Mantissa Exponent  Suffix

I [

[ H ]l__l_ll'_J_l
NDCIl+1.23456E=03,000
[

'DCI = DG Current 000 = A/D Reading
| OHM = Vil Ohms Q01 to 512 = huffer location

"N = Normal Reading
Z = Rel' ed Reading
| O = Overflowed Reading or Underflowed Reading, (V/| Ohms)

Figure4-1.  ASCIH Data Format (G2; Prefixand Suffix)

The Model 486 /487 can be programmed to output data in a binary format to Motorola or Intel
CPUs. The binary data formats are shown in Figures 4-2 and 4-3. Note that the headers for these
binary formats are shown in Figure 4-4.
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G6 Format (Reverse order ; Intel CPU) :

Heaider * Realding b
{ 11

) ]
| 6Bytes | LSB | [ | MSB | 1SB | | | MSB | »
L 11 |

I i
Counts Exponent

{16 bit signed) (16 bit signed)

G7 Format (Normal order ; Motorola CPU) :
Healder * Fiead|ing -
| 11

| 6Bytes | MSB | [ | st | msB | | | LSB |~
| i1
T
Counts Expo!nent

* Headers for the GB, and G7 formats are shown in Fig. 4-4

" When recalling data from the buffer, one header
is foliowed by one or more readings, depending
on buffer size.

NOTE : True reading = Counts X 105"

Figure4-2.  G6and G7 Binary Data Formats (Counts{Exponent)

@35 Format (Normal order ; Motorola CPU)
Header * Reading ** -
] |

| 1]
| 6Bytes [ Byte1]Byte2] Bytes | Byte s
| I ]

| i
Sign—I Exponent Mantissa
(1 Bit}y (8 Bits) (23 Bits)
(single precision, IEEE-754)
G4 Format (Reverse order ; Intel GPU) : Reading bytes sent in reverse order ;
Header"*, Byte 4, Byte 3, Byte 2, Byte 1

*Headers for the G4 and G5 formats are shown in Fig. 4-4

** When recalling data from the buffer, one header
is followed by one or more readings, depending
on buffer size.

Figure 4-3. G4 and G5 Bimury Data Formats (IEEE Std. 754)
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G5 and G7 Header (6 bytes) ;
Instrument
Type Type * Setup
L L =11 . 1L A 1
7 07 07 0
TTTUverTlT FTrTrTil
EEEREE EEEE Reserved MsB LSB
O I I I I 111 1.1
I_‘__i I__I_.l 1 ]
T
Data Format : Function : Byte-Count **
0000000 = Counts/Exponent 000001 = Current {16-bit unsigned)
0000001 = IEEE Std 754 000011 = V/l Ohms
— Byte Order : — Reserved
0 = Normal (Motorola) L4
1= Reversed (Intel) 1= REL enabled
G4 and G6 Header (6 bytes) :
Instrument Byte-Count **
Type Type ™ Setup (16-bit unsigned)
7 07 0 7 ol 1
LIEIR! 1 TTTTT
EEEERE Reserved RN LSB MSB
[ | 1 L1 1 )1
Data Format : Function :
(000000 = Counts/Exponent 000001 = Current
0000001 = IEEE Std 754 000011 = VA Ohms
L-Byte Order : |— Reserved
0 = Normal {Motoroia) L
1 = Reversed (Intel) 1= REL enabled
* Same as first type byte.
** Provides byte count for readings after header (does not include terrminators).
Figure 4-4.  Headers For Binary Formats

The ASCII data format is in a direct readable form for the operator. Most BASIC languages will
easily convert ASCII mantissa and exponent to other formats. However, some speed iscompro-
mised to accommodate the conversion.

The Count and Exponent format has some advantages over the ASCII format. It requires fewer
bytes, transfers to the computer faster, and is compatible with most programming languages.
This format is particularly useful when collecting data on a fixed range (autorange disabled).

The IEEE Standard 754 Single Precision format requires few bytes, and is used without conver-
sion in popular personal computer programming languages.

4-13
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Programming 1. TheB command affects the source of the data. In the B) modes, the bus data will come from
Notes the A/D converter. in the Bl and B2 modes, the data will come from the buffer (data store).

2. Programmed terminator and EQI sequences appear at the end of each reading except in B2
which terminates only at the end of the string.

3. If a buffer location is not available, 000 is sent.

4. For an overflowed reading, +9.87E37 appears in the data field.

5. When in V/IOhms, Rel status in the data format only applies to V/I Ohms Rel. That s, ifa
quantity of resistance was established as a baseline Rel level, “Rel enabled” will be indi-
cated in the data format. Current Rel {on or off) has no effect on Rel status for V/I ohms.

6. For an underflowed reading, 9.8700e-37 appears in the data field.

Programming 10 REMOTE 722
Examples 20 OUTPUT 722; “BOGOX” ! Program for A/D ASCII reading with prefix.

30 ENTER 722; A% ! Send reading.

4C PRINT A% ! Display reading on CRT.

50 END

4-14
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s27 H — Hit Control

Purpose

Format

Parameters

Description

Programming
Note

Programming
Examples

Emulate front panel conirol actions.

Hn

H1 Hit DISPLAY INTENSITY key
H2 Hit LOCAL key

H3 Hit SHIFT key

H4 Hit MENU key

H5 Hit ZERO CHECK key

Hé Hit FILTER key

H7 HitRANGEY key

H8 HitREL key

H9 Hit RANGE & key

H10 Hit SETUP key

H11 Hit TRIGGER key

H12 Hit OPERATE key (Model 487)
H13 Hit PRESET key (Model 487)
H14 Hit4 key

Hi5 Hit P key

H16 Hit Rotary Knob counterclockwise
H17 Hit Rotary Knob clockwise

The hit command allows you to emulate virtually any front panel panel control sequence. The
result of sending H1 through H15 is the same as physically pressing theappropriate front panel
key. Sending H16 emulates turning the Rotary Knob one detent position counterclockwise.
H17 is similar, but emulates turning the Rotary Knob one detent position clockwise.

Second functions of front panel keys are selected by first sending H3 (SHIFT). For example, to
zero correct the instrument, send H3XH5X. This command string emulates pressing SHIFT and
then ZERO CHECK.

Important consideration: To force a command sequence to emulate front panel actions, each H
command must be terminated by an X. The previous example (H3XHS5X; zero correction) dem-
onstrates this, H3H5X is executed as H5X.

The H12 and H13 commands are invalid for the Model 486. Sending these commands to the
Model 486 will result in an illegal device-dependent command option IDDCO) error.

OUTPUT 722; “HeX" ! Hit FILTER key.
OUTPUT 722; “H3XH7X" ! Hit SHIFT ¥ (autorange).

4-15
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328 J— Self-Tests

Purpose To perform self-tests on its memory elements and/or display.
Format Jn
Parameters J0 Perform ROM/RAM self-test

J1 Perform display and ROM/RAM self-tests

Description Both JO and J1 will perform tests on its memory elements (ROM and RAM). In the event of a
failure, one or both of the following messages will be displayed:

ROM ERROR
RAM ERROR

The]1 command will also cause the display test to be run. For this test, each segment of all the
LEDs will be sequentially displayed. Then, all segments of each LED will sequentially dis-
played. The display test takes approximately 17 seconds to complete.

The U0 and U1 status words can be examined to check for self-test errors.

Programming OUTPUT 722; “J1X” ! Perform display and memory tests.
Example

4-16
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a29 K — EOI and Bus Hold-Off

Purpose
Format

Parameters

Detault

Description

Programming
Notes

Programming
Examples

To enable/disable EOI and bus hold-off on X.
Kn

KO Enable EQOI; Enable bus hold-off on X
K1 Disable EOL; Enable bus hold-off on X
K2 Enable EQI; Disable bus hold-off on X
K3 Disable EQI; Disable bus hold-off on X

Upon power-up, or after the instrument receives a DCL or SDC command, the instriument will
return to the K option that was saved as the default condition.

The EOI line provides one method to positively identify the last byte in the data string sent by
the instrument. When enabled, EOI will be asserted with the last byte the instrument sends
over the bus.

Bus hold-off allows the instrument to temporarily hold up bus operation via the NRFD line
when it receives the X character until all commands are processed. Hold-off will ensure that all
commands have been executed at the time the bus is released. The hold-off period depends on
the commands being processed. Table 4-2 lists hold off times for a number of different com-
mands.

1. Some controllers rely on EQI to terminate their input sequences. Suppressing EOI may

cause the controller input sequence to hang.
2. Whenenabled, EOI will be asserted with the last byte in the terminator (if enabled), or with
the last byte in the data string if the terminator has been disabled.

OQUTPUT 722;“K1X" ! Disable EOI; enable hold-off on X
OUTPUT 722,“K0X" ! Enable EQI; enable hold-off on X

4-17
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Table 4-2. Typical Bus Holdoff Times

Description Command* Time
Display Intensity Al 6.477msec
Reading Source BO 6.287msec
Zero Check Co 684, 2msec
Zero Correct C2 1.257sec
Display Message DK 6.815msec
DKEITHLEY | 8.028msec
V/I Ohms Fl 7.936msec
Output Format Gl 6.543msec
Selftest Jo 3.628sec
N 20.27sec
EOI and X Holdoff K1 7.229msec
K2 6.339msec
Default Factory 10 1.544sec
L1 250.7msec
L2 1.346sec
(“CoX™) L3 1E-9 27.05sec
Set Mask M1 6.185msec
M35 6.380msec
Set Buffer Size NO 12.25msec
N512 10.09msec
Operate Q1 17.95msec
Filter PO 8.105msec
P1,P2 8.704msec
Trigger Interval Qo 6.845msec
QI10E-3 8.279msec
Select Range R4 12.06msec
R10 7.419msec
Integration Period S0 107.9msec
Trigger Source/Mode | TO 7.066msec
T4, T5 42.11msec
Alternate Output Ul 6.257msec
Voltage Source Value | V500, 1,1 27 .69msec
(“O1C0X") v500,1,1 28.84msec
(*Q1COX") v50,0,1 25.75msec
Trigger Delay WO 7.376msec
W9.99E2 8.192msec
Execute X 5.053msec
Terminator Y0 6.031msec
Y1,Y2,Y3,Y4 |6.231msec
Set Relative Value Z1 10.40msec
Z2,1E-9 14.11msec
Z3 11.93msec

*Commands were executed from the factory default con-
figuration. The trigger was set to cne-shot on external (“T77).
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4210 L — Default Conditions or Calibration

Purpose

Format

Parameters

Description

Dual purpose command: Use to establish default conditions, or use to calibrate the instrument.

Ln

L0 Return to factory default conditions and save (L1) as default conditions.

L1 Save present machine states as default conditions.

L2 Return instrument to the saved default conditions.

L3,v Calibrate present measurement range using value (v}, where v =-2maA to +2mA.
L4 Calibrate zero on present voltage source range of the Model 487.

15 Calibrate full scale on present voltage source range on Model 487

L6 Prepare for calibration on present voltage source range on Model 487

Default Conditions:

The LO command allows the user to return the instrument to the factory default conditions. Fac-
tory default conditions are set at the factory and are listed in Table 4-3. At the same time, the
factory default conditions are saved and become the default conditions on subsequent power-
ups or when an SDC or DCL is sent over the bus.

Table 4-3. Factory Default Conditions

DDC
Control/Feature Asserted | Default Condition
Display Intensity™* A0 Normal display intensity
Reading Source* BO Reading from A/D
Zero Check* C1 Zero check enabled
V /1 Ohms* FoO V/1 ohms disabled
Data Format* GO ASCII reading with prefix
EOQI & Bus Hold-Off* Ko EOI and bus hold-off enabled
SRQ* MO SRQ disabled
Data Store — Unarmed
Operate (487) oo Voltage source in standby
Filters* P3 Digital and analog fiiter enabled
Range* RO Autorange enabled
Integration* 81 Line cycle; 5-1/2d resolution
Trigger* Té Multiple on external trigger
Voltage Source (487)* V0,01 0V level, 50V range and 2.5mA limit
Terminator* YO0 CRLF
Relative* Z0 Relative disabled

*Device-dependent command whose options can be saved as user saved defanlt condition.

The L1 command is used to save the cuurent machine states. The instrument will then power up
to these default conditions. Also, an SDC or DCL command sent over the bus will return the
instrurnent to the user saved default conditions.
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Device-dependent commands whose options can be saved as user saved default conditions are
denoted by an asterisk (*) in Table 4-3.

When the L2 command is received, the instrument will immediately return to the currently
saved default conditions. This is equivalent to sending the SDC or DCL command.

Note that the currently selected TEEE-488 address and line frequency setting are not affected by
the L command. The instrument will always power up to the last selected address and line fre-
quency setting.

Calibration:

CAUTION: Only send calibration commands (L3, L4, L5 and L6) when actually calibrating

the instrument, The complete procedure to calibrate the Model 486/487 over the IEEE-488 bus
is contained in Section 7,

Programming On the Model 486/487, enable FILTER and REL. Enter the following statement into the com-

Example puter:
OUTPUT 722; “L2X~ ! Restore saved default conditions.
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a2.11 M — SRQ Mask and Serial Poll Byte Format

Purpose
Format

Parameters

Default

Description

To program which conditions will generate an SRQ (service request).

Mn

MO Disable SRQ

MI Reading Overflow
M2  Data Store Full

M4  Data Store Half Full
M8 Reading Done

Milé Ready

M32 Error

M128 Voltage Source Error

Upon power-up, or after the instrument receives a DCL or SDC command, the instrument will
return to the M option that was saved as the default condition.

SRQ Mask — The Model 486/487 uses an internal mask to determine which conditions will
cause an SRQ (service request) to be generated. Figure 4-5 shows the general format of this
mask, which is made up of eight bits.

Bit
Position B7 | B6 | BS B4 B3 B2 B1 BO
Value | o/1*| oA o/l 0/ o/l oA oA oA
Decimal
Weighting 128 | 64 32 16 8 4 2 1
_| 1 = Reading
1 = Voltage Source Error Qverflow
1 = RQS ; SRQ by 486/487 1 = Data Store Full
(Status Byte Oniy)
1 = Emor 1 = Data Store Half Full
1 = Ready — L— 1 = Reading Done
* Always 0 for Model 486
Figure4-5.  SRQ Maskand Serial Poll Byte Format

SRQ can be programmed by sending the ASCII letter “M” followed by a decimal number to set
the appropriate bit in the SRQ mask. Decimal values for the various bits are included in Figure
4-5, and also listed in the “Parameters” section. Note that the instrument may be programmed
for more than one set of conditions simultaneously. To do so, simply add up the decimal bit
values for the required SRQ conditions. For example, to enable SRQ under reading overflow
and buffer full conditions, send M3X. To disable SRQ, send M0X. This command will clear
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Serial Poli Byte Format — The serial poll byte contains information relating to data and error
conditions within the instrument. The general format of the status byte (which is obtained by
using the serial polling sequence, as described in paragraph 4.3.7) is shown in Figure 4-5. Note
that the various bits correspond to the bits in the SRQ mask as described above.

The bits in the serial poll byte have the following meanings:

Bit 0 (Reading Overflow) — Set when an overranged reading has been made. Cleared when an
on-scale reading has been made.

Bit 1 (Data Store Full) — Set when the defined data store size is full. Cleared by re-arming the
data store.

Bit 2 (Data Store 1 /2 Full) — Set when half the defined data store size is full. Cleared by re-arm-
ing the data store.

Bit 3 (Reading Done) - Set when the instrument has completed the present reading conver-
sion. Cleared after the instrument has sent a reading.

Bit 4 (Ready)—- Set when the instrument has processed all previously received commands and
is ready to accept additional commands or triggers. Cleared while the instrument is processing
commands or triggers.

Bit 5 (Error) — Set when one of the following errors have occurred:

IDDC

opCo

No Remote

Selftest

Trigger Overrun

Conflict

Cal Locked

Zero Check

. Calibration Extor

10. F*PROM Defaults Error

11. F?*PROM Cal Constants Error
12. V-Source Conflict (Model 487)
13. Interlock (Model 487)

N AE @

O

This bitis cleared when the U1 status word is read to determine the type of error (see paragraph
4.2.19).

Bit 6 (RQS = Request for Service) — Set if the Model 486/487 asserted SRQ. Cleared when the
instrument is serial polled.

Bit 7 (Voltage Source Error) — Set if the voltage source of the Model 487 becomes current lim-
ited or the interlock becomes unsafe. Cleared when the U9 status word is read after the voltage
source errors are corrected. For the Model 486, this bit is always cleared (0).
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Programming
Notes

Programming
Example

The serial poll byte should be read to clear the SRQ line once the instrument has generated

anSRQ. All bits in the serial poll byte will be latched when the SRQ is generated. Bit6 (RQS)
will be cleared when the serial poll byte is read.

2. Even with SRQ disabled, the serial poll byte can be read to determine appropriate instru-
ment conditions.

10 OUTPUT 722;“M32X” ! Program for SRQ) on error.

20 OUTPUT 722,E1X” ! Attempt to program illegal command (IDDC).

30 IF NOT BIT (5,5) THEN 20 ! Wait for SRQ to occur.

40 S=SPOLL(722) ! Serial poll the 486/487.

50 DISP “B7 B6 B5 B4 B3 B2 BI B0” ! Label the bit positions.

60 FORI=7 TO 0 STEP -1 ! Loop eight times.

70 DISP BIT(S,D); ! Display the bit positions.

80 NEXT!I

90 DISP

100 END
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4212 N — Data Store; Arm and Set Size

Purpose

Format

Parameters

Default

Description

Programming

4-24

Notes

To arm, and set the buffer size of the data store.

Nn

NO Set data store buffer for wrap around (endless) operation.
Nn Set data store buffer size “n” where “n” = 1 to 512.

Upon power-up, or after receiving a DCL or SDC command, the instrument returns to the N
option that was saved as the default condition.

When the N command is sent over the bus, the data store becomes armed and starts storing
readings when the appropriate trigger occurs. The rate that readings are stored is determined
by the Q command (see paragraph 4.2.15).

In the wrap around data storage mode (INO), storage will not stop after the buffer is filled (512
readings), but will proceed back to the first buffer location and start overwriting data. With the
Nn command, the storage process will stop when the defined number of readings have been
stored. In this case, the buffer is considered to be full.

To store readings at a selected interval (Qn), the instrument must be in a multiple trigger mode
(TQ, T2, T4, T6 or T8). When the selected trigger occurs, the storage process will commence.

Inaone-shot trigger mode (T1, T3, T5, T7 or T9), the instrument will store one reading each time
the appropriate trigger occurs. See paragraph 4.2.18 for details on trigger commands.

1. WhentheN command is sent, “—————- * will be displayed until the first trigger occurs.

2. Data storage can be stopped by sending a command that changes the trigger mode or
source (T command), trigger delay (W comunand), or trigger interval (Q command). Data
storage can also be aborted by re-arming the data store (N command).

3. Either during or after the storage process, readings may be recalled by using the B1, B2, B3
or B4 command. In wrap-around buffer mode, data store must be stopped before readings
may be taken from the buffer. Attempting to read the buffer while wrap-around data store
is in progress will hang the bus.
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Programming
Examples

This program will enable data store operation, and obtain and display 100 readings on the com-

puter CRT. Data store operation is configured as follows; continuous trigger on GET (T2) to
start the storage process, 300msec interval (Q0.3) and a buffer size of 100 readings (N100).

10 DIM A$ {25] ‘

20 REMOTE722

30 OUTPUT 722; “T2Q0.3X* ! Set trigger mode and interval.
40 OUTPUT 722; “N100X" ! Set buffer size. '

50 TRIGGER722 ! Start storage process.

60 QUTPUT 722; “B1G2X” ! Set data source and output.
70 FORI=1TO 100 ! Set counter for 100 loops.

80 ENTER722; A$ ! Get a reading.

90 PRINT A% ! Display reading.

100 NEXT I ! Loop back for next reading.
110 END
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4213 O — Operate (Model 487)

Purpose
Format

Parameters

Default

Description

Programming
Note

Programming
Examples

4-26

Use to place the voltage source of the Model 487 in operate.

On

O0 Place voltage source in standby.
O1 Place voltage source in operate.

Upon power-up or after a DCL or SDC command is received over the bus, the voltage source
will be placed in standby.

In operate, the programmed voltage source level (V command) is available at the output of the
Model 487. In standby, the voltage source is removed from the output.

When using Interlock, the unit cannot go into operate if the interlock switch is open (test fixture
lid open).

OUTPUT 722; “V1X* ! Set source to 1V.
OQUTPUT 722; “O1X” ! Place Model 487 in operate.
OUTPUT 722; “O0X” ! Place Model 487 in standby.
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4214 P — Filters

Purpose

Format

Parameters

Default

Description

Programming
Examples

Use to control the amount of filtering on the input signal.

Pn

PO Digital and analog filters disabled.
P1 Digital filter enabled, analog filter disabled.
P2 Digital filter disabled, analog filter enabled.
P3 Digital and analog filters enabled.

Upon power-up or after a DCL or SDC command is received over the bus, the instrument re-
turns to the option of the I command that was saved as the default condition.

In general, the Model 486/487 filters the input signal by taking the average of a number of suc-
cessive reading samples. Since noise is mostly random in nature, it can be largely be canceled
out by using one or both of these filters.

Paragraph 3.5.4 discusses the digital and analog filters in more detail.

QUTPUT 722; “P3X" ! Enable both filters.
OUTPUT 722; “P1X” ! Enable digital filter, disable analog filter.
OUTPUT 722; “POX" ! Disable both filters.
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2215 Q — Interval

Purpose Use to set the multiple trigger interval.
Format Qn
Parameters QO 175msec factory default interval

Qn Set interval to “n” seconds where “n” = 0.010sec to 999.999sec.

Default Upon power-up, or after receiving a DCL or SDC command, the instrument returns to the Q
option that was saved as the default condition.

Description Interval is used to control the storage rate of the data store. To store readings at a selected inter-
val (Qn), the instrument must be in a multiple trigger mode (T0, T2, T4, Té or T8). With the data
store armed (see N command), the storage process will commence when the selected trigger
occurs.

Although interval may be programmed to 0.010sec, readings will be made at intervals of noless
than 0.050sec unless data store is in progress.

The programmed interval (Qn) also affects the interval between readings.

Program ming OUTPUT 722; “Q1X” I Set interval to 1 second.
Examples OUTPUT 722; “QOX” I Set interval to 175msec.
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4216 R — Range

Purpose

Format

Parameters

Default

Description

Programming
Example

Use the select the current measurement range.

Rn

RO
R1
R2
R3
R4
R5
Ré6
R7
R8
R9

Enable autorange

2nA range

20nA range

200nA range

2lLA range

20uA range

200pA range

2mA range

No range (IDDCO error)
No range (IDDCO error)

R10 Disable autorange

Upon power-up or after a DCL or SDC command is received over the bus, the instrument will

return to the range parameter that was saved as the default condition.

The range command gives the user control over the sensitivity of instrument measurements.
This command, and its options, perform essentially the same functions as the front panel range
buttons.

When autorange is enabled (R0) the instrument will go to the lowest possible range (without

overranging) to make the measurement.

Commands R8 and R9 are invalid and will result in an IDDCO error if sent over the bus. Send-
ing R10 will disable autorange. The instrument will stay on the present range.

QUTPUT 722; “RGX”
OUTPUT 722; “R10X”

! Enable autorange.
! Disable autorange.
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a2.17 S — Integration Period

Purpose Use to select the integration period and display resolution.
Format Sn
Parameters SO Fast integration period (4-1/2d resolution)

81 Line cycle integration period (5-1/2d resolution)

Default Upon power-up or after a DCL or SDC command is received over the bus, the instrument will
return to integration period that was saved as the default condition.

Description The integration command controls the integration period and the usable resolution of the
Model 486/487. The fast integration period (50) is 1.6msec with 4-1/2 digit display resolution.

The line cycle integration period depends on the selected frequency setting of the instrument,
which is selected from the front panel MENU (see paragraph 3.8.4). With the instrument set for
a line frequency of 50Hz, the line cycle integration period will be 20msec. For 60Hz, the line cy-
cle integration period will be 16.67msec. Display resolution for line cycle integration is 5-1/2

digits.
Programming The line frequency setting (50 or 60Hz) cannot be performed over the bus. It can only be done
Note from the front panel (see paragraph 3.8.4).
Programming OUTPUT 722; “S1X” ! Select line cycle integration.
Examples OUTPUT 722; “S0X” ! Select fast integration.
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4218 T — Trigger

Purpose

Format

Parameters

Default

Description

Programming
Examples

Use to select the trigger mode and source.

Tn

TO Multiple on Talk

T1 One-shot on Talk

T2 Multiple on GET

T3 One-shot on GET

T4 Multiple on X

T5 One-shoton X

Té Multiple on External Trigger

T7 One-shot on External Trigger

T8 Multiple on Operate (Model 487)
T9 One-shot on Operate (Model 487)

Upon power-up or after a DCL or SDC command is received over the bus, the instrument re-
turns to the option of the T command that was saved as the default condition.

Triggering provides a stimulus to begin a reading conversion within the instrument. Trigger-
ing may be done in two basic ways. In a multiple mode, a single trigger stimulus is used to start
a continuous series of readings. In a one-shot trigger mode, a separate trigger stimulus is re-
quired to start each conversion.

The trigger modes are paired according to the type of stimulus that is used to trigger the instru-
ment. In the TO and T1 modes, a trigger stimulus is provided when the Model 486/487 is ad-
dressed to talk. In the T2 and T3 modes, the IEEE-488 multiline GET command performs the
trigger function. In the T4 and T5 modes, the execute (X) character provides the trigger stimu-
lus. In the T6 and T7 modes, external trigger pulses provide the trigger stimulus. In the T8 and
T9 modes, placing the Model 487 in operate provides the trigger stimulus.

Sending T8 or T9 to the Model 486 will result in an IDDCO error.

In the following example, the ENTER statement addresses the instrument to talk, at which
point asingle reading is triggered. When the reading has been processed, it is sent out over the
bus to the computer, which then displays the result.

10 REMOTE 722

20 OUTPUT 722; “T1X” ! One-shot trigger on talk.
30 ENTER722; A$ ! Address 486/487 to talk.
40 PRINT A% ! Display one reading.

50 END
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32,19 U ~— Status

Purpose

Format

Parameters

Description

4-32

Use to obtain instrument status and configuration.

Un

U0 Send machine status word

Ul Send error status word

U2 Send model number and firmware revision

U3 Send calibration value

U4 Send trigger interval

U5 Send trigger delay

U6 Send relative value for current

U7 Send relative value for V/I ohms

U8 Send voltage source value (Model 487)

U9 Send voltage source error status word (Model 487)

By sending the appropriate U command and then addressing the instrument to talk, you can
obtain information on machine status, error conditions, and other data. The information is
transmitted only once for each U command.

U0 Machine Status Word

When the command sequence U0X is transmitted, the instrument will transmit the status word
instead of its normal data string the next time it is addressed to talk.

The format of UO status is shown in Figure 4-6. Note that the letters correspond to modes pro-
grammed by the respective device-dependent commands. The factory default values are also
shown in Figure 4-6.



