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

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

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

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTY OF MERCHANTABILITY
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 SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS INSTRUMENTS AND SOFTWARE EVEN IF KEITHLBY INSTRUMENTS. INC.. HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF 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 using
this product and any associated instrumentation. Although some instruments and accessories would normally be used with non-hazardous voltages, there am situations where hazardous conditions
may be present.
This product is intended for use by qualified personnel who recognize shock hazards and are familiar with the safety precautions required to avoid possible injury. Read the operating information
carefully before using the product.
The types of product users am:

Responsible body is the individual OI group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for ensuring that operators BT~adequately trained.

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

Maintenance personnel perform routine procedures on the product
N keep it operating, for example, setting the line voltage or mplacing consumable materials. Maintenance procedures are described in
the manual. The procedures explicitly state if the operator may perform them. Otherwise, they should be performed only by service
personnel.

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

exposed.
As described in the International Electrotechnical Commission
@EC) Standard IEC 664, digital multimeter measuring circuits
(e.g., Keithley Models l75A, 199,ZOOQ 2001, 2002, and 2010) are
Installation Category II. All other insmnnents’ signal terminals are
Installation Category I and must not he connected to mains.
Do not cmmect switching cards directly to unlimited power circuits.
They am intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When connecting sources to switching cards, install protective devices to limit fault current and voltage to the card.
Before operating an instrument, make sure the line cord is connected to a properly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

safe installations and repairs of products. Only properly trained ser.
vice personnel may perfm’m installation and service procedures.

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

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or tat fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 3OV RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect

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

Service personnel are trained to work on live circuits, and perform

that hazardous voltage is present in any unknown circuit before
measuring.

The instrument and accessories must be used in accordance with its
specifications and operating instmctions or the safety of the equipment may be impaired.

The WARNING heading in a manual explains dangers that might

Do not exceed the maximum signal levels of the instruments and accessories, as defined in the specifications and operating information, and as shown on the instrument or test fixture panels, or
switching card.

The CAUTION heading in a manual explains hazards that could

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

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

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.
If you are using a test fixture, keep the lid closed while power is applied to the device under test. Safe operation requires the use of a
lid interlock.
lfa@
screw is present, connect it to safety earth gmund using the
wire recommended in the user documentation.
Then
symbol on an btstmment indicates that the user should refer to the operating instructions located in the manual.
symbol on an instrument shows that it can source or meaTheA
sure 1000 volts or more, including the combined effect of normal
and c~mrn~n mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

result in personal injury or death. Always read the associated information very carefully before performing the indicated procedure.

damage the instrument. Such damage may invalidate the warranty.
Instrumentation and accessories shall not be connected to humans.

To maintain protection from electric shock and fire, replacement
components in mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Kcithley Ins&w
mats. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliers as
long as they are equivalent to the original component. (Note that selected pats should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.
To clean an insuument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled according to itstmctions. If the board becomes contaminated and operation is affccted, the board should be returned to the factory for proper
cleaning/servicing.
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SECTION 1
GENERAL INFORMATION
1.1 INTRODUCTION
The Model 195 System DMM is a fully programmable instrument with 5’% digit resolution. In standard configuration, the
Model 195 is capable of DC voltage measurements between
1OOnVand 1OOOVon six ranges, and 2-teninal and 4-terminal
resistance measurements between lOO& and 20MD on seven
ranges. With the optional Model 1950 ACV and AC and DC
current option installed, the Model 195 can make TRMS AC
voltage measurements between 1pV and 700V on five ranges,
TRMS AC current measurements between InA and 2A on five
ranges. and DC current measurements between lOOpA and 2A
on six ranges. The versatilitv of the Model 195 DMM is further
enhanced bv the inclusion of a standard IEEE488 interface. A
highlight of Model 195 operation is its digital calibration feature
which allows the user to easily perform calibration from the
front panel.
1.2 MODEL 195 FEATURES
Some important Model 195 features include:
1. Standard IEEE-488 Interface. A standard IEEE-488 interface allows the Model 195 to be programmed from a
system controller; readings may also ba transmitted over
the bus to other instrumentation in the talk-only mode.
2. Front Panel Programs. Numerous internal programs to
control various operating modes such as digital calibration
and IEEE488 parameters are easily entered from the front
panel.
3. Non-volatile (NV) RAM Storage. A non-volatile RAM
stores calibration constants, certain IEEE operating parameters, and line frequency values even when the power is
turned off.
4. Digital Calibration. The Model 195 may ba easily calibrated
by applying an appropriate calibration signal and running
the front panel calibration program or bv commanding it
over the bus. The calibration level may be at full range, or
;:ssprne value entered from the front panel or over the IEEE
5. Data Storage. A data storage buffer is included to allow up
to 100 readings to be internally stored at a user-selected
rate. The buffer may be read and controllad from the front
panel or over the IEEE-488 bus. In the talk-onlv mode, the
output rate can also be programmed.
6. Front and Rear Panel Input Terminals. Input teninals are
duplicated on the front and rear panels to allow easy connections in both bench and rack-mounted situations. The
selected set of inputs is controlled by a rear panel switch.
7. Trigger Input and Output. The Model 195 may be triggered
to take readings by applying an external trigger pulse or bv
pushing a front panel bunon. A separate output pulse.
which is active when the instrument completes a reading,
is also available on the rear panel.

