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WARRANTY

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

Keithley 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 ¢all 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 origi-
nal warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This watranty 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 MERCHANTARILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PROVIDED HEREIN ARE
BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHAYL BE LIABLE FOR ANY DIRECT, INDI-
RECT, SPECIAL, INCIDENTAL 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 COF
SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL
AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.
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SAFETY PRECAUTIONS

The following safety precautions should be observed before operating the Mode] 199.

This instrument is intended for use by qualified personnel who recognize shock hazards and are familiar
with the safety precautions required to avoid possible injury. Read over the manual carefully before operating
this instrument.

Exercise extreme caution when a shock hazard is present at the instrument’s input. The American National
Standards Institute (ANSI) 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 a hazardous voltage is present in any unknown
circuit before measuring.

Inspect the test leads for possible wear, cracks or breaks before each use. If any defects are found, replace
the test leads.

For optimum safety do not touch the test leads or the instrument while power is applied to the circuit under
test. Turn the power off and discharge all capacitors, before connecting or disconnecting the instrument.
Always disconnect all unused test leads from the instrument.

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. Always make measurements with dry hands while standing on a dry, in-
sulated surface, capable of withstanding the voltage being measured.

Exercise extreme safety when testing high energy power circuits (AC line or mains, etc). Refer to the High
Energy Circuit Safety Precautions found in paragraph 2.6 (Basic Measurements).

Do not exceed the instrument’s maximum allowable input as defined in the specifications and operation
section.



SPECIFICATIONS

o . . o L

DC VOLTS (5% Digits)

OHMS (5%: Digits)

ACCURACY?
INPUT % (%rdg + counts)

RESO-  RESIS- 24 Hours® 90 Days 1 Year

RANGE LUTION TANCE 23°#1°C  15°-28°C  18°-28°C
200 mv 1V >1CG0 0004 +3 0009+ 3 00124+ 3
3V 0 aV >1G0 0.002+2 0.006+2 0007+2
300V D LV M2 0004 + 2 0008 +2 0000+
k' QY 1mV OM2 0004 +2 0008 «2 0009 + 2

!For 4%-digit accuracy, count error is 5 {except 15 on 300mV range).
*Relative to calibration standards.
*When properly zeroed.

CMRR: >120dB at d¢, 50Hz or 60Hz { +0.05%) witk 1kQ in
either lead.

NMRR: >60dB at 50Hz or 60Hz {10.05%).

MAXIMUM ALLOWABLE INPUT: 300V rms or 425V peak
whichever is less. .

ACCURACY*
+(%rdg + counts)
RESO- NOMINAL 24 Hours® 50 Days I Year
RANGE LUTION I5HORT 23° +1°C  18%28°C  18%-28°C
00 0 1mo 17 mA 0005 + 4° 0.009 + 4* 0.012 + 4°

3K 10 m 17mA 0004+ 2 0.008 +3 0009 + 3
30 kQF 100ml 160 A 0004+ 2 0.008 =3 0.009 3
Wk 1o 50 wA 0014+ 2 0024 +3 002 + 3
3MR 00 5 wA 002 +2 003 +3 003 +3
MR 10 0 05 pA 03 +5 012 +5 032 +5
OMR 1k 03 kA 20 45 20 +5 20 +5 .

'For 4%-digit accuracy, count error is 5 {except 15 on 300f range),

*4.wire accuracy, 3008-30kQ ranges.

*When properly zeroed.

“Relative tc calibration standards.

CONFIGURATION: Automatic 2- or 4-wire.

MAXIMUM ALLOWABLE INPUT: 300V rms or 425V peak,
whichever is {ess.

OPEN CIRCUIT VOLTAGE: <53.5V,

TRMS AC VOLTS (5%: Digits)

DC AMPS (52 Digits)

ACCURACY'
+(%rdg + counts) 1 Year, 18°-28°C

RESO- 20Hz 50Hz 200Hz  20kHz
RANGE LUTION -50 Hz® -200 Hz® -20kH2® -100 kHz®
300 mV 1aV 2+700 035+ 100 015 + 200 2.0+ 300
3V 10 4V 24100 035+ 200 035+ 200 135+ 300
300V 100 4V 2+106 035+ 300 05+ 200 15+ 300
300 v TmV 2+ 100 035+ 100 0.I5 + 200 15 + 300

'For 4'-digit accuracy; divide count error by 10; 4%-digit specifica-
tions apply for inputs >200Hz.

Sinewave inputs >2000 counts.

*Sinewave inputs >20,000 counts.

RESPONSE: True root mean square, ac coupled,
CREST FACTOR (ratio of peak to rms): Up to 3:1 aﬂowable
NON-SINUSOIDAL INPUTS (>20,000 counts):
For rectified sine wave, add 0.3% of reading to above
specifications for fundamental frequencies <20kHz.
For pulse waveforms, add 0.3% of reading for fundamen-
tal frequencies <1kHz, or 3.5% for frequencies <10kHz.
INPUT IMPEDANCE: 1M{Q shunted by < 100pF.
MAXIMUM ALLOWABLE INPUT: 300V rms or 425V peak,
10°VeHz, whichever is less.
CMRR: >604dB at 50Hz or 60Hz { £ 0.05%) with 1k@ in either
lead.

SETTLING TIME: 1 second to within 0.1% of change in
reading.

dB (ref = 1V): ACCURACY +dB
wen RESO- 1 Year, 18°-28°C
INPUT LUTION 20 H2-20 kHz 20 kHz-100 kHz
-34 to +49 dB '
(20 mV w0 303 V) 00148 0.2 0.4
~54 to -34 dB

{ZmVto20mV) 0.01dB 1.1 —

ACCURACY’ MAXIMUM
+{%rdg + counts)} VYOLTAGE
RANGE RESOLUTION 1 Year, 18°-28°C  BURDEN
30 mA 100 nA 0.05 + 15 04V
3 A 0 ph 8.1 + 15 A

‘For 41z-digit accuracy, count error is 20.

MAXIMUM ALLOWABLE INPUT: 3A. Protected with 3A,
250V fuse accessible from front panel.

TRMS AC AMPS (5% Digits)

N TR e

ACCURACY?
+ (%rdg + counts) MAXIMUM
RESO- 1 Year, 18°-26°C VOLTAGE
RANGE LUTION 20 Hz45Hz 45 Hz-10 kHz BURDEN
30mA 100 nA 2 + 100 0.6 + 100 04V
3A 10 xA 2+ 100 0.6 + 100 2 v

'inputs >2000 counts. For 4Y¥-digit accuracy, divide count error by
10; 4%:-digit specifications apply for inputs >200Hz.

RESPONSE: True root mean square, ac coupled.
CREST FACTOR (ratio of peak to rms): Up to 3:1 allowable
at % full range.

NON-SINUSOIDAL INPUTS: Specified accuracy for
fundamental frequencies <1kHz.

MAXIMUM ALLOWABLE INPUT: 3A. Protected with 34,
250V fuse accessible from front panel.
SETTLING TIME: 1 second to within 0.1% of final reading.

dB (ref = 1mA): ACCURACY +dB
1 Year, 15°-28°C

INPUT RESOLUTION 20 Hz10 kilz
-4 to +69 dB

(200 zA to 3 A) .01 dB 0.6




MAXIMUM READING RATES (ReadingsiSecond);

STORAGE & SCANNING CAPABILITIES |

DCV, DCA, ACV, ACA

Continuous External Trigger Triggered Via
Into Memory Into Memory [EEE-483 Bus®
RESO- MUX: MUX: | MUX:
LUTION OFF ON OFF ON OFF ON
4'%-Digit 63 65 150 62 a0 49
S-Digit 35(28) 975 C40(3 S¢S 3} 975
OHMS Continuous External Trigges Triggered ‘ha
Into Memory Into Memory IEEE-488 Bus®
RESQ- MUX: MUX: MUX:
LUTION  OFF ON OFF =~ ON QFF  ON
4%-Digit 43 20 47 20 3% 18
5%-Digit 16(13) 9(75 16(13) 9 (7.3) 15¢125) 9 (7.5

'Reading rates are for fixed range readings with filters off, for 3V, 2k{, and
30mA ranges. 5%-digit rate is for 60Hz operation. Values in parentheses

are for 50Hz operation.
20ne shot on TALK.

500-Reading Memory: Stores reading, range, and
scanner channel.

Trigger: One shot or continuous from front panel,
IEEE-488 bus, and rear panel BNC.

Programmable Reading Interval: 15ms to 999.999s.
Programmable Trigger Delay: ims to 999.999s.

WITH MODEL 1992 8-CHANNEL SCANNER
Programmable Configuration: 2- or 4-pole.
Programmable Channel Limit: 1 to 8.

Programmable Scanning Modes: Manual, step,
and scan.

Ratio: Channels 2 through 8 referenced to Channel 1.

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL,

UNT, UNL, SPE, SPD.
EUNILINE COMMANDS: IFC, REN, EQI, SRQ, ATN.""
INTERFACE FUNCTIONS: SHI, AHI, Té, TEQ, L4, LEG,
SR1, RL1, PP, DC1, DT, C0, E1.

All front panel functions and programs are available over
the IEEE~488 bus, in addition to Status, Service Request, Qut-
put Format, EQI, Trigger, Terminator, Display Message, and
Non-Volatile TRANSLATOR.

IEEE-488 address is programmable from the front panel.

GENERAL

MODEL 1992 SCANNER OPT ION

CONTACT CONFIGURATION: 8-channel 2-pole, or
4-channel 4-pole.

CONTACT POTENTIAL: <1pV per contact pair.
MAXIMUM SWITCHING RATE: 40 channels/second, in-
cluding Model 199 4%;-digit DCV reading time.

CONNECTOR TYPE: Quick disconnect screw terminals, #14

AWG maximum wire size.

MAXIMUM SIGNAL LEVEL: 200V peak, 100mA, resistive
load.

CONTACT LIFE: >10° operations (at maximum signal
level); >10° operations (cold switching).

CONTACT RESISTANCE: <1i0. h

ISOLATION BETWEEN ANY TWO TERMINALS: >10°Q,
<75pF.

ISOLATION BETWEEN ANY TERMINAL AND EARTH:
>10°Q, <150pF.

COMMON MODE VOLTAGE: 350V peak between any ter-
minal and earth.

MAXIMUM VOLTAGE
BETWEEN ANY TWO TERMINALS: 200V peak.

MAXIMUM VOLTAGE BETWEEN ANY TERMINAL AND
MODEL %= INPUT LO: 200V peak.

DIMENSIC#: . WEIGHT: 25mm high x 130mm wide x

170mm deeg: (% in. % 5in. x 6% in.). Adds 0.3kg {8 0z.)

to Model 199.

MAXIMUM READING: 302,999 counts in 5%:-digit mode,

CONNECTORS: Measurement: Switch selectable front or
rear, safety jacks. Digital: TRIGGER input and METER
COMPLETE output on rear panel, BNCs. :

WARMUP: 2 hours to rated accuracy.

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C):
< #(0.1 x applicable accuracy specification)/°C,

ISOLATION: Input LO to IEEE LO or power line ground:
500V peak. 5 x 10° VeHz maximum. > 10°¢ paralleled by
400pF.

OPERATING ENVIRONMENT: 0°-50°C, 80% relative '
humidity up to 35°C; linearly derate 3% RH/°C, 35°-50°C
(0%-60% RH up to 28°C on 300M® range).

STORAGE ENVIRONMENT: —25° to +653°C.

POWER: 103-125V or 21(-250V, rear panel switch selected,
50Hz or 60Hz, 20VA maximum, 90-110V and 180-220V ver-
sions available upon request.

DIMENSIONS, WEIGHT: %0mm high x 220mm wide x
330mm deep (3% in. x 8% in. x 12%in.}. Net we1ght 3kg
(6 lbs., 8 oz.).

ACCESSORIES SUPPLIED: Model 1751 Safety Test Leads,
Instruction Manual.

ACCESSORIES AVAILABLE:

Model 1992:  8-Channel Scanner

Model 1993: Quick Disconnect Scanner Connector Kit
Model 1998-1: Single Fixed Rack Mounting Kit
Mode] 1998-2: Dual Fixed Rack Mounting Kit
Model 1651: 50-Ampere Shunt

Model 1681:  Clip-On Test Lead Set

Mode! 1682A: RF Probe

Model 1685: Clamp-On Current Probe
Modet 1751:  General Purpose Test Leads
Model 1754: Universal Test Lead Kit

Model 5806: Kelvin Clip Leads

Model 7007-1: Shielded IEEE-488 Cable, im
Model 7007-2: Shielded IEEE-488 Cable, 2m
Model 7008-3: IEEE-488 Cable, 0.9m (3 ft.)
Model 7008-6. IEEE-488 Cable, 1.8m {6 ft.)

specifications subject to change without notice.




199 Front Panel Operation

TRIG SETUP

SHIFE/TRIG SETUP to enter menu.
NEXT to scroll to next menu option.
CONTINUQUS: Reading, scanning, and storing
rates controlled by INTERVAL.
Trigger A/Y
L ONE SHOT.

DELAY Osec to 999.99%9sec
SELECT OFF: Interval =175msec, depending on
other programmed parameters.
INTERVAL A/Y
L SELECT ON: User-programmed interval (I5msec to
999.999sec).
DMM SETUP

SHIFT/DMM SETUP to enter menu.
NEXT to scroll to next menu option.
REV Displays current software revision level.

MUX OFF: Turns off autocal routines for faster
I— reading rates.

MUX AlY
L MUX ON: Recornmended for best accuracy.
IEEE Use numeric keys to program IEEE-488 primary ad-
dress {0-30). i :
[ FREQ=50HZ. Line frequency.
FREQ AT
L FREQ=60HZ. Line frequency.
T SAVE YES5: Saves present configuration.
SAVE F Va4
L SAaVENO
T LEDSON: Test front panel LEDs and annunciators.
LEDS AY
L LEDS OFF
[ DEBUG YES: Enter troubleshooting mode,
DEBUG VA4
L DEBUG NO
RESET YES: Returns unit to factory default
r configuration.
RESET AT
L RESET NO

ONE-SHOT OPERATION

In the one-shot trigger mode, each reading consists of multiple conver-
sions to fill the Running Average User Filter (30 conversions}, or the Run-
ning Average Internal Filter (5%«d only, varies by ranges and function--
see manuat). For this reason, trigger-to-reading time could be several
seconds, depending on filtering, When filters are off (“P0” command over
the bus can be SAVEQ), readings are made up of only one conversion.

STORE

« SHIFT/STORE to enter data store.

» SIZE = 1 to 500, or SIZE = Q00 for wrap around.
* NEXT to exit size select.

¢ TRIGGER to initiate storage.

¢ Any function key to cancel storage.

¢ RCL flashes when data store is full,

RECALL

» SHIFT/RECALL to enter recall.

* NEXT to view data at displayed location.
* A or ¥ to scroll through locations.

¢ RECALL again to select desired location. _
¢ NEXT to display data,

* NEXT to exit recall mode.

ERROR MESSAGES

UNCAL EEPROM failure on power up
OVERFL Overrange
TRIGGER OVERRUN  Unit triggered while processing reading.

INTERVAL OVERRUN Interval too short for selected configuration.

AC ONLY dB selected with unit not in ACV or ACA.

NO RANGE Pressing range button in dB,

CAL LOCKED Calibration locked out when calibrating,.

CONELICT Unit in invalid state when calibrating (ie.,
. autorange).

NO DATA Entering recall with no data stored.

NO SCANNER Scanner not installed.

TYPICAL 5% DIGIT CONVERSION TIMES

MUX ON, DCV, ACV, ACA: 1l0msec (133msec) -
MUX OFF: 28msec (33msec)

MUX ON, OHMS, 300kQ range and lower: 110msec (133msec)
MUX OFF: 63msec (7Bmsec)

" (Times in parenthesis are for 50Hz operation}

" TYPICAL AUTORANGING TIMES

DCV, DCA 350msec
ACY, ACA ldsec
OHMS (300k2 range and

lower) 500msec

(Times shown are o correct range and do not inchude conversion times for
final reading.)



Scanner Operation

SCAN SETUP

SHIFTISCAN SETUP te enter menu.
NEXT to scroll to next menu option,

I 2POLE
FOLE A/Y
L 4POLE

MANUAL: Allows channel to be manually closed
with SCANNER key.

STEP: Increments one channel per interval or trigger.

SCAN: Scans one set of channels per interval or trig-
ger (minimum time between channels}.

|

Mode A/

ON: Channels 2 through 8 referenced to channel 1.
RATIO A

OFF

* Ratic operates only on a fixed range.

* Range changes will restart at channel 1. .

¢ In MANUAL, at least one reading must be taken on channel 1 before at-
tempting to display ratio on channels 2-8.

ACTIVATING THE SCANNER

SCANNER followed by number (1-8) activates the scanner.
® In MANUAL, charnel number selects channel to be closed.

* In STEP or SCAN, number selects channel limits and starts scanning
process.

STOPPING THE SCANNER (Opening all Channels)

SCANNER followed by “0".

DETERMINING SCANNING INTERVAL

* Scanning without selecting interval
—Program INTERVAL SELECT to OFE
—Interval is =175msec, depending on other selected parameters.
—INTERVAL GVERRUN message will not be displayed.
* Minimum Interval Time Calculation
—Interval time is the sum of:
1. (corwersions per channel) x (conversion time)
2. Programmed DELAY time per channel
3. Break-before-make time (I7msec)
4. Auto range time (if used)
—In STEF mode, calculated time above is the INTERVAL setting.

—In SCAN mode, (sum of 1-4) % (number channels scanned) is the
minimum interval setting.

SCANNER OPERATION NOTES

* When using the scanner with STEP or SCAN switching, the DMM will
take readings on each channel as if it were in the one-shot mode whether
programmed to CONTINUQOUS or ONE SHOT:

—Conversions are automatically synchronized to channel closures.
Channels will not close in the middle of conversions.

—Any programmed DELAY is inserted between channel closure and
start of conversion (with scanner disabled, DELAY is inserted bet-
ween trigger and start of conversion).

—Readings on each channel consist of multiple conversions to fill the
Running Average User Filter (30 conversions), or Running Average

Internal Filter when active (5%d only, varies by range and function; -

see manual),

* Scanner switching is break-before-make. The time required to change
channels is approximately 17msec, which includes break-before-make
relay time settling time.

* When using the scanner with ACV or ACA, a DELAY time must be

‘ ed to accomodate AC converter settling time {typically >1sec).
See Model 199 specifications.

:- The scanner operates with the set of instrument pafa.meters program-

med prior to start of scanning, Changing any of these parameters, range
function, filter, etc., during scanning will restart the scanner at chan-
nel 1. Use autorange if range changes are required while scanning.

USING SCANNER WITH DATA STORE

¢ Select desired scanner parameters and interval.

s Activate scanning (SCANNER, channel limit).

* Program data store size.

¢ TRIGGER will start data store and automatically restart scanning at chan-
nel 1 synchronized with data store location 1.

EXAMPLE OF FAST SCANNING

1. Select 3V DC range ahd function, 4%:-digit resolution, FLTR off.
2. Program ONE SHOT trigger.

3. Select SCAN mode.

4. Select SCANNER “8” to set limit to 8.

5. Use TRIGGER to initiate a scan of the set of eight channels,



199 1EEE-488 Programming

DEVICE-DEPENDENT COMMANDS

EXECUTE
X Execute other device-dependent commands.
FUNCTION
FO DC volts
F1 AC volts
F2 Ohms
F3 DC current
I3 AC current
F5 ACV dB
Fo ACA dB
RANGE
ACV ACA

DCV ACV DCA ACA Ohms dB dB
RO Auto  Auto Auto Auto  Auto Auto Aufo
Ri 300V 300mV 30mA 30mA 300 € Auto Auto
R2 3V 3V 3A 3A 3k Auto Auto
R3 30V 30V 3A 3A 30K Auto Auto
R4 300V 300V 3A  3A 300k Auto Auto
R3S 300V 300V 3A 3A  3MD Auto Auto
Ré 300V 300V 3A 3A 30MQ Auto Auto
R7 300V 300V 3A  3A 300MQ Auto Auto
ZERQ
20 Zero disabled
A Zero enabled
2 Zero enabled using a zero value (V)
FILTER
PQ Internal and front panel filter disabled
P1 Internal filter enabled
P2 Front panel filter enabled
RATE
50 4%-digit resolution, 2.59msec integration period
51 5%-digit resolution, line cycle integration

{16.67msec, 60Hz; 20msec, 50Hz)
TRIGGER MODE

TO Continuous on Talk

T1 One-shot on Talk

T2 Continuous on GET

T3 One-shot on GET

™ Continuous on X

T5 One-shot on X

Té Continuous on External Trigger

7 One-shot on External Trigger

READING MODE

B0 Readings from A/D converter

B1 Individual readings from data store

B2 All readings from data store {buffer dump)

DATA STORE SIZE

10 Wrap around data store mode

In Data store of n {n=1 to 500)

INTERVAL

Qo Default interval, 175msec (SELECT QFF)

Qn n=interval in milliseconds (I5msec to
999999msec)

VALUE

Vinn.nnnn or Calibration value, zero value

VennnnnnnE+n

CALIBRATION

Cco Calibrate first point using value (V)

Cl Calibrate second point using value (V)

C2 Calibrate third point using value (V)

DEFAULT CONDITIONS

Lo Restore factory default conditions and save (L1)

L1 Save present machine states as default conditions

DATA FORMAT

GO Reading with prefix.

Gl Reading without prefix.

G2 Reading and buffer location with prefix.

G3 Reading and buffer location without prefix.

G4 Reading and channel with prefix.
Gh ' Reading and channel without prefix.
o Gb Reading, buffer location, and channel with prefix

G7 Reading, buffer location, and channel without
prefix

SRQ

MO Disable

M1 Reading overflow

M2 Data store full

M4 Data store half full

M8 Reading done

M16 Ready

M32 Error

EOI AND BUS HOLD-QOFF

KD Enable EOI and bus hold-off on X

Kt Disable EQI, enable bus hold-off on X

K2 Enable EQI, disable bus hold-off on X

K5 Disable both EOt and bus hold-off on X

TERMINATOR

Y0 CRLF

Yl LF CR

Y2 CR

Y3 LF

STATUS

ug Send machine status word

Ul Send error conditions

uz Send Translator word list

u3 Send buffer size

U4 Send current value of "V

Us Send input switch status (front/rear)

MULTIPLEX

Al AutofCal multiplex disabled

Al Auto/Cal multiplex enabled

DELAY

Wn n=delay period in milliseconds, (Omsec to
999999msec)

SELETEST .

Jo Test, ROM, RAM, E*PROM

HIT BUTTON

Hn Hit front panel button number n

DISPLAY

Da Display up to 10 character message. a=character

D Carncel display mode



SCANNER PROGRAMMING COMMANDS

SCANNER SETUP

MANUAL
NO All channels open
2-pole 4-pole

N1 1 1
Nz 2 2
N3 3 3
N4 4 4
N5 5 CHAN 4 MAX ERROR
N6 6 CHAN 4 MAX ERROR
N7 7 CHAN 4 MAX ERROR
Ng 3 CHAN 4 MAX ERROR
N9 CHAN 8 MAX ERROR CHAN 4 MAX ERROR
STEP
N1 Stop scan, all channels open

2-Pole Limit 4 Fole Limit
Nil 1 1
N2 2 2
N13 3 3
N4 4 4
NI5 5 CHAN 4 MAX ERROR
Ni6 6 CHAN 4 MAX ERROR
N17 7 CHAN 4 MAX ERROR
Ni8 8 CHAN 4 MAX ERROR
N19 CHAN 8 MAX ERROR CHAN 4 MAX ERROR
SCAN
N20 Stop scan, all channels open

2-Pole Limit 4-Pole Limit
N21 1 1
N2 2 2
N23 3 3 -
N24 4 4
N25 5 CHAN 4 MAX ERROR
N26 6 CHAN 4 MAX ERROR
N27 7 CHAN 4 MAX ERROR
N28 8 CHAN 4 MAX ERROR
POLE/RATIO
Qd 2-pole
o1 4-pole
o2 . 2-pole ratio
03 " 4-pole ratio

SCAN INTERVAL

Qo Default 175msec interval
(SELECT OFF)

Qn n=interval in msec
(15-999999msec)

TRIGGER DELAY*

Wn

n=delay in msec

STATUS WORD FORMATS

U0 Status Word Format

FACTORY DEFAULT

% 1 0 0090 000 00 owoee) 4

1

6

00000 00 © o1
CAL

99 A B FGJ] KNNO P QQQOOQ R S T WWWWWW Y Z SW SCANNER

U1l Status Word Format

1 = TRGGER OVERAUM
1 = INTERVAL OVERAUN

199 o1 11 O O O O 04 0A DM QA OA oA

t = B3 STANG
1 = INGAL
1 = NG SGANNER
1 - GHAN 4 AK
1.« CHAN & MAX
1 = GAL LOCKED
1= CONFLIGT
1.4 TRANSERR S
1= NOFEMOTE
14 DDC =

1=10DCO J

05 4

1= TRANSERR23
ALWAYS ZERC

01 &1 04 B 0 0N G bt

o

1= TRANSERA0
1= TRANSERRID
1= TRANSERA2
1= TRASSERRIT
1= TRANSERAIG
1= TRANSERAIS
1= TRANSERAI4

e ALWAYS ZERD

U2: Returns Translator word list.

U3: Returns data store size (SZE = 000).

U4: Returns present value programmed with V command in floating

point.

UB: Returns INPUT switch status (0=front, 1=rear).

SRQ MASK AND STATUS BYTE FORMAT

Bit
Posifon

B7|B& ]85 |B4|B3

B1}BO

Value | 0 |Ort {0

os1 | or

o

"l L]

JDocima 1591 g4 | 32 |16

-]

211

1=RQS —l
SRQ Y 199 (Status Byto only)

1 = Error

1 = Raady

l—- 1 = Aaading Overflow
1 = Date Stere Full
1 = Data Stere Half Full

1 = Reading Done

(0-599999msec)
*Delay to be used as channel settling time.

DATA FORMAT

Mandssa & 1/2 Digits Bufter Locaton (G2, 63, G6, 67)
Charinel {G4, G5, G6, GT)

NOGV £1,234567 E = 1,B400, C& CR LF

-
0 = Qverfow
T=Zotoed

Prafix

N = Normal
Butler Prefix
Exponent

DOV = DC Vels
ACY = AC Volts
CHM = Ohms.
0C1=DC Amps Nates ; 1. Buffer Location = BA00 with Data Stora Disabled
ACl = AC Amps 2, Channel = 4 with no Scanner ar
dBV x ACdB Valts Scannor Disabled
dBl = AG dB Amps.

AAT = Ratic

TRANSLATOR

Translator Words and Characters

7 Translator Ward

or Character Dlescription

ALIAS Defines Translator words.

H Terminates definition string.

$ Wildcard definition character.

NEW Enabled Translator.

OLD Disables Translator.

SAVE Saves Translator words as power-up default.
LIST Returns list of Translator words.

FORGET Purges Translator words from memaory,
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SECTION 1

General Information

1.1 INTRODUCTION

The Keithley Model 199 System DMM Scanner is a five
function autoranging digital multimeter. At 5% digit resolu-
tion, the LED display can display +302,999 counts. The
range of this analog-to-digital (A/D} converter is greater
than the normal +199,999-count A/D converter
used in many 5% digit DMMSs. The built-in IEEE-488 inter-
face makes the instrument fully programmable over the
IEEE-488 bus. The Model 199 can make the following basic
measurements:

1. DC voltage measurements from 1xV to 300V.

2. Resistance measuremenis from 1m§ to 300MQ.

3. TRMS AC voltage measurements from 14V to 300V.
4. DC current measuremenits from 100nA to 3A.

5. TRMS AC current measurements from 100nA to 3A.

In addition io the above mentioned measurement
capabilities, the Model 199 can make AC dB voltage and
current measurements.

1.2 FEATURES

Some important Model 199 features include:

* 10 Character Alphanumeric Display—Easy to read 14-
segment LEDs used for readings and front panel
messages.

» Zero—Used to cancel offsets or establish baselines.

* Data Store—Can store up to 500 readings and is access-
ible over the bus or from the front panel.

» Digital Calibration—The instrument may be digitally
calibrated from either the front panel or over the bus.

¢ User Programmable Default Conditions—Any instru-
ment measurement configuration can be established as
the power-up default conditions.

¢ Translator Software—User defined words {stored in non-
volatile memory) can be used to replace standard com-
mand strings over the IEEE-488 bus.

* Optional Field-Installable Internal Scanner—Allows the
unit to switch up to 8, 2-pole channels, or 4, 4-pole
channels.

1.3 WARRBANTY INFORMATION

Warranty information may be found on the inside front
cover of this manual. Shouid it become necessary to exer-
cise the warranty, contact your Keithley representative or
the factory to determine the proper course of action.
Keithley Instruments majntains service facilities in the
United States, United Kingdom and throughout Europe.
Information concerning the application, operation or ser-
vice of your instrument may be directed to the applications

- _engineer at any of these locations. Check the inside front

cover for addresses.

1.4 MANUAL ADDENDA

Information concerning improvements or changes to the
instrument which occur after the printing of this manual
will be found on an addendum sheet included with the
manual. Be sure to review these changes before attempt-
ing to operate or service the instrument.

1.5 SAFETY SYMBOLS AND TERMS
The following safety symbols and terms are used in this

manual or found on the Model 199.

The A symbol on the instrument denotes that the user
should refer to the operating instructions in this manual.

The ” on the instrument denotes that a hazardous
potential may be present on the terminal(s). Standard safe-
ty practices should be observed when such dangerous
levels are encountered.

The WARNING used in this manual expla_lins dangers that
could result in personal injury or death.

The CAUTION used in this manual explains hazards that
could damage the instrument.
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1.6 SPECIFICATIONS

Detailed Model 199 specifications may be found preceding
the Table of Confents of this manual.

1.7 INSPECTION

The Model 199 System DMM was carefully inspected, both
electrically and mechanically before shipment. After un-
packing all items from the shipping carton, check for any
obvious signs of physical damage that may have occurred
during transit. Report any damage to the shipping
agent. Retain and use the original packing materials in case
reshipment is necessary. The following items are shipped
with every Model 199 order:

Model 199 System DMM

Model 199 Instruction Manual

Safety shrouded test leads (Model 1751).
Additional accessories as ordered.

If an additional instruction manual is required, order the
manual package (Keithley Part Number 199-901-00). The

manual package includes an instruction manual and any.

applicable addenda.

1.8 USING THE MODEL 199 MANUAL

This manual contains information necessary for operating

and servicing the Model 199 System DMM. The informa-

tion is divided into the following sections: ~

* Section 1 contains general information about the Model
199 including that necessary to inspect the instrument
and get it operating as quickly as possible.

* Section 2 contains detailed operating information on
using the front panel controls and programs, making
connections, and basic measuring techniques for each
of the available measuring functions. :

e Section 3 contains the information necessary to connect
the Model 199 to the IEEE-488 bus and program operating,
modes and functions from a controller.

* Section 4 contains performance verification procedures
for the instrument. This information will be helpful if
you wish to verify that the instrument is operating in
compliance with its stated specifications.

* Section 5 contains a description of operating theory.
Analog, digital, power supply, and IEEE-488 interface
operation is included.

* Section 6 contains information for servicing the instru-
ment. This section includes information on fuse replace-
ment, line voltage selection, calibration and trouble-
shooting.

* Section 7 contains replaceable parts information.

1.9 GETTING STARTED

The Model 199 System DMM is a highly sophisticated in-
strument with many capabilities. To get the instruument up
and running quickly use the following procedure. For com-
plete information on operating the Model 199 consult the
appropriate section of this manual.

Power Up
1. Plug the line cord into the rear panel power jack and
plug the other end of the cord into an appropriate,
- grounded power source. See paragraph 2.2.1 for more
complete information.
2. Press in the POWER switch to apply power to the in-

strument. The instrument will power up in the 300V DC
range.

Making Measurements

1. Connect the supplied safety shrouded test leads to the
front panel VOLTS HI and LO input terminals. Make
sure the INPUT switch on the front panel is in the front
position.

2. To make a voltage measurement, simply connect the in-

“put leads to a DC voltage source (up to 300V) and take
the reading from the display.

3. To change to a different measuring function, simply
press the desired function button. For example, to
measure resistance, press the OHMS button.

Using DMM Setup

Press SHIFT DMM SETUP, then use NEXT to scroll
through selections. The following can be selected or
viewed:

* Software revision
e Mux on/off

¢ JEEE-488 address
* Line frequency

* Save setup

~* LED test

¢ Diagnostics
* Unit reset
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For all selections except software revision and JEEE-488 ad-
dress, use uprange/downrange to toggle the selection.

Paragraph 2.7 provides the detailed information for using
DMM SETUP.

1.10 ACCESSORIES

The following accessories are available to enhance Model
199 capabilities.

Model 1651 50-Ampere Current Shunt—The Model 1651 is
an external 0.001Q +1% 4-terminal shunt, which permits
current measurements from 0 to 504 AC or DC. :

Model 1681 Clip-On Test Lead Set—The Model 1681 con-
tains two leads, 1.2m (4 {t.) long terminated with banana
plugs and spring action dip probes. :

Model 1682A RF Probe—The Model 1682A permits voltage
measurements from 100kHz to 250MHz. AC to DC transfer
accuracy is +1dB from 100kHz to 250MHz at 1V, peak
responding, calibrated in RMS of a sine wave. .

Model 1685 Clamp-On AC Probe—The Model 1685
measures AC current by clamping on to a single conduc-
tor. Interruption of the circuit is unnecessary. The Model
1685 detects currents by sensing the changing magnetic
field produced by the current flow.

Model 1751 Safety Test Leads—Finger guards and

shrouded banana plugs help minimize the chance of

making contact with live circuitry.

Model 1754 Universal Test Lead Kit—The Model 1754 is a
12 piece test lead kit, with interchangeable plug-in ac-
cessories. Included in the kit is one set of tést leads (I-red,
1-black), two spade lugs, two standard banana plugs, two

PIN GA-22).

phone tips (0.06 DIA.), two hooks and miniature alligator
clips (with boots).

Model 1992 4/8 Channel Scanner—The Model 1992 Scan-
ner option allows scanning of four, 4-pole channels, or
eight, 2-pole channels. The Model 1992 installs within the
Model 199 with connections available on the rear panel of
the instrument.

Model 1993 Quick Disconnect Scanner Connector Kit—
The Model 1993 includes two connector blocks, 10 tie
wraps, and two sets of red and black output cables for the
Model 1992 Scanner Card.

Model 1998 Rack Mounting Kit—The Model 19981 Single
Fixed Rack Mounting Kit mounts a single Model 199 in a
standard 19 inch rack. The Model 1998-2 Dual Fixed Rack
Mounting Kit mounts two Model 199s side by side in a -
standard 19 inch rack.

* Model 5806 Kelvin Clip Lead Set—The Model 5806 includes

two Kelvin clip test lead assemblies with banana plug ter-
mination (one red, one black). A set of eight replacement
rubber bands for the Model 5806 is also available (Keithley

Model 7007 TEEE-488 Shielded Cables—The Model 7007
connects the Model 199 to the IEEE-488 bus using shield-
ed cables to reduce electromagnetic interference (EMI). The
Model 70071 is one meter in length and has a EMI shield-
ed TEEE-488 connector at each end. The Model 7007-2 is
identical to the Model 70071, but is two meters in length.

Model 7008 IEEE-488 Cables—The Model 7008 connects the

~Mode] 199 to the IEEE-488 bus. The Model 7008-3 is 0.9m

(3 ft.} in length and has a standard IEEE-488 connector at
each end. The Model 7008-6 cable is identical to the Model
7008-3, but is 1.8m (6 ft.) in length.

1-3/14



SECTION 2
Basic DMM Operation

2.1 INTRODUCTION

Operation of the Modet 199 can be divided into two general
categories: front panel operation and IEEE-488 bus opera-
tion. This section contains information necessary to use
the instrument from the front panel. These functions can
also be programmed over the IEEE-488 bus, as described
in Section 3.

2.2 POWER UP PROCEDURE

2.2.1 Line Power

Use the following procedure to connect the Model 199 to
line power and power up the instrument.

1. Check that the instrument is set to correspond to the
available line power. When the instrument leaves the
factory, the externally selected line voltage is marked on
the rear panel. Ranges are 105V-125V or 210V-250V
50/60Hz AC (90-110V, 180-220V with optional trans-
former). If the line voltage setting of the instrument
needs to be changed, set switch as required. If the line
frequency setting of the instrument needs to be checked
and/or changed, utilize front panel DMM SETUP (see
paragraph 2.7) after the instrument completes the power
up sequence (the line frequency is displayed upon
power up).

2. Connect the female end of the power cord to the AC
receptacle on the rear panel of the instrument. Connect
the other end of the cord to a grounded AC outlet.

WARNING

The Model 199 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 cannections are made, instrument
chassis is connected to power line ground.
Failure to use a grounded outlet may result in
personal injury or death because of electric
shock.

CAUTION
Be sure that the power line voltage agrees with
the indicated range on the rear panel of the in-
strument. Failure to observe this precaution
may result in instrument damage.

2.2.2 Power Up Sequence

The instrument can be turned on by pressing in the front
panel POWER switch. The switch will be at the inner most
position when the instrument is turned on. Upon power
up, the instrument will do a number of tests on itself. Tests
are performed on memory (ROM, RAM and E*PROM). If
RAM or ROM fails, the instrument will lock up. If EEPROM
FAILS, the message “UNCAL"’ will be displayed. See para-

graph 6.7.2 for a complete description of the power up self

test and recommendations to resolve failures..
Immediately upon power up, the unit will display the pro-
grammed line frequency. For example:

FREQ = 60HZ

2.2.3 Default Conditions

Default conditions can be defined as setup conditions that
the instrument will return to when a particular feature or
command is asserted. The Model 199 will return to either
factory defauit conditions or user saved default conditions.

Factory Default Conditions

At the factory, the Model 199 is set up so that the instru--- -

ment is configured to certain setup conditions on the initial
power up. These factory default conditions are listed in
Tables 2-1 and 37 (located in Section 3). If alternate setup
conditions are saved (see User Saved Default Conditions),
the instrument can be returned to the factory default con-
ditions by using Reset, available under DMM SETUP. See
paragraph 2.7,
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Tabie 2-1. Factory Default Conditions

Control/Feature Default Condition
Function* DOV
Range* 300V .
Resolution* 5% Digits
Zero* Off

dB* off T
Filter* Off~
Multiplexer* On
IEEE-488 Primary Address* 26

Line Frequency* 60Hz
Trigger Delay* Omsec
Reading Interval* 175msec (select off)
Triggér Mode* Continuous
Data Store Off

Polest 2.

Ratiot Off

Scan Modet Manual

*These modes can be altered by using save setup.

tWith optional 1992 scanner.

User Saved Default Conditions

Each function of the Model 199 “remembers” the last

measurement configuration that it was set up for (such as
range, zero value, etc). Switching back and forth between
functions will not affect the unique configuration of each
function. However, the instrument will “forget” the con-

* figurations on power-down unless they are saved (only one

instrument configuration can be saved).

Unique setup conditions can be saved by using SAVE
under DMM SETUP or by sending device-dependent com-
mand L1 over the IEEE-488 bus. These user saved default
conditions will prevail over the factory default conditions
on power-up, ot when a DCL or SDCis asserted over the
bus.

IEEE Address and Line Frequency

Any IEEE address and line frequency setting can be saved
as default conditions by using the SAVE option under
DMM SETUP or by sending L1 over the bus. See para-
graph 2.7 for complete information on using DMM SETUP.

NOTE
An “UNCAL’ error will set the JEEE address to
26 and the line frequency to 60Hz.
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Figure 2-1. Model 199 Front Panel

2.3 FRONT PANEL FAMILIARIZATION

The front panel of the Model 199 is shown in Figure 2-1.

The following paragraphs describe the various components
of the front panel in detail.

2.3.1 Display and Indicators

Display—The 10-character alphanumeric LED display is
used to display numeric data, range and functions
mnemonics (for example, mV), as well as messages. When
the optional Model 1992 Scanner is being used, the chan-
nel number is displayed in the right most digit.

Function Indicators—The indicator or indicators that are

on identify the measurement function presently selected.

Range Indicator—The AUTO indicator will be on when
autoranging is selected. Manual ranging is in effect when

AUTO is off.

Zero Indicator—ZERQO will be on when the zero mode is
enabled. Zero is used to subtract a baseline value from the

- measured signal. ZERO will flash when zero has been

enabled, but a reading that has yet to be triggered.

Filter Indicator—FLIR indicates when the running average
filter is enabled. A flashing FLTR indicates the filter has
not yet settled and shows the update rate.

Remote Indicator—REM shows when the Model 199 is in
the IEEE-488 remote state. See Section 3 for more detailed
IEEE=488 information.

Data Store Indicators—STO shows when the instrument
is storing data in the data store buffer. RCL indicates that
data store information is being displayed (RCL flashes
when data store is full).

Display Update Indication—The decimal point flashes to
indicate the display update rate.

23
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2.3.2 Power Switch

POWER controls AC line power to the. instrument.
Depressing and releasing the switch once tums the power

on; depressing and releasing the switch a second time -

turns the power off. The on and off positions are marked
on the front panel immediately above the POWER switch.

2.3.3 Controls

The main controls discussed below are all momentary-
contact switches. These controls are numbered on Figure
2-1. Many of the controls have a secondary function that
is selected by pressing SHIFT before pressing the control
in question. SHIFTed controls are placed in parentheses
in the following discussions. ~

VOLTS/(STORE)—VOLTS places the instrument in
the volts function. See paragraphs 2.64 and 2.6.7
for DCV and ACV measurement information.
(STORE) allows access to the data store buffer to
select buffer size and initate the storage of readings.
A third function of this key is to enter the number
0 for some numeric input operations.

OHMS/(RECALL)—OHMS selects the resistance
measurement function, as discussed in paragraph
2.6.6. (RECALL) allows you to display data store
buffer information on the front panel display. A
third function of this key is to enter the number 1
for numeric input operations.

AMPS/(FILTER)—The AMPS buttons select current
measurement, as discussed in paragraph 2.6.8.
(FILTER) toggles the filter between internal and user
filter (FLTR on for user). See paragraph 2.6.3 for
details on filter operation. The third function of this
key is to enter the number 2 when numeri¢ input
is required.

_ACH(dB)—AC selects AC volts or AC current
measurement, depending on whether VOLTS or

AMPS is in effect. (dB) toggles the dB function on

or off for AC voltage or current measurements. 0dB
reference for these functions is 1V (volts) or mA
{amps). Paragraph 2.6.9 gives more information on

dB measurements. The third function of this key

is to enter the number 3 for numeric mputs

ZEROI (RESOLN)——ZERO enables the zero mode,
which allows baseline values to be subtracted from
subsequent measurements, and can also be used

(=]

for zero correction (paragraph 2.6.2). (RESOLN)

fngg]pc the r‘]w:nTnv between 41 Hn‘ni’ and hih dlcnt

resolution. The third function for this key is to enter
the number 4 when numeric mput is requn'ed

of remote when it is being used over the [EEE-488
bus. Note that all other control keys will be locked
cut when the unit is in remote (LOCAL will also
be moperanve when LLO is in effect).

AUTO/(DMM SETUP}——AUTO places the instru-
ment in autoranging, which is available for all
ranges and functions. While in autoranging, the
unit will go to the best range to measure the ap-
plied signal. Autoranging can be cancelled by press-
ing AUTO or one of the two manual ranging but-
tons {discussed below). (DMM SETUP) allows ac-

* cess to the following functions: software revision

level, multiplexer on/off, IEEE-488 primary address
programming, 50/60Hz line frequency selection,
save setup, LED test, debug, and insbrument reset
(see paragraph 2.7). Entering the number 5 is the
third function of this key.

Downrange (¥ )—decrements the range and also
cancels autorange if selected. The secondary func-
tion of this key is to enter the number 6.

Uprange (&)—increments the range and also
cancels autorange if selected. The secondary func-
tion of this key is to enter the number 7.

SCANNER/(SCAN SETUP)— SCANNER allows
you to select the scanner channel limit and scan-
ner channel number. (SCAN SETUP) allows you to

. program 2/4 pole operation, ratio, and scanner trig- -

ger mode, See paragraph 2.11 for more scanner in-
formation. The third function of this key is to enter
the number 8 for numeric input operations.

TRIGGER/(TRIG SETUP)-TRIGGER triggers in-
strument readings. (TRIG SETUP) allows you to
select the trigger mode, delay, and interval. The
default delay is Omsec, and the default interval is

 T/Smsec. See paragraphs 2.8 and 2.9 for more in-

formation on triggering. A third function of this key

- is to enter the number 9.

SHIFT/NEXT—SHIFT allows access to secondary
functions of many of the control keys (for example,
DMM SETUP). NEXT scrolls through menu selec-
tions for those functions with menus.
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2.3.4 CAL LOCK Switch

The CAL LOCK switch disables calibration from the front
panel or over the IEEE-488 bus. Before the unit can be
calibrated, this switch must be enabled. See paragraph 64
for more calibration information.

2.3.5 INPUT Switch[4

The front panel INPUT switch selects between the front
and rear panel input terminals. Front panel terminals are
selected with the switch-out, while rear-panel terminals
are selected with the switch in. The switch positions are
marked immediately above the switch on the front panel.

2.3.6 Current Input Fuse

The current input fuse is a 3A normal blow fuse that pro-

tects the AMPS input from excessive current. See” '~

paragraph 6.3 for fuse replacement procedures.

2.3.7 Input Terminais[%]

The input terminals are intended to be used with safety
shrouded test leads to help minimize the possibility of con-
tact with live circuits. Note that all the terminals except
AMPS are duplicated on the rear panel. The front panel
INPUT switch determines which set of terminals is active.

VOLTS OHMS HI and LO--The VOLTS OHMS Hl and LO
terminals are used for making DC volts, AC volts, and two-
wire re51stance measurements.

A.MPS—AMPS is used in con]unctlon with LO to make
DC current and AC current measufements.

QOHMS SENSE HI and LO—These terminals are used with
VOLTS OHMS HI and LO to make four-wire resistance
measurements.

24 HEAR PANEL FAMILIARIZATION

- '['he rear panel of the Model 199 is shown in F:gure 2-2.
The various items located on the rear panel are discussed
in the following paragraphs.

SCANNER MAX TERMINAL TO TERMINAL VOLTAGE: 200V PEAK. ANY TERMIMAL TO EARTH: 350V PEAK,

WARNING: A

©.@

3OOVMAX;300VMAX

QUTPUTS BEFDRE SERVICING,

USER SUPPUED LETHAL VOLTAGE PRESEMT ON SCAMMER
CONNECTORS, DISCONNECT LINE CORD, INPUTS AND

EXT TRIGGER METER COMPLETE
QUTPUT

WNPUT LINE VOLTAGE  LINE FUSE
. SELECTED SLOWBLOW
OHMS 500V pemc VOLTS COMMON 13‘ :gv -l : 201 1ov|:| 1ao—220vu
SENSE L OHMS 2 V:- a16A s0-125v  105-12sv[l 230-25ovd
l = O MADE IN U.S.A. 14104 180—250v 20VA MAX S0-60Hz AC ONLY

[1]

H.é

Figure 2-2. Model 199 Rear Panel
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2.4.1 Connectors and Terminals

2.4.4 Scanner Card Slot

Input terminals—T he rear panel VOLTS OHMS and
OHMS SENSE terminals perform the same func-
tions as the equivalent front panel terminals.
Voltage and two-wire resistance measurements are
made using the VOLTS OHMS terminals, while
four-wire resistance measurements are made using
both the OHMS SENSE-and VOLTS OHMS
terminals.

The optional Model 1992 Scanner Card installs in this slot.
Refer to paragraphs 2.11 and 3.12 for scanner operation and
programming information. Section 6 contains scanner in-
stallation procedures.

2.5 DISPLAY MESSAGES

. Table 2-2 lists and explains the various display messages
associated with front panel operation of the Model 199.

EXTERNAL TRIGGER INPUT—This BNC connec-
tor is used to apply negative-going, TTL-compatible

trigger pulses to take one or more readings depen-
ding on the selected trigger mode. See paragraph

2.9 for additional information.