SECTION 4
IEEE-488 Reference

Model 486:
Model 487;

486 A0 BO C1 GO H** JO KO M000 No0O P3 R11 §1 T6 YO 20 ¢*
487 A0 BO C1 FO GO H** JO KO MOOO NGCD OC P3 R11 81 T6 V01 YO Z0 ¢

* Calibration switch (CAL LOCK) position; **Last pressed key

|LDISPLAY INTENSITY {4) | L SELF-TEST {J) i
0 = Normal 0 = No emors
1= Dim 1 = ROM error
2=0f 2 = RAM error
3= ROM and RAM error
[ READING SOURCE (B) ]
0 = A/D Reading { EOf & BUS HOLD-OFF (i) |

1 = One data store reading
2 = All data store reading

3 = Max data store reading
4 = Min data store reading

0 = EQI and Hold-off

1 = No EQJ and Hold-off

2 = EOl and no Hold-off

3 = No EQl and no Hold-off

[ ZERC CHECK and CORRECY (C) |

0 = Zero check disablad
1 = Zero check enabled

['vi onms (/) }

0= V/| Ohms disabled
1 = Vi Ohms enabled

I DATA FORMAT (G) I

0 = Rdg with prefix (ASCIl)

1 = Rdg without prefix(ASCII)

2 = Rdg and butfer location with prefix
{ASCIl)

3 = Rdg and buffer location without pre-
fix (ASCII)

4 = Binary rdg — |IEEE Std 754 single -
precision, bytes reversed for Intel
CPUs

5 = Binary Rdg — |EEE Std 754 single -
precision, bytes in normal order for
Motorola CPUs

6 = Binary Rdg — counts and exponent,
bytes reversed for Intel CPUs

7 = Binary Rdg — Counts and exponent,
léyges in normal order for Motorola

Us

b HIT CONTROL (H) |

00 = POWER"

01 = DISPLAY INTENSITY*
02 = [LOCAL*

03 = SHIFT"

04 = MENU"*

05 = ZEROQ CHECK”

06 = FILTER"

07 = RANGE W§*

08 = REL*

09 = RANGE A~

10 = SETUP*

11 = TRIGGER"

12 = OPERATE*

13 = PRESET"

14 v

15=pp*

16 = Knob rotated CCW
17 = Knob rotated CW
*Last pressed

Figure 4-6

L SRQ (M) |

000 = Disabled

001 = Raading overflow
002 = Data Store Full

004 = Data Store 1/2 Full
008 = Reading Done

016 = Ready

032 = Error

128 = Voltage Source Emer

DATA STORE SIZE(N) |

000 = Wrap Around
nnn =001 to 512

[ oPERATE (0) i

D = V-Source in Standby
1 = V-Source in Cperate

| FiLTERS (B) ]

0 = Both Filters Disabled
1 = Digital Filter Enabled,
Analog Fittar Diabled
2 = Digital Filter Disabled
Analeg Filter Enabled
3 = Both Filters Enabled

| RANGE ( Rmn) |
m: O = Autorange Disabled
1 = Autorange Enabled
n: 1 =2nArange
2 = 20nA range
3 = 200nA range
4 = 2|4A range
5 = 204A range
6 = 2000A range
7 = 2mA

U0 Machine Status Word (Factory Defaults Shown)

| INTEGRATION PERIOD (S)

0 = Fast {4-1/2d)
1 = Line ¢cycle (5-1/2d)

[ TRIGGER M)

0 = Multiple on Talk

1 = One-shot on Talk

2 = Multiple on GET

3 = One-shot cnm GET

4 = Multiple on X

5 = One-shot cn X

& = Multiple on External
Trigger

7 = One-shot on External
Trigger

8 = Multiple on Operate

9 = One-shot on Operate

| VOLTAGE SOURCE (vmn)
m: 0= 50V range

1 = 500V range
n: 0= 25UA Limit
1 = 25mA Limit
[_TERMINATOR (Y}
0=CRLF
i=LLCR
2=CR
3=LF
4 = None
{ RELATIVE ()
m: 0= Current Re!
Disabled
1= Gurrent Rel
Enabled
n: 0= V/IQOhms Rel
Disabled
1= V/IOhms Rel
Enabled
{ CALLOCK (c)
0 = Switch in disabled
(locked) position

1= Switch in enable
{locked) position
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U1 Error Status Word

The U1l command allows access to instrument error conditions in a similar manner. Once the
sequence U1X is sent, the instrument will transmit the error conditions in the format shown in
Figure 4-7 the next time it is addressed to talk.

1=IDDC 1 =V-Source
l' I- 1=IDDCC 1 = V-8ource Conflict —I ‘]

486/487 oA O/ O Ol Q4 01 01 O O O Ot O Ofl

1 = No Remote 1 = E2 PROM
1 = Self-Test Cal Constants
1 = Trigger Overrun 1= E2 PROM Defaults
1 = Confiict ~— 1 = Calibration
1 = Cal Locked — —— 1 = Zero Check

Figure 4-7. Ul Error Status Word

The error status word is a string of ASCII characters representing binary bit positions. An error
condition is also flagged by the serial poll byte, and the instrument can be programmed to gen-
erate an SRQ when an error occurs (see paragraph 4.2.11). Note that all bits in the error status
word and the serial poll byte error bit will be cleared when the word is read. In addition, SRQ
operation will be restored after an error by reading U1. The various bits in the error status word
are described as follows:

IDDC — Set when an illegal device-dependent command (IDDC}, such as E1X is received (“E”
is illegal).

IDDCO — Set when an illegal device-dependent command option (IDDCO} such as T10X is
received (“10” is illegal).

NOREMOTE — Set when a programming command is received when instrument is in the Lo-
cal state.

SELE-TEST — Set when a self-test failure (RAM and /or ROM) occurs.

TRIGGER OVERRUN — Set when the instrument receives a trigger while it is still processing a
reading from a previous trigger.

CONFLICT — Set when trying to send a calibration value with the instrument on a measure-
ment range that is too small to accommodate the value.

CAL LOCKED — Set when calibrating the instrument with the calibration switch in the locked
{disabled) position. ‘

ZERO CHECK — Set when trying to calibrate the instrument with zero check enabled.
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CALIBRATION — Set when calibration results in a cal constant value that is not within allow-
able limits. Repeated failure may indicate that the Model 486 /487 is defective. See service infor-
mation in this manual.

E’PROM DEFAULTS — Set when power-up checksum test on defaults fail.

E?PROM CAL CONSTANTS — Set when power-up checksum test on cal constants fail.

V-SOURCE CONFLICT — Set when trying to send a voltage source value to the Model 487 that

exceeds the maximum limit of the currently selected voltage source range. On the Model 486,

this bit is always reset to “0”.

V-SOURCE — On the Model 487, this bit is set when trying to place the voltage source in oper-

ate while the enabled interlock is open. On the Model 486, this bit is always reset to “0”.

U2 Model Number and Firmware Revision

By sending the U2 command and addressing the instrument to talk, the instrument model

number and software revision level can be obtained. For example, if the software revision level

of a Model 486 is A(3, the following ASCII string will be obtained using the U2 command:
486A03

Note: There are two trailing blanks in this response message.

U3 Calibration Value

By sending the U3 command and addressing the instrument to talk, the last calibration value
sent can be obtained. For example, if no calibration value has been sent, the following ASCI
string will be obtained using the U3 command:

CV=+0.00000E-05A

U4 Trigger Interval

By sending the U4 command and addressing the instrument to talk, the currently programmed
trigger interval (Q) can be obtained. For example, if the currently programmed trigger interval
is 1.236 seconds, the following ASCII string will be obtained using the U4 command:

TI=001.236E+00S

U5 Trigger Delay

By sending the U5 command and addressing the instrument to talk, the currently programmed
trigger delay (W) can be obtained. For example, if the currently programmed trigger delay is
two seconds, the following ASCII string will be obtained using the US command:

TD=002.000E+00S

4-35
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U6 Relative Value (Current)

By sending the U6 command and addressing the instrument to talk, the stored relative baseline
value {Z) for current measurements can be obtained. For example, if the relative value for cur-
rent is 1mA, the following ASCH string will be obtained using the U6 command:

RV=+1.00000E-03A

U7 Relative Value (V/I Ohms)

By sending the U7 command and addressing the instrument to talk, the stored relative baseline

wrabiza 7V Ean T /T alaas ot anm b altninad Tar avamnls (ftha ralative valhiva far /T
Variie \L.; IOT V /1 ONINS Mieasureinenis Can oe Ooiained. rOr exan l.uc, Huieldiaaove vaalior v

ohms is 100<2, the following ASCII string will be obtained using the U7 command:
RV=+1.00000E+020HM
Note: Sending U7 to a Model 486 causes an IDDCO error.

U8 Voltage Source Value
By sending the U8 command and addressing the instrument to talk, the programmed voltage
source value for the Model 487 can be obtained. For example, if the voltage source of the Model
487 is programmed for +20V, one of the following ASCII strings (depending on range) will be
obtained using the US command:

VS5=+20.000E+00V (V-Source on 50V range)
or

VS=+020.00E+00V {V-Source on 500V range)

Note: Sending the U8 command to the Model 486 will result in an IDDCO error.

U9 Voltage Source Error Status

By sending the U9 command and addressing the instrument to talk, the error status of the volt-
age source of the Model 487 can be obtained. The error status word is shown in Figure 4-8.

487 O O/

1 = Interlock Open

1 = Current Limited

Figure 4-8. U9 Voltage Source Error Status Word
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If the first bit of the word is set, the voltage source is now (or was previously) in current limit
(25uA or 2.5mA). If the second bit of the word is set, the enabled interlock circuit is now {or was
previously) open (i.e. lid of test fixture open).

Any set bits in this word will remain set until the U9 word is read by the controller. Of course, if
the error(s) still exists, the bit(s) will not clear. Note that if any one of the two bits in the U9 status
word becomes set, the voltage source error bit in the serial poll byte Error Status Word becomes
set. The voltage source error bit in the serial poll byte word will not clear until all bits in the U9
word clear.

Note: Sending the U9 command to the Model 486 will result in an IDDCO error.

Programming The following program will obtain and display (on the computer CRT) the machine status
Examples word (U0):;
10 REMOTE 722
20 DIM A$[60]
30 OUTPUT 722; “UJ0X” ! Send UQ command.
40 ENTER 722; A$ ! Program 486/487 to talk.
50 PRINT A$ ! Display U0 status word.
60 END

4.37
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a220 V — Voltage Source

Purpose
Format

Parameters

Default

Description

Programming
Notes

Programming
Example

4-38

Use to program the voltage source value, range and current limit of the Medel 487.
vn,rl

1 —Specifies the voltage source level; -503V to +505V
r — Selects the voltage source range;

0 =50V range
1 =500V range

1~ Specifies the current limit;

0 = 25puA limit
1=2.5mA limit

Upon power-up or after a DCL or SDC command is received over the bus, the voltage source
returns to the last saved default condition.

The V command is used to program the voltage source of the Model 487. The voltage source
level can be sent in normal decimal form (i.e. 236) or in exponential form (i.e. 2.36E+2).

All three parameters need not be sent with the V command. However, the commas that nor-
mally precede a parameter you are going to send must be included in the command string. The
following examples are valid command strings:

Valid Command Strings:

V1X  Sets source to 1V (range and limit not changed)

V1X  Selects 500V range (level and limit not changed)

V.,.0X Selects 251A current limit (Jevel and range not changed)

V2,,1X Sets source to 2V and current limit to 2.5mA (range not changed)

1. Sending a level value that exceeds +505V will result in an IDDCO error. The entire com-
mand string will be ignored.

2. Sending a level value that exceeds the capability of the selected voltage source range will
resuit in a CONFLICT error. The entire command string will be ignored.

3. Sending the V command to the Model 486 will result in an IDDC error.

4. The programmed voltage source will not be applied to the output until the instrument is
placed in operate (O command).

OUTPUT 722; “V10,0,1X” ! Program for 10V on the 50V range with a current limit of
2.5mA.,
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4221 W — Delay

Purpose

Format

Parameters

Default

Description

Programming
Example

Use to set trigger delay time.
Wn
Wn Delay trigger by “n” seconds, where “n” = 0 to0 999.999 seconds

Upon power-up or after a DCL or SDC command is received over the bus, the instrument re-
turns to the trigger delay saved as the default condition.

The delay command controls the time interval that occurs from the point the instrument is trig-
gered until it begins integration of the input signal. This feature is useful in situations where a
specific time period must transpire to allow an input signal to settle before measurement.

Examples:
For a delay of 60sec, send W60X

For a delay of 2msec, send W.002X or W2E-3X (exponent form)

OUTPUT 722; “W250E-3X" ! 250msec delay
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a2.22 X — Execute

Purpose
Format
Parameters

Description

Programming
Notes

Programming
Examples

To direct the instrument to execute device-dependent commands received since the last X.
<command> X
None

The execute command is implemented by sending an ASCII “X” over the bus. Its purpose is to
direct the insirument to execute other device-dependent commands. Usually the execute char-
acter (X) is the last byte in the command string (2 number of commands may be grouped to-
gether into one string). However, there may certain cases when it is desirable o send a com-
mand string at one time, and then send the execute character later on.

1. Commands or command strings sent without the X character are not executed at that time,

but they are stored in an internal command buffer for later execution. When the X is finally

transmitted, the stored commands are executed, assuming that all commands in the previ-

ous string were valid.
2. Commands in an X-terminated string are executed in the following order:

A. All commands, except H and L (default options), are executed simultaneously.

B. Adefaultoptionof the L comrnand is executed next. A restore operation (L0 or L2) will
return the instrument to a default state after executing the other commands. Thus, in
effect, the other commands in the string are nullified. The save option (L1) saves the
instrument states after the other commands (except H) are executed.

C. The H command is the last command in the string to be executed.

3. To force a particular command sequence, include the X character after each command in
the command string.
4. The X character can also be used to trigger, as described in paragraph 4.2.18.

OUTPUT 722; “P1X” ! Execute single command

OUTPUT 722; “POO1X" ! Execute multipie command string.

OUTPUT 722; “H3XH7X" ! Force command sequence to enable (or disable)
autorange.

OUTPUT 722; “NOP1” ! Send string without executing.

OUTPUT 722; “X” ! Execute previous command string.
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4223 Y — Terminator
Purpose To select the ASCII terminator sequence that marks the end of the instrument’s data string or
data word.
Format Yn
Parameters Y0 <CR><LF>
Y1 <LF><CR>
Y2 <CR>
Y3 <LF>
Y4 none
Default Upon power-up or after a DCL or SDC command is received over the bus, the instrument will
return to the terminator that was saved as the default condition.
Description By using the Y command, you can program the number and type of terminator characters the

instrument sends at the end of its data string. Available terminator characters are the com-
monly used CR (carriage return; ASCII 13), and LF (line feed; ASCII 10) characters. These termi-
nators are recognized by most controllers. Selecting the wrong terminator for the controller
could cause the bus to hang.

You also have the option of selecting that no terminators be sent (a common choice for binary
output data format).

Programming OUTPUT 722; “Y1X” ! Terminate on LF CR.
Examples OUTPUT 722; “YOX” ! Restore factory default terminator.
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2224 Z — Relative

Purpose

Format

Parameters

Default

Description

Use to establish the displayed reading or an entered value as the baseline for subsequent meas-
urements.

Zn

Z0 Disable relative

Z1 Enable relative; present reading becomes baseline value

Z2,v Enable relative using “v” as the baseline value where; v = -ZmA to +2mA for current
v =0 to 50.5E16£2 for V/1 ohms

Z3 Enable relative using the baseline previously defined.

Upon power-up or after a DCL or SDC command is received over the bus, the instrument will
return to the option of the Z command that was saved as the default condition.

In general, relative establishes a baseline value that is algebraically subtracted from the normatl
reading that reflects the actual input signal level, The difference of these two valuesis the actual
reading. The details on relative are explained in paragraph 3.5.4. The following information
will only cover the specifics concerning bus operation.

For the Model 487, the Z command controls Rel for the function {(current or V /I ohms) that is
currently selected. For example, when in V/I ohns, the Z command affects only the V/1 ohms
Rel and does not affect the current Rel.

Sending the Z0 command disables relative but “remembers” the baseline value for possible fu-
ture use (see Z3).

Sending the Z1 command is the same as enabling REL from the front panel. The present reading
will become the baseline. All subsequent readings will then be the difference between the
measured value and the baseline value.

Sending Z2,v enables relative and uses a baseline value that is defined by the “v" parameter.
Examples of valid commands:

22,001X ['ImA or ImQ baseline
Z2,1E-3X I 1mA or 1mg baseline (exponent form)
Z2,100X 1100 2 baseline

Sending Z3 enables relative and uses the baseline that was previously established from the
front panel, or the Z1 or Z2 commands.
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Programming 1. Autorange will not react to the relative baseline value. With autorange enabled, the instru-
Notes ment will go to the lowest measurement range that can accommodate the input signal. For

example, if a 1mA baseline is used with the instrument on the 104.A range, the display will
overrange. The instrument will not autorange to the 1mA range because it is seeing an in-
put signal that belongs on the 10pA range.

2. Zero check and correct also do not react to the baseline value. For example, with relative
enabled, performing zero check and correct will result with the instrument displaying the
result of zero minus the baseline level. Only the input signal is zero corrected; not the

baseline.
3. Separatebaseline values and on/ off states for current and V /I ohms are “remembered” by
the instrument.
Programming OUTPUT 722; “Z3X ! Enabie relative using last established baseline.
Examples OUTPUT 722; “Z0X ! Disable relative.
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4.3 GENERAL BUS COMMANDS

General bus commands are those commands such as
DCL that have the same general meaning regardless of
the instrument. Commands supported by the Model
486/487 are listed in Table 4-4 which also lists BASIC
statements necessary to send each command. Note that
commands requiring that a primary address be specified
assume that the primary address is set to 22. This is the
address that is set at the factory.

Table 4-4. IEEE Contact Designations

Contact | IJEEE-488

Number | Designation | Type
1 DIO1 Data
2 DIO2 Data
3 DIO3 Data
4 DIO4 Data
5 EOI (24)* Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IEC Management
10 SRQ Management
11 ATN Management
12 SHIELD Ground
13 DIOS Data
14 DIO6 Data
15 DIO?7 Data
16 DIO8 Data
17 REN (24)* Management
18 Gnd, (6)* Ground
19 Gnd, (7)* Ground
20 Gnd, (8)* Ground
21 Gnd, (9P Ground
22 Gnd, (1) Ground
23 Gnd, (11)* Ground
24 Gnd, LOGIC | Ground

*Numbers in parentheses refer to signal ground return
of referenced contact number. EOI and REN signal lines
return on contact 24.

43.1 REN (Remote Enable)

The remote enable command is sent to the Model
486/487 by the controller to set up the instrument for re-
mote operation. Generally, the instrument should be
placed in the remote mode before you attempt to pro-
gram it over the bus. Simply setting REN true does not ac-
tually place the instrument in the remote state. Instead
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the instrument must be addressed to listen after setting
REN true before it goes into remote.

Note that the instrument need not be in remote to be a
talker.

Programming Example — This sequence is automati-
cally performed by the controller when the following is
typed into the keyboard.

REMOTE 722

After the RETURN key is pressed, the instrument is in the
remote state, as indicated by the REM indicator. If not,
check to see that the instrument is set to the proper pri-
mary address 22, and check to see that the bus connec-
tions are properly made.

Note that all front panel controls except for LOCAL (and,
of course, POWER) are inoperative while the instrument
is in remote. You can restore normal front panel opera-
tion by pressing the LOCAL key.

4.3.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 486 /487 in the talker and listener idle states. The
unit responds to the IFC command by canceling front
panel TALK or LISTEN lights, if the instrument was pre-
viously placed in one of those states.

To send the IFC command, the controller need only set
the IFC line true for a minjmum of 10Cusec.

Programming Example -— Before demonstrating the IFC
command, turn on the TALK indicator with the follow-
ing statement:

ENTER 722; A%

At this point, the TALK light should be on. The IFC com-
mand can be sent by entering the following statement
into the computer:

ABORTIO 7
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After the RETURN key is pressed, the TALK indicator
turns off, indicating that the instrument has gone into the
talker idle state.

4.3.3 LLO (Local Lockout)

The LLO command is used to prevent local operation of
the instrument. After the unit (which is in remote) re-
ceives LLO, all its front panel controls except POWER are
inoperative. In this state, pressing LOCAL will not re-
store control to the front panel.

Programming Example — The LLO comunand is sent by
entering the following statements:

REMOTE 722
LOCALLOCKOUT 7

After the second statemertt is executed, the instrument’s
front panel controls are locked out, including the LOCAL
key.

LLO remains in effect until REN is set false. To restore
front panel operation after asserting LLO, as in the fol-
lowing example, enter:

LOCAL 7

43.4 GTL (Go To Local) and Local

The GTL command is used to take the instrument out of
the remote state. Operation of the front panel keys will
also be restored by GTL even if LLO is in effect. To cancel
LLO, you must set REN false.

Programming Example — Place the instrument in the re-
mote state with the following statement:

REMOTE 722

Now send GTL with the following statement:

LOCAL 722

Note that the instrument goes into thelocal state, and that
operation of the front panel keys has now been restored.

4.3.5 DCL (Device Clear)

The DCL command may be used to clear the Model
486/487 and return it to its saved default conditions.
Note that the DCL ¢ommand is not an addressed com-
mand, so all instruments equipped to implement DCL
will do so simultaneously. When the Model 486 /487 re-
ceives a DCL comumand, it returns to the saved default
conditions.

Programming Example — Place the unit in an operating
mode thatis notasaved default condition. Now enter the
following statement from the controller keyboard:

CLEAR7Y

When the RETURN key is pressed, the instrument re-
turns to the saved default conditions.

4.3.6 SDC (Selective Device Clear)

The SDC command is an addressed command that per-
forms essentially the same function as the DCL com-
mand. However, since each device must be individually
addressed, the SDC command provides amethod to clear
only selected instruments instead of clearing all instru-
ments simultaneocusly, as is the case with DCL. When the
Model 486 /487 receives the SDC command, it retumns to
the saved default conditions.

Programming Example — Place the unit in an operating
mode thatis not a saved default condition. Now enter the
following statement from the controller keyboard:

CLEAR 722

This sends the following IEEE-488 commands: UNT
UNL LISTEN 22 SDC. When the statement is executed,
the instrument returns to the saved default configura-
tion.

4.3.7 GET (Group Execute Trigger)

GET maybeused toinitiate a Model 486 /487 trigger if the

instrument is placed in the appropriate trigger mode. In-
formation on triggering is located in paragraph 4.2.18.
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Programming Example — Type in the following state-
ments to place the instrument in the one-shot GET trigger
mode.

REMOTE 722
OUTPUT 722;"T3X”

Now trigger a reading by sending GET with the follow-
ing statement:

TRIGGER 722

This sends IEEE~488 commands UNT UNL LISTEN 22
GET. When the RETURN key is pressed, a reading con-
version occurs. (The command TRIGGER 7 just sends
GET. All listeners are triggered when the RETURN key is
pressed.)

4.3.8 SPE, SPD (Serial Polling)

The serial polling sequence is used to obtain the Model
486 /487 serial poll byte. The serial poll byte contains im-
portant information about internal functions, as de-
scribed in paragraph 4.2.11. Generally, the serial polling
sequence is used by the controller to determine which of
several instruments has requested service with the SRQ
line. However, the serial polling sequence may be per-
formed at any time to obtain the status byte from the
Model 486/487.

Programming Exampie — The SPOLL statement auto-
matically performs the serial poll sequence. To demon-
strate serial polling, enter in the following statements
into the computer:

5=SPOLL (722)
PRINT “SPOLL BYTE =;S

After the first statement, the controller conducts the se-
rial polling sequence, After the second statement is exe-
cuted, the decimal value of the serial poll byte is dis-
played on the controller CRT.

4.4 |EEE-488 BUS CONNECTIONS

The Model 486/487 is intended to be connected to the
IEEE-488 Bus through a cable equipped with standard
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IEEE-488 connectors, an example of which is shown in
Figure 4-9 The connector is intended to be stacked to al-
low a number parallel connections at one instrument.
Two screws are located on each connector to ensure that
connections remain secure. Current standards call for
metric threads, which are identified with dark colored
screws. Earlier versions had different screws, which were
silver colored. Do not attempt to use these type of connec-
tors on the instrument, which is designed for metric
threads.

. D

Figure4-9.  IEEE-488 Connector

A typical connecting scheme for a multi-unit test system
is shown in Figure 4-10. Although any number of connec-
tors could theoretically be stacked on one instrument, itis
recommended that you stack no more than three connec-
tors on any one unit to avoid possible mechanical dam-
age. .

NOTE
In order to minimize interference caused by
electromagnetic radiation, it is recommended
that only shielded IEEE-488 cables be used.
The Models 7007-1 and 7007-2 shielded
IEEE-488 cables are available from Keithley.

Connect the Model 486 /487 to the TEEE-488 Bus as fol-
lows:

1. Line up the cable connector with the connector lo-
cated on the rear panel of the Source Measure Unit.
The connector is designed so that it will fit only one
way. Figure 4-11 shows the location of the IEEE-488
connector on the instrument.

2. Tighten the screws securely, but do not overtighten
them.

3. Add additional connectors from other instruments,
as required.
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instrument Instrument

Instrument

—

Controller

Figure 4-10.  IEEE Connections

4. Make certain that the other end of the cable is prop-
erly connected to the controller. Most controliers are
equipped with an IEEE-488 style connector, but a
few may require a different type of connecting cable.
Consult the instruction manual for your controller
for the proper connecting method.

IEEE Connector

Figure 4-11. IEEE-488 Connector Location

NOTE
The IEEE-488 Bus is limited to a maximum of
15 devices, including the controller. The maxi-
mum cable length is 20-meters, or two meters
times the number of devices, whichever is
less. Failure to observe these limits may result
in erratic bus operation.

Custom cables may be constructed by using the informa-
tion in Table 4-4 and Figure 4-12. Table 4-4 lists the con-
tact assignments for the bus, and Figure 4-12 shows the
contact configuration.

CAUTION
IEEE-488 common is connected to digital
common. Maximum voltage between digital
common and earth ground is 30V.

CONTACT 12 —\

CONTACT 1
VAR

CONTACT 24 —/ \— CONTACT 13

Figure 4-12.  Contact Assignments

4.5 PRIMARY ADDRESS SELECTION

The Model 486/487 must receive a listen command be-~
fore responding to addressed commands. Similarly, the
unit must receive a talk command before transmitting
data. The Model 486 /487 is shipped from the factory with
a programmed primary address of 22.

The primary address may be set to any value between 0
and 30 as long as address conflicts with other instruments
are avoided. Note that controllers are also given a pri-
mary address, so do not use that address either. Most fre-
quently, controller addresses are 0 or 21, but you should
consult the controller’s instruction manual for details.
Whatever primary address you choose, you must make
certain that it corresponds with the value specified as
part of the controller’s programming language.

To check the present primary address or to change to a
new one, perform the following procedure:

1. Press the MENU button repeatedly until the primary
address is displayed. For example, if the instrument
is set to primary address 22, the following message
will be displayed:

IEEE488 ADDR 22

2. To retain the displayed address, press SHIFT and

then MENU to exit from the menu.
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3. To change the primary address, use the rotary knob
or the ADJUST (W) to display the desired address.