8. Auto Ranging. The Model 195 includes a fast auto ranging
feature for easier measurements.
9. Front Panel Zero. A single front panel zaro control allows
the user to store a separate zero offset for each measuring
function.
10. Filtering. Digital filtering is selectable from the front panel
or bus.
1.3 WARRANTY

INFORMATION

Warranty information may be found inside the front cover of
this manual. Should it become necessary to exercise the warranty, contact your nearest Keithlev representative or the factofv to determine the correct course of action. Keithley Instmmanta maintains service facilities in the United Statea, West
Germany, Great Britain, France, the Netherlands, Switzerland.
and Austria. Information concerning the application, operation, or service of your instrument may be directed to the ap
plications engineer at any of thase locations. Check the inside
front cover of this manual for addresses.
1.4 MANUAL

ADDENDA

lnfonation concerning improvements or changes to the instrument which occur after the printing of this manual will be
found on an addendum sheet included with this manual. Be
sure to review these changes before attempting to operate or
service the instrument.
1.5 BAFH-Y SYMBOLS AND TERMS
The following safetv symbols and terms are usad in this
manual or found on the Model 195:
The symbol A
on the instrument indicates that the user
should refer to the operating instructions in this manual:
Thesymbol &
on the rnstmment indicates that a potential
of 1OOOVor more may be present on the terminal(s). Standard
safetv practices should be observed when such dangerous
voltages are encountered.
The WARNING heading in this manual explains dangers that
could result in personal injury or death.
The CAUTION heading in this manual explains hazards that
could damage the instrument.
1.6 SPECIFICATIONS
Detailed Model 195 specifications may be found immediately
preceding this section of the manual.
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1.7 UNPACKING

AND INSPECTION

The Model 195 System DMM was carefully inspected, both
mechanically and electrically, before shipment. Upon receiving
the Model 195, carefully unpack all items from the shipping
carton and check for any obvious signs of physical damage
that might have occurred during shipment. Report any damage to the shipping agent immediately. Retain the original
packing materials in case reshipment becomes necessary. The
following items are included with every Model 195 order:
*Model 195 System DMM
*Model 195 Instruction Manual
*Additional accessories as ordered.
1.8 PREPARATION

1.9 REPACKING

FOR SHIPMENT

Before shipping the Model 195, the instrument should be care
fully packed in its original carton as shown in Figure l-l, First,
wrap the instrument in plastic; once the instrument is in the
box, surround it with Styrofoam packing material.
If the Model 195 must be returned to Keithlsy Instruments for
repair or calibration, include the following:
*Write ATTENTION REPAIR DEPARTMENT on the shipping
label.
*Include the warranty status of the instrument.
*Complete the service form at the back of this manual and
return lt with the instrument.

FOR USE
CARDBOARD
STRIP

Once the instrument is unpacked, it must be connected to an
appropriate power source as described below.