VOLTMETER COMPLETE OUTPUT-This BNC

Table 2-2. Error Messages

output connector provides a TTL-compatible, Message Explanation
negative-going pulse when the Model 199 has com-
pleted a reading. It can be used to trigger other in- . .
struments, as discussed in paragraph 2.9. UNCAL E'PROM failure on power
up. See paragraph 6.7.2.
NO FUNC No shifted function.
OVERFL KQ Overrange-Decimal point

2.4.2 Line Voltage Aspects

. Line Voltage Selection Switch—This switch selects

the operating line voltage of the instrument. Before
operation, be sure the switch is in the correct posi-
tion for the line voltage in your area.

LINE FUSE—The line fuse provides protection for
the AC power line input. Refer to paragraph 6.3 for
fuse replacement procedures.

TRIGGER OVERRUN

position and mnemonics
define function and range -
(3kQ range shown). The
number of characters in the
“OVERFL" message defines
the display resolution (5%d
resolution shown).

Trigger received while still
processing reading from last
trigger.

AC ONLY Selecting dB with instru-
E LINE VOLTAGE receptacle—Power is applied to the ment not in ACV or ACA.
instrument through the supplied power cord to the NO RANGE Pressing a range button
three-terminal, grounded AC receptacle. Note that while in ACV dB or ACA
the selected supply voltage is marked on the rear dB.
panel below the receptacle. CONFLICT Improper state when

INTERVAL OVERRUN

calibrating (i.e., dB).
Interval too short.

2.4.3 IEEE-488 Connector[ 7] NODATA  |No data store data

NO SCANNER Scanner not installed
The IEEE-488 connector is used to interface the Model 199 gﬁ;g‘ﬂcﬁg gil;z;a;iolﬁciei 31;_ ole
to the IEEE-488 bus. IEEE-488 interface functions aré "~ oder P
marked immediately above the connector. Refer to Section CHAN 8 MAX Channel limit is 8 in 2-pole

3 for detailed IEEE-488 information.

mode*

*With optional scanner

2-6
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2.6 BASIC MEASUREMENTS

The following paragraphs describe the basic procedures
for making voltage, resistance, current, and dB measure-
ments.

High Energy Circuit Safety Precautions

o optimize safety when measuring voltage in high energy
distribution circuits, read and use the directions in the
following warning.

WARNING

Dangerous arcs of an explosive nature in a high
energy circuit can cause severe personal injury
or death. If the meter is connected to a high
energy circuit when set to a current range, low
resistance range or any other low impedance
range, the circuit is virtually shorted. Dangerous
arcing can also result when the meter is set to
a voltage range if the minimum voltage spac-
ing is reduced.

When making measurements in high energy circuits use
test leads that meet the following requirements:

* Test leads should be fully insulated.

* Only use test leads that can be connected to the circuit

(e.g. alligator clips, spade lugs, etc.}) for hands-off
measurements.

¢ Do not use test leads that decrease voltage spacing. This

diminishes arc protection and creates a hazardous
condition.

Use the following sequence when testing power circuits:

1. De-energize the circuit using the regular installed
connect-disconnect device such as the circuit breaker,
main switch, etc. }

2. Attach the test leads to the circuit under test. Use ap-

propriate safety rated leads for this application.

Set the DMM to the proper function and range.

4. Energize the circuit using the installed connect-
disconnect device and make measurements without
disconnecting the DMM. _

3. De-energize the circuit using the installed connect-
disconnect device.

6. Disconnect the test leads from the circuit under test.

w

CAUTION
The maximum common-mode input voltage
(the voltage between input LO and chassis
ground) is 500V peak. Exceeding this value may
damage the instrument.

2.6.1 Warm Up Period

- The Model 199 is usable immediately when it is first turned

on. However, the instrument must be allowed to warm up

for at least two hours to achieve rated accuracy.

2.6.2 Zero

The zero feature serves as a means of baseline suppres-
sion by allowing a stored offset value to be subtracted from
subsequent readings. When the ZERO button is pressed,
the instrument takes the currently displayed reading as
a baseline value. All subsequent readings represent the dif-
ference between the applied signal level and the stored
baseline.

A baseline level can be established for any or all measure-
ment functions and is remembered by each function. For

“example, a2 10V baseline can be established on DCV, a 5V

baseline can be established on ACV and a 10k baseline
can be established on OHMS at the same time. These levels
will not be cancelled by switching back and forth between
functions. Once a baseline is established for a measure-
ment function, that stored level will be the same regardless
of what range the Model 199 is on. For example, if 1V is
established as the baseline on the 3V range, then the
baseline will also be 1V on the 30V through 300V ranges.
A zero baseline level can be as large as full range.

NOTE
The following discussion on dynamic range is
based on a display resolution of 5% digits. At 4%.d
resolution, the number of counts would be re-
" duced by a factor of 10.

By design, the dynamic measurement range of the Model
199, at 5%-digit resolution, is 606,000 counts. With zero
disabled, the displayed reading range of the instrument
is +303,000 counts. With zero enabled, the Model 199 has
the capability to display +606,000 counts. This increased
display range ensures that-the dynamic measurement
range of the instrument is not reduced when using a zero
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baseline value. The following two examples will use the
maximum allowable zero values (303,000 counts and
—303,000 counts) to show that dynamic measurement
range will not be reduced. It is important to note that the
increased display range does not increase the maximum
allowable input level to the instrument. For exampie, on
the 3V range, the Model 199 will always overrange when
more than +3.03V is connected to the input.

Example 1—The instrument is set to the 3V DC range and
a maximum —3.03000V is established as the zero value.
When —3.03000V.is connected to the input of the Model
199, the display will read 0.00000V. When +3.03000V is con-
nected to the input, the display will read +6.06000V. Thus,
the dynamic measurement range of the Model 199 is 0V
to 6.06V, which is 606,000 counts.

Example 2—The instrument is still set to the 3V DC range,
but a maximum +3.03000V is the zero level. When
+3.03000V is connected to the input of the Model 199, the
display will read 0.00000V. When —3.03000V is connected
to the input, the display will read -6.06000V. Thus the
dynamic measurement range of the instrument is ~6.06V
to OV, which is still 606,000 counts.

Zero Correction—The Model 199 must be properly zeroed
when using the 300mV DC or the 3000 range in order to
achieve rated accuracy specifications. This procedure
should be performed whenever the ambient temperature
changes. To use ZERQO for zero correction, perform the
following steps:

1. Disable zero, if presently enabled, by pressing the
ZERO button. The ZERO indicator will turn off.

2. Select the 300mV DC or the 300 range. s

3. Connect the test leads to the input of the Model 199
and short them together. M four-wire resistance
measurements are to be made, connect and short all
four leads together. Allow any thermals to stabilize.
Note: At 5%-digit resolution, low level measurement
techniques need to be emploved. Use Kelvin test leads
or shielded test leads. See paragraph 2.6.5 for low level
measurement considerations.

Press the ZERC button. The display will read zero.
5. Remove the short and connect the test leads to the sig-

nal or resistance to be measured.

Note: Test lead resistance (2-wire) is also compensated

=

for when zeroing the 3002 range with the above procedure.

Baseline Levels—Baseline values can be established by ap-

plying baseline levels to the instrument. To establish a
baseline level by applying a level to the Model 199, per-
form the following steps:

1. Disable zero, if presently enabled, by pressing the
ZERO button. The ZERO indicator will turn off.

2. Select a function and range that is appropriate for the
anticipated measurement.

3. Connect the desired baseline level to the input of the
Model 199 and note that level on the display.

4. Press the ZERO button. The display will zero and the
ZERO indicator will be enabled. The previously
displayed reading will be the stored baseline.

WARNING
With ZERO enabled, a hazardous voltage
baseline level {40V or more), not displayed,
may be present on the input terminals. If not
sure what is applied to the input, assume that
a hazardous voltage is present.

5. Disconnect the stored signal from the input and con-
nect the signal to be measured in its place. Subsequent
readings will be the difference between the stored value
and the applied signal.

Notes:

1. Disabling zero cancels the zero baseline value on that
selected function. Baselines established on other func-
tions are not affected.

2. To store a new baseline on a selected function, zero
must first be disabled and then enabled again. The new
value will be stored with the first triggered conversion.

3. Setting the range lower than the suppressed value will
overrange the display; the instrument will display the
overflow message under these conditions.

4. When the ZERQ button is pressed to enable zero, the
ZERO indicator light will blink until an on scale reading
is available to use as a zero level. In the one-shot trig-
ger mode, the unit must be triggered to store the zero
value.

2-8
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2.6.3 Filter and Resolution

The following paragraphs discuss the internal running
average filter and the 4% and 5% digit resolution modes
of the Model 199.

Filter

The Model 199 uses two running average filters in order

to reduce reading noise. The two filters include the inter-
nal filter and the front panel filter, as described below.

When the front panel FLTR light is off, the internal filter
is enabled, and the number of integrations per reading
averaged depends on the selected range and function, as
indicated below.

#Integrations
Window  Averaged

Function Range (Counts) Per Reading
DCV - 300mv 6 11
pCv 3V-300V 3 6
ACV All None None
Ohms 3000-30k0 4 6
Ohms 300k0 10 1
Ohms 3MQ 40 11
Ohms 30MQ-300MO 400 31 e
DCA All 6 n
ACA All None None
dBv None None
dBA None None

In order to speed up response to large signal steps changes,
the Model 199 uses a “window” around the displayed
average. As long as the readings are within this window,

the displayed value is based on the average of the most

recent number of integrations. If a new integration is out-

side this window, the displayed value will be the new

reading, and new averaging will start from this point. The
window value for the internal filter also depends on the
range and function (see above).

The front panel filter is enabled when the front panel FLTR
indicator is on. The front panel filter uses a fixed window

of 1000 counts with 30 readings averaged per reading on
all ranges and functions.

NOTES:

1. In a continuous trigger mode, the FLTR indicator will
flash until the filter is settled. Readings will continue
to update the display whiie the filter is settling, but the
display will not represent the final, filtered reading value
until FLTR stops flashing (when the proper number of
readings have been averaged).

2.In a one-shot trigger mode, no readings will be
displayed or transmitted over the IEEE-488 bus until the
filter has settled. Each trigger clears the filter, fills the
filter with new readings, and then issues a METER com-
plete pulse once the reading is available. Therefore,
filtered one-shot times can be long.

3. The filter can be turned off entirely by sendmg the POX
command over the IEEE-488 bus; see paragraph 3.9.

Resolution

The Model 199 can be operated with etther 44 or 5% digits
of display resolution. In the 4%-digit mode, the instrument
displays +30,300 counts, while +303,000 counts are
displayed in the 5%-digit mode. The resolution can be pro-
grammed separately for each of the five measuring
functions.

NOTE
On the 300k and higher resistance ranges, only
5%-digit resolution is available.

To change display resolution press SHIFT RESOLN. The
display will toggle to the opposite resolution each time you
perform this keystroke sequence. Note that changing the
resolution restarts the filter; the instrument will display

- dashes after changing resolution until a new reading is

available for display.

The integration period of the A/D converter is 2.59msec
in the 4%-digit mode, while line cycle integration (20msec,
50Hz; 16.67msec, 60HZ) is used for 5%-digits. Thus the
selected resolution affects the overall reading rate (as does
the selected function and amount of filtering).
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2.6.4 DC Voltage Measurements

The Model 199 can be used to make DC voltage measure-
ments in the range of +1xV to +300V. Use the following
procedures to make DC voltage measurements.

CAUTION
The maximum input voltage between the Hi and
LO terminals is 425V peak or 300V RMS
whichever is less. Exceeding this value may
cause instrument damage.

1. Select the DC volts function by pressing the VOLTS
button.

2. Select a range consistent with the expected voltage or
use autorange.

3. Select the front or rear panel input terminals with the
INPUT switch.

NOTE
The 300mV DC range requires zero to be set in
order to achieve rated accuracy. The zero corféc- ... -
tion procedure can be found in paragraph 2.6.2.

4. Connect the signal to be measured to the selected in-
put terminals as shown in Figure 2-3.

5. Take the reading from the display.

DC Voltage

—l— Source

(=
©®

(wlelc)]
MODEL 198

Caution :
Maximum Input = 300V RMS, 425V Peak
input Resistance = 300mV, 3V ; > 1GQ ; 30V, 11MQ
300V ; 10MG

Figure 2-3. DC Voltage Measurements

2.6.5 Low-Level Measurement Considerations

Accuracy Considerations—For sensitive measurements;
other external considerations besides the Model 199 will
affect the accuracy. Effects not noticeable when working

with higher voltages are significant in microvolt signals.
The Model 199 reads only the signal received at its input;
therefore, it is important that this signal be properly
‘transmitted from the source. The following paragraphs in-
- dicate factors which affect accuracy, including thermal emfs
and stray pick-up.

Shielding—AC voltages which are extremely large com-
pared with the DC signal may erroneously produce a DC
output. Therefore, if there is AC interference, the circuit
should be shielded with the shield connected to the Model
199 input LO (particularly for low-level sources). Improper
shielding can cause the Model 199 to behave in one or more
of the following ways:

1. Unexpected offset voltages.
2. Inconsistent readings between ranges.
3. Sudden shifts in reading.

To minimize pick-up, keep the voltage source and the
Model 199 away from strong AC magnefic sources. The
voltage induced due to magnetic flux is proportional to the
-area of the Joop formed by the input leads. Therefore,
minimize the loop area of the input leads and connect each
" signal at only one peint.

Thermal EMFs—Thermal emfs {thermoelectric potentials)
are generated by thermal differences between the junction
of dissimilar metals. These can be large compared to the
signal which the Model 199 can measure. Thermal emfs
can cause the following problems:

1. Instability or zero offset is much higher than expected.

2. The reading is sensitive to (and responds to)
temperature changes. This effect can be demonstrated
by touching the circuit, by placing a heat source near
the circuit or by a regular pattern of instability (cor-
responding to heating and air-conditioning systems or
changes in sunlight).

3. To minimize the drift caused by thermal emfs, use cop-
per leads to connect the circuit to the Model 199. A
banana plug is generally suitable and generates just a
few microvolts. A clean copper conductor such as #10
bus wire is about the best for this application. The leads

_to the input may be shielded or unshielded, as
necessary. Refer to Shielding.

4. Widely varying temperatures within the circuit can also
create thermal emfs. Therefore, maintain constant
temperatures to minimize these thermal emfs. A card-
board box around the circuit under test also helps by
minjmizing air currents.

5. The ZERQO control can be used to null out constant off-
set voltages.

6. Additional thermals may be generated by the optional

Model 1992 Scanner.
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2.6.6 Resistance Measurements

The Model 199 can make resistance measurementis from
1m@ to 300MQ. The Model 199 provides automatic selec-
tion of 2-terminal or 4-terminal resistance measurements.
This means that if the ohms sense leads are not connected,
the measurement is done 2-terminal. If the sense leads are
connected, the measurement is done 4-terminal. For
4-terminal measurements, rated accuracy can be obtained
as long as the maximum lead resistance does not exceed
the values listed in Table 2-3. For best results on the 3000,
3k and 30kQ ranges, it is recommended that 4-terminal
measurements be made to eliminate errors caused by the
voltage drop across the test leads which will occur when
2-terminal measurements are made. The Model 5806
Kelvin Test Lead Set is ideal for low resistance 4-terminal
measurements. In the 4% digit mode, use 4-terminal or
connect the source leads to the sense leads at the instru-
ment to avoid extra noise pickup.

To make resistance measurements, proceed as follows:

1. Select the chms function by pressing the OHMS button.

2. Select 2 range consistent with the expected resistance
or use autorange.

3. Select the front or rear panel input terminals using the

INPUT switch.

4. For 2-terminal measurements connect the resistance to
the instrument as shown in Figure 2-4. For 4-terminal
measurements connect the resistance to the instrument
as shown in Figure 2-5.

5. Take the reading from the display.

Shie;ded Optionat shield
Cable e |
FaY 1
o '
{ Resistance |
| S Under Test |
MODEL 199 1 ;
| I |

Optional shield
T

! .
Resistance ]
F 3 t

MODEL 199 , !

Figure 2-4. Two-Terminal Resistance Measurements

Figure 2-5. Four-Terminal Resistance
Measurements

Notes:

1. Table 2-3 shows the current output for each resistance
range.

2.1t helps to shield resistance greater than 100k (or
anytime 4% digit resolution is used) to achieve a stable
reading. Place the resistance in a shielded enclosure and
electrically connect the shield to the LO input terminal
of the instrument.

3. Diode Test—The 3k{ range can be used to test diodes

as follows: ,

A. Select the 3kQ range.

B. Forward bias the diode by connecting the red ter-
minal of the Model 199 to the diode anode. A good
diode will typically measure between 3000 and 1k.

C. Reverse bias the diode by reversing the connections
on the diode. A good diode will overrange the
display.

Table 2-3. Resistance Ranges

Maximum Test Lead
5iad Nominall| Resistance () for

Range | Resolution| I-Short | <1 Count Error (5%:d)
300 O 1mQ 1.7mA 10
3k 10mO 17mA 30
0kN] 10me 160pA 100
300 k2 1 ¢ 50uA 300
3MQ 10 0 Sph 1k
30MQ| 100 @ 0.5pA 3k
300M1Q 1k 0.5uA 30k

NOTE: Typical open circuit voltage is 5.5V.
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2.6.7 TRMS AC Voltage Measurements

The instrument can make TRMS AC voltage measurements
from 14V to 300V. To measure AC volts, proceed as follows:

1. Select the AC volts function by pressing the VOLTS and
AC buttons.

2. Select a range consistent with the expected voltage or
use autorange.

3. Select the front or rear panel input terminals using the
INPUT switch.

NOTE
There is a small amount of offset (typically 150
counts at 5%d) present when using the ACV
function. Do not zero this level out. Paragraph
2.6.10 provides an explanatlon of AC voltage
offset. . .

4. Connect the signal to be measured to the selected in-
put terminals as shown in Figure 2-6.

5. Take the reading from the display.
Clarifications of TRMS ACV Specifications:
Maximum Allowable Input—The following graph sum-

marizes the maxdimum input based on the IO’V‘Hz
specification.

Maximum Input TRMS AC Volts
Maximum [nput TRMS AC Volts
300 ]
28
3 200 <
[~
2 SR
o
2 T
£ to00
o & £ X A . L .
[=3 (=3 < [=3 =3 (=] (= = S
(<] (o] ~ un L ~ o o 8
Frequency - Hz

Settling Time—lsec to within 0.1% of change in reading.
This time specification does not include A/D conversion
time.

AC Voltage
Source

E‘ o®
| |OCE

MODEL 199

i
Bl
I :

Caution :
Maximum Input = 300V RMS, 425V Peak, 107 V - Hz
input impedance = 1MQ2 Shunted by < 100pF

Figure 2-6. TRMS AC Voltage Measurement

2.6.8 Current Measurements (DC or TRMS AC)

The Model 199 can make DC or TRMS AC current
measurements from 100nA (at 5%d resolution) to 3A. Use
the following procedure to make current measurements.

1. Select the DC current or AC current function by pressing
the AMPS button (also press AC for AC current).

2. Select a range consistent with the expected current or
use autorange.

3. Connect the signal to be measured to the front-panel
input terminals as shown in Figure 27

4. Take the reading from the display.

Current
Source

MODEL 199

Front Pane]
only

Caution ; Maximum Continuous Input = 34

Figure 2-7. Current Measurements
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2.6.9 dB Measurements

The dB measurement mode makes it possible to compress
a large range of measurements into a much smaller scope.
AC dB measurements can be made with the instrument
in the ACV or ACA function. The relationship between dB

and voltage and current, can be expressed by the foIlow-_ _

ing equations:

V!n
= 20 log ( )
V.
Illl
dB = 20 log (_)
ref

In ACV, the instrument will read 0dB when 1V is applied
to the input. With ACA dB selected, the instrument will
read 0dB when 1mA. is applied to the input.

Reference levels other than 1V and 1mA cannot be directly
programmed, but they can be established with the zero
feature. This procedure simply consists of applying a signal
to the instrument and pressing the ZERO button. That
suppressed level is the dB reference (0dB point).

The following procedure explains how to use the zero
feature to establish a reference:

1. Apply a voltage or current signal, that is to be used as
the dB reference, to the input of the Model 199.

2. Press the ZERQ button. The ZERQO indicator will turn

on and the display will zero. The reference is now
whatever the applied signal is.

3. Disconnect the signal from the mstrument

AC dB Measurements—DPerform the following steps to
make dB measurements:

1. Select the AC volts or AC amps function. (Press - VOLT

or AMPS, then AC).

2. Select the front or rear panel input terminals with the
INPUT switch.

3. Check and/or change the dB reference as previously
explained.

4. Connect the signal to be measured to the input of the
Model 199.

5. Enable the dB measurement mode by pressing SHIFT
dB.

6. Take the dB reading from the display.

WARNING
With dB enabled, a hazardous voltage baseline
- level {+ 40V or more), not displayed, may be pre-
sent on the input terminals. if not sure what is
applied to the input, assume that a hazardous
voltage is present.

dBm Measurements—dBm is defined as decibels above or
below a 1mW reference. dB measurements can be made
in terms of impedance rather than voltage or current.
Because the instrument cannot directly establish im-
pedance references, a voltage reference must be calculated
and established for a particular impedance reference. Use
the following equation to calculate the voltage reference
needed for a particular impedance reference:

For 0dBm, V., = VImW ¢ Z,,,

Example: Calculate the voltage reference needed to make
dBm measurements referenced to 600%.

For 0dBm, V.., = V0.00IW « 6000
=6
= 77456V

Once the necessary voltage reference is known, it'can be
established in the Model 199 with the dB program. Subse-
quent dBm readings will be referenced to the correspond-
ing impedance reference. Table 2-4 lists the voltage
references needed for some commonly used impedance
references.

dBW Measurements—dBW is defined as decibels above or
below a TW reference. dBW measurements are made in the
same manner as dBm measurements; that is, calculate the
voltage reference for a particular impedance and set the
instrument to it with the dB program. The only difference
between dBm and dBW is the reference point; ITmW vs TW.
The following equation can be used to calculate the voltage
reference:

For 0dBW, V., = VIWeZ,,
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Table 2-4. Corresponding Voltage Reference Levels
for impedance References

Reference Reference Voltage
Impedance Level for:
{) 0dBm ‘ 0dBW
8 0.0854 2.828
50 | 0.2236 )
75 0.2739
150 0.3873
300 0.5477
600 0.7746
1000 1.0000
V. for 0dBm = Vv 10°WeZgx
V.., for 0dBW = v Zg..

2.6.10 TRMS Considerations

Most DMMs actually measure the average value of an in-
put waveform but are calibrated to read its RMS equivalent.
This poses no problems as long as the waveform being
measured is a pure, low-distortion sine wave. For complex,

nonsinusodial waveforms, however, measurements made-

with an averaging type meter can be grossly inaccurate.
Because of its TRMS measuring capabilities, the Model 199
provides accurate AC measurements for 2 wide variety of
AC input waveforms. '

TRMS Measurement Comparison—The RMS value of a
pure sine wave is equal to 0.707 times its peak value. The
average value of such a waveform is 0.637 times the peak
value. Thus, for an average-responding meter, a correction
factor must be designed in. This correction factor, K can
be found by dividing the RMS valued by the average valu
as follows: .
K = 0707 / 0.637

11

By applying this correction factor to an averaged reading,
a typical meter can be designed to give the RMS
equivalent. This works fine as long as the waveform is a
pure sine, but the ratios between the RMS and average
values of different waveforms is far from constant, and can
vary considerably.

Table 2-5 shows a comparison of common types of wave-
forms. Yor reference, the first waveform is an ordinary sine

wave with a2 peak amplitude of 10V. The average value of
the voltage is 6.37V, while its RMS value is 7.07V. I we app-
Iy the 1.11 correction factor to the average reading, it can
be seen that both meters will give the same reading,
resulting is no error in the average-type meter reading.

The situation changes with the half-wave rectified sine
wave. As before, the peak value of the waveform is 10V,
but the average value drops to 3.18V. The RMS value of
this waveform is 3.86V, but the average responding meter
will give a reading of 3.53V (3.18 x 1.11), creating an error
of 11l%.

A similar situation exists for the rectified square wave,
which has an average value of 5V and an RMS value of
5.0V. The average responding meter gives a TRMS reading
of 5.55V (5 x 1.11), while the Model 199 gives a TRMS
reading of 5V. Other waveform comparisons can be found
in Table 2-5.

AC Voltage Offset—The Model 199, at 5'2d resoiution, will
typically display 150 counts of offset on AC volts with the
input shorted. This offset is caused by the offset of the
TRMS converter. This offset will not affect reading accuracy
and should not be zeroed out using the zero feature. The
following equation expresses how this offset (V ..} is add-
ed to the signal input (V.):

Displayed reading = v (V.)* + (ngf:;:)-:z

Example: Range = 2VAC
Offset = 150 counts (1.5mV)
Input = 200mV RMS

Display reading = A (200mV)? + (L5miv)?
=~ 004V + (2.25 x 10"V)
= 200005V

The offset is seen as the last digit which is not displayed.
Therefore, the offset is negligible. If the zero feature were
used to zero the display, the 150 counts of offset would
be subtracted from V,, resulting in an error of 150 counts
in the displayed reading.

“ Creéi Factor—The crest factor of a waveform is the ratio of

its peak value to its RMS value. Thus, the crest factor
specifies the dynamic range of a TRMS instrument. For
sinusoidal waveforms, the crest factor is 1414. For a sym-
metrical square wave, the crest factor is unity.

214



BASIC DMM OPERATION

The crest factor of other waveforins will, of course, depend
on the waveform in question because the ratio of peak to
RMS value will vary. For example, the crest factor of a pulse

is computed as follows:

CF:'l
t

Where T =
t =

period
pulse width

This relationship holds for all pulse waveforms.

Table 2-5. Comparison of Average and TRMS Meter Readings

AC T - Average AC V(Vfroupled Averaging 7
Coupled Responding TRMS Meter
Peak RMS Meter Meter Percent
Waveform Value | Value Reading Reading Error
Sine 00— o0V 707V 707V 707V 0%
0
Half-Wave Rectified Sine 10V 3.86V 3.90v 3.86V 1%
NARNA)
o]
Full-Wave Rectified Sine 10V 3.08V 2.98v 3.08V 3.2%
+10 C—j _—
0
Square 10V 10.00V 1110V 10.00v 11%
+10— -E -
T
Rectified Square Wave oV 5.00v 5.55V 5.00v 11%
o
0
Rectangular Pulse 0V [10VK | 222K 10VK [2.221(3'2 —K] x100
+10 ——o — K
—{ x
SFEIT,,
Y K=D-D?
Triangular Sawtooth pinY 577V 5.55V 577V 4%
+10 —-/\
’ \V4
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2.6.11 dB Applications

Measuring Circuit Gain/Loss—Any point in a circuit can
be established as the 0dB point. Measurements in that cir-
cuit are then referenced to that point expressed in terms
of gain (+dB} or loss (—dB). To set the zero dB pomt pro-
ceed as follows:

1. Place the Model 199 in AC volts and dB.

2. Connect the Mode] 199 to the desired location in the
circuit.

3. Press the ZERO button. The display will read 0dB.

4. Gain/loss measurements can now be made referenced
to the 0dB point.

Measuring Bandwidth—The Model 199 can be used to
determine the bandwidth of an amplifier as follows:

1. Connect a signal generator and a frequency counter to
the input of the amplifier.

2. Set the Model] 199 to AC volts and autorange.

3. Connect the Model 199 to the load of the amplifier.

4. Adjust the frequency of the signal generator until a peak
AC voltage reading is measured on the Model 199. This
is the center frequency.

5. Press SHIFT dB button and then press the ZERO but-
ton. The 0dB point is now established.

6. Increase the frequency input until the Model 199 reads
~-3.00dB. The frequency measured on the frequency
counter is the high-end limit of the bandwidth.

7. Decrease the frequency input until the dB reading again
falls to —3.00dB. The frequency measured on the signal
generator is the low-end limit of the bandwidth.

Note: The bandwidth of the Model 199 is typically
300kHz. Do not use this application to check amplifiers
that exceed the bandwidth of the Model 199.

Determining Q—The Q of a tuned circuit can be deter-
mined as follows:

1. Determine the center frequency and bandwidth as ex-
plained in the previous application (Measuring
Bandwidth).

2. Calculate Q by using the following formula:
Q = Center Frequency/Bandwidth

2.7 DMM SETUP PROGRAMS

There are eight DMM setup programs available from the
front panel of the Model 199, as summarized in Table 2-6.
These programs are described in detail in the following

paragraphs.

Program Selection—Programs can be selected by pressing
SHIFT DMM SETUP on the front panel. To scroll through
programs, press the NEXT key. Once the desired program
is displayed, perform the necessary operation, as described
below.

Data Entry—The IEEE-488 primary address program re-
quires numeric data entry. To enter data, use the data en-
try keys (0-9). The cursor location for data entry is indicated
by the bright, flashing display digit. The cursor moves right
each time a number is entered. The cursor will wrap
around to the left after exiting the right most digit. When
the desired value is d:splayed press SHIFT to progtam
the value.

Alternate Condition Selection—Most DMM setup pro-
grams have alternate conditions that can be selected. To
toggle the conditions, press uprange or dowrnrange to alter-
nate between the the two selections.

Exiting DMM Setup—To exit DMM setups, repeatedly

press NEXT and scroll through the complete list in the
menu.

Table 2-6. DMM Setup Programs

Display Message
Program Description Upon Entry
Software revision level REV.A0.66™
Multiplexer on/off MUX ON
IEEE Primary Address 26 IEEE* :
Line frequency (50 or 60Hz) FREQ=60Hz*
Save instrumert setups SAVE NO
LED Test LEDS OFF
Diagnostics DEBUG OFF
Reset instrument RESET NO B

*Factory default values shown. 60Hz is default in the U.S.
only
“*Revision level may vary.
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2.7.1 Software Revision Level

Upon entry to the DMM setup programs, the instrument
will briefly display the software revision level presently in-
stalled in the unit, as in the example below:

REV.AD.66

2.7.2 Multiplexer, Auto Zero/Cal

The multiplexer auto/cal routines may be defeated by selec="~ -

ting this option under DMM setups. Using the Model 199
with auto zero/cal defeated has two main advantages: (1)
increased measurement speed, and (2) reduced multi-
plexer effects on high-impedance measurements.

NOTE

With the multiplexer disabled, internal calibration
and zero are affected by changes in input level,
particularly on ohms and the 300V range.
Whenever the applied input signal changes, press
the selected function button to perform an auto
zero/cal routine; otherwise, substantial measure-
ment errors will result. Zero and calibration may
also drift with time; thus, it is recommended that
the selected function button be pressed periodical-
ly to attain optimum accuracy while auto cal/zero
is disabled (multiplexer off). An auto zerofcal is
performed whenever the range or function is
changed.

Run this program as follows:

1. Press DMM SETUP and then NEXT as required until
the following message is displayed:

MUX ON
2. Use uprange or downrange to select multiplexer on/off,
as required. For multiplexer off, the instrument will
display:
MUX OFF

3. Once the desired muitiplexer status is displayed, press

NEXT to scroll to the next program and save current
multiplexer status.

2.7.3 IEEE-488 Primary Address Progmmhing |

The IEEE=488 primary address program allows you check
or modify the [EEE-488 primary address of the instrument.
The factory default primary address is 26, but it can be pro-
grammed to any valid value between 0 and 30 as outlined
below. Section 3 contains detailed information on JEEE-488
programming.

Perform the following steps to use this program.

1. Press SHIFT DMM SETUP and then NEXT repeatedly
until the following message is displayed:

26 IEEE

Here we have assumed the factory default primary address
of 26.

" 2.To exit the program without changing the address, press
NEXT.

3. To change the address, key in the desired digits in the
range of 0-30, and press NEXT to go on to the following
program. - ' '

NOTES:

1. If an invalid address is entered, the primary address will

“be set to 30 upon exiting the program.
2. To change the default address of the instrument, first
" set the address to the desired value, and then use the
save setup program (or send L1 over the bus). Cycling
power, or sending SDC, DCL, or L0 over the bus will
not affect the newly-saved default primary address.
3. If the IEEE-488 primary address is changed but not
saved, cycling power will return the instrument to the
original default address. However, program reset, or
DCL or SDC commands will not affect the current ad-
~ dress. Sending L0 over the bus will not change the cur-
rent address, but it will change the default address to
the new value.

4. An “UNCAL" error will default the address to 26 and
the line frequency setting to 60Hz.
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2.7.4 Line Frequency

The programmed line frequency should match that of the
power line voitage in order for the instrument to meet its
noise specifications at 5%-digit resolution (line cycle in-
tegration is used at 5%:-digit resolution). The line frequency
program can be used to check the programmed line fre-
quency and set it to 50 or 60Hz. :

Proceed as follows in order to check or set the line
frequency:

1. Press SHIFT DMM SETUP and then NEXT repeatedly
until the line frequency message is displayed. For 60Hz,
the display will show: S :

FREQ=60Hz

2. For 50Hz, the display message is:
FREQ=50Hz

3. Use uprange or downrange to toggle to the desired fre-
quency, then press NEXT to go on to the next program.

NOTES:

1. To change the default frequency setting, first select the
desired frequency and then use the save setup program
(or send L1 over the bus) to save the new frequency set-
ting. Cycling power, or sending SDC, DCL, or LD over
the bus will not affect the programmed line frequency.

2. If the line frequency is changed but not saved with the
save setup program, sending SDC or DCL over the bus
will return the line frequency to the default setting.
However, the reset program will not have any effect on
the current frequency setting, and sending L0 over the
bus will not change the setting, but will save the new
frequency.

3. An “UNCAL" error will default the TEEE-488 primary
address to 26 and set the line frequency to 60Hz.

2.7.5 Save Setup

The save setup program allows you to save current instru-

ment conditions. These conditions will then be assumed

upon power up, or after the instrument receives the DCL

or 5DC command over the IEEE-488 bus.

The following operating parameters are saved by this
program:

Function

Range

Resolution

Zero state {on/off)
Filter state (on/off)
AC dB state {on/off)
Multiplexer (onfoff)
Trigger delay
Reading interval

- IEEE-488 primary address
Line frequency (50 or 60Hz)

In order to save an instrument setup, proceed as follows:

1. Setup instrument operating conditions as desired, or use
the reset program (paragraph 2.7.8) to save default
operating conditions.

2. Press SHIFT DMM SETUP and then NEXT until the
following message appears: '

SAVE NO

3. Use uprange or downrange to toggle to the following
message: '

SAVE YES

4. To save instrument setup conditions, press NEXT. The
unit will save the operating states and then go on to the
next program.

NOTES:

1. To exit the program without changing the previous
default conditions, press NEXT with the “SAVE NO”
message displayed.

2. To return the instrument to the factory power up defauit
conditions, use the reset program and then save those
conditions using the save setup program.
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2.7.6 LED Test

This program allows you to test all the front panel annun-
ciators and LED display segments to check for proper
operation. Proceed as follows:

1. Press DMM SETUP and then NEXT repeatedly until the

following message is displayed:

LEDS OFF

2. To test the LEDs, use uprange or downrange to toggle
the display to the following:

LEDS ON

3. Press NEXT to initiate the test.

4. During the test, the instrument will turn on all the an-
nunciators and walk through the various display

segments and complete displays to verify that all are

operating properly. Following the test, the instrument
will scroli to the next program.

2.7.7 Debug

The debug program is intended to switch various LEDs,
relays, and logic levels to allow signal tracing throtugh the
instrument during troubleshooting. Also, memory tests are
performed. For complete details on using the debug, refer
to paragraph 6.7.3.

To exit the diagnostic program, press any key except
TRIGGER.

2.7.8 Reset

The reset program restores instrument setup parameters
to the factory default conditions listed in Tables 2-1 and 37.

Perform the following steps to use this program.

1. Press SHIFT DMM SETUP and then NEXT repeatedly

until the following message is displayed:

RESET NO

2. Use uprange or downrange to toggle the display as
follows:

RESET YES

3. Press NEXT to reset the instrument, which will return
to the default conditions listed in Table 2-1.

NOTES:

1. The reset program can be aborted by pressing NEXT
with the “RESET NO” message displayed.

2. Once the instrument has been reset to default condi-
tions, use save setup to save that configuration if you
desire that the instrument power up in those conditions.

3. The reset program has no effect on the programmied
IEEE=488 primary address or line frequency setting.

2.8 FRONT PANEL TRIGGERING

The following paragraphs discuss front panel triggering,
trigger mode selection, as well as trigger delay and reading
interval programming.

2.8.1 Trigger Mode Selection

The Model 199 may be operated in two basic trigger modes:
one-shot and continuous. In the one-shot mode, a separate
trigger is required to initiate each reading. For the con-
tinuous mode, however, only a single trigger is required,
with the conversion rate determined by the programmed
reading interval. The continuous trigger mode is the fac-

tory default.

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

1. Press SHIFT TRIG SETUP. The instrument will display
the presently selected trigger mode. For the continuous
mode, the display will show:

CONTINUQOUS

2. For the bne-shot mode, the display reads:
ONE SHOT

3. To toggle the trigger mode, press uprange or downrange.

4. Once the desired trigger mode is displayed, press NEXT
to scroll to the next menu selection (trigger delay), or
press NEXT to return to normal front panel display.
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2.8.2 Trigger Sources

For standard bench operation, there are two trigger sources
available: front panel TRIGGER button, and the EXTER-
NAL TRIGGER INPUT jack. Upon power up both these
trigger sources will be enabled. Additional triggers include
IEEE-488 X, GET, and talk commands, as discussed in
paragraph 3.9.7. _

NOTES:

1. TRIGGER is always enabled regardless of the selected
trigger source; however, all front panel buttons will be
locked out when the unit is in remote.

2. Triggering the unit while it is still processing a reading
from a previous trigger will generate the “TRIGGER
OVERRUN" message.

2.8.3 Trigger Delay

The trigger delay period is the time from the trigger point
untl the unit takes a reading. This delay period is also used
after each channel closure when using the scanner. For the
continuous mode, the delay period affects only the first
conversion; however, with the one-shot mode, the delay
period affects every conversion, with the instrument
waiting the programmed delay time after each trigger
before taking a reading. For example, if you program a

between individual readings when the instrument is in the
continuous trigger mode. Interval also affects the rate of
data store operation, as discussed in paragraph 2.10, as well
as the interval between channels {step mode) or scan se-
quences (scan mede) when using the optional Model 1992
Scanner (see paragraph 2.11).

The unit can be programmed for either default or selected
interval operation. With default interval (“SELECT OFF”),
a preset interval of 175msec is automatically selected. With
selected interval ("SELECT ON") a user-defined interval
can be programmed. The allowable range for selected in-
terval is I5msec to 999.999sec in Imsec increments.

: NOTE
' Prog'ramnung too short an interval for the present
instrument conﬁguratwn when using the scanner
or data store will result in the “INTERVAL OVER-
RUN" message. The interval cannot be programm-
ed if the unit is in the one-shot trigger mode.

Reading interval can be checked or programmed with the
TRIG SETUP key, as follows.

1. Press SHIFT TRIG SETUP and then NEXT repeatedly
until the following is displayed:

INTERVAL

300msec trigger delay, the unit will wait 300msec aftereach” '™

trigger before taking a reading.

The allowable range for the trigger delay period is between
0 and 999,999 seconds in one millisecond increments. The

trigger delay can be programmed with the TRIG SETUP

key. as described below.

1. Press SHIFT TRIG SETUP and then NEXT and note the
tollowing message is displayed briefly:

DELAY=
000.000S

Here, we have assumed the factory default delay period
of Osec.

2. Using the the data entry keys (0-9), key in the desired
trigger delay period in the range of 0-999.999sec.

3. Once the desired delay value is programmed, press
NEXT to go on to the interval selection (or press NEXT
once more to return to normal display).

2.8.4 Reading Interval

The reading interval parameter determines the time period

Next, the unit displays:
SELECT OFF
. .
SELECT ON
2. Use uprange or downrange to select the-desired inter-
val type, select or default, then press NEXT. If default

(SELECT OFF) is selected, the interval will be set to
175msec, and the unit will return to normal display.

.3. If select interval is chosen, the presently selected inter-

val will then be displayed, as in this example:

INTERVAL =
000175 S

Here we have assumed the default interval of 175msec.

4. If desired, key in a new reading interval in the range
of 15msec to 999.999sec.

5. Once the desired interval is displayed, press NEXT to
return to normal display. If you progam too small an
interval, the following will be displayed:

MIN = 0155
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2.8.5 Trigger Programming Examples

Example 1: Continuous with 3.5sec intervals between,

readings.

1. Press SHIFT TRIG SETUP and then uprange or down-
range (if necessary) so the unit displays the following:

CONTINUQOUS

2. Press NEXT twice to advance to the interval display
message.

trigger other devices.

2.9.1 External Trigger

The external trigger input requires a falling edge pulse at
TTL logic levels, as shown in Figure 2-8 Connections to
the rear panel EXTERNAL TRIGGER INPUT jack should
be made with a standard BNC connector. If the instrument
is in the external trigger mode, it will be triggered to take
readings while in either a continuous or one-shot mode
when the negative-going edge of the external trigger pulse
occurs.

3. Use uprange or downrange to choose select interval . ..

(“SELECT ON"), if necessary, then press NEXT.
4. Press: 0 0 35 0 0 in order to program a 3.5sec interval.
5. Press NEXT to return to normal display.
6. Connect a time-varying signal to the instrument, and
- select a function and range suitable for the applied
signal. _
7. Press TRIGGER to initiate readings. Note that the
display updates at a rate of once every 3% seconds, as
shown by the following decimal point.

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

1. Press SHIFT TRIG SETUP and then uprange or
downrange (if necessary) so the unit displays the
following:

ONE SHOT

. Press NEXT to advance to the delay time selection.

. Press: 0 0 1 0 0 0 to program a one second delay.

. Press NEXT to return to normal display.

. Connect a time-varying signal, and select an appropriate

range and function.

6. Press TRIGGER to initiate a single reading. Note that
the display updates once after a delay of approximately
one second.

7. Press TRIGGER a number of times, and note that one

reading per trigger is processed with a one second in-

terval between triggers and readings. The trigger status

LED (flashing decimal point) indicates the display

update. i

R N

2.9 EXTERNAL TRIGGERING

Thé Model 199 has two external BNC connectors on the
rear panel associated with instrument triggering. The EX-
TERNAL TRIGGER INPUT connector allows the instru-
ment to be triggered by other devices, while the METER
COMPLETE QUTPUT connector allows the instrument to

Triggers on
Leading Edge

TTL High
{2V-5V})
TTL Low
(£0.8V) 25
Minimum

Figure 2-8. External Trigger Pulse 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
shield (outer) part of the connector is connected to
digital common. Since an internal pull-up resistor is us-
ed, a mechanical switch may be connected across the
jack contacts. Note however, that debouncing circuitry
will probably be required to avoid a trigger overrun.

WARNING
Do not exceed 30V between digital common and
chassis ground, to avoid a shock hazard and
possible instrument damage.

2. Place the instrument in “one-shot on external trigger”
or “continuous on external trigger” mode as explained
in paragraph 2.8.1.

3. To trigger the instrument, apply a pulse to the external
trigger input. The instrument will process a single
reading each time the pulse is applied (one-shot), or
start a continuous series of readings.
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NOTE
Triggering the unit while it is processmg ateading
from a previous trigger will cause a “TRIGGER
OVERRUN".

2.9.2 Meter Complete

The Model 199 has an available output pulse that can be
used to trigger other instrumentation. A single TTL-

compatible negative-going pulse (see Figure 2-9) will ap-

Doar :It f']“\a ME’T’F‘D ("('\‘R'J[PT ETE O TTTITT 1arl sark Hima

ol & Vado & o™ ns Adddd da W W AL W A P TCLLE LILAETD

the instrument completes a reading. To use the voltmeter
complete output, proceed as follows:

1. Connect the Model 199 to the instrument to be triggered
with a suitabie shielded cable, Use a standard BNC con-
nector to make the connection to the Model 199.

WARNING
Do not exceed 30V between the METER COM-
PLETE common (outer ring}) and chassis
ground to avoid a shock hazard and possible in-
strument damage.

2. Select the desired function, range, trigger mode, and
other operating parameters, as desired.

3. In a continuous trigger mode, the instrument will out-
put pulses at the conversion rate; each pulse will occur
after the Model 199 has completed a conversion.

4. In a one-shot trigger mode, the Model 199 will cutput
a pulse once each timne it completes a reading after be-
ing triggered.

Reading Begin Next
Done Conversion

Y v

1S TTL High
{3.4V Typical)

LSTTL Low
{0.25V Typical)

4 10us —»
Minimum

Figure 2-9. Meter Complete Pulse Specifications

2.10 DATA STORE

Data Store can store up to 500 readings for later recall. Data
can be stored at specified intervals of between 15msec and
999,999sec with lmsec increments. In addition, one-shot
external or front panel triggering can be used to store data
at user-defined rates.

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

.2.10.1 Storing Data at Programmed Intervals

Use the following procedure for storing data at defined
intervals.

1. Select the function and range to be used to make
measurements,

2. Press SHIFT TRIG SETUP and verify that the con-
tinuous trigger mode is selected as follows:

CONTINUOUS

3. If necessary, press uprange or downrange to select the
- continuous trigger mode, then press NEXT and set the
trigger delay to the desired value.
4. Press NEXT, then use uprange or downrange to choose
“SELECT OFF” (I75msec) of “SELECT ON" (user-
programmed) data store interval, then press NEXT.

5. For select interval only, enter the desired data storage
interval in the range of ISmsec to 999.999sec. For ex-
ample, to enter a one-second interval, press: 00100
0, then press NEXT to complete interval programming.

6. Press SHIFT STORE to enter data store mode. The in-
strument will display the programmed data store size:

000 SIZE

The size value determines how many readings will be
stored (up to a maximum of 500) before the storage cycle
stops. However, a size of 000 indicates that the storage cycle
will continue even after all 500 readings are stored. After,
the 500th reading is stored, readings will be stored begin-
ning at the first memory location, overwriting the previous-
ly stored data.

7. Key in the desired number of readings (use 000 for wrap
around storage), then press the NEXT key to program
that value. STO will flash on to indicate the unit is
waiting for a trigger.
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8. Press TRIGGER to initiate storage. The instrument will
begin storing data at the programmed interval. While
storage is active, you can display the most recently stored
location by entering the recall mode (see paragraph
2.10.3).

9. After all readings have been stored, the RCL 1nd1cator
will start flashing, and STO will turn off to indicate that
the storage process has been completed (except for con-
tinuous storage).

NOTES:

1. Once data storage is initiated, data store can be disabled
by pressing any function key (VOITS, OHMS, etc). Do-
ing so will select that function. However, if recall is also

enabled, first press NEXT then the desired functionkey

to disable data store.

2. Autoranging can be used with data store but it must
be selected before entering data store.

3. The front panel “INTERVAL OVERRUN" message in-

dicates that the programmed data store interval is too
short for the present instrument configuration.
Although the instrument will continue to store readings
as fast as it can, storage will not occur at the programim-
ed interval under these conditions.

4. Enabling data store clears the buffer of prewously stored
readings.

5.1f a data store size larger than 500 readmgs is pro-
grammed, the following message will be displayed:

MAX = 500 T

2.10.2 Triggering One-shot Readings into Data
Store

Reading storage can be controlled by trigger pulses applied
to rear panel EXTERNAL TRIGGER INPUT (paragraph
2.9), or by using the front panel TRIGGER button, as
described below. The procedure below assumes that the
default trigger source has not been aitered by programmmg
the instrument over the IEEE-488 bus.

1. Select the function and range to be used to make the
measurements {(autorange can be used with data store).

2. Press SHIFT TRIG SETUP, and then select the one-shot
trigger mode by pressing uprange or downrange so the
following is displayed: :

ONE SHOT
3. Press NEXT and program the desired trigger delay. Press

NEXT, note that dashes remain in the display because
the instrument has yet to be triggered.

4. Press SHIFT STORE to enter the data store; the unit will
display the programmed size:

' ""000 SIZE

3. Key in the desired number of readmgs to store (1—500),

or select a size of 000 for wrap around storage. Press
NEXT to complete programming. The STO light will
then flash to indicate the instrument is waiting for a
trigger.