4. To store the new address in memory, press MENU.
The next menu selection (defaults) will be displayed.

5. Exit from the menu by pressing SHIFT and then
MENU.

NOTE
Each device on the bus must have a unique
primary address. Failure to observe this pre-
caution will probably result in erratic bus op-
eration.

46 CONTROLLER PROGRAMMING

The programming instructions covered in this section
use examples written with Hewlett Packard BASIC ver-
sion 4.0. This language was chosen because of its versatil-
ity in controlling the IEEE-488 bus. This section covers
those statements that are essential to Model 486/487 op-
eration.

NOTE
Controller programming information for us-
ing the IBM PC interfaced through the Capital
Equipment Corporation (CEC),[/OTech, and
National IEEE-488 interfaces is located in Ap-
pendix D.

A partial list of HP BASIC 4.0 statements is shown in
Table 4-5. The statements have a one or three digit argu-
ment that must be specified. The first digit is the interface
select code, which is set to 7 at the factory. The last two
digits of those statements requiring a 3-digit argument

specify the primary address.

Those statements with a 3-digit argument show a pri-
mary address of 22 (the factory set primary address). For
a different address, you would, of course, change the last
two digits to the required value. For example, to send a
GTL command to a device using a primary address of 17,
the following statement would be used: LOCAL 717.

Some of the statements have two forms; the exact con-
figuration depends on the command to be sent over the
bus. For example, CLEAR 7 sends a DCL command,
while CLEAR 722 sends the SDC command fo a device
with a primary address of 22.
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Table 4-5. HP BASIC 4.0 IEEE-488 Statements

Action BASIC Statement
Transmit string to device 22. | OUTPUT 722;A$
Obtain string from device 22. | ENTER 722;A%
Send GTL to device 22. LOCAL 722

Send SDC to device 22. CLEAR722

Send DCL to all devices. CLEAR7

Send remote enable. REMOTE 7
Cancel remote enable, LOCAL7

Serial poll device 22. SPOLL (722)

Send local lockout. LOCAL LOCKQUT 7
Send GTL to device 22. TRIGGER 722
Send IFC. ABORT?7

4.7 FRONT PANEL ASPECTS OF
IEEE-488 OPERATION

The following paragraphs discuss aspects of the front
panel that are part of [IEEE-488 operation, including mes-
sages, status indicators, and the LOCAL key.

4.7.1  Front Panel Error Messages

Table 4-6 summarizes the front panel error messages as-
sociated with IEEE-488 programming. Note that the in-
strumentmay be programmed to generate an SRQ, and U
command status words can be checked for specific error
conditions if any of these errors occur. See paragraphs
4.2.11 and 4.2.19.

The following paragraphs describe the front panel mes-
sages associated with IEEE-488 programming.

IDDC (lilegal Device-Dependent Command) Error

An IDDC error occurs when the unit receives an illegal
device-dependent command over the bus. For example,
the comumand string IX includes an illegal command be-
cause “I” is not part of the instrument’s programming
language. When an illegal command is received, the in-
strument briefly displays the IDDC error message.

NOTE
When an IDDC error is detected in a com-
mand string, all commands in the string, up to
and including the next X, are ignhored.
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Table 4-6. IEEE-488 Error Messages

Message Description

NO DEFLTS Checksum error in default condi-
tions during power-up.

UNCAL Checksum error in calibration con-
stants during power-up.

IDDC Invalid device-dependent com-
mand.

IDDCO Invalid device-dependent com-
mand option.

NOREMOTE | X received while not in remote.

ROM ERROR | Failed ROM self-test.

RAMERROR | Failed RAM self-test.

TRG OVERUN | Trigger overrun; instrument trig-
gered while still processing a pre-
vious trigger.

CONFLICT Voltage source level of the Model
487 conflicts with currently se-
lected voltage source range, or
relative value conflicts with cur-
rently selected measurement
range.

CALVALUE Calibration value conflicts with the
currently selected range.

CAL LOCK Sent calibration command with
calibration switch (CAL LOCK)
disabled.

CAL ERROR Calibration value not within allow-
able limits.

CAL ZCHK Cannot calibrate picoammeter with
zero check enabled.

Programming Example — To demonstrate an IDDC er-
ror, use the following statements:

REMOTE 722
OUTPUT 722;“EX"

The IDDC error message is briefly displayed when the
second statement above is executed.

IDDCO (Iilegal Device-Dependent Command Option)
Error

Sending the instrument a legal command with an illegal
option results in the IDDCO error message being dis-
played.

For example, the commmand P5X has an illegal option (5)
that is not part of the instrument’s programming lan-
guage. Thus, although the command P is valid, the op-
tion is not, and the IDDCO error results.

NOTE
When an IDDCO error is detected in a com-
mand string, all commands in the string, up to
and including the next X, are ignored.

Programming Example — Demonstrate an IDDCO error
with the following statements:

REMOTE 722
OUTPUT 722;“P5X”

Note that the IDDCO error message is briefly displayed
when the second statement above is executed.

No Remote Erxor

A not in remote error occurs if the instrument receives
and “X"” while it is in the local state. The NO REMOTE er-
ror message is displayed. This is caused by failing to set
the REN line true before addressing the Model 486/487
to listen. (The HP9000 default is to set REN true.) The
statement “REMOTE 7” sets the REN line true; the state-
ment “REMOTE 722" sets the REN line true and ad-
dresses unit 22 to listen.

Programming Example — To demonstrate the NO RE-
MOTE error message, type in the following lines:

LOCAL?Y
OUTPUT 722;*F0OX”

Note that the NO REMOTE erTor message is briefly dis-
played when the program times out.

Trigger Overrun Error

A trigger overrun cccurs when the instrument is trig-
gered whileitis still processing a previous trigger and be-
fore the READY bit in the SPOLL byte is asserted. The ex-
act trigger stimulus depends on the selected trigger
mode, as discussed in paragraph 4.2.18.



SECTION 4
IEEE-488 Reference

The trigger stimulus that causes the trigger overrun is ig-
nored but denoted in the U1 error status word and by the
following message that is briefly displayed:

TRG OVERUN

Cal Value Error

A cal value error occurs when a calibration value sent
over the bus (L command) exceeds the capabilities of the
currently selected range. For example, sending a calibra-
tion value of 2mA on the 200pA range will cause a cal
value error. The following message is briefly displayed
when this error occurs:

CALVALUE

Cal Error

A cal error indicates that calibration resulted in a cal con-
stant value which is not within allowable limits. In the
event of this error, the old cal constants are used. To clear
the following displayed error messages, press any front
panel key.

CAL ERROR

Cal Lock Error

When the CAL LOCK switch (accessed from the rear
panel) is in the locked (out) position, calibration is dis-
abled. Sending a calibration value (L. command) over the
bus will cause the following message to be briefly dis-
played:

CAL LOCK

The calibration command will be ignored.

Conflict Exrror

A conflict error pertains to the voltage source of the
Model 487, This error occurs when trying to program the
voltage source (using the V command) to a level that ex-
ceeds the limits of its selected range. When this error oc-
curs, the following message is briefly displayed:

CONFLICT
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The voltage source command is ignored.

4.7.2 |IEEE-488 Status Indicators

The REM (remote), TALK (talk), LSTN (listen), and SRQ
(service request) indicators show the present IEEE-488
status of the instrument. Each of these indicators is
briefly described below.

REM TALK LSTN S8RQ

REM — As the name implies, this indicator shows when
the instrument is in the remote state. Note that REM does
not necessarily indicate the state of the REN lire, as the
insttument must be addressed to listen with REN true be-
fore the REM indicator turns on. When the instrument is
in remote, all front panel keys except for the LOCAL key
arelocked out. When REM is turned off, the instrument is
in the local state, and front panel operation is restored.

TALK — This indicator is on when the instrument is in
the talker active state. The unit is placed in this state by
addressing it to talk with the correct MTA (My Talk Ad-
dress) command. TALK is off when the unit is in the
talker idle state. The instrument is placed in the talker
idle state by sending it an UNT (Untalk) command, ad-
dressing it to listen, or with the IFC (Interface Clear) com-
mand.

LSTN — This indicator is on when the Model 486/487 is
in the listener active state, which is activated by address-
ing the instrument to listen with the correct MLA (My
Listen Address) command. Listen is off when the unit is
in the listener idle state. The unit can be placed in the lis-
tener idle state by sending UNL (Unlisten), addressing it
to talk, or by sending IFC (Interface Clear) over the bus.

SRQ ~-The instrument can be programmed to generatea
service request (SRQ) when one or more errors or condi-
tions occur. When this indicator is on, a service request
has been generated. This indicator will stay on until the
serial poll byte is read. See paragraph 4.2.11 for details,



SECTION 4
IEEE-488 Reference

473 LOCAL Key

The LOCAL key cancels the remote state and restores lo-
cal operation of the instrument.

LOCAL

Since all front panel keys except LOCAL are locked out
when the instrument is in remote, this key provides a
convenient method of restoring front panel operation.
Pressing LOCAL also turns off the REM indicator, and re-
turns the display to normal if a message was displayed
with the D command. (See paragraph 4.2.4).

Note that the LOCAL key is also inoperative if the LLO
(Local Lockout) command is in effect.

4.8 BUS DATA TRANSMISSION TIMES

A primary congideration is the length of time it takes to
obtain a reading once the instrument is triggered to make

a conversion. The length of time will vary somewhat de-
pending on the selected function and trigger mode. Table
4-7 gives typical times.

Table 4-7. Typical Trigger to First Byte Out

Times
Setup Integration | Typical Time (ms)
T1G5R1P3 | FAST 25.72

T1G5R1P3 | LINE6OHz | 43.56
T1G5RIP3 | LINESOHz | 42.65

T1 = One-shot on Talk

G5 = Binary rdgs: IEEE std 754 single-precision,
bytes in normal order for Motorola CPUs.

R1 =2nA range

P3 = Digital and Analog Filters enabled.
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Performance Verification

5.1 INTRODUCTION

The procedure outlined in this section may be used to
verify that the instrument is operating within the limits
stated in the specifications at the front of this manual.
Performance verification may be performed when the in-
strument is first received to ensure that no damage or
misadjustment has occurred during shipment. Verifica-
tion may also be performed whenever there is question of
instrument accuracy, or following calibration, if desired.

NOTE
If the instrument is still under warranty (less
than 1 year from the date of shipment), and its
performance falls outside the specified range,
contact your Keithley representative or the
factory to determine the correct course of ac-
tion.

5.2 ENVIRONMENTAL CONDITIONS

All measurements should be made at 18-28°C (65-82°F)
and at less than 70% humidity.

5.3 INITIAL CONDITIONS

The Model 486/487 must be turned on and allowed to
warm up for at least two hours before beginning the veri-
fication procedures. If the instrument has been subject to
extremes of temperature (outside the range specified in
paragraph 5.2), additional time should be allowed for in-
ternal temperatures to reach normal operating tempera-
ture. Typically, it takes one additional hour to stabilize a
unit that is 10°C (18°F) outside the specified temperature
range.

5.4 REQUIRED TEST EQUIPMENT

Table 5-1 lists all the test equipment required for verifica-
tion. The procedure for performance verification is based
on using this exact equipment.

NOTE
The verification limits in this section donotin-
clude test equipment tolerance and are based
on the one year accuracy specifications of the
Model 486/487.

Alternate equipment may be used as long as the substi-
tute equipment has specifications at least as good as
those listed in Table 5-1.

Table 5-1. Verification Equipment

Item | Manufacturer | Model | Description Specifications

A* | Keithley 263 Calibrator/Source (5-1/2 digits) | 2nA, 20nA ranges; +(0.065% + 10 counts)
200nA range; +(0.035% + 10 counts)
2uA-2mA ranges; H0.025% + 10 counts)

B* Keithley 6171 | 3-slot male to 2-lug female triax | —

adapter

C* . | Keithley 7024-3 | 2-slot triax cable —

D* | Keithley 197 DMM (dc Volts) (5-1/2 digits) 200V, 1000V ranges; £(0.015% + 2 counts)

E* | Pomona B-24 Banana Plug Cable (2 required) —

*Items A, B and C are used to verify the picoammeter of the Models 486 and 487.

**Items D and E are used to verify the voltage source of the Model 487.

5-1
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5.5 VERIFICATION PROCEDURES

The following paragraphs contain the detailed proce-
dures for verifying the one year accuracy specifications of
the Mode] 486/487 using the equipment listed in Table
5-1. The allowable reading limits in these procedures do
not include error that could be contributed by this equip-
ment.

These procedures are intended for use only by qualified
personnel using accurate and reliable test equipment. If
the instrument is out of specifications and not under war-
ranty, refer to the calibration information in this manual.

5.5.1

WARNING
The procedures to verify the voltage source
of the Model 487 expose the user to danger-
ous voltages. Use standard safety precau-
tions when such dangerous voltages are pre-
sent.

Picoammeter Verification

Perform the following steps to verify the performance of
the picoammeter of the Model 486/487:

1.

5-2

Return the Model 486/487 to factory default condi-

tions as follows:

A. Press and release MENU until the following
message is displayed:

DEFAULTS OK

B. Use the rotary knob to display the following
message:

10.

11.

12.

13.

DEFAULTS FACTORY

C. Press MENU. The instrument will return to fac-
tory default conditions.

After factory initialization (Step 1), the instrument

should be on the 2mA range with zero check en-

abled. Select the 2nA range and verify that the read-

ing on the display is within the following limits:

-0.00100nA to 0.00100nA

Perform zero correction by pressing SHIFT and then
CORRECT. Verify that the reading on the display is
zero 350 counts (50fA).

Using the RANGE & key, check that all the other cur-
rent ranges display a reading of zero 20 counts.
Connect the Model 263 current source to the Model
486/487 as shown in Figure 5-1. Configure the
Model 263 for V/R AMPS and make sure that
GUARD s disabled. Also, make sure the ground link
is installed.

Set the Model 486 /487 to the 2nA range.

Set the Model 263 to the 2nA range and apply
1.90000nA to the Model 486/487.

On the Model 486 /487, disable zero check and verify
that the reading on its display is within the limits
listed in Table 5-2 for the ZnA range.

On the Model 486 /487, enable zero check and select
the 20nA range.

Set the Model 263 to the 20nA range and apply
19.0000nA to the Model 486/487.

Disable zero check on the Model 486 /487 and verify
that the reading on its display is within the limits
listed in Table 5-2 for the 20nA range.

Referring to Table 5-2, repeat the basic procedure of
steps 9, 10, and 11 to check the 200nA. through 2mA
ranges of the Model 486/487.

Repeat the basic procedure of steps 6 through 12 for
negative (=) current.
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@
Mode! 6171 3-slot
to 2-lug triax
adapter Model 7024-3
/ ‘Triax cable
Ground
Link
Instalied Guard
Disabled
Model 263
{V/R Amps)
Figure 5-1.  Setup for Picoammeter Verification
Table 5-2 Picoammeter Verification
486/487 | 263 V/IR AMPS | 263 Current Allowable Reading*
Range Range Setting (18°C to 28°C)
2nA 2nA 1.90000nA 1.89380nA to 1.90620nA
20nA 20nA 19.0000nA 18.9590nA to 19.0410nA
200nA 200nA 190.000nA 189.695nA to 190.305nA
2pA 21A 1.90000pA 1.89695nA to  1.90305pA
20uA 200A 19.0000pA 18.97900A to 19.0210pA
200pA 200pA 190.000nA 189.790pA  to  190.2I0uA
2mA 2mA 1.90000mA 1.89790mA  to 1.90210mA

*Based on accuracy specifications of Model 486/487. Does not include errors that may be
contributed by the verification equipment.

5-3
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5.5.2 Voltage Source Verification
{Model 487)

Perform the following steps to verify the V-Source (volt-
age source) of the Model 487:

WARNING
The following procedure uses hazardous
voltages that could cause severe injury or
death, Exercise extreme caution when per-
forming this procedure.

1. Make sure the V-Source of the Model 487 is in
standby, then connect the Model 197 DMM to it as
shown in Figure 5-2.

2. Set the Model 197 DMM to the 200mV range, and
zero its display as follows:

A. Temporarily disconnect the test leads at the

Model 487 and short them together.

Allow the reading on the Model 197 to settle.

Press the REL button to zero the Model 197.

Reconnect the test leads to the Model 487 as

shown in Figure 5-2.

3. While in standby, set the V-Source level to 00.000V
on the 50V range.

4. Place the V-Source in operate and verify that the
reading on the Model 197 is within the following
limit:

Unw

SRR

11
12.
13.
14,

15.
16.

—4.000mV to 4.000mV

Using the 4 key, set the V-Source to 000.00V on the
500V range.

Verify that the reading on the Model 197 is within the
following limit:

~40.000mV to 40.000mV

Place the V-Source in standby.

Set the Model 197 DMM to the 200V range.

Set the V-Source level to 50.000V on the 50V range.
Place the V-Source in operate and verify that the
reading on the Model 197 is within the following lim-
its:

49,946V to 50.054V

Place the V-Source in standby.

Set the Model 197 to the 1000V range.

Set the V-Source level to 500.00V.

Place the V-Source in operate and verify that the
reading on the Model 197 is within the following lim-
its:

499.21V to 500.79V
Place the Model 487 in standby.
Repeat the basic procedure in steps 8 through 15, but

set the V-Source for negative (-) voltages. The allow-
able readings will have a negative polarity.
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Figure 5-2.

Banana Plug

7 Cable (2)

—his) A
0000
m , RadianP® 7Y
om— [EET] ok o
Model 487

Setup for Voltage Source Verification (Model 487)
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6.1 INTRODUCTION

This section contains electronic operating theory for the
various circuits within the Model 486/487. The overall
block diagram of the instrument made up of these vari-
ous circuits is shown in Figure 6-1.

6.2 ANALOG CIRCUITS
6.2.1 Input Amplifier

The input amplifier circuit for the instrument is found on
page one of schematic drawing 486-106 or 487-106.

The current-to-voltage input amplifier of the Model

input bias current, low input offset voltage drift, and low
input noise voltage.

The gain of the amplifier is selected by switching in the
appropriate feedback resistor. Switching is provided by
relays K104-K109. Table 6-1 identifies the relay(s) closed
for each current range.

A simplified model of the input amplifier is shown in Fig-
ure 6-2. The input current is Iy, while the current through
the feedback resistor (Rr) is Ir. Since no current flows into
the (-) terminal of the op-amp, Ir = Inv. The negative feed-
back configuration and high gain op-amp make the input
voltage equal to the input offset voltage (Vos) of the op-
amp. Thus,

Vour = -IrRr+ Vos

486 /487 is designed around op amp U142 achieving low =-InRr + Vos
+ 2.8V
Ref
o Input Analog - A/D |
Current Amplifier Fitter Mutiplexer Converter
Input - P, N ‘T ! T N
_______________ —_
|
Power ¢
O] DAC
Voltage Amp M
Output |
| Control
\, Model 487 only II_ . Analog
Digital
Front Panel " “ IEEE-488 ]
Keyboard & Disptay [~ ~ Microcomputer 7 interface N IE%%?SB
Figure 6-1.  Overall Block Diagram
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Table 6-1. Range Relays

Current | Range

Range | Relays Closed
2mA | K104, K105
200pA | K104, K106
20pA | K104

2pA | K107, K108
200nA | K107

20nA [ K109

2nA [ None

Re
- W

——!
Vour = - iy Rr+ Vs

b ;

Simplified Model of Input Amplifier

Figure 6-2.

For example, with the 2mA range selected, Rr = 1kQ [l
100kQ2. The output voltage with a ImA input current is
(Vos = 200uV):

Voor =—~1mA)1kQ |]100k) +200uV
=-0.9898V

Zero Check

Figure 6-3 shows the configuration of the input amplifier
with zero check enabled. With zero check enabled, relay
switch K110 opens forcing the input current to common
through R226 (100k€2). With the input of U142 open, only
amplifier offset is seen at the output (Vour).

With zero check disabled (relay switch K110 closed), the
input current is simply applied to the (-) input of the am-
plifier as previously shown in Figure 6-2.

Offset Voltage Adjust

The previous simplified drawings of the input amplifier
show the (+) input connected to common. Actually, a 10Q

6-2

Re
Zero M
Check
Ot
K110 o
100kQ
Vour = Offset Voltage
v %
Figure 6-3.  Zero Check Configuration

resistor is located between the (+) input and common as
shown in Figure 6-4. This allows a trimpot (R198) to be
used as a coarse adjustment for input offset voltage. Any
remaining offset is canceled when the operator performs
zero correction from the front panel or over the bus.

The offset voltage trimpot is set at the factory and should
not be adjusted unless a component in that circuit is re-
placed. Refer to the troubleshooting information in para-
graph 7.7 if it becomes necessary to adjust offset voltage.

+10V Re
AV

R215
100 Ot

Ofiset LR198 R195
Voltage
Adjust
just 7 50kQ  150kQ R191
10Q
R220
10Q
-10V
Figure 6-4¢.  Offset Voltage Adjust Circuit
6.2.2  Analog Filter

The analog filter of the instrument is shown within the
dashed lines of Figure 6-5. Filtering is provided by
switching in various resistor/capacitor (RC} combina-
tions, Switching is provided by analog switches A,B,C,D
and E.

Table 6-2 identifies the configuration (open or closed) of
each analog switch for all the current ranges. The analog
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5 T0

R214 R211 Multiplexer
AAAA P

Cg-
11
il
RF-
MN——
Ot -
Input U142
% +
[——f————————
I cla7L
22pF
[P ()
i 2 O/C 3
| 301Q
| U145 U145
I
[ (€
E 18] o7 14
|
| 0745
'_Ail_a_l_og Filter -
* Seetable for values of Cr and Rf .
Figure 6-5.  Analog Filter Circuitry

filter is enabled when the ANALOG or ANALOG+DIGI-
TAL filter is selected and enabled (front panel FILTER in-
dicator on). Table 3-6 in Section 3 of this manual lists the
effects of the analog filter on rise time and settling time.

After filtering, the conditioned voltage signal is routed to
the multiplexer via a x1 buffer (U146). The buffer isolates
the input stage from the analog output drcuitry.

6.2.3  Multiplexer

The multiplexer circuitry selects among the various sig-
nals that are part of the instrument measurement cycle
and connects them to the A/D converter. The multi-
plexer circuit is shown in Figure 6-6. Device U132 is not
part of the multiplexer but serves as a x1 buffer to isolate
the A /D converter from the rest of the analog circuitry.

_Figure 6-7 shows the general switching phases for the
various signals. During each phase, an integration is per-
formed by the A/D converter, and the resultant data is
used by the microprocessor to calculate the final reading.

6.2.4 +2.8V Reference

Current measurements are based on comparing the un-
known signal with an internal +2.8V reference. During
each measurement cycle, the unknown signal is sampled
and then compared with signal common and the +2.8V
reference values.

The +2.8V reference is derived from a 6.4V reference
source that is shown on sheet 2 of schematic 486-106 or
487-106. VR103 provides a highly stable 6.4V reference,
while U114 and R147 provide a constant current to mini-
mize zener voltage variations. R188 and R192 (on sheet 1
of the schematic) divide down the 6.4V value to the final

+2.8V reference.
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Table 6-2. Filter Relay Switching

Analog Filter Enabled Analog Filter Disabled
Filter Relay Switches* Filter Relay Switches*

Range| A B C D A B C D E*
ZmA | O O C C CcjO O C ©O O
20iAFQO O C C Cl1O O ¢C O Q©Q
2004 O O C € C|JO O C O O
2uA |O C O C€ CJ]O0O O C O O
2mAlC O O C C10 C O o cC
XA |O O O C CJO C O O C
2nA J]O O O C Cl|C O O O C

C = Relay switch Closed

O = Relay Switch Open

*Relay switches A through E are shown in Figure 6-5.
**Zero check disabled. With zero check enabled, Relay E is closed (C) for all

current ranges.

+ 2.8V Referance

15

A)

U144

14

C

Zero

10

B

U144

0%

U132

4

Signal

(C)

Ui44

Figure 6-6.  Multiplexer

To A/D
Input
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, R207
l 10k
R207
Vio A -
Switch "C" closed Signal ;gg; U147 o Hi
A" and *B" open Phase Vo AMA + Vout=Vy-Vy
% 10k2 R207 v
AN olO 1
10k
Switch "B" closed Zero Figure 6-8.  Analog Output Circuit (Simplified)
"A" and "C" open Phase
\L As shown in Figure 6-8, the analog output (Vour) is sim-
ply V2-V. For example, if the input current to the instru-
b PAN ment is ImA on the 2mA range, ~1V will be applied to V1.
"SBv!rt :r:]d :‘\C"ctl)%s;e: Re;ﬁ;es:ce Analog output is then calculated as follows:
\L Vour=V.-Vi
=0V -(-1V)
=+IV
Calculate
a Reading
Not shown in the simplified circuit is CR117, which is a
diode bridge that is connected to the 15V supplies. This
. bridge provides current drive and protection for the ana-
Figure 6-7.  Multiplexer Phases log output.
6.2.6 Voltage Source (Model 487)
6.2.5  Analog Output Figure 6-9 shows a simplified block diagram of the volt-

The analog output is provided by a differential amplifier
circuit. The detailed circuit is shown on sheet 1 of sche-
matic 486-106 or 487-106. A simplified circuit is shown in
Figure 6-8.

age source of the Model 487. The schematic for the volt-
age source is on drawing 487-106, page 4.

Serial data, which represents the programmed voltage
source value, is loaded into the U151 DAC (Digital-to-

Data o

Figure6-9.  Simplified Model of V-Source (Model 487)

R110
R112 K103
O
222.2kQ
R117
W

2MQ

R132
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Analog Converter) through serial-to-parallel registers
1J153 and U152, A loaded value of $0000 will resultina
DAC output (Vour) of 0V while a value of $FFFF will re-
sultina Vour of +10V. U149 provides the 5V reference for
the DAC.

The output of the DAC is inverted by U143 prior to being
applied to the output amplifier. The inverting outputam-
plifier consists of op amp U110, and N-channel power
FETs Q101, Q105 and Q106. On the 500V range, feedback
resistor R117 provides x65.536 gain. For the 50V range,
K103 is closed changing amplifier gain to x6.5536. On the
500V range, this provides an output range of 0 —655.36V
at 10mV per DAC count. On the 50V range, the output
range is 0 -65.536V per DAC count.

U110 is configured as a high impedance amplifer that is
used to control the power amplifier (Q101 and Q105). As
the programmed voltage is increased, drain current
through Q105 decreases causing an increase in drain cur-
rent through Q101, which is connected to the +800V sup-
ply. As a result of the increased Q101 drain current, the
voltage at the cutput increases.

With the 2.5ma J-limit selected, relay K102 is configured
as shown in schematic 487-106, page 4. Q103 and R180
limit current to 3.5mA while the constant current source
that is controlled by of Q106 sinks TmA leaving a net of
2.5mA for the load on the V-Source.

When the 251A [-limit is selected (K102 activated), U119
is used to sense current flow to the load. As load current
increases to ~20fLA, the cutput of U119 will change from
0V to -9V, With ~9V at the output of U119, current will
start to flow through VR102 overriding U110s control of
Q105. U119 now forces the output voltage to limit at a
point where 20pA is flowing in the load. When either cur-
rent limit occurs, the transitor of photo-coupler AT101
turns on, placing the I-LIMIT control line at digital low.