INSTRUCTION

1.8.1 Line Power
The Model 195 is designed to operate from 105125V or
210-250V 50/60HZ AC power sources. A special power trans
former may be installed for SO-11OVand 195235V. The factory
set value is marked on the instrument immediately above the
line cord receptacle on the rear panel. The line cord receptacle
is designed to mats with the supplied 3wire power cord.
CAUTION
Do not attempt to operate the instrument on
a supply voltage outside the indicated range,
or damage to the instrument might occur.

PROTECTIVE
CARDBOARD

Lx]

MODEL
195

1.8.2 Line Voltame Selection
The operating voltage of the instrument is internally selectable.
Refer to Section 7. Maintenance for information on setting the
line voltage.
1.8.3 Line Frequency
The instrument will display the programmed line frequency
upon power up. The line frequency may be set by using a front
panel Program as described in paragraph 3.5.5.
1.8.4 IEEE Primary Address
If the Model 195 is to be connected to the IEEE-488 bus, it
must be programmed for the proper primary address. The factory programmed value is 16, but the address may be changed
as de&bed in Section 4.
1.8.5 Model 1950 Option Preparation
The Model 1950 option extends the capabiliies of the Model
195. allowing it to acouratelv measure AC voltaae and AC and
DC current.The Model 1950 will be factory in&d
if it was
purchased with the Model 195; however, the Model 1950 is
easily installed in the field, as described in Section 7.
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Figure 1-l. Instrument

Packaging

1.10 USING THE MODEL 195 INSTRUCTION

MANUAL

This manual contains information necessary for operating, programming, and servicing the Model 195 System DMM and is
divided into the following sections:
1. Section 2 contains basic DMM operating information, including front and rear panel layout and voltage. current and
resistance measurement procedures.
2. Front panel programming information may be found in Section 3.
3. Information pertaining to the IEEE488 bus, including
primary address selection. programming, and bus connections, is contained in Section 4.
4. For the more technically oriented, information on psrformsnce veriiication, theory of operation, and maintenance
and servicing information is contained in Sections5 through
8.

sists of a 0.0019 f 1% 4teninal resistance and operates with
the Model 195 by developing a small measurable voltage; a
50A current will provide a reading of 50mV on the meter.
1.11.8 Model 1681 Clip-On Test Lead Set
The Model 1881 set contains two leads 1.2m (48 inches) in
length. Each lead is terminated with a banana plug on one end
and a spring-action clip-on probe on the other end.
1.11.7 Model 1682A RF Probe
The Model 1882A is an RF probe that extends the AC measuring capabilities of the Model 195 to include the 1OOkHz to
250MHz frequency range. Note that the probe provides a DC
output, so the Model 1950 option is not necessary when making RF measurements. The Model 1882A provides a one-volt
output for a one-volt RMS input when used with instruments
having an input impedance of at least IOMD.

1.11 ACCESSORIES
1.11.8 Model 1683 Univereel Test Lead Kit
Accessories which can be used with the Model 195 are
described in the following paragraphs.
1.11.1 Model 1301 Temperature

Probe

The Model 1301 Temperature Probe converts the Model 195
into a digital thermometer capable of measuring temperatures
between -55°C and + 155eC. The output of the Model 1301 is
lmV/OC and it can be used with any DMM with a minimum
IOMC input impedance.
1.11.2 Models

lOISA and 1019s Rack Mounting

Kits

The Model 1019A is a universal fixed rack mounting kit for the
Model 195. The Model 1019s is a slide type universal rack
mounting kit.
1.11.3 Model IEOOA High Voltage Probe
The Model 18OOAextends the Model 195 measuring capabilities to 40kV. The Model 18OOA has a 1OOO:l division ratio: a
one-volt indication on the Model 195 corresponds to a 1kV input voltage.
1.11.4 Model 1841 Kelvin Test Lead Set
The Model 1841 test leads are used when making 4-terminal
resistinca measurements. The leads are made up of two twinlead cables 1.2m (48 inches) in length. Each cable is terminated
by a twin banana plug on one end and a Kelvin spring-clip contact on the other end.
1.11.5 Model 1851 SO-Ampere Shunt
The Model 1851 allows the Model 195 to make DC current
measurements up to 50A. With the Model 1950 option installed, the shunt can be used with the Model 195 to make AC current measurements up to 50A as well. The Model 1851 con-