6. Press the TRIGGER button to tr:gger the unit, or apply
a trigger pulse to the unit (see paragraph 2.9.1). A single
reading will be processed and stored with each trigger

- stimulus. .

NOTES:

1. Data can be recalled during the storage process, as
“described in paragraph 2.10.3.

2.To disable data store and return to normal operation,
press any function key. If recall is also enabled, you must
" first press NEXT to cancel recall and then press any func-
tion key.

3. The RCL indicator will flash on when all programmed
.readings have been stored {except in continuous).

4. A “TRIGGER OVERRUN" error will occur if the unit is
triggered whille processing a reading from a previous
trigger. The current reading will not be aborted and the
error triggers will be buffered to re-trigger the unit when

“it is ready.

2.10.3 Recalling Data

Data can be recalled either during storage or after storage
is complete by using the procedure below.

1. Press SHIFT RECALL to display data. The instrument
will turn on the RCL indicator and display the location
of the last stored data point; for example, for location 35:

035 LOC

2. For sequential access, use the uprange or downrange key
while displaying the data value. Uprange increments
locations, while downrange decrements locations. The
location will wrap around to the opposite end of the data
store buffer once the lowest or highest location is
accessed.

3. To display a particular data location number whlle in the
recall mode, press the RECALL key. Press NEXT to
return to normal recall data display.

4. For random access to a particular location, key in the
location number with the data entry keys, and then
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press the NEXT key. The unit will then display the data
value at that location along with the measurement func-
tion in effect at the time the data was taken.

5. To exit the recall mode, press NEXT while normal recall
data is displayed. RCL will turn off to indicate that recall
has been disabled.

NCOTES:
1. If data store has no valid data to display, the unit will
display the following message upon entry to the recall

mode.

NO DATA
2. The unit will continue 1o store data while in recall until

the data store buffer is full (or continuously in wrap
around mode).

'2.11 SCANNER OPERATION

(WITH OPTION 1992}

With the optional Model 1992 Scanner installed, the Modei
199 can scan four, 4-pole channels, or eight, 2-pole chan-
nels. The following paragraphs discuss scanner program-
ming, connections, and operation from the front panel.

Refer to paragraph 3.12 for IEEE-488 scanner programm-
ing. For scanner installation procedures, refer to Section 6.

2.11.1 Scanner Connections

Figure 2-10 shows the Model 1992 Scanner Card and its
two quick-disconnect terminal blocks. To remove each
block from the card, simply pull on the attached handle
until it comes free of the card. Screw terminals on the
blocks accept up to #14AWG solid or stranded wire.

s00e000000

Pull as Shown to
Remove

i
1 B2

1992 CARD

Figure 2-10. Scanner Connections
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Terminal configurations are marked on the circuit board
and connecting blocks. Channel input terminals are mark-
ed CHI through CHS inclusive. Each channel input has
a HI and LO terminal, labelled H and L respectively. Two
sets of output terminals, OUT A and OUT B, are also
located on the connecting blocks. The output configura-
tion depends on the whether 2-pole or 4-pole mode is to
be used, as discussed below. '

WARNING
Maximum common mode voltage (potential
between any contact and earth ground} is 350V
peak. Exceeding this value may create a shock
hazard.

WARNING
User-supplied lethal voltages may be present on
the scanner card terminals.

CAUTION
Maximum scanner signal level is 200V, 100mA;
any terminal to earth ground is 350V peak. Ex-
ceeding these values may damage the scanner
card.

Using the Supplied Output Cables

Red and black output cables with banana plugs are sup-
plied with the scanner for convenient connections to the
rear panel input jacks. Prepare and connect these cables
as follows: ..

1. Strip the ends of the cables =5/16", then twist the
strands together.

2. Connect the red cables to OUT A HI and OUT B HL
Tighten screws securely.

3. Connect the black cables to OUT A LO and OUT B LO.
Tighten screws securely.

4. For 2-pole connections, plug the two red cables and two

black cables together, and then plug them into the rear

panel VOLTS OHMS HI (red) and LO (black) jacks
(Figure 2-T1A).

5. For 4-pole connections, plug the cables in as shown in
Figure 2-11B.

2-pole Connections

Two-pole connections are used for volts and 2-wire
resistance measurements. In order to use the 2-pole mode,
the OUT A and OUT B terminals must be connected
together (H to H, L to L) and to the DMM. In the 2-pole
mode, if only OUT A is connected to the DMM input, on-
Iy channels 1-4 will be routed through the relays. Similar-
ly, channels 5-8 will be available if only OUT B is
connected.

For volts and 2-wire resistance measurements, connect the
outputs to the VOLTS OHMS terminals (H to HI, L to LO).
The rear panel input jacks are most convenient for this
configuration.

NOTE
Malke sure the INPUT switch is set for the rear in-
put terminals.

Figure 2-12 shows typical input connections for voltage
measurements. Input connections for 2-wire ohms
measurements are shown in Figure and 2-13.

4-pole Connections

Four-pole connections are used exclusively for 4-wire ohms
measurements. With this configuration, the paired chan-
nels (1 and 5, 2and 6, 3 and 7, 4 and 8) must be connected
to the resistances under test, as shown in the typical con-
nections of Figure 2-14. The two outputs are separately con-
nected to VOITS OHMS and OHMS SENSE terrninals us-
ing the supplied output cables. Note that the two outputs
must not be connected together in the 4-pole mode.
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A.2 POLE QUTPUT CONNECTIONS

8.4 POLE CUTPUT CONNECTIONS
CUT (A} 1

Figure 2-11. Output Cable Connections
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CH 8 ‘l;i O
O
O
CH7
. Og
N
; O
,;‘- CH& o
: O+
CHS
O
0O
1l O
Voltages
| Under Test
JTTEG
CHa4a n
O
O
CH3
O
H
CH 2
Cg
CH1 O
L O
!"::
1992 CARD ' . Tolss
Supplied o ; Volts Chms
Qutput 3 7 Rear Input
Cables

Figure 2-12. Voltage Test Connections
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476
; CHB8 T
O
5 CH7
O
'\T! O_
CHS
£ CHS
O
‘ O
O
% Resistors
i Under Test
4|0
CH4 B
O
A
CH3
O
O
CH?2
O
O
CH 1
O
Hlo) <
Hi
1992 CARD — 3 1,400
Py » Volts Chms
I LO

Figure 2-13. 2-Pole Resistor Test Connections
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o
A— CH&g B
O
O
i CH7
:, o
CHE&
CHS5 o
Ol=s
0]~ 3"
:
E Resistors
Under Test
[0
; CH 4 ™
O
o S
CH3 o 2z
O
: CH?2
O
o
% CH 1 O
Ty
isi(e] SN
1992 CARD
Hi| jLO Loy THi
vv
NOTE B
To 199 To 189
N Connact All Test Leads
Ohms Sense Volts Ohms Directly To Resistor
Supplied Output
Cables

Figure 2-14. 4-Pole Resistor Test Connections
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2.11.2 Scanner Display Format

The front panel display format is similar to normal display
format with one important exception: The channel number
appears in the right most digit of the display while the
scanner is operating. The selected measuring function will
also appear on the display except when on channels 2
through 8 while in the ratio mode. The ratio mode is
discussed in detail in paragraph 2.11.5.

2.11.3 Pole Mode Programming

As discussed in paragraph 2.11.1, the 2-pole mode is in-
tended for use with voits, and 2-wire ochms measurements,
while the 4-pole mode is designed for use with 4-wire
resistance measurements. For proper operation, the pro-
grammed pole mode must agree with the pole configura-
tion discussed in paragraph 2.11.1.

The pole mode can be programmed by using the SCAN
SETUP key as outlined below.

1. Press SHIFT SCAN SETUP to display the pole mode.
For the 2-pole mode, the display will appear as follows:

2 POLE

2. For the 4-pole mode, the display shows:
4 POLE

3. Use uprange or downrange as necessary to toggle the
pole mode to the desired status.

4. Once the desired pole mode is selected, press NEXT
once to advance to the next menu selection (ratio), or
press NEXT three times to return to normal display.

NOTE
A “CHAN 4 MAX"” error will occur if you attempt
to select the 4-pole mode with a channe] limit
greater than four

2.11.4 Ratio Mode

The ratio mode divides the channel 2 through 8 readings
by the channel 1 reading as follows:

R=—
CHI

Where: R = ratio
CHn = channel 2 through 8
CH1=CHI1

The ratio mode is available for all three scan modes
(discussed below). While in ratio, the instrument displays
the selected function for channel 1, and the actual ratios
without units for channels 2 through 8.

Ratio can be enabled or disabled by using the SCAN
SETUP key as follows:

1. Press SHIFT SCAN SETUP and then NEXT twice to
display the current ratio status. With ratio disabled, the
display is:

RATIO QFF

2. For ratio enabled, the display shows:
RATIO ON

3. To change the ratio status, press uprange or downrange.

4. Once the desired ratio status is displayed, press NEXT
once to advance to the next selection, or press NEXT
twice to return to normal display.

NOTES:

1. In the MANUAL mode, you must manually access
channel 1 first before attempting to display the ratio on
. channels 2 through 8.

2. The ratio is autornatically scaled if the range is chang-
ed after the channel 1 reading is taken in order to main-
tain a constant ratio reference value across ranges. For
example, if you take a 10V channel 1 reading on the 30V
reading, the ratio reference will remain 10V on the 300V
range.

3. Setting the range lower than the channel 1 ratio
reference reading will cause an overflow.

4. The minimum ratio display value is equal to the display
resolution. The maximum ratio is 9.99999. Exceeding
this value will cause an overflow error.

2.11.5 Reading Interval

The reading interval parameter determines the time period
between channels for the STEP mode, or the time between
channel sets in the SCAN mode when the unit is in the
continuous trigger mode. (In one shot, the trigger period
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determines the interval). Use the procedure below to pro-
gram the scan interval.

1. Press SHIFT TRIG SETUP and then NEXT as necessary
so that the “SELECT” message is displayed, then use
uprange or downrange to select the desired interval
mode and press NEXT. Keep in mind that a 175msec in-
terval is automatically selected in the “SELECT OFF".

2. For the select interval, key in the desired scan mterval

in the range of 25msec to 999.99sec.

3. Press NEXT to complete interval programming once the

desired interval is keyed in.

NOTES:

1. The programimed interval also affects the display update
rate as well as the data store interval while in the con-
tinuous trigger mode.

2. Programming an interval that is too short for the pre-
sent instrument configuration will result in the “INTER-

VAL OVERRUN" error. Under these conditions, the in-

strument will continue to scan as fast as it can, but it
will not scan at the programmed interval.

3. Although the minimum programmable interval is
15msec, the minimum usable interval w1th the scanner
15 25msec.

4. Scanning rate is affected by selected resolution, delav
multiplexer (on/off), filter (on/off), function, and range.

2.11.6 Scan Limit

For the STEP and SCAN modes, the channel limit must
be programmed as the last step in the scanner setup pro-
cess. Note that the pole configuration affects the maximum
number of channels that can be scanned, and thus the
channel limit. For the 2-pole configuration, the maximum
limit is eight, while the 4-pole mode is limited to four (for
both modes, the minimum limit is one). If you attemnpt to
program an improper channel limit, the unit will briefly
display the following:

CHAN 4 MaX
or,
CHAN 8 MAX

More information on channel limit programmmg can be
found in paragraphs 2.11.8 and 2.11.9. o _

2.11.7 Manual Channel Mode

In the MANUAL channel mode, individual channels can
be accessed by pressing the SCANNER key followed by
the number of the channel to close. The basic procedure
is outlined below.

. 1. Select the function and range requxred for the measure-

ment.

2.Using TRIG SETUP, program the trigger mode and
delay as required.

3.Press SHIFT SCAN SETUP and program 2-pole or
4-pole operation as necessary.

4. Press NEXT and note the displayed scan mode. If
necessary, use uprange or downrange to select the
following:

MANUAL

5. Press NEXT and disable or enable the ratio mode as
required.
6. Press NEXT to complete scanner setup programming.

7. To close a specific channel, press SCANNER. The unit
wﬂl prompt you for the channel to close

CHAN NEL?

8. Press the desired numeric key to close that channel.
For example to close channel 3, press 3.

9. The unit will close the selected channel and display the
channel number in the right most digit.

10. If you have selected the one-shot trigger mode, press
TRIGGER to trigger a reading.

11. To select a different channel, press SCANNER followed
by the new channel number. The unit will open the
presently selected channel and then close the new
channe] (break before make).

12.To open all channels and return to normal operation,
select channel 0 (press SCANNER ).

NOTES:
1. When using the ratio mode, you must first access chan-

nel 1 to obtain a ratio reference reading before access-
ing other channels.

" 2. In the 4-pole mode, the maximum channel number is

channel 4. Selecting channels 5 through 8 will generate
a “CHAN 4 MAX" error.
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2.11.8 Step Mode Operation

In the STEP mode, the instrument will scan one channel
per reading interval (continuous trigger mode} or one
channel per trigger (one-shot trigger mode). The pro-
cedures for setting up and using the unit are covered
below.

Reading Interval Scanning

1. Select the function and range for the expected measure-

ment.

2. Press SHIFT TRIG SETUP and select the continuous

trigger mode using uprange or downrange.

3. Press NEXT twice to display the programmed interval

mode. Use uprange or downrange to select the desired
interval operation, then press NEXT.

4. For the select interval, key in the desired scan interval

in the range of 25msec and 999.999sec, and press NEXT
to complete programming.

5. Press SHIFT SCAN SETUP and program the pole con-

figuration by pressing uprange or downrange.
6. Press NEXT and then uprange or downrange until the

step mode is selected, as indicated by the following
message.

STEP

7. Press NEXT and then select the desired ratio mode by

using uprange or downrange.

8. Press NEXT to complete scanner setup programming.
9. Press SCANNER. The unit will prompt you for the last

10. Press the number key corresponding to the last chan-

11

channel in the scan sequence as follows:

LIMIT?

nel in the sequence (remember that the last channel
is channel 4 for the 4-pole mode).

After the channel limit has been selected, the instru-
ment will return to normal display and begin the scan
sequence with channel 1. As each channel is scanned,
the unit will take a reading on that channel and display
the results along with the selected channel number. The
sequence repeats until the last channel, as determined
by the programmed limit, is scanned. After the Iast
channel, the sequence starts over again with channel 1.

12. To stop scanning and return to normal display select

a limnit of 0 (press SCANNER 0).

NOTES:

1.

If an interval too short for the present configuration is
selected, the instrument will display the “INTERVAL
OVERRUN" message. The instrument will continue to
step through channels, but it will not be able to scan
the channels at the programmed intervals. The filter
status, resolution, and selected function affects the
overall reading rate, and thus the minimum interval that
can be used.

. The “CHAN 4 MAX" message will be displayed if you

attempt to program a channel limit greater than four in
the 4-pole mode,

One-shot Triggering

Use the general procedure below to use one-shot trigger-
ing to scan channels in the step mode.

1

2

oo

1.

11.

.

Select the function and range as required for the ex-
pected measurement.

Press SHIFT TRIG SETUP, and select the one-shot trig-
ger mode..

. If a circuit settling time for each channel is required,

program a trigger delay under the TRIG SETUP menu.

- Return to normal display by pressing NEXT as
necessary.

. Press SHIFT SCAN SETUP, and program the pole
configuration.

. Press NEXT, and select the step mode w1th uprange

or downrange.
Press NEXT, and program the ratio mode as required.

. Press NEXT to return to normal display.
. Press SCANNER, and program the channel limit at the

prompt. Keep in mind that the maximum channel limit
is 4 in the 4-pole mode.

Press TRIGGER (or apply an external trigger pulse) to
close channel 1 and take a reading on that channel.
The reading and channel number will appear on the
display.

Trigger the unit to advance to the next channel and take
the subsequent reading. One trigger per channel will
be required; after all channels up to the programmed
limit have been scanned, the unit will begin again with
channel 1.

Program a channel limit of 0 to cancel the scan mode
and return to niormal display. To do so, press SCAN-
NER 0.
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NOTES:
1. The unit will display a2 “TRIGGER OVERRUN" message

if it is triggered while processing a reading from a
previous trigger. The error trigger will be ignored.

2. The Model 199 will display the “CHAN 4 MAX”

message if you attempt to program a channel 11m1t' )

greater than 4 in the 4-pole mode.
3. In the ratio mode, channel 1 data will be displayed as

the selected function, while channels 2 through 8 will

be displayed as the ratio.

2.11.9 Scan Mode Operation

In the SCAN mode, the unit will scan one set of channels
per programmed reading interval (continuous trigger
mode), or one set of channels per trigger (one-shot trig-
ger mode). The number of channels per sequence is deter-
mined by the program channel limit. The following
paragraphs outline the general procedures for using scan.

Reading Interval Operation

1.

2

3.

4.

Select the range and function as required.

.Press SHIFT TRIG SETUP, and select the continous,

trigger mode with uprange or downrange.

Press NEXT twice to advance to the interval display,

then use uprange or downrange to select interval.

For select interval, use the data entry keys to program
the desired interval in the range of 25msec to
999.999sec. Keep in mind that the interval is the time
period between channel sets-- not individual channels
as is the case with the STEP mode.

5. Press NEXT to return to normal display once the

6.

7

desired interval has been programmed.

Press SHIFT SCAN SETUY, and program the pole and
mode as desired.

Advance to the scan mode display by pressing N EXT
then select the scan mode with the following display:

SCAN

. Press NEXT to program the ratio and return to normal

display.

. Press SCANNER, and program the channel limit at the

following prompt:

LIMIT?

10.

1.

12

Key in the desired limit (1-8, 2-pole; 14, 4-pole} with
the data entry keys.

The unit will then begin scanning one set of channels
per programmed interval, displaying the channels
numbers as they are sequenced.

To stop scanning and return to normal display, program
a channel limit of 0. To do so, press SCANNER 0.

NOTES:

1.

Because of the relatively rapid scanning rate, it may be
difficult to read data from the display while the unit is
scanning. For that reason, it is recommended that the
SCAN mode be used with data store, as discussed in
paragraph 2.11.1L

. The “INTERVAL OVERRUN" message will be displayed

if the unit cannot scan channel sets at the programmed
interval.

3. The filter status, resolution, and function affects the

Triggered Scanning

or

overall reading rate, and thus the maximum scanning
rate. For the fastest scan rate for a given function, turn
off the filter, select 4% digit resolution, and turn off the
multiplexer.

- Each scan sequence can be triggéred from the front panel

with an external trigger pulse by setting up the unit as

follows.

1. Select the range and function as required.

2.

U=

[8 8

Press SHIFT TRIG SETUPT, and program the unit for
the one-shot trigger mode.

. Press NEXT, and program the desired trigger delay.

. Press NEXT twice to return to normal display.

. Press SHIFT SCAN SETUP, and program the pole

mode as required.

. Press NEXT to advance to the scan mode menu, then

use uprange or downrange to select the SCAN mode.

Press NEXT to program the ratio and o return to nor-
mal display.

. Press SCANNER, and program the channel limit as

desired.

. Press TRIGGER (or apply an external trigger pulse) to

initiate the first scan SEQUENCE. The unit will scan
all channels in the set and then stop. One trigger per
SCAN SEQUENCE will be required.

. To cancel the scan mode, program a channel limit of

0. To do so, press SCANNER 0.
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NOTES:

1. Because of the rapid scan sequence in the scan mode,
it is recommended that this mode be used with data
store, as discussed in paragraph 2.11.11.

2. The unit will display the “TRIGGER OVERRUN"
message if it is still processing a reading from a previous
trigger.

2.11.10 Using Data Store with the Scanner

The data store feature of the Model 199 can be used with
the scanner to store data for later recall. For short inter-
vals in the STEP mode, and for the SCAN mode, using
data store is the recommended method of operation
because of the rapid scanning rates p0551ble with the
Model 199.

Scanning at Programmed Intervals

1. Select the range and function as required.

2. Press SHIFT TRIG SETUF, and program the con-
finuous trigger mode. '

3. Press NEXT twice to advance to the interval selection
menu. Use uprange or downrange as necessary to
select interval, then press NEXT.

4. With select interval, use the data entry keys to program
the storage interval in the range of 25msec to
999.999sec. Keep in mind that the unit will store one
channel per interval in the STEP mode, and one set
of channels per interval in the SCAN mode.

5. Press NEXT to return to normal display after selecting
the interval.

6. Press SHIFT SCAN SETUF, and program the pole
mode as required.

7. Press NEXT to advance to the scan mode display. Use
uprange or downrange to select the STEP (one chan-
nel per interval) or SCAN (one set of channels per in-
terval) mode.

8. Press NEXT to program ratio and to return to normal
display.

9. Press SCANNER, and program the desired channel
limit. Scanning will begin at this point.

10. When the unit returns to normal display, press SHIFT
STORE. Key in the desired number of readings to store.
When storing data, the number of readings is equal
to the number of channels per scan times the number
of scan sequences desired. For example, if you desire
to scan all eight channels with a total of 10 scan se-
quences, the data store size would be 80.

11. Press NEXT once the desired data store size has been
selected. The STO indicator will flash on to show the
unit is waiting for trigger. Scanning will also cease at
this point.

12. Press TRIGGER (or apply an external trigger pulse) to
initiate scanning at cahnnel 1 and storage. For the STEP
mode, one channel per interval will be scanned and
stored, while in the SCAN mode, one set of channels
per trigger will be scanned and stored.

13. Press any function button to cancel data store. Scan-
ning can be cancelled by programming a channel limit
of 0.

14. Data can be recalled during or after storage as dis-
cussed below. RCL will flash when all locations are full
{(except in wrap-around mode).

One-Shot Trigger Data Store Scanning

Use the procedure below to trigger scanned data into data
store. In the STEP mode, one channel per trigger will be
scanned and stored, while in the SCAN mode, one set of
channels per trigger will be scanned and stored.

1. Select the range and function as required.

2. Use TRIG SETUP to program the one-shot trigger mode.

3. Using SCAN SETUP, program the pole mode as re-
quired. Also select the STEP or SCAN modes under the
SCAN SETUP menu. Return to normal display once all
scanner setup programming has been completed.

4. Using the SCANNER button, program the desired
channel limit.

5. Press SHIFT store, and then program the desired data
store size in readings. The number of readings equals
the number channels per scan sequence times the
number of scan sequences. For example, if the channel
limit is 4, the data store size would be 32 with eight scan
sequences.

6. Press NEXT to exit the data store programming mode.
The STO indicator will flash on to indicate the unit is
waiting for a trigger.

7. Press TRIGGER to initiate the scan/storage sequence.

One trigger per channel (STEP) or set of channels
(SCAN) will be required to complete the sequence.
When all readings have been taken, the RCL indicator
will start flashing.

8. Program a limit of 0 to exit the scan sequence. The data
can be recalled as outlined below.

Recalling Scanned Data

To recall scanner data from data store, simply press SHIFT
RECALL to enter the recall mode. Press NEXT to view the
last location, or key in the desired location number and
then press the NEXT key to display the data, which will
also include the channel number in addition to the func-
tion (except for ratio on channels 2 through 8 which
displays ratio not function). Use uprange or downrange
to scroll through locations, as required. You can exit the
recall mode by pressing NEXT while scanned data is
displayed. ,
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Although the Model 199 does not display the scan se-
quence number, you can easily determine which sequence
is being displayed by noting the data store location number
(location number can be displayed by pressing RECALL
while in the recall mode). For example, if eight channels
were scanned, locations 1 through 8 would store channels
1 through 8 data for the first sequence, locations 9 through
16 would store channels 1 through 8 data from the second
sequence, and so on. —

2.11.11 A Practical Scanner Application:
Amplifier Testing

The Model 199 equipped with the Model 1992 can perform -

tests on amplifiers with minimal external equipment. The
following paragraphs discuss two such amplifier tests-—-gain
and bandwidth testing.

Amplifier Gain

The ratio mode used in conjunction with the scanner can
be used to determine the gain of seven different amplifier,
using the test configuration shown in Figure 2-15. A signal
generator is also necessary to supply the test signal to the

inputs of the amplifiers, which are also connected to the

channel 1 input of the scanner. Note that the outputs of
the amplifiers are connected to the channels 2 through 8
inputs of the scanner. Because the maximum ratio the
Model 199 can display is 10, amplifier gains are limited to
that value. For higher gains, the values must be computed
manually.

LOCHIH |

—O CH2H
L—O CH3H |
- OocHaH |

Signal Generator

l—@+

To Channel L )
Terminals

— O CH5H |
—— O CHEH |
—O CH7H{

CHEH *

1992 CARD

Figure 2-15. Amplifier Gain Test Configuration
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To determine bandwidth, we can use the commonly-used

In order to perform the gain tests, the following general _
-3dB points in frequency response. The dB function of the

procedure should be followed. -

1

2.

4. Press SHIFT SCAN SETUFR, and program the 2-pole
mode. : .»-}
5. Press NEXT, and select the STEP scan mode w:th /

11. Press TRIGGER to initiate the scan. With the first trig-
ger, the instrument will take amplifier input voltage To Channel
reading on channel 1 and then store that reading as Tlﬂpl{f LE
arminzals

Connect the equipment together, as shown in Flgure
2-15.

Assuming that AC gain is to be tested, place the Model
199 in the ACV function, and select a range high
enough to measure the expected output voltages.

. Press SHIFT TRIG SETUT, and select the one-shot trig-

ger mode, then program a one-second delay. Return
to normal display after programming the trigger mode
and delay.

uprange or downrange.

. Press NEXT, and turn on the ratio mode by usmg

uprange or downrange. -

. Press NEXT to exit the scanner setup mode.
. Press SCANNER, and select a channel lmit of 8.
. If you wish to store the amplifier gain data, press

SHIFT STORE and select a reading size of 8. Fress
NEXT to return to normal display.

. Set the signal generator to the desired output frequency

(<300kHz) and amplitude for the gain test.

the ratio reference value.

. Press TRIGGER to advance to channel 2. At this point,

the instrument will display the ratio of channel 2 to
channel 1, in other words, the gain of amplifier Al. To

Model 199 simplifies this

task a great deal.

Signal Generator

s

P

N

A3

LO CH1H |

\/

QO CH2H |

.—’—l
—— CH3H

(O CH4H |

N/

—— O CH5H !

' l——-—-OCHEH

4 :
—O CHT7H

N/

display the gains of the remaining amplifiers, press \ CHEH ™
TRIGGER and note the displayed ratio for each - A7
channel. /
13. If data store was enabled in step 9, press SHIFT
RECALL to review the gain data. Select-a location of >
1, then press NEXT to view the data, which will be the —1 A8
absolute input voltage value. Press uprange to review 1992 CARD

channel 2 through 8 data, which will show the gain
values of the respective amplifiers.

Amplifier Frequency Response

The test configuration discussed above can be modified
somewhat to determine the bandwidth of eight amplifiers
connected to the channel inputs. The equipment con-
figuration for this test is shown in Figure 2-16. This test
setup is similar to that shown in Figure 2-15.

Figure 2-16. Amplifier

Frequency Response Test

Configuration
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The basic test procedure is as follows.

1. Press SHIFT TRIG SETUP, and program the unit for
the one-shot trigger mode. S

2. Using SCAN SETUP, select the 2-pole, STEP scan, and
ratio off modes.

3. Select the ACV function, then select a range large
enough for the expected amplifier output voltages.
4, Program a channel limit of 8 with the SCANNER key.

5. Press SHIFT dB to select the dB function.

6. Set the signal generator to the desired amplitude and
mid-band frequency (for example, 1kHz).

7. Press ZERO and then TRIGGER to store the 0dB
reference value. The display should now show 0.00dB
on channel 1.

8. Lower the generator frequency until the Model 199
displays ~3.0dB. The present generator frequency is
the lower half-power, or -3dB response point.

9, Raise the generator frequency above the mid-band
point until the display again reads —3dB. The generator
frequency now represents the upper half-power, or
~3dB response point of the amplifier.

10. Press TRIGGER to advance the channel.
11. Repeat steps 7 through 10 for the remaining channels.

2.11.12 Low-level Measurement Considerations

The relay contacts of the Model 1992 Scanner Card have
low-thermal characteristics { <1xV offset), allowing the card
to be used for low-level measurements. The following

paragraphs discuss methods to minimize the effects of

potential error sources.

Thermoelectric Potentials

Thermoelectric potentials (thermal EMFs) are small elec-
tric potentials generated by differences in temperature at
the junctions of dissimilar metals. Such thermoelectric
potentials can seriously degrade low-level measurement
accuracy. For example, a copper-to-copper oxide junction
may generate up to 1000xV/°C, while a clean copper-to-
copper junction will typically generate only 0.2xV/°C or
less. '

Ways to minimize the generation of thermoelectric poten-
tials include:

1. Use only copper wires for all input and output connec-
tions. If lugs are used, they should be crimmped on (not
soldered), and they should also be made of copper.

2. Keep all connecting surfaces clean and free of oxides.
Wires and lugs should be carefully cleaned before be-
ing mated together.

3. Keep connecting points and junctions at the same
temperature.

4, Protect all circuits and connecting points from drafts.

Shielding

Shielding is important to keep noise out of low-level signal
paths. To minimize problems in these areas, all input and
output connections to the scanner card should be made
using shielded cable when measuring low-level signals.
The shields should be connected to signal LO (not earth
ground) at the scanner card end for scanner input con-
nections, and at the DMM end for scanner card output
connections. Note that only one end of the shields should
be connected to avoid possible ground loop problems; the
other ends of the shields should be left floating.

2.11.13 Using the Scanner with Other
Instrumentation

Although the scanner card is intended for use primarily
with the Model 199 DMM, it can also be used with other
instrumentation. For example, assume that the Mode] 1992
is to be used with a Keithley Model 181 Nanovoltmeter to
make ;V measurements requiring a higher input resistance
than is available with the Model 199.

Typical connections for this arrangement are shown in
Figure 2-17. Here, the scanner card outputs are connected
to the Model 181 mV input using low-thermal cables.
Likewise, all scanner inputs must be made with low-
thermal cables. Use copper wire and keep all connections
cleant and free of oxidation. Also, all signal paths should
be shielded as discussed above.
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2.11.4 Scanner Delay

A channel settling time can be incorporated by program-
ming the scanner delay with the TRIG SETUP key. When
a scanner delay is used, the instrument will wait the pro-
grammed delay period after closing a channel before tak-
ing a reading. Thus, the delay period is essentially a chan-

nel settling time to allow signals to settle before each

measurement.

The scanner delay (settling time) in the range of Omsec to
999.999sec can be programmed using TRIG SETUP a

follows: o

1. Press TRIG SETUP and then NEXT, and note that the
instrument displays the following:

DELAY=
Followed by:
000.000 S

2. Key in the desired delay period in the range of 0 t
999.99sec. :

3. Press NEXT once to advance to the interval selection

menu, or press NEXT twice o return to normal display.

NQTES: .

1. A scanner delay of at least one second should be used
when measuring AC signals. This recommendation is
based on allowing the measurement to settle to within
0.1% of the final value.

2. The programmed interval must be longer than the delay
to avoid the “INTERVAL OVERRUN" error.

2.11.5 Using Filtering with the Scanner

The Model 199 uses the running average type of filtering.
When the front panel filter is on (FLIR on), additional
averaging is used, as discussed in paragraph 2.6.3. For that

reason, the reading rates are slower when the front panel

filter is enabled.

For normal (non-scanner) operation, the display still up-
dates while the filtering process is still going on. Under
these conditions, the FLTR light blinks until the final,
filtered reading is being displayed. With scanner opera-
tion, however, the unit will not advance to the next chan-
nel until the final, filtered reading has been taken. Thus,
the maximum scan rates available will be stower with the
filter on than with it turned off.

The instrument will advise you if you have exceeded the
maximum scan rates. In the continuous trigger mode, the
“INTERVAL OVERRUN" message will be displayed if the
programmed interval is too short for the present instru-

. ment configuration. In teh one-shot trigger mode, the unit

will display the “TRIGGER OVERRUN" message if it is
still processing a reading when triggered.

2.11.16 Minimum Scan Interval Times

As discussed previously, the minimum usable interval
depends on the function, range, resolution, as well as the
multiplexer and filter states. Table 27 summarizes typical
minimum interval times for various ranges and functions.
Programming the instrument for shorier times will result

_in the “INTERVAL OVERRUN" message, in which case the

unit will scan slower than the programmed interval.

Times for both the STEP and SCAN modes are given at
both 4% digit and 5% digit resolution {where applicable),
and all times are with internal filter on (FLTR off) and MUX
ON. For DC and ohms functions, turning the internal filter
off (using POX over the bus) and mutiplexer off will shorten
the times somewhat; times will typically be about 10-30%
shorter with the multiplexer and filter off. Conversely,
operating the instrument with the front panel filter on
(FLIR on) will increase the minimum interval times.

 Table 2-7. Typical Minimum Usable Scan Intervais

Range
and STEP Mode SCAN Mode
Function| 4%: Digit| 5%: Digit | 4/ Digit| 5% Digit
30V DC | 20msec | 680msec | 150msec | 2.1sec
3V AC 20msec | 35msec | I50msec| 270msec
300Q 60msec | 590msec | 470msec 2sec
300kG — 700msec — 4 9sec
MO — 1.3sec —— 6.2sec
30MQ — 5.1sec . — 32sec
300M1) — 7sec — | é6bsec
30mA DC  20msec | 380msec | 150msec| 2.1sec
3A AC 20msec | 35msec | 150msec| 270msec
ACV dB| 46msec — 360msec —
ACA dB} 37msec — 360msec —
NOTES:

1. All times are typical.

2. Times shown are with FLIR off, MUX ON.
3. Scan mode times are with eight-channel limit.
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SECTION 3
IEEE-488 Programming

3.1 INTRODUCTION

This section contains information on programming the
Model 199 over the IEEE-488 bus. Detailed instructions for
all programmable functions are included; however, infor-
mation concerning operating modes presented elsewhere
is not repeated here.

Additional IEEE-488 information is provided in the

appendix.

Section 3 contains the following information:

3.2 A Short-cut to IEEE488 Operation: Gives a
simple step-by-step procedure for getting on the
bus as quickly as possible. :

33  Bus Connections: Shows typical methods for con-
necting the instrument to the bus.

34 Interface Function Codes: Defines IEEE standard
codes that apply to the instrument.

35 Primary Address Selection: Tells how to program
the instrument for the correct primary address.

3.6 Controller Programming: Demonstrates simple

programming techniques for a typical TEEE=488

controller.

37 Front Panel Aspects of IEEE-488 Operation:
Describes the operation of the bus status indicators,

and summarizes front panel messages that may oc- .

cur during bus operation.

38 General Bus Command Programming: Outlines
methods for sending general bus cormmands to the
instrument.

39  Device-Dependent Commands: Contains descrip-

tions of most of the programming commangds used

to control the instrument over the bus.

3.0 Using the Translator Mode: Describes an alternate
programming method of using easily recognized
user-defined words in place of device-dependent
commands.

311 Bus Data Transmission Times: Lists typical times
when accessing instrument data over the bus.

3712 Scanner Programming: Discusses programming
commands used with the optional Model 1992
Scanner.

~-3.2 A SHORT-CUT TO |EEE-488 OPERATION

The pazagraphs below will take you through a step-by-step
procedure to get your Model 199 on the bus as quickly as
possible and program basic operating modes. Refer to the
remainder of Section 3 for detailed information on
[EFE-488 operation and programming.

Step 1: Connect Your Model 199 to the Controller

With power off, connect the Model 199 to the IEEE-488 in-
terface of the controller using a standard interface cable.
Some controllers include an integral cable, while others
require a separate cable. Paragraph 3.3 discusses bus con-
nections in more detail.

Step 2: Select the Primary Address

Much like your home address, the primary address is a
way for the controller to refer to each device on the bus
individually. Consequently, the primary address of your
Model 199 (and any other devices on the bus, for that mat-
ter), must be the same as the primary address specified
in the controller’s programming language, or you will not
be able to program instrument operating modes and ob-
tain data over the bus. Keep in mind that each device on

. the bus must have a different primary address.

3
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The primary address of your Model 199 js set to 26 at the

factory, but you can program other values between 0 and

30 by pressing 199 SETUP.

More detailed informatior on primary address selection
is located in paragraph 3.5. . :

Step 3: Write Your Program

Even the most basic operations will require that you write
a simple program to send commands and read back data
from the instrument. Figure 3-1 shows a basic flow chart
that a typical simple program will follow. The program-
ming example below follows this general sequence. This
program will allow you to type in command strings to pro-
gram the instrument and display data on the computer
CRT.

HP BASIC 4.0 Programming Example—Use the simple
program below to send programming cominands to the
Model 199 and display the data string on the computer
CRT. -

PROGRAM COMMENTS

18 REMOTE 72E— : Send remote enable..

2B PRIMNT ¢ fCOMMANT® * ; Prompt for command
string.

Z0 IHPUT Cx Input the command
string.

43 GJTPUT 7Z26: CF . Send command string to
199 .

S0 ENTER F26: A% Get a reading from the
instrument.

S0 FRINT &% Display the readmg

TEGOTO ZH Repeat.

2o EMD

Place Unit
in Remote

Program
Operating
Modes

Request Data
From 199

Display Data

End
Program?

"Figure '3-1. Typical Program Flow Chart
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Step 4: Program Model 199 Operating Modes

You can program instrument operating modes by sending
the appropriate comumand, which is made up of an ASCII
letter representing the command, followed by a numeric
parameter for the command option. Table 3-1 summarizes
the commands used to select function and range.

A number of commands can be grouped together in one

string, if desired.” Also, you must terminate the command _

or command stxing with the X character in order for the
instrument to execute the commands in question.

If you are using the programming example from Step 3

above, simply type in the command string when prompted
to do so. Some example strings are given below.

F3X select DCA function.
FORZX select DCV function, 3V range.

Step 5: Get Readings from the Model 199

" Usually, you will want to obtain one or more readings from

the Model 199. In the example program above, a single
reading is requested and displayed after each command.
In other cases, you may wish to program the instrument
configuration at the beginning of your program, and then
obtain a whole series of measurements.

The basic reading string that the Model 199 sends over the
bus is in ASCII characters of the form:

NDCV-1.23456E+0

where: N indicates a normal reading (O would indicate an
overflow),
DCV shows the function in effect (in this case, DC
volts)
—1.23456 is the mantissa of the reading data,
E+0 represents the exponent.

Table 3-1. IEEE-488 Commands Used to Select Function and Range

Mode Command | Description

Execute X Execute other device-dependent commands.

Function FO DC volts
Fl AC volts
F2 Ohms
E3 DC current
K4 AC current
F5 ACV dB
Fé ACA dB

Range

DCV ACV DCA ACA Ohms ACVdB ACA dB

RO Auto Auto Aute  Autc  Auto Auto Auto
R1 30mV  300mV  30mA 30mA 300 @  Auto Auto
R2 3 v 3V 3 A 3 A 3ki Auto Auto
R3 30V 30V 3 A 3 A 30k Auto Auto
Rd 300 V.30V 3 A 3 A 300kg Auto Auto
R5 30 V3OV 3 A 3 A MG Auto Auto
Ré6 300 V300V 3 A 3 A 30MQ Autor Auto
RY 300 V 300 V. 3 A 3 A 300MQ Auto Auto

3-3
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3.3 BUS CONNECTIONS

The Model 199 is intended to be connected to the IEEE-483
bus through a cable equipped with standard IEEE-488 con-
nectors, an example of which is shown in Figure 3-2. The
connector is designed to be stacked to allow a number of

parallel connections at one instrument. Two screws are

located on each connector to ensure that connections re-
main secure. Current standards call for metric threads,
which are identified with dark colored screws. Earlier ver-
sions had different screws, which were silver colored. Do
not attempt to use these type of connectors on the Model
199, which is designed for metric threads.

Instrument Instrument

Instrument

Controlier

Figure 3-2. IEEE-488 Connector

A typical connecting scheme for a multiple-instrument test

set up is shown in Figure 3-3. Although any number of
connectors can be stacked on one instrument, it is recom-
mended that you stack no more than three connectors on
any one unit to avoid possible mechanical damage.

Figure 3-3. IEEE-488 Connections

Connect the Model 199 to the IEEE-488 bus as follows:

1. Line up the cable connector with the connector located

_.. on the rear panel of the instrument. The connector is

designed so that it will fit only one way. Figure 3-4 shows
the location of the ITEEE-488 connector on the
instrument.

2. Tighten the screws securely, but do not overtighten
them.

3. Add additional connectors from other instruments, as

" required.

4. Make certain that the other end of the cable is properly
connected to the controller. Most controliers are
equipped with an TEEE-488 style connector, but a few
may require a different type of connecting cable. Con-
sult the instruction manual for your controller for the
proper connecting method.

3-4
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IEEE 488 INTERFACE

-

Figure 3-4. IEEE-488 Connector Location

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. The maximum
cable length is 20 meters, or 2 meters times the
number of devices, which ever 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 3-2 and Figure 3-5. Table 3-2 lists the contact
assignments for the bus, and Figure 3-5 shows the contact
configuration.

CAUTION
[EEE-488 common is connected to digital com-
mon. Maximum voltage between digital com-
mon and earth ground is 30V.

Table 3-2. IEEE Contact Designations

CONTACT 12
_\

/— CONTACT 1

\—' CONTACT 13

CONTACT 24 —/

Figure 3-5. Contact Assignments

Contact | IEEE-488

Number | Designation Type
1 DIO1 Data
2 DI102 Data
3 DIO3 Data
4 DIO4 Data
5 EOL (24 Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IFC Management
10 SRQ Management
1 ATN Management
)4 SHIELD Ground
13 DIOS Data
14 DIO6 Data
15 DIO7 Data
16 DIO8 Data
v REN (24)* Management
18 Gnd, (6)* Ground
19 Gnd, (7)* Ground
20 Gnd, (8)* Ground
21 Gnd, (9)* Ground
2 Gnd, (10)* Ground
23 Gnd, (11" Ground
24 | Gnd, LOGIC Ground

*Numbers in parentheses refer tosignal ground return of
referenced contact number. EOI and REN signal lines
return on contact 24.

3.4 INTERFACE FUNCTION CODES

The interface function codes, which are part of the
IEFE-488 standards, define an instrument’s ability to sup-
port various interface functions, and they should not be
confused with programming commands found elsewhere
in this manual. Interface function codes for the Model 199
are listed in Table 3-3 and are listed for convenience on the
rear panel adjacent to the IEEE-488 connector. The codes
define Model 199 capabilities as follows:

SH (Source Handshake)—SHI defines the ability of the
Model 199 to properly handshake data or command bytes
when the unit is acting as a source.

- AH (Acceptor Handshake)—AH1 defines the ability of the

Model 199 to properly handshake the bus when it is ac-
ting as an acceptor of data or commands.
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T (Talker)—The ability of the Model 199 to send data over
the bus to other devices is defined by the T function. Model
199 talker capabilities exist only after the instrument has
been addressed to talk.

L (Listener)-The L function defines the ability of the
Model 199 to receive device-dependent data over the bus.
Listener capabilities exist only after the instrument has
been addressed to listen.

SR (Service Request)—The SR function defines the ability
of the Model 199 to request service from the controller.

RL (Remote-Local)—The RL function defines the capabili-
ty of the Model 199 to be placed in the remote or local
modes.

PP (Parallel Poll)-The Model 199 does not have parallel
polling capabilities.

DC (Device Clear)—The DC function defines the ability of
the Model 199 to be cleared (initiakized).

DT (Device Trigger)—The ability for the Model 199 to have
its readings triggered is defined by the DT function.

C (Controlier)—The Model 199 does not have controller
capabilities. : , B

TE (Extended Talker)—The Model 199 does not have ex-
tended talker capabilities. '

LE (Extended Listener)—The Model 199 does not have ex-
tended listener capabilities.

E (Bus Driver Type)—The Model 199 has open-collector bus
drivers.

Table 3-3. Model 199 interface Function Codes

Code | Interface Function
SH1 | Source Handshake capability
AH1 | Acceptor Handshake capability

T6 Talker (Basic talker, Serial poll, Unaddressed
to talk on LAG)

14 Listener (Basic listener, Unaddressed to listen
on TAG)

SR1 | Service Request capability

RL1 | Remote/Local capability

No Parallel Poll capability

Device Clear capability

DT1 | Device Trigger capability

C0 | Ne Controller capability

El Open Collector Bus Drivers

No Extended Talker capabilities

LEO |No Extended Listener capabilities

3.5 PRIMARY ADDRESS SELECTION

The Model 199 must receive a listen command before it
will respond to addressed commands over the bus.
Simiarly, the instrument must receive a talk command

. before it will transmit its data. These listen and talk com-

mands are derived from the primary address of the instru-
ment, which is set to 26 at the factory. Until you become
more familiar with your instrument, it is recommended
that you leave the address at this value because the pro-
gramming examples in this manual assume the instrument
is programmed for that address.

The primary address can be programmed for any value
between 0 and 30. However, each device on the bus must
have a unique primary address-- a factor that should be

_kept in mind when setting the primary address of the

Model 199. Most controllers also use a primary address;
consult the controller instruction marual for details.
Whatever address is used, it must be the same as the value
specified as part of the controller's programming language.

To check the presently progranuned primary address, ot
to change to a new one, proceed as follows:

1. Press SHIFT DMM SETUP then NEXT. The current
primary address will be displayed. For example, if the
current address is 26, the following message will be
displayed:

26 IEEE

2. To modify the address, key in a new value (0-30) with
the numeric data buttons.

3. To return to normal operation without permanently
changing the address, press NEXT six times in
succession.

4. To store the address as the power up address, first press
NEXT twice, then use uprange to display “SAVE YES.”
Press NEXT three times to return to normal operation.

3.6 CONTROLLER PROGRAMMING

A number of IEEE-488 controllers are available, each of
which has its own programming language. In this section,
we will discuss the programming language for the Hewlett-
Packard Series 200 and 300 (BASIC 4.0).
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3.6.1 Controlier Handler Software

Before a specific controller can be used over the IEEE-488
bus, it must have IEEE-488 handler software installed. With
some controllers, the software is located in an optional I/O
ROM, and no software installation is necessary on the part
of the user. In other cases, software must be loaded from
a diskette and initialized.

Other small computers that can be used as IEEE-488 con-

trollers may not support all TEEE-488 functions. With some,
interface programming may depend on the particular in-
terface being used. Many times, little “tricks” are necessary
to obtain the desired results.

From the preceding discussion, the message is clear: make
sure the proper software is being used with the interface.
Often the user may incorrectly suspect that the hardware
is causing a problem, when it was the software ail along.

3.6.2 BASIC Interface Programming
Statements

The programming instructions covered in this section in-
ciude examples written in Hewlett-Packard BASIC 4.0. This
computer language was chosen for the examples because
of its versatility in controlling the IEEE-488 bus. A partial
list of statements for BASIC 4.0 is shown in Table 34,

Statements have a one or three digit argument that must
be specified as part of the statement. 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 argu-
ment specify the primary address. In the examples shown,
the default Model 199 address (26) is shown. For a different
address, you would of course change the corresponding
digits in the programming statement. o N

Some of the statements have two forms, with the exact con-
figuration depending on the command to be sent over the
bus. For example, CLEAR 7 sends a DCL command over

the bus, while CLEAR 726 sends the SDC command to

a device with a primary address of 26.

Table 3-4. BASIC Statements Necessary to Send

Bus Commands

Action

HFP-85 Statement

Transmit string to device 26.
Obtain string from device 26
Send GTL to device 26.
Send SDC to device 26.
Send DCL to all devices.
Send remote enable.

Cancel remote enable.

Serial poll device 26.

Send Local Lockout.

OUTFUT V26 wF
EMTER 728, A%
LIaCAL V2&
CLEAR TZE
CLEAR T
FEMOTE ¥
LocaL v

SPOLL <v2es

LoCAL LOCEOUT 7
TRIGGER 725 )

Send GET to device.
’ HEORT 7

Send IFC.

3.7 FRONT PANEL ASPECTS OF IEEE-488

OPERATION

The following paragraphs discuss aspects of the front panel
that are part of [EEE-488 operation, including front panel
error messages, IEEE-488 status indicators, and the LOCAL
key.