When the voltage source is placed in standby, relay K100
opens, placing the output in a high impedance {open)
state. Relay K102 controls polarity switching. For posi-
tive (+) outputs, K102 connects Vour to the red (HI) ba-
nana jack. For negative (-) outputs, K102 connects Vour to
the black (LO) banana jack.

6-6

V-Source Power Supplies

The +800VB supply is derived by applying 250VAC to
the voltage doubler circuit that consists of CR100, CR105,
C103 and C109. Regulation for the supply is provided by
C104, C105, and transistors Q100 and Q102. For safety,
Q104 is used to discharge capacitors C103 and C109 when
instrument power is furned off. When the instrument is
turned off, a discharge circuit consisting of C102, CR102,
R115 and R116 turns on Q104 for a short period of time to
allow the capacitors to discharge to ground. R100 and
R114 also help to discharge these capacitors. VR106 is
used to protect the Model 487 if it is inadvertently con-
nected to 230V ac line power while set for 115V operation.

The15VB supplies are used exclusively for the V-Source
circuifry. Rectification for the *15VB supplies is per-
formed by CR103, while C100 and C101 provide filtering.
U100 regulates the +15VB supply, and U101 regulates the
-15VB supply. Cutput filtering is performed by C110 and
C112.

The +5VB supply is derived from the 15VB supplies us-
ing the 5V regulator U102. Filtering is provided by C111.

6.3 ANALOG CONTROL CIRCUITRY

The analog circuits, can be found on drawing number
486-106 (page 3), or on 487-106 (page 3). These circuits
control virtually all aspects of the analog section of the in-
strument, including the voltage source of the Model 487.
The following information describes the key aspects of
the analog control circuits.

Figure 6-10 shows a simplified block diagram of the ana-
log control circuits. A synchronous serial data transmis-
sion scheme is used to pass digital control information
through opto-isolators U103, U109 and U105 to several
shift registers that store the control information (U136,
U122 and U134). The three transmission lines are:

ANALOG DATA: transmits the serial control data
ANALOG CLOCK: controls the data transmission rate
ANALOG STROBE: latches contrel information into
command registers

For the Model 487, data to the V-Source DAC is sent
through opto-isolators U125, U131 and U133. The control
circuit exclusive to the V-Source is located on schematic
487-106, page 4.
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A 24-bit control word, shown in Figure 6-11, is used to
control the various functions.

The command register (U122 and U134) cannot directly
drive the range relays V-Source relays (Model 487). Relay
drive ICs (U123 and U127) provide the necessary drive
capability.

6.4 A/D CONVERTER

The Model 486/487 uses a constant frequency, variable
pulse width, analog-to-digital converter. The schematic
diagram for the A/D converter is located on page 2 of
drawing 486-106 for the Mode] 486, and on page 2 of
drawing 487-106 for the Model 487. A simplified sche-

matic diagram for the A/D converter is shown in Figure
6-12.

Reading conversions start with a charge balance phase
and end with a single slope phase, thus producing two
sets of counts from U129 back to the VIA of the micro-
computer.

The A/D input is converted to a current by R187 and
added to the offset current controlled by R186. This
summed current is applied, via FET switch Q110, to the
integrator which is made up of operational amplifier
U113, Q108 and C141. This integrator ramps in a positive
direction (since the current is negatively offset) until it
reaches a threshold, or until a timebase interval occurs
and switches on a balance current. This continues for a

length of time that is determined by the value in register
U126 which is programmed by the microprocessor.

Device U120 is an 8-bit magnitude comparator which
continuously compares the set value to the count value in
counter U128. When these two numbers match, the out-
put on pin 19 of U120 stops the A /D converter, thus sig-
naling the end of the charge-balance phase. After deter-
mining that the charge balance has stopped (by monitor-
ing counts or timing out), the software sets the Final
Slope/CE line high. This clears U128 making it ready for
a new charge-balance phase, and starts the final-slope
phase of the A/D converter.

The final-slope phase essentially removes all charge re-
maining on the integrator putting the output of U113 at
0V. Counts are accumulated during the final-slope and
used for calculation of the effective input signal. The
A/D converter is run through a number of phases that
are used to null any error signals present in the A/D or
analog front end.

The time base for the A /D converter is provided by an os-
cillator that consists of 0116 and Q117 and crystal Y100.
The 3.84MHz time base, which is a multiple of 60Hz, is di-
vided by counters U135 and U138 to provide system tim-
ing functions for charge balance control. The 3.84MHz is
fed directly to AND gate U129 whereit is gated on and off
by the rest of the A/D function. The A/D power supply
reference voltages, —10V, and +5V are derived from op-
erational amplifier U114 and associated circuitry. These
are reference voltages used in generating currents and
thresholds for the A/D converter.

m =
Q it - K= *
S E % w . 5 ;: -
- E g‘ "m': .8 g g g * - ‘U o] S *ﬁ g
- i @ N 9 8 8 E o o & 2 8§ £ ©
€ , b = m 5 T = e T =z ¢ 2 85 3% § 2
W k7 [+ n
S WU g § £ X2 B @ &~ @& m % o = E 3 = =
£ & &0 £ 2 % 3 @ U w U wo g 8 g5 5 Eg % & & 8
23 16 | 16 g8 |7 0
l i | | ] [ | !
| | ] i |
" Muitiplexer AD Current Range Analog Filter V-Source
Control Converter Control Control Control
Contro {Model 487)
Figure 6-11.  Control Word
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Figure 6-12.  A/D Converter Simplified Schematic
6.5 DIGITAL CIRCUITS 428) and shows some information that does
not pertain to the Model 486/487.

The paragraphs below give an overview of the digital cir-

cuits, which can be found on drawing numbers 487-146 . A

and 486-116 (487-116 for the Model 487) at the end of Sec- 6.5.1 Digital Block Diagram

tion 8.
Figure 6-13 shows a block diagram of the most important
circuits. Key sections include the microcomputer (RAM,

NOTE ROM, VIA, EEROM, and GPIA), the display board, and
The digital board shown in drawing 487-146 is the IEEE-488 interface. The various sections are covered
also used for a different instrument (Model in the following paragraphs.
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6.5.2 Microcomputer
The microcomputer controls all operating aspects of the 8KB oooc
instrument. The various sections of the microcomputer RAM
include the 68B09 MPU, the memory circuits, and I/O U511
(GP1A) circuits. 1FEE
2KB 2000
EEROM
Us10
Microprocessor gggg
VIA US04 2FFF> 16 Register Addresses
U509 is a 68B09 8-bit microprocessor that controls the in- GPIA US14 gggg S & Register Addresses

strument. The processor has an 8-bit data bus (D7-D0), a
16-bit address bus (A15-A0), as well as a number of con-
trol lines.

Y500 is an 8MHz crystal that provides a time base for the
internal MPU clock. The clock signal is internally divided
down to 2MHz and is used as a bus clock via the Eand Q
lines.

Power-on reset for the MPU is provided by U513. The re-
set signal is also used to inhibit writing to the EEROM
during power-up.

Memory Circuits

U508, a 64K byte PROM which uses 48k bytes, contains
the instruction coding for the MPU. Working storage for
the MPU is provided by U511, an 8K byte RAM. Non-
volatile storage for data such as calibration constants,
Zero-correction constants and power-on defaults is pro-
vided by EEPROM U510.

Address Decoder

U507 is a PAL that performs the address decoding for the
various memory and I/O circuits, and is also instrumen-
tal in the operation of the display serial port. U507 moni-
tors the states of the A15-A10 address lines, and it selects
the appropriate section of the memory map accordingly.
A memory map is shown in Figure 6-14.

/O Port

U504, a 6522 VIA (Versatile Interface Adapter) provides
much of the I/O for the microcomputer. Port A reads
keyboard and knob data, while port B provides a serial
port for controlling the analog board, and a counter for
counting A/D counts from the analog board.

Display U506 gg?:?: > One Byte for Display
Status U502 a000 O Status

48KB
RCM

usos

FFFF

Figure 6-14. Memory Map

Display Serial Port

The display serial port provides high-speed serial data
transmission to the display and keyboard circuits located
on the display board. Figure 6-15 shows a simplified
block diagram of the serial port.

The 2MH?z clock (GCLK) for the port is provided by the
PAL, U507. U506 is a parallel-to-serial converter used to
shift out display and keyboard data to circuits located on
the display board. U503 is a bit-shift counter and pro-
vides the SHIFT DONE signal when all eight bits of U506
are shifted out at the 2MFHz clock rate.

The basic data fransmission sequence is as follows:

1. Thebyte to be transmitted is written to U506. The act
of writing this byte only parallel loads U506, but it
also clears the shift counter, U503, via its CLR line.
Clearing U503 enables the GCLK (gated clock) signal
supplied by U507. GCLK becomes the clock signal
after inversion by U502.

2. The GCLK pulses applied to U506 cause the 8-bit
data word to be shifted out the DISPLAY DATA line.
At the same time, the display clock pulses cause the
shift counter, U503, to count up, one count per clock
cycle.

6-11
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BIEFAY N
PAL P CLR
16LBH - 15 741HCT393
SHIFT DONE
us07 COUNTER
GCLK us03
>OLK QoI GhiFT bone
Usoz
> DISPLAY CLOCK
ADDRESS 7
A15- A10 l
DL
68809 SHIFT
74HCT165
MPU
o PARALLEL/SERIAL us01
vso DATA D7 - DO N usee Q7 | DISPLAY DATA
v
Figure 6-15.  Simplified Block Diagram of Serial Port

3. After all eight bifs are shifted out, the shift counter
generates the SHIFT DONE signal to indicate that
the entire byte has been shifted out. This signal is fed
back to the PAL, U507, which halts the GCLK signal
to stop the shifting process.

4, The process in steps 1 through 3 repeats for seven
successive bytes until all the necessary information
is transmitted to the display and keyboard circuits.

5. The DISPLAY LEFT and DISPLAY RIGHT lines,
which are controlled by the PA6 and PA7 terminals
of U504, are brought low to enable the information to
be displayed on the display board.

6.5.3 Display/Keyboard

The display and keyboard circuits are shown on drawing
486-116 for the Model 486 or 487-116 for the Model 487,
located at the end of Section 8. Figure 6-16 shows a block
diagram of the display and keyboard circuits.

Display Multiplexing

The digits of the 10-digit left display, and the group of
separate LEDs are multiplexed, which means that only
one digit (or the group of separate LEDs) is actually on at
any given time. Because of the rapid multiplexing rate,
display flicker is not visible to the user.

6-12

For each digit, display data is clocked in via the DISPLAY
DATA line using the DISPLAY CLOCK and the trans-
mission sequence discussed in the previous paragraphs.
This data is shifted into shift registers located on the dis-
play board. U401 and U409 hold segment data, and U406
and two bits of U411 store selected digit data. One bit of
U411 is used to control the separate LEDs, while five bits
of U411 are used to strobe the five rows of the keyboard
mairix.

After all data are shifted in, the DISPLAY LEFT line is
brought low to enable into the U401 and U409 outputs.
This action causes the pertinent segments of the selected
digit (or the selected separate LEDs) to turn on. The proc-
ess repeats for a total of 11 times per display update cycle
so that each display digit or LED can be turned on as ap-
propriate.

Segment drive capabilities are an integral part of U401
and 409, and external current-limiting resistors are re-
quired and provided by R405 and R406. Drive capability
for U406 and U411 are provided by U405 and U410 re-
spectively.

The 8-digit right display operates in a similar fashion.
Display data is clocked into three shift registers. U408
and U412 hold segment data, while U404 stores selected
digit data. After all data are shifted in, the DISPLAY
RIGHT line is brought low to enable the U408 and U412



SECTION 6
Theory of Operation

O
/ R407, R408

408, U412 - 8 bit SR

SR = Shift Register

Display_Clock to all SR's e
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outputs causing the segments of the selected digit to turn
on. The process repeats for a total of eight times per dis-
play update cycle.

Current limit for U408 and U412 are provided by R407
and R408. Separate drive for U404 is not required.

Reading the Keyboard

The front panel keys are organized as a 5-row by 3-col-
umn matrix. In order to determine which key is closed,
eachrow in succession is strobed by setting the appropri-
ate output of U411 high. For each row, the three columns
are read through the VIA on the digital board. Knob data

is read through the VIA as well. The rotary knob outputs
a digital 2-bit gray-code (one line changes state for every
knob detent rotation).

6.5.4 IEEE-488 Interface

The IEEE-488 interface is located on drawing 487-106,
page 2 at the end of Section 8. A simplified circuit of the
interface is shown in Figure 6-13.

The interface includes three ICs. U514 is a 9914A GFPIA
(General Purpose Interface Adapter) that performs many
bus control functions, such as handshaking automati-
cally to minimize MPU overhead. Bus drive capabilities
are provided by U515 and U516. U516 supports the data
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lines (DIO1-DIOS), and U515 supports management and
handshake lines.

6.6 POWER SUPPLIES
Figure 6-17 shows a block diagram of the power supply
section. The power supply schematic is located on draw-

ing 486-106 (page 3) for the Model 486 or 487-106 (page 3)
for the Model 487.

+6.5V [——> To Digital
Board
AC Input i _+BVA
§|§ Analog —> To Analog

+18V  |—> To Analog

Figure 6-17.  Power Supply Block Diagram

6.6.1 AC Line Input

The AC power line voltage is applied through J1001 to
the power transformer, T100. S101 is the on/off switch,

6-14

and F100 is the line fuse that provides protection to the
line voltage input circuits. 5100 switches between
90-125V and 180-250V AC operation.

6.6.2 15V Supplies

The +15V power supplies provide power to all the ampli-
fier stages on the analog board. Rectification for the £15V
supplies is performed by CR108, while C114 and C108
provide filtering. U106 regulates the +15V supply, and
U108 regulates the 15V supply. Output filtering is per-
formed by C122 and C123.

6.6.3 +5VA Supply

The +5VA supply powers the analog control circuits and
relays located on the analog board. CR106 rectifies in-
coming AC, and C117 filters the rectifier output. U107
regulates the supply to its nominal +5V value, and CI121
provides output filtering.

6.6.4 +6.5V Supply

The +6.5V supply powers circuits on the digital board.
CRI109 rectifies the 8V AC input voltage, while C115 fil-
ters the output. The output of the +6.5V supply is further
regnlated to +5V by a separate power regulator located
on the digital board (U500). This +5V supply also sup-
plies the display board.
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7.1 INTRODUCTION

This section contains information necessary to maintain,
calibrate, and troubleshoot the Model 486/487. The line
fuse replacement procedure is also included.

WARNING

The procedures in this section are for use
only by qualified service personnel. Do not
petform these procedures unless qualified
to do so. Many of the steps in this section
may expose you to potentially lethal volt-
ages that could result in personal injury or
death if normail safety precautions are not
observed.

7.2 LINE FUSE REPLACEMENT

A rear panel fuse located adjacent to the line voltage
switch protects the power line input of the instrument. If
the fuse needs to be replaced (line voltage switch setting
changed orsuspected blown fuse), perform the following
steps:

WARNING
Make sure the instrument is disconnected
from the power line and other equipment
before replacing the fuse.

1. With the power off, place the end of a flat-blade
screwdriver into the slot in the rear panel LINE FUSE
holder. Push in gently and rotate the fuse carrier one-
quarter turn counterclockwise. Release pressure on
the holder and its internal spring will push the fuse
and carrier out of the holder.

2. Remove the fuse and replace it with the type recom-
mended in Table 7-1.

CAUTION
Do notuse afuse with a higher currentrating
than specified, or instrument damage may
occur. If the instrument repeatedly blows
fuses, locate and correct the cause of the
trouble before replacing the fuse. See
troubleshooting information in this section.

3. Install the new fuse and the fuse carrier into the
holder by reversing the above procedure.

Table 7-1. Line Fuse Selection

Keithley
Line Voltage | Fuse Type Part No.
90-125V 1/2A,250V, 3AG, Slo Blo | FU4
180-250V 1/4A, 250V, 3AG, Slo Blo | FU-17

7.3 CALIBRATION

Calibration should be performed every 12 months, or if
the performance verification procedures in Section 5
show that the Model 486 /487 is out of specification. If any
of the calibration procedures in this section cannot be
performed properly, refer to the troubleshooting infor-
mation in this section. If the problem persists, contact
your Keithley representative or the factory for further in-
formation.

7.3.1 Recommended Calibration

Equipment

Table 7-2 lists recommended calibration equipment. Al-
ternate equipment may be used as long as equipment ac-
curacy is at least as good as the specifications listed in the
table.
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Table 7-2, Calibration Equipment

Item | Manufacturer | Model | Descripfion Specification
A* Keithley 263 Calibrator/Source (5-1/2 digits) 2nA, 20nA ranges: +(0.065% + 10 counts)
200nA range: £(0.035% + 10 counts)

B* Keithley 6171 3-slot male to 2-lug female triax 2UA-ZmA ranges: +{0.025% + 10 counts)
adapter —

Cc* Keithley 7024-3 | 2-slot iriax cable —

D* | Keithley 197 DMM (DC Voits) (5-1/2 digits) 200V, 1000V ranges: #(0.015% + 2 counts)

E* | Keithley 1973 TEEE-488 Interface for Model 197 —_

F+* Pomona B-24 Banana Plug Cable (2 required) —

*Items A, B and C are used to calibrate the picoammeter of the Models 486 and 487.
*Items D, E and F are used to calibrate the voltage source of the Model 487. Note that item E {Model 1573} is only required if you wish to con-

trol the Model 197 DMM over the IEEE-488 bus.

7.3.2  Environmental Conditions
Calibration should be performed under laboratory con-
ditions having an ambient temperature of 23°C#1°C and
a reiative humidity of less than 70%.

7.3.3 CAL LOCK Switch

A CAL LOCK switch, accessible from the rear panel (see
Figure 7-1), disables or enables calibration. When calibra-
tion is disabled (switch in “out” position), calibration
cannot be performed. The following message will be
briefly displayed when attempting to calibrate the instru-
ment while the switch is in the disabled position.

CAL LOCKED

Calibration can only be accomplished with the calibra-
tion switch in the enabled position.

WARNING
To avoid electric shock, turn the instrument
off and disconnect the line cord before oper-
ating the CAL LOCK switch.

To enable calibration, push in the CAL LOCK switch to
the “in” position using an INSULATED tool (through the
small access hole in the rear panel).

After calibration is complete, again press the CAL LOCK
switch to place it in the “out” position to disable calibra-
tion.

7-2

Calibration Switch
{sticker covers access hole)
In = Calibration enabled
QOut = Calibration disabled

Figure 7-1. Cal Lock Switch

7.3.4 Warm-Up Period

Turn on the instrument power and aliow it to warm up
for at least two hours before beginning the calibration
procedure. If the instrument has been subjected to ex-
tremes of temperature or humidity, allow at least one ad-

ditional hour for the instrument to stabilize before begin-
ning the calibration procedure.

7.3.5 Front Panel Calibration

Picoammeter Calibration

In general, current calibration consists of applying a
source value of +190,000 counts to each range and per-
forming the calibration routine. Table 7-3 lists the re-
quired calibration current for each range. For front panel
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calibration, ignore the column labeled “TEEE488 Bus

Command”.
Table 7-3. Picoammeter Calibration
263 263 1EEE-488

486/487 | V/R Amps | Calibration Bus
Range Range Current Command
2nA 2nA . 1.90000nA L3, 1.9E-9X
20nA 20nA 19.0000nA L3, 19E-9X
200nA 200nA 190.000nA | L3, 190E-9X
2uA 2pA 1.90000pA | 13, 190E-9X
200A 201A 19.0000pA L3, 19E-6X
200uA 200pA 190.000pA | L3, 190E-6X
2mA 2mA 1.90000uA L3, 1.9E-3X

Perform the following steps to calibrate the current
ranges of the Model 486/487:

1.

Return the Model 486/487 to factory default condi-

tions as follows:

A. Press and release MENU until the following
message is displayed:

DEFAULTS OK

B. Use the rotary knob to display the following

message:
DEFAULTS FACTORY

C. Press MENU. The instrument will return to fac-
tory default conditions.

Connect the Model 263 current source to the Model

486/487 as shown in Figure 7-2. Configure the

Model 263 for V/R AMPS and make sure that

GUARD is disabled. Also, make sure the Model 263

ground link is installed.

On the Model 486/487, disable autorange (Press

SHIFT and then AUTO RANGE). Make sure the

Model 486/487 is on the 2nA range.

Set the Model 263 to the 2nA range and apply

1.90000nA to the Model 486/487.

On the Model 486/487, disable zero check to meas-

ure the calibration current source.

Press and release MENU until the following mes-

sage is displayed:

CALIBRATE NO

Use the rotary knob to display the following mes-
sage:

10.
11

12.

13.

14.

15.

16.

17.

CALIBRATE YES

On the Model 486/487, press MENU. While the in-
strument is performing calibration, the following
message will be displayed:

CALIBRATE WORKING

After the selected range is calibrated, the Model 486
will return to the normal measurement display state.
The Model 487 will display the next menu item,
which is CAL V SOURCE. For the Model 487, press
MENU toreturn to the normal measurement display
state.

On the Model 486/487, enable zero check.

Set the Model 486/487 to the 20nA range, set the
Model 263 to source 19.0000nA on the 20nA range,
and repeat steps 5 through 10.

Set the Model 486/487 to the 200nA range, set the
Model 263 to source 190.000nA on the 200nA range,
and repeat steps 5 through 10.

Set the Model 486/487 to the 2uA range, set the
Model 263 to source 1.90000uA on the 2uA range,
and repeat steps 5 through 10.

Set the Model 486/487 to the 20uA range, set the
Model 263 to source 19.0000pA on the 20pA range,
and repeat steps 5 through 10.

Set the Model 486/487 to the 200uA range, set the
Model 263 to source 190.000pA on the 200pA range,
and repeat steps 5 through 10.

Set the Model 486/487 to the 2mA range, set the
Model 263 to source 1.90000mA on the 2mA range,
and repeat steps 5 through 10.

Place the Model 263 in standby.

NOTE
For the Model 486, place the CAL LOCK
switch in the “out” position to disable calibra-
tion. Do the same to the Model 487 if you are
not going to calibrate the voltage source.

NOTE

During calibration, the message “CAL ER-
ROR” indicates that the calibration source
value is not within allowable limits. All cali-
bration source values must be 190000 counts
+9500 counts. In the event of this error, the
calibration will simply not be performed. If
the error persists for cal values that are within
the allowable limits, then servicing will be
necessary.

7-3
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/ Madel 486
Model 6171 3-slot
to 2-lug triax
adapter Model 7024-3
/ Triax cable

Ground

Link

Installed Guard

Disabled
Figure 7-2.  Setup for Picoammeter Calibration

Voltage Source Calibration (Model 487)

In general, the voltage source of the Model 487 is cali-
brated by adjusting the output until OV and full scale are

measured by a DMM and then performing the calibration
routine.

Perform the following steps to calibrate the V-Source of
the Model 487:

WARNING
The following procedure uses hazardous
voltages that could cause severe injury or
death. Exercise extreme caution when per-
forming this procedure.

1. Zero the 200mV range of the Model 197 DMM and
select autorange.

7-4

2. Make sure the V-Source (voltage source) of the
Model 487 is in standby, then connect the Model 197
DMM to it as shown in Figure 7-3.

3. While in standby, set the V-Source to the 50V range.
Note: Keep pressing and releasing theP key until the
50V range is displayed (i.e. “00.000V” is OV on the
50V range).

4. Place the V-Source in operate.

5. Press and release MENU until the following mes-

sage is displayed:
CALVSRC NO
6. Use the rotary knob to display the following mes-
sage:
CALVSRC  YES
7. Press MENU. The following message will be dis-
played:
SET ZERO

8. Adjust the V-Source output of the Model 487 to
measure (as close as possible) 00.000mV on the
Model 197.
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9. Press MENU to calibrate 0V on the 50V range. The 16. Press MENU. The following message will be dis-
instrument will then source 50V (nominal) and dis- played:
play the following message:
SET ZERO
SETPOSFS  (Set positive full scale)
) 17. Adjust the V-Source output of the Model 487 to
10. Adjust the V-Source output of the Model 487 to measure (as close as pgSJSible) 00.000mV on the
meastire +50.000V on the Model 197. Model 197.
18. Press MENU to calibrate OV on the 500V range. The
NOTE instrument will then source 500V (nominal) and dis-
If the output cannot be adjusted high enough play the following message:
to measure 50.000V on the Model 197, set the
V-Source to its maximum output setting
(50.500V displayed on the Model 487). SETPOSFS
11. Press MENU fto calibrate the 50V range at full scale. 19. Adjust the V-Source output of the Model 487 to
The instrument will exit the calibration mode. measure +500.00V on the Model 197.
12. IftheModel 197 is not reading +50.000V, repeat steps
5 through 11. Otherwise, proceed to the next step. NOTE
13. Set the V-Source to output 000.00V on the 500V If the output cannot be adjusted high enough
range. to measure 500.00V on the Model 197, set the
14. Press and release MENU until the following mes- V-Source to its maximum output setting
sage is displayed: (505.00V displayed on the Model 487).
CALVSRC NoO
. . 20. Press MENU to calibrate the 500V range at full scale.
15. Use the rotary knob to display the following mes- The instrument will exit the calibration mode.
sage: 21. Ifthe Model 197 is not reading +500.00V, repeat step
13 through 20.
CAL VSRC YES 22. Place the V-Source of the Model 487 in standby.
Banana Plug
7 Cable (2}
iyt N
600 0
AT A ——
Model 487
Figure 7-3.  Setup for Voltage Source Calibration (Model 487)
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7.3.6 IEEE-488 Bus Calibration

The following procedures will demonstrate how to use
the “L” command and “V” command over the IEEE-488
bus to calibrate the Model 486,/487. For simplicity, ail
other operations of the Model 486/487 and calibration
equipment will be controlled manually from the front
panel.

The following simple program in HP BASIC 4.0 can be
used to send calibration commands to the Model
486/487. When this program is run, it will prompt you to
enter the calibration command string. After sending the
command, the Model 486 /487 will send a reading back to
the computer that will be displayed. Also, this program
uses the U3 status word to acquire and display the cali-
bration value that was sent over the bus. For this pro-
gram, the primary IEEE-488 address of the Model
486/487 is set to 22.

HP BASIC 4.0 PROGRAM COMMENTS

10 REMOTE 722 ! Send remote enable.
20 PRINT “ENTER CALIBRA- !Prompt for command.
TION COMMAND”

30 LINPUT A% ! Input command string
from keyboard.

40 OUTPUT 722; A$ ! Send command string
to 486/487.

50 ENTER 722; B$ ! Get a reading from
486/487.

60 PRINT B$ ! Display reading on
computer CRT.

70 OUTPUT 722; “U3X” ! Program for U3 status
word.

80 ENTER722;C$ ! Get calibration value
from 486/487.

90 PRINTC$ ! Display calibration
value.

100 GOTO 20 ! Loop back.

110 END

In practice, it is recommended that calibration be fully
automated. A well designed computer program can con-
trol all instrument operations (Model 486/487, Model
263, and Model 197 /1973).