The Model 1883 kit consists of two tsst leads lm (4lnJ in
length with 14 screw-in tips; four banana plugs, two spade
lugs, four alligator clips, two probes and two phone tips.
1.11.9 Model 1685 Clamp-On

AC Current Probe

The Model 1885 measures 50Hz and 80Hz AC currents up to
200A by clamping on to a single conductor, eliminating the
need to open the circuit. The Model 1885 detects the current
through a conductor by measuring the magnetic field around
it. The output of the Model 1885 is W/A RMS.
1.11.10 Model 1891 General Purpose Test Lead Kit
The Model 1891 kit contains two 0.9m (38in.) test leads; each
lead is terminated with a probe tip on one end and a banana
plug on the other end.
1.11.11 Model 1950 AC Voltage;
Option

AC and DC Current

The Model 1950 option expands the capabilities of the Model
195, allowing it to measure TRMS AC voltage between l+’
and 7OOV, TRMS AC current between 1nA and 2A, and DC
current between IOOpA and 2-A. The Model 1950 plugs into
ths Model 195 for easy installation.
1.11.12 Model 7008 IEEE488 Cables
The Model
195 to the
length and
The Model

7008 cables are useful for connecting the Model
IEEE-498 bus. The Model 7009-3 is 0.9m Wt.1 in
has a standard IEEE488 connector on each end.
70086 is 1.8m (8ft.l in length.
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SECTION 2
DMM OPERATION

2.1 INTRODUCTION
Model 195 operation is divided into three general categories:
basic bench operation, front panel program operation, and
IEEE-489 operation. Basic bench operation, which is covered
in this section, consists of using the Model 195 to perform
basic voltage, current, and resistance measurements. Front
panel and IEEE programming csn also be used to greatly enhance the capabilities of the instrument. These aspects are
covered in detail in Sections 3 and 4.

1. POWER-The POWER switch controls the AC power to
the instrument. Depressing and releasing the switch once
turns the power on. Depressing and releasing the switch a
second time turns the power off.
2. FUNCTION-The
four FUNCTION pushbuttons control
the type of measurement such as voltage, current, or resis
tance as follows:
NOTE
The Model 195 cannot measure AC voltage or AC
or DC current without the Model 1950 option installed. Depressing the AMPS or AC buttons
without this option installed will result in a
“NoCP” message as described in paragraph
2.5.2.

2.2 FRONT PANEL FAMILIARIZATION
The front panel layout of the Model 195 is shown in Figure 2-l.
The front panel is generally divided into three sections: controls, terminals, and display and indicators. The following
paragraphs describe the purpose of each of these items in
detail.
2.2.1 Controls
All the front panel controls except POWER are momentary
contact switches. Many controls include an annunciator light
to indicate the selected mode. Most buttons have a secondan,
function for front panel progam operation as described in Section 3. The controls are color coded into functional groups for
easier operation.
DISPLAY
MANTISSA

VOLTS-The
VOLTS button places the instrument in the
DC volts or AC volts (with the Model 1950 option) operating
modes. When the VOLTS button is depressed, the indicator
above the button turns on. indicating the instrument is set
for that mode.
OHMS-The
OHMS button sets the Model 196 up to
measure resistance. When this button is depressed, the indicator above the bunon turns on.
AMPS-With
the Model 1950 option installed, the AMPS
button is used to place the instrument in the DC or AC cur-