3.7.1 Front Panel Error Messages

The Model 199 has a number of front panel error messages
associated with IEEE-488 programming. These messages
are intended to inform you of certain conditions that may
occur when sending device-dependent commands to the
instrument, as summarized in Table 3-5.

The following paragraphs discuss each of these messages
in detail. Note that the instrument may be programmed
to generate an SRQ (paragraph 3.9.13), and the U1 error
word can be checked for specific error conditions
(paragraph 3.9.16} if any of these errors occur.
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Table 3-5. Front Panel IEEE-488 Messages

Message Description _

NO REMOTE Instrument programmed
with REN false.

IDDC liegal Device-dependent
Command

IDDCO lllegal Device-dependent

Command Option
Instrument triggered while
it is still processing a
previous irigger.

Instrument cannot store
readings at programmed in-
terval. Readings will be _
stored as fast as the instru-
ment can run.

Programmed display
message exceeds 10
characters.

Calibration command sent
with calibration switch in
the disable position.
Channel limit is 4 in 4-pole
mode

Channel limit is 8 in 2-pole.

TRIGGER OVERRUN

INTERVAL OVERRUN

BIG STRING

CAL LOCKED

CHAN 4 MAX*
CHAN 8 MAX*

mode

*Scanner error messages. See paragraph 3.12.

NOTE: Error messages associated with translator software
are located in paragraph 3.10.

No Remeote Error

A no remote error will occur if the instrument receives a
device-dependent command and the REN (Remote Enable)
line is false. In this instance, the following error message
will be displayed on the front panel:

NO REMOTE

The error condition can be corrected by placing the REN
line true before attempting to program the instrument.

Programming Example—To demonstrate the NO REMOTE
error message, type in the following lines: .

LOCaL 7
OUTPUT 7258 s¢PRIx? Y

Note that the NO REMOTE error message is briefly
displayed when the second statement above is executed.

IDDC (Illegal Device-Dependent Command) Error

An IDDC error occurs when the unit receives an invalid
command over the bus. For example, the command string
EIX includes an illegal command because the letter E is
not part of the instrument’s programming language. When
an illegal command is received, the instrument will brief-
ly display the following error message:

1) B L G -

To avoid this error condition, send only valid commands.
Refer to paragraph 3.9 for device-dependent command pro-
gramming details.

Programming Example—Jo demonstrate an IDDC error,
use the following statements:

FEMOTE V26
OUTPUT FRE: SFELK®?

Note that the IDDC error message is briefly displayed
when the second statement above is executed.

IDDCO (Illegal Device-Dependent Command Option)

Error

Sending the instrument a legal command with an iHegal
option will result in the following front panel error
message:

IDDCO

For example, the command Y9X has an illegal option (9)
that is not part of the instrument’s p ing language.
Thus, although the command (Y) itself is valid, the op-
tion (9) is not, and the IDDCO error will result.

To avoid this error condition, use only valid command op-
tions, as discussed in paragraph 3.9.

Programuning Exampie—Demonsirate an IDDCO etror
with the following statements:

F‘EHDTE i)
OUTPUT 7F26;5 Siyasr s

3-8
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Note that the IDDCO error message is briefly displayed
when the second statement above is executed.

Trigger Overrun Error

A trigger overrun error occurs when the instrument
receives a trigger while still processing a reading from a
previous trigger. Note that any overrun triggers are ig-
nored. These overrun tri
ment except to generate the message below. When a trig-
ger overrun occurs, the following front panel message w

e displayed for approximately one second:

TRIGGER OVERRUN

Programming Example—Io demonstrate a trigger
overrun error, enter the following statements into the com-
puter keyboard:

REMOTE 725
QUTFUT T2 ¢S TSRH?
OUTEUT FEds < f =Mt ?

Note that the trigger overrun message is displayed after
the third statement is executed. L

Big String Error

A big strm%error occurs when tryind%to display a message
(using the D command) that exceeds 10 characters. Blank
display digits used in the message count as characters. The
invalid message is ignored and the following message is
displayed brietly when a big string error occurs:

BIG STRING

Pro ing Example—Enter the following statements in-
to the computer to demonstrate a big string error:

REMOTE FZ& LT

OUTPLT 726 ¥ 5 DHBURARERYOLTH ¢

The big string error will occur because the message is made
up of 12 characters.

Cal Locked Error
A cal locked error occurs when trying to calibrate the in-

strument over the bus with the front panel calibration
switch in the disable position. Calibration commands will

be ignored and the following message will be displayed

briefly: )

ers will not affect the instru-

CAL LOCKED

Interval Overrun Error

A interval overrun error occurs when the instrument can-
not store readings in the data store or scan at the pro-
grammed interval (O command). However, the instrument
will continue to store readings as fast as it can run. The
following message is displayed briefly when a short time
erTor OCccurs:

INTERVAL OVERRUN

Programming Exampie—To demonstrate an interval over-
run error, enter the following statements into the
computer:

REMOTEFRE
OUTPUT 7255 5 SRIST18HE1TRR 1.
TRIGGER Fae

The instrument will start storing readings in the buffer.
However, since the instrument cannot make measurements
at the selected interval {15msec), interval overrun errors
will occur.

3.7.2 JEEE-488 REMOTE Indicator and LOCAL
Key

REMOTE—The REM indicator shows when the instrument

_is in the remote mode. Note that REM does not necessarily

indicate the state of the REN line, as the instrument must
be addressed to listen with REN true before the REM in-
dicator will turn on. When the instrument is in remote,
all front panel keys except for the LOCAL key will be lock-
ed out. When REM is turned off, the instrument is in the
local mode. :

LOCAL-The LOCAL key cancels the remote mode and
restores local operation of the instrument.

~ Since all front panel keys except LOCAL are locked out

when the instrument is in remote, this key provides a con-
venient method of restoring front panel operation. Press-
ing LOCAL will also turn off the REM indicator and return
the display to the normal mode if user messages were
previously displayed with the D command.

Note that the LOCAL key will also be inoperative if the
LLO (Local Lockout) command is in effect.
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3.8 GENERAL BUS COMMAND
PROGRAMMING

General bus commands are those commands such as DCL
that have the same general purpose regardless of the in-
strument. Commands supported by the Model 199 are
surrunarized in Table 3-6, which lists BASIC 4.0 statements
necessary to send each command. Note that commands
requiring a primary address assume that the Model 199
primary address is set to 26 (its factory default address).

3.8.1 REN {(Remote Enable)

REN is a uniline command that must be asserted by the
controller to place the Model 199 in remote. Simply set-
ting REN true will not actually place the instrument in
remote; instead, the unit must be addressed to listen after
REN is set true.

Generally, remote enable should be asserted before at-
tempting to program the instrument over the bus. Once
the instrument is in remote, all front panel controls except
LOCAL will be inoperative. Normal front panel operation
can be restored by pressing the LOCAL key. _

To place the Model 199 in remote, the controller must per-
form the following sequence: S

1. Set the REN line true.
2. Address the Model 199 to listen.

Programming Example—Place the Model 199 in remote
with the following statement:

F'ENI'ITE TEE

The Model 199 should be in remote, as mdxcated by the
annunciator light. if not, check to see that proper bus con-
nections are made, and that the instrument is programm-
ed for the correct primary address (26).

Note that all front panel controls except LOCAL (and, of
course, POWER) are inoperative while the instrument is
in remote. You can restore normal front panel operation
by pressing the LOCAL button.

3.8.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 199 in the talker and listener idle states. The unit
will respond to the IFC command by cancelling TALK or
LISTEN, if the instrument was previously placed in one
of those modes.

To send the IFC command, the controller need only set
the IFC line true for a minimum of 100usec.

Table 3-6. General Bus Commands and Associated BASIC Statements

BASIC 4.0
Command | Statement

Affect on Model 199

REN REMOTE ¥

IFC [ AEBORT V7

LLO | LOCAL LOCKOUT 7
GIL LOCaL 72a

DCL ELEHF‘ ¥

sSDC CLEAR 72&

GET TRIGGER 7

Goes into remote when next addressed.
Goes into talker and listener idle states.
Front LOCAL key locked out.

Cancel remote.

Returns to default conditions.

Returns to default conditions.

Triggers reading in T2 and T3 modes.
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3.8.3 LLO (Local Lockout)

The LLO command is used to lock out operation of the
LOCAL key, thereby completely locking out front panel
operation of the instrument (recall that the remaining con-
trols are locked out when the instrument is placed in
remote).

To send the LLO command, the controller must perform
the following steps:

1. Set ATN true.
2. Place the LLO command byte on the data bus.

To cancel local lockout and return control to the front
panel, REN must be set false by sending the LOCAL 7
command to the instrument.

Programming Example—To verify LLO operation, enter the
following statements:

REMOTE 72E
LOCAL LOCETUT 7

After the second statement is executed, the LOCAL key
will be locked out.

To cancel LLO, type in the following statement:
LOCAL 7

When END LINE is pressed, control to the front panel will
be restored.

3.8.4 GTL (Go To Local)

The GTL command is used to take the instrument out of
the remote mode and restore operation of the front panel

keys.

To send GTL, the controller must perform the following
sequence: o

1. Set ATN true.
2. Address the Model 199 to listen.
3. Place the GTL command byte on the data lines.

The GTL command will not cancel LLO {local lockout)

since it does not set REN false,

Programming Example—Place the instrument in the
remote mode with the following statement:

REMOTE 725
Verify that the instrument is in remote.

Send GTL as follows:

LOCRL 726

Note that the instrument goes into the local mode, and
that operation of the front panel keys has now been
restored.

3.85 DCL (Device Clear)

The DCL command may be used to clear the Model 199
and return it to its default conditions. Note that the DCL
command is not an addressed command, so all in-
struments equipped to implement DCL will do so
simultaneously. When the Model 199 receives a DCL com-
mand, it will return to default conditions (see paragraph
3.9.11). Table 3-7 lists factory default conditions.

Table 3-7. Factory Default Conditions

Mode Command | Status

Muitiplex* Al Enabled

Reading BO A/D converter

Function® FO DC volts

Data Format GO Send prefix with
reading

SelfTest Jo Clear

EOI Ko Enable EOI and bus
hold-off on X

SRQ Mo Disabled

Filter* P1 Internal enabled

Interval* Q0 175msec (SELECT
OFF)

Data Store Size* 10 Continuous

Range* R4 300V

Rate* Sl 5%d, line cycle
integration

Trigger T6 Continuous on ex-
ternal trigger

Delay* Wi No delay

Terminator YO CRLF

Zero Z0 Disabled

_ *These defaults can be changed. See paragraph 3.9.11.
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To send the DCL command, the controller must perform
the following steps:

1. Set ATN true.
2. Place the DCL command byte on the data bus.
Notes:

1. DCL will return the instrument to the default line fre-
quency setting.

2. DCL will not have any effect on the current IEEE

address.

Programming Example—Place the unit in an operating
mode that is not a default condition. Now enter the follow-
ing statement into the keyboard:

CLEAR T
Note that the instrument returns to the default conditions.

3.8.6 SDC (Selective Device Clear)

The SDC command is an addressed command that per-
forms essentially the same function as the DCL command.
However, since each device must be individually address-
ed, the SDC command provides a method to clear only
a single, selected instrument instead of clearing all in-
struments simultaneously, as is the case with DCL.. When
the Model 199 receives the SDC comimand, it will return
to the default conditions (see paragraph 3.9.11). Table 37
lists factory default conditions.

To transmit the SDC command, the controlier must per-

form the following steps:

1. Set AN true.
2. Address the Model 199 to listen.
3. Place the SDC command byte on the data bus.

Notes:

1. SDC will retummn the instrument to the default line fre-
quency setting.

2. SDC will not have any effect on the current IEEE

address.

Programming Example—Using several front panel con-
trols, alter instrument states from the default configura-
tion. Send SDC with the following statement:

When the abaove statement is executed, the instrument
returns to the default configuration.

3.8.7 GET (Group Execute Trigger)

GET may be used to initiate a Model 199 measurement se-
quence if the instrument is placed in the appropriate trig-
ger mode (see paragraph 3.9). Once triggered, the instru-
ment will take a single reading or series of readings.

To send GET, the controller must perform the following
sequence:”

1. Set ATN low.
2. Address the Model 199 to listen.
3. Place the GET command byte on the data bus.

- Programming Example—Type in the following statements

to place the instrument in the correct trigger mode for pur-
poses of this demonstration:

REMOTE ¥2&
QUTRUT P& < FTEZR?

Now trigger the reading by sending GET with the follow-
ing statement:

TRIGGER 725

The reading will be triggered when the statement is
executed.
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3.8.8 Serial Polling (SPE,SPD)

The serial polling sequence is used to obtain the Model
199 serial poll byte. The serial poll byte contains impor-
tant information about internal functions, as described in
paragraph 3.9.13. The serial polling sequence can also be

used by the controller to determine which instrument on

the bus has asserted SRQ} (Service Request).

The serial polling sequence is generally conducted as
follows:

1. The controller sets ATN true.

2. The controller then places the SPE (Sertal Poll Enable)
command byte on the data bus. At this point, all active

devices are in the serial poll enabled mode and waiting

to be addressed.
3. The Model 199 is then addressed to talk.
. The controller sets ATN false.

5. The instrument places its serial poll byte on the data
bus to be read by the controller.

6. The controller then sets ATN true and places the SPD

(Serial Poll Disable) command byte on the data bus to

end the serial polling sequence.

1=

Once instruments are in the serial poll mode, steps 3
through 5 above can be repeated by sending the correct
talk address for each instrument.

Programming Example-The GSPOLL statement
automatically performs the sequence just described. To
demonstrate serial polling, type in the following program
lines:

18 REMOTE 726
ZEE=SFO0LL <7257
A8 PEIMT &

20 EHI

When the above program is executed, the Model 199 is
serial polled, and the decimal value of the serial poll byte
is displayed on the computer CRT.

3.9 DEVICE-DEPENDENT COMMAND
PROGRAMMING

TEEE-488 device-dependent commands are used with the
Model 199 to control various operating modes such as
function, range, trigger mode and data format. Each com-
mand is made up of a single ASCII letter followed by a
number representing an option of that command. For ex-

ample, a command to control the measuring function is
programmed by sending an ASCII “F” followed by a
number representing the function option.

A number of commands may be grouped together in one
string. A command string is usually terminated with an
ASCII "X” character, which tells the instrument to execute

" the command string. Commands sent without the execute

character will not be executed at that time, but they will
be retained within an internal command buffer for execu-
tion at the time the X character is received. If any errors
occur, the instrument will display appropriate front panel
error messages and generate an SRQ if programmed to do
50,

Commands that affect instrument operation will trigger a
reading when the command is executed. These bus com-
mands affect the Model 199 much like the front panel con-

- trols. Note that comunands are not necessarily executed in

the order received; instead, they will be executed in
alphabetical order. Thus to force a particular command se-
quence, you would follow each command with the execute
character (X}, as in the example string, LOXF2X, which will
reset the instrument to factory default conditions and then
select the ochms function.

Device-dependent commands can be sent either one at a
time, or in groups of several commands within a single
string. Some examples of valid command strings include:

FOX—>5ingle command string.
FOK1POROX—Multiple command string.
Té6 X—Spaces are ignored.

Typical invalid command strings include:

EiX—Invalid command, as E is not one of the instrument
commands.
F15X—Invalid command option because 15 is not an option
of the F command.

I-an illegal command (IDDC), illegal command option
(IDDCO), is sent, or if a command string is sent with REN
false, the string will not be executed.

Device-dependent commands that control the Model 199
itself are listed in Table 3-8 (Scanner programming is
covered separately in paragraph 3.12). These commands
are covered in detail in the following paragraphs. The
associated programming examples show how to send the
commands from BASIC 4.0. _
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Notes:

1. Programming examples assume that the Model 199 is
at its factory default value of 26.

2. Device dependent commands sent over the bus while
the unit is in a front panel menu will be ignored. Before
programming over the bus, press NEXT as many times
as necessary to exit the menu.

In order to send a device-dependent command, the con-
troller must perform the following steps: -

1. Set ATN true.
2. Address the Model 199 to listen.
3. Set ATN false.

4. Send the command string over the bus one byte at a
time,

Table 3-8. Device-Dependent Command Summary

Mode Command Description ragraph
Execute X Execute other device-dependent commands. 391
Function FO DC volts 392
F1 AC volts
F2 Ohms
F3 DC currént
4 AC current
F5 ACV dB
F6 ACA dB
Range - _ 3.93
DCV  ACV DCA ACA  Ohms ACV dB ACA dB
RO Auto Auto  Auto Auto  Auto Auto Auto
R1 300V 300mV  30mA 30mA 300 2 Auto Auto
R2 3V 3V 3 A 3 A 3Kk Auo Auto
R3 30 V30V 3 A 3 A 30KR  Auto Auto
R4 300 V300 V. 3 A 3 A 300kl Auto Auto
R5 300 V300 V. 3 A 3 A 3MQ2 Auto Auto
R6 300 V300 V. 3 A 3 A 30MQ Auto Auto
R7 300 V300 V 3 A 3 A 300MQ Aubo Auto
Zero z0 Zero disabled 394
Z1 Zero enabled
Z2 Zero enabled using a zero value (V)
Filter PO Internal and front panel filter disabled 3.9.5
P1 Internal filter enabied
P2 Front panel filter enabled
Rate 50 " | 4% digit resolution, 2.59msec integration period 3.96
Sl 5% digit resolution, line cycle integration (16.67msec,
60Hz; 20msec, 50Hz)
Trigger Mode T0 Continucus on Talk 397
T1 One-shot on Talk
T2 Continuous en GET
3 One-shot on GET
™ Continuous on X
15 One-shot on X
T6 Continuzous on External Trigger
T7 One-shot on External Trigger
Reading Mode BO Readings from A/D converter 398
B1 Individual readings from data store
B2 All readings from data store (buffer dump)
Data Store Size 10 Wrap around data store mode 3.99
In Data store of n (n=1 to 500)
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Table 3-8. Device-Dependent Command Summary (Cont.)

Mode Command 'Ijescriprtion Paragzaph
Interval Qo Default interval, 175msec (SELECT OFF) 399
On n=interval in milliseconds (I5msec to 999999msec)
Value V+nn.nnnn or | Calibration value, zero value 3.9.10
V4+n.nnnnnnE+n
Calibration Co Calibrate first point using value (V) 3.910
C1 Calibrate second point using value (V)
2 Calibrate third point using value (V)
Default Conditions Lo Restore factory default conditions and save (L1) 3.9.11
L1 Save present machine states as default conditions
Data Format GO Reading with prefix. 3912
Gl Reading without prefix.
G2 Reading and buffer location with prefix.
G3 Reading and buffer location without prefix.
G4 Reading and channel with prefix.
G5 . |Reading and channel without prefix.
Gé Reading, buffer location, and channel with prefix
G7 Reading, buffer location, and channel without prefix
SRQ MO Disable 39.13
M1 Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
M1lé Ready
M32 Error
EOI and Bus Hold-off KO Enable EOI and bus hold-off on X 3.9.14
K1 Disable EQI, enable bus hold-off on X
K2 Enable EOI, disable bus hold-off on X
K3 _| Disable both EOI and bus hold-off on X
Terminator Y0 CR LF 3915
Y1 LF CR
Y2 CR
Y3 LF
Status o Send machine status word 3.9.16
Ul Send error conditions
uz Send Translator word list
U3 Send buffer size
U4 Send current value of “V”
U5 iSend input switch status (front/rear)
Multiplex A0 Auto/Cal multiplex disabled 3917
Al _ Auto/Cal multiplex enabled
Delay Wn n=delay period in milliseconds, (Omsec to 999999msec) | 3.9.18
Seif-test JO Test, ROM, RAM, E*PROM 3.9.19
Hit Button Hn Hit front pane] button number n 3.9.20
Display Da Display up to 10 character message. a=character 3.9.21
D Cancel display mode
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NOTES:

1. REN must be true when sending device-dependent com-
mands to the instrument, or it will ignore the command
and display a bus error message.

2.Scanner programming commands are covered in
paragraph 3.12.

General Programming Example—Device-dependent com-
mands may be sent from the computer with the follow-
ing statement:

DUTFUIT F268: A%

AS in this case contains the ASCII characters representing
the command string.

3.9.1 Execute (X}

The execute command is implemented by sending an
ASCII "X” over the bus. Its purpose is to direct the Model
199 to execute other device-dependent commands such as
F {function) or R (range). Usually, the execute character
is the last byte in the command string (a number of com-
mands may be grouped together into one string); however,
there may be certain circumstances where it is desirable
to send a command string at one time, and then send the
execute character later on. Comumand strings sent without
the execute character will be stored within an internal com-
mand buffer for later execution. When the X character is
finally transmitted, thie stored commands will be executed,
assuming that all commands in the previous string were
valid.

Programming Example—Enter the fo]lowmg statements in-
to the keyboard:

REMOTE 726
OUTPUT 725;: 0

s
B2

The X character will be transmitted to the instrument. No
mode changes will occur with this example because no
other commands were sent. Note that the instrument re-
mains in the listener active state after the command is
transmitted.

3.9.2 Function (F)

The function command allows the user to select the type
of measurement made by the Model 199. When the instru-

- ment responds to a function command, it will be ready

to take a reading once the front end is set up. The func-
tion may be programmed by sending one of the following

commands:

"F0 = DC Volts
F1 = AC Volts
F2 = Ohms

F3 = DC Current
1 = AC Current
F5 = ACV dB

F6 = ACA dB

Upon power up, or after the instrument receives a DCL
or SDC command, the Mode! 199 will return to the default
condition.

Programming Example—Place the instrument in the ohms
function by pressing the OHMS button and enter the
following statements into the computer keyboard:

FEMOTE 726
QUTRUT 7252 Fax?®

When FOX is executed, the instrument changes to DC volts.

3.9.3 Range (R)

The range command gives the user control over the sen-
sitivity of the instrument. This command, and its options,
perform essentially the same functions as the front panel
Range buttons. Range command parameters and the
respective ranges for each measuring function are sum-
marized in Table 3-9. The instrument will be ready to take
a reading after the range is set up when responding to a

‘range command.

Upon power up, or after the instrument receives a DCL
or SDC command, the Model 199 will return to the default
condition.

Programming Example—Make sure the instrument is in
the autorange mode and then enter the following
statements into the computer:

REMOTE 72

5
OUTPUT 726: P *REN
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Table 3-9. Range Command Summary

~ Range
Command| DCV ACV DCA ACA Ohms |ACV dB |ACA dB
RO Auto Auto Auto Auto Auto Auto Auto
R1 300mV | 300mV | 30mA | 30mA | 300 Q Auto Auto
R2 3 Vv 3V 3 A 3 A 3k Auto Auto
R3 30 VI 30 V 3 A 3 A 30k Auto Auto
R4 300 V{300 V 3 A 3 A {300k Auto Auto
R5 300 V300 V 3 A 3 A 3MQ Auto Auto
R6 300 V300 V 3 A 3 A | 30MQ Auto Auto
v 300 V{300 V 3 A 3 A | 300MQ Auto Auto

The instrument cancels the autorange mode, and enters
the R3 range instead.

3.9.4 Zero (2)

Over the bus, the zero modifier can be controlled in the
same way that it is controlled from the front panel. Refer
to paragraph 2.6.2 for a complete description of the zero
modifier. The zero modifier is confrolled by sending one
of the following zero commands over the bus:

Z0 = Zero disabled.
Z1 = Zero enabled.
Z2 = Zero enabled using a zero value (V).

Sending Z1 has the same effect as pressing the ZERO but-
ton. Zero will enable, and the display will zero with the
input signal becoming the zero baseline level.

The Z2 command is used when a zero value, using the
V command, has already been established. When the Z2
command is sent, subsequent readings represent the dif-
ference between the input signal and the value of V. For
example, with 0.5V on the input, sending the command
strings V2XZ2X will result with zero being enabled and
the instrument reading —1.5V (0.5 =20 = ~1.5). If no V
is value is programmed, a value of 0 is assumed.

NOTE
In a one-shot trigger mode, you must trigger the
unit after sending the Z command to complete
zero programming. ZERO will flash after sending
Z1 until the unit is triggered.

Upon power up or after the instrument receives a DCL
or SDC command, the Model 199 will return to the default
condition.

Programming Example—Set the instrument to the 3V DC
range. With the front panel ZERO button disable the zero
mode, if enabled, and enter the following statements into
the HP-85 keyboard:

REEMOTE 725
OUTFUT F2ea 72U LEY?
DUTPUT 72 ' 218"

After the third statement, the ZERQO indicator will turn on
with a zero baseline of TVDC.

3.9.5 Filter (P)

The filter command controls the amount of filtering ap-
plied to the input signal. The Model 199 filters the signal
by taking the average of a number of successive reading
samples. Since nojse is mostly random in nature, it can
be largely cancelled out with this method. Paragraph 2.6.3
discusses filtering in more detail.

P0 = No filtering
P1 = Internal filter enabled
P2 = Front panel filter enabled

Upon power up or after the instrument receives a DCL
or SDC command, the Model 199 will return to the default
condition,

Programming Example—With the front panel FILTER in-
dicator off, enter the following statements into the
computer.

 REMOTE 7o6—-
OUTEUT 726 7 TRaus s
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The filter will turn on.

3.9.6 Rate (S)

The rate command controls the integration period and the
usable resolution of the Model 199. Table 3-10 lists the
usable resolution on each function for the two S modes.
The integration period is dependent on usable resolution
as shown in Table 3-10.

Upon power up or after the instrument receives a DCL
or SDC cormimand, the Model 199 will return to the default
condition.

Programming Example—From the front panel, set the
display of the Model 199 for DCV at 4%d resolution. Now
enter the following statements into the computer:

REMOTE 726 Lo
OUTPUT T2E5 77516

il

When END LINE is pressed the second time, the 51 rate
will be selected (5% digit resolution).

Table 3-10. Rate Command Summary

Integration
Command Resolution Period
S0 4%d 2.59msec -
Sl 5%d Line*

*20msec @ S50Hz, 16.67msec @ 60Hz.

3.9.7 Trigger Mode (T)

Triggering provides a stimulus to begin a reading conver-
sion within the instrument. Triggering may be done in two
basic ways: in a continuous mode, a single trigger com-

mand 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 Model 199 has eight
trigger commands as follows:

T0 = Continuous on Talk
T1 = One-shot on Talk
T2 = Continucus on GET
T3 = One-shot on GET

T4 = Continuous on X

T5 = One-shot on X

T6 = Continuous on External Trigger
T7 = One-shot on External Trigger

The trigger modes are paired according to the type of
stimulus that is used to trigger the instrument. In the TO
and TI modes, triggering is performed by addressing the
Model 159 to talk. In the T2 and T3 modes, the IEEE-488
multiline GET command performs the trigger function.
The instrument execute (X) character provides the trigger
stimulus in the ™ and T5 modes. External trigger pulses
provide the trigger stimulus in the T6 and T7 modes.

Upon power up or after the insttument receives a DCL
or SDC command, the Model 199 will return to the default
" condition.

NOTES:. ~

1. The front panel TRIGGER button can be used to trig-
ger readings. See paragraph 2.8 for details.

2. In T, the unit provides its own trigger.

Programming Example—Place the instrument in the one-
shot on talk mode with the following program:

18 REMOTE 726
EH OUTPUT 72657 TT1H?
T8 EMTER T2E. aF

48 FRINT af

S8 EMD

In this example, the ENTER statement addresses the Model
=199 to talk, at which point a single reading is triggered.
When the reading has been processed, it is sent out over
the bus to the computer, which then displays the result.
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3.9.8 Reading Mode (B)

The reading mode command parameters allow the selec-
tion of the source of data that is transmitted over the
TEEE-488 bus. Through this command, the user has a
choice of data from the A/D converter (normal DMM
readings} or the buffer (data store). The reading mode com-
mands are as follows:

I

B0 = A/D converter readings
Bl = Single Data Store readings
B2 = All Data Store readings

]

Upon power up or after the instrument receives a DCL

or SDC command, the Model 199 will return to the default

condition.

When in B0, normal A/D readings will be sent. In a con-
tinuous trigger mode, readings will be updated at the con-
version rate. The Bl command is used to access single
readings from the buffer. When the Bl command is sent,
subsequent readings will be taken from consecutive buf-
fer locations beginning with the first memory location

{001). Once all readings have been requested, the last loca-

tion will be continuously sent.

The B2 command allows you to dump the entire data store
contents to the computer in one operation. Individual
readmgs will be separated by commas, and the selected

data format will apply to each reading. Data fields not ap-
plicable to the requested operation will be filled with
zeroes. Also, the programmed terminator and EOI will be
asserted at the end of the complete dump--not after each
reading as is the case with the Bl mode.

NOTE
In Bl or B2 nothing will be transmitted over the
bus until data is stored in data store.

ing Example—Enter the following statements in- .

to the computer to send a reading over the bus and display
it on the computer CRT.

18 REMOTE 726

28 QUTRUT PZe: * Y EER Y
ZEEMTER 7T25: AF

48 FRINT Af

S8 EMD

The second statement above sets the instrument to the A/D
converter reading mode. The third and fourth statements

acquire the reading and display it on the CRT.

3.9.9 Data Store Interval (Q) and Size (l)

The data store is controlled by the interval command (Q)
and the size command (I).

Interval

With the Q command, the user can select the interval that
the instrument will store readings. The Q command is in
the following formu:

Q0=175msec default interval (SELECT OFF)

*-Qn=>5et interval in miilisec (I5msec to 999999msec).

Note that the programmed interval also affects the inter-

~ val between readings, and scan interval.

To store readings at a selected interval (Qn), the instru-
ment must be in a continuous trigger mode (10, T2, T4,
T6). When the selected trigger occurs, the storage process
will commence.

One-Shot Trigger Into Data Store

To use the data store in the one-shot mode, the instrument
must be in a one-shot trigger mode (TI, T3, TS or T7). In
the T1 mode, one reading will be stored each time the in-
strument is addressed to talk. In the T3 mode, each GET
command will cause one reading to be stored. In the T5
mode, each instrument execute character (X) will cause a
reading to be stored. Finally, in the T7 mode, each exter-
nal trigger pulse will cause a reading to be stored.

Size

The size of the data store can be controlled by one of the
following I commands.

I0=Wrap around storage mode.
In=S5et data store size to n (1 to 500).

" In the wrap around data storage mode (I0), storage will

not stop after the buffer is filled (500 readings), but will
proceed back to the first memory location and start over-
writing data. With the Innn command, the storage pro-
cess will stop when the defined number of readings have
been stored. In this case the buffer is considered to be full.

3-19



IEEE-438 PROGRAMMING

13 REMOTE 728

20 OUTEUT 726 1 BEWG1H? ?
58 EHTER 728 By B
40 FRINT a3

S@ EME

MNOTES:

1. Sending the I command enables data store; however,
the unit must be properly triggered to begin storage once
data store is enabled.

2. When the I command is sent, ““----* will be displayed
until the first trigger occurs.

3. The data store can be disabled by sending the F
comunand.

4. The INTERVAL CVERRUN error message indicates that
the instrument cannot store readings at the programm-
ed interval rate. Instead, readings will be stored as fast
as the instrizment can run.

5. Either during or after the storage process, readings may
be recalled by using the Bl or B2 command as describ-
ed in the previous paragraph. ,

Upon power up or after the instrument receives a DCL
or SDC command, the Model 199 will return to the default
condition.

Programming Example—FEnter the program below to
enable data store operation and obtain and display 100
readings on the computer CRT:

PROGHAM COMMENTS
18 DIM A% L2357 -
2@ REMOTE 728 Send remote enable.
@ DUTRUT 725 Set trigger mode, and

CSTZEETADT LG storage parameters.

48 TRIGGER T2E Start storage process.
T QUTPLUT FRE; Set read mode to data
EEBIG2KET T store.

&3 FOR I=1.T0 165 Set counter for 100
loops.

T8 EHMTER FIEAs Get a teading.

20 PRINT 4% Display reading.

TEHEXT I Loop back for next
reading.

168 EHD

After entering the program, press the RUN key. The pro-
gram will set the store size to 100 {line 30), enable the data
store (line 40), turn on the data store output (line 50}, and

then request and display all 100 readingér(ﬁnes 60-100).

3.9.10 Value (V) and Calibration (C)

One advanced feature of the Model 199 is its digital calibra-

“tion capabilities. Instead of the more difficult method of

adjusting a number of potentiometers, the user need on-
ly apply an appropriate calibration signal and send the
calibration value over the bus.

The V command is also used to program a zero value {see

" paragraph 3.9.4).

The value command may take on either of the following
forms:

Vnn.nnnnn

Vo.nnnnnnE+n

Thus, the following two commands would be equivalent:
V30
V3.0E+1

In this example, note that only as many significant digits
as necessary need be sent. In this case, the exact value is
assumed to be 30.0000 even though only the first two digits
were actually sent.

Digital Calibration—When performing digital calibration,
two (three for DCV) points must be calibrated on each
range. The first calibration value should be approximately
full range and the second calibration value should be ap-
proximately zero. (The third point is at minus full range
for DCV only). After the second or third calibration value
is sent over the bus, permanent storage of the two values
will occor.

In order to send calibration values over the bus, the calibra-

- tion command {C) must be sent after the value cornmand

(V}is sent. The calibration command takes on the follow-
ing form:

CO=Calibrate first point using value V)
Cl=Calibrate second point using value (V)
C2=Calibrate third point using value (V)

The following example first sends a calibration value of 3
and then a calibration of 0.

V3XC0X
VOXCI1X
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If the calibration value is greater than 303000 counts (at

5%4d resolution) an IDDCO error message will be d.lsplayed_

on the Model 199.

CAUTION
Precision calibration signals must be connected
to the instrument before attempting calibration,
otherwise instrument accuracy will be affected.
See Section 6 for complete details on cali-
brating the instrument either from the front
panel or over the bus.

3.9.11 Default Conditions (L)

The L) command allows the user to return the instrument
to the factory default conditions. Factory default conditions
are set at the factory and are listed in Tables 37 and 2-1.

The instrument will power up to these default conditions.

The current IEEE address and line frequency setting of the
instrument are not affected by the L0 command.

The L1 command is used to save the current instrument
conditions. The instrument will then power up to these
default conditions.

Any of the options of the following device-dependent com-
mands can be saved as the default conditions:

A (multiplex), F (function), P (Filter), Q and I (reading in-
terval and size), R (range), S (rate), W (trigger delay), and
Z (zero). B ' '

The L command options are as follows:

LO=Restore instrument to factory default conditions and
save (L1}.
L1=5ave present machine states as the default conditions.

Programming Example--Set the Model 199 to the ohms

function, and enable zero and filter. Now, enter the foIiow

ing statements into the computer:

REMOTE ¥
DUTPLET 7282 L11=€-‘ !

After the second statement, cycle power on the Mode] 199
and note that the instrument returmmns to the conditions in-
itially set in this example.

3.9.12 Data Format (G)

The G command controls the format of the data that the
instrument sends over the bus. Readings may be sent with
or without prefixes. Prefixes are the mnemonics preceding
the reading and the buffer memory location. Figure 3-6
further clarifies the general data format. The G commands
are as follows:

GO

i

Reading with prefix only. Example:

NDCV-1.234567E+0

Gl = Reading without prefix. Example:

-1.234567E+0

Reading and buffer memory location with prefix.

Example: NDCV-1.234567E+0,B001

G3 = Readings and buffer memory without prefix.
Example: —1.234567E+0,001.

G4 = Reading and channe] with prefix. Example:
NDC-1.234567E+0,C1

G5 = Reading and channel without prefix. Example:
—-1.234567E+0,1

G6 = Reading memory buffer location, and channel with
prefix. Example: NDCV-1.234567E+0,B001,C1

G7 = Reading buffer memory location, and channel

without prefix. Example:

-1.234567E+0,001,01

G2

UPon power up or after the instrument receives a DCL
or SDC command, the Model 199 will return to the default
condition.

Notes:

1. The B command affects the source of the data. In the
B0 mode, the bus data will come from the A/D converter.
In the B1 and B2 modes, the data will come from the
buffer.

2. Programmned terminator and EOI 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 or channel is not available, zero is
sent. G6 Example: NDCV+2.000000E+1,B000,C0.

4. All 95 appear in the data field for an overflow.

Programming Example—TIo place the instrument in the G1
mode and obtain a reading, enter the following statements
into the keyboard:

18 REMOTE PEE
26 QUTFUT P26; * ¢ BAXGIRS
0 ENTER 726 4%

48 FRINT A%

S8 ENI)
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Mantissa 6 172 Digits Buffer Location (G2, G3, G6, G7)
Prefix ’ Channel (G4, G5, G6, G7)
I
NEGV +1 234567 E + 1, B400, CB CR LF
Terminator

N = Normal Channei Profix

O = Overflow

Z =~ Zoroed Bufter Prefix

Exponent

DCV = DC Volts |
ACV = AC Volts
OHM = Chms
DCl = DC Amps Notes : 1. Buffer Location = BOOO with Data Store Disabled
ACI= AC Amps 2. Channel = CO with no Scanner or
dBV = AC dB Volis Scanner Disabled
dBl = AC dB Amps
RAT = Ratio

Figure 3-6. General Data Format

When the second statement is executed, the instrument
will change to the G1 mode. The last two statements ac-
quire data from the instrument and display the reading
string on the CRT. Note that no prefix or suffix appears
on the data string.

3.9.13 SRQ Mask (M) and Serial Poll Byte
Format

The SRQ command controls which of a number of condi-
tions within the Model 199 will cause the instrument to
request service from the controller by asserting an SRQ.
Once an SRQ is generated, that serial poil byte can be
checked to determine if the Model 199 was the instrument

that asserted the SRQ, and if so, what conditions can be

checked by using the Ul command, as described in
paragraph 3.9.13.

The Model 199 can be programmed to generate an SRQ
under one or more of the following conditions:

1. When a reading is completed or an overrange condition
occurs.

2_If a bus error occurs.

3. When the data store is full.

4. When the data store is % full.
5. If a trigger overrun error occurs.

Upon power up or after a DCL or SDC command is re-
ceived, SRQ) is disabled.

SRQ Mask—The Model 199 uses an internal mask to deter-
mine which conditions will cause an SRQ to be generated.
Figure 37 shows the general format of this mask.

SRQ can be programmed by sending the ASCII letter "M”
followed by a decimal number to set the appropriate bit
int the SRQ mask. Decimal values for the various bits are
summatized in Table 3-11. 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 con-
ditions, send M3X. To disable SRQ, send M(X. This com-
mand will clear all bits in the SRQ mask.

Serial Poll Byte Format—The serial poll byte contains in-
formation relating to data and error conditions within the
instrument. The general format of the serial poll byte
(which is obtained by using the serial polling sequence,
as described in paragraph 3.8.8) is shown in Figure 37.
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Bit
Position B7 |B6 [ B5 [ B4

Value ¢ |os1 ot 0/

Decimal
Weighting

128| 6432116

B3 |B2{81|BO
0/1 10/ Josfont
8l412]1

1=RQS
SRQBY 199 (Status Byte only)

1 = Error
1 = Ready

I—— 1 = Reading QOverflow
1 = Data Store Full
1 = Data Store Half Full

1 = Reading Done

Figure 3-7. SRQ Mask and Serial Poll Byte Format

Table 3-11. SRQ Command Parameters

Command | Condition to Generate SRQ
MO Disable
M1 Reading overflow
Mz Data store full
M4 Data store half full
M8 Reading done
M6 Ready
M32 Error

The bits in the serial poll byte have the following meanings:

Bit 0 (Reading Overflow)—Set when an overzange input
is applied to the instrument. Cleared when the input is
on range.

Bit 1 (Data Store}—Set when the defined data store size
is full. Cleared by re-enabling data store.

Bit 2 (Data Store ¥: Full)—Set when half the defined data
store size is full. Cleared by re-enabling data store. '

Bit 3 (Reading Done)—Set when the instrument has com-'
pleted the present reading conversion. Cleared whﬂe pro-
cessing a reading.

Bit 4 (Ready)-—Set when the instrument has processed all
previously received commands and is ready to accept ad-
ditional commands over the bus. Cleared while the mstru—
ment is processing commands.

Bit 5 (Error)—Set when one of the following errors has
occurred:

. Trigger Overrun

. Interval Overrun

. Big String

. Uncalibrated

Cal Locked

Conflict

Mo Remote

IDDC

. IDDCO - -
10. Translator

11. No Scanner

12. Chan 4 Maximum
13. Channel 8 Maximum

WONS TR LR

The error bit is cleared by reading the Ul word.

The nature of the error can be determined with the Ul
command as explained in paragraph 3.9.16. An explana-
tion of each error can also be found in paragraph 3.9.16.

Bit 6 (RQS)—Provides a means to determine if an SRQ was

. asserted by the Model 199. If this bit is set, service was

requested by the instrument.

Bit 7—Not used and always set to zero.

Note that the status byte should be read to clear the SRQ
line once the instrument has generated an SRQ. All bits
in the status byte will be latched when the SRQ is
generated. Bit 6 (RQS) will be cleared when the status byte
is read.
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Programming Example—Enter the following program in-
to the computer:

PROGRAM COMMENTS

16 REMOTE FZe Set up for remote
operation.

15 CLEAR T :

28 JUTRUT T.’Zt PEFEEE? Program for SRQ on
IDDCO.

IO OUTRUT 7285 1RGSR ® Attempt to program
illegal option.

4B S=SPOLLITZED Serial poll the
instrument.

43 IF MOT BIT4S: 32 THEN 48 Wait for SRQ error.

S8 FRINT # BV BE BS B4 B2 Identify the bits.
EZ Bl EBY?

el FOR I=s7F To8 STER -1

TEFRIMT BIT €8s Ik

Loop eight times.
Display each bit
position.

1 HERT 1

PRINT

EMD

L nn ]
|F._1 [ ]

Once the program is entered and checked for errors, press
the RUN key. The computer first places the instrument in
remote (line 10) and then programs the SRQ mode of the
instrument (line 20). Line 30 then attempts to pro-
gram an illegal command option, at which point the in-

strument generates an SRQ and sets the bus error bit in

its status byte. The computer then serial polls the instru-
ment (line 40), and then displays the status byte bits in
proper order on the CRT. In this example, the SRQ (B6)
and error (B5) bits are set because of the attempt to pro-
gram an illegal command option (K5). Other bits may also
be set-depending on instrument status.

3.9.14 EO! and Bus Hold-off Modes (K)

The K command allows control over whether or not the
instrument sends the EOQI command at the end of its data
string, and whether or not bus activity is held off (through
the NRFD line) until all commands sent to the instrument
are internally processed once the instrument receives the
X character. K command options include:

KO = Send EOI with last byte; hold off bus until com-
mands processed on X.
K1 = Do not send EOI with last byte; hold off bus until

commands processed on X.

K2 = Send EOI with last byte; do not hold off bus on X.
K3 = Send no EOI with last byte; do not hold off bus on X.

or SDC command, the instrument will return to KD.

‘The EQI line on the IEEE-488 bus provides a method to

positively identify the last byte in a multi-byte transfer se-
quence. Keep in mind that some controllers rely on EOI
to terminate their input sequences. In this case, suppress-
ing EOI with the K command may cause the controller in-
put sequence to hang unless other terminator sequences
are used.

_The bus hold off mode allows the instrument to temporari-
.~ ly hold up bus operation when it receives the X character

until it processes all commands sent in the command
string. The purpose of the hold off is to ensure that the

- front end FETs and relays are properly configured before

taking a reading. Keep in mind that all bus operation will
cease--not just activity associated with the Model 199. The
advantage of this mode is that no bus commands will be
missed while the instrument is processing commands
previously received.

The hold off period depends on the commands being pro-
cessed. Table 3-12 lists hold off times for a number of dif-

- ferent commands. Since a NRFD hold off is employed, the

handshake sequence for the X character is complete.

NOTE
With KO or K2 asserted, hold-off will also occur on
an EQI and a terminator. These delays allow for
proper operation of the Translator software, since
“X" cannot be used in Translator words.

Programming Example—Io program the instrument for the
K2 mode, enter the following statements into the
computer:

REMOTE 728
QUTRUT 726 S e REH T

When the second statement is executed, the instrument
will be placed in the K2 mode. In this mode, EOI will still
be transmitted at the end of the data string, but the bus
hold-off mode will be disabled.
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Table 3-12. Bus Hold-off Times (Typical)

Typical
Command Hold Off Time
A0—Al 176msec
FO—F1 105msec B
B-—-Fs 160msec
BO--B1 49msec
G0-—-G1 58msec
Jo—-11 1.15msec
K0—-K1 57msec
MO—-M1 57msec
NQ—-N1 105msec
DNY99— Dx 55msec
00-01 104msec’
Q10—-Q20 . 106msec
RO-—-R1 106msec
R2—-R3 105msec
50-51 158msec
T0—-T1 102msec
W20 —-W40 107msec
Y0—-Y1 58msec
20-Z1 105msec
120--130 1T12msec
b-11 100msec
Co-=-C1 8.85sec (DCV) 18sec (20MQ)
Po-T1 106msec .

Note: Hold-off occurs on X or <CR> <LF> when
enabled.

3.9.15 Terminator (Y)

The terminator sequence that marks the end of the instru-
ment’s data string or status word can be programmed by
sending the Y command followed by an appropriate
number. The default terminator sequence is the commonly
used carriage return, line feed (CR LF) sequence (Y0). The
terminator will assume this default value upon power up,
or after the instrument receives a DCL or SDC command..
Programmable terminators include:

Y0 = CR LF
Yl = LF CR
Y2 = CR
Y3 = LF

HP-85 Programming Example—To reserve the default (CR
LF) terminator sequence, type the following lines into the
computer.

REMOTE ¥2c
CUTFIT FEE: S5 gs?

When the second statement is executed, the normal ter-
minator sequence will be reserved; the instrument will ter-
minate each data string or status word with a (CR LF).

3.9.16 Status (U)

The status command allows access to information concern-
ing various operating modes and conditions of the Model
199. Status commands include:

LJ0 = Send machine status word.
Ul = Send error conditions.
U2 = List Transiator words.

U3 = Send a value indicating the buffer size.
U4 = Send the present value (V).
Ub = Send input switch status (front/rear).

When the command sequence U0X is transmitted, the in-
strument will transmit the status word instead of its nor-
mal data string the next time it is addressed to talk. The
status word will be transmitted only once each time the
U0 comumand is given. To make sure that correct status is
transmitted, the status word should be requested as soon
as possible after the command is transmitted.

The format of U0 status is shown in Figure 3-8. Note that
the letters correspond to modes programmed by the
respective device-dependent commands. The default
values in the status word are also shown in Figure 3-8. Note
that all returned values correspond to the programmed
numeric values. For example, if the instrument is present-
ly in the R3 range, the second (R) byte in the status word
will correspond to an ASCII 3.