Picoammeter Calibration

In general, current calibration consists of applying a
source value of +190,000 counts to each range and then
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sending the appropriate calibration command. Table 7-3
lists the required calibration current and calibration com-
mand for each range.

NOTE
After a calibration command is sent over the
bus, front panel controls are locked out. To
perform a front panel operation make sure
you first press the LOCAL key.

Perform the following steps to calibrate the current
ranges of the Model 486/487:

1. Make sure CAL LOCK is pressed “IN” and return
the Model 486/487 to factory default conditions as
follows:

A. Press and release MENU until the following
message is displayed:

DEFAULTS  OK

B. Use the rotary knob to display the following
message:

DEFAULTS FACTORY
C. Press MENU. The instrument will return to fac-

tory default conditions.

2. Connect the Model 263 current source to the Model
486/487 as shown in Figure 7-2. Configure the
Model 263 for V/R AMPS and make sure that
GUARD is disabled and the ground link is installed.

3. On the Model 486/487, disable autorange (Press
SHIFT and then AUTO RANGE). FPlace the Model
486/487 on the 2nA range.

4. Set the Model 263 to the 2nA range and apply
1.90000n A to the Model 486/487.

5. Onthe Model 486/487, disable zero check to meas-
ure the calibration current source.

6. Send the following command over the [EEE-488 bus:

L3,1.9E-9X

While the instrument is performing calibration, the
following message will be displayed:

CALIBRATE WORKING

After the selected range is calibrated, the instrument
will return to the normal measurement display state.

On the Model 486 /487, enable zero check.
Place the Mode! 486/487 on the 20nA rangg, set the
Model 263 to source 19.0000nA on the 20nA range,

® N
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10.

11.

12,

13.

14.

and repeat the basic procedure in steps 5 through 7
using the following calibration command:

L3,19E-9X

Set the Model 486/487 to the 200nA range, set the
Model 263 to source 190.000nA on the 200nA range,
and repeat the basic procedure in steps 5 through 7
using the following calibration command:

L3,190E-9X

Set the Model 486/487 to the 2uA range, set the
Model 263 to source 1.90000pA on the 2UA range,
and repeat the basic procedure in steps 5 through 7
using the following calibration command:

L3,1.9E-6X

Set the Model 486/487 to the 20pA range, set the
Model 263 to source 19.00000LA on the 204A range,
and repeat the basic procedure in steps 5 through 7
using the following calibration command:

L3,19E-6X

Set the Model 486/487 to the 200pA range, set the
Model 263 to source 190.0001A on the 2000A range,
and repeat the basic procedure in steps 5 through 7
using the following calibration command:

L3,190E-6X

Set the Model 486/487 to the 2mA range, set the
Model 263 to source 1.90000mA on the 2mA range,
and repeat the basic procedure in steps 5 through 7
using the following calibration command:

13,1.9E-3X

Place the Model 263 in standby.

NOTE
For the Model 486, place the CAL LOCK
switch in the “out” position to disable calibra-
tion. Do the same to the Model 487 if you are
not going to calibrate the voltage source.

Voltage Source Calibration (Model 487)

In general, the voitage source of the Model 487 is cali-
brated by adjusting the output until 0V and full scale are

measured by a DMM and then sending the calibration
command.

NOTE
After a calibration command is sent over the
bus, front panel controls are locked out. To
perform a front panel operation make sure
you first press the LOCAL key.

Perform the following steps to calibrate the V-Source of
the Model 487:

WARNING
The following procedure uses hazardous
voltages that could cause severe injury or
death. Exercise extreme caution when per-
forming this procedure.

1. Zero the 200mV range of the Model 197 DMM and
select autorange.

2. Make sure the V-Source (voltage source) of the
Model 487 is in standby, then connect the Model 197
DMM to it as shown in Figure 7-3.

3. While in standby, set the V-Source to the 50V range
by sending the following command over the bus:

V,0X

4. Place the V-Source in operate.
5. Send the following command over the bus to pre-
pare the 50V range for calibration:

16X

6. Adjust the V-Source output of the Model 487 to
measure (as close as possible) 00.000mV on the
Model 197.

7. Send the following command over the bus to cali-
brate OV on the 50V range:

Lax

8. Adjust the V-Source output of the Model 487 to
measure +50.000V on the Model 197.

NOTE
If the output cannot be adjusted high enough
to measure 50.000V on the Model 197, set the
V-Source fo its maximum output setting
(50.500V displayed on the Model 487).

9. Send the following command to calibrate the 50V
range at full scale:
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L5X

10. IftheModel 197 is notreading +50.000V, repeat steps
5 through 9. Otherwise, proceed to the next step.

11. Setthe V-Source to output 000.00V on the 500V range
by sending the following command over the bus:

V0, 1X

12. Send the following command over the bus to pre-
pare the 500V range for calibration:

LexX

13. Adjust the V-Source output of the Model 487 to
measure (as close as possible) 00.000mV on the
Model 197,

14. Send the following command over the bus to cali-
brate 0V on the 500V range:

14X

15. Adjust the V-Source output of the Model 487 to
measure +500.00V on the Model 197.

NOTE
If the output cannot be adjusted high enough
to measure 500.00V on the Model 197, set the
V-Source to its maximum output setting
(505.00V displayed on the Model 487).

16. Send the following command to calibrate the 500V
range at full scale:

L5X

17. KtheModel 197 isnotreading +500.00V, repeatsteps
12 through 16.
18. Place the V-Source of the Model 487 in standby.

Calibration Errors

CAL ERROR — The message “CAL ERROR” indicates
that the calibration Constants calculated by the instru-
ment during the calibration procedure are not within ac-
ceptable limits. This may be due to a calibration source
value which is outside allowable limits, or hardware er-
rors in the instrument which are too great to be compen-~
sated by digital calibration. All current calibration source
values must be 190000 counts £9500 counts. In the event
of this error, the calibration constants are not changed
from their previous values. To clear the displayed error
message, press any front panel key. If this error persists
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when using valid calibration values, then service will be
necessary.

CAL VALUE — The briefly displayed message “CAL
VALUE” indicates that the calibration value conflicts
with the currently selected range. For example, sending a
cal value of 190uA on the 20 A range will cause this error
to occur. In the event of this error, calibration will not be
performed.

CAL LOCK — This message indicates that the calibra-
tion switch (CAL LOCK) is in the disabled position. Cali-
bration will not occur.

It is important to realize that if any of these errors occur,
calibration does not occur. When a calibration error oc-
curs, find and fix the problem and repeat calibration.

It is strongly recommended that calibration errors be de-
tected and displayed by the calibration program. The fol-
lowing steps provide the general procedure required to
detect calibration errors over the IJEEE-488 bus:

1. Program the Model 486/487 to generate an SRQ on
an error by sending the U32 cormmand over the bus.

2. When an SRQ occurs (error), send the Ul command
and then address the Model 486 /487 to talk.

3. Display the character string (U1 Error Status Word)
from the Model 486/487on the computer CRT and
refer to Figure 4-7 (in Section 4) to determine the type
of error.

7.4 HANDLING AND CLEANING
PRECAUTIONS

When troubleshooting or otherwise working inside the
instrument, care should be taken not to indiscriminately
touch PC board traces and open wires to avoid contami-
nating them with body oils or other foreign matter. Areas
covered by the shield within the Model 486/487 have
high impedance devices or sensitive circuitry where con-
tamination could cause degraded performance.

The same general precautions apply when replacing
parts in these areas. When unsoldering and soldering
parts, be careful not to spread the flux around the board
to adjacent areas.

1. Usingasqueeze bottle, carefully apply clean, uncon-
taminated methanol to the area to be cleaned. Use
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sufficient solution to thoroughly wet the circuit
board.

2. Usingasmall, clean brush, wipe the area thoroughly
until it is free of flux or contaminants. In some cases,
it may be helpful to tilt the board at an angle and
brush contaminants away from the affected area, al-
lowing contaminated residue and methanol to run
off the board.

3. Wash the area again with fresh, clean methanol, al-
lowing it to drain, flushing contaminants off the
board.

4. Once the area is thoroughly cleaned, it should be
dried with pressurized dry clean air or nitrogen. Do
not use compressed air from an ordinary air com-
pressor, as oil particles in the air could contaminate
the circuit board.

5. Aftercleaning or parts replacement, check to see that
any components connected to the Teflon® insula-
tors are not physically touching the board or adja-
cent parts.

7.5 DISASSEMBLY

The following paragraphs outline the basic procedures
for disassembling the Model 486 /487. In general, the pro-
cedures should be performed in the order presented
here. Figure 7-4 shows an exploded view of the instru-
ment that can be used asan aid in disassembling and re-
assembling the unit.

7.5.1  Cover Removal

First remove the handle by rotating the handle until the
arrows on the handle line up with the arrows on the
mounting ears, then pull out on the handle ends to re-
move. Remove the mounting ear screws and mounting
ears,

WARNING
Disconnect the line cord and all other instru-
ments from the Model 486/487 before remov-
ing the case cover.

To remove the cover, remove the rear bezel, then simply
remove the bottom screw that secures the cover to the
chassis and slide the cover off the chassis to the rear.

To install the cover, slide the cover over the chassis until
the front edge is flush with the front panel, then install
the screw to secure the cover. Install the rear bezel and se-
cure it.

WARNING
To prevent electric shock, make sure the bot-
tom screw (which grounds the cover to the
chassis) is properly installed.
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7.5.2 Shield Removal 7.5.4 Circuit Board Removal

Digital Board Removal
The top and bottom analog shields can be removed as fol-

lows:

7.5.3

NOTE
Be careful not to touch critical high-imped-
ance areas of the mother board with your
hands after the shields are removed.

. Remove the four screws that secure the top and bot-
tom shields to the mother board.

. Remove the bottom shield and set it aside.

. Carefully guide the top shield forward until itis clear
of therear panel connectors, then lift the shield out of
the case.

. When installing the shields, make sure the insulated
gaskets are properly installed on the edges of
shields. Each shield has gaskets installed on the two
long edges.

Front Panel Removal

Remove the front panel as follows:

. Disconnect the display board ribbon cable from the

digital board.

. Remove the handle and mounting ears as follows:

A. Place the handle in its most upright position.

B. Carefully pull the handle out of its mounting
ears located on the side panels of the chassis.

C. Remove the two mounting ears. Each ear is se-
cured to the chassis with a single screw.

. Pry the front panel tabs out away from the side pan-

els slightly until the tabs clear the side mounting

screw shoulders. As you pry each tab clear, push for-

ward on the front panel so that the tab does not slip

back into place.

. Once all four tabs are clear, slide the front panel for-

ward until it is clear of the chassis.

. To remove the display board, pull off the knob and

unclip the circuit board from the front panel. The

board is secured by four snaps.

L.

Disconnect the ribbon cables and the plug for the
digital power supply from the digital board.
Remove the two screws that secure the digital shield
to the side of the case.

Remove the two fasteners that secure the IEEE-488
connector to the rear panel.

Remove the screw that secures the digital shield to
the mother board standoff near the front of the in-
strument.

Remove the board and shield as a unit from the chas-
sis.

Remove the screws that secure the digital beard to
the digital shield, then remove the board.

Mother Board Removal

Note the positions of the analog output and V-
Source (Model 487) connections, then unplug them
from the mother board.

Unplug the interlock connector and line power plug
from the mother board.

Remove the screw that secures the mother board to
the front of the chassis.

Slide the mother board forward so the slots clear the
side tabs.

Pull the mother board free of the guide tabs in the
side panels, and remove the board.

7.6 SPECIAL HANDLING OF STATIC SEN-

SITIVE DEVICES

CMOS devices operate at very high impedance levels for
low power consumption. As a result, any static that
builds up on your person or clothing may be sufficient to
destroy these devices, if they are not handled properly.
Use the following precautions to avoid damaging them.

1.

ICs should be transported and handied only in con-
tainers specially designed to prevent static build-up.
Typically, these parts will be received in anti-static
containers of plastic or foam. Keep these devices in
their original containers until ready for installation.
Remove the devices from their protective containers
only at a properly grounded work station. Also,
ground yourself with a suitable wrist strap.

Handle the devices only by the body; do not touch
the pins.
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4. Any printed circuit board into which the deviceis to
be inserted must also be grounded to the bench or ta-
ble.

5. Use only anti-static type solder sucker.

6. Use only grounded tip solder irons.

7. Once the device is installed in the PC board, itis nor-
mally adequately protected, and normal handling
¢an resume.

7.7 TROUBLESHOOTING

The troubleshooting information contained in this sec-
tion is intended for use by qualified personnel having a
basic understanding of analog and digital circuitry. The
individual should also be experienced at using typical
test equipment as well as ordinary troubleshooting pro-
cedures. The information here has been written to assist
in isolating a defective circuit or circuit section. Isolation
of a specific component is left to the technician. Note that
schematic diagrams and component location drawings,
which are an essential aid to troubleshooting are in-
cluded in Section 8.

Before starting to troubleshoot the instrument, it is rec-
ommended that the theory of operation (Section 6) be
studied to familiarize yourself with some of the basic cir-
cuit principles.

7.7.1 Recommended Troubleshooting

Equipment

Success in troubleshooting complex equipment like the
Model 486/487 depends not only on the skill of the tech-
nician, but relies on the use of accurate, reliable fest
equipment. Table 74 lists the equipment recommended
for troubleshooting the Model 486/487. Other equip-
ment, such as logic analyzers and capacitance checkers,
could also be helpful

7.7.2 Self-Test

The self-test performs tests on the front panel LEDs, as
well as the RAM and ROM ICs within the instrument.
Perform the self-test as follows:

1. Keep pressing and releasing MENU until the follow-
ing message is displayed:

SELFIEST NO
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Table 7-4. Recommended Troubleshooting

Equipment

Equipment Description
Keithley Measure AC and DC voltages,
Model 199 DMM and resistances
Keithley Model 263 | Apply signal currents to input
Current Source
20MHz oscilloscope | View digital signals, analog

waveforms.

2. Use the rotary knob to display the following mes-
sage:

SELFTEST YES

3. To begin the self-test, press MENU. The unit will
then test the display segments and digits in se-
quence, and will display the next menu item if the
RAM and ROM ICs pass the tests.

4. If a RAM or ROM error occurs during the self-test,
the unit will display one of the following messages:

RAMERROR
or
ROM ERROR

In this instance, you must press a front panel key to
return to return to normal operation.

7.7.3  Analog Control Lines

Control lines on the analog board, managed by the micro-
computer, are used to drive the various relays and analog
switches associated with analog circuit operation. An ap-
propriate voltage level on a control line will activate the
respective relay or analog switch.

Most of the control lines to drive relay coils and inputs of
analog switches are located on schematic drawing
486-106 (page 3 for the Model 486) or 487-106 (page 3) for
the Model 487.

Control line labels that are terminated with a star (*) indi-
cate that a low logic level (~0V) will activate the relay or
switch. For example, 0V present on the control line ZERO
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CHECK* indicates that the zero check relay (K110) is acti-
vated (closed). The absence of the star (*) in the label indi-
cates thata high logic level (~5V) will activate the relay or
switch.

7.7.4 A/D Test Mode

The instrument can be placed in the A /D test mode (DE-
BUG) which allows the A/D multiplexer (Ul44) to be
stopped in any one of its A/D phases. This feature sim-
plifies signal tracing through the instrument. The three
states of the multiplexer (mux) are as follows:

A/D SIG — In this mux state, the amplified and con-
verted input signalis applied to the input of the A /D con-
verter.

A/D ZERO — In this mux state, analog common (0V) is
applied to the input of the A/D converter.

A/D REF — In this mux state, the +2.8V reference is ap-
plied to the input of the A/D converter.

Perform the following steps to place the instrument in the
A/D test mode (DEBUG):

1. Keep pressing and releasing MENU until the follow-
ing message is displayed:

DEBUG NO

2. Use the rotary knob to display the following mes-
sage:

DEBUG YES

3. Press MENU to place the instrument in the A/D test
mode. The multiplexer will stop with the condi-
tioned input signal applied to the input of the A/D
converter as indicated by the following message on
the right display:

A/DSIG

4. To select one of the alternate A /D test staies, simply
use the rotary knob to display one of the following
messages:

A/D ZERO
or
A/DREF

5. Toexit from the test mode and return the instrument
to normal operation, press SHIFT and then EXTT.

7.7.5 Troubleshooting Procedures

Tables 7-5 through 7-8 summarize the troubleshooting
procedures for the various circuits within the instrument.
In general, the procedures should be performed in the or-
der given. Figure 7-5 shows the various test points for the
troubleshooting procedures:

WARNING

Lethal voltages may be present on compo-
nents and shields. The ac line voltage is pre-
sent on the pc mother board. Exercise ex-
treme caution when troubleshooting a par-
tially disassembled unit that has power ap-
plied to it. Never touch components, shields
or the pc boards while power is applied.
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TP105 A/D Input .

TP107 Analog ground TPi02

R188 Input offset voltage adjust

R203 Fusible resistor ;l
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Figure 7-5.  Test Point, R198 and R203 Locations
Table 7-5. Power Supply Checks
Step | Item/Component Required Condition Description

1 | 8100 line voltage switch Set to 115 or 230V as required Line voltage selection
2 | F100 line fuse Check continuity Remove to check
3 | Linepower Plugged into live receptacle, power on
4 |45V supply (U107, pin3) | +5V,+5% Referenced Analog Ground (TP107)
5 | +15V supply, (U106, pin 3} | +15V, £5% Referenced Analog Ground (TP107)
6 | -15Vsupply (U108, pin 3) | -15V,45% Referenced Analog Ground (TP107)
7 | +6.5V supply (CR109 +) -+6.5V,20% Referenced to digital ground
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Table 7-6. Digital Circuitry Checks

Step | Item/Component | Required Condition Remarks

1 | Power on self-test | No failures reported RAM ERROR: check U511
ROM ERROR: check U508
NO DFLTS: check U510

2 | U500, pin3 +5V, 5% +5V digital supply, referenced to
digital common (U500, pin 2)

3 | U509, pins 34,35 | 2MIiz square wave Bus E and Q clocks

4 | U509, pin 3 25usec negative-going pulse every 1msec MPU IRQ line

5 | U509, pin 37 Stays low (=300msec) on power up, then goes high | MPU RESET line

6 | U501, pin18 1MHZz pulse trains ' ANALOG CLOCK

7 | UbOL, pin 14 Variable width (increments of 1usec) pulses. ANALOG DATA

8 | U501, pin % Brief pulses ANALOG STROBE

9 | U502, pin9 56-pulse burst at Imsec intervals DISPLAY CLOCK

10 | U501, pin 3 Pulse burst every Imsec DISPLAY DATA

11 | U501, pin7 Positive pulse every lmsec DISPLAY LEFT signal

12 { U502, pin 3 Positive pulse every 1msec DISPLAY RIGHT signal

13 | U504, pin4 Pulse train with ZERO CHECK pressed KEY S0 data

14 | US04, pin5 Pulse train with LOCAL pressed KEY S1 data

15 | U504, pin 6 Pulse train with FILTER pressed KEY 52 data

16 | U503, pin6 Negative-going pulses every Imsec SHIFT DONE signal

17 | U505, pins 2, 3 Alternates between high and low every other knob | Knob data

click

18 | U515, pin8 Goes low when bus command is sent IEEE488 ATN line

19 | U515, pins 4, 5,6 | Refer to Figure E-2 for required conditions Handshake sequence for NDAC,
NRFD, and DAV
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Maintenance
Table 7-7. Amnalog Circuitry Checks
Step | Item/Component Required Condition Remarks
1 | Front panel controls | Range: Auto; Filter: Enabled (Analog+Digital); | Initial conditions
Zero Check: Enabled
2 | Reference point Connect DMM LO or scope LO to analog com- | All voltages referenced to analog
mon (Input low) common
3 | Zero correct Press SHIFT CORRECT Zero correct unit
4 |Ul42,piné OV ximV Input op amp output
5 | U146, piné OV £ImV Input filter output
6 | ANALOGOUTPUT |OV+ImV Instrument output
7 | INPUT jack Apply +1.00000mA and disable zero check Positive current input
8 |Ul42,piné -1.2V Input op amp output
9 | Ul46,piné -1V Input amplifier output
10 | ANALOG OUTPUT | +1V Instrument output
11 | INPUT jack Apply ~1.00000mA Negative current input
12 U142, piné +1.2V Input op amp output
13 | U146, pin 6 +1V Input amplifier output
14 | ANALOG OUTPUT |[-1V Instrument output
15 | Repeat steps 7-14 for | Input All measured voltages should be
listed inputs +100.0001A *1V at:
+10.0000pA U142, pin 6
+1.00000pA U146, pin 6
+100.000nA ANALOG OUTPUT
+10.0000nA
+1.00000nA
16 | INPUT jack Apply +1.00000mA
17 | A/D test mode Place unit in A /D REF test mode (see para- Mux set at REF
(DEBUG) -graph 7.7.4)
18 | TP105 +2.8V Mux at REF
19 | A/D Test mode Place unit in A /D ZEROQ test mode
(DEBUG)
20 | TP105 ov Mux at ZERO
21 | A/D test mode Place unit in A /D SIG test mode
(DEBUG)
22 | TP105 -1v Mux at SIGNAL
23 | Normal operation Exit A/D test mode
24 | TP102 See Figure 7-6 Integration output
25 | U129, pin 13 Variable pulse train (0OV to 5V) A/D counts
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€ A
= 2.5V \
ov \
= 2mMsec B

Figure 7-6.  Integrator Output (Typical)

A : Fast Integration = 1.6msec
80Hz Integration = 16.6msec
50Hz Integration = 20msec

B : Fast Integration = 1msec
50,60Hz Integration = 3msec

7-17



SECTION?

Maintenance
Table 7-8. V-Source Checks (Model 487 Only)
Step | Item/Component | Required Condition Remarks
1 | V-Source Controls | Standby operation 00.000V setting (50V range) | Initial conditions
2 | Reference point Connect DMM LO on scope LO to V-SOURCE | All voltages referenced to V-Source
OUTPUTLO common.

3 U100, pinl +15V, 5% +15VB supply

4 U101, pin3 15V, 5% —-15VB supply

5 | U102, pinl +5V, +5% +5VB supply

6 | VR10D, anode +800V, £15% +800VB supply

7 | V-Source Controls | Set to 10.000V (50V range) Place in OPERATE | Source +10V on 50V range to open

output terminals

8 U151, pin5 +1.54V DAC output

9 | U143, piné ~1.54V Inverting X1 buffer output

10 | UL10,pin 6 -7V High impedance amplifier output
11 | Q101, gate +13V Power FET

12 | Q105, source -3V Power FET

13 | V-Source Output | +10.000V +14mV Voltage source output

14 | V-Source Controis | Set to 010.00V (500V range). Place in OPERATE | Source +10V on 500V range

15 | U151, pin 5 +153mV DAC output

16 |U143,piné ~153mV Inverting X1 buffer output

17 | U110, pin 6 -7V High impedance amplifier output
18 | Q101, gate +13V Power FET

19 | Q105, source -3V Power FET

20 { V-Source OQutput | +10.000V,55mV Voltage source output

21 | — Short output, set I-Limit to 2.5mA —

22 | Q103, source +0.7V Power FET
23 | — Set I-Limit to 25uA —_

24 | U119, piné -9V 251 A I-Limit control

25 | VR106, cathode =3V Line voltage protection

26 | Q101, gate +3V Power FET

27 { Q105, source -3V Power FET

28 | V-Source Controls | Place in Standby
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Maintenance
7.7.6 input Offset Voltage Adjust CAUTION
To prevent damage to the instrument, ad-
If the input amplifier op amp, or a component in the off- here to the following precautions when
set voltage adjust circuit is replaced, a course adjustment floating the input above chassis ground:
to cancel input offset voltage will have to be performed.
Replacing any of the following components will require 1. Do not connect ANALOG OUTPUT LO
the pot adjustment to be made: U142, R191, R195, R198, to CHASSIS. If there is a ground link in-
R220, and R215. stalled at the rear panel binding posts, re-
move it.
2. Make sure that any monitoring instru-
Perform the following steps to adjust offset voltage: ment connected to the analog output is float-
ing.
1. Turn on the instrument and allow it to warm up for
two hours. Paragraph 3.16.8 explains the precautions for
2. Configure the Model 486/487 as follows: Zero check floating measurements in more detail.

disabled and the 2mA range selected.
3. Connect the Model 197 DMM across the input and
select the 200mV range. . )
4. Using a small bladed screwdriver, adjust pot R198 In the event th.at the fusible resistor (R203) becomes dam-
for a display reading of less than 50uV onthe Model ~ aged, replace it with the the following type:
197.

Circuit Keithley
Desig. | Description Part No.

7.7.7  Fusible Resistor Replacement
Fusible Resistor, 1k£2, 1/2W,

A fusible resistor (R203) is used to protect the analog out- R203 | 1%, Metal Film R-370-1K
put crcuitry.
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SECTION 8
Replaceable Parts

8.1 INTRODUCTION

This section contains replacement parts information,
component location drawings and schematic diagrams
for the Models 486 and 487.

8.2 PARTSLISTS

Parts are listed alphanumerically in order of their circuit
designations. The first two parts lists contain information
for the display boards of the Models 486 and 487. The
next parts list contains information for the digital boards
of both the Modeis 486 and 487. The next two parts lists
contain information for the analog boards of the instru-
ments. The last two parts lists contain information on
miscellaneous parts that do not pertain to any of the pc
boards.

8.3 ORDERING INFORMATION

To place an order, or to obtain information concerning re-
placement parts, contact your Keithley representative or
the factory. See inside front cover for addresses. When or-
dering, include the following information:

Instrument Model Number
Instrument Serial Number

Parts Description

Circuit Designation (if applicable)
Keithley Part Number

N L=

If an additional instruction manual is required, order the
manual package (Keithley Part Number 486-901-00). The
manual package will contain an instruction manual and
any applicable addenda.

8.4 FACTORY SERVICE

If the instrument is to be returned to the factory for serv-
ice, please complete the service form which follows this
section and return it with the instrument.

8.5 SCHEMATIC DIAGRAMS AND
COMPONENT LOCATION DRAWINGS

Schematic diagrams and component location drawings
follow the appropriate replaceable parts list for that par-
ticular board.
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MODEL 486 DISPLAY BOARD, PARTS LIST

CIRCUIT
DESIG.