DISPLAY
EXPONENT

IEEE
STATUS LIGHTS

OHMS
VOLTS

ZERO
CONTROL-I
FILTER
CONTROL

PROGRAM
CONTROLS

R~SCU&~N

RANGE
CONTROLS

TRIGGER
CONTROL
Rgure 2-l. Model 195 Front Panel
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rent mode. When the AMPS button is depress@, the indi:
cator above it tums on.
AC-When
the Model 1959 is installed, the AC button
places the instrument in ths AC voltage or currant mode,
depending on the selection performed with the VOLTS or
AMPS buttons. Depraasing the AC bunon once turns the
AC indicator on; the instrument will measure en AC voltage
or current in this mode. Depressing the AC button a second
time turns the AC indicator off; the instrument measures a
DC voltage or current in this mode. Pressing AC whan in
the OHMS mode, places the instrument in the ACV mode.
3. RANGE-The RANGE buttons select the operating ranges
of the instrument. The range in uss can ba determined from
the dbplav dscknal Point and exponent value as described
in paragraph 2.6.2.
AUTO-The
AUTO button places the instrument in the
autoranging mode. The instrument is operating in this mode
when the AUTO indicator is on. When in the autoranging
mode, the instrumant automatically selects the best range
to msasure the applied input signal.
DOWN-Each time the DOWN button is operatad, the instrument moves downrange one increment.
UP-Each time the UP button is operated. the instrument
moves uprange one increment.
4. MODIFIERS-The
MODIFIER buttons control the zero,
filter and raaolutk~ modes of the instrument as described
b&w.
ZERO-The ZERO button controls a zero offset for baseline
suppression. Depressing the ZERO button once enables
zero as indicated by the ZERO light. Pressing ZERO a
second time disables the zero mode.
FILTER-The
FILTER button controls the internal filter.
Pressing this button’once enables the filter: the indkator
light will turn on to show that the filter is enabled. Depressing the FILTER button a second time disables the filter.
RESOLN-The
RESOLN button controls the display
resolution. Each time this button is operated, the resolution
changes to the eltamate mode.
5. TRIG-The
TRIG button is used to trigger readings when
the instrument is in the front panel trigger mode. The TRIG
button will be operational only if the TRIG indicator light is
on. Tha instrumant may be placad in the correct trigger
mode through front panel Program 9 or through IEEE commands. One reading will be processed each time the TRIG
button is operated.
6. PROGRAM-The
PROGRAM buttons are used with the
front panel programs as described in Section 3.
PROM-The
PROM button is used as the first step in
entering front panel programs 0 through 9.
RECALL/ENT-The
RECALL/ENT button is used to enter
and recall dare associated with the front panel programs.

2.2.2 Terminals
The terminals are used to connect the Model 195 to the
voltage, current, or resistance to be measured. Note that the
teninals are duplicated on the rear panel and that the rear
panel INPUTS swftch must be in the proper position for the
front panel terminals to be active.
1. VOLTS OHMS-The
VOLT OHMS terminals are used
when making DC and AC (with the Model 1950) voltage
mmSummnt8
and resistance measurements. The HI terminal is considered to be positive with raspact to the LO tarminal when measuring DC voltage; the LO terminal is
isolated from chassis gmund.
2. OHMS SENSE-The
OHMS sense terminals are usad
when making &terminal resistance measurements.
3. AMPS-The
AMPS terminal is used in conjunction with
the Model 1950 option to make DC and AC current measurements.
2.2.3 Ciapley and Indicators
The function of the display and indicators is described below.
1. Display-The
display consists of a 5% digit mantissa and a
single digit exponent. Both the mantissa and exponent usa
a leading minus sign to indicate negative’ valuaa. The sign
on the exponent changes to + for xero or positive values.
The range in use may ba determined from the position of
the decimal point and the exponent value as described in
paragraph 2.52. The flashing rate of the decimal point indicates the conversion rate.
NOTE
The display will bs in the 5y2 digit mode upon
power-up.
2. IEEE Status Indicators-The
REMOTE, TALK and
USTEN indicators are used when programming the instrument over the IEEE-488 bus. Refer to Section 4 for oomplets IEEE programming information. These status lights
am not operational during front panel instrument operation.
2.24 Tilt Bail
The tilt bail, which is located on the bottom cover of the in&umant, is useful for elevating the front of the instrument to a
convenient viewing height. To extend the bail, first rotate it
90“ away from the bottom cover and push down on the legs to
lock it into place. To retract the bail, pull the legs away from
the bottom cover and.then rotate the bail until it is flush with
the bottom cover.
2.3 REAR PANEL FAMILIARI2ATION
Figure 2-2 shows the rear panel layout of the Model 195.
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2.3.1 Connectors