The Ul command allows access to Model 199 error condi-
tions in a similar manner. Once the sequence UIXis sent,
the instrument will &ransmit the error conditions with the
format shown in Figure 3-9 the next time it is addressed

 to talk in the normal manner. The ‘error condition word

will be sent only once each tine the Ul command is
transmitted. Note that the error condition word is actual- -
ly a string of ASCII characters representing binary bit posi-
tions. An error condition is also flagged in the serial poll
byte, and the instrument can be programmed to generate
an SRQ when an error condition occurs. See paragraph
3.913. Note that all bits in the error condition 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 condition by reading Ul
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FACTORY DEFAULT

%% 1t 8 0 0 0 9O 00 ©00 O 0

9 A B F G J K MM NN 0 P

000000 4 1 & 0eoooo o 0 0 o

CAL
QAQeRQ R S T WWWWWW Y Z SW SCANNER

MODEL NUMBER PREFIX (139)

AUTO/CAL MULTIPLEX (R}
O=DISABLED
1=ENABLED

READING MODE (B)
O=A/D CONVERTER

1=DATA STORE SINGLE READING
2=DATA STORE DUMP

FUNCTION (F}
0=DC VOLTS
1=AC VOLTS
2=0HMS

3=0C CURRENT
4=AC CURRENT
5=ACV d8
E=ACA dB

DATA FORMAT (G)

0=RDG WITH PREFIX

1=RDG WITHQUT PREFIX

2=RDG WITH PREFIXES AND BUFFER LOCATION

3=RDG WITHOUT PREFIX AND WITH BUFFER LOCATION

4=RDG WITH PREFIXES AND CHANNEL

5=RDG WITHOUT PREFIXES AND WITH CHANNEL

6=RDG WITH PREFIX, BUFFER LOCATION, AND CHANNEL

7=RDG WITHOUT PREFIX, WITH BUFFER LOCATION AND CHANNEL

SELFTEST {J)

O=INACTIVE

1=ROM, RAM and E*PROM PASSED
2=E3PROM FAILED

EQl; BUS HOLD-OFF (K)
0=EQI AND HOLD-OFF

1=NO EOl AND HOLD-OFF
2=ECQ1 AND NC HOLD-QFF
3=NG EO! AND NO HOLD-OFF

SRQ (M)

MOO=DISABLED
MO1=READING OVERFLOW
MO2=DATA STORE FULL

M0O4 =DATA STORE HALF FULL
MOB=READING DONE
M16=READY

M322=ERROR

SCANNER (N)
NO=CHANNELS OPEN
N1-N8=CHANNEL CLOSED
N1G=STEP, OPEN
N11-N18=STEF, LIMIT
N20=SCAN, OPEN
N21-N2B8=5CAN, LIMIT

POLE/MRATIO
0=2-POLE
1=4-POLE
2=2-POLE RATIO
3=4-POLE RATIO

FILTER (P)

O=FILTER DISABLED

1=INTERNAL FILTER ENABLED

2=INTERNAL AND FRONT PANEL FILTER ENABLED

READING INTERVAL {Q)
nnnann=INTERVAL (15msec 10 999999msec]

~ RANGE (R)
ocv ACY DCA ACA OHMS ACV dB ACA dB
0., Auto Aute Auto Auto Auto Auto . Auto
-1 300mv 300mvV 30mA 30mA 300 O Auta Auto
2 v 3 v 3 A 3 A 3k Auto Aute
3- 30V 30V 3 A 3 A 30 ki HAusto Auto
4 300 WV 300 Vv 3 A 3 A 300kD Auto Auto
5 300 vV 300 V 3 A 3 A 3Me Auto Auto
§ 300 v 300 v 3 A 3 A 30MO Auto Auto
7 300 v 300 V 3 A .3 A 300M2 Auto Auta
RATE (S)
U=4% DIGITS
1=5% DIGITS

Integration Period: 4l%2d=2.59msec, 5¥%d=Line cycle

TRIGGER (T)
0=COMTINUQUS ON TALK

1=0ONE-SHOT ON TALK

2=CONTINUOUS ON GET

3=0NE-SHOT ON GET

4=CONTINUGUS ON X

5=ONE-SHOT ON X

6=CONTINUQUS ON EXTERNAL TRIGGER
7=0NE-SHOT ON EXTERNAL TRIGGER

TRIGGER DELAY (W)
nonnan=0msec to 99999 9%msec

TERMINATOR (Y)
O=CR LF

1=LF CR

2=CR

3=LF

ZERO ()
0=DISABLED
1=ENABLED

CALIBRATION SWITCH
O=DISABLED
1=ENABLED

SCANNER PAESENT
O=NOT INSTALLED
1=INSTALLED

Figure 3-8. U0 Machine Status Word and Default Values
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1 =TRIGGER OVERRUN
‘r 1= INTERVAL OVERRUN

199 0/1 01 071 011 011 O/ 011 oN

1 = UNCAL J

1=BIG STRING —I
1= NO SCANNER

1= CHAN 4 MAX
1= CHAN 8 MAX
1 = CAL LOCKED —
1 = CONFLICT =
1 =TRANSERR S -~
1= NO REMOTE -
1 =IDDC —

o1 01 01

o1 ot 0 01 O 041 011 01 oA

1 =I1DDCO

1= TRANSERR23
ALWAYS ZERO —]

o o1 ¢ on

{ 1= TRANSERR21
1= TRANSERR20
1= TRANSERR19
— 1= TRANSERR18

— 1= TRANSERR17
— 1= TRANSERR16

— 1= TRANSERR15
— 1= TRANSERR14
— ALWAYS ZERC

Figure 3-9. U1 Error Status Word

The various bits in the error condition word are des-
cribed as follows: :

TRIGGER OVERRUN—Set when the instrument receives
a trigger while it is still processing a reading from a
previous trigger.

INTERVAL OVERRUN—Set when the instrument cannot
run as fast as the selected interval.

BIG STRING—Set if more than a 10 character message is

sent using the display (D) command.

UNCAL—Set when E*PROM memory fails the self test.
Instrument calibration is invalid.

NQO SCANNER—Set if a scanner command is sent with
no scanner installed.

CHAN 4 MAX—Set if attempting to program channels 5
through 8 in the 4-pole mode.

CHAN 8 MAX—Set if scanner commands N9 or N19 are
sent.

CAL LOCKED—Set when trying to calibrate the instru-
ment with the calibration switch in the disable position.

CONFLICT—5et when trying to calibrate the instrument
while it is in an improper state. (i.e. dB function).

Translator Error (TRANSERR)—Set when any one of ten
possible Translator errors occur. Table 3415 in paragraph

© 3.10 lists and describes the Translator errors.

NO REMOTE—Set when a progamming command is
received when REN is false.

IDDC—Set when an illegal device-dependent command
(IDDC), such as E1X 15 received (“E” is illegal).

IDDCO—Set when an illegal device-dependent command
option (IDDCO) such as T9X is received (“9” is illegal).
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NOTE
The complete command string will be ignored if
an IDDC, IDDCO or no temote error occurs.

The U2 command lists the Translator words that have been
defined by the operator. The list will be transmitted on]y
once each time the command is received.

The U3 command allows the user to find out the current
defined size of the buffer. The buffer size is controlled by
the I command. When this command is transmitted, the
instrument will transmit the value the next time it is ad-
dressed to talk. This information will be transmitted only
once each time the command is received. The U3 value
will not be cleared when read; thus, the U3 value is always
current. For example:

= 010

The U4 command sends the present value. The value is
a calibration value or zero value, as programmed by the
V command.

The U5 command sends a value that defines the status of
the input switch. A value of 0 indicates that the front panel
input terminals are selected, while a value of 1 indicates
that the rear panel input terminals are selected. For
example:

RF =1
Progamming Example—Enter the following statements in-

to the computer to obtain and display the machine status
word (U0).

PROGRAM COMMENTS
18 REMOTE 726 Send remote enable.
R DIMAsLgn] ' )
0 OQUTPUT F28;: s 08 ° Send U0 command.
46 PRINT ¢ ¢ mdlEEF G MIH

HOP LRGN REFESTHENHELIL

Obtain UQ status from
mnstrument.

&8 FRINT 5% Display UQ status word.

TH EMTER 726 A% Get normal reading.

20 PRINT A% Display normal reading.
SE END

After entering the program, run it by pressing the RUN
key. The machine conditions of the Model 199 will be listed

“un the CRT display. To show that status is transmitted on-

ly once, a normal reading is requested and displayed last.

3.9.17 Auto/Cal Multiplex (A)

The Model 199 has built-in multiplex routines that
automatically calibrate and zero the instrument, so as to

- maintain its high accuracy. The multiplex routines can be

controlled through commands below. See paragraph 2.7.2
for more information.

AD
Al

Disable multiplex
Enable multiplex

1l

Upon power up or after a DCL or SDC command, the in-
strument will return to the default condition.

Programming Example—Disable multiplex by entering the

“following statements into the computer:

REMOTE 726
OUTRFUT 726 1R8-S

When the second statement is executed, the multiplexer
routines will be disabled.

3.9.18 Trigger Delay (W)

The delay command controls the time interval that occurs
from the point the instrument is triggered 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. Dusr-
ing the delay period, the input multiplexing FETs are
switched on so the instrument is set to begin integration
upon conclusion of the programmed delay period. A delay
period can be programmed using the following command:

Wn
Here, n represents the delay value in milliseconds. The

range of programmable delay values is from Omsec to
999999msec.
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Examples:

For a delay of 0.002sec send W2X.
For a delay of 30.05sec send W30050X.
For a delay of 60sec send Wé0000X.

Upon power up or after receiving a DCL or SDC com-
mand, the instrument will return to the default condition.

Programming Example—lo program a 250msec delay
period into the instrument, enter the following statements
into the computer:

AUTFUT Vaé:? 2H25RE

The instrument will wait for 250msec after each triggered
conversion before executing the next conversion period.

3.9.19 Seli-Test (J)

The ] command causes the instrument to perform tests it
automatically performs upon power up. When the self-test
command is given, the Model 199 performs the following
tests:

1. ROM Test
2. RAM Test
3. E*FROM Test

J command parameters include:

JO = Perform self-test.

If the self-test is successful, the ] byte in the U0 status word
will be set to 1. If E'PROM fails, the message “UNCAL”
will be displayed and the ] byte in the Ul status word will
be set to 2. An E*PROM failure is also flagged in the Ul
status word. If ROM and RAM fails, the instrument will
lock up.

See paragraph 672 for more information on these tests
and recommendations to resolve a failure.

ing Example—Enter the following statements in-

to the computer to perform the Model 199 self-test:
FEMIOTE 7EE
CUTFUT 725 10 Jak Y

When the END LINE key is pressed the second time, the
instrument performs the self-test. If successful, the self-
test byte () in the UQ status word will be set to 1.

3.9.20 Hit Button (H)

~ The hit button command allows the user to emulate vir-

tually any front panel control sequence. The H command
is sent by sending the ASCII letter followed by a number
representing a front panel control. These control numbers
are shown below.

Command Button
HO VOLTS
H1 OHMS
H2 AMPS
H3 AC
H4 ZERO
H5 AUTO
Hé6 v
H7 A
H8 SCANNER
H9 TRIGGER
H10 SHIFT

Examples:

HOX—Selects the VOITS function.
H2X—Selects the AMPS function.

Programming Example—Enter the following statements in-
to the computer to place the instrument in the ohms
function:

REMOTE F2&
OUTRUT Y25 * TH1K"?

The instrument is placed in the ohms function.
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3.9.21 Display (D)

The display command controls the ASCII messages that
can be placed onto the Model 199 display. Messages are
controlled with the following commands: =~ .
Da = Display character “a", where “a” represents a print-
able ASCII character. Up to 10 characters may be
sent.

D = Restores display back to normal.

Notes:

1. In order to have spaces preceding the begmnmg of the -

message and between message words, use the @ sym-
bol to represent each space. For example, to display the
message “Model 199" starting at the second display
character (one space), send the following command
string:

i IEFGDEL ] S5ET ? .
2. Spaces in a command string are ignored.

3. Sending a message that exceeds 10 characters will result
in the BIG STRING error message being displayed.

Programming Example—Enter the following statements in-
to the computer to display the message “MODEL 199™:

REMOTE 726
QUTPUT 7255 ¢ ¢ IRMOTELRL S8 3 2

The instrument model number will be displayed. Dlsplay

operation may be returned to normal by entering the

following statement:
QUTFU

TEE VDTS

3.10 TRANSLATOR SOFTWARE

The built in Translator software allows the user to define
his own words in place of Keithley’s defined device-
dependent commands. One word can replace a single
command or a string of commands. For example, the word
ACV can be sent in place of F1, and the word SETUP1 can
be sent in place of F3R1T2S0ZIUOM2. Also, Keithley com-
mands can be translated to emulate functions of other
units. For example, the word RA, which is used by H-P
to select autorange, can be sent in place of R0. There are
certain words and characters that cannot be used as defin-
‘ed Translator weords. These reserved words and character
make up the Translator software syntax and are listed in
Table 3-13.

Table 3-13. Translator Reserved Words and Character

Word/Character | Description

ALIAS Used at the beginning of a command string to define Translator words.
; Used to terminate the Translator string (one space must precede it).

% Used to define wild card Translator words. Values sent with a wild card

Translator word select options of the equivalent DDC.

NEW Tells the Model 199 to recognize Translator words.

OLD’ Tells the Model 199 to only recognize the Keithley dewce«dependent
commands. .

SAVE Saves Translator words as power up default.

LIST Used to list the Translator words.

FORGET

Used to purge Translator words from memory.
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3.10.1 Translator Format

The basic format for defining a Translator word is shown

in the following example command string, which defines

the word SETUP1 as a substitute for FIR(X.

FIAT T A TOTY I TH T,

oo YAV
ALIAS JLIUINL DINUA

"

Where:

ALIAS is a reserved word that precedes the Translator
word,

SETUP1 is the desired Translator word.

FIROX is the Keithley command string.

; is a reserved character necessary to terminate the
Translator string.

{spaces) must be used to separate words and the ;"
character.

When SETUP1 is sent over the IEEE-488 bus, the instru-
ment will go to the ACV function (F1) and enable autorange

(R0).

Translator words that contain conflicting device-dependent
commands, such as FI and F2, can be defined. When send-
ing the command word over the bus, the device-dependent
command that was last entered will prevail. For example,
sending a Translator word in place of FOFIX will place the
instrument in the FI function. -

NOTES:
1. Trying to define a Translator word that already exists will

cause an error message to be displayed briefly. That

Translator word will retain its original definition.

2. A Translator word cannot exceed 31 characters.

. The Translator buffer can hold approximately 100

18-character Translator words.

4. The character X and $ cannot be used in Translator
words. o

5. The Model 199 will not recognize an undefined
Iranslator word sent over the bus.

6. A valid Translator word sent over the bus while the in-
strument is in the OLD mode will not be recognized.

-+ However, the instrument will try to execute (on the next
X) the letters and numbers of the word as if they were

- device-dependent commands. To avoid this problem,

. it is recommended that NEW be sent before trying to
execute Translator words. See paragraph 3.10.3 for an
explanation of NEW and OLD.

7. Translator error messages are listed and described in
Table 3-14.

8 Translator error numbers correspond to the Ul error
word bit positions; see Figure 3-9.

9. A <CR> <LF> sequence must terminate any
translator execution string for proper execution. Most
controllers do add the necessary terminator automati-
cally, but some may not.

W

Programming Example—Enter the following program in-
to the computer to define a Translator word (SETUP]) to
emulate the command string FIROX:

REMOTE 72&
QUTPUT 726 ¢ Rl TAZS SETUFL F1RAN : °°
OUTPUT 7265 “fSETUPL "

The Translator word will be defined to emulate the Keithley
command string. The instrument will go to the ACV func-
tion (F1) and enable autorange (R0).
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Table 3-14. Translator Error Messages

Display
Message Explanation Example Error String
TRANSERR 9| No more memory left for Translator words. - cees T e
TRANSERR14 | Use of more than one ALIAS in a definition. | “ALIAS TEST1 FIX ALIAS TEST2 RiX ;”
TRANSERR15 | Translator word exceeds 31 characters. “ALIAS ITHINKTHISISTHIRTYTWOCHARACT
ERS! FI1X ;”

TRANSERR16 | Use of an X in a Translator word. | “ALIAS XRAY FiX ;”
TRANSERRT? | Trying to define a Translator word that already | “ALIAS SETUP FIX ;”

exists. The second string in the example is the | “ALIAS SETUP RIX ;”

error string.
TRANSERR18| Use of 2 $ in a Translator word. “ALIAS %200 F1X ;”
TRANSERR19 | Sending the ; character. o
TRANSERR20| Use of LIST in a Translator definition. “ALIAS DOG FIX LIST ;)
TRANSERRZ21| Use of FORGET in a Translator definition. “ALIAS DOG FIX FORGET ;"
TRANSERR23! Use of SAVE in a Translator definition. “ALIAS DOG FIX SAVE ;*

3.10.2 Wild Card ($)

An advanced feature of Translator software is its wild card
capabilities. By using the reserved character “$”, the same
basic Translator word can be used to select all options of
a command. With this feature, a DDC option number is
sent with the wild card Translator word. The format for
using the wild card is shown in the following example,
which defines the word FUNCTION as a substitute for the
F command:

“"ALIAS FUNCTION F8X ;”
“FUNCTION 17
“FUNCTION 2”

The first statement defines FUNCTION as the wild card
Translator word for the F command. The wild card ($) will
allow any valid option number of the F command (0
through 6) to be sent with the word. The second statement
which is the substitute for the F1 command, will place the
instrument in the ACV function. The third statement is a
substitute for the F2 command, and will place the instru-
ment in the ohms function.

NOTES:

1. When sending a wild card Translator word over the bus,
there must be a space between the Translator word and
the option number.

2. i a wild card Translator word is sent without an option
numbet, the instrument will default to option 0.

Programming Example—Enter the following program to
define a wild card Translator word to emulate the P (filter)

“corririand.

REMOTE V26
QUTPUT V2 $SALINSFILTERFEL ¢ °
QUTRUT 75 ““FILTERZ*®

The second statement defines FILTER as the wild card
Translator word for the P command. The third statement
enables the front panel filter (FLTR on).
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3.10.3 NEW and OLD

NEW is a reserved word that tells the instrument that the
ensuing commands may be defined Translator words. The
instrument will then respond to the Translator words as
well as Keithley device-dependent commands. The re-
served word ALIAS automatically places the instrument
in the NEW mode. NEW is also used to combine Translator
words and is explained in paragraph 3.104.

OLD is a reserved word that prevents the instrument from
responding to the defined Translator words. In this mode,
only the Keithley device-dependent commands will be
recognized over the bus.

Programming Example—Enter the following statements in-
to the computer to place the instrument in the NEW mode:
FEMOTE 726
CUTPUT 728 ' T HEM? ®

The instrument will go into the NEW mode.

3.10.4 Combining Translator Words

Existing Translator words can be combined resulting in a -

Translator word that contains the commands of the two
(or more) combined words. For example, existing Translator
words SETUP1 and SETUP2 can be combined and

named SETUP3. When SETUP3 is sent over the bus, the

commands of both SETUP1 and SETUF2 will be executed.
The format for combining Translator words is shown in
the following example:

“ALIAS SETUP3 NEW SETUP1 NEW SETLUP2

Where: _
SETUPS3 is the new Translator word. :
SETUP1 and SETUP2 are words to be combmed

NEW is a reserved word that tells the instrument that
SETUP1 and SETUP2 are Translator words and not
Keithley device-dependent commands.

Even though the two words were combined to form
SETUP3, SETUP1 and SETUP?2 still exist as valid Translator
words.

Wild card Translator words can also be combined with
other Translator words. The option number used with the
new word will apply only to the first wild card word in
the string. For example, assume that FILTER (emulating
the P command) and FUNCTION {emulating the F com-
mand) are wild card Translator words that are to be com-
bined with the normal Translator word SETUP1. The for-

‘mat might look like this:

“"ALIAS TEST NEW SETUP1 NEW FUNCTION
© NEW FILTER ;"

The new Translator word is TEST. Whenever TEST is sent,
the option value sent with that word will only affect func-
tion smce FUNCTION is the fu.'st wild card command in

in the followmg format:

“TEST 3"

The “3” in the command string will ony affect the FUNC-
TION command. In this example the instrument will be
placed in the DCA function (F3). Since the FILTER com-
mand does not have an assigned option value (due to its
position in the string), it will default to 0 (disable).

Programming Example—The following sequence will
create two Translator words and then combine them to
form a third Translator word:

REMOTE F2&

OUTPUT 726 " "al JAS SETURPLF1E : °°
QUTRUT 7ad;: ' "Rl Tas SETURFZ H@k & *°
OUTRUT P26 *ALTEE SETUPE HEW SETHF1 HEH

: SETURZ Y

,'l;he second and third program statements define the two

Translator words. The two words combine to form the new

.word (SETUP3).
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3.10.5 Combining Translator Words With
Keithley IEEE-488 Commands

One or more existing Translator words (including wild card
words) can be combined with Keithley IEEE commands
resulting in a Translator word that contains the commands
of the Translator words and the Keithley IEEE commands.
The format for combining Translator words with Keithley
IEEE commands is shown in the following example:

"ALIAS SETUP3 NEW SETUP1 NEW SETUP2 P1Z1X ;"

Where:

SETUP3 is the new Translator word.
SETUPI and SETUP2 are the existing words.
PI1Z1X is the Keithley IEEE command string.

NEW tells the instrument that SETUP1 and SETUP2 are
Translator words.

When the Translator word SETUP3 is asserted over the
bus, the commands of the two Translator words and the
Keithley IEEE command string will be executed.

Programming Example—The following sequence will
create two Translator words and then combine them with
a Keithley IEEE-command string to form a new Translator
word:

REMOTE ¥2&

PRei T TALIAS SETURL FLx 2
OUTFUT P& alIas SETURZ Bds ¢ 2
OUTROT V26 " "ALIAS SETUPS HEW SETURL

MEW SETUFPZ P11 ;0

QUTPUT

The second and third statements create two Translator
words. The two Translator words are combined to form
the word SETUP3.

3.10.6 Executing Translator Words and Keithley
IEEE Commands

Translator words (including wild card words) and Keithley
IEEE commands can be executed in the same command
string. The format for doing this is demonstrated in the
following examples:

“SETUP1 P1Z1X”
“FUNCTION 2 P1ZIX”

When the first command string is sent over the bus, the
commands in SETUP1 and the Keithley IEEE commands
will be executed. When the second string is sent, the se-
cond option of the wild card FUNCTION command and
the Keithley IEEE cornmands will be executed.

Programming Example—The following program will assert
the commands of an existing Translator word and the stan-
dard Keithley IEEE commands over the bus:

FLMOTE 72&
GUTPUT T8 ¥ S SETURPL PLIZ1H S

The commands of SETUP] and the Keithley IEEE com-
mands (P1Z1X) will be sent over the bus.

- 3.10.7 SAVE

Translator words can be remembered by the instrument
as power up default words by sending the reserved word
SAVE. If SAVE is not sent, Translator words will be lost

-when the instrument 1s turned off, Reset is run, or an SDC,

DCL or LO is sent over the bus.

When SAVE is sent, the instrument also remembers if it
was in NEW or OLD. If the instrument is in NEW when
SAVE is sent, it will power up in NEW. If the instrument
is in OLD when SAVE is sent, it will power up in OLD.

Programming Example—With one or more Translator
words already defined, enter the following statements in-
to the computer to retain them as power up default words:

FEEMOTE Vze . .
OUTFUT F28; % s Sp0E? Y

Current Translator words will become power up default
words.

3.10.8 LIST

LIST is a reserved word that can be used to list the existing
Translator words stored in temporary memory. The most
recent defined word will be listed first.
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NOTES:

1. The UZ? command can also be used to list the Translator
words (see paragraph 3.9.16).

2. If there are no Translator words in memory, nothing will
be displayed when the list is requested.

Programming Example—With Translator words already
defined, enter he following program statements to list
them: '

Do

REMOTE T26

3 OUTFUT 726 FSLIST?
AEHTER 7267 A%
8 PRINT &%
=@ EHD ' T

-

1
2
4

The second and third statements will send the word list
to the computer. The Translator words will be displayed.

3.10.9 FORGET

FORGET is a reserved word that is used to purge all Trans-
lator words from temporary memory. However, Translator
words that were saved in E*PROM by the SAVE comnmand
will again be available after power to the instrument is
cycled, Reset is RUN, or DCL, SDC or L0 is sent over the
bus. .

" To purge Translator words from E*PROM, first send the

FORGET command and then send the SAVE-command.

Programming Example—Enter the following statements in-
to the computer to purge all Translator words from tem-

porary memory:

EEMOITE FE&
JUTFUT vY2&, ¢ SFORGET™?

3.11 BUS DATA TRANSMISSION TIMES

A primary consideration 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
3-15 gives typical times.

3.12 SCANNER PROGRAMMING

The paragraphs below discuss the programming com-
mands necessary to control the optional Model 1992 2/4
Pole Scanner. The Model 1992 allows you to individually
switch or scan up to eight 2-pole channels or four 4-pole
channels.

Commands ta control the scanner are summarized in Table
3-16. For detailed information on scanner connections, refer
to paragraph 2.11.
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Table 3-15. Typical Trigger to First Byte Qut Times

— AOSI

Range AQSO AISO AlSI
DCV
300 V 8msec 15.9msec 25msec {27.8msec) 103msec (113msec)
30V 8msec 15.9msec 25msec (27.8msec) 107msec {119msec)
3 Vv 8msec 15.9msec ... 25msec (27.8msec) 106msec (19msec)
300mV 8msec 15.9msec - 25msec (28 msec) 108msec (122msec)
ACV
300 v 8msec 15msec 24 Tmsec (28msec) 30.9msec (34.1msec)
30V 8msec 15msec 25 msec (28msec) 29.9msec (34.1msec)
3V 8msec 15msec 25 msec (2Bmsec) 31.1msec (34.1msec)
300mV 8msec 15msec 25 msec (2Bmsec) 30.9msec (34.1msec)
ACA
30mA 7.7msec 15.1msec .~ 253msec (27.1msec) 30.9msec (34.1msec)
3 A 7.9msec 15.1msec 24 9msec (26.9msec "30.9msec (34.1msec)
DCA
30mA 7.9msec 14.9msec 25.1msec (28.Imsec) 30.9msec (34.7msec)
3 A 79msec  14.9msec 25.Imsec (27.9msec) 30.9msec (34.Imsec)
OHMS
300 30.Imsec 50 msec 59.2msec (66.2msec) 97 msec (113 msec)
3k 219msec 50 msec - 58.8msec (64.9msec) 96.2msec (109.8msec
30k 21.9msec 50 msec 58.8msec (65.8msec) 96.2msec (111.4msec)
300k — — 59.2msec (62.5msec) 97.8msec (109.8msec)
M — .= .. 58 1msec (63.7msec) 112 2msec (125 msec)
30M — — 278msec (31.8msec) 353.5msec (362.5msec)
300M - - -278msec (30.9msec) 353.5msec (362.5msec)
{ ) = 50Hz operation AD = mux off S0 = 4%
Internal filter off Al = mux on 51 = 5%
T1 mode
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Table 3-16. Scanner Programming Commands

Mode Command| Description ___ Paragraph
Scanner Setup NO All channels open 3121
2-pole 4-pole

N1 1 1

N2 2 2

N3 3 3

N4 4 4

N5 5 "CHAN 4 MAX ERROR

Né 6 CHAN 4 MAX ERROR

N7 7 CHAN 4 MAX ERROR

N8 8 CHAN 4 MAX ERROR

N9 Step mode
N10 Stop scan, all channels open

2-Pole Limit 4-Pole Limit
N11 1 1
N12 2 2
N13 3 3
Ni4 4 4
N15 5 CHAN 4 MAX ERROR
N16 6 CHAN 4 MAX ERROR
N17 7 CHAN 4 MAX ERRCR
N18 8 CHAN 4 MAX ERROR
N19 CHAN 8 MAX ERROR CHAN 4 MAX ERROR
N20 Stop scan, all channels open

2-Pole Limit 4-Pole Limit
N21 1 1
N22 2 2
N23 3 3
N24 4 4
N25 5 CHAN 4 MAX ERRCR
N26 6 CHAN 4 MAX ERROR
Nz7 7 CHAN 4 MAX ERROR
N28 8 CHAN 4 MAX ERROR

Pole/Ratio o0 2-pole 3.12.2

o1 4-pole

02 2-pole ratio
03 4-pole ratio

Scan Interval Q0 Default 175msec interval (SELECT OFF) 3.12.3
On n=interval in msec (15=<999999msec)
Trigger Delay* Wn n=delay in msec (0=999999msec} | 3124

*Delay to be used as channel settling time.
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3.12.1 Scanner Setup (N)

The scanner setup command allows you to control chan-
nels individually, scan one channel per trigger or interval,
or scan one set of channels per trigger or interval, as
discussed below.

Manual Channel Control

The commands below open all channels or close each in-
dividual channel by sending the appropriate command.

NO All channels open.

For the following comumands, the indicated channel will

be closed. The closed channel number will appear in the

right most digit of the display.
Closed Channel:

2-Fole 4-Pole

N1 1 1

N2 2 2

N3 3 3

N4 4 4

N5 5 CHAN 4 MAX Error -
Né 6 CHAN 4 MAX Error
N7 7 CHAN 4 MAX Error
N8 8 . CHAN 4 MAX Error
N9 CHAN 8 MAX Emmor CHAN 4 MAX Error

Step (N10-N18)

In the step mode, the instrument scans one channel per
interval {continuous trigger mode), or one channel per trig-
ger (one-shot trigger mode). With each interval or trigger,
the instrument closes a channel, takes a reading, and then
opens that channel. Subsequent intervals or triggers ad-
vance channels to repeat the sequence.

The number of channels per step sequence is determined

by the command option used, which also sets the chan-

nel limit. The reading interval is set by the Q command
discussed in paragraph 3.12.3. Available triggers include
front panel, external trigger input (rear panel), and

1EEE-488 talk, GET, and X commands. The tngger source g

is determined by the T command.

N10  Open all channels and stop step sequence. Subse-
quent intervals or triggers will not cause stepping.

For the following, the closed channel number appears in
the right-most digit of the display.

2-pole Limit

4-pole Limit

N1l 1 1

N12 2 2

N1 3 3

N4 4 4

N5 5 CHAN 4 MAX Error

Ni6 6 CHAN 4 MAX Error

N17 7 CHAN 4 MAX Error

N8B 8. . . . CHAN 4 MAX Error
. N19. CHAN 8 MAX Error CHAN 4 MAX Error

Scan Mode

The scan mode commands allow you to scan a complete
set of channels per programmed interval (continuous trig-

- ger mode) or frigger (one-shot mode), with the channel

limit determined by the command option. For example,
if a limit of four is set, the unit will begin at channel 1 and
then scan through channels 2 to 4 with each trigger
stimulus or interval.

N20 Open all channels and terminate scan sequence.

For the following, the closed channel number will
appear in the right-most digit of the display.

2-pole Limit 4-pole Limit

N21 1 1

N22 2 2.

N23 3 3.

N24 4 4

N25 5 CHAN 4 MAX Error
N26 6 CHAN 4 MAX Error
N2z 7 CHAN 4 MAX Error
N28 8 CHAN 4 MAX Error

Power-up DCL/SDC Default

Upon power up, or after a DCL or SDC, the NO mode (all

channels open) will be selected.
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NOTES:

1. In order to use all eight channels in the 2-pole mode,
the A and B outputs must be connected in parallel with
the DMM inputs, as discussed in paragraph 2.11.

2. When using the scanner with data store, the number
of sets of data that are stored is determined both by the
data store size (I} command, as well as the number of
channels per scan. For example, with a programmed size
of 400 readings, and a scan limit of eight channels, 50
sets of data will be stored (400/8=50). i

3. A "CHAN 4 MAX" error will occur if you attempt to
program a limit greater than 4 with the unit in the 4-pole
mode.

4. Sending a scanner command with no scanner installed

will result in an “IDDC” error.

Programming Example—Io demonstrate scanner program-

ming, close channel 3 by entering the following statements,

REMOTE 725

8RR

QUTPLET 728

Note that the closed channel (3) is displayed in the right-
most digit.

To open the channel and return the display to normal,
enter the following statement.

OUTRUT 726 ¥ Hax?

3.12.2 Pole/Ratio Mode (O)

The O command controls 2/4 pole normal mode opera-
tion, as well as 2/4 pole ratio operation. In the 2-pole mode,
up to eight channels can be scanned, while a maximum
of four channels can be scanned in the £pole mode.

NOTE
¥ you attempt to program the 4-pole mode with
channels 5-8 already closed, the pole mode will
not be changed and a “CHAN 4 MAX"” error will
occur. The closed channel will not be opened.

In the ratio mode, the unit computes the ratio between
the channel 2 through 8 reading to the channel 1 reading.
in order to determine ratio, the unit first takes a reading
on channel 1, and then computes the ratio for the remain-
ing channels as follows:

. CHn

R =
CH1

Where: R = ratio
CHn = channel number (2 through 8)
CH1 = channel 1

~ The result is then sent over the bus as requested or stored

in the data store buffer if enabled. Ratio values are iden-
tified with the RAT prefix in the data string, which is
discussed more fully in paragraph 3.9.12.

Upon power up, or after a DCL or SDC, the OO0 (2-pole)
mode will be in effect.

Programming Example—Enter the statements below to
program the unit to operate in the 4-pole mode.

REMOTE Y2&
OUTFUT F2e ;5 201K ?

3.12.3 Reading Interval and Delay
Programming

The programmed reading interval determines the time
period between channels in the step mode, and the time
period between sets of channels in the scan mode. Inter-
val is programmed with the Q command as follows:

QU0 = Defailt interval, 175msec (SELECT ON)
Qn = User programmed interval

Here, n is the interval time in milliseconds, with an
allowable range of 15 to 999 999msec. The factory default
value for interval is 175msec. The instrument will assume
that value upon power up, or after a DCL or SDC. . |

A channel settling time can be programmed by using the
delay (W) command. When a scan delay is used, the in-
strument will wait the prograrmed delay period after clos-
ing a channel before taking a reading. Thus, the delay
period acts as achannel settling time to allow signals to
settle before each measurement.

The scan delay (settling time) can be programmed be sen-
ding the W command as follows:

Wn
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Here, n represents the delay period in mesec, with an
allowable range of Omsec to 999.999msec. The factory
default value for the delay parameter is Omsec. The instru-
ment will assume that value upon power up, of after a DCL
or SDC.

NOTES:

1. An “INTERVAL OVERRUN" error will occur if the pro- -

grammed interval is too short for the present instrument
configuration.

2. The programmed interval also affects the reading rate,
as well as the data store mterval in the continuous trig-
ger mode.

3. A trigger delay of at least one second should be used

with AC measurements.

4. The programmed interval must be longer than the de]ay
time, or an “INTERVAL OVERRUN" error will occur.

3.12.4 Using Data Store with the Scanner

Scanner data can easily be stored within the data store buf-
fer for later recall. The following discussion provides a
general outline of programming methods for doing so.

Some modification of these methods may be necessary for

your particular application.

Scanner Programming
Basically, program the unit as follows:

1. Program the scanner for 2- or 4-pole operation with the
O command. For example, for 2-pole mode, send “O0X".
Be sure that connections are proper for the selected
mode (see paragraph 2.11 for details).

2.Use the N command as required to select the type of
scanning operation. To close individual channels, simply
send N followed by the appropriate channel number.
For step or scan, use N10 through N18, or N20 through
N28, as described in paragraph 3.12.1.

3.If you wish to scan at programmed intervals, select a
continuous trigger mode, and then select the data store

interval with the Q command. For example, send Q500X
for a 500msec interval. If you wish to trigger each chan-
nel separately, select a one-shot trigger mode. This setup
will require one trigger per channel, or one trigger per
set of channels, depending on the scanner setup._

4. Program the data store size with the I command. Keep

in mind that this value represents the total number of
individual channels that will be stored. For example, if
you select 400 and are scanning all eight channels, the
maximum number of data sets is 50 (400/8 = 50).

5. Trigger the instrument to begin the scanning sequence.
The trigger stimulus will depend on on the programmed
trigger mode. For example if you are using T2 or T3, send
GET to trigger the instrument. Also, if you have pro-

- grammed the one-shot trigger mode, it will be necessary
to trigger the instrument for each channel (step) or set
of channels (scan).

Reading Scanned Data

Ongce data has been scanned and stored, it can be read
back from the instrument over the bus. One method to
determine when the instrument is finished is to program
the unit to generate an SRQ when the data store is one-
half full or completely full (M2 or M4). Program the in-
strument for data store output by sending “B1X" and then
request data in the usual manner. If buffer locations and
channel numbers are required, use the G6 or G7 data
format.

Programming Example

The program below demonstrates basic data store opera-
tion with the scanner. The program sets up the instrument
for DCV, 3V range, 2-pole mode with eight channels. The
unit is also set up to store one channel per interval; the
interval is programmed for a value of one second. The total
number of readings is set to 80, which will accommodate
ten sets of scanner data at eight channels per set.

The program comments on each line are self-explanatory.
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PROGRAM COMMENTS

18 REMOTE

Tak Put 199 in remote.
20 DIMaEl23] ’

Dimension reading
input string.
DCV, 3V range.

713 DUTFHT V26 5 ¥ SFOREHT?
TEE Select 2-pole mode.

PN TS

SE OUTPUT Vg ¢ F fHLEKe? One channel per
store interval.
SH QUTPUT 726 : $f 21 8E8%**  One second data

store interval.
Continuous GET
trigger mode.
Store 80 readings
in data store.

- Sk
GEETERN

TECUTRUT 726

£ G 68 TRERT

SE OUITRUT F2s s pzEt ! SRQ when data
store is full.
1o TRIGGER F2s Trigger 1499,
118 5 =SP0OLL 7250 Get IEEE-488 bus
status.

128 IF HOT BITLS, 1 THEH 118 Wait for SRQ on
data store full.

128 S =SPOLLIVEE Clear SRQ.
148 QUTRUT P& s s E1M1GHT Data from data

store, stop scan.
Format with loca-
tions, channels.
Loop for all 80

199 OUTPUT 726 55§ GaxY

1B FOR I =1 TO 2@

readings.
178 EHTER 726 s A% Get 199 reading.
138 FRINT A Display reading.
196 MEXT I Loop back for next
reading.
ZEE EMD

3.12.5 Testing Resistors

The Model 1992 Scanner adds versatility to the Model 199
by allowing the unit to test multiple sources. One possi-
ble application for the scanner would be to test multiple
resistors and compare their values with a precisely known
reference resistance. The ratio mode could be used to deter-
mine the degree of variability among the various resistors.
The following paragraphs discuss connections for 2-pole
and 4-pole testing of resistors and also list a sample pro-
gram for doing so.

Connections

Typical connections for 2-pole and 4-pole modes are shown
in Figures 3-10 and 3-11. The 4-pole mode is recommend-
ed for making measurements on the 300¢, 3kQ, and 30k
ranges in order to attain rated accuracy. For the 2-pole

- mode, the reference resistor should be connected to chan-

nel 1 only; in the case of the 4-pole mode, the reference
resistor is connected to both channel 1 and 5. The resistors
being compared are connected to the remaining channels
as indicated.

The scanner output connections also differ. For the 2-pole
mode (Figure 3-10), OUT A and OUT B are strapped
together (H to H, L to L) and then connected to the VOITS
OHMS terminals of the Model 199 (the rear panel ter-
minals are most convenient for scanner use; just be sure
the rear panel terminals are selected with the front panel
switch). In the case of the 4-pole connections, OUT A is

-connected to the VOLTS OHMS terminals, while QUT B

i1s connected to the OHMS SENSE terminals.

Example Program

The program below can be used to test resistors as outlined
above. The program will prompt you as to whether the
2-pole or 4-pole mode is to be used and then program the
instrument accordingly. In order to use the program, per-
form the following steps.

1. Connect the resistors to the scanner, as shown in Figure
3-10 or 3-11. For resistances below 30k{, the 4-pole mode
is recommiended for rated accuracy.

2. Enter the lines below into the computer and check the
program for errors.

3. Run the program, and select the 2- or 4-pole mode as
required.

4. The test will then be run, and the results will be shown
on the computer CRT. The results will be shown as a
percent of tolerance from the reference resistor con-
nected to channel 1 (and 5 for the 4-pole mode).
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P

CHS8 N
C
G
CH7Y
O
O
CH&
O
O
CHS
O
Ol
1“1 O —’Om |
Resistors
Under Test
O
CH4 B
O
O~
CH3
O
O
CH?2
O %
O
CH1
O
Chix : Reference
H|Oli- 8 <1 Resistor
........... - -
1992 CARD > To 199
. s Volts Ohms
i LG

Connect To Rear Panel input
Using Supplied Cables

Figure 3-10. 2-Pole Resistor Test Connections
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=0
CHB8 u
O
O
CH7?
O
O
CH&B
O
i CHS ;
O .. I
O F5q z
O |=©
Resistors
Under Test
4o
; CH 4 -
@,
O
CH 3 S . s
O
CH?2 i
' O .
' CH1 8 .
. Reference
:l:[ (?] B 8 < Resistor
H} |LO LO} |H
YY v
To 199 To 199
Ohms Sense Volts Ohms

Figure 3-11. 4-Pole Resistor Test Connections
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PROGRAM - COMMENTS
28 CLERR 7T2¢ . -Set 199 to defanlt conditions.
38 QUTPUT FE€ : S ¢FERE T" AN Ohms function, 30k range, GET trig.
46 OUTPUT 726 ;S Q1REaKH Store data every second,
SE FRIMT ¢¢1: Z-FOLE MOLE®® Prompt for 2- or 4-pole.
£ PRINT #9232 4-POLE MODES ’ s '
TE PRINT
2R PRINT ¢ § SELECT MODE®* -
0 IMPUT O ' Input mode prompt.
188 IF0 < 10R D > 2 THEH 28 " Check response limits.
118 JF0=1THENH =3 Set number of readings depending
IF0=2THEHH = 4 number of poles.
O=0+1 Define O mode parameter.
QUTRPUT T2 G F W " sMel@ dopr Program step mode, limit.
AUTRUT T:E PERDOTY O Program pole/ratio mode.
QUTPLT T2 ;8 M2 0 SRQ when data store is full,
OUTPUT 7R s 8 179 G p; e mn” Number of readings in data store.
FRINT © {PFRESS "CONMT® T BEGIN® T Prompt to begin data storage.
FrlsE

TRIGGER F2&

PRIMT ¢ s SCAMMIHG. . .**

S=5F0OLL f"TEr-'-'

IFHOT BIT CSaly THEH 228
C‘";&FIILL"".:.‘FE.J ' o
BHTPUT 726 ;49 GIE1HIAR®

EMTER 726 i Rl

FORI =2 TOH

EHNTER T2& : R
FREIMT ¢sCH?*; 1:°¥ *TOLERAMCE

DEY ST OV A LT I O S T VI (9 S T SO S VP WP
T R B R N Y O i NLY U NECE B G| Y Y Y %
Do L A oo e S o T e St S o T O s B ey T e oo By O At Bt B

Trigger 199 to scan and store readings.
Get IEEE-488 bus status.

Wait for SRQ.

Clear SRQ...

Data store reading,stop scan.

Get channel 1 reading.

Loaop for all remaining channels.

Gét ratio reading from 199.

IZ9Y s OR-1 0% 100 ; . Compute and display percent tolerance of resistor.
Z1@ HEXRT I . Loop back for next channel.
326 ENT

3.12.6 Amplifier Gain Testing

The scanner can be used to simplify gain testing of
amplifiers. As shown in Figure 3-12, a signal generator sup-
plies a test signal to the inputs of all seven amplifiers be-
ing tested. Channel 1 of the scanner is connected directly
to the signal generator, while channels 2 through 8 of the
scanner are connected to the amplifier outputs.

The gain of each amplifier is given as follows:

VOUT

A=
Vin

Thus, the ratio mode of the Model 199/1992 ¢an be used
to compute the gain of each amplifier automatically.

Example Program

The example program below can be used to run the
amplifier tests described above. In order to use this pro-
gram, proceed as follows:

1. Enter the program, and check it for errors. :

2. Make certain the primary address of the Model 199 is
set to 26.

3. Connect the equipment together, as shown in Figure
312.

4. Set the signal generator to the desired test frequency
{<300kHz) and amplitude.

" 5. Run the program and select the desired range based on

the maximum expected output voltages.

6. The instrument will perform the tests and display the
gain values on the computer CRT after all seven
amplifiers have been tested.
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PROGRAM

COMMENTS

DU IS I L I I R R I O NI W S S Sl S R PR R SR

=

‘

‘|_| Dun] -j |1". |.l| .[..

l'_l].[.'..l’ﬂ[l_'ll—'-l"'ll

[ = 20 w0 0 =] e OO B = S D GO "j |T

28 QUTPUT ?’-‘r- s ELBNT

B OUTFUT 7265 5 ¢F1X?
48 OUTFUT 72 ‘.:_“T:EH” SR
SE PRINT €51 - ZoOmHU *

@ PRINT 62 - Zur e

T PRINT 553 - SaU°°

SR PRINT § 64 - SEEU

a3 PRINT

33 FRINT ¢ ¥ SELECT RANGE®

& IMFUT R

20 OUTRUT TEE 6 6RT Ras s
@ QUTFUT P26 45502477

BOUTRPUT P26 ;e H1aMr "
5 OUTEUT 726 ;5 s o
SH DUTPUT FR&6 ;s sRIRERMT ?
TE OUTRUT 726 ;5818800

=

| PElIsE———

AFRIMNT ¢4 50 F‘(HHIHG
TF‘IGGEF TZ8
ﬁTHT”E rslsS

IF HOTEITH S 182 THEH :.:ﬁ
'-—" SPOLL V282
rll_ITF'HT TEG PR LETY
QUTPUT 728 ;¢ sEL1RY!
EHTEF Tk s 8

AFOR I =2TO=

A EHTER V246 i ¢

HE aT I
3 BRI

l"Ll_xta:",_ll_,J@ﬁullﬁ!ﬁl;'jl_.jl_dl"‘il_._l

3 PRINT ¢ SFRESE ‘l'l:lHT‘ TO BEL-IH' ?

PRIWT ¢ SaMPLIFIER®* I8 sGall="" ¢

Recall default setup.
Select ACV function.

- Continuous, GET trigger mode.

Select range.

Input range.

Program 199 range.

2-pole ratio mode.

Step, channel 8 limit.

SRQ on data store full.

Scan interval is one second.
Store size = §, turn on store.

Pause to make sure all is ready.

Trigger scan.

Get bus status.

Wait for SR(Q) on store full.
Serial poll to SRQ.

Reading, no prefix data format.

Readings from data store.

“'Get channel 1 reading.

Get gain readings.
Get reading.
Display gain value.

-Loop back for next reading.
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§
4»——-—-«% !
‘“’“}‘ LOCH1H |
JL—OocHaH
Signal Generater L_0OcH3H
CH4H
To Channsl CHSH |
Input L ‘
Tarminals CHBH ¢
+— A
—CO CH7H ¢
CHEH
o
1982 CARD

Figure 3-12. Amplifier Gain Test Configurations
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SECTION 4

Performance Verification

4.1 INTRODUCTION

The procedures 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. Per-
formance verification may be performed when the instru-
ment is first received to ensure that no damage or misad-
justment has occurred during shipment. Verification may,
also be performed whenever there is a question of instru-
ment 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 perform-
ance falls outside the specified range, contact your
Keithley representative or the factory to determine
the correct course of action.

4.2 ENVIRONMENTAL CONDITIONS

All measurements should be made at 18 - 28°C (65 - 82°F)
and at less than 80% relative humidity.

4.3 INITIAL CONDITIONS

The Model 199 must be turned on and allowed to warm
up for at least two hours before beginning the verfication
procedures. If the instrument has been subject to extremes
of temperature (outside the range specified in paragraph
4.2), additional time should be allowed for internal
temperatures to reach normal operating temperature.
Typically, it takes one additional hour to stabilize a unit
that is 10°C (18°F) outside the specified temperature range.

4.4 RECOMMENDED TEST EQUIPMENT

Table 4-1 lists all test equipment required for verification.
Alternate equipment may be used as long as the substitute
equipment has specifications at least as good as those listed
in the table.

NOTE
The verification limits in this section do not include
test equipment tolerance and are based on one
year accuracy specifications.

Table 4-1. Recommended Test Equipment

Mfg Model | Description Specifications

Fluke 5440A DC Voltage Calibrator 300mV, 3V, 30V, 300V ranges +15ppm.

Fluke 5200A | AC Voltage Calibrator 300mV, 3V, 30V ranges; 20Hz +0.1%;
50Hz-20kHz 0.02%; 100kHz +0.33%.

Fluke 5215A AC Power Amplifier 300V range: 20Hz +0.12%; 50Hz-20kHz £0.04%;
100kHz +0.1%

Fhuke 5450A | Resistance Calibrator . 300Q-3MQ ranges +15ppm; 30MQ +32ppm;
300MEQ range £225ppm

Valhalla 2500E AC-DC Current Calibrator | 30mA, 3A ranges £0.03% DC, #0.1% AC to 5kHz

{at full scale output)
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4.5 VERIFICATION PROCEDURES

The following paragraphs contain procedures for verify-
ing the one year accuracy specifications of the instrument,
at 5%d resolution, for each of the five measuring functions:
DC volts, TRMS AC volts, ohms, TRMS AC amps, and DC
amps. These procedures are intended for use only by quali-
fied personnel using accurate and reliable test equipment.
H the instrument is out of specifications and not under
warranty, refer to Section 6 for calibration procedures.