C400..402,
405..410
C403

DS5400..DS409

DS410

D5411..D5415

P1007

R400
R401..404
R405,R406
R407,R408

5400,401,408,
411,414,415

5402..405,409,

410,412
5407

1401,17408,
1409,U412
U404
U405,U410
U406,U411

DESCRIPTION

BUMPER
BUSHING, KINOCB
CLIP,GROUND

CAP,.01UF,20%,50V,CERAMIC
CAP, 10UF,-20+100%,25V,ALUM ELEC

DIGITAL DISPLAY
DISPLAY ALPHANUMERIC
PILOT LIGHT, RED,LED

CABLE ASSEMBLY, 20 CONDUCTOR

RES,1.47K,1%,1/8W METAL FILM
RES-NET, 82, 2%,.2W

RES NET,82,2%,.25W

RES NET, 120, 2%,.25W

SWITCH, MOMENTARY

SWITCH, MOMENTARY W/LED, HIGH EFF. RED
SWITCH, ENCODER, DIG 2-BIT GRAY CODE
IC,8-BIT SERIAL-INPUT,UNCS895A

1C,8-BIT SERIAL-INPUT,UNC5821A
IC,8-CHANNEL SAT SINK DRIVER,UDN-2596A
1C,8-STAGE SHIFT /STORE REG,74HCT4094
USED WITH DS400..D5409

SOCKET, CARRIER

USED WITH D5410

SOCKET -

USED WITH DS411..D5415

MOUNTING KIT

KEITHLEY
PART NO,

FE-23A
428-314A
428-324A

C-365-.01

C-314-10
DD-46
DD-45
PL-83
CA-27-9B
R-88-1.47K
TF-223-82
TF-141
TE-221-120
SW-481
SW-482
SW-480
IC-537
1C-684
1C-578
IC-691
428-320A
SO-127-1

MK-22-4



MODEL 487 DISPLAY BOARD, PARTS LIST

CIRCUIT
DESIG.

C400..402,
405..410
C403

DS400..409
DS410
DS411..415

P1007

R400

R401..404
R405,406
R407 408

5400,401,408,
411,414,415
5402..406,409,
410412,413
5407

U401,408,409,
412

U404
1405410
U406,U411

DESCRIPTION

BUMPER
BUSHING, KNOB
CLIP,GROUND

CAP,.01UF,20%,50V,CERAMIC
CAP, 10UF,-20+100%,25V, ALUM ELEC

DIGITAL DISPLAY
DISPLAY ALPHANUMERIC
PILOT LIGHT, RED,LED

CABLE ASSEMBLY, 20 CONDUCTOR

RES,1.47K,1%,1/8W METAL FILM
RES NET, 82, 2%,.2W

RES NET,82,2%,.25W

RES NET, 120, 2%,.25W

SWITCH, MOMENTARY
SWITCH, MOMENTARY W/LED, HIGH EFF.,RED
SWITCH, ENCODER, DIG 2-BIT GRAY CODE

1C,8-BIT SERTAL-INPUT, UNC5895A

1C,8-BIT SERIAL-INPUT,UNC5821A
IC,8-CHANNEL SAT SINK DRIVER,UDN-2596A
1C,8-STAGE SHIFT/STORE REG,74HCT4094
USED WITH DS400..D5409

SOCKET, CARRIER

USED WITH D5410

SOCKET

USED WITH D5411..415

MOUNTING KIT

KEITHLEY
PART NO.

FE-23A
428-314A
428-324A
C-365-.01
C-314-10
DD-46
DD-45
PL-83
CA-27-9B
R-88-1.47K
TE-223-82
TE-141 :
TE-221-120
5W-481
SW-482
SW-480
1C-537
IC-684
IC-578
1C-691
428-320A
50-127-1

MK-22-4
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MODELS 486 AND 487 DIGITAL BOARD, PARTS LIST

CIRCUIT
DESIG.

C500
501

C502..509,512,

513,516..519
C510,511
C514

C515

CR500..503

J1003
J1005,J]1007
J1006

R500,R501
R502
R503,R507
R504,R506
R505
R508,R509

U500
U501,U502
U503
U504
U505
U506
U507
U508
us09
U510
Usli
Ub12
U513
U514
U515
U516

w501

Y500

DESCRIPTION

CAP, 047UF,20%,50V CERAMIC
CAP47UF,-20+100%,25V,ALUM ELEC
CAP,.01UF,20%,50V,CERAMIC

CAP,15PF,10%,200V,CERAMIC
CAP,.1UF,20%,50V,CERAMIC
CAP,10UF,10%,20V, TANTALUM ELECTROLYTE

DIODE,SILICON,IN4148 (DO-35)

CONN, RIGHT ANGLE,24 PIN
CONN, HEADER STRAIGHT SOLDER PIN
CONNECTOR, HEADER

RES,18K,5%,1/4W,COMPOSITION OR FILM
RES NET, 3.3K,2%,.6W

RES NET,3.3K,5%,1.25W
RES,100,5%,1/4W,COMPOSITION OR FILM
RES,3.3K,5%,1/4W, COMPOSITION OR FILM
RES NET,3.3K,2%,.25W

IC,+6V VOLTAGE REGULATOR,LM29%40CT
IC,OCTAL TRI STATE BUFFER,74HCT240
IC,DUAL 4 BIT COUNTER,74H(T393
IC,VERSATILE INTERFACE ADAPTER,G655C22
IC,DUAL D FLIP FLOP W/SET & RESE,74HCT74
IC,8-BIT PARALLEL TQO SERIAL,74HCT165

IC, AND-OR-INVERT ARRAY,PAL16L8H-15
EPROM PROGRAM

IC,8 BIT MICROPROCESSING UNIT MC68B09
IC,PROGRAMMABLE E2ROM 2816B

1C,(8KX8)HI SPEED STATIC CMOS RAM, 6264
IC,QUAD 2-INPUT NOR GATE,74HCT02
1C,SUPPLY VOLTAGE SUPERVISOR,TL7705AC
IC,GPIB ADAFTER,9914A

IC,OCTAL INTERFACE BUS TRANSCEIVER,75161
IC,OCTAL INTERFACE BUS,75160

USED WITH U508,U511

SOCKET,LC. 28 PIN

JUMPER
CRYSTAL,8.0000MHZ

*ORDER CURRENT FIRMWARE REVISION LEVEL.

KEITHLEY
PART NO.

C-237-47
C-314-47
C-365-.01

C-406-15P
C-365-.1
C-204-10

RF-28

C5-501
CS-368-20
C5-715-4

R-76-18K
TF-101
TF-140
R-76-100
R-76-3.3K
TE-77

IC-576
1C-683
IC-462
L51-86
1C-515
IC-548
IC-687A
487-800-*
LSI-65
LSI-83
L51-66
IC-510
IC-602
LS1-49
1C-299
IC-298

S0O-69
J-15
CR-24-1
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& 428-FPROG.

(48/-140-01)
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REFER TO 4B7 (DIGITAL BD.),
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TABLE 1.
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L
|
g

g
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(IEEE BRACKET)

SEE DETAIL ‘R

R508 % RS0%

U316, US1S & US1i4

r4m44m4~44~4h4mddﬂﬂﬂddddddﬂddddddﬂ

IN HOLES

COMPONENT SIDE
(487-142)

(1 THRU 20)

INSTALL IEEE BRACKET (428-321) AS SHOWN.

(REFPLACES

(E5-501)
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MODEL 486 ANALOG BOARD, PARTS LIST

CIRCUIT
DESIG.

108,114
C115

C117
C118,120,124,
198,195,196
C119,127.130
134,138,140,
199.207,
209.215,217
C121..123
Ci26
C131,171
(132

C133

C135
C136,143
C137

C141
C145,147
Cl148

C155

C158

C159

Cl169
C172,177
C173

C190

C191

CR106,108
CR109
CR117

F100

71002
71017
71018
71021
71024

DESCRIPTION

PUSHBUTTON
CONN,BERG
STANDOFF
CONNECTOR

HEAT SINK
STANDOFF

FUSE HOLDER BODY
FUSE CARRIER

CAP,2200,20%,35V,ALUM ELECTROLY
CAP,10,000UF,-2G+100%,16V ALUMINUM
CAP,1500UF,-20,+100%,25V,ALUM ELEC
CAP,.1UF,20%,50V,CERAMIC

CAP,.1UF,20%,50V,CERAMIC

CAP, 10UF,-20+100%,25V,ALUM ELEC
CAP,.01UF,10%,1000V,CERAMIC
CAP,330PF,10%,1000V,CERAMIC
CAP,22PF,20%,500V,CERAMIC
CAP,820PF,10%,1000V,CERAMIC
CAP,100FF, 2.5%,630V,POLYESTER
CAP,1UF,20%,50V, CERAMIC
CAP,.0033,20%,500V, CERAMIC
CAP,.0047UF,10%,100V POLYPROPYLENE
CAP,22PF,5%,500V,PFOLYSTYRENE
CAP,10PF,5%,500V,POLYSTYRENE
CAP,710PF,2%,50V,CERAMIC
CAP,3.3PF,.5%,1000V,CERAMIC
CAP,10PF,10%,1000V,CERAMIC
CAP,150PF,10%,1000V,CERAMIC
CAP,100PF,10%,1000V,CERAMIC
CAP47PF,10%,1000V,CERAMIC
CAP,.68UF.,.20%,50V POLYESTER
CAP,.33,.20%,50V POLYESTER

DIODE SILICON, W04M (CASE WM)
DIODE, BRIDGE PE05
DIODE,BRIDGE, VM18

FUSE .5A,250V,3AG, SLO-BLO
.25A (EURCPE)

CONN,MALE,5 PIN

TERMINAL, TEFLON

CONN,BERG,1 PIN

LATCHING HEADER

LATCHING HEADER, FRICTON, SGL ROW

KEITHLEY
PART NO.

31470-2B
C5-339
ST-139-18
CS8-276
HS-41
ST-195-2
FH-21
FH-25

C-428-2200
C-313-10000
C-314-1500
C-237-1

C-365-.1

C-314-10
C-64-.01
C-64-330F
C-22-22P
C-64-820P
C-252-100P
C-237-1
C-22-.0033
C-306-.0047
C-138-22P
C-138-10P
C-348-710P
C-308-3.3P
C-64-10P
C-64-150P
C-64-100P
C-64-47P
C-344-.68
C-344-.33

RF-46
RF-48
RF-52

FU-4
FU-17

C5-288-5
TE-113

(CS5-339-1
CS-724-6
C5-724-3



K104,107,109,

110
K105,106,108

1101

1005
1006

Q108
Q109,117
QI10
Q111
Q112
Q116
Q119

R118
R119
R120,124,131,
162
R121..123
R134

R135
R136,137
R138

R139

R140
R141,160,163,
176,228..230
R142

R143

R144

R145

R147

R148

R149
R150

R153
R156,158
R157

R150

R161

R164

R165
R169,211
R171

R175

R177

R179

R180
R181,217
R182

R185

R186

R187
R189,197

RELAY (SPST)
RELAY (SPST),GORDOS,47055
CHOKE, 100UH

CABLE ASSEMBLY, 20 CONDUCTOR
CONNECTOR, HOUSING

TRANS, LOW NOISE/DRIFT DUAL FET MP841
TRANS,NPN SILICON,2N3904 (T0-92)

TRANS N-CHANNEL FET, TNO6L

TRANS N CHANNEL FET,2N4392 (TO-92)
TRANS, N CHANNEL JFET,PN5434(T0O-92)
TRANSN CHANNEL JFET SELECTED J210
TRANS, DUAL NPN IT121 (TO-52)

RES,470,5%,1 /4W,COMPOSITION OR FILM
RES,330,5%,1 /4W,COMPOSITION OR FILM
RES,1K,5%,1/4W,COMPOSITION OR FILM

RES,270,5%,1 /4W,COMPOSITION OR FILM
RES,100K,.1%,1/10W,METAL FILM
RES,142.2K,.02%,1 /8W,PRECISION THIN FILM
RES,20K,1%,1/8W METAL FILM
RES,200,5%,1/4W,COMPOSITION OR FILM
RES,15.4K,1%,1/8W METAL FILM
RES4.5K,.1%,1/10W METAL FILM
RES,10K,5%,1/4W,COMPOSITION OR FILM

RES,243,1%,1/8W METAL FILM
RES,10K,1%,1/8W,METAL FILM
RES,7.39K,.1%,1/10W METAL FILM
RES,1K,.1%, 1W,WIREWOUND
RES,1.24K,1%,1/8W METAL FILM
RES,11K,.1%,1/10W,METAL FILM
RES,1.1M,.1%,1/8W,METAL FILM
RES,996K,.1%,1/4W METAL FILM
RES,10M,.25%,1/8W FIXED METAL FILM
RES,7.87K,1%,1/8W METAL FILM
RES,7.78K,,.02%,1 /8W,PRECISION THIN FILM
RES,110M,.50%,1/4W,METAL OXIDE
RE5,2.15K,1%,1 /8W METAL FILM
RES,2K,1%,1/8 METAL FILM
RE5,39.2K,1%,1/8W METAL FILM
RES,100,1%,1/8W METAL FILM
RES,1G,2%,1.5W,HY MEG
RES,5.1K,5%,1/4W,COMPOSITION OR FILM
RES, 15K 5%,1 /4W,COMPOSITION OR FILM
RES,6.2K,5%,1/4W COMPOSITION OR FILM
RES,560K,5%,1/4W,COMPOSITION OR FILM
RES,47K,5%,1/4W,COMPOSITION OR FILM
RES,2K,5%,1/4,COMPOSITION OR FILM
RES,4.87K,1%,1/8W,METAL FILM
RES,26.7K,1%,1/8W METAL FILM
RE5,15.8K,1%,1/8W ,METAL FILM
RES,1.5K,.5%,3/4W, FIXED METAL FILM

RL-117
RL-131
CH-14

CA-27-9B
CS-716-4

TG-200
TG-47
TG-216
TG-128-1
TG-174-1
TG-167-1
TG-91

R-76-470
R-76-330
R-76-1K

R-76-270
R-263-100K
R-365-142.2K
R-88-20K
R-76-200
R-88-15.4K
R-263-4.5K
R-76-10K

R-88-243
R-88-10K
R-263-7.39K
R-249-1K
R-88-1.24K
R-263-11K
R-176-1.1M
R-264-996K
R-305-10M
R-88-7.87K
R-365-7.78K
R-269-110M
R-88-2.15K
R-88-2K
R-88-39.2K
R-88-100
R-289-1G
R-76-5.1K
R-76-15K
R-76-6.2K
R-76-560K
R-76-47K
R-76-2K
R-88-4.87K
R-88-26.7K
R-88-15.8K
R-303-1.5K



TE100..107,

109,111,112
TP101,102,
104,105,107

U103,105,109
U104
Ul0e
U107
U108
Ull1
Ul112,124
U113
Uil4
U115
U116,137
U120
U121
U122,126,134,
136

U123
U128,138
Ul29
U132,146
U135
U139
U140,141

RES,10,5%,1/4W,COMPOSITION OR FILM
RESISTOR SET

RES, 10M,.1%,1/2W, 350V COMPOSITION
RES,220K,5%,1/4W,COMPOSITION OR FILM
RES, 150K,1% 1/8W, METAL FILM
POT,50K,10%,.5W NON-WIREWOUND
RES22,5%,1/4W,COMPOSITION OR FILM
RES, 1K,1%,1/2W FUSIBLE METAL FILM
RES, 120K ,5%,1/4W,COMPOSITION OR FILM
RES,509,1%,1/8W METAL FILM

RES NET,10K,.5%,.150W

RES, 3K,5%,1/4W, COMPOSITION OR FILM
RES,220,5%,1 /4W, COMPOSITICN OR FILM
RES47,5%,1 /4W,COMPOSITION OR FILM
RES,182,1%,1/8W METAL FILM

RES, 301, 1% 1/8W, METAL FILM
RES,10,5%,1/4W,COMPQOSITION OR FILM
RES,10M,5%,1 /4W,COMPOSITION OR FILM
RES,560,5%,1 /4W,COMPOSITION OR FILM
RES,100K,0.1%,1 /2W ,METAL FILM

RES, 15, 5%, 1/4 COMPOSITION OR FILM
RES,10K,5%,1/4W,COMPOSITION OR FILM

SWITCH,SLIDE (DPDT)
SWITCH,PUSHBUTTON (6 POLE)
SWITCH,PUSHBUTTON (2 POLE)

TRANSFORMER
(JAPAN)

TERMINAL (TEFLON)
CONN,TEST POINT

1C,OPTOCOUPLER, TLP582
1C,OPTOCOUPLER,2611

IC,POS VOLTAGE REG +15V,500MA,7815
IC,+5V VOLTAGE REGULATOR, 7805
IC,NEG VOLTAGE REG -15V,500MA,79M15
IC,BUF/LINE DRIVER & RECEIVER,74HC240
IC, TRIPLE 2 CH MULTI/DEMUX, 4053
IC,DUAL LOW NOISE OP-AMP,5534
IC,22V OP-AMP,OP-07

1C,DUAL LOW NOISE OP-AMP,NE5532
IC,HEX INVERTER,74HC04

IC,8 BIT IDENTITY COMP,74HC688
IC,QUAD COMPARATOR,LM339
IC,8-5TAGE SHIFT/STORE REG,74HCT4094

IC,OCTAL BUFFER,74HC244N

IC,DUAL 4 BIT COUNTER,74HCT393
IC,QUAD 2 INPUT NOR,74HC02

IC,JEET OP-AMP,LF411

IC,DUAL 4 BIT DECADE COUNTER,74HC390
IC,QUAD 2 INPUT NAND,74HC00

1IC,DUAL D-TYPE FLIP FLOP,74HC74

R-76-10
R-363
R-333-10M
R-76-220K
R-88-150K
RP-97-50K
R-76-22
R-370-1K
R-76-120K
R-88-909
TF-220-10K
R-76-3K
R-76-220
R-76-47
R-88-182
R-88-301
R-76-10
R-76-10M
R-76-560
R-169-100K
R-76-15
R-76-10K

SW-476
SW-466
SW-469

TR-271B
TR-274B

TE-97-1

C5-553

IC-689
1C-690
IC-194
IC-93
IC-195
1C-617
IC-283-1
1C-540
1C-207
1C-501
1C-354
1C-488
IC-219
IC-691

IC-469
IC-462
1C-412
1C-453
1C-500
1C-351
1C-337



U142
U144,145
U147

VR103
VR104,105

Y100

IC,OP-AMP,OPA128
IC,SPST CMOS ANALOG SWITCH, (DG411)
IC,20V OP-AMP,1012

DIODE,ZENER 6.4V, IN4579 (DO-7)
DIODE,ZENER 6.44V,IN4577 AGED (DQO-7)

CRYSTAL,3.84MHZ

IC-542
IC-667
IC-394

DZ-73
DZ-58

CR-13



MODEL 487 ANALOG BOARD, PARTS LIST

CIRCUIT
DESIG.

AT100,101

C100,101,108,
114

C102,110..112,

121..123,220,
222,224
103,105
C104,105
106,107,174
C113,154
C115
C116,169
C117
C118,120,124,
146,157,170,
175,195.198,
221,223,225

C119,126..130,

134,138..140,
199.217
Cl125
C126,226
C131,171
C132
C133
C135
137
C141
C145,147
C148
C150
CI55
C156,160,167
C158
C159
C172,177
C173
C178
C189
C190
C19n
C192

DESCRIPTION

PUSHBUTTON

FUSE HOLDER BODY
CONNECTOR
STANDOFF
STANDOFF

HEAT SINK

FUSE CARRIER
CONN,BERG

IC,PHOTO COUPLER,PS2501A-1
CAP,2200,20%,35V,ALUM ELECTROLY
CAP, 10UF,-20+100%,25V, ALUM ELEC

CAP,33UF,-10%+50%,400V ALUM ELECTROLYTIC
CAP,.05,+80-20%,1000V, CERAMIC
CAP,.01UF,20%,500V,CERAMIC
CAP,390PF,10%,1000V,CERAMIC
CAP,10,000UF,-20+100%,16V ALUMINUM
CAP,150PF,10%,1000V,CERAMIC
CAP,1500UF,-20,+100%,25V,ALUM ELEC
CAP,.1UF,20%,50V,CERAMIC

CAP,.1UE,20%,50V,CERAMIC

CAP,1500PF,10%,1000V,CERMANIC
CAP,.01UF,10%,1000V,CERAMIC
CAP,330PF,10%,1000V,CERAMIC
CAP,22PF,20%,500V,CERAMIC
CAP,820PF,10%,1000V,CERAMIC
CAP,100PF,2.5%,630V, POLYESTER
CAP,.0033,20%,500V, CERAMIC
CAP,.0047UF,10%,100V,FOLYPROPYLENE
CAP,22PF,5%,500V,POLYSTYRENE
CAP,10PF,5%,500V,POLYSTYRENE
CAP,22UF,10%,16V,ALUM ELEC
CAP,710PF,2%,50V,CERAMIC
CAP,.01UF,20%,50V,CERAMIC
CAP,3.3PF,.5%,1000V,CERAMIC
CAP,10PF,10%,1000V, CERAMIC
CAP,100PF,10%,1000V,CERAMIC
CAP,47PF,10%,1000V CERAMIC
CAP,1UF,20%,50V,POLYCARBONATE
CAP,10UF,10%,20V, TANTALUM ELECTROLYTE
CAP.,.68,.20%,50V POLYESTER
CAP,.33,.20%,50V POLYESTER

CAP, .02,20%,.500V CERAMIC

KEITHLEY
PART NO.

31470-2B
FH-21
C5-276
5T-195-2
ST-139-18
HS-41
FH-25
(C5-339

IC-670
(C-428-2200
C-314-10

C-419-33
C-298-.05
C-22-.01
C-64-390P
C-313-10000
C-64-150P
C-314-1500
C-237-1

C-64-820P
C-252-100P
(C-22-.0033
C-306-.0047
C-138-22P
C-138-10P
C-351-22
C-348-710P
C-237-.01
C-308-3.3P



C218,136,143

CR100
CR101,102,
104,105,107
CR103,117
CR106,108
CR109
CRI110..116

F100

J1002
J1017
J1018
11021
71024,1026

K100
K101,102
K103
K104,107,
109,110
K105,106,108

L101

P1005
P1006

100,102,103,
107,109,
113..115,117
Q101,104..106
Q108

Q110
Q111,Q120
Q112

Q116

Q119

R100,114,117
R101

R102

R103
R104,151
R105
R106,116,141,
152,160,163,
176,228.230,
232.234,235
R107,113,242
R108,213
R109,R125
R110

CAP,1UF,20%,50V, CERAMIC

DIODE,SILICON,IN4006 (D0-41)
DIODE SILICON,IN4006 (D0-41)

DIODE, BRIDGE,VM18
DIODE,SILICON,W04M (CASE WM)
DIODE, BRIDGE PEQ5
DIODE,SILICON,IN4148 (DO-35)

FUSE .5A,250V,3AG, SLO-BLO
.25A (EUROPE)

CONNMALE,5 PIN

TERMINAL,TEFLON

CONN,BERG,! PIN

LATCHING HEADER

LATCHING HEADERFRICTON, SGL ROW

RELAY,REED HI VOLTAGE

1 AMP SENSITIVE DIP RELAY
RELAY,REED HI VOLTAGE
RELAY (SPST)

RELAY (SPST),GORDOS,47055
CHOKE, 100UH

CABLE ASSEMBLY, 20 CONDUCTOR
CONNECTOR, HOUSING

TRANS,NPN SILICON,2ZN3904 (T0-92)

TRANS, NCHANNEL PWR FET MTPIN100(T0-220)
TRANS, LOW NOISE/DRIFT DUAL FET MP841
TRANS,N-CHANNEL FET, TNO6L

TRANEN CHANNEL FET,2N4392 (TO-92)

TRANS, N CHANNEL JFET,PN5434(TQ-92)
TRANS,N CHANNEL JFET SELECTED J210

TRANS, DUAL NPN IT121 (TO-52)

RES,2M,.1%,1/2W METAL FILM
RES,3.9K,5%,1/4W,COMPOSITION OR FILM
RES,2.2K,5%,1/4W,COMPOSITION OR FILM
RES,2.2M,5%,1 /4W,COMPOSITION OR FILM
RES,100,5%,1/4W,COMPOSITION OR FILM
RES, 1K, 10% .1W COMPOSITION
RES,10K,5%,1/4W,COMPOSITION OR FILM

RES,1M,0.1%,1/4W METAL FILM
RES,182,1%,1/8W,METAL FILM
RES,20K,5%,1/4W,COMPOSITION OR FILM
RES,220K,.1%,1/4W METAL FILM

C-237-1

RF-38
RF-38

RF-52
RF-46
RF-48
RE-28

FU-4
FU-17

C5-288-5
TE-113

C5-339-1
C5-724-6
(S-724-3

RL-119
RL-142
RL-129
RL-117

RL-131
CH-14

CA-27-9B
C5-716-4

TG47

TG-222
TG-200
TG-216
TG-128-1
TG-174-1
TG-167-1
TG-91

R-174-2M
R-~76-3.9K
R-76-2.2K
R-76-2.2M
R-76-100
R-2-1K
R-76-10K

R-374-1M
R-88-182
R-76-20K
R-264-220K



R111,120,124, RES,1K,5%,1/4W,COMPOSITION OR FILM

128,129,131,
133,154,162
Ri112
R115
R118
R119
R121..123,
172,173,190
R126
R127
R130,219
R132
R134
R135
R136,137
R138
R139
R140
R142
R143,239
R144
R145
R147
R148
R149
R150
R153
R155
R156,158
R157
R159
Rlel
Rle4
R165
R168
R169,211
R171
R175
R177
R179
R180
R181,217
R182
R185
R186
R187
R188,192
R189,197
R191
R193
R194
R195
R198
R199
R215,220
R200
R203

RES, 2191,1%,.1W METAL FILM
RESA.7K,5%,1/4W,COMPOSITION OR FILM
RES,470,5%,1/4W,COMPOSITION OR FILM
RES,330,5%,1/4W,COMPOSITION OR FILM
RES,270,5%,1/4W,COMPOSITION OR FILM

RES,619,1%,1 /8W METAL FILM
RES,5.6K,5%,1/4W,COMPOSITION OR FILM
RES,560,5%,1/4W ,COMPOSITION OR FILM
RES,30.51K,.1%,1/2W, METAL FILM
RES,100K,.1%,1/10W METAL FILM
RES,142.2K,.02%,1/8W ,PRECISION THIN FILM
RES,20K,1%,1/8W METAL FILM
RES,200,5%,1/4W ,COMPOSITION OR FILM
RES,15.4K,1%,1/8W METAL FILM
RES4.5K,.1%,1/10W METAL FILM
RES,243,1%,1/8W METAL FILM
RES,10K,1%,1/8W METAL FILM
RES,7.39K,.1%,1/10W METAL FILM
RES,1K,.1%,1W ,WIREWOUND
RES,1.24K,1%,1/8W METAL FILM
RES,11K,.1%,1/10W METAL FILM
RES,1.1M.,.1%,1/8W METAL FILM
RES,996K,.1%,1/4WMETAL FILM
RES,10M,.25%,1/8W FIXED METAL FILM
RES,820,5%,1/4W,COMPOSITION OR FILM
RES,7.87K,1%,1/8W METAL FILM
RES,7.78K,.02%,1 /8W PRECISION THIN FILM
RES,110M,.50%,1/4W METAL OXIDE
RES,2.15K,1%,1/8W METAL FILM

RES2K,1%,1/8 METAL FILM
RES,39.2K,1%,1/8W METAL FILM
RES432,1%,1/8W METAL FILM
RES,100,1%,1/8W METAL FILM
RES1G,2%,1.5W HY MEG
RES,5.1K,5%,1/4W,COMPOSITION OR FILM
RES,15K,5%,1/4W ,COMPOSITION OR FILM
RES,6.2K,5%,1/4W COMPOSITION OR FILM
RES,560K,5%,1/4W,COMPOSITION OR FILM
RES,47K,5%,1/4W,COMPOSITION OR FILM
RES,2K,5%,1/4,COMPOSITION OR FILM
RES,4.87K,1%,1/8W METAL FILM
RES,26.7K,1%,1/8W METAL FILM
RES15.8K,1%,1/8W METAL FILM