2.33 Fuses

and Terminals

1. AC Receptacle-Power
is applied through the supplied
power cord to the 3-terminal AC receptacle. Note that the
selected supply voltage is marked on the rear panel above
the AC receptacla.
2. IEEE-498 Connector-This
connector is used to connect
the instrument to the IEEE-489 bus. IEEE interface functions are marked above the connector.
3. VOLTS OHMS Terminals-These
terminals perform the
same functions as the front panel VOLTS OHMS terminals.
4. OHMS SENSE Terminals-These
terminals are wad to
make f&terminal resistance measurements.
5. AMPS-The
rear panel AMPS terminal performs the same
function as the similar AMPS terminal on the front panel.
6. EXTERNAL TRIGGER-This
BNC connector is usad to
apply pulses to trigger the Model 195 to take one or more
readings, depending on the selected trigger mode.
7. VOLTMETER COMPLETE-This
BNC output connector
provides a pulse when the Model 195 has completed a
reading; it is useful for triggering other instrumentation.
2.3.2 INPUTS Switch
The INPUTS switch selects either the front panel or rear panel
terminals. When the switch button is at its inner most position,
the front panel input terminals are selected. When the switch is
out, the rear panel terminals are operational.

The Model 195 has two fuse holders on the rear panel. For information on replacing these fuses, refer to Section 7. The purpose of the two rear panel fuses is described below.
1. LINE FUSE-This fuse provides protection for the AC
power line input.
2. AMPS FUSE-This fuse protects the Model 1950 option
from excassivs current.
CAUTION
The AMPS FUSE only protects the instrument from excessive currents applied to the
AMPS terminal: it does not protect the unit
from excessive voltage applied to the other
input terminals.
2.4 POWER-UP PROCEDURE
The basic procedure for powering up the Model 195 is described below.
1. Connect the female end of the power cord to the AC receptacle on the rear panel. Connect the other end of the power
cord to a grounded AC outlet.
CAUTION
Be sure the power line voltage agrees with
the indicated value on the rear panel of the
instrument.
Failure to heed this warning
may result in instrument damage. If necessary, the power line voltage may be changed
as described in Section 7.
EXTERNAL
TRIGGER INPUT

VOLTMETER
COMPLETE OUTPUT

INPUT

SWITCH
I
AMPS
FUSE

AC POWER
RECEPTACLE

LINE FUSE

IEEE-458
CONNECTOR

Figure 2-2. Model 195 Rear Panel
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WARNING
The Model 195 is equipped with a 3wire
power cord designed to be used with
grounded outlets. When the proper conneodons ara made, instrument chassis is connected to power line ground. Failure to use a
properly grounded outlet may result in personal injury or death because of electric
shock.
Turn on the power by depressing and releasing fhe POWER
switch on the front panel.
The instrument will then begin operation by performing a
display and indicatortest for about two seconds, All mode
and IEEE indicators will turn on and the display will appear
as follows:

To verify that all display segments are operating, compare
the instrument’s display during the rest with the above
figure.
Once the display test is completed, the instrument will perform NVRAM, ROM, and RAM tests. If all these tests are
passed, the display will show the programmed line frequency and software revision level for about one second similar
to the example below:

F60E 4

I

If

I6

I

6. Following these display messages, the instrument will go
into the normal operating mode and begin displaying readings. The instrument will be in the following modes:
Function and Range: 1OOOVDC
Resolution: 5% digits
Filter: Off
Zero: Off
Program Mode: Disabled
IEEE Status: Local
7. Ifanyofthetestslistedinstep4fai1,
theinstrumentwilldisplay
oneoftheerrormessageslisted
inTable2-1. ltis recommanded that the power-up procedure be repeated several times fo
verii that a consistent error occurs; if so, a problem which
must be rectified before operation, exists in the instrument.
See Section 7 for troubleshooting information.
NOTE
If a NVRAM (Non-Volatile RAM) error occurs, instrument operation may be restored by depressing any front panel momentary contact button.
However, instrument functions associated with
NVRAM storage cannot be guaranteed. These include IEEE primary address, calibration accuracy,
power line frequency, and Model 1950 option
status.
2.5 DISPLAY MESSAGES

F60 represent the line frequency, and E4 show
ware revision level.

the soft-

NOTE
The programmed line frequency should be the
same as the operating frequency. For information
on programming the line frequency, refer to
paragraph 3.55.