WARNING

The maximum common-mode voltage {voltage
between input fow and chassis groundy) is 5060V
peak. Exceeding this value may cause a break-
down in insulation, creating a shock hazard.
Some of the procedures in this section may ex-
pose the user to dangerous voltages. Use stan-
dard safety precautions when such dangerous
voltages are enccuntered.

4.5.1 DC Volts Verification

With the Model 199 set to 5%d resolution, verify the DC
volts function as follows:

CAUTION
Do not exceed 300V between the input Hi and
LO terminals or damage to the instrument may
OGCUr.

sk

. Select the DCV function and autorange. - -

2. Connect the DC voltage calibrator to the Model 199 as
shown in Figure 4-1.

3. Set the calibrator to 0V and enable zero on the Model

199. Verify that the display is reading 000.000n0V +2

counts.

NOTE
Low measurement techniques should be used
when checking the 300mV DC range. Refer to para-
graph 2.6.5 for low level measurement considera-
tions.

4. Set the calibrator to output +300mV and verify that the
reading is within the limits listed in Table 4-2.

5. Disable zero and leave it disabled for the remamder of

. the DCV verification procedure.

6. Check the 3V, 30V, and 300V ranges by applying the
respective DC voltage levels listed in Table 4-2. Verify
to see that the reading for each range is within the limits
listed in the table.

7. Repeat the procedure for each of the ranges with
negative voltages.

~Table 4-2. Limits for DC Volts Verification

199 Applied Allowable Readings
DCV Range | DC Voltage (18°to 28°C)
300mv 300.000mV 299.961 to 300.039
3V 3.00000 V 2.99977 to 3.00023
30V 300000 V 29.9970 to 30.0030
300 V 300000 V 299.970 to 300.030

NOTE: Repeat procedure for negative voltages.

.‘ il R e Ht DC Valtage
Calibrator
oOooico ©
Sonno gl 00@|| L 1Ol wodel 5440
MODEL 199

Figure 4-1. Connections for DC Volts Verification

4.5.2 TRMS AC Volts Verification

With the instrument set to 5%d resolution, perform the
following procedure to verify the AC volts function:

CAUTION
Do not exceed 300V RMS, 425V peak 10°VeHz
between the input Hi and LO terminals or instru-
ment damage may occur.

1. Select the ACV function and autorange. Do not use zero
to cancel the offset in this procedure. Turn zero off, if
it is enabled.

2. Connect the AC calibrator to the Model 199 as shown
in Figure 4-2.

3. Set the calibrator to output 290mV at a frequency of 20Hz
and verify that the reading is within the ]umts listed in
. Table 4-3.

4. Repeat the 290mV measurement at the other frequen-

" .cies specified in Table 4-3.

5. Repeat the procedure for the 3V, 30V and 300V ranges
by applying the respective AC voltages listed in Table
4-3. Check to see that the reading for each range is
within the limits listed in the table.
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Table 4-3. Limits for TRMS AC Volts Verification

199 Applied Allowable Readings (18°C to 28°C)
ACV Range| AC Voltage 20Hz 50Hz | 200Hz | 10kHz | 100kHz
300mvV 290.000mV | 284.300 | 288.885 | 289.365| 289.365 | 283.900
to to to to to
295.900 | 291.115 | 290.635| 290.635 | 296.100
3V 2.90000V 284100 | 2.88885| 2.89365| 2.89365 | 2.85350
to fo to to to
2.95900 | 2.91115 | 2.90635| 2.90635 | 2.94650
30V 29,0000V 284100 | 28.8885 ) 28.9365| 2B.9365 | 28.5350
to o to to to
29.5900 | 29.1115 | 29.0635] 29.0635 | 294650
300 V 290,000V 284100 | 288.885 | 289.365| 289.365 *
to fo to to
295.500 { 291.115 | 290.635| 290.635

*Do not apply 290V at 100kHz to the input. This exceeds the VeHz limit of the
instrument. Maximum TRMS AC volt input at 100kHz is 100V. On the 300V range,
allowable readings with 100V @ 100kHz applied to the input are 98.200 to 101.800.
See paragraph 2.6.7 for clarification of the VeHz specification.

CAUTION
Do not exceed 425V peak or 300V RMS between
@u h T the input Hl and LO terminals or damage to the
®

instrument may occur.
ooooo|o ©
oomoe/ice |0

MODEL 199

1. Select the ochms function and autorange.

2. Using Kelvin test leads (such as the Keithley Model 1641)
connect the resistance calibrator to the Model 199 as
shown in Figure 4-3.

3. Set the calibrator to the SHOKT position and enable zero

I on the Model 199. Verify that the display reads 000.000.

HI Power AC Voltage 4. Set the calibrator to output 1902 and verify that the

Output Amplifier | Calibrator reading is within the limits listed in Table 4-4.

10 | Modal 5215A ; Modsl 5200A 5. Disable zero and leave it disabled for the remainder of
the ohms verification procedure.

6. Utilizing Figures 4-3 and 4-4, check the 3kQ through

. . 300MQ ranges by applying the respective resistance
Figure 4-2. Connections for TRMS AC Volts levels listed in Table 4-4. Verify that the readings are

Verification within the limits listed in the table.

4.5.3 Ohms Verification

With the Model 199 set to 5%d resolution, verify the ohms
function as follows:
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Table 4-4. Limits for Ohms Verification

- -+ Resistance
! : %-‘_ Sense HI Calibrator
ooooalo =1 s LO
Sosobfae (|3 0E l £nse ¢ Model 5450A

MODEL 199 Output LO

Figure 4-3. Connections for Ohms Verification
(3002—30k Range)

Applied | Allowable Readings
199 Range Set up Resistance (18°C to 28°C)

300 Figure 4-3 | 190000 0 189.973 to_190.027
3 kQ Figure 4-3 1.90000 k2 1.89980 to 1.90020
30 kG Figure 43 | 19.0000 kQ 18.9980 to 19.0020
300 k2 Figure 4-4 | 190.000 kQ 189.948 to 190.052
3Ma Figure 444 | 1.90000MQ | 1.89940 to 1.90060
30MG Figure 4-4 | 19.0000MQ 18.9767 to 19.0233
300MQ Figure 44 | 100.000MQ 97.995 to 102.005

4.5.4 DC Current Verification

Output Hi With the instrument set to 5%d resolution, verify the DC

current function as follows:

CAUTION
Do not exceed 3A to the AMPS and LO input ter-
minals or the front panel current fuse will blow.

1. Select the DCA function and autorange.

2. Connect the DC current calibration source to the Model
199 as shown in Figure 4-5.

3. Set the calibration source to output +30mA and verify
that the reading is within the limits listed in Table 4-5,

4. Repeat the procedure for the 3A range by applying the
DC current level listed in Table 4-5. Check to see that
!f\l Output HI the reading is within the limits listed in the table.
U 5. Repeat the procedure for each of the two ranges with
Shielded negative current levels.
MODEL 189 Cable
Resistance Table 4-5. Limits for DC Current Verification
Calibrator
Applied Allowable Readings
Output LO Mode! 5450A 199 Range | DC Cusrent (18°C to 28°C)
30mA 30.0000mA 29.9835 to 30.0165
— 3 A 300000 A 2.99685 to 3.00315

Figure 4-4. Connections for Ohms Verification
(300kQ—300M Ranges)
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i

Higncualm (&

I=l=i=l1=i=1( “TY|hm Lol
Amps Shielded

MODEL 199 A5  cavie

Lo - e

w /M L

DC Voltage
Input l JOMput
~

Calibrator

Current
Calibrator

Model 2500E Model 54404

H
Hi Shielded
Cable

Figure 4-5. Connections for DC Current Verification

4.5.5 TRMS AC Current Verification

With the instrument set for 5%d resolution, verify the AC
current function as follows: :

CAUTION
Do not exceed 3A to the AMPS and LO input ter-
minals or the front panel current fuse will biow,

1 Select the ACA function and autorange. Do not use zero
to cancel any offset in this procedure.

2. Connect the AC current calibration source to the Model
199 as shown in Figure 4-6. ,

3. Set the calibration source to output 30mA. at a frequen-
¢y of 20Hz and verify that the reading is within the limits
listed in Table 4-6.

4. Repeat the 30mA measurement at the other frequencies
specified in Table 4-6.

5. Repeat the procedure for the 3A range by applying the
AC current level listed in Table 4-6. Check to see that

the reading is within the limits listed in the table.

AN AAA, el 2l

T THew
t:_tl‘:étt:lnF (el Lo
f=T=t- il Eco
. Amps —p Stielded
MODEL 15% — Cable
L . Current Lo M Lo AC Voltage
Calibrator input l'} Ouput Calibrator
| Model 2500E = Mode! 52004
Hlshielded M €
Cable

Figure 4-6. Connections for TRMS AC Current
Verification

Table 4-6. Limits for AC Current Verification

199 Applied | Allowable Readings (18°C to 28°C)
Range AC Current 20Hz 45Hz 5kHz
30mA 29.0000mA 284100 28.8160 28.8160
to to to

29.5900 29.1840 29.1840

3 A 2.90000A 2.84100 2.88160 2.88160
to to to

2.95900 2.91840 2.91840




SECTION 5
Principles of Operation

5.1 INTRODUCTION

This section contains an overall functional description of
the Model 199. Detailed schematics and component loca-
tion drawings are located at the end of this instruction
manual.

5.2 OVERALL FUNCTIONAL DESCRIPTION

A simplified block diagram of the Model 199 is shown in
Figure 5-1. The instrument may be divided into two sec-
tions: analog and digital circuitry. The analog and digital
sections are electrically isolated from each other by the use
of opto-isolators for control and communications. Separate
power supplies for the analog and digital sections ensure
proper isolation.

The analog section consists of the signal conditioning cir-
cuits, multiplexer, input amplifier, A/D converter and con-
trol circuitry. The heart of the digital section is 68B09
microprocessor that supervises the entire operation of the
instrument. Additional digital circuitry includes the display
and TEEE-488 interface.

If the optional Model 1992 Scanner is installed, it is con-
trolled through the control circuits located on the analog
board. Connections to the DMM inputs are supplied by
the user. '

5.3 ANALOG CIRCUITRY

The detailed circuitry of the Model 199 analog section is
located on schematic diagram number 199-126.

5.3.1 Input Signal Conditioning

Signal conditioning circuitry modifies the input to a signal
that is usable by the Model 199 and applies that signal to
the multiplexer.

DC Volts

Signal conditioning for the 30V and 300V ranges is per-
formed by resistor divider network RT7. On these ranges,
K1, K2, and K3 are open, and the divider network is con-
nected to signal ground through Q11 and U22A. The
following attenuation of the input signal is provided:

Divided by 10 on the 30V range.
Divided by 100 on the 300V range.

On the 30V range, Q13 is on and Q3 is off routing the in-
put signal in the multiplexer {Q35). On the 300V range,
Q13 is off and Q3 is on routing the input signal to the
multiplexer (235). On the 300mV and 3V ranges, the in-

__ put signal is removed from the resistor divider network

(Q13 and Q3 off} and applied directly to the multiplexer
through K1 and Q30.

AC Volts

The basic steps involved in ACV conditioning are as
follows: ,

1. Relay K4 applies the ACV input to the gain circuitry.
Here the signal undergoes a gain factor of 10 (300mV
range), 1 (3V range), 1110 (30V range) or 1/100 (300V
range).

2. The signal is then applied to the TRMS converter (U27)

where the AC signal is converted to a DC signal.
3. The DC signal is then applied to the multiplexer.

On the 300mV and 3V ranges, the signal is routed through
relay K5 and buffer U28A. On the 3V range, the signal pro-
ceeds through analog switch U21C and buffer U26B before
being applied to the TRMS converter (U27). On the 300mV
range, the signal is detoured through analog switch U23A
to U28B which is configured as a X10 amplifier. The
amplified signal then proceeds through analog switch
U23B and buffer U268 to the TRMS converter (U27).
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On the 30V range, the signal is applied to U26A. Because
analog switch U21A is open on this range, amplifier U26A
has a feedback resistance of 118k (R32) which results in
a gain factor of 1/10. The divided signal is then routed
through analog switch U21B and buffer U26B to the TRMS
converter (1J27).

On the 300V range, the signal is applied to U26A. Because
analog switch UZ21A is closed on this range, amplifier U26A
has a feedback resistance of 118kQ2 (R32) in parallel with
13k (R24), resulting in a gain factor of 1/100. The divided
signal is then routed through analog switch U21B and buf-
fer U26B to the TRMS converter (U27).

:— input Conditioning —11
3 I Current pca |
Amgs 1 Shunts |
! ’ |
! » ACA I
i N |
AC Attenuation/
{ + AC-DC ACV, ACA |
| Conversion !
Re |
[ ACvV I
. DCV,Ohms | |
—> >+ Dev. 4 - 1 Input | TAD [
Anenuanpnf ultiplexer | Ampiifier . Converter
() Bet Resistors
R T T T
Scanner Inputs [ l
er Inpuf
Scanner
> (Optional) Control
- Analog
1. Digitai
IIEEE;LBB Microcomputer '_
ntertace Front Panel

T Buttons

Display

Figure 5-1. Overall Block Diagram
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OHMS

Resistance measurements are made using the ratiometric
technique (see Figure 5-2). When the resistance function
is selected, a series circuit is formed between the ohms
source, a reference resistor and the external unknown
resistance. A current flows through the reference resistor
and the unknown resistance. Since this current is common

to both resistances, the value of the unknown resistance.

can be calculated by measuring the voltage across the
reference resistor and the voltage across the unknown
resistance. ' .

The following ohms reference resistors are used (see Figure
5-3).

30092 and 3k ranges: R26 (2ki})

30kS range: R23 (30k)

300k range: R17B § R17C (100k(1)
3M1! range: R17A { R17B (IM)

30MQ and 300MQ ranges: RT7A (10MQ)

By measuring the four inputs to the A/D converter the
unknown resistance can be computed by the
microprocessor using this equation:—

Reer*(VQ SENSE HI - V@ SENSE LO)

Rx

V@ REF HI - VQ REF LO

For the 3000 range V@ SENSE HI and VQ SENSE LO are
actually multipled by a factor of 10 in the input buffer
circuit.

Protection on the ohms ranges is accomplished by RT1 and
QQ16. For an input voltage applied to the @ input terminals,
Q16 clamps the voltage to the reference resistors to a safe
limit. RT1 limits the current to Q9 and Qlé.

The Model 199 is equipped to make 2- or 4-terminal resis-
tance measurements. Generally, 4-terminal measurements
should be made on the 3000 range because the relatively
large output current can develop a significant voltage
across the test leads, affecting measurement accuracy.

Figure 5-2 shows the equivalent circuit of the input circuit.
Ry is the unknown measured resistance and Rl, R2, R3
and R4 represent the test lead resistance. R2 and R3 are
connected only during 4-terminal measurements. When
using a 2-terminal configuration, all the current flows
through the test leads R1 and R4. If Ry has a low value,
the amount of voltage developed across the test leads can
be significant.

Since the voltage is sensed across the combined resistance
of R,, Ry and Ry; considerable error.can be introduced in-
to the reading. To use a 4-terminal connection, a second
set of leads {R2 and R3) are connected to the unknown
resistance. The amount of current through R2 and R3 is
much smaller than the current through Rl and R4. Thus,
the voltage seen by the instrument is much closer to the
actual value across the measured resistance, minimizing
the error.

DC Amps and AC Amps

The resistor current shunt network R75 and R30 is con-
figured so that a full scale current input will result in a
300mV drop across the network on both current ranges.
For 30mA DC, this voltage is routed to the multiplexer
through U23C and U22B. For 3A DC, this voltage is routed
to the multiplexer through Q37 and U22B. For AC Amps,
the signal is routed through U23D to X10 amplifier U28B.
The amplified signal then travels through analog switch
U23B and buffer U26B to the TRMS converter. The con-
verted DC signal is then routed to the multiplexer.
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Rs

vQ
| |
Front Panel [
Conneactor | I VQ Ref HI
R asr
Input i I
R Hi
AAA N J! Lo
] | VQRefLO
—_— Sense | Rs i
R2 | Hi | i
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] | Hi
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Figure 5-2. Input Configuration During 2 and 4-Terminal Resistance Measurement
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+5VR

T

. Q2 Ref HI s, To Q35 of

Q'lEI:‘

N

Muitiplexer

Reference § Ri17A §
Resistors 10MOQ

R17B §R17C §R23 R26

1111MQ 2 110.95kQ 2 30kQ 2kQ

QRefLO  « To U24C of
(30kQ) < Multiplexer

QRefLO  \ ToU24D of
(300Q, 3KQ) “ Multiplexer

a1z o as U22C T U22D
Input Q11
< HI | QReflO  « ToQ34of
7 (300kQ, 300MQ) © Multiplexer
- ——)> > To Q30 of Multiplexer
£ Sense HI
R, §
Q Sense LO .-
L — . - > To U24B of Multiplexer
Input
LO R - RRet « (VQ Sense HI - VQ Sense LO)
X VQ Ref HI - VQ Ref LO
Figure 5-3. Resistance Measurement Simplified Circuitry
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5.3.2 Multiplexer Figure 5-5 shows the general switching phases for the
various s{)iygnals. During each phasi:i, an integration is per-
formed by the A/D converter, and the resultant data is

The multiplexer circuitry selects among the various signals . ¢ - .

that are pa}it of the Mcfzi}él 199 measu:cegment cycle ansélg?on- qsed by the microprocessor to calculate the final reading,.

nects them to the input buffer amplifier. Figure 5-4 shows

a simplified schematic of the multiplexer circuitry. The

Front/Rear INPUT switch detector U25B is not part of a

measurement cycle.

_ Signal (300mVDC) 3VDC) Q30

Sense HI
U228
Signal (DCA) &

Signal (ACV, ACA) @
o Stgnal § .

F Rear Switch ay
_ Front/Rear Switc . Qg
uzsc

+2.8V Reference

Qa2

u2sD %
Zero (Except 30V} @

v24D To Input
. Q Ref LO (3000, 3k02) UaA t—aotr
UZ4C ! Amplifier
oS Ref LO (30kO)
Lo uz4B
. D Sense Qg
U22A

2
[

- Zero (30V)

*F

o
]
o~

o5 Ref LO {300k-300MQ)

. Signal (300k-300MQ)

rohE o

o S2Ret HI Q12

Figure 5-4. JFET Multiplexer
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)

Q Ref HI
Phase

O RefLO
Phase
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o

Calculate
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Figure 5-5. Multiplexer Phases
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5.3.3 —2.8V Reference Source

Voltage and current measurements are based on compar-

ing the unknown signal with an internal —2.8V reference
voltage source. During each measurement cycle, the
unknown signal is sampled and then compared with
signal common and the —2.8V reference values.

VR2 provides a highly stable —64V reference, while U13
and Ré6 provide a constant current to minimize zener
voltage variations. R68 and Ré9 divide down the —64V
value to the final —-2.8V reference voltage.

5.3.4 Input Buffer Amplifier

The input buffer amplifier, U46, provides isolation between
the input signal and the A/D converter. The amplifier can
be configured for X1 or X10 gain with R71 and Ré4 acting
as the feedback network. When X1 gain is selected by the
microprocessor, feedback is routed through pin 12 of the
analog switch U45A. At X10 gain, feedback is routed
through pin 13 of the multiplex switch. Amplifier gain con-
figurations for the various functions and ranges are listed
in Table 5-1.

Table 5-1. Input Buffer Amplifier (U46) Gain

Configuration
Function Range Gain
DC Volts 300mVvV X10
3-300V X1
AC Volts All X1
Ohms 3002 X10
3k-300MQ X1
DC Amps All X10
AC Amps All X1

5.4 A/D CONVERTER

. The Model 192 uses a constant frequency, variable pulse

width, analog-to-digital converter. A simplified schematic

- of the A/D used in the Model 199 is shown in Figure 5-6.

The charge balance phase begins when the input enable/

disable line is set high. This occurs at the end of a software-
generated delay period that allows the signal to settle after
the appropriate multiplexer FET is turned on. Once the
input is enabled, the signal from the buffer amplifier is
added to the level shift current applied through R62C and
Ré61.or R61 only. In this manner, the +3.03V bipolar signal
from the buffer amplifier is converted to a unipolar signal
that can be integrated.

The integrator is made up of Q1, U19 and C32. When the
input to the integrator is applied, the integrator output
ramps up until its voltage is slightly higher than the voltage
applied to the inverting input of the duty cycle comparator
(U5A). The charge balance current, whose duty cycle is

_proportional to the input, is fed back to the integrator in-

put through R8 and Q4. Since the charge balance current
is much larger than the sum of the input and level shift
currents, the integrator output now ramps in the negative
direction until Q of USB goes low. The VIA, located in the
microcomputer then counts the total number of pulses that
occur during the charge balance phase.

At the end of the charge balance phase, the output of the
integrator is resting at some positive voltage. Since the in-
tegrator output is connected to'the non-inverting input of
the final-slope comparator (U5B), the final-siope com-
parator output remains high until the integrator output
ramps in the negative direction. During final-slope, Q4 is
turned off and the feedback is fed through Ul6 back to
the integrator input. The final-slope comparator output is
then gated with the 3.84MHz clock and counted. Once the
comparator output goes low, the VIA stops counting and
the reading can be computed.
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Figure 5-6. A/D Converter Simplified Schematic
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5.5 CONTROL CIRCUITRY

The signals for the circuitry that provides control of the
various FETs, relays, analog switches and logic levels are
supplied by the shift store registers U29, U30, U31, and
U32 (see schematic 199-126, page 3). CLOCK, DATA and
STROBE signals are sent from the VIA (U8} across the
opto-isolators. AT1, AT2, and AT3 (see schematic 199-126,
page 5). The isolators provide 500V isolation between the
analog and digital sections of the instrument. DATA is

serially loaded into the shift store registers and a STROBE-

pulse causes the registers to simultaneously output the ap-
propriate logic levels to the FET, analog switch and relay
drivers.

5.6 DIGITAL CIRCUITRY

The Model 199 is controBed by an internal microcomputer.
This section briefly describes the operation of the
nucmcomputer and associated digital circuitry. Refer to

L.... 100, 1NLE fre matpmerit Andmile
DET A77-000 10T CIrCuUil Gedalis.
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5.6.1 Microcomputer

The microcomputer centers around the 8-bit 68B09
microprocessor. The MPU has direct control gver the

display, front panel switches, A/D converter, IEEE-488 bus,

scanner, as well as the VOLTMETER COMPLETE Output

and the EXTERNAL TRIGGER Input. Timing for the

IRICTO-Processor is accomphshed by the use of Y1; an 8MEz

crystal. This frequency is divided down by four to obtain

a bus operating frequency of 2MHz by the MPU, Ul0.

Instrument operation software is stored in the EPROM,
U4, Calibration constants, Translator words and instrument
set up conditions are stored in E*PROM (U20). U9 is the
RAM. The chip selected is determined by the state of All,
Al12, A13, Ald and AlS5 address lines. These address lines
determine which is selected by the decoder (U1). Only one
device (ROM, RAM, VIA, etc) will have access to the data
bus at any one time.

The heart of the IEEE-488 circuitry is the General Purpose
Interface Bus Adapter (U5). The GPIBA is capable of per-
forming all IEEE talker-listener protocols. The bidirectional
data lines DO through D7 permit the transfer of data bet-
ween the microprocessor and the GPIBA. The transceivers
U6 and U7 are used to drive the output. Data is buffered
by U6 and U7 and is transmitted to the bus via connector
17

5.6.2 Display Circuitry

""The display information is sent through display latches U16

and U15. Upon each display update, new segment infor-
mation is presented to the display latches and a clock pulse
is sent on PAQ. The clock pulse to U4 and U5 (see schematic

1 199-116) shifts a digit enable bit to the next digit to be

enabled. Every 10 times the display is updated, a digit
enable it is generated at PAl and goes to the data input
of the shift register. UIl through Ul2 are the drivers for
the LED segments of the display digits and the LED
indicators.

5.7 POWER SUPPLIES
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sheet 5 of schematic drawing number 199-126. Fuse F2 is

s rrae o= R P

" the line fuse which is accessible from the rear panel. 52

is the POWER ON/OFF switch and 53 selects 115V or 230V
operation by placing the transformer primary windings in

rmarallal Aar cariae Thao nnwer trancfarmer T hace $laaas
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secondary windings; one for the +5V digital supply, one
for the +5V analog supply and one for the +15V analog
supply. CR13, CR14 and CR15 provide fullwave rectifica-
tion for the three supplies, while U50 through U53 pro-

Q“hh117 f:!tenncr u: norfarmad ey
b A a r‘u‘.lululcu U]

vide the regulation.

C56-C60, C63, €65, and C72

5.8 SCANNER

The optional Mode] 1992 Scanner Card allows the user to
multiplex eight, 2-pole inputs or four, 4-pole inputs. A
schematic diagram of the Model 1992 is shown on draw-
ing number 1992-106, located at the end of Section 7. The
main sections of the scanner card include the control and
relay circuits, as outlined below.

5.8.1 Control Circuitry

Control information for which channel should be closed
is transmitted in via the STROBE, DATA, and CLOCK lines
into U2. The control sequence is essentially the same as

hat 11ead far tha main NIMAM ~sirecviber diconicead nraeriniics
GUldl Vol fUL Lal allalil /vy Luluwiidy st Bestn PICVIUUS-

ly. The U2 output for the relay that is to be closed is set
low, while the remaining outputs are high so that only one
relay is closed at any given time.

Ul and associated components are included in order to
ensure that relays do not randomly close during power up.

510
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At power up, the Q output of Ul goes high, disabling the
outputs of U2. When the first STROBE pulse comes along,
the D-type flip-flop in U1 is cleared, enabling the U2 out-
puts, and normal relay operation can commence, depen-
ding on channel control data.

5.8.2 Switching Relays

Each of the eight input channels has a DPST (double-pole,
single-throw) relay associated with it in order to switch the
HI and LO terminals separately. The relays are connected
in two four-unit groups for maximum versatility in pole
switching. Relays K1 through K4 are assocdiated with out-
put A, while relays K5 through K8 are connected to out-
put B. For 2-pole operations, the user must strap the two
outputs together (HI to HI, LO to LO), while the outputs
must be connected separately for 4-pole operation.

5-11/512



SECTION 6

Maintenance

6.1 INTRODUCTION

This section contains information necessary to maintain,
calibrate, and troubleshoot the Model 199. Fuse replace-
ment and line voltage selection procedures are also
included.

WARNING

The procedures included in this section are for
use only by qualified service personnel. Do not
perform these procedures unless qualified to
do so. Many of the steps in this section may
expose you to potentially lethal voltages that
could result in personal injury or death if nor-
mal safety precautions are not observed.

6.2 LINE VOLTAGE SELECTION

The Model 199 may be operated from either 105125V or
210-250V 50 or 60Hz power sources. (A special transformer
may be installed for 90-110V and 190-220V ranges). The in-
strument was shipped from the factory set for an operating
voltage

marked on the rear panel. To change the line voltage, pro-
ceed as foliows: :

WARNING
Disconnect the line cord and all other equip-
ment from the Model 199.

1. Place the line voltage switch, located on the rear panel,

in the desired position. See Table 6-1 for the correct

position.
2. Install a power line fuse consistent with the line voltage.
See paragraph 6.3.1 for the fuse replacement procedure.

CAUTION
The correct fuse type must be used to main-
tain proper instrument protection.

3. Mark the selected line voltage on the rear panel for
future reference (to avoid confusion, erase the old
mark).

Table 6-1. Line Voltage Selection

Line Line Switch
Voltage Frequency Setting
105V—-125V S50Hz—60Hz 105V—-125V
210V—250V S0Hz—60Hz 210v—250V

6.3 FUSE REPLACEMENT

The Model 199 has two fuses for protection in case of
overload. The line fuse protects the line power input of
the instrument, and the current fuse protects the current
function from excessive current. The fuses may be replac-
ed by using the procedures found in the following

paragraphs.

) WARNING

Disconnect the instrument from the power line
and from other equipment before replacing
fuses.

6.3.1 Line Fuse

To replace the line fuse, proceed as follows:

1. Turn off the power and disconnect the line cord and all
other test cables from the instrument.

2. Place the end of a flat-blade screwdriver into the slot in
the line fuse holder on the rear panel. Push in and rotate
the fuse carrier one-quarter turn counterclockwise.
Release pressure on the holder, and its internal spring
will push the fuse and the carrier out of the holder.

3. Remove the fuse, and replace it with the proper type

using Table 6-2-as a guide.
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4.

CAUTICN
Do not use a fuse with a rating higher 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.

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

Table 6-2. Line Fuse Replacement

Table 6-3. Current Fuse Replacement

Fuse Type Keithley Part No.
3A, 250V, 3AG, Normal-Blo FU-82

Line T - T 7Keithley
Voltage | Fuse Type Part No.

105V=125V 3/16A, 250V, Slo-Blo, 3AG FU-29
210v=—250V| 1/10A, 250V, Slo-Blo, 3AG ¥U-40

6.3.2 Current Fuse

The current fuse protects the 30mA and 3A ranges from
an input current greater than 3A. To replace the current
fuse, perform the following steps: :

1.

2.

Turn off the power and disconnect the power line and

test leads.

Place the end of a flat-blade screwdriver into the slot in
the fuse holder on the front panel. Press in slightly and
rotate the fuse carrier one-quarter turn
counterclockwise. Release pressure and remove the fuse
carrier and the fuse.

- Remove the defective fuse and replace it using Table 6-3

as a guide.

CAUTION
Use only the recommended fuse type. If a fuse
with a higher current rating is installed, instru-
ment damage may occur. -

. To repiace the fuse carrier with the fuse, reverse the pro-

cedure in step 2.

6.4 CALIBRATION

Calibration should be performed every 12 months, or if
the performance verification procedures in Section 4 show
that the Model 199 is out of specification. If any of the
calibration procedures in this section cannot be perform-
ed properly, refer to the troubleshooting information in this
section. K the problem persists, contact your Keithley
representative or the factory for further information.

e NOTE
Check that the instrument is set to the proper line
frequency before proceeding with calibration,

" The entire calibration procedure may be performed

without having to make any internal adjustments if high
frequency (70kHz) has been verified, as explained in
paragraph 6.4.10, step 5. Calibration can be performed from
the front panel or over the IEEE-488 bus.

NOTE
A "CONFLICT” error will be displayed, and the
CONFLICT error bit in the U? status word will be
set when trying to calibrate the instrument while
it is in an improper state (ie. dB). Also, if an
“UNCAL’ error occurs, be sure to check the line
frequency setting before performing calibration.

6.4.1 Recommended Calibration Equipment

Table 6-4 lists recommended calibration equipment. Alter-
nate 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 6-4. Recommended Calibration Equipment

Mfg | Model | Description

Specifications

Fluke | 5440A | DC Voltage Calibrator
Fluke | 5200A | AC Voltage Calibrator

Fluke | 5450A | Resistance Calibrator

Valhalla | 2500E | Current Calibrator

Fluke | 5215A | AC Power Amplifier = ~

300mvV, 3V, 30V, 300V ranges +15ppm
300mV, 3V, 30V ranges; 20Hz +0.1%;
50Hz—20kHz 0.02%; 100kHz +£0.33% .
300V range; 20Hz +0.12%; 50Hz—20kHz
+0.04%; 100kHz +0.1%

3009—3MQ ranges; +15ppm; 30MQ
+32ppm; 300M{l +225ppm

30mA, 3A ranges +0.025% _

6.4.2 Environmental Conditions

Calibration should be performed under laboratory condi-
tions having an ambient temperature of 23°C +1°C and
a relative humidity of less than 70%.

6.4.3 Warm-Up Period

Turn on the instrument power and allow it to warm up
for at least two hours before beginning the calibration pro-
cedure. If the instrument has been subjected to extremes
of temperature or humidity, allow at least one additional
hour for the instrument to stabilize before beginning the
calibration procedure.

6.4.4 CAL LOCK Switch

Upon power up, calibration is automatically locked out.
A CAL LOCK switch, accessible from the front panel,
disables or enables front panel and IEEE-488 bus calibra-

tion. When calibration is disabled, calibration cannot be’

performed. The following message will be briefly displayed
when attempting to enter the calibration program while
the switch is disabled:

CAL LOCKED

Calibration can only be accomplished with calibration
enabled.

To enable calibration, push in on the CAL LOCK switch
with an insulated tool (through the small access hole under
the round label). The instrument will bneﬂy display the
following message:

CAL UNLOCK

After calibration is complete, press in on CAL LOCK a se-
cond time in order to disable calibration. The unit will then
display the “CAL LOCKED"” message.

NOTE
The two decimal points in the function area of the
display will be on when calibration is enabled.

6.4.5 Front Panel Calibration

The following information provides the basic procedure
for calibrating the instrument from the front panel. A
detailed calibration procedure is located in paragraph 64.7.

NOTE
DCV ranges have three cal points: minus full
range, plus full range, and zero. The remaining
functions require only two cal points.

1. Place the unit in the “CAL UNLOCK" state to enable
calibration. The switch is accessed from the front panel
of the instrument through the access hole.

2. Select the function and range to be calibrated (DC

~ VOLTS, AC VOLTS, OHMS, DC AMPS, or AC AMPS),
5% digit resolution, zero off, and filter off.

3. Select the front panel calibration program as follows:
A. Press SHIFT LOCAL. The following message will

be displayed briefly:

CAL=

B. The default calibration point, which is a high end
reading for the selected range and function, will
now be displayed. For example, if the 3V DC range
was selected in step 2, the following calibration
point will be displayed:

~3.60000 VDC
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4. If a different calibration point is to be used, enter the
new value using the data buttons (0 through 9). Each
press of a data button displays the number at the cur-
sor location (identified by the bright flashing digit), and
moves the cursor to the next digit. If the cursor is mov-
ed past the least significant digit, it will move back to
the most significant digit.

5. Cornnect the calibration signal to the instrument.” '
6. Press the NEXT button. The following message willbe

displayed for several seconds:

WORKING

7. For DCV ranges only, the plus full range value will be

displayed:
3.00000 VDC

8. Key in the calibration value if different, afid connect

the calibration signal. Press NEXT.

9. The low end calibration point will now be displayed.
For the 3VDC range, the following calibration point will
be displayed:

0.00000 VDC e

10. If a calibration point other than the one displayed is
to be used, then change the display to the desired value
as explained in step 4.

11. Set the level of the calibration signal to agree with the

displayed calibration point.

12. Press the NEXT button. The following message wﬂl be
displayed for several seconds:

WORKING

13. The calibration points will be stored in E*PROM and
the instrument will now exit the calibration program.
Select the next range and function to be calibrated and
repeat steps 3 through 12.

NOTE: If the calibration source has an offset, set the
calibration points to agree with the actual output of the
source. For example, if the source has a 1uV DC offset
on the 300mV DC range, set the calibration points for
300.001mV and 000.001mV.

6.4.6 IEEE-488 Bus Calibration

IEEE-488 bus calibration is performed in a manner similar
to front panel calibration, except that calibration constants

are transmitted over the bus instead of being entered from
the front panel. By combinin‘g appropriate IEEE-488 com-
patible calibration equipment with a suitable test program,

calibration of the Model 199 could be performed on an

' automated basis. Refer to Section 3 for complete informa-

tion on using the IEEE-488 bus. The following informa-
tion provides the basic procedure for calibrating the instru-

~ment over the IEEE-488 bus. The detailed calfbration pro-

cedure starts w1th paragraph 64.7.

Use the following basic procedure when calibrating the
Model 199 over the IEEE-488 bus

1. Place the unit in the “CAL UNLOCK” state. The CAL

LOCK switch is accessed from the front panel of the
Model 199

2. Program the desired range and function over the bus.
For exampile, to select the 300V DC range, send FOR4X.

3. Program zero off, and 5% digit resolution by sending
ZOSIX.

4. The high end of the range is calibrated first. Apply a
full range (or near full range) calibration signal to the
input of the instrument. For example, for the 300V DC
range, apply 300V DC to the instrument.

5. Send the required calibration value preceded by the V

command letter and followed by the first calibration

command.

A. For DCV ranges, send C2 first. For example, send
V-300XC2X. .

B. For all other functions, send C0 first, For example,
send V300XCOX.

NOTE: Calibration can be aborted at th1s time by sen-

ding an SDC or DCL_command over the bus. The

calibration constant sent in step 4 will not be stored in
- E*PROM.

6. The low end of the range is calibrated next. Apply a zero
(or near zero) calibration signal to the input of the in-
strument. For example, for the 300V DC range apply OV

~ to the instrument.

7 Send the appropriate cahbratlon commands for the sec-

ond (or third with DCV) calibration point. For example,
to calibrate the zero calibration point of the 300V DC
range send VOXC1X. Note that C1 is used for the second
calibration point.

8. Storage of the two calibration points into EPROM
automatically occurs when the second calibration com-
mand is sent.

9. Repeat steps 1-8 for the remaining ranges and functions.
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Programming Example—The following simple program
demonstrates how to calibrate the Model 199 over the bus.
The program assumes that the instrument’s primary ad-
dress is at 26.

PROGRAM COMMENTS
19 REMOTE 725 Send remote enable.
ZH PRINT * *RFFLY Prompt for calibration
CALTERATIOM signal.
SIGHRL®
48 PRIMT * *EHTER
CAHLI . Prompt for command.
BRATION
COMMBMD* ?
SE IMFUT As Input command string
from keyboard.
S0 QUTPLUT 725 A% Send command stnng to
199.
TH ENTER 725, B¥ Get a reading.
28 PRIMT B¥ Display reading.
28 GOTO 28 " Loop back.
fas END

To run the program, press the RUN key. At-the prompt,
apply a calibration signal to the instrument, type in the
corresponding calibration command and press the return
key. The computer CRT will then display the calibration
value.

6.4.7 Calibration Sequence

Calibrate the Model 199 in the order presented in the -

following paragraphs. The basic sequence is: -

1. DC Volts calibration

2. Ohms calibration

3. AC Volts calibration

4. DC Current calibration
5. AC Current calibration

6.4.8 DC Volts Calibration

To calibrate the DCV function, proceed as follows: .

NOTE
For front panel calibration, omit step 4 of the
following procedure. For IEEE-488 bus calibration,
omit step 3.

1. Select the DC VOLTS function and the 300mV range.

2. Connect the DC calibrator to the instrument as shown
in Figure 61 (300mV range only; use Figure 6-2 for
3V-300V ranges).

. NOTE
Low level measurement techniques should be used
when calibrating the 300mV DC range. Refer to
paragraph 2.6.5 for low level measurement con-
siderations,

3. For front panel calibration, press SHIFT LOCAL and
proceed as follows:
A. With the —-300.000mV DC calibration point displayed

on the Model 199, set the DC calibrator to output
~0.300000V.

- After allowing sufficient time for the calibrator

voltage to settle, press the NEXT button. The follow-
_ing message will be displayed for several seconds:

WORKING .

" C. With the 300.000mV DC calibration pé)ihf -dislplayed,

set the DC calibrator output to -+0.30000V.

D. After allowing the voltage to settle, press NEXT. The

following message will be displayed:
WORKING

E--With the 000.000mV DC calibration point displayed,

E

set the DC calibrator to output 0.000000V.

After allowing sufficient time for the calibrator
voltage to settle, press the NEXT button. The follow-
ing message will be displayed for several seconds:

WORKING -

G. The instrument will exit the calibration program and

return to the 300mVDC range.

H. Repeat the procedures in step 3 for the remaining

DCV ranges using Table 6-5 as a guide. Figure 6-2
shows connections for the 3V-300V ranges.

4. For IEEE-488 bus calibration, proceed as follows:
A. Set the DC voltage calibrator to output —0.300000V.

B.

After allowing sufficient time for the calibrator
voltage to settle, send the following commands over

- the bus: V-300E-3XC2X.
C. Set the calibration to +0.30000V.
D. After allowing the calibrator voltage to settle, send

the following commands over the bus:
V300E-3XCIX.
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E. Set the DC voltage calibrator to output 0.00000V.

F After allowing sufficient time for the calibrator
voltage to settle, send the following command over
the bus: VOXCIX. All calibration constants will be

automatically stored in E2PROM.

G. Repeat steps A through D for the remaining DCV

ranges using Table 6-5 as a guide.

HI

Qutput

MODEL 199

Shielded
Cable

Lol

DC Voltage
Calibrator

Model 5440A

IEIDE!DD
i oon [

MODEL 189

a— M1 pe vottage
Divider|  cajiprator
OUPLL  \odel 5440A

ol
Shielded
Cable

Figure 6-1. DC Volts Calibration Configuration
(300mV Range)

(3V-300V Ranges)

For front panel calibration, omit step

6.4.9 Resistance Calibration

NOTE

Figure 6-2. DC Volts Calibration Configuration

To calibrate the ohms function, proceed as follows:

4 of

thefollowing procdure. For IEEE-488 bus, calibra-
tion, omit step 3.

Table 6-5. DC Volts Calibration

199 DCV 199 Calibration | DC Calibrator IEEE-488
Range Set-Up Point (DCV) Setting Bus Command
300V Figure 6-1 -300.000mvV - 300000V V-300E-3XC2X

300.000mv 300000V V300E-3XC0oX
000.000mV 000000V VOXC1X
3 v Figure 6-1 -3.00000 V. - 3.00000V V=3XC2X
300000 V 3.00000V VIXCOX
0.00000 V 0.00000V VOXCiX
30V Figure 6-2 | =300000 V —30.0000V V-30XC2X
300000 V 30.0000V V30XCoX
000000 V 000000V VOXCIX
300 V Figure 6-2 | -300.000 V -300.000V V-300XC2X
300000 V 300.000V V300XCoX
000000 V 000.000V VOXCIX
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1.
2.

3.

Select the ohms function and the 3000 range.

Connect the resistance calibrator to the instrument as

shown in Figure 6-3.

For front panel calibration, press SHIFT LOCAL and

proceed as follows:

A. With the 1900002 calibration displayed on the
Model 199, set the resistance calibrator to 190Q.

B. After allowing sufficient time for the calibrator
resistance to settle, press the NEXT button. The
following message will be displayed for several
seconds:

WORKING

C. With the 000.000Q calibration point displayed, set
the resistanice calibrator to SHORT (0£2).

D. After waiting sufficient time for the calibrator
resistance to settle, press the ENTER button. The
following message will be displayed fro several
seconds:

WORKING
E. The instrument will exit the calibration program and
refurn to the 3002 range. -
E Repeat the procedures in step 3 for the remammg
ohms ranges using Table 6-6 as a guide.

. For IEEE-488 bus calibration, proceed as follows:

A. Set the resistance calibrator to 1904,

B. After allowing sufficient time for the resistance
calibrator to settle, send the following commands
over the bus: VI90XCOX.

C. Set the resistance calibrator to SHORT (Oﬂ)

D. After allowing sufficient time for the resistance

calibrator to settle, send the following command over

the bus:VOXC1X. Both calibration constants will be
automatically stored in E?PROM.

E. Repeat steps A through D for the remaining ohms
ranges using Table 6-6 as a guide.

Output HI

H-+ Resistance
Sense HI ) Calibrator

Sense LO\

4 Model 5450A

Cutput LO

Shielded
Cable

MODEL 199

~ Figure 6-3. Four-Wire Resistance Calibration

Configuration (300Q2-30k Ranges)

- Hoot— Output HI
cooon = \p
emoen{os [0 o aliaq
MODEL 199 ~ Cable
C—— =7
| Resistance |
I Calibrator I
ouputlol_ 1| Model 54504 |
Lo e — — ]

Figure 6-4. Two-Wire Resistance Calibration
Configuration (300k(-300MQ
Ranges)
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Table 6-6. Resistance Calibration

Resistance

199 Calibration| Calibrator IEEE-488
199 Range Set-Up Point Setting Bus Commands
300 @ Figure 6-3 190000 1500 V190CX0X
000:000 Q Short {00) VOXCIX
3k Figure 6-3 1.90000 kQ 1.9k V1.9E3XCOX
0.00000 k2 Short (0£) VOXCIX
30 k@ Figure 6-3 19.0000 k@ 19k VI9E3XCOX
00.0000 Kk Short (00) VOXCIX
300 kQ Figure 6-4 190.000 kQ 190k VI90E3XCOX
000.000 k2 Short (022) VOXCIX
3M1 Figure 6-4 1.50000MQ 1.9MQ VL.9E6XCOX
0.00000MQ Short (0Q) VOXCIX
30MQ Figure 6-4 19.0000M0 19M0 VI9E6XCOX
00.0000MQ Short (0Q) VOXCIX
300MQ Figure 6-4 100.00MQ 100MQ VIOOE6XCOX
000.00Ma Short (02) VOXC1X

6.4.10 TRMS AC Volts Calibration

A full calibration of the ACV function includes two inter-
nal, manual adjustments. However, if high frequency is
checked and found to be within specifications, the inter-
nal adjustments on the 30VAC and 300VAC ranges will not
have to be done. The following procedure includes these
checks. The flowchart in Figure 6-5 helps clarify the calibra-
tion procedure., :

NOTE
For front panel calibration, omit step 4 of the
following procedure. For [EEE-488 bus calibration,
oit step. 3. ' B

1. Select the ACV function and the 300mV range.
2. Connect the AC calibrator as shown in Figure 6-6.

3. For front panel calibration, press SHIFT LOCAL, and
proceed as follows:

A. With the 300.000mV AC calibration point displayed
on the Model 199, set the AC calibrator to output
300.000mV at 500Hz.

B. After allowing sufficient time for the calibrator
voltage to settle, press the NEXT button. The follow-
ing message will be displayed for several seconds.

WORKING

C. With the 030.000mV AC calibration point displayed,
set the AC calibrator to output 30.000mV at 500Hz.

D. After ailowing the calibrator voltage to settle, press
the NEXT button. The following message will be
displayed for several seconds:

WORKING
E. The instrument will exit the calibration program and
return to the 300mV AC range.
E Repeat the procedures in step 3 for the remaining
ACV ranges using Table 67 as a guide.

. For IEEE-488 bus calibration, proceed as follows:

A Set the AC voltage calibrator to output 300.000mV at
S00Hz.

B. After allowing sufficient time for the calibrator
voltage to settle, send the following commands over
the bus: V300E=3XCO0X.

C. Set the AC calibrator to output 30.000mV at 500Hz.

~ D. After allowing sufficient time for the calibrator

5.

‘voltage to settle, send the following command over
the bus: V30E—-3XC1X. Both calibration constants will
automatically be stored in E?PROM.

E. Repeat steps A through D for the remaining ACV
ranges using Table 67 as a guide.

High Frequency Check (70kHz):

A. With the AC VOLTS function, autorange and 5%d

~ resolution selected, connect the AC calibrator to the
instrument as shown in Figure 6-6.

B. Set the AC calibrator to output 100.000V at a frequen-
cy of 70kHz and allow sufficient time for the
measurement to settle.

. C. If the reading is not 100.000V +1800 counts, then omit

steps D through E and proceed to step 6.
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Table 6-7. TRMS AC Volts Calibration

199 ACV | 199 Calibration AC Calibrator Voltage IEEE-488
Range Point Setting @ 500Hz Bus Commands
300mvV 300.000nV 300.000mV V300E-3XCOX

030.000mV 30.000mV V30E-3XCIX
3 v 3.00000 V 300000 V V3XCOX
0.30000 V . 300000 V V300E-3XCIX
30 Vv 300000 V 300000 V V30XCoX
30000 V 3.00000 V V3XCIX
300 V 300000 V 300000 V V300XCoX
30600 V 30.0000 V V3OXCEX

D. Set the AC calibrator to output 10.0000V at 70kHz and

E.

allow the measurement to settle.
If the reading is not 10.0000V +1800 counts; then high

- frequency will have to be adjusted as explained in the

following procedure (step 6). If the high frequency
readings were within the defined range, step 6 does
not have to be performed and ACV calibration is
completed.

6. High Frequency Adjustment:

B.

C. Set the Model 199 to the 300V range and set the AC

A_Remove the top cover to gain access to the

adjustments.
With the AC VOLTS function and 5%d resolut:on

selected, connect the AC calibrator to the mstrument

as shown in Figure 6-6.

calibrator to output 100.000V at a frequency of 70kHz.