15K=R192, 18.6K=R188 RESISTOR SET
RES,1.5K,.5%,3/4W, FIXED METAL FILM
RES,10,5%,1/4W,COMPOSITION OR FILM
RES, 10M,.1%,1/2W, 350V COMPOSITION
RES,220K,5%,1/4W,COMPOSITION OR FILM
RES, 150K,1% 1/8W, METAL FILM
POT.,50K,10%,.5W NON-WIREWOUND
RES,10,1%,1/8WMETAL FILM
RES10,5%,1/4W,COMPOSITION OR FILM
RES22,5%,1/4W,COMPOSITION OR FILM
RES, 1K,1%,1/2W FUSIBLE METAL FILM

R-76-1K

R-241-2191
R-76-4.7K
R-76-470
R-76-330
R-76-270

R-88-619
R-76-5.6K
R-76-560
R-169-30.51K
R-263-100K
R-365-142.2K
R-88-20K
R-76-200
R-88-15.4K
R-263-4.5K
R-88-243
R-88-10K
R-263-7.39K
R-249-1K
R-88-1.24K
R-263-11K
R-176-1.1M
R-264-996K
R-305-10M
R-76-820
R-88-7.87K
R-365-7.78K
R-269-110M
R-88-2.15K
R-88-2K
R-88-39.2K
R-88-432K
R-88-100
R-289-1G
R-76-5.1K
R-76-15K
R-76-6.2K
R-76-560K
R-76-47K
R-76-2K
R-88-4.87K
R-88-26.7K
R-88-15.8K
R-363
R-303-1.5K
R-76-10
R-333-10M
R-76-220K
R-88-150K
RP-67-50K
R-88-10
R-76-10
R-76-22
R-370-1K



5100
5101
5102

T100

T101

TE100,101..
107,109,111,
112
TP101,102,104,
105,107

U100

U1l

U102
U103,105,109,
125,131,133
U104

Ulle

U107

U108
U110,119,143,
147

uin
Ul12,124
U113

Ull4

U115
Ul1le,U137
U118

U120

U121
U122,126,134,
136,152,153
U123

U127
U128,138
U129

RES,120K,5%,1/4W,COMPOSITION OR FILM
RES,909,1%,1/8W METAL FILM

RES NET,10K,.5%,.150W

RES, 3K,5%,1/4W, COMPOSITION OR FILM
RES,220,5%,1/4W, COMPOSITION OR FILM
RES47,5%,1/4W,COMPOSITION OR FILM
RES, 301, 1% 1/8W, METAL FILM
RES,10M,5%,1/4W,COMPOSITION OR FILM
RES, 12.1K, 1%, 1/8W METAL FILM
RES,1K,1%,1/8W,METAL FILM
RES,100K,0.1%,1/2W METAL FILM

RES, 15, 5%, 1/4 COMPOSITION OR FILM
RES,10K,5%,1/4W,COMPOSITION OR FILM
RES,20K,.1%,1/10W METAL FILM
RES,100K,5%,1/4W,COMPOSITION OR FILM
RES,20K,10%,1/8W,METAL FILM

SWITCH,SLIDE (DPDT)
SWITCH,PUSHBUTTON (6 POLE)
SWITCH,PUSHBUTTON (2 POLE)

TRANSFORMER
TR-274B (JAPAN)
TRANSFORMER
JAPAN})

TERMINAL (TEFLON)

CONN,TEST POINT

1C,POS VOLTAGE REG +15V,78L15

IC,NEG VOLTAGE REG +15V,500MA,7915
IC, VAR POS VOLTAGE REG,100MA,78L05A
IC,OPTOCOUPLER,TLP582

IC,OPTOCOUPLER, 2611

IC,POS VOLTAGE REG +15V,500MA,7815
IC,+5V REGULATOR, 500MA,7805

ICNEG VOLTAGE REG -15V,500MA,79M15
IC,20V OP-AMP,1012

IC,BUF/LINE DRIVER & RECEIVER,74HC240

IC,TRIPLE 2 CH MULTI/DEMUX,4053
IC,DUAL LOW NOISE OP-AMP,5534
1C,22V OP-AMP,OP-07

IC,DUAL LOW NOISE OP-AMP,NE5532
IC,HEX INVERTER,74HC04

IC,SUPPLY VOLTAGE SUPERVISOR,TL7705AC

IC,8 BIT IDENTITY COMP,74HC688
IC.QUAD COMPARATOR,LM339
IC,8-STAGE SHIFT/STORE REG,74HCT4094

IC,OCTAL BUFFER,74HC244N
IC,DARLINGTON ARRAY,2003
IC,DUAL 4 BIT COUNTER,74HCT393
IC,QUAD 2 INPUT NOR,74HCQ2

R-76-120K
R-88-909
TF-220-10K
R-76-3K
R-76-220
R-76-47
R-88-301
R-76-10M
R-88-12.1K
R-88-1K
R-169-100K
R-76-15
R-76-10K
R-263-20K
R-76-100K
R-88-20

SW-476
SW-466
SW-469

TR-271B
TR-274B
TR-272B
TR-273B

TE-97-1

C5-553

IC-170
IC-174
1C-223
IC-689

IC-690
IC-194
1C-93

1C-195
1C-394

1C-617
1C-283-1
IC-540
IC-207
IC-501
IC-354
IC-602
1C-488
IC-219
IC-691

1C-469
1C-206
IC-462
IC-412



132,146
U135
U39
140,141
U142
U144,145
U149
Uls0
Uls1

VR100
VR101,102,
104,105
VR103
VR106

W100
Y100

IC,JFET OP-AMP,LF411

IC,DUAL 4 BIT DECADE COUNTER,74HC3%0
IC,QUAD 2 INPUT NAND,74HC00

IC,DUAL D-TYPE FLIP FLOP,74HC74
IC,0P-AMP,OPAT128

IC,5PST CMOS ANALOG SWITCH, (DG411)
IC,5V REFERENCE,AD5S86L

IC, DUAL RETRIGG, MULTIVIBRATOR4538
IC 16 BIT VOLTAGE QUTPUT DAC

DIODE,ZENER 24V,IN723 (D0-7)
DIODE,ZENER 6.44V,IN4577AGED (DO-7)

DIODE,ZENER 6.4V, IN4579 (DO-7)
DIODE, ZENER 30V IN4751 (DO-35)

JUMPER
CRYSTAL,3.84MHZ

1C-453
IC-500
1C-351
1C-337
1C-542
1C-667
1C-681
IC-718
IC-734

DZ-17
DZ-58

D2-73
DZ-78

J-15
CR-13
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MODEL 486 MISCELLANEOUS, PARTS LIST

CIRCUIT
DESIG.

C218,C219

71001
71008
71009
11010
71011
71012,1013

1102103

P1002
1018
P1021
P1024

DESCRIPTION

SHIELD, ANALOG BOTTOM
PUSHBUTTON, POWER

BEZEL, REAR

HANDLE

HANDLE MOUNTING EAR, RIGHT
HANDLE MOUNTING EAR, LEFT
FOOT,RUBBER

'IEEE MTG HARDWARE

FRONT PANEL
SHIELD, DIGITAL
KNOB

PUSHROD

COVER

FOOT, EXTRUDED
FOOT

GASKET

OVERLAY, FRONT FPANEL
SHIELD, ANALOG TOP
CHASSIS ASSEMBLY
CONTACT, RFI
DISPLAY LENS

BEZEL TO CHASSIS CAPTIVE PANEL SCREW

LINE CORD
CAP,100FF,10%,1000V,CERAMIC

LINE FILTER
CONNECTOR 3 LUG TRIAX
BINDING POST

BINDING POST

BINDING POST
CONNECTOR,BNC

CHOKE

HOUSING, CONNECTOR, 5-PIN MOLEX
CONNECTOR

CONNECTOR HOUSING

CONNECTOR, HOUSING

KEITHLEY
PART NO.

428-317
428-318-1
428-303
428-329
428-328
428-338
FE-6
C5-713
428-302
428-307
428-310
428-315
428-306
FE-22
428-319
428-332-1
486-304
486-306
486-308
486-312
487-306
FA-232-1
CO-7

C-64-100P

LE-2
C5-630
BP-11-2
BP-11-0
BP-11-5
CS-249

CH-51

CS-287-5
CS-236

C5-638-6
CS-638-3



MODEL 487 MISCELLANEOUS, PARTS LIST

CIRCUIT
DESIG.

C218.221

71001
71008
71009,1014
J1010,1015
71011
71012,1013
J1016

L102.105

P1002
P1017
P1018
P1021
P1024,1026

DESCRIPTION

SHIELD, ANALOG TOP
BEZEL, REAR

CONTACT, RFI

FOOT

OVERLAY, FRONT PANEL
HANDLE

HANDLE MOUNTING EAR, RIGHT
HANDLE MOUNTING EAR, LEFT
DISPLAY LENS
PUSHBUTTCON, POWER
FOOT, EXTRUDED
FOOT,RUBBER

FRONT PANEL

SHIELD, DIGITAL

KNOB

PUSHROD

SHIELD, ANALOG BOTTOM
GASKET

COVER

CHASSIS ASS'Y

CAP

IEEE MTG HARDWARE
CABLE CLAMT

LINE CORD

BEZEL TO CHASSIS CAPTIVE PANEL SCREW

CAP,100PF,10%,1000V,CERAMIC

LINE FILTER
CONNECTOR 3 LUG TRIAX
BINDING POST

BINDING POST

BINDING POST
CONNECTOR,BNC
CONNECTOR, 3 PIN MALE

CHOKE

HOUSING, CONNECTOR, 5-PIN MOLEX
LUG

CONNECTCR

CONNECTOR HOUSING

CONNECTOR, HOUSING

KEITHLEY
PART NO.

486-306
428-303
486-312
428-319
487-304
428-329
428-328
428-338
487-306
428-318-1
FE-22
FE-6
428-302
428-307
428-310
428-315
428-317
428-332-1
428-306
487-308
CAP-28-1
C5-713
CC-62
CO-7
FA-232-1

C-64-100P

LE-2
C5-630
BP-11-2
BP-11-0
BP-11-5
CS5-249
C5-659

CH-51

Cs-287-5
LU-90
CS-236
CS-638-6
C5-638-3



APPENDIX A

Device-dependent Command Summary

Table A-1. Device-dependent Command Summary

Mode Command | Description Para.
Display Intensity AD Normal display 4.2.1
Al Dim display
A2 Turn display off
Reading Source BO Readings from A/D 422
Bl Single reading from data store
B2 All readings from data store
B3 Maximum reading from data store
B4 Minimum reading from data store
Zero Check Co Disable zero check 4.2.3
and Correct Cl Enable zero check
2 Enable zero check and perform zero correction
Display Da Display up to 18 character (a) message 424
D Cancel display mode
V/1Ohms FO Disable V/I chms 4.2.5
Fl Enable V/I ohms
Data Format GO ASCH rdgs with prefix 4.2.6
Gl ASCI rdgs without prefix
G2 ASCII rdgs and buffer locations with prefix
G3 ASCII rdgs and buffer locations without prefix
G4 Binary rdgs: IEEE Std 754 single-precision, bytes reversed for Intel
CPUs
G5 Binary rdgs: IEEE Std 754 single-precision, bytes in normal order for
Motorola CPUs
Gé Binary rdgs: counts and exponent, bytes reversed for Intel CPUs
G7 Binary rdgs: counts and exponent, bytes in normal order for
Motorola CPUs
Hit Control H1 Hit DISPLAY INTENSITY key 4.2.7
H2 Hit LOCAL key
H3 Hit SHIFT key
H4 Hit MENU key
H5 Hit ZERO CHECK key
Hé Hit FILTER key
H7 Hit RANGE V key
H8 Hit REL key
H9 Hit RANGE A key
H10 Hit SETUP key
Hi1 Hit TRIGGER key

A-1



APPENDIX A

Device-dependent Command Summary

Device-dependent Command Summary (Cont.)

Mode Command | Description Para.
Hit Control (cont.) H12 Hit OPERATE key (487) 4,27
H13 Hit PRESET key (487)
Hia Hit 4
H15 Hit p»
Hié Hit Rotary Knob counterclockwise
H17 Hit Rotary Knob clockwise
Self-Test Jo Perform ROM/RAM self-test 4.2.8
Jj! Perform display and ROM/RAM self-test
EQI and KO Enable EOI and bus hold-off on X 429
Bus Hold-off K1 Disable EQI, enable bus hold-off on X
K2 Enable EQ], disable bus hold-off on X
K3 Disable both EOl and bus hold-off on X
Default Conditions 10 Return to factory default conditions and save (L1) 4.2.10
or Calibration Ll Save present states as default conditions
L2 Return to saved default conditions
L3v Calibrate present measurement range using “v”; v =-2E-3 to +2E-3
amps
L4 Calibrate zero on present voltage source range (Model 487 only)
L5 Calibrate full scale on present voltage source range (Model 487 only)
L6 Prepare to calibrate present voltage source range (Model 487 only)
SRQ MO Disable SRQ 4.2.11
M1 Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
Ml16 Ready
M32 Error
M128 Voltage Source Error (Model 487 only)
Data Store NO Arm data store; wrap around operation 42,12
Nn Armn data store; set buffer size “n” wheren = 1 to 512
Operate o0 Place voltage source in standby 4213
o1 Place voltage source in operate
Filters PO Disable digital and analog filters 4214
P1 Enable digital filter; disable analog filter
P2 Disable digital filter; enable analog filter
P3 Enable digital and analog filters
Interval Qo 175msec (factory default) 4.2.15
On Set to “n” seconds. n = 0.010sec to 999.999sec
Range RO Enable autorange 4.2.16
R1 Select 2nA range
R2 Select 20nA range
R3 Select 200nA range
R4 Select 2A range
R5 Select 20pA range
R6 Select 200pA range

A-2




APPENDIX A

Device-dependent Command Summary

Device-dependent Command Summary (Cont.)

Mode Command | Description Para.
Range (cont.) R7 Select 2mA range 42.16
R8 No range
RO No range
R10 Disable autorange
Integration S0 Fast integratior; 1.6msec at 4-1/2 digit resolution 4.2.17
51 Line cycle integration; 16.67msec (60Hz) or 20msec at 5-1/2 digit
resolution
Trigger TO Multiple on Talk 4.2.18
T1 One-shot on Talk
T2 Multiple on GET
T3 One-shot on GET
T4 Multiple ont X
T5 One-shot on X
Té Multiple on External Trigger
T7 One-shot on External Trigger
T8 Multiple on Operate (487)
19 One-shot on Operate (487)
Status o Send machine status word 4.2.19
Ul Send error status word
w2 Send model number and firmware revision
u3 Send calibration value
U4 Send interval
us Send delay
U6 Send relative value for current
u7 Send relative value for V/I chmms
us Send voltage source value (487)
U9 Send voltage source error status word (487)
Voltage Source Vnr,l Specify voltage source level “n” in volts, range “r” and limit “1” 42.20
(487) n: 505 to +505
r: 0 =50V range; 1 = 500V range
1: 0 =20pA limit; T = 2mA limit
Delay Wn Delay trigger “n” seconds; n = 0 to 999.999sec 42.21
Execute X Execute other device-dependent commands 42.22
Terminator YO CRLF 42.23
Y1 LFCR
Y2 CR
Y3 LF
Y4 None
Relative Z0 Disable relative 42.24
Z1 Enable relative using present reading as baseline
2V Enable relative using “v” as baseline; v = ~2E-3 to +2E-3 amps
for current, v = 0} to 50.5E16£} for V/1 chms
Z3 Enable relative using the baseline previously defined




APPENDIX B

Interface Function Codes

The interface function codes, which are part of the
IEEE-488 standards, define an instrument’s ability to
support various interface functions and should not be
confused with pr ing commands found else-
where in this manual. The interface function codes for the
Model 486 /487 are listed in Table B-1. The codes define
Model 486/487 capabilities as follows:

SH (Source Handshake Function) — SHI defines the
ability of the instrument to initiate the transfer of mes-
sage/data over the data bus.

AH (Acceptor Handshake Function) — AH1 defines the
ability of the instrument to guarantee proper reception of
message/data transmitted over the data bus.

T (Talker Function) — The ability of the instrument to
send data over the bus to other devices is provided by the
T function. Instrument talker capabilities (T5) exist only
after the instrument has been addressed to talk or when it
is placed in talk-only.

L (Listener Function) — The ability for the instrument to
receive device-dependent data over the bus from other
devices is provided by the L function. Listener capabili-
ties (L4) of the instrument exist only after it has been ad-
dressed to listen.

SR (Service Request Function) —SR1 defines the ability
of the instrument to request service from the controller.

RL (Remote-Local Function) —RL1 defines the ability of
the instrument to be placed in the remote or local modes.

PP (Paraliel Poll Function) — The instrument does not

have parallel polling capabilities (PP0).

DC (Device Clear Function) — DC1 defines the ability of
the instrument to be cleared (initialized).

DT (Device Trigger Function) — The Model 428 has no
device trigger capability (DTO).

C (Controller Function) — The instrument does not have
controller capabilities (C0).

TE (Extended Talker Function) — The instrument does
not have extended talker capabilities (TEQ).

LE (Extended Listener Function}— The instrument does
not have extended listener capabilities (LE0).

E (Bus Driver Type) — The instrument has open-collec-
tor bus drivers (E1).

Table B-1. Model 486/487 Interface Function
Codes

Code | Interface Function

SH1 | Source Handshake capability

AH1 | Acceptor Handshake capability.

T5 Talker (basic talker, serial poll, talk-only,
unaddressed to talk on LAG)

L4 Listener (basic listener, unaddressed to listen
on TAG)

SR1 | Service Request capability

RL1 | Remote/Local capability

PPG | No Parallel Poll capability

DC1 | Device Clear capability

DT1 | Device Trigger capability

co No Controlier capability

El Open Collector Bus Drivers

TE0 | No Extended Talker capabilities

LEO | No Extended Listener capabilities
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ASCII Character Codes and IEEE-488
Multiline Interface Command Messages

IEEE-488
Decimal Hexadecimal ASCII Messages*

0 00 NUL

1 01 SOH GTL
2 02 STX

3 03 ETX

4 04 EOT sDC
5 05 ENQ PPC
6 06 ACK

7 07 BEL

8 08 BS GET
9 0o HT TCT
10 0A LF

11 0B vT

12 0C FF

13 0D CR

14 0E SO

15 OF S1

16 10 DLE

17 11 DC1 110
18 12 DC2

19 13 DC3
20 14 DC4 DCL
21 15 NAK PPU
22 16 SYN

23 17 ETB

24 18 CAN SPE
25 19 EM SPD
26 1A SUB

27 1B ESC
28 1C FS
29 1D GS

30 1E RS

31 1F us

* Message sent or received with ATN true.

C-1



APPENDIX C
ASCI Character Codes and IEEE-488
Multiline Interface Command Messages

TEEE-488
Decimal Hexadecimal ASCII Messages*

32 20 SP MLAO
33 21 ! MLA 1
34 22 " MLA 2
35 23 # MLA 3
36 24 $ MLA 4
37 25 % MLAS
38 26 & MLA 6
39 27 ! MLA7
40 28 ( MLA S
41 29 ) MLA 9
42 2A * MLA 10
43 2B + MLA11
4 2C ’ MLA 12
45 2D - MLA 13
46 2E . MLA 14
47 2F / MLA 15
48 30 0 MLA 16
49 31 1 MLA 17
50 32 2 MLA 18
51 33 3 MLA 19
52 34 4 MLA 20
53 35 5 MLA 21
54 36 6 MLA 22
55 37 7 MLA23
56 38 8 MILA 24
57 39 9 MLA 25
58 3A : MLA 26
59 3B ; MLA 27
60 3C < MLA 28
61 3D = MLA 29
62 3E > MLA 30
63 3F ? UNL

* Message sent or received with ATN true. Numbers shown represent
primary address resulting in MLA (My Listen Address).
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ASCII Character Codes and IEEE-488
Multiline Interface Command Messages

Decimal Hexadecimal ASCII Messages*

JEEE-488

64
65
66
67
68
69
70

71
72
73
74
75
76
77
78
79

80
81
82
83
84
85

40
41
42
43
44
45
46

47
48
49
4A
4B
4C
4D
4E
4F

50
51
52
53
54
55
56
57

58
59
5A
5B
5C
5D
5E
5F

| D— N X ZE<CcHVEOTY QOZZrR——=TI0 DRUNTIP>O

MTAO
MTA1
MTA?2
MTA3
MTA 4
MTA S5
MTA 6

MTA7?
MTASB
MTA S
MTA 10
MTA 11
MTA 12
MTA 13
MTA 14
MTA 15

MTA 16
MTA 17
MTA 18
MTA 19
MTA 20
MTA 21
MTA 22
MTA 23

MTA 24
MTA 25
MTA 26
MTA 27
MTA 28
MTA 29
MTA 30
UNL

*Message sent or received with ATN true. Numbers shown are
primary address resulting in MTA (My Talk Address).
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APPENDIX C
ASCI Character Codes and IEEE-488
Multiline Interface Command Messages

IEEE-488
Decimal Hexadecimal ASCII Messages*
96 60 M MSA Q,PPE
97 61 a MSA. 1,PPE
98 62 b MSA. 2,PPE
99 63 C MSA 3,PPE
100 64 d MSA 4,PPE
101 65 e MSA 5,PPE
102 66 f MSA 6,PPE
103 67 g MSA 7,PPE
104 68 h MSA 8 PPE
105 69 i MSA 9,PPE
106 6A j MSA 10,PPE
107 6B k MSA 11,PPE
108 6C 1 MSA 12, PPE
109 6D m MSA 13,PPE
110 6E n MSA 14, PPE
111 6F o MSA 15,PFE
112 70 p MSA 16,PPD
113 71 q MSA 17 PPD
114 72 r MSA 18,PPD
115 73 s MSA 19,PPD
116 74 t MSA 20,PPD
117 75 u MSA 21,PFD
118 76 v MSA 22, PPD
119 77 w MSA 23, PFD
120 78 X MSA 24 PPD
121 79 y MSA 25,PPD
122 7A z MSA 26,FPD
123 7B { MSA 27, PPD
124 7C | MSA 28,PPD
125 D 1 MSA 29, PPD
126 7E ~ MSA 30,PPD -
127 7F DEL

* Message sent or received with ATN true. Numbers represent secondary
address values resulting in MSA (My Secondary Address).
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APPENDIX D

Controller Programs

The following programs have been supplied as a simple
aid to the user and are not intended to suit specific needs.
Each program allows you to send a device-dependent
command string to the instrument and obtain and dis-
play a string from the instrument.

Programs for the following controllers are included:

*» A BASIC program for an IBM PC/XT/AT with a
Capital Equipment Corporation PC<>488 Interface
(Keithley Model PC-488-CEC IEEE-488 Interface
Card).

* A program written with the ASYST software package
(available from Keithley Instruments) for an IBM PC/

XT/AT with a Capital Equipment Corporation
PC<>488 Interface.

A BASIC program for an IBM PC/XT /AT with IOtech
Driver488 Software.

A BASIC program for an IBM PC/XT /AT with a Na-
fional GPIB PC Interface.

A BASIC program for a Hewlett-Packard Model 9000
Series 200/300 computer.

NOTE
To make sure that the instrument is in a
proper trigger mode (to avoid bus hang up), it
is recommended that factory initialization be
performed before running any of the follow-
ing programs.
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Controller Programs

IBM PC/XT/AT with Capital Equipment Corporation PC<>488 interface
(Keithley PC-488-CEC)

Introduction

General information about controlling a Model 486/487
with an IBM PC/XT/AT computer and Capital Equip-
ment Corporation PC<>488 interface is given here. Refer
to the CEC PC<>488 Programming and Reference Man-
ual for complete information.

Initializing the System

The first step in any program is to initialize the system us-
ing the INITIALIZE routine. This routine sets the pri-
mary IEEE-488 bus address of the PC<>488, specifies the
type of controller to be used, and sends an interface clear
(IEC) to the other devices on the bus.

After booting up the IBM using DOS and entering
BASICA, the statements of program 1 can be used at the
start of any program to initialize the system:

Line 30 sets the address of the PC<>488 to 21, however,
any other valid address could be used as long as it does
not conflict with the address of any other device on the
bus.

Interface Basic Programming Statements
This paragraph covers the PC<>488 statements that are

essential to Model 486/487 operation. A partial list of
programming statements is contained in Table D-1. The

PROGRAM

IBM BASIC CALL statement is used to execute the de-
sired action. Before a CALL routine can be used, BASIC
needs to know the offset address of the routine. In the ta-
ble, the first statement of each programrning sequence
defines the offset address of the CALL routine.

Example Program

The following program sends a command siring from an
IBMPC/XT/AT computer to the Model 486 /487 and dis-
plays the response on the CRT. The computer must be
equipped with a CEC interface card and DOS 2.0 (or later
revision) operating system.

Directions

1. Using the front panel MENU key, set the primary
IEEE-488 address of the Model 486/487 to 22.

2. With the power off, connect the Model 486/487 to
the IEEE-488 interface card installed in the IBM com-
puter.

3. Type in BASICA on the computer keyboard to get
into interpretive BASIC language.

4. Enter the lines of Program 2 using the return key af-
ter each line.

5. Run the program and type in the desired command
string at the ENTER COMMAND STRING? prompt.
For example, to view the instrument model number
and firmware revision, type in U2X and press the re-
turn key. The Model 486 /487 firmware revision will
then appear on the computer display. A single read-
ing will appear for DDCs that have no response.

COMMENTS
10 DEF SEG=&HC400 " Memory offset.
20 INITIALIZE=0 * Offset address of routine
30 MY.ADDRESS%=21 ’ Set PC<>488 address.
40 CONTROLLER%=0 * Set for system control.
50 CALL INITIALIZE (MY.ADDRESS%, ’ Execute INITIALIZE routine.
CONTROLLER%)
Program 1
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PROGRAM COMMENTS
10 DEFSEG=&HC400 * Memory address
20 INITIALIZE=0 * Define call offsets
30 SEND=9:ENTER=21
40 MY.ADDRESS%=21 ’ Set PC<>488 address
50 INST.ADDRESS%=22 " Set 486 /487 address
60 CONTROLLER%=0 " Set for system control
70 CALL INITIALIZE (MY.ADDRESS%, ’ Initialize system
CONTROLLER%)
80 LINEINPUT “ENTER COMMAND " Prompt for string
STRING:”;CMD$%
90 CALL SEND (INST.ADDRESS%,CMD$, ' Send command string
STATUS%)
100 RESPONSE$=SPACES(80) " Make room for data
110 CALL ENTER (RESPONSE$LENGTH%, ‘Get response from 486/487
INST.ADDRESS%,STATUS%)
120 PRINT RESPONSES$ ’ Display response
130 GOTO 80 " Repeat
140 END
Program 2

Tabie D-1. BASIC Statements Necessary to Send Bus Commands

Action PC<>488 Statements
Transmit command string (CMD$) | SEND=9
to device 22, ADDRESS%=22
CALL SEND(ADDRESS%,CMD$,STATUS%)
Obtain string from device 22. ENTER=21
ADDRESS%=22
RESPONSES$=SPACES(50)
CALL ENTER(RESPONSES$, LENGTH%,ADDRESS%,STATUS%)
Send GTL to device 22. TRANSMIT=3
CMD3$="LISTEN 22 GTL”
CALL TRANSMIT(CMD$,STATUS%)
Send SDC to device 22, TRANSMIT=3
CMD3$="LISTEN 22 SDC”
CALL TRANSMIT(CMDS$,STATUS%)
Send DCL to all devices. TRANSMIT=3

Send remote enable.