The Model 195 has two display messages associated with
basic front panel operation. These masaagss indicate if an
overrange input occurs and whether or not the Model 1950 option is installed. Note that the instrument has a number of additional display messages associated with front panel programming (paragraph 3.4) and IEEE-488 programming (paragraph
4.11).
2.5.1 Overflow

Following the line frequency and software revision level, the
instrument will display the programmed IEEE primary address. For example, with the factory programmed value of
16. the display will show:

Indication

If an overrange input is applied to the Model 195, the message
below will appear on the display as long as the overflow condition persists:

Table 2-1. Power-Up Test Error Messages
Display
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Message
NVRAM Failure

Comments
Model 195 locks up, but operation may be
restored by hining any button. Instrument cperation associated with NVRAM not guaranteed.

71

ROM Error

Model 195 locks up.

/ -1

IRAM Error

/ Model 195 locks up.

j

If the applied signal has a negative value. the leading minus
sign will be present on the display as well.
2.5.2 No Option Meseege
The Model 1950 option muat ba present within the instrument
before it can rneaaure AC voltage or AC and DC current. If the
front panel AC or AMPS button is depressed without the
Model 1950 option installed. the following rneaaage will be
diaplaved:
I
-I

( noUP

(

NOTE
When the Model 1950 option is fir-at installed,
option status muat be enabled with NVRAM
storage end the unit muat be momentarily
powered down, es described in paragraph 7.4.
2.6 CONTROL SELECTION
Selecting the various front panel operating modes is simply a
matter of depressing the appropriate button as described in the
following paragraphs.
2.6.1 Function
The Model 195 muat be set up for the proper measudng function with one of the four FUNCTION buttons.
1. To meeaure a DC voltage, depress the VOLTS button. If the
AC indicator is on, depress the AC button to remwe the instrument from the AC mode.
2. To rneaaura resistance, depress the OHMS button.
3.To maaaure AC voltage (with the Model 1950 option),
depress the VOLTS button. If the AC indicator ia off, de
press the AC button to place the instrument in the AC
mode.
4. To measure DC current N&h the Model 19501. depress the
AMPS button. If the AC indicator ia on, depress the AC indicator to remwe the instrument from the AC mode.

5. To measure AC current, (with the Model 1950 option)
depress the AMPS button. If the AC indicator ia off, depress
the AC button as well.
NOTES
1. The function light flashes for input voltages greater than
3ov.
2. The selected function affects the integration period and the
aamplea averaged per reading. In DCV, DCA, and OHMS
modes, the nominal integration period is 16.66ma (60Hz) or
2Oms 150Hz). corresponding to the S2 rate mode. lSee
Table 4-13.) In ACV and ACA modes, the integration period
is lOOma. corresponding to the S6 rate mode.
2.6.2 Range
The Model 195 may be operated in either the AUTO range or
manual range modes. When selecting a range manually, the
instrument will move up or down range one increment each
time the UP or DOWN button is operated. The range in use
may be determined from the display by noting the position of
the decimal rxint and the exrxment value. aa summarized in
Table 2-2. The valuea in the ‘table assume maximum display
counts for the 5% digit raaok~tlon mode.
The Model 195 ranges may be selected as follows:
1. To place the instrument in the autorange mode, depreaa the
AUTO button. The AUTO light will turn on and the inatrument will aaautne a range coraiatent with the applied signal.
2. To cancal the autorange mode, depress the AUTO button
again; the AUTO light will go out and the instrument will re
main on the present range.
3. Use the UP button to increment the range; the instrument
will mova uprange one increment each tinie the UP button is
praeaed. Pressing UP will also cencel the autorange mode.
4. Use the DOWN bunon to decrement the range; the Model
196 will move down range once each time the DOWN button is operated. Pressing DOWN will also cancel the aut*
range mode.
2.6.3 Using Zero
The zero mode serves as a meana cf baseline suppression
allowing a stored offset value to be subtracted from subae