WARNING
Some procedures require the use of high
voltage. Take care to prevent contact with live
circuits which could cause electrical shock
resulting in injury or death. The shield on the
analog board is at input low potential and may
have up to 500V on it. Use an insulated align-
ment tool to make the foliowing adjustments.

D. After allowing sufficient time for the measurement to

_ settle, use an insulated alignment tool to adjust the

300V range capacitor C49 (see Figure 67) for a display
reading of 100.000V 1500 counts.

NOTE
If the optional Model 1992 Scanner is instalied, the
adjustments are accessible through holes in the
Scanner board.

E. Set the Model 199 to the 30V range and set the AC
calibrator to output 10.0000V at 70kHz.

. E- After allowing the measurement to settle, adjust the
30V range capacitor C48 for a display reading of
100000V £500 counts.

G.Repeat steps C through F until no other adjustments
need to be made.
H.Put the top cover back on.
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Parform Front
Panel or [EEE
Calibration.
Step3or4

i}

Check High
Frequency
{70kHz). Step 5

High
Frequency

N\

Adjust Trim
Capacitors
Step 6

in Spec?

Yes

ACV Calibration
Complete

©

SE665
Sosoa|ice || OE)

0®

MODEL 19% Shislded
Cable
T

\

St

HI Power Uoac Voltage
Output Amplifiar ] Calibrator

LO| Model 5215A ; Model 52004

Figure 6-5. Flowchart of AC Volts Calibration

Procedure

Figure 6-6. TRMS AC Volits Calibration

Configuration
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WARNING: LETHAL VOLTAGES MAY BE
PRESENT ON SHIELD WHEN USED WITH
FLOATING SOURCES

300VAC RANGE

ADJUSTMENT

30VAC RANGE
ADJUSTMENT

q - : b l W - ) .
N \f \ NOTE: ADJUSTMENTS ARE
N ACCESSIBLE THROUGH HOLES

u
3 Q
Y IN SCANNER BOARD WHEN UNIT
1S SO EQUIPPED
4

Figure 6-7. TRMS AC Voits High Frequency Calibration Adjustments (30V and 300V Ranges}
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6.4.11 DC Current Calibration

Perform the following procedure to calibrate DCA:

NOTE
For front panel calibration, omit step 4 of the
following procedure. For IEEE-488 bus calibration,
omit step 3. .

1. Select the DC AMPS function and the 30mA range.
2. Connect the DC current calibrator to the instrument as

shown in Figure 6-8.

3. For front panel calibration, press SHIFT LOCAL and
proceed as follows:

A. With the 30.0000mA DC calibration pom’c d1splayed
on the Model 199, set the current calibrator to out-
put +30.0000mA.

B. After allowing sufficient time for thé measurement
to settle, press the NEXT button. The foliowing
message will be displayed for several seconds:

WORKING

C. With the 00.0000mA DC calibration point displayed,

set the current calibrator to output 00.0000mA.

D. After allowing sufficient time for the measurement
to settle, press the NEXT button. The following
message will be displayed for several seconds:

WORKING T

E. The instrument will exit the calibration program and
return to the 30mA range.

E. Repeat the procedures in step 3 for the 3A DC range
using Table 6-8 as a guide.

4. For IEEE-488 bus calibration, proceed as follows:

A. Set the current calibrator to output 30.0000mA.

B. After allowing sufficient time for the calibrator cur-
rent to settle, send the following command over the
bus: V30E-3XCOX.

C. Set the current calibrator to output 00.0000mA.

D. After allowing sufficient time for the calibrator cur-
rent to settle, send the following command over the
bus: VOXCIX. Both calibration constants will
automatically be stored in E*FROM.

E. Repeat steps A through D for the remaining DCA
range using Table 6-8 as a guide.

Table 6-8. DC Current Calibration

199 DC Current
199 DCA| Calibration| Calibrator IEEE-488
Range Point Qutput  |Bus Commands
30mA | 300000maA | 30.0000mA V30E-3XCOX
00.0000mA | 00.0000mA VOXCi1X
3 A 300000 A 3000.00mA VIXCIX
0.00000 A| 0000.00mA VOXCIX
]
Eaaaamlt: o2
I coaoafjae {30 Arps ‘
o S
LOInput LO
Cumrent DC Voltage
Calibrator (') Shielded Calibrator
Cable
Model 2500E N Model 54404
Ml Input HI

Figure 6-8. DC Current Calibration Configuration

6.4.12 TRMS AC Current Calibration

Perform the folloivinQ procédu:e-to calibrate the AC AMPS
function:

NOTE
For front panel calibration, omit step 4 of the
following procedu:e For IEEE-488 bus calibration,
“omit step 3. .

1. Select the AC AMPS function and the 30mA range.

2. Connect the AC current calibrator to the instrument as
shown in Figure 6-9.

3. For front panel calibration, press SHIFT LOCAL, and
proceed as follows:
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. With the 30.0000mA AC calibration point displayed
on the Model 199, set the curmrent calibrator to out-
put 30.0000mA at a frequency of 500Hz.

. After waiting sufficient time for the measurement to

setile, press the NEXT button. The following

message will be displayed for several seconds:

WORKING

C. With the 03.0000mA AC calibration point displayed,

set the current calibrator to output 03.0000mA at
500Hz.

D. After allowing the measurement to settle, press the

E.

F

NEXT button. The following message will be

displayed for several seconds:
WORKING

The instrument will exit the calibration program and
return to the 30mA range.

Repeat the procedures in step 3 for the 3A AC range
using Table 6-9 as a guide.

. For IEEE-488 bus calibration, proceed as follows:
A. Set the current calibrator to output 30.0000mA at

B.

500Hz.
After allowing sufficient time for the calibrator cur-

rent to settle, send the following command over the
bus: V30E-3XCOX.

C. Set the current calibrator to output 3.00000mA at

S00Hz.

D. After allowing sufficient time for the calibrator cur-

rent to settle, send the following command over the
bus: V3E-3XCIX. Both calibration constants will
automatically be stored in E?PROM.

range using Table 6-9 as a guide.

NOTE
After completing the calibration procedure, place
the unit in the “CAL LOCKED" state by pressing
in on the CAL LOCK switch. Also, it is a good idea

Table 6-9. TRMS AC Current Calibration

Repeat steps A through D for the remaining ACA

Current
199 Calibrator
199 ACA.| Calibration| Output IEEE-488
Range Point @ 500Hz |(Bus Commands
30mA | 30.0000mA | 30.0000mA | V3DE-3XCO0X
03.0000mA | 03.0000mA V3E-3XC1X
3 A | 300000 A|300000mA V3XCOX
0.30000 A | 0300.00mA | V300E-3XCIX
MODEL 199 CEBS’C‘:‘:;’?
L LOInput LO
Current AC Vaoltage
Calibrator (' Shiglded Calibrator
Cable
tModel 2500E ~ Model S200A
HI Tnput HI

Figure 6-9. AC Current Calibration Configuration

6.5 DISASSEMBLY INSTRUCTIONS

If it becomes necessary to remove or replace a component,
use the following general procedure to disassemble the
unit, using Figures 6-10 and 6-11 as a guide. Note that the
procedure should be carried out in the sequence given
here, as each step.depends on completion of the prior step.
Reassemble the unit in the reverse order. For units not

to place a dated calibration sticker over the switch
access hole.

equipped with the optional Model 1992 Scanner, bypass
step 2.

6-13
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WARNING

To prevent a possible shock hazard, disconnect
the line cord and all test leads from the Model

199 before beginning disassembly.

1. Case cover removal; o
A. Remove the two bottom screws that secure the case

cover to the case sides.

NOTE

It is not necessary to remove the feet.

B.

Remove the screws that secure the rear bezel, then
remove the bezel.

C. Carefully slide the cover off the unit to the rear.
2. Scariner board removal (with option 1992):
A. Pull out the quick-disconnect plugs from the rear.

B.

board to the analog board and rear panel.

C. Grasp the board by the edges and gently pull it

toward the front of the unit untl it clears the rear

and side of the case.

D. Partially pull the board free of the unit to allow ac-

E.

cess to the ribbon cable plug underneath.

Unplug the scanner board ribbon cable (P1), and
remove the scanner board completely from the unit.

3. Digital board removal:
A. Disconnect the trigger signal connector (P15) and

display board ribbon cable (P14) from the dlgltal
board.

Remove the screw that secures the digital board to
the analog board standoff.

C. Remove the two nuts that secure the IEEE-488 con-

nector to the rear panel.

D. Remove the four screws that secure the left grooved

side panel, then remove the side panel.

Remove the three screws that secure the scanner

E. Pry the digital board free at connector P16 (at the end
next to the power transformer) until it comes free of
the connector pins, then remove the board from the
unit.

WARNING

" When removing or installing the digital board,

be careful of the sharp points on the connec-
tor pins.

. Front panel and display board removal:

A. Disconnect the five wires going from the front panel
input jacks to the analog board.

B. Carefully pry the locking tabs free of the front panel
rails, then remove the front panel.

C. Remove the screws that secure the top and bottom
rails to the right case sides, then remove the rails.

D. Grasp the display board by the edges, and remove

~ the board by pulling it forward until it is clear of the

analog board tab.

" 5. Analog board removal.

A. Remove the two screws that secure the rear panel to
the case right side. As the screws are removed,
remove case side.

B. Remove the nut that secures the green ground wire
to the rear panel,

- C. Disconnect the four rear panel input jack wires.

D. Remove the two nuts that secure the AC receptacle
" to the rear panel, then remove the rear panel from
the analog board.

- WARNING
When reassemhling the unit, the green ground
wire must be securely connected to the rear
pane! to ensure continued protection against
possible shock hazards,
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OPTIONAL SCANNER

ANALOG BOARD

DIGITAL BOARD

199 CASE

Figure 6-10. Model 199 Exploded View
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P1/26
; 1234
(Scanner Connection) 0660
Rear
[il Cennector | Colot
Install Jumper -H:] 1 Black
to Connect Digital Red
Commen to Chassis Ground 2 @
3 Green
4 Grey
Digital ——f— T Optional
Board Scanner
Board
P15/J15
{To Trigger \ I
Jacks) ) Analog
: Board
Jig—3r—» ] Connector | Color
(To Display es00080S owan
Board) o 1 Black
2 Red
J16/P16 — 3 Green
(To Analog 4 Grey
Board) 5 White
Front
123465
00000

Figure 6-11. Co_n-nectof Locafions
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6.6 SPECIAL HANDLING OF STATIC-
SENSITIVE DEVICES

CMOS devices operate at very high impedance levels for
low power consumption. As a result, any static charge that
builds up on your person or clothing may be sufficient to
destroy these devices, if they are not handled properly.

CAUTION
in order to avoid possible damage, assume that
all devices are static sensitive.

When handling these devices, use the following precau-

tions to avoid damaging them. ) T

1. The devices listed in the replaceable parts list should be
transported and handled only in containers 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 un-

til ready for installation.

2. Remove the devices from their protective containers only
at a properly grounded work station. Also ground
yourself with a suitable wrist strap.

3. Handle the devices only by the body; do not touch the
pins.

4. Any printed circuit board into which the devices is to
be inserted must also be grounded to the bench or tabie.

5. Use only anti-static type solder suckers.

6. Use only grounded tip solder irons.

7 Once the device is installed on the PC board, it is nor

mally adequately protected and normal handling can
resume. '

6.7 TROUBLESHOOTING

The troubleshooting information contained in this section

is intended for use by qualified personnel having a basic
understanding of analog and digital circuitry. The in-
dividual should also be experienced at using typical test
equipment as well as ordinary troubleshooting procedures.
The information presented here has been written to assist
in isolating a defective circuit or circuit section. Isolation
of the specific component is left to the technician. Note
that schematic diagrams and component location draw-
ings, which are an essential aid in troubleshooting, are
located at the end of Section 7.

6.7.1 Recommended Test Equipment

Success in troubleshooting complex equipment like the
Model 199 depends not only on the skill of the technician,
but relies on the use of accurate, reliable test equipment.
Table 6-10 lists the equipment recommended for trouble-
shooting the Model 199. Other equipment such as logic
‘analyzers and capacitance meters could also be helpful,
especially in difficult situations.

6.7.2 Power Up Self Test

Upon power up, the instrument will do a number of tests
on itself. Testsare performed on memory (ROM, RAM and
E*PROM). Whenever one of the memory tests fails, the
instrument will lock up and must be repaired. If all the
tests pass, then the frequency will be displayed. Im-
mediately after turning on the Model 199, the following
sequence will take place:

1. A digital check will be performed on the ROM circuitry.
If the test fails, the insttument will lock up with the
following message displayed:

Q000000000
Replacing U4 may correct the problem.

2. If the ROM test passes, a digital self-test will then be
performed on the RAM circuitry. If the RAM test fails,
the instrument will lock up with the following error
message displayed:

AAAAAAAAAA

Replacing U9 may solve the problem.

3. Finally, the E-PROM circuitry where the calibration con-
stants, IEEE address and line frequency setiings are
stored will be checked. If this test fails, the following
message displayed:

UNCAL

Pressing any front panel momentary button will return
the instrument to normal operation however, a complete
calibration will have to be performed, and the IEEE ad-
dress and line frequency setting should be checked. If
the test still fails after calibration, try replacing U20
before recalibrating the instrument again.

" 4. The instrument will then go to the power up default

function.
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Table 6-10. Recommended Troubleshooting Equipment

Equipment

Use

input impedance

Digital frequency counter

Five function DMM with 0.1% basic DCV accuracy, 10M

Dual-trace, triggered sweep oscilloscope, DC to 50MHz

Power supply and DC voltage checks;
analog signal tracing continuity, logic
levels.

Digital and analog waveform checks.

Checking clock frequencies.’

6.7.3 Diagnostics

Two programs available under DMM SETUP allow you to
test the front panel LEDs, as well as perform the memory
tests that are automatically performed upon power up.
Also included is a troubleshooting test mode that is design-
ed to turn on the various relays and switching FETs to allow
signal tracing through the instrument. Perform the follow-
ing steps in order to test the instrument.

1. Select the range and function to be tested for signal
tracing. o

2. Press SHIFT DMM SETUP then NEXT four times so
that the instrument displays the following:

LEDSOFF =~ 7

3. Use uprange or downrange to select the following
display:

LEDS ON

. Press NEXT to initiate the LED test.

5. While the LED test is running, observe the front panel
LEDs and display segments to verify that all are func-
tioning properly.

6. At the conclusion of the LED test, the instrument will

display the following: '

W

DEBUG OFF
7. Press uprange or downrange to display the following:
DEBUG ON

8. Press NEXT to enter the diagnostic test. The unit will
display that the first N mode is selected as follows:

NGO

9. Using Table 6-11, reference the selected N mode to the
present range and function to determine which switch-

ing FETs and relays should be on. Apply an ap-
propriate signal to the instrument, and trace the signal
through the unit using the appropriate schematic as
a guide.

10. To change the N mode, press the TRIGGER button.

11. To troubleshoot a different range or function, first exit
the diagnostic program by pressing any front panel
button except TRIGGER, then exit the setup mode by
pressing NEXT to return to normal display. Change
the range or function as required, then re-enter the
diagnostic program by using DMM SETUP.

6.7.4 Power Supplies

" Table 6-12 shows the various checks that can be made to

the power supplies of the Model 199. In addition to the
normal voltage checks, it is 2 good idea to check the various
supplies with an oscilloscope for signs of noise or
oscillations.

6.7.5 Signal Conditioning Checks

These circuits can be checked by using the diagnostic pro-
gram {under DMM SETUP) as explained in the paragraph

6.7.3.

6.7.6 Digital and Display Circuitry Checks

The digital and display circuitry can be checked out by us-
ing the troubleshooting data found in Tables 6-13 and 6-14.

6.7.7 Scanner Checks

Troubleshoot the optional Model 1992 Scanner using Table
6-15.
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Table 6-11. Model 199 Troubleshooting Mode

Function Input
& Measurement Buffer | Relays Range Switches Multiplex
Range Phase N Mode | Gain | Closed Closed Switches Closed
300mvV DC SIG ZERO 01 ] X0 K1 Q11, U22A Q34
CAL ZERO 02 X1 K1 Q11, U22A U25D, Q32
CAL 03 x1 K1 QI11, U22A U25C, Q32
SIG 04 X10 K1 Q1l, U22A Q30
3V DC SIG ZERO 0 X1 K1 Q11, U224 Q34
CAL ZERO 02 X1 K1 Qn, U22A U25D, Q32
CAl 03 X1 Ki Q1, U22A U25C, Q32
SIG 04 X1 K1 Q11, U2A Q30
30V DC SIG ZERO - 1 X1 —_ Q13 Q11, U22A Q33 .
CAL ZERO 02 X1 — Q13, QI1, U22A 25D, Q32
CAL a3 X1 — Q13, Q11, U22A U25C, Q32
SIG 04 X1 - Q13 Q11, U22A Q35
300V DC. SIG ZERO 01 X1 - Q3, Q11, U22A Q34
CAL ZERO 02 X1 — 3, Qi1, URA U250, Q32
CAL 03 X1 — Q3 Q11, U22A 125C, Q32
SIG 04 X1 — Q3, Q11, U224 Q35
300mv AC ZERO 01 x1 K4, KB U23A, UZ3B uz2sp, Q32
CAL 0z X1 K4, K5 U23A, U23B U25C, Q32
SIG 03 X1 K4, K5 T23A, U23B U254, Q32
No Test 04 — — — —
3V AC ZERO 01 X1 4, K5 U21C U25D, Q32
CAL 02 X1 K4, K5 Uz2iC U25C, Q327
SIG a3 X1 4, K5 U2icC U254, Q32
No Test 04 — — — — .
a0V AC ZERQ 01 X1 K4 U21B 25D, Q32
CAL 02 X1 K4 U21B U25C, Q32
SIG 03 X1 K4 U21B U254, Q32
No Test 04 — — — _
300V AC ZERO 01 X1 K4 U23C, U21B U2sDh, Q32
CAL 02 X1 K4 U23C, U2IB U25C, Q32
SIG 03. X1 K4 U23C, U21B U254, Q32
No Test 04 — - — —
3000 SENSE LO M X10 K2, K3 Q11, U22D, U24D U248, Q32
REF HI 02 X1 K2, K3 QU, U22D, U24D Q35, Q12
REF LO- 03 X1 K2, K3 Q11, U22D, U24D U254, Q32
SENSE HI 04 X10 K2, K3 Q11, U22D, U24D Q30
3k SENSE LO 01 X1 K2, K3 Q11, U22D, U24D U24B, Q32
REF HI o2 X1 K2, K3 Q11, U22D, U24D 235, Q12
REF LO 03 xa K2, K3 Q11, U22D, 724D U244, Q32
SENSE HI 04 X1 K2, K3 Q11, U22D, U24D Q30
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Table 6-11. Model 199 Troubleshooting Mode (Cont.)

Function Input
& Measurement Buffer | Relays Range Switches Multiplex
Range Phase N Mode | Gain | Closed Closed Switches Closed
30k SENSE-LO 01 X1 K2, K3 Q11, U22C, U24C U24B, Q32
REF HI 02 X1 K2, K3 Q11, U22C, U24C Q35, Q12
REF LO 03 X1 K2, K3 Qn, U22C, U24C U244, Q32
SENSE Hi 04 X1 K2, K3 Q11, U22C, U24C Q30
300K SENSE LO 01 X1 K2, K3 Q12, Q3, U22C, U24C U248, Q32
REF HI 02 X1 K2, K3 Q12, Q3, U22C, U24C Q35
REF 1O 03 X1 K2, K3 Q12, Q3, U22C, U24C Q34
SENSE HI 04 X1 K2, K3 Q12, 3, U22C, U24C Q30
M SENSE LO 01 X1 K2, K3 Q1z, Q13, Uz2C, U24C U248, Q32
REF HI 02 X1 K2, K3 Q12, (13, U22C, U24C Q35
REF 1O 03 X1 K2, K3 Q12, Q13, U22C, U24C . Q34
SENSE H1 04 X1 K2, K3 Q12, Q13, U22C, 1724C Q30
30M SENSE LO 01 X1 K2 Q12, U22C, U24C U24B, Q32
REF HI 02 X1 K2 Q12, U22C, U24C Q35
SENSE HI 03 X1 K2 Q12, U22C, U24C Q30
No Test 04 — — - —
300M SENSE-LO o1 X1 Q12, U22C, U24C U24B, Q32
REF HI 02 X1 K2 Q12, U22C, U24C Q35
SENSE HI 03 X1 K2 Q12, U22C, U24C Q30
No Test 04 — — — —
30mA DC SIG ZERO 01 X10 — U23C Uu2sD, Q32
CAL ZERC 02 X1 — U23C U250, Q32
CAL_ 03 X1 — 123C UsC, Q32
SIC 04 X10 — U23C U228,-Q32
3A DC . S5IG ZERO ! X10 — Q26, Q36, Q37 U25D, Q32
CAL ZERO 02 X1 — Q26, Q36, Q37 U25D, Q32
CAL 03 X1 — Q26, Q36, Q37 U25C, Q32
SIG 04 X10 - Q26, Q36, Q37 U228, Q32
30mA AC ZERO 01 X1 — U23D, U23B, U23C 25D, Q32
CAL 02 X1 —_ U23D, U23B, U23C Uu2sC, Q32
SIG 03 x1 — U23D, 1238, U23C U22C, Q32
No Test 04 — - - —_
3A AC ZERO 01 X1 — Q26,0Q36,Q37123C,1J23D,U23B U25D, Q32
CAL 02 X1 — Q26,036,Q37U23C,U23D,U23B U25C, Q32
SIG 03 Xi — Q26,Q36,Q37U23C,U23D,U23B U22C, Q32
No Test 04 - — —_ —_ -
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Table 6-12. Power Supply Checks

Step | Item/Component Required Condition | Remarks
1 |S3 Line Switch Set to 115 or 230V as required. | Line voltage selection
2 |F2 Line Fuse Check for continuity. Remove fuse to check
3 |Line Power Plugged into live receptacle;
power on.
4 | +5V Digital Supply U53, pin 3 +5V, +5% Referenced to digital common
5 | +5V Analog Supply U51, pin 3 +5V, 5% Reference to analog common
6 | £15V Analog Supplies U52, pin 3; +15V, —-15V, 075V Referenced to analog common
U50, pin 3
Table 6-13. Digital Circuitry Checks
Step | Item/Component -Rénjl_l_ij_:;a_Condiiio-n ”_ ‘Remarks
1 | U4, U9, U20 Pass RAM, ROM and E?PROM | Display will lock if failure
self-test on power up. occurs
2 | U8, pin 2 (PAO) TTL level pulses every 1msec VIA clock
3 | U8, pin 3 (PAl) TTL level pulses every I5msec | Data
4 | U8, pin 6 (PA4) Switch data (+5V or OV) Data input to VIA when button
pressed
5 U8, pin 7 (PA5) Switch data {+5V or (V) Data input to VIA when button
pressed
6 | U8, pin 8 (PA6) Switch data (+5V or OV) Data input to VIA when button
pressed
7 | U8, pin 9 (PA7) Switch data (+5V or OV) Data input to VIA when button
pressed
8 1U8 pin 19 Variable pulse train {0V to +5V) | VIA Data Line
9 (UM, pin 4 Variable pulse train (OV to +5V) | Data output
10 }U3B, pin 13 Variable pulse train (OV to +5V) | A/D counts
11 } U8, pins 12 through 16 Variable pulse train (OV to +5V) | Data to VIA from A/D
12 |U10, pins 34 and 35 2MHz TTL Bus Clock
13 | UL, pin 37 +3V, +5% Reset line (goes low briefly on
power up)
14 | U5 pin 9 +5V signal pulsed OV to +5V | INT line
every lmsec '
5 |US, pin 19 +5V (Logic "1") RESET line
16 |U5, pin 18 2MHz square wave at 0V to +5V| Clock
17 U5, pin 28 Should go true (+0V) when ATIN line
command is sent
18 | U5, 24 (NDAC), 25 (NRFD), Refer to Figure C-2 for required | Handshake sequence

26 (DAV), and the data lines

conditions
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Table 6-14. Display Circuitry Checks

Remarks

Us, pins 1, 3, 4,5
5 |PW4, pin 7 (S0)

1msec ..

Eep Item/Component Required Condition
1 |U4and U5, pins 2, 9 and 14 +5V, +5% +5V supply
2 |Pi4, pins 6, 11 through 24 Variable pulses Segment drivers
3 |Ul, pins 6 and 16; Variable pulses Digit drivers
U2, pins 47, 1417
4 |U5, pins 3, 4, 5, 6, 10, 11 and 12;} Imsec negative going pulse every

Depress S1, 52, 53, or 54 button

Pulse present when button

pressed
6 |Pl4, pin 5 (SI) Depress 55, 56, 57, or 58 button Pulse present when button
7 pressed
7 P, pin 3 (S2) Depress 59, 510, 511, 512, or 513 Pulse present when button
button | pressed _
Table 6-15. Scanner Board Checks
Step; Item/Component _ Requi.récrlw(i;n'diti;n ) Remarks e o ] J
1 {Pl, pins 2 and 4 +5V, +5% All signals referenced to analog
ground (P1, pins 1 and 2)
2 (Ul pin5 Stays high % second on power up, | Power-on safe guard.
then goes LO.
3 (U2, pin 2 Negative-going pulses Control CLOCK
4 |U2, pin3 Positive-going pulses Control DATA
5 |U2, pin7 Positive-going pulses Centrol STROBE
6 |U2, pins 11-18 On relay output LO, all others HI | Close selected channel using
SCANNER button
7 1K1-K8 Contact resistance <500m{ { Check HI and LO for each relay;
close relay with SCANNER
s L button.
6.8 SCANNER INSTALLATION AND WARNING

CHECKOUT

The following paragraphs discuss installation of the Model
1992 Scanner and Scanner checkout procedures. Refer to
paragraph 2.11 for front panel scanner operation; IEEE-488
control of the scanner is located in paragraph 3.12.

6.8.1 installation

Using Figure 6-12 and 6-13, install the Model 1992 Scanner
as discussed below:

Disconnect the line cord and all test leads from
the Model 199 before removing the case cover.

1. Remove the two screws that secure the rear bezel, then
remove the bezel.

2. Remove the screws that secure the case cover to the case
sides, then slide the cover off the instrument to the rear.

3. Remove the two screws that secure the cover plate to
the rear panel, then remove the cover plate. Save the
screws, which will be used secure the scanner card to
the rear panel.
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WARNING
The cover plate must be installed if the scan-

ner card is removed.

4, Remove the two quick-disconnect terminal blocks from
the scanner card before installation.

5. Qrient the scanner card above its final location (see
Figure 6-12), and plug the ribbon cable (P1) into the
mating receptacle (J26) on the analog board (see Figure
6-13). The red mark on the ribbon cable must be

oriented on the right as viewed from the front of the

unit,

6. Put the scanner card into the unit so that it lines up -

with the rear panel slot and is adjacent to the grooves
in the case side.

7. Secure the scanner card to the rear panel with the two
screws removed in step 2.

8. Secure the scanner card to the analog board using the
supplied #6-32 x 1-1/8" screw.

WARNING
The screws must be installed to ensure proper
grounding. The analog board shield must not
be removed.

9. Connect one end of the supplied two-conductor ca-
ble to J30 on the scanner card, and the other end to
J29 on the digital board.
10. Move Jumper W2 to position B as shown in the illus-
tration.
11. Using a pair of diagonal cutters, cut jumper W3 on

the digital board (see Figure 6-13 for location). This

step is necessary to enabie scanner card operation.

12. Replace the case cover and bezel, and secure them
with the screws removed earlier. Proceed to the fol-
lowing paragraph to check out the scanner card to
verify that it is operational.

6.8.2 Card Checkout

Use the procedure below to test the functionality of the
Model 1992 after installation.

1. Connect a short jumper wire between the H and L ter-
minals of each channel input on the two terminal
blocks.

2. Connect the A and B outputs together (I-I to H, Lto

L), and then connect the outputs to the VOLTS OHMS

HI and LO terminais on the rear panel (H to HI, L to-

LO). Use the supplied output cables.

wn

11.
. Press SHIFT SCAN SETUP then NEXT twice to

‘E,G

19.
20.

. Plug the connecting blocks into the scanner card, and

make sure the front panel INPUT switch is in the rear
position.

. Plug in the Model 199 and turn on the power.
. Press the SCANNER button, and verify that the follow-

ing message is displayed:

CHANNEL?

. If, instead, the unit displays the “NO SCANNER”

message, you may have forgotten to cut jumper W3 as
described in paragraph 6.8.1.

. Press 0 to return to normal display.
. Select the following Model 199 operating modes.

Function: OHMS
Range: 3002
Resolution: 5% digits.
Filter: off

Zero: off

. Tetnpcrarily short the rear -panel VOLTS OHMS ter-

minals, then press ZERO. Leave zero enabled for the
remainder of the checkout procedure.

. Press SHIFT TRIG SETUF, and use uprange or

downrange so that the “ONE SHOT" trigger miode
message is displayed.
Press NEXT twice to return to normal display.

display the present scan mode. Use uprange Or
downrange to display the following:

STEP

. Press NEXT to complete programming.
14.

Press SCANNER and note that the instrument displays
the following:

LIMIT?

. Press 8 to program the limit.
16.

Press TRIGGER 1o close channel 1. The instrument will
display the resistance reading on channel 1.

Verify the resistance reading is less than 1.

. Press TRIGGER to cycle to the next channel. Verify that

the resistance reading is less than 1{.

Repeat step 18 for the remaining channels.

If all channels show an overflow reading in its test, ‘it
is probable that the card was installed improperly (refer
to paragraph 6.8.1). If only one channel measures im-
properly, check to see that the channel jumper is in-
stalled properly.
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21. Turn off the instrument power, and unplug the con-  to connect the relay shields to analog ground (see Figure
necting blocks. Remove the shorting jumpers fromthe  6-13). If desired, this jumper can be cut to float the shields,
channel inputs. Assuming the scanner card functioned  or to connect another potential (for example, for guarding).
normalily, the unit is now reading for use. . _ : ' _

CAUTION
6.8.3 Relay Shieid Jumper Maximum voltage between shields and contact
is 250V DC.

A jumper (W1), on the scanner board, is factory installed

MODEL 199

REMOVE REAR COVER PLATE

Figure 6-12. Scanner Installation

624 . : . . -
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Rear

o P1/J26
: I (Scanrner Connection)

Cut Jumper \ : S—— Scanner

W3 for chnner : Board
Operation Uzo (] /__________ Jumper W1

) : {cut to float relay shieids)
Ui : ' |~————— Route Ribbon Cable
: i Linder Scanner Board

u

o]
o

J28
Digital — D:

Board Jumper W2 (shown
installed in position B).

)

2 - Conductor cable

Front

Figure 6-13. Scanner Connector Location
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SECTION 7
Replaceable Parts

7.1 INTRODUCTION

This section contains replacement parts information, com-

ponent location drawings and schematic diagrams for the .

Model 199

7.2 PARTS LIST

Parts are listed alphanumerically in order of their circuit
designations. Table 7-1 contains parts list information for
the display board. Table 7-2 contains parts list information
for the digital board. Table 73 contains parts list informa-
tion for the analog board. Table 74 contains a miscel-

laneous parts list for the Model 199. Model 1992 parts are -

listed in Table 7-5.

7.3 ORDERING INFORMATION

To place an order, or to obtain information concerning
replacement parts, contact your Keithley representative or
the factory. See inside front cover for addresses. When
ordering include the following information:

1. Instrument Model Number

2. Instrument Serial Number
3. Parts Description
4. Circuit Designation (if applicable)

- 5. Keithley Part Number

If an additional instruction manual is required, order the
manua] package (Keithley Part Number 199-901-00). The
manual package contains an instruction manual and any
applicable addenda.

7.4 FACTORY SERVICE

If the instrument is to be returned to the factory for ser-
vice, please complete the service form which follows this
section and return it with the instrument.

7.5 SCHEMATIC DIAGRAMS AND
COMPONENT LOCATION DRAWINGS

Schematic diagrams and component location drawings
follow the appropriate replaceable parts list for that par-
ticular board.

71



TABLE 7-1. DISPLAY BOARD, PARTS LIST

CIRCUIT KEITHLEY
DESIG. DESCRIPTION PART NO.
G2 CAP,.1uF,20%,50V,CERAMIC C-365-.1
DS1..D85 DISPLAY.DIGITAL (DOUBLE DIGIT) bb-39
0Ss-DS10 PILOT LIGHT RED,LED PL-71
DS12-DS14
D§&16, D817

MOUNTING KiT FOR PL-71'S MK-22-3
P14 CABLE ASSEMBLY,26 CONDUCTOR CA-27-4
51-54,56,87,89 PUSHBUTTON CAPS B228-317-5
$11,813
51..813 SWITCH,MOMENTARY SW-435
85,88 PUSHBUTTON CAPS B228-317-6
ut,u2 IC,SINK DRIVER,UND2596A 1C-578
u4.uUs IC.8 BIT PAR QUT SHIFT REG,74HCT 164 tC-456
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TABLE 7-2. DIGITAL BOARD, PARTS LIST

CIRCUIT KEITHLEY

DESIG. DESCRIPTION PART No.
IEEE MOUNTING HARDWARE CS-713

€1,C3..C6,08,C10, CAP,.01uF,20%,50V,CERAMIC 'C-365-.01

C14,C16

c11 CAP,22uF,-20+100%,25V, ALUM ELEC C-314-22

ci12,c13 CAP,15pF,10%,200V,CERAMIC C-406-15P

C2,C9 CAP,.1uF,20%,50V,CERAMIC C-365-.1

CR1...CR8 DIODE,SILICON,1N4148 (D0-35) RF-28

J14 CONN,DUAL 13-PIN-BERG CS-388-3

Jis CONNMALE,3 PIN CS-288-3

J29 CONN,STRAIGHT POST HEADER,3-PiN C8-533-3

J7 CONN,RIGHT ANGLE,24 PIN CS-501

P16 CONN,FEMALE,8 PIN,BTM MNT - CS-618-8

R1,R2 RES,100,5%, 1/4W,COMPOSITION OR FILM R-76-100

R10,R11 RES NET,82,5%,.25W TE-141

R3 RES,38.3K,1%,1/8W METAL FILM R-88-38.3K

R4 RES,909K,1%,1/8W,METAL FILM R-88-909K

R5 RES,9.09K,1%,1/8W,METAL FILM R-88-9.09K

R6 RES,1M,5%,1/4W,COMPOSITION OR FILM R-76-1M

R7 RES NET,3.3K,5%,1.25W TF-140

R8 RES NET,3.3K,2%,.6W TF-101

Ut iC,10 INPUT AND-OR-INVERT ARRAY,PAL10L8 IC-579

u10 IC,8 BIT MICROPROCESSING UNIT,68B0% LSI-65

uii,utz 1C,8 CHANNEL SOURCE DRIVER,UDN2585 1C-405

U13,Ut4 IC,HEX INVERTER,74HC04 1C-354

U15,U16 IC,OCTAL EDGE TRIG FLIP FLOP,74HCT374 IC-397

Uiz IC,QUAD 2-INPUT NOR GATE 74AHCTO02 1C-510

u2 IC,MICROPOWER BIPOLAR MONOLITHIC,5728 IC-177

u20 IC,PROGRAMMABLE E2ROM 2816A LS1-83

U3 IC,DUAL 4 BIT COUNTER,74HCT393 iC-462

U4 1C,32Kx8 EPROM,27C256 A199-800-"

us IC,GPIB ADAPTER,9914A LSI-49

us IC,OCTAL INTERFACE BUS,75160 IC-298

uz IC,OCTAL INTERFACE BUS TRANSCEIVER,75161 IC-299

us IC,VERSATILE INTERFACE ADAPTER,G655C22 LSI-86

U9 IC,(8KX8) HI SPEED STATIC CMOS RAM,6264 1L.SI-66

W3 JUMPER J-15

Y1 CRYSTAL,8.0000MHZ CR-24-1

*Qrder level of firmware in unit
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TABLE 7-3. ANALOG BOARD, PARTS LIST
CIRCUIT KEITHLEY
DESIG. DESCRIPTION PART NO.
ANALOG SHIELD,UPPER C199-312
FUSE CARRIER FH-25
FUSE HOLDER FH-21
HEAT SINK HS-25
ANALOG SHIELD,LOWER B199-313
PUSHBUTTON,BROWN FOR S1 C29465-2
PUSHBUTTON,RED FOR §2 C29465-3
ATH IC,DUAL CMR HIGH SPEED OFTO,HCPL-2631 1C-588
AT2 IG,OPTOCOUPLER, 2601 1C-238
ATS3 IC.OPTOCQUPLER,TIL117 IC-362
C15..C17,C14,C2,022,027, CAP,.1uF,20%,50V,CERAMIC C-365-.1
C3,C6,C61,C66,C9, T R C
C31 CAP,150pF,5%,100V,CERAMIC C-372-150P
C32 CAP,.0047uF,10%,100V,POLYPROPYLENE C-306-.0047
C33,056..C58 CAP,10uF,-20+100%,25V,ALUM ELEC C-314-10
C35 CAP,33pF,10%,1000V,CERAMIC C-64-33P
c3s8 CAP ,680pF,5%,500V,POLYSTYRENE C-138-680P
C40 CAP,.1uF,10%,630V,POLYESTER C-364-.1
C44 CAP,15uF,10%,20V, TANTALUM C-204-15
C45 CAP,2uF,10%,100V ,POLYESTER G-294-2
C48 CAP,.47uF,20%,50V ,POLYESTER C-350-.47
c47 CAP 1uF,20%,50V,POLYESTER C-350-1
C48 VAR CAP,2.5-6pF,500V C-359
C43 CAP.7-75pF,500V . VARIABLE C-484
C53 CAP,68pF,5%,500V,POLYSTYRENE C-138-68P
C59 CAP,1500uF,-20+100%,25V,ALUM ELEC C-314-1500
C60 ‘CAP,47uf,-20+100%,25V,ALUM ELEC C-314-47
C63,C65 CAP,680uF,-10+100%,35V,ELECTROLYTIC C-309-680
c72 CAP,10,000uF,-20+30%,25V,ALUM ELEC C-342-10,000
C73,C75,C76 CAP,22pF,10%,1000V,CERAMIC C-64-22P
C74 CAP,820pF,10%, 1000V, CERAMIC G-64-820F
CR1..CR3,CR12,CR16 DIODE,DIFFUSED,1N4148 RF-28
CR13,CR14 DIODE,SILICON, W04M RF-486
CR15 DIODE,BRIDGE, KBP0O2 RF-36
CR& DIODE,BRIDGE,PECS RF-48
CR7 DIODE,SILICON,1N4139 RF-34
CR8..CR11 DICDE, SWITCHING, 1N4148 RF-80
F1 FUSE,3A,250V FiJ-82
F2 FUSE,.3/16A,250V,3AG,SLO-BLO FU-29
J16 CONN,MALE,B PIN CS-338-13
J17..J25 CONN,BRASS PIN TE-110
J26 CONN,DUAL 5-PIN-BERG CS5-389-4
J6 CONN,AC RECEPTACLE CS5-388
K1,K2 RELAY, SPST (HIGH VOLTAGE) RL-99
K3..K5 RELAY, SPST (HIGH VOLTAGE) RL-70



81}

Q22

Q26,038

3
Q30,Q33,Q35
Q37

Q4

Q5,Q6,Q12,Q32,034
Q7,Q8,Q11,Q13,Q17

Qis

R1,R2,R45..R52
R12..R15
R17

R20

R21

R23

R24

R25

R26

R27

R3

R30

R31

R32

R33

R34

R35

R54
R55,R56
R57

R58

R59

R6

RE0

R&1

R62

RE3

R64

R66

R67
R68(18.6K
R69(15K)
R7

R70

R71

R72

R73

R75

R76

R77

R79

R8

R80

R81
R82,R85
R83,R84
R86

TRANS,N-CHANNEL DUAL FET MP841
TRANS,NPN TRANS,GES5818

TRANS,N CHANNEL FET,BUZ71

SELECTION, TG-174

SELECTION,TG-139

TRANS,N-CHANNEL MOSPOWER FET,2N7000
TRANS,N-CHANNEL JFET,PN5434
SELECTION, TG-128

TRANS,N-CHANNEL FET

SELECTION,TG-138

RES, 1M,5%,1/4W,COMPOSITION OR FILM
RES,100K,1%,1W METAL FILM

RES NET,10M,1.111M,110.95K,10.101K
RES NET,100K,2%,2.25W
RES,100K,1%,1/8W,METAL FILM
RES,30K,1%,1/8W

RES,13K,.1%,1/10W METAL FILM
RES,1M,1%,1/8W METAL FILM
RES,2K,1%,1/8W
RES,1.002K,.1%,1/10W,METAL FILM
RES,1K,5%,1/4W,COMPOSITION OR FilLM
RES,.1,.1%,7.5W,WIRE WOUND ;
RES,22M,10%,1/2W,FIXED-COMPOSITION
RES,118K,.1%,1/10W,METAL FILM
RES,1.17M,.25%,.75W.METAL FILM
RES,20K,5%,6.5W,WIRE WOUND
RES,8.09K,.1%,1/10W,METAL FILM
RES,32.4K,1%,1/8W METAL FIiLM
RES,20K,.1%,1/10W ,METAL FILM
RES,",1%,1/8W METAL FILM
RES,15.8K,1%,1/BW METAL FIiLM
RES,7.87K,1%,1/8W METAL FILM
RES,142.8K,.1%,1/8W
RES,560K,5%,1/4W ,COMPOSITION OR FILM
RES,18.2K,1%,1/8W ,METAL FILM
RES,8.25K,1%,1/8W METAL FIiLM
RES,2K,5%,1/4W,COMPOSITION OR FILM
RES,1K,1%,1/8W ,METAL FILM
RES,1.33K,.1%,1/10W METAL FILM

“RES11K,.1%,1/10W , METAL FILM

RES MATCHED SET

RES,996K,.1%,1/4W METAL FILM
RES,6.19K,.1%,1/10W METAL FILM
RES,9K,1%,1/8W,METAL FILM
RES,15K,1%,1/8W,METAL FILM
RES,14K,1%,1/8W METAL FILM
RES,10,.5%,1/8W,METAL FILM
RES,12.4K,1%,1/8W METAL FILM
RES,8.76K,1%,1/8W,METAL FILM
RES,220,5%, 1/4W,COMPOSITION OR FILM
RES,7.78K,.1%,1/8W
RES,162K,1%,1/8W METAL FILM
RES,7.5K,5%,1/4W,COMPOSITION OR FILM
RES,270,5%,1/4W,COMPOSITION OR FILM
RES,360,5%, 1/4W,COMPOSITION OR FILM
RES,330,5%, 1/4W,COMPOSITION OR FILM

TG-200 (*%)
TG-138
TG-196
A199-600

"A193-603

TG-195
TG-174 {*")
A31841
TG-128
A197-600

R-76-1M
FH-344-100K
TF-214
TF-177-3
R-88-100K
R-348-30K
R-283-13K
R-88-1M
R-348-2K

‘R-263-1.002K

R-76-1K
R-262-.1
R-1-22M
R-168-118K
R-352-1.17M
R-336-20K
R-263-9.09K
R-88-32.4K
R-263-20K
R-88-"
R-88-15.8K
R-88-7.87K
R-176-142.8K
R-76-560K

-264-996K
-263-6.19K
-348-2K
-88-15K
-88-14K
-246-10
-B8-12.4K
-88-9.76K
-76-220
-176-7.78K
-88-162K
-76-7.5K
-76-270
-76-360
-7

R
R
R
R
R
R
R
R
A
R
R
R
R
R
R-76-330



Ra7
R88,Rg98
R89..R95
A9

Ro6

Rav7

RT1

S1
s2
83

T
T

TE1,TE2

Utt1,u13,ute
uis

Utz

(URE:]
uz,u4,Us,042
uzo0
uzt..u25
uze

uz7

uzs
29..u32
u33

U43
U44,U45
U465

U49

uso

Ust

us2

us3

Us

uz.us

VR1
VR2

Y1

**Matched set order 196-602

RES,470,5%,1/4W,COMPOSITION OR FILM
RES,10K,5%,1/4W,COMPOSITION OR FILM
RES,100K,5%,1/4W,COMPOSITION OR FILM
RES NET,10K,2%,.25W
RES,200,5%,1/4W,COMPOSITION OR FILM
RES,1.18K,1%,1/BW,METAL FILM

THERMISTER,250mSEC,500V

SWITCH, PUSHBUTTON
SWITCH,PUSHBUTTON (6 POLE)
SWITGH,SLIDE (DPDT)

TRANSFORMER, (30-110V, 180-220V)
TRANSFORMER (105-125V, 210-250V)

TERMINAL

1G,22V OP-AMP NES534N
SELEGTED,IiC-283

IC,DUAL 4-BIT DEC./BIN. COUNT.,74HC390
IC,DUAL 4-BIT COUNTER,74HCT393

IC,LOW PWR/OFFSET VOLT. QUAD COMP,LM339
SELECTION,IC-325

IC,CMOS ANALOG SWITCH,DG211

IC,18V OP-AMP,LF353N

IC, TRMS TO DC CONVERTER,637JD

IC,DUAL JFET INPUT OP AMP,LF412
IC,8-STAGE SHIFT/STR REGIST.,MC14094BCP
IC,DARLINGTON TRANS ARRAY,ULN20003A
IC.QUAD 2-INPUT OR GATES,74HC02

iC, TRIP.2-CHAN. MULTIPLUDEMUX.,CD4053BC
SELECTION,IC-165

IC,HEX INVERTER,74HCT04

IC,NEG VOLTAGE REG -15V,500mA,79M15
iC,+5V VOLTAGE REGULATOR,7805 o
IC,POS VOLTAGE REG +15V,500mA,78M15
HEAT SINK,ASSY

IC.QUAD 2-INPUT NAND,74HC00

IC,DUAL D-TYPE FLIP-FLOP,74HC74

DIODE,ZENER 4.3V,1N5891B
DIODE,ZENER 6.4V, 1N4579

CRYSTAL,3.84MH=z

R-76-470
R-76-10K
R-76-100K
TF-39
R-76-200
R-88-1.18K

RT-g-2

SW-468
SW-466
SW-476

TR-259
TR-258

TE-97-1

1G-540
31847-1
IC-500
IC-462
1C-219
A196-601
1C-320
1C-246
IC-352
[C-504
1C-251
1C-2086
1C-412
IC-283
A30167
1C-444
IC-195
1C-83
IC-194
A32469-4
1C-351
iC-337

DZ-81
DZ-73

CR-13
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Figure 7-5. Analog Board, Component Location Drawing, Dwg. No. 199-120
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DO NOT INSERT C4,C10,C41,C42,C43,C54,055,C77,078,W1,Q9,C34,036 & C37.