Serial poll device 22.

CMD#$="LISTEN 22 DCL"
CALL TRANSMIT(CMD$,STATUS%)

TRANSMIT=3
CMD$="REN LISTEN 22"
CALL TRANSMIT(CMD$,STATUS %)

SPOLL=12
ADDRESS%=22
CALL SPOLL%(ADDRESS%,POLL%,STATUS%)




APPENDIX D
Controller Programs

IBM PC/XT/AT with CEC PC<>488 Interface and ASYST Software Package

Introduction

ASYST contains data acquisition, analysis, and graphing
software in three integrated modules. Minimum require-
ments for ASYST include: 512K RAM (640K recom-
mended), math coprocessor, parallel port, hard drive,
and DOS 2.0 {or later version) operating system.

For this example, an optional software module is re-
quired for IEEE-488 interfacing. The computer must also
be equipped with a CEC interface card (PC<>488 Model
300 or 310, or 4x488).

The ASYST program listed here sends a command string
from anIBM PC/XT/AT computer to the Model 486 /487
and displays the response on the computer’s CRT.

Directions

This procedure will help an ASYST user through the
steps necessary for GPIB configuration, program entry,
and program execution. Refer to the ASYST documenta-
tion for more detailed instructions.

1. Using front panel MENU, set the primary address of
the Model 486 /487 to 22.

2. With the power off, connect the Model 486/487 to
the IEEE~488 interface card installed in the IBM com-
puter.

D-4

10.

Boot ASYST software from DOS. You will get an OK
prompt.

Use the <F2> key to enter the Main Configuration
Menu, In addition to the usual configuration re-
quirements of ASYST, the GPIB must be configured.

From the Overlay Configuration Menu, select over-
lays GFIB Master and Type 1 NEC GFPIB Driver.
From the GPIB Configuration Menu, select a bus
number, board type (National GPIB-PC1 or GFIB-
PC2 for ASYST 2.0, Capital - NEC uPD7210 model
for ASYST 3.0), memory address (2B8), primary ad-
dress {0), and interrupt line.

Save your changes and return to the OK prompt.
Use the command line editor (EDIT 486.DMO) to en-
ter the following program. Save the program and
exit the editor.

When prompted, load the program with the L key, or
type LOAD 486.DMO from the OK prompt.

When the program loads properly, type MAIN from
the OK prompt to start execution.

Type in the desired command string at the “Enter
command string:” prompt. For example, to view the
instrument model number and firmware revision,
type in U2X and press the return key. The Model
486/487 firmware revision will then appear on the
computer display. A single reading will appear for
DDCs that have no response.

Type <Control-Break> to exit the program loop of
486.DMO and return to the OK prompt. The pro-
gram-defined words can be removed from the
ASYST dictionary by typing FORGET 486.
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PROGRAM COMMENTS
BUS.INIT \ Initialize bus
SEND.INTERFACE.CLEAR \ Take control of bus
REMOTE.ENABLE.ON \ Allow remote operation
SYNCHRONOUS.GPIB \ Make sure ASYST is in sync. mode
?GPIB.DEVICES \ List confroller parameters
22 GPIB.DEVICE 486 \ Set 486 /487 address and name
EQLON \ Enable end or identify
EQS.ON \ Enable end of string terminator
10 EOS.CHARACTER \ Use LF terminator
1000 TIMEQUT \ Set timeout of 1sec
?GPIB.DEVICE \ List 486 /487 parameters
100 STRING COMMAND \ Allocate 100 bytes for user input
100 STRING RESPONSE \ Allocate 100 bytes for 486/487 response
: GET.INPUT \ Definition for user input
CR.” ENTER COMMAND STRING:” \ Prompt user
“INPUT COMMAND ":= \ Get DDCs
: MAIN \ Definition for main program
BEGIN \ Start loop
ME \ Make controller current device
GET.INFPUT \ Get DDCs from user
486 \ Make 486 /487 current device
COMMAND GFPIB.WRITE \ Send DDCs to 486 /487
RESPONSE GPIB.READ \ Get response
CRRESPONSE “TYPE \ Display response
AGAIN \ Return for more commands

D-5
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IBM PC/XT/AT or PS/2 with 1Otech Driver488 Software

Introduction

Driver488 software is an IEEE-488 driver for IBM PC and
compatible computers. When combined with an
IEEE-488 interface board, the package can control devices
from languages including BASIC, Pascal, Fortran, and C.
Driver488 software is compatible with:

o IOtech GP488B or GP488/2 boards

National Instruments GPIB-PC, PCII, PCIIA, or PCHI
boards

Capital Equipment #01000-00300 board

IBM GPIB Adapter

The following GW-BASIC program sends a command
string to the Model 486 /487 and displays the instrument
response on the CRT. The computer must be equipped
with an IEEE-488 interface board, the DOS 3.00 (or later)
operating system, and a language with DOSI/Q capabil-

ity. Driver488 controller software must be installed and
configured as described in the instruction manual.

Directions

1. Using front panel MENU, set the primary address of
the Model 486 /487 to 22.

2. With power off, connect the Model 486 /487 to the
IEEE-488 interface instalied in the IBM computer.

3. Typein GWBASIC on the computer and get into the
Microsoft interpretive BASIC language. .

4. Enter the lines below using the return key after each
line.

5. Run the program and type in the desired command
string at the COMMAND STRING prompt. For ex-
ample, to view the instrument model number and
firmware revision, type in U4X and press the return
key. The Model 486/487 firmware revision will then
appear on the computer display. A single reading
will appear for DDCs that have no response.

PROGRAM COMMENTS

10 OPEN “\DEVM\IEEEQUT” FOR QUTPUT AS #1 ’ Open file for output

20 IOCTL#1, “BREAK” ' Reset

30 PRINT#1,”RESET”

40 OPEN “\DEV\IEEEIN” FOR INPUT AS #2 * Open file for input

50 PRINT#1,“FILL ERROR” ” Enable SEQUENCE error detect
60 LINEINPUT “COMMAND STRING: ”,A$ * Prompt for and get DDCs

70 IFLEN(A$)=0 THEN 130 * Check for null

80 PRINT #1,“OUTPUT 22;"+A% * Address 486/487 to listen, send DDCs
90 PRINT #1,“ENTER 22" * Address 486/487 to talk

100 LINEINPUT#2,B$ * Get response

110 PRINT B$ " Display response string

120 GOTO 60 " Repeat

130 END
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Introduction

IBM PC/XT/AT with National GPIB PC Interface

The following program sends a command string to the
Model 486 /487 from an IBM PC/XT/AT computer and
displays the instrument reading string on the CRT. The
computer must be equipped with the National GPIB PC
Interface and the DOS 2.00 (or later revision) operating
system. Interface software must be installed and config-
ured as described in the instruction manual.

Directions

1. Using front panel MENTJ, set the primary address of

. With the power off, connect the Model 486/487 to

the IEEE-488 interface installed in the IBM com-
puter.

. Type in BASICA on the computer keyboard to get

into the IBM interpretive BASIC language.

. Place the interface software disk in the default drive,

type LOAD“DECL”, and press the return key.

. Add the lines below to line 1-6 which are now in

memory. Modify the address in lines 1 and 2, as de-
scribed in the National instruction manual.

. Run the program and type in the desired command

string. For example, to view the instrument model
number and firmware revision, type in U4X and
press the return key. The Model 486/487 firmware
revision will then appear off the computer display. A
single reading will appear for DDCs that haveno re-

the Model 486/487 to 22. sponse
PROGRAM COMMENTS
10 CLs Clear screen.
20 NA$=“GPIB0":CALL IBFIND(NA$,BRD0%) Find board descriptor.
30 NA$="DEV1”":CALL IBFIND(NA$,M486%)  Find instrument descriptor.
40 V%=22:CALL IBPAD(M486%,V%) Set primary address to 22,
50 V%=&H102:CALL IBPOKE(BRD{(%,V%) Set imeouts.
60 V%=1:CALL IBSRE(BRDOI%, V%) Set REN true.
70 INPUT “COMMAND STRING”;CMD$ Prompt for command.
80 IF CMD$="EXTT” THEN 150 See if program is to be halted.
a0 IF CMD$%$="" THEN 70 Check for null input.
100 CALL IBWRT (M486%,CMD3$) Address 486 /487 to listen, send string.
110  RD$=SPACE$(100) Define reading input buffer.
120 CALL IBRD(M486%,RD$) Address 486 /487 to talk, get reading.
130 PRINT RD$ Display the string.
140 GOTO70 Repeat.
180 V%=0:CALL IBONL(M486%,V%) Close the instrument file.
160 CALLIBONL(BRD0%, V%) Close the board file.
170 END
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Introduction

Hewlett-Packard Model 9000 Series 200/300

The following program sends a command string to the
Model 486 /487 from a Hewleti-Packard Model 9000 Se-
ries 200/300 computer and displays the response on the
computer CRT. The computer must be equipped with HP

BASIC 4.0.

Directions

1. Using front panel MENU, set the primary IEEE-488

2. With the power off, connect the Model 486/487 to
the IEEE-488 interface card installed in the HP com-
puter.

3. Enter the lines in the program below, using the EN-
TER/RETURN key after each line.

4. Pressthe RUN key and type in the desired command
string at the COMMAND STRING prompt. For ex-
ample, to view the instrument model number and
firmware revision, type in U4X and press the EN-
TER/RETURN key. The Model 486/487 firmware
revision will then appear on the computer display. A
single reading will appear for DDCs that have no re-

address of the Model 486/487 to 22. sponse.
PROGRAM COMMENTS
10 DIM A$[50],B$[50]
20 REMOTE722 { Place 486/487 in remote.
30 LINPUT “COMMAND STRING:”,A$ ! Prompt for and input command.
40 OUTPUT 722;A% ! Address 486 /487 to listen, send string.
50 ENTER722;B$ ! Address 486 /487 to talk, input response.
60 PRINT B$ ! Display response string.
70 GOTO30 ! Repeat
80 END
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Introduction

Basically, the JEEE-488 bus is simply a communication
system between two or more electronic devices, A device
can be either an instrument or a computer. When a com-
puter is used on the bus, it serves to supervise the com-
munication exchange between all the devices and is
known as the controller. Supervision by the controller
consists of determining which device will talk and which
device will listen. As a talker, a device will output infor-
mation and as a listener, a device will receive informa-
tion. To simplify the task of keeping track of the devices, a
unique address number is assigned to each one.

On the bus, only one device can talk at a time and is ad-
dressed to talk by the controller. The device that is talking
is known as the active talker. The devices that need to lis-
ten to the talker are addressed to listen by the controller.
Each listener is then referred to as an active listener. De-
vices that do not need to listen are instructed to unlisten.
The reason for the unlisten instruction is to optimize the
speed of bus information transfer since the task of listen-
ing takes up bus time.

Through the use of control lines, a handshake sequence
takes place in the transfer process of information from a
talker to a listener. This handshake sequence helps en-
sure the credibility of the information transfer. The basic
handshake sequence between an active controller
(talker) and a listener is as follows:

1. The listener indicates that it is read to listen.

2. The talker places the byte of data on the bus and
indicates that the data is available to the listener.

3. The listener, aware that the data is available, ac-
cepts the data and then indicates that the data has
been accepted.

4. The talker, aware that the data has been accepted,
stops sending data and indicates that data is not
being, sent.

5. The listener, aware that there is no data on the bus,
indicates that it is ready for the next byte of data.

Bus Description

The IEEE-488 bus, which is also frequently referred to a
the GPIB (General Purpose Interface Bus), was designed
as a parallel transfer medium to optimize data transfer
without using an excessive number of bus lines. In keep-
ing with this goal, the bus has oniy eight data lines that
are used for both data and with most commands. Five
bus management lines and three handshake lines round
out the complement of bus signal lines.

A typical set up for controlled operation is shown in Fig-
ure E-1. Generally, a system will contain one controller
and a number of other instruments to which the com-
mands are given. Device operation is categorized into
three operators: controller, talker and listener. The con-
troller does what its name implies; it controls the instru-
ments on the bus. The talker sends data while a listener
receives data. Depending on the type of instrument, any
particular device can be a talker only, a listener only or
both a talker and listener.

There are two categories of controllers: system controller,
and basic controller. Both are able to control other instru-
ments, but only the system controller has the absolute
authority in the system. In a system with more than one
controller, only one controller may be active at any given
time. Certain protoco! is used to pass control from one
controller to another.

The IEEE-488 bus is limi.ed to 15 devices, including the
controller. Thus, any numnber of taikers and lisieners up
to that limit may be prescat on the ous at one time. Al-
though several devices may be commanded to listen si-
multaneously, the bus ce.. have only one active talker, or
communications would be scrambled.

A device is placed in the talk or listen state by sending an
appropriate taltk or listen command. These talk and listen
commands are derived from an instrument’s primary ad-
dress. The primary address may have any value between
0 and 31, and is generally set by rear panel DIP switches
or programmed in from the front panel of the instrument.
The actual listen address value sent out over the bus is ob-
tained by ORing the primary address with $20. For exam-

E-1
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IEEE-488 Bus Ouverview
TO OTHER DEVICES
DEVICE 1 .
ABLETO [—%
TALK, LISTEN
AND CONTROL
(COMPUTER) & DATA BUS
D——-—-—-———-—-—
DEVICE 2
ABLETO [—%
TALK AND
LISTEN
DATA BYTE
{486/487) TRANSFER
PRy CONTROL
qT>
(‘
DEVICES [NF
ONLY ABLE
TO LISTEN
{PRINTER) GENERAL
INTERFACE
1T~ MANAGEMENT
d D—
DEVICE4 |[—%
ONLY ABLE
TO TALK
L—\ DIO1...8DATA
— (8 LINES)
—— DAV
“—— NRFD » HANDSHAKE
NDAC
IFC
ATN
SRQ BUS
REN  { MANAGEMENT
EOI
Figure E-1. = IEEE-488 Bus Configuration

ple, if the primary address is 22 decimal (516), the actual
listen addressis $36 (836 =$16 + $20). Inasimilar manner,
the talk address is obtained by ORing the primary ad-
dress with $40. With the present example, the talk ad-
dress derived from a primary address of 22 decimal
would be $56 ($56 = $16 + $40).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary addresses
lie in the range of $60-$7F. Note, however, that many de-
vices, including the Model 486 /487, do not use secondary
addressing.
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Once a device is addressed to talk or listen, the appropri-
ate bus transactions take place. For example: if the instru-
ment is addressed to talk, it places its data string on the
bus one byte at a time. The controller reads the informa-
tion and the appropriate software can be used to direct
the information to the desired location.

Bus Lines

The signal lines on the IEEE-488 bus are grouped into
three different categories: data lines, management lines
and handshake lines. The data lines handle bus data and
commands, while the management and handshake lines
ensure that proper data transfer and operation takes
place. Each bus line is active low, with approximately
zero volts representing a logic 1 {true). The following
paragraphs describe the operation of these lines.

Data Lines

The IEEE-488 bus uses eight data lines that transfer data
one byte at a time. DIO1 (Data Input/Qutput) through
DIO8 (Data Input/Output) are the eight data lines used
to transmit both data and multiline commands and are
bidirectional. The data lines operate with low true logic.

Bus Management Lines

The five bus management lines help to ensure proper in-
terface control and management. These lines are used to
send the uniline commands.

ATN (Attention) — The ATN line is one of the more im-
portant management lines in that the state of this line de-
termines how information on the data bus is to be inter-
preted.

IFC (Interface Clear) — As the name implies, the [FC line
controls clearing of instruments from the bus.

REN (Remote Enable) —The REN lineis used to place the
instrument on the bus in the remote mode.

EOI (End or Identify) — The EOI is usually used to mark
the end of a multi-byte data transfer sequence.

SRQ (Service Request) — This line is used by device
when they require service from the controller.
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Handshake Lines

The bus handshake lines that operate in an interlocked
sequence. This method ensures reliable daia ransmis-
sion regardless of the transfer rate. Generally, data trans-
fer will occur at a rate determined by the slowest active
device on the bus.

One of the three handshake lines is controlled by the
source (the talker sending information), while the re-
maining two lines are controlled by accepting devices
(the listener or listeners receiving the information). The
three handshake lines are:

DAV (DATA VALID) - The source controls the state of
the DAV line fo indicate to any listening devices whether
or not data bus information is valid.

NRFD (Not Ready For Data) — The acceptor controls the
state of NRFD. It is used to signal to the transmitting de-
vice to hold off the byte transfer sequence until the ac-
cepting device is ready.

NDAC (Not Data Accepted) — NDAC is also controlled
by the accepting device. The state of NDAC tells the
source whether or not the device has accepted the data

byte.

The complete handshake sequence for one data byte is
shown in Figure E-2. Once data is placed on the data
lines, the source checks to see that NRFD is high, indicat-
ing that all active devices are ready. At the same time,
NDAC should be low from the previous byte transfer. If
these conditions are not met, the source must wait until
NDAC and NRFD have the correct status. If the source is
a controller, NRFD and NDAC must be stable for at least
100nsec after ATN is set true. Because of the possibility of
a bus hang up, many controllers have time-out routines
that display messages in case the transfer sequence stops
for any reason.

Once all NDAC and NRFD are properly set, the source
sets DAV low, indicating to accepting devices that the
byte on the data lines is now valid. NRFD will then go
lIow, and NDAC will go high once all devices have ac-
cepted the data. Each device will release NDAC at its
own rate, but NDAC will not be released to go high until
all devices have accepted the data byte.

The sequence just described is used to transfer both data,
talk and listen addresses, as well as multiline commands.
The state of the ATN line determines whether the data
bus contains data, addresses or commands as described
in the following paragraph.

DATA x X SOURCE

DAV SOURCE
T oAt [
VALID
NRFD ACCEPTOR

NDAC | ACCEPTOR

DATA DATA .
TRANSFER  TRANSFER
BEGINS ENDS
Figure E-2.  IEEE-488 Handshake Sequence
Bus Commands

The instrument may be given a number of special bus
commands through the IEEE-488 interface. This section
briefly describes the purpose of the bus commands
which are grouped into the following three categories.

1. Uniline Commands - Sent by setting the associated
bus lines true, For example, to assert REN (Remote
Enable), the REN line would be set low (true).

2. Multiline Commands - General bus commands
which are sent over the data lines with the ATN
line true (low).

3. Device-dependent Comumands - Special commands
whose meanings depend on device configurations;
sent with ATN high (false).

These bus commands and their general purpose are sum-
marized in Table E-1.

Uniline Commands

ATN, IFC and REN are asserted only by the controller.
SRQ is asserted by an external device. EOI may be as-
serted either by the controller or other devices depending
on the direction of data transfer. The following is a de-

E-3
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Table E-1. IEEE-488 Bus Command Summary
State of
Command ATN
Type Command Line* Comments
Uniline REN (Remote Enable) X Sets up devices for remote op-
eration.
EOI X Marks end of transmission.
IFC (Interface Clear) X Clears interface
ATN (Attention) Low Defines data bus contents.
SRQ X Controlled by external device.
Multiline
Universal LLO (Local Lockout) Low Locks out local operation.
DCL (Device Clear) Low Returns device to default condi-
tions.
SPE (Serial Enable) Low Enables serial polling.
SPD (Serial Poll Disable) Low Disables serial polling.
Addressed SDC (Selective Device Clear) | Low Returns unit to default condi-
tons.
GTL (Go To Local) Low Returns device to local.
Unaddressed | UNL (Unlisten) Low Removes all listeners from bus.
UNT (Untalk) Low Removes any talkers from bus.
Device- High Programs Model 486 /487 for
dependent various modes.
*X =Don't Care

scription of each command. Each command is sent by set-
ting the corresponding bus line true.

REN (Remote Enable) — REN is sent to set up instru-
ments on the bus for remote operation. When REN is
true, devices will be removed from the local mode. De-
pending on device configuration, all front panel controls
except the LOCAL button (if the device is so equipped)
may be locked out when REN is true. Generally, REN
should be sent before attempting to program instruments
over the bus.

EQI (End or Identify)— EOl is used to positively identify
the last byte in a multi-byte transfer sequence, thus al-
lowing data words of various lengths to be transmitted
easily.

IFC (Interface Clear} — IFC is used to clear the interface
and return all devices to the talker and listener idle states.

E-4

ATN (Attention} — The controller sends ATIN while
transmitting addresses or multiline commands.

SRQ (Service Request) — SRQ is asserted by a device
when it requires service from a controller.

Universal Multiline Commands

Universal commands are those multiline commands that
require no addressing. All devices equipped to imple-
ment such commands will do s¢ simultaneously when
the commands is transmitted. As with all multiline com-
mands, these commands are transmitted with ATN true.

LLO (Local Lockout) — LLO is sent to the instrument to
lock out the LOCAL key and thus all their front panel
controls.

DCL (Device Clear) — DCL is used to return instruments
to some default state. Usually, instruments return to their
power-up conditions.
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SPE (Serial Poll Enable) —SPE is the first step in the serial
polling sequence which is used to determine which de-
vice has requested service.

SPD (Serial Poll Disable) — SPD is used by the controller
to remove all devices on the bus from the serial pollmode
and is generally the last command in the serial polling se-
quence.

Addressed Multiline Commands

Addressed commands are multiline commands that
must be preceded by the device listen address before that
instrument will respond to the command in question.
Notethat only the addressed device will respond to these
commands. Both the commands and the address preced-
ing it are sent with ATN true.

SDC (Selective Device Clear) — The SDC command per-
forms essentially the same function as the DCL command
except that only the addressed device responds. Gener-
ally, instruments return to their power-up default condi-
tions when responding to the SDC command.

GTL (Go To Local) — The GTL command is used to re-
move instruments from the remote mode. With some in-
struments, GTL also unlocks front panel controls if they
were previously locked out with the LLO command.

GET (Group Execute Trigger) — The GET command is
used to trigger devices to perform a specific action that
depends on device configuration (for example, take a
reading). Although GET is an addressed command,
many devices respond to GET without addressing.

Address Commands

Addressed commands include two primary command
groups and a secondary address group. ATN is true
when these commands are asserted. The commands in-
clude:

LAG (Listen Address Group) -— These listen commands
are derived from an instrument’s primary address and

are used to address devices to listen. The actual com-
mand byte is obtained by ORing the primary address
with $20.

TAG (Talk Address Group) — The talk commands are
derived from the primary address by ORing the address
with $40. Talk commands are used to address devices to
talk.

SCG (Secondary Command Group)— Comumnands in this
group provide additional addressing capabilities. Many
devices (including the Model 486/487) do not use these
commands.

Unaddress Commands

The two unaddress commands are used by the controller
to remove any talkers or listeners from the bus. ATN is
true when these commands are asserted.

UNL (Unlisten) — Listeners are placed in the listeneridle
state by the UNL command.

UNT (Untalk) — Any previously commanded talkers
will be placed in the talker idle state by the UNT com-
mand.

Device-dependent Commands

The purpose of the device-dependent commands will de-
pend on the configuration of the instrument. Generally,
these commands are sent as one or more ASCI characters
that tell the device to perform a specific function.

The IEEE-488 bus actually treats these commands as data
in that ATN is false when the commands are transmitted.

Command Codes
Command codes for the various commands that use the
data lines are summarized in Figure E-3. Hexadecimal

and the decimal values for the various commands are
listed in Table E-2.
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Table E-2. Hexadecimal and Decimal
Command Codes

Command | Hex Value | Decimal Value
GTL 01 1
SDC 04 4
GET 08 8
LLO 11 17
DCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 32-63
TAG 40-5F 64-95
SGG 60-7F 96-127
UNL 3F 63
UNT 5F 95

Typical Command Sequences

For the various multiline commands, a specific bus se-
quence must take place to properly send the command.

In particular, the correct listen address must be sent to the
instrument before it will respond to addressed com-
mands. Table E-3 lists a typical bus sequence for sending
the addressed multiline commands. In this instance, the
SDC command is being sent to the instrument. UNL is
generally sent as part of the sequence to ensure that no
other active listeners are present. Note that ATN is true
for both the listen command and the SDC command byte
itself.

Table E~4 gives a typical device-dependent command se-
quence. In this instance, ATN is true while the instru-
ment is being addressed, but it is set high while sending

the device-dependent command string.

IEEE Command Groups

Command groups supported by the Model 486 /487 are
listed in Table E-5. Device-dependent comunands are not
included in this list.

Table E-3. Typical Addressed Command Sequence

DataBus |
Step | Command | ATN State ASCII Hex | Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low 0 36 54
3 sDC Stays low EOT 04 4
4 Returns high

*Assumes primary address = 22.

Tabie E-4. Typicai Device-dependent Command Sequence

Data Bu,
Step | Command | ATN State ASCII | Hex | Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low 0 36 54
3 Data | Sethigh F 52 82
4 Data Stays high 0 30 48
5 Data Stays high X 58 88

*Assumes primary address = 22.
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Table E-5. IEEE Command Groups

HANDSHAKE COMMAND GROUP
NDAC = NOT DATA ACCEPTED
NRFD = NOT READY FOR DATA
DAV = DATA VALID
UNIVERSAL COMMAND GROUP
ATN = ATTENTION
DCL = DEVICE CLEAR
IFC = INTERFACE CLEAR
REN = REMOTE ENABLE
SPD = SERIAL POLL DISABLE
SPE = SERJAL POLL ENABLE
ADDRESS COMMAND GROUP
LISTEN: LAG =LISTEN ADDRESS GROUP
MLA = MY LISTEN ADDRESS
UNL = UNLISTEN
TALK: TAG = TALK ADDRESS GROUP
MTA = MY TALK ADDRESS
UNT = UNTALK
OTA = OTHER TALK ADDRESS
ADDRESSED COMMAND GROUP
ACG = ADDRESSED COMMAND
GROUP
GTL =GO TOLOCAL
SDC = SELECTIVE DEVICE CLEAR
STATUS COMMAND GROUP
RQS = REQUEST SERVICE
SRQ = SERIAL POLL REQUEST
STB = STATUS BYTE
EQI = END
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Service Form

Model No. Serial No. Date

Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

O Intermittent 0 Analog output follows display (1 Particular range or function bad; specify
) IEEE failure (J Obvious problem on power-up [ Batteries and fuses are OK

(J Front panel operational L} All ranges or functions are bad (A Checked all cables

Display or output (check one)

Q Drifts {1 Unable to zero

L) Unstable {1 Will not read applied input

L1 Overload

Q) Calibration only Qd Certificate of calibration required

J Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Ambient temperature? °F

Relative humidity? Other?

Any additional information. (If special modifications have been made by the user, please describe.}

Be sure to include your name and phone number on this service form.
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