B | % , 6 | 5 4 3 | 2 1

&AEU INPUT A g B B SENSE HI o)
PAGE 3,ZDNE C1
PAGE 2,2GNE D8 3 AL 4 *
+2.600—2
+5UA K1 3U RELAY
Rl ! 2 Rl 516 5
PAGE 3,EONE C1| oo Oo—+
3 1 yve PABE 3,20NE D3
160K
+3UR
—4.3U _]Q_3B -10UR
“Temerr Rag
e B +3un 100K
PAGE 1,B0NE C2 Y y i R} ———]
’ P R17A 430 | .
~4.30 Ve 101 -
“Tls 2 [~y 4.3) ' V . ~15U +15U +5up

Ro8 I REZ . :
1K -15U g2 —
PAGE 2,Z20NE A1

[J—H > OHH RELAY : a8 =3 CURRENT S
B
PAGE 3,

BONE Ci @;gﬁg gi
Fl “15U +13U0 }
+2,6U O— . PAGE 3,20ME B1 )
b uzs |, |
' +2.6Y +3VA +—d .PRGE 2,20HE D1 A
1M,36mA 5 O O ) D iy S-S
FRGE 3, Tl lis

R2&

5 -
. #0NE A1 15 14 PAGE 3,E0HE B1
J25  pum_semsg s 21 10 | W_-O SR JEOHE P B
L@fsun
P JE? UOLTS OHMS HI +5UB ! E 20008 PAGE 1, | | .
Jag 51 HOT 2 PAGE 3, 20NE DB 4 !
¢ . VOLTS DHHS LD TNSERTEDDD on PRGE 3, -15V +150 +5uA BONE B1 o SHLICH > '
(¢ owms sense o oaa__| 160K 2one Al
4 —3
81 RT ' % * — /READ SHITCH [°
19 11 A PRGE 3,20NE B1
ot 1 Q16 15U 4150 E—J x|
B 7 5 . ;ﬁ 3 s la bs -
1 4 -15U  +15U'+SUR ~15U +15U 43UA REF
b §R21 - 266 10f 1
el | 100K, 42 Y2 1y b3 . 5 2
£ .
2 l‘%“ 3 :l!a‘ 4 L3 O JCAL 5
HE——0 F 14
S1 D 100K SENSE 100K 1 +5UR "@ PRGE 3 ,Z0NE D1 qsy +15V
i¢
[
PAGE 3, +15W 9 5_1 16 T
PABE 3
i" ZoNe Al ? Zowe a1 v ‘ Ugs s s
J17 im OHH PABE 3 1K, 30 Gofy 14
] Z0KE Bi e
& £ NS SENSE HI PAGE 3,20N€ AL | ,1ok-smas @ B
. J1B  youvs owns ux R4G < eos ~ ] PAGE 3,Z0NE 81 & +304
118 pums sewse Lo 1R < ‘{H\f o FEERQ
J20 PRAGE 3 ,ZONE BG PAGE 3,EZ0NE D1
¢ (E UOLTS OHMS L0 . . -15V +158U
JE1 -15¢ RO,
= AMPS CURRENT INPUT zo&(
o 3
PAGE 3,Z0HE AL[T) /1M SENSE g \:.\ R V24 |y bs
PAGE 2,20HE BH e y Q45 33 g
INPUT LD +2.600 g | L= : il hz o
— ] PAGE 2,20ME RAB . te -‘ &——1 i
1
. PRGE 3,20ME B1
I
INPUT BUFFER
PAGE 3,20NE 0B [ >—
15
gﬂmnn —15U +15U l' é ; 153
T T ‘ - ‘
U%“ 4 s —10UR
R14
ANA ' 2 &
100 G2z B2 o +sun @ +5uR
. 5 Q
/SENSE LD
G 3 — KLITHLEY THSTRUHEHTS IhG.
PAGE 3,#0HE At PAGE 3, D__mﬂé\\ KEITHLEY CLEVELAHO, DHIO 44338
BOHE A1 u4p 1z —]
LH330 B TITLE
s2.6 O——
11 12 ' " H SCHEMATIC ANALDG BDARD
1
R20F < R20E B
100K S100K 5

SHT 1L OF §

i
Loun : D 199 199-136 15087 | J
KEK HH 2-26-92

Figure 7-6. Analog Board, Schematic Diagram, Dwg. No. 199-126
(sheet 1 of 5)



|

c48
-15U +150 \ 7
2. dom
c
[ £300uAG-300nA U[a)l .l b NDT INSERTED
15 14 30PF
PAGBE 3,Z0NE C1 2 et
! 3 1 - +5VA I HOT INSERTED
16 ~15V +15v 1éFIF C44
Vi
D v iy Rz bl
NOT INSERTED
Ugl 1 113 116K V=r]
E4F 2 3 CA43 D627
—"!; RHS PAGE 1
1. 5 MDY INSERTED 1 14 .
PAGE 3,Z0NE €1 ka 4 118 — .5 +5uR e An no o lE %Ug e " lzane €2
[—ACY ReLay 1 2 +5UR 0S4 3 M:—{-la NC
YYYLE g ca “*‘i]‘““‘“ HOT INSERTED s g ~15u
- ACY INPUT LAY \? 150 15U +15U EELELT ;v 5 —}
L———-! o hle +150 R24 ct5  |Nc conf B C14
£#ABE &, B0ONE DB e AA Nt 15U +1SV
R3L 1x PR3 v
i ot 71 . o
R33 a B 4l L%l 4 iz Vy AF
- s
1171 U26A 1 Z [ 5 W
28 ki 12 __5esua ‘ 100K
CRi1 oR1b N7 4 5 | =15V #isu _c46
3 G T
-15U +i5u '
-15y J
4 ha
g PAGE 3,20ME B[ ZAC RTTEN) T T U§3
vt [y hs -
> . d +SUR
10 @ 11 -
e . o
B +5un
/XLOAC
+L3u PREE X,20NE B1i
. oRE -
+5VA +150 D /3VAC 15V +15y
| eAce 3, +3ua ;
| zonE 1 PAGE 3,Z0NE C1
3 R4 | 3UAC_RELAY 1 0 2 4 A
N 1M, 50mA 5 [ 10K UBER™~_ 1 2 Iz
PRBE Z,20HE Al u48 1 Lratz @ IR . o +5UA
' 21y A4 N T -15U +150 .
+ TS
12 +suAg—I2] . T T § 0
1l 10 R CRE L%g " 3 0. I
-15u
~10uR uzs p3 o4 -15u PAGE 1, 14 !
' C v aone 03 [ Hl 2 g ‘
. : 16 +5UA
Fi 15V -15v , 031
B [>EURRENT IyPuT f\jc | ) e iR':l;a?a-(
PAGE 1,Z0NE B8 an .
R75 /ACA 4 ;
PAGE 3,ZONE BY|
1" Qz? ' oy s R20H, +3uR
S AN 288 s 100K 1gR206 5
a1 100K :
8 lc4? '
[T :
i) ;
i
CURRENT
] et Lo —]
PAGE 1,20NE B6 ‘ PAGE 1,20M8 D2
|
KE L THLE Y | e e
TITLE
SCHEMATIC , ANALOG BOARD
oG L =]
D 199 180-126 isoar | 9
) T
KEK | HH 2=26-32
i
L T
8 % 6 5 7 3 T 2 1 wwees

Figure 7-6. A:"mlog Board, Schematic Diagram, Dwg. No. 199-126
(sheet 2 of 5)



8 7 6 : 5 , 4 , 3 2 L

MATES WITH P1 FAST C]Egsa 4 ,2ONE B4
SEE SCANNER BOARD SGHEHATIC "
‘ /c
l C1992-106& ¢_|PAGE 1,20HE B2
N 328 3 J26 /N 926 % J26 45| J26 s J26 A, J26 Ay J26 N\ J26 Ay J26 i EERD _ —eace 1,d0ME B2
o 3 P 1 2 b Ta 5 T:n 3 S o '
p — ‘ i /REQD SWITCH
| +5UA ‘ 030 ¢ |PABE 2,20NE C2
o 1N P
! 516
i 12 D3
[y INPUT UFFER 3| o T2 {"|page 1,zone D3| [)
R97 A0 INPUT ‘ ) 4 /FINAL SLOPE AGE 4 ZONE L3
PAGE 1,20NE AS e o A ' PREE 4,Z20HE D1 Dy % STRODE O {gﬂ o I [ CJEEeE 4
2 ' 2 b, 5,
- fA SYNG
DATA DATA A 3 s a
4 PABE S, ZONE B1 [H—1P 5 s —C]PAGE 4,ZONE B
CLOCK I : O T ] -
(>, [ R cone a” bt <_JPABE 4 20NE BE
8T
(] PAGE 5, 2ONE 01 L _— PAGE 4,2ONE A7
-1su SHORT. <_IPAGE 4.EDNE DB
PAGE 5, 2OKE Ci [ GLocx LOHE hhas 3’5355 ne
, L
‘ £3UAC PAGE Z,20NE C3
v4salz o —10VR <1 '
9 _ :
A /300UAC-300mRA e D
PAEE 3,Z0NE B1 RE‘,Z‘ +5uR ‘USWME I ¢_JPAGE 2,20
4053 oAl /AC ATTEH ¢ JPRBE 2,20NE CA
+E5UR < Vo 1MH ; =14UR P oo ::
v, U, = . E
S5 lny EE . 1 Eﬁ ad 2.
13 ’ 2 6
Nig 2pra +5UR
33 n? o . 3VAC RELAY 12 nee 2 /2ONE Ch C
: : SCANMER 0ATA U3sd :
o : feozees ACY RELAY AGE 2,20ME DB
' 16
I | ’ Pl el 15 I——<3u RELAY JPAGE 1,BONE D6
Y | ; 1%
‘ e 137 OHM RELAY—uace ) aone ©7
5 12 3 ‘
11y,
o 3N SENSE WE g 4 zone o6
-15 CR16 —6.4u PaG —
: E 4 :
~4.30 } ] aB8E A 2008 ¢
RE& |
F1
8 | uvzoe 1 1,31
LFage 2 PAGE 1, :
s, ZONE B3 +5uR | 99414y
(] o b T
§ P i
+159 . HOT = 1 ~10UR 1 i F2 .
INSTALLED —(3 2 o £ /X10AC :
3 2 {JPAGE 2,Z0NE C3
v I
Uy @& ¥10 &
. 5 PABE 3,20NE €7
RESISTOR wgil o /AC
SET énﬁe —Jease 1,2oNe £2| [
18,6 £DGA —JPRBE 1, 20ME CE
REF Fiz /’S R7D £30K=3mf < JPAGE 1,20NE B3
- . Y :
2.9y [D—— g 6.10K /SEMSE LO —( }PABE 1 ,20NE R4
PAEE 1,20NE B2 aca
i Rxﬁa% ! <_|PAGE 2,2DNE B4
i ; /1K, 300uR PAGE 1,Z0NHE B2
ez
H .
7 REZ : ‘ +aua V3 I < ease 4 ZoNE 85
1K e RLLP¥ BT Hux (JPRBE 1,20NE C1
: pu BT} | RTTEN
16 13 I <_JPRBE 1,20ME 81—
15 14 100k SEMSE - —page 1,20ME B
L REFERENCE - lisTR 042 s 1H,3onR PAGE 1,20NE €7
£ pra £ —l PRBE 2,20ME CB
100K :
s @ <_IPAGE 1,20NE L6
e He oM PREE 1, 20NE A3
PABE 4,Z0ME Cb
73n BEHSE —<_JPABE 1 ,20NE BXZ
KEITHLEY| clirortamo, oo satss
TITLE
SCHEMATIC ANALOG BUARD
!
’ -1
D 199 199-126 15087 | J
APPRALE
KEK I hH 2-20-92

8 I 7 [ ) I 5 4 1 3 ] - i 1 BHT 3 OF 3

Figure 7-6. Afnalog Board, Schematic Diagram, Dwg. No. 199-126
(sheet 3 of 5)



+SUR
C
-1suy—8 ROE 1y
"R C‘:DK +15U i 15y
{
RGO D.l\i’-'
R36 RSS
BéeKk 20K 20K 2
LONE SHORT
A/D_INPUT PRGE 3,EONE D6
pace 3 1) PAGE 3 s ROF 4o
20ME 61 ZONE D1
10K NOT INSERTED
3 4 c4
§R9D R9 (196-6\:2)
oK Tok
5 D

/FINAL SLOPE

*15v

14 13

15 10| 3 Lo FAST __ Jpage 3,20HE D1
FRAGE 3 R9A
ZONE Di ! 16 uso. 13
10K 1
. oS CRIMALSLOPE ) boce 3 zome by
12 -10UR ' ‘
ﬁjl C1gur ‘g
+5YR
G <] -1ouR
+5ua 5%2&4 o E P , el i:
YY) 8 2 dox  FE_NC e Llyei 2 PAGE 3,20HE A1
L 12 n Ueel 34 2 Ve 14 -, 12 Ucc_lL@-q-sun
1 Z 3 g a2 Ssua s 4 i rd
C +5VA % UBA 3
O 2 | 7ac00 NOT
vl > INSTALLED RE?
[196-602)
A/D COUNTS o
+5UA Rz NOT C37 U498 ;:?:?g 551
@ (TR, o ez INSERTED Tazpr 3 4
4] ]
e ] fCTo4
INT : Ox  GHC ?
Uee] 14, @ +5UR
i w7
PASE 3,BOME C1 —%
}PAGE %,20NE D1
R77
[—SyHE A
976K
PAGE 3,20ME D1 ; +18Y
o6 o NC .
Ll an HC
8 %] '
20 ver
% DM~—‘
12,4 +SUR
PRGE 3
R3 BONE C4 —
7
M 14 M
Flidon og wor &
wor  C34 c25 1txa q:ﬁ INSERTED
INSERTED {Eapr % 16 o ’
e 42 G0 ved —Q+3UA UNUSED GATES 8,
+18Y
R2 e v
——AA——— .
1
NOT PAGE 3 -
INSERTED ZONE D1 1o 14 KETTHLEY| B, oo s
SHORT D>— 1150 ™\ 11 e T
13} 74E00
LONG[ >—=
PRBE 3 7 SCHEMATIC,ANALOG BOARD
20NE DL
[ODEL -7}
D 189 199-126 15087 | J
' AFFRDVED TC
i KEK [ HMH 2-26-92
8 I 7/ 6 o) 4 i 3 2 t BHT 4 OF 5

Figure 7-6. Analog Board, Schematic Diagram, Dwg. No. 199-126

(sheet 4 of 5)



+BY UNREGULATED

3/16R
on-125y

1/108
ig0-asdv

(6U MIN,
LINE DEPENDENT }
Th us3
. ) A oo ® +5U
" ili LHzZ540
e
cv2 3 )
w A 5 1y Tine
I I ‘ AC
2300
151
. 13] v v
TE—="llre : =i Sha
- . I I
1150 I o
e P S 41056
LS e T
10 l {H
Ne NG : : I
1 4 ! I [. usg
OFF 12 l 3| 7eens [
2 5 o Ci | ™ ouT <] +18v
oD
s s [ _1:[955 2 57
3 3 l o ToF
L |
% <
| 1 Jgaz :Jgsa
Tour

1
OUF B0
[ B our|2

G -i5v

FoH1S
US0

S00U ISOLATION 8ua
R79
+3Y JR—
220 ra1
— 7.5
J18, s1RoBE
1 3_ SIROBE ()
SHEET 3
20HE DS
RrRg2
*5U G—AAA,
o
- RB3 To
360 SHIFT
) REGISTER
?Z'ém SHEET 3 CONTROL
BONE D3
! 18 cuock INPUTS
MATES WITH
PL
SEE DIGITAL BD
SCHEMATIC "5 O A—
0199-106 220
4 2] RB4
T %50
&\ p DATA C]
L SHEET 3
3 5 Z0HE| DS R
Jgﬁ.‘ bATA " ’
~ 1
H
u
]}
+35y 3]
@ 1
9 (4] RBG
ars
+3Un
couNTs Raz g ...a“"llm_x_ I i
J18  “Baok Z A £] As0 COUNTS
& e <

!

J16

Jl& COMHON

@ +su

——dLl

JIE
+8Y UNREBULRATED

(+6V HIN,
LINE DEPENDENT} *

L IZJF’TGISI:!LFIH’CIRS‘J

SHEET 4
BONE C1

KETTHLEY] Samss,omeem,™

TINLE

SCHEMATIC, ANALOG BOARRAD
(POHER SUPPLY AND OPTOISOLATORS Y

[1=4] e
100-126 | 18087 ] J
HH ™ 2-26.92

3 T

2

j_ SHT S OF S

]

Figure 7-6. A'nalog Board, Schematic Diagram, Dwg. No. 199-126
(sheet 5 of 5)



TABLE 7-4. MISCELLANEOUS, PARTS LIST

KEITHLEY

DESCRIPTION PART NO.
BANANA JACK BJ-12-0
BANANA JACK BJ-12-2
BANANA JACK BJ-12-9
BNC CONNECTOR ~C8-520
CAPACITOR C-64-1000p
CONNECTOR CS8-627
CONNECTOR HOUSING cs-287-3
COVER D199-308
FASTENER FA-206-1
FRONT FOOT ASSEMBLY 706-317
FRONT PANEL D199-301
FRONT PANEL OVERLAY C199-302
LINE CORD Co-7

LG LU-100
MODIFIED CROSS EXTRUSION B199-306
MODIFIED SIBE EXTRUSICN C199-304
PEM STUD FA-72
REARBEZEL D199-302
REARFOOT 706-316
REAR PANEL C199-307
SCANNER COVER PLATE A199-317
WINDOW A198-316




TABLE 7-5. Model 1992, PARTS LIST

CIRCUIT KEITHLEY

DESIG. DESCRIPTION PART No.
CABLE ASSEMBLY CA-64-1
CABLE ASSEMBLY CA-64-2
SCANNER BOARD SHIELD B1992-301

c1,c3 CAP,10uUF,-20+100%,25V,ALUM ELEC C-314-10

c2,C4,C5 CAP,.1uF,20%,50V,CERAMIC C-365-.1

CR1 DIODE, SILICON, 1N4148 RF-28

J1,J2. CONN,10 PIN OPEN END HEADER CS-626-10

J30 CONN, STRAIGHT POST HEADER, 3-PIN CS-533-3

K1..K8 RELAY (DPST) RL-77

P1 CABLE ASSEMBLY,10 CONDUCTOR CA-32-6

P1,P2 CONN,PLUG 10 PIN W/STRESS RELIEF CS-611-10

P29,P30 CONN,HOUSING,3-PIN CS-534-3

Q1 TRANS,N CHAN MOSPOW FET,2N7000 TG-195

Rt RES, 10K,5%,1/4W,COMPOSITION OR FILM R-76-10K

R2 RES,330,5%,1/4W,COMPOSITION OR FILM R-76-330

R3 RES,470,5%,1/4W,COMPOSITION OR FILM R-76-470

Ut iC,DUAL D-TYPE FLIP FLOP,74HC74 1G-337

U2 iC,8-BIT SERIAL-IN/LTCH DRIVE,UCN-5841A [C-536

U3 IC,OPTOCOUPLER, 2601 1C-239

W1 JUMPER,GIRCUIT J-15

w2 CONN, BERG, 3 PIN C$-339-3
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APPENDIX A

ASCII CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII IEEE-488 Messages*

0 00 NUL

1 ot SOH GTL
2 02 57X

3 03 ETX ) I
4 04 EOT _ SDC
5 05 . ENQ PPC
6 06 ACK

7 07 BEL

8 08 BS . GET
9 09 HT TCT
10 cA LF

11 0B VT

2 0C FF

13 oD CR

14 OE 50

15 OF SI

16 10 DLE

17 1 DC1 : LLO
18 12 DC2

19 B DC3 o
20 14 bCq4 . e DCL
21 15 - NAK FPU
22 16 SYN

23 1V ETB

24 18 CAN SPE
25 19 - EM SPD
26 1A SUB

7 B ESC -

28 1C .. FS

29 D GS

30 1E RS

31 1F Us -

* Message sent or received with ATN true.



APPENDIX A

ASCIHl CHARACTER CODES AND |IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCIH ~ TEEE-488 Messages*
32 20 SP ' "MLA O
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 . ! MLA 7
49 28 ( . ‘MLA 8
41 29 ) MLA 9
42 2A * MLA 10
43 2B + MLA 11
44 2C ;- ' MLA 12
45 2D - MLA 13
46 2E . MLA 14
47 2r / MLA 15
48 30 0 - MLA 16
49 A 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 MLA 23
56 38 8 . - MLA 24
57 39 9 MLA 25
58 3A : - MLA 2™
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).

** Model 199 default listent address.



APPENDIX A

ASCIl CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII o IEEE-488 Messages*
64 - 40 @ MTA 0
65 41 A MTA 1
66 42 B MTA 2
67 43 C MTA 3
68 44 . D MTA 4
69 45 E MTA 5
70 46 F - MTA 6
71 47 G MTA 7
72 48 H MTA 8
73 49 I MTA 9
74 4A ] MTA 10
75 4B K MTA 11
76 4C L MTA 12
77 4D M MTA 13
78 4F N MTA 14
79 4F O MTA 15
80 50 P MTA 16
81 51 Q MTA 17
82 52 R MTA 18
83 53 .8 MTA 19
84 54 T MTA 20
85 55 U - MTA 21
86 56 V.. MTA 22
87 57 W MTA 23
88 58 X MTA 24
g8e 59 Y "MTA 25
90 BA z MTA 26
91 5B { MTA 27
92 5C -\ MTA 28
93 5D i MTA 29
94 5E N MTA 30
85 BF —_ UNT

* Message sent or received with ATN true. Numbers shown are pnmary address resulting in MTA
(My Talk Address). :
**Model 199 default talk address.
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APPENDIX A

ASCIl CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII )  IEEE-488 Messages*
96 60 : . MSAQPPE—
97 61 a o MSA 1,PPE
98 62 b M5A 2,FPE
99 63 c MSA 3,PPE
100 64 d Mb5A 4,PPE
101 65 e MS5A 5,PPE
102 66 i MS5A 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 i MSA 12,PPE
109 6D m MSA 13,PPE
110 6E n MSA 14,PPE
1 6F 0 MS5A 15 PPE
112 70 P MSA 16, PPD
13 71 q MSA 17.PPD
14 72 r MSA 18, PPD
15 73 .8 MSA 19,PFD
116 74 t - MSA 20,PPD
17 75 u MSA 21,PPD
18 76 v MS5SA 22,PPD
19 77 w MSA 23, PPD
120 78 X MSA 24,PPD
121 79 y MSA 25,PPD
122 7A z MSA 26,PPD
123 7B { MSA 27 PPD
124 7C | MOGA 28 PPD
125 7D } MS5A 29,PPD
126 7E ~ MSA 30,PPD
17 7F DEL

*Message send or received with ATN true. Numbers represent secondary address values resulting
in MSA (My Secondary Address). _
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APPENDIX B

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 display an instrument reading string.

Programs for the following controllers are included:

» IBM PC or AT (with National Instruments GPIB-PC IEEE-48% Interface)
» IBM PC or AT (with Capitol Equipment Corp. PC-488 Interface)

* Apple II (equipped with the Apple Il IEEE-488 Interface)

¢ Hewlett-Packard Model 85

¢ Hewlett-Packard Series 200 and 300

* Hewlett-Packard Model 9825A

* DECLSI 11



1M PC OR AT
The following program sends a command string from an IBM PC or AT computer and displays
the instrument reading string on the computer CRT. The computer must be eqmpped with the
National Instruments GPIB-PC [EEE-488 interface and the DOS 2.0 or 3.0 operahng system. The

———

GFIB-PC software must be instailed and CO‘I‘!I.lgI.lI‘ECl as described In fhe instruction manual.

DIRECTEONS

1. From the frent panel, set the primary address of the Model 199 to 26.

2. With the power off, connect the Model 199 to the TEEE-488 interface installed in the IBM
computer.

3. Type in BASICA on the computer keyboard to get into the IBM interpretive BASIC Ianguage )

L Y T

4. Flace the interface software disk in the default drive, type LOAD"DECL" . and press the refurmn
key.

5. Add the lines below to the declaration file; also modify the address in lines 1 and 2, as described
in the GPIB-PC instruction manual.

6. Run the program and type in the desired command skring. For example, to place the instru-

ment in the ACV function and autorange, type in FIRIX and press the Tetum key.

7. The instrument reading string will then appear on the computer screen. A typical exampile is:
NACV+0.000000E-+0. '

PROGRANM L ... COMMENTS = _ e
18 CLE : - - " Clear screen , _
28 HA$=**GFITE®" CALLIBFIMD ~~  Fihd board descriptor.

HEEY BRTEN :
B HAF=<*DEVL** :CALL IEFIND Find 159 descriptor.
CHEs 1595 '
48 UR=26: CALL IBPADCM ST U3 Set primary address to 26.
S \x=1:0m | [BSRECERDGY iy Sat REI\‘T true.
BB IHPUTS s COMMAMD ZTRING® ' ;0¥ . Prompt for command string.
£S5 CESTEHOHREC1IZI+OHRSCIAY Add <CR> <LF> to command string.
7B CaLL IBURT ORISR, CF Send command string to 199.
GE F'I SPACEF(2S - Dimension reading input string.
S8 TALL IBRDOWMIZFL.RED .- ) Get reading siring from 195

194 FE.IHT Rz : - - Display reading stnng on CRT.

118 GOTOER o = . Repeat i

NOTES:

1. For conversion to numeric variable, modify the program as foliows:

LD$LRF 51

I n:‘

Yy
L

2. In order for Translator to function properly, a <CR> <LF> _sequence must be added to the

end DI any Transiator execution !:tIlItg SOLL the instrument. See line 65 d.uuvt: l.'-JI 4art r.}.:uup LE::



APPENDIX B

iIBM PC OR AT (CEC PC-488 INTERFACE)

The following program sends a command string from an IBM PC or AT computer and displays
the instrument reading string on the computer CRT. The computer must be equipped with the
Capitol Equipment Corp. PC-488 IEEE-488 interface. The interface card must be set to a memory
address of C400y, as described in the PC-488 Instruction Manual.

DIRECTIONS

1. From the front panel, set the primary address of the Model 199 to 26.

2. With the power off, connect the Model 199 to the IEEE-488 interface installed in the IBM
computer.

3. Type in the program lines shown below, using the return key after each line.

4. Run the program and type in the desired command string at the command string prompt. For
example, to place the instrument in the ACV function and autorange, type in FIROX and press
the return key.

. The instrument reading string will then appear on the computer screen. A typical example is:
NACV+0.000000E +0. : :

w

PROGRAM _ o .. COMMENTS
1@ DEF SEG=&HC4ES ' ~ Set segment address to C400 hex.
Za IHIT"H ZEMD=3:ENTER=21 . ..Define call offsets.
3@ MY . RIDRESSX=21: CONTE, DLLER?=3 Define interface parameters.
43 ADDRESER=24 : - Set 199 address to 26.
S8 CALL THITOMY . ADDRESENs ' Initialize PC-488.
COMTROLLERY: '
ER THPLITS LHHHHHH ETRING® 08 Prompt for command string.
£5 CE=CH+CHRS 1T T 7 Add <CR> to string.
7 CALL SENDCATMRESSY, OF  STATUER Send command string to 199.
28 RE=EPACES 250 - Dimension reading input string.
96 CALL EHTER (RS s LEMGTHY » ADORE ES' ' Get reading string from 199.
STATUSY '
186 PREINT R$ ' Display reading string.
118 GOTD &5 o ) Repeat.
NOTES:

1. To convert from a string to a numeric variable, modify the program as follows:

=LA CHIDF RS Se 120

195
185 PRINT R

ma

2. For use with a card memory address other than C400,, modify the DEF SEG statement in line
10 accordingly. For example, with a card memory address of C000y, line 10 should be modified
as follows:

18 BEF SEG=8HCOGH S e

3. In order for Translator to function properly, a <CR> sequence should be added to the end
of any string sent to the Model 199. See the example is line 65 above.
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APPENDIX B

APPLE Il (APPLE II IEEE-488 INTERFACE)

The following program sends a command string to the Model 199 from an Apple I computer
and displays the instrument reading string on the computer CRT.

The computer must be equipped with the Apple II IEEE-488 Interface installed in slot 3.

DIRECTIONS

L From the front panel, set the primary address of the Model 199 to 26.

2. With the power off, connect the Model 199 to the IEEE-488 interface installed in the Apple [T
computer.

3. Enter the lines in the program below, using the RETURN key after each line.

4. Run the program and type in the desired command string at the command prompt. For exam-
ple, to place the instrument in ACV and autorange, type in FIROX and press the return key.

5. The instrument reading string will then appear on the CRI. A typical display is:

NACV+0.00000E+0.
PROGRAM ) COMMENTS
18 ZF=CHR£{ 25 Terminator.

=8 IMFUTS S COMMAMTI STRIHG 7 * * : BE

Prompt for and enter command string.

I8 PREZ Set output to IEEE-488 bus.
J& ITH$Z Define input from [EEE-488 bus.
S8 FRINT € iRp?? Enable remote.
G PRIMT © ¢ WT: % 25 B% Address 199 to listen, send string.
vEPRINT #4LF1*? Line feed on.
S0 FRIMT CSROZ? Y28 r IHPUTS ¢ 7 5 af Address 199 to talk, input data.
PH PRINT = fLT"? T Untalk the 199.
180 FR#G - Define output to CRT.
116 IM#4 Define input from keyboard.
128 PRIMT A% Display reading string.
1Z8 G070 25 _ Repeat,
NOTES:

1. If conversion to numeric variable is required, make the following changes:

1
i

Gl CMIDE A, Sr 120

FREINT A

2. The Apple Il terminates on commas in the data string. To avoid problems, program the Model
199 for the BOGO or BOGI1 data format to eliminate commas.



APPENDIX B

HEWLETT-PACKARD MODEL 85

The following program sends a command string to the Model 199 from an HP-85 computer and
displays the instrument reading string on the computer CRT. The computer must be equipped
with the HP82937 GPIB Interface and an 1/O ROM.

DIRECTIONS

1. From the front panel, set the primary address of the Model 199 to 26.
2. With the power off, connect the Model 199 to the HP82937A GPIB interface installed in the HP-85

computer.

3. Enter the lines in the program below, using the END LINE key after each line.
4. Press the HP-85 RUN key and type in the desired command string at the command prompt.
For example, to place the instrument in ACV and autorange, type in FIROX and press the END

LINE key.

5. The instrument reading stnng will then appear on the CRTL. A typ1ca1 d1splay is:
NACV+0.000000E +0.

PROGRAM COMMENTS

18 TIMAF[25I-EFL[25]

28 REMOTE ¥2 o

ZE DISFE s COMMAND S TRINGT * 5
43 THPUT 4%

S8 OUTPUT P2es A

=0 EWTER 7268, Ef

Dimension strings.
Place 199 in remote.
Prompt for command.

. ..Input command string.
" . Address 199 to listen, send string.

Address 199 to talk, input reading.

78 DISP-BE " Display reading string.
oE GOTD 24 Repeat
28 EHD o

NOTE: For conversion to numeric variable, change line 70 as follows:

FEODISP LGl EFIST >

B-5



APPENDIX B

B-6

HEWLETT-PACKARD SERIES 200 and 300

The following program sends a comrhatnd string to the Model 199 from a Hewlett-Packard Series
200 or 300 computer and displays the instrument reading string on the computer CRT. The com-
puter must be equipped with the HPIB Interface and BASIC 2.0, 3.0, or 40.

DIRECTIONS

. From the front panel, set the primary address of the Model 199 to 26.

. With the power off, connect the Model 199 to the HPIB interface installed in the computer.

. Enter the computer EDIT mode.

. Enter the lines in the program below, using the ENTER key after each line,

. Run the program, and type in the desired command string at the command prompt. For exam-
ple, to place the instrument in ACV and autorange, type in FIROX and press the ENTER key.

6. The instrument reading stnng will then appear on the CRT. A typ1ca1 display is:
NACV+0.000000E+0.

L R R

PROGRAM ~ COMMENTS

18 REMOTE 725 o Place 199 in remote.

15 IIIHH-%'EL.SJ BE[2Z - . . -

29 THPUTS § COMMaHD ! TF THGY " 83 Prompt for and input command.
TH QUTPUT 726 &% Address 199 to listen, send string.
45 EMTER 72&6: EBF ) Address 199 to talk, input reading.
5@ FRIMT B S Display reading string.

&8 GOTO 26 : . : Repeat

Fa@ EMI

NOTE: For conversion to a numeric variable, change the program as follows:

8 EHMTER v2a:E
3 PRIMT E



APPENDIX B

HEWLETT-PACKARD MODEL 9825A

Use the following program to send a command string to the Model 199 from a Hewlett-Packard
Model 9825A and display the instrument reading string on the computer printer. The computer
must be equipped with the HP98034A HPIB Interface and a 9872A extended [/O ROM.

DIRECTIONS

1. From the front panel, set the primary address of the Model 199 to 26.

2. With the power off, connect the Model 199 to the 98034A HPIB interface installed in the 9825A.

3. Enter the lines in the program below, using the STORE key after each line. Line numbers are
automatically assigned by the 9825A.

4. Press the 9825A RUN key and type in the desired command string at the command prompt.
For example, to place the instrument in ACV and autorange, type in FIR0X and press the CONT
key.

5. The instrument reading stnng will then appear on the computer pnnt out. A typical display
is: NACV+0.000000E+0.

PROGRAM COMMENTS

Bdim AF[ESI-B#[2T] : Dimension data strings.

1 devs #1337 Y s T25 Define 199 at address 26.

Zrems s 1ants Place 199 in remote.

Zent® F COMMAMD STREING 7 1 BE *  Prompt for command string.

4 wrtd § 1397, BE Address 199 to listen, send string.
Sredt s 13 Y 8% . i Address 199 to talk, input data.

& oprt 6% Print data string on printer.

v gto 3 Repeat. _

NOTE: For conversion to numeric variable, modify the program as follows:

& prt vallR$E[S1

B7
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DEC LS 11

The following program sends a command string to the Model 199 from a DEC LSI 11 minicom-
puter and displays the instrument reading string on the DEC CRT terminal. The LSI 11 must be
configured with 16K words of RAM and an IBV 11 IEEE-488 interface. The software must be con-
figured with the IB software as well as FORTRAN and the RT 11 operating system.

DIRECTIONS
1. From the front panel program feature, set the primary address of the Model 199 to 26.
2. With the power off, connect the Model 199 to the IBV 11 IEEE-488 interface cable.
3. Enter the program below, using the editor under RT 11 and the name IEEE.FOR.
4. Compile using the FORTRAN compiler as follows: FORTRAN [EEE.
5. Link with the system and IB libraries as follows: LINK IEEE,IBLIB.
6. Type RUN [EEE and press the RETURN key.
7. The display will read “ENTER ADDRESS”™. .
8. Type in 26 and press the RETURN key.
9. The display will read “TEST SETUP”.
10. Type in the desired command string and press the RETURN key. For example, to program
the instrument for ACV and autorange, type. in FIROX and press RETURN.
I1. The instrument data string will appear on the computer display. A typical dISpIay is:
NACV+0.000000E+0.
PROGRAM COMMENTS
FROGRAH TEEE
IHTEGER®Z PRIADE
LOGICAL®1 MOGOZE)  THPUT C2E
nozl=1«18 B
CALL IBESTERCI B~ .. . Tum off IB errors.
Z COMTIMUE i
CALL TBETER 1S5 : - . . Allow 5 error 15%s.
CALL IBTIMOC 1280 Allow 1 second bus timeout.
CALL IRTERMC LAY ' I Set line feed as terminator.
Call IEREH Turn on remote.
4 TYFE S
S FORMAT (1¥~ ENTER ADDRESE : * » £ Input primary address.
ACCERT 18- PRIADR
1A FORMAT (127
12 TYPE 15
15 FORMAT <1x s TEST SETUR: ' 3 . Prompt for command string.
CALL GETSTE CSaMEGa T2 7" Program instrument.
CALL IBSEQT M2y -1 PRIMDRD Address 199 to listen, send string.
1&

I=IBRECW (IHPUT: 28 FRIADR: Get data from instrument.
INPUT I+t =0 o . o
CALL PUTSTR (7 INFUT v 32 &

CALL IEUNT Untalk the 199.
GoTO 12 Repeat.
EHD
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IEEE-488 BUS OVERVIEW

BUS DESCRIPTION

The IEEE-488 bus, which is also frequently referred to as
the GPIB (General Purpose Interface Bus), was designed
as a parallel transfer medium to optimize data transfer with
a minimum number of bus lines. In keeping with this goal,
the bus has eight data lines that are used both for data and
many commands. Additionally, the bus has five manage-
ment lines, which are used to control bus operation, and
three handshake lines that are used to control the data byte
transfer sequence.

A typical configuration for controlled bus operation is
shown in Figure D-1. A typical system will have one con-
troller and one or more devices to which commands are
given and, in most cases, from which data is received.
Generally, there are three categories that describe device
operation: controller, talker, and listener.

The controller does what its name implies: it conirols other
devices on the bus. A talker sends data (usually to the con-
troller), and a listener receives data. Depending on the in-
strument, a particular device may be a talker only, a listener
only, or both a talker and a listener. The Model 199 has
both talker and listener capabilities.

There are two categories of controllers: system controller
and basic controller. Both are able to control other devices,
but only the system controller has absolute authority in
the systemn. In a system with more than one controller, only
one controller may be active at any given time. Certain
command protocol allows control to be passed from one
controller to another.

The bus is limited to 15 devices, including the controller.
Thus, any number of devices may be present on the bus
at one time. Although several active listeners may be pre-
sent simultaneously, only one active talker may be present
on the bus, or communications would be scrambled.

TO OTHER DEVICES

pevicet K Lﬁlj
ABLE TO -— A
TALK, USTEN
AND CONTROL
{ R q CATABUS
DEVicEZ K¢
ABLETO %
TALK AND
us
(1;,5]" DATA BYTE
TRANSFER
<v- o CONTROL
"
(‘
DEVICES |7
ONLY ABLE
TO LISTEN
(PRINTER) GENERAL
INTERFAGE
AT MANAGEMENT
¥
A
(‘
DEVICEs %
ONLY ABLE
TO TALK
L—"\ D107 ..8DATA
L @ UNES)
— DAV
L NRFD  HANDSHAKE
NDAG
IFC

ATN

SAQ s
REN MANAGEMENT

EOI

Figure C-1. IEEE Bus Configuration
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A device is placed in the talk or listen mode from the con-
troller by sending an appropriate talk or listen command.
These talk and listen commands are derived from an in-
strument’s primary address. The primary address may
have any value between 0 and 30 and is generally set by
rear panel switches or programmed in from the front panel
{as in the case of the Model 199). The actual lsten com-
mand value sent over the bus is derived by ORing the
primary address with $20 (the $ symbol preceding the
number designates a hexadecimal, or base 16 value). For
example, if the primary address is 26 (the default Model
199 value), the actual listen command byte value is $3A
{$1A +-820 = $3A). In a similar manner, the talk command
byte is derived by ORing the primary address with $40.
With a primary address of 26, the actual talk command byte
would be $4A (340 + F1A = $4A).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary address
byte values lie in the range of $60-$7F. Note, however, that
many devices, including the Model 199, do not use secon-
dary addressing.

Once the device is properly addressed, bus transmission
sequences are set to take place. For example, if an instru-
ment is addressed to talk, it will usually output its data
string on the bus one byte at a time. The listening device

(frequently the controller) will then read this information

as transmitted.

BUS LINES

The signal lines on the IEEE488 bus are grouped into three
categories: data lines, management lines, and handshake
lines. The eight data lines handie bus data and many com-
mands, while the management and handshake lines en-
sure orderly bus operation. Each bus line is active low with
approximately zero volts representing logic 1 (frue). The
following paragraphs briefly describe the operation of
these lines. '

Data Lines

The bus uses eight data lines to transmit and receive data
in bit-parallel, byte serial fashion. These lines use the con-
vention DIQ1-DIOS instead of the more:common DO-D7.
DIO1 is the least significant bit, while DIO8 is the most
significant bit. The data lines are bidirectional (with most
devices), and, as with the remaining bus lines, low is con-
sidered to be true,

Bus Management Lines

The five bus management lines ensure proper interface
control and management. These lines are used to send
uniline commands.

ATN (Attention)—The state of ATN determines how infor-
mation on the data lines is to be interpreted.

IFC (Interface Clear)—IFC allows the clearing of active
talkers or listeners from the bus.

REN (Remote Enable)—REN is used to place devices in
the remote mode. Usually, devices must be in remote
before they can be programumed over the bus.

EOI (End Or Identify)—EQI is used to mark the end of
a multi-byte data transfer sequence. EOl is also used along
with ATN, to send the IDY (identify) message for parallel
polling.

SRQ (Service Request)—SRQ is used by devices to request
service from the controller.

Handshake Lines

“Three handshake lines that operate in an interlocked se-

quence are used to ensure reliable data transmission
regardless of the transfer rate. Generally, data transfer will
occur at a rate determined by the slowest active device on
the bus. These handshake lines are:

DAV (Data Valid)—The source (talker) controls the state
of DAV to indicate to any listeners when data is valid.

NRFD {Not Ready For Data)—The acceptor (listener) con-
trols the state of NRFD. it is used to signal the transmit-
ting device to hold off the byte transfer sequence until the
accepting 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.

Figure C-2 shows the basic handshake sequence for the
transmission of one data byte. This sequence is used tc
transfer data, talk and listen addresses, as well as multiline
commands.
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DATA X

DATA SOURCE
VALID

NRFD ACCEPTCR

NDAC [ : 1 ACCEPTOR

DATA

DATA

TRANSFER TRANSFER

BEGINS

ENDS

Figure C-2. IEEE Handshake Sequence

BUS COMMANDS

Commands associated with the IEEE-488 bus can be
grouped into the following three general categories. Refer
to Table C-1.

Uniline Commands—These commands are asserted by set-
ting the associated bus line true. For example, to assert
REN (Remote Enable), the REN line would be set low
(true).

Multiline Commands—General bus commands which are
sent over the data lines with the ATN line true.

Device-dependent Commands—Commands whose mean-
ings depend on the device in question. These commands
are transmitted via the data lines while ATN is false.

Table C-1. IEEE-488 Bus Command Summary

State of
Command Type | Command ATN Line*| Comments
Uniline REN (Remote Enable) X Sets up devices for remote operation.
EQI X Marks end of transmission.
IFC (Interface Clear) X Clears Interface.
ATN (Attention) Low Defines data bus contents.
SROQ X Controlled by external device.
Multiline .
Universal LLO (Local Lockout) Low Locks out local operation.
DCL (Device Clear) Low Returns device to default conditions.
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 conditions.
GTL (Go T Local) Low Returns device to local.
GET (Group Execute Trigger) Low | Triggers device for reading.
Unaddressed UNL (Unlisten) Low Removes all listeners from bus.
UNT (Untalk) Low Removes any talkers from bus.
Device-dependent High | Programs Model 199 for various modes.

*Don't Care.

C-3
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Uniline Commands

The five uniline commands include REN, EQI, IFC, ATN,
and SRQ. Each command is associated with a dedicated
bus line, which is set low to assert the command in
questior.

REN (Remote Enable)—REN is asserted by the controller
to set up instruments on the bus for remote operation.
When REN is true, devices will be removed from the local
mode. Depending 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. General-
ly, REN should be asserted before attempting to program
instruments over the bus.

EOI (End or Identify)—EOI may be asserted either by the
controller or by external devices to identify the last byte
in a multi-byte transfer sequence, allowing data words of
various lengths to be transmitted.

YFC (Interface Clear)—IFC is asserted by the controller to
clear the interface and return all devices to the talker and
listener idle states.

ATN (Aftention)—The controller asserts ATN while sen-
ding addresses or multiline commands. C

SRQ (Service Request)}—SRQ is asserted by a device on
the bus when it requires service from the controller.

Universal Muitiline Commands

Universal multiline commands are those commands that
required no addressing as part of the command sequence.
All devices equipped to implement these commands will
do so simultaneously when the commands are transmit-
ted. As with all multiline commands, these commands are
transmitted with ATN true. e

LLO (Local Lockout}—LLO is sent to instruments to lock
out front panel or local operation of the instrument.

DCL (Device Clear}—DCL is used to return instruments
to some default state. Usually, devices return to their
power-up. conditions.

SPE (Serial Poll Enable)—SPE is the first step in the serial

polling sequence, which is used to determine which dewce
on the bus is requesting service. ;

C4

SPD. (Serial Poll Disable)—SFD is used by the controller
to remove all devices on the bus from the serial poll mode
and is generally the last command in the serial polling
sequence.

Addressed Multiline Commands

Addressed multiline commands are those commands that
must be preceded by an appropriate listen address before
the instrument will respond to the command in question.
Note that only the addressed device will respond to the
command. Both the command and the address preceding
it are sent with ATN true.

SDC (Selective Device Clear)—The SDC command per-
forms essentially the same function as DCL except that on-

. 1y the addressed device responds. Generally, instruments

return to their power-up default conditions when respon-
ding to SDC.

GTL (Go To Local)—~GTL is used to remove instruments
from the remote mode and place them in local. With many
instruments, GTL may also restore operation of front panel

controls if previously locked out.

GET (Group Execute Trigger)—GET is used to trigger

. devices to perform a specific action that will depend on

device configuration (for example, perform a measurement
sequence). Although GET is an addressed command,
many devices may 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. These commands include:

- 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 command byte
is obtained by ORing the primary address with $20.

TAG (Talk Address Group)—The talk commands are de-
rived from the primary address by ORing the address with
$40. Talk commands are used to address devices to talk.

SCG (Secondary Command Group)—Commands in this
group provide additional addressing capabilities. Many
devices (including the Model 199) do not use these

" ‘Commands.
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Unaddress Commands

The two unaddress commands are used by the controiler
to remove any talkers or listeners from the bus. ATN is true
when these commands are asserted.

UNL (Unlisten)—Listeners are placed in the listener idle
state by UNL.

UNT (Untalk)—Any previously commanded talkers will
be placed in the talker idle state by UNT.

Device-Dependent Commands

The purpose of device-dependent commands will depend
on instrument configuration. Generally, these commands

are sent as one or more ASCII characters that command
thedevice to perform a specific action. For example, the
command string R0X is used to control the measurement
range of the Model 199.

The IEEE-488 bus 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 C-3. Hexadecimal and
and decimal values for the various commands are listed
in Table C-2.
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Table C-2. Hexadecimal and Decimal Command

Table C-4. Typical Device-Dependent Command

Codes Sequence

Command Hex Value Decimal Value Data Bus
GIL 01 1 Step| Command| ATN State ASCII | Hex| Decimal
SDC 04 4 1 UNL | Set low ? 3F| 63
GET 08 8 2 LAG* | Stays low : 3A 58
LLO n v 3 Data |Set high R | 52| 82
DCL 14 20 4 Data Stays high 0] 30 48
SPE 18 24 5 Data | Stays high X | 38| 88
SPD 19 25
LAG 20-3F - 32-63 *Assumes primary address = 26.
TAG 40-5F 64-95
5GG 607F 96-127 .
UNL 3F 63 IEEE Command Groups
UNT S5F 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 commands.
Table C-3 lists a typical bus sequence for sending an ad-
dressed multiline command. In this instance, the SDC

comimand 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 C-3. Typical Addressed Command Sequence

Data Bus
Step| Command; ATN State ASCII | Hex; Decimal
1 UNL | Set low ? 3F 63
2 LAG* | Stays low : 3A 58
3 SDC |Stays low EOT | 04 4
4 Returns high

*Assumes primary address = 26.

Table C-4 gives a typical device-dependent command se-
quence. In this instance, ATN is true while the instrument
is being addressed, but it is set high while sending the
device-dependent command string.

Command groups supported by the Model 199 are listed
in Table C-5. Device-dependent commands are not includ-
ed in this list. ’

 Table C-5. IEEE Command Group

HANDSHAKE COMMAND GROUP
DAC=DATA ACCEPTED
RFD=READY FOR DATA
DAV=DATA VALID

UNIVERSAL COMMAND GROUP
ATN=ATTENTION
DCL=DEVICE CLEAR
IFC=INTERFACE CLEAR
LLO=LOCAL LOCKOUT
REN=REMOTE ENABLE
SPD=SERIAL POLL DISABLE
SPE=SERIAL FOLL ENABLE

ADDRESS COMMAND GROUN

LISTEN: LAG=LISTEN ADDRESS GROUP
MLA=MY LISTEN ADDRESS
UNL=UNLISTEN

TALK: TAG=TALK ADDRESS GROUP
MTA=MY TALK ADDRESS
UNT=UNTALK o
OTA=0THER TALK ADDRESS

ADDRESSED COMMAND GROUP
ACG=ADDRESSED COMMAND GROUP
GET=GROUP EXECUTE TRIGGER
GTL=GO TO LOCAL
SDC=SELECTIVE CLEAR

STATUS COMMAND GROUP
RQS=REQUEST SERVICE
SRQ=SERIAL POLL REQUEST .
STB=STATUS BYTE
EOI=END

CrIC-8
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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.

(1 Intermittent - o Aﬁalog output follows display ' [ Particular range or function bad; specify
[l IEEE failure [ Obvious problem on power-up [ Batteries and fuses are OK
[ Front panel operational - [ Allranges or functions are bad L) Checked all cables

Display or output {check one}

[ Drifts [ Unable to zero

[ Unstable [ Will not read applied input

3 Overload o :

O Calibration only [ Certificate of calibration required
(O 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, controiled laboratory, cut-of-doors, etc.)

What power line voltage is used? Ambient temperature? °F

Relative humidity? ) T Ofher?

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.