Table 2-2. Range Determination

OHMS
Full Range
ACV
Full Range
Display
Range
Range*
Display
200
19.9999 +o
200mV
199.999 -3
2donA
199.999 -6
2000
199.99s +o
2;
1.99999 -3
2kD
1.99999 +3
19.9999 +o
2mA
1.99999 - 3
20kD
19.9999 +3
2oov
199.999 +o
20mA
19.9999 -3
200kD 199.999 +3
7oov
700.00 +o
200mA
199.999 -3
2Ml-l
1.99999 +6
2A
1.99999 +o
19.9999 +6
I 20MR
“Requires Model 1950 rDF>tion.
l *20pA range not applic at:rle to AC current measurements
NOTE: Full range values shrown for 5’h digit display mode: least significant digit of mantiaaa eliminated in
4’/2 digit mode.

I
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quent readings. When the ZERO button is pressed, the instrument will store the baseline reading with the next triggered
conversion; the ZERO LED will illuminate. All subsequent
readings will represent the difference between the applied
signal level and the stored baseline. For example, if 1OOmVis
stored. a value of 1OOmV will be subtracted from the input
voltage value.
A separate baseline can be stored for each of the five measuring functions: DCV; ACV; DCA; ACA; OHMS. The stored
baseline can be as small as the resolution of the instrument will
allow or as large as full range. Some examplea are shown in
the following.
Stored Baseline
+ 10.5000
+ 2.5560
-12.6000

Applied Signal
+ 16.6000
+ 1.6000
+4.6000

Displayed Value
+6.1000
-0.75600
f 17.1000

NOTES:
1, Using zero reduces the dynamic range of the measurement.
For example, if the stored baseline is c 1.OOOOOVDCwith
the instrument on the 2V range, an input voltage of
-1 .OOOOOVor more will still overrange the instrument even
though input voltages up to + 1.99999 would normally be
within the capabilities of the 2V range. If the instrument is in
the autorange mode, it will move uprange if necessary.
2. Setting the range lower than the stored baseline will overrange the display: the instrument will display the “OFLO”
message under these conditions.
3. tine control over when the zero baseline is stored may be
achieved by placing the instrument in the one-shot trigger
mode (paragraph 2.7). Once the desired baseline is shown
on the display, the instrument may be triggered to store the
baseline with the appropriate trigger stimulus.
4. To store a new baseline value, the zero mode must disabled
and then enabled once again. The new value will be stored
with the first triggered conversion.
5. The zero mode should not be used to null the small offset in
the AC mode.
To use the zero mode, perform the following steps:
1. Disable the zero mode, if necessary, with the ZERO control.
2. Select a function and range consistent with the anticipated
measurement.
3. Connect the instrument to the signal to be used as a
baseline (See paragraph 2.6).
WARNING
The voltage present on the input terminal
may be larger than the displayed value when
using the zaro mode. For exampla, if a
16OVDC baseline is stored. an applied
voltage of +17!W will result in a displayed
value of only +25V.
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4. If desired, place the instrument in the front panel one-shot
trigger mode by pressing PRGM and TRIG in sequence. The
decimal point will stop flashing, indicating the instrument is
waiting for a trigger to process the next reading.
5. Press the ZERO button. If the instrument is in the continuous mode, it will store the baseline with the first internally triggered conversion. If the instrument was placed in the
oneshot mode, the baseline will have been stored when
ZERO wes pressad.
6. Repeat the above procedure for each desired measuring
function. All readings made with the zero mode enabled will
have the baseline subtracted from the applied signal value.
The stored baseline will be retained until the zero mode is
disabled or until instrument power is turned off.
7. To return the instrument to the normal display mode,
disable the zero mode with the ZERO control.
2.6.4 Filtering
Basically, there are three different filter mutineS used in the
Model 195. These filters may be directly controlled through
commands given over the IEEE-488 bus as described in Section 4. In addition, the filter in use is selected from the front
panel as follows:
1. Enabling the filter with the FILTER bunon adds additional
filtering. When the filter is enabled, the FILTER LED will be
on. The FILTER light flashes until the final filtered reading is
available.
2. The range in use effects which filter is selected; different
filtering is used on the lowest lmost sensitive) ranges.
3. The display resolution affects the amount of filtering; additional filtering is added in the 5% digit mode.
Table 2-3 Iis- the filter in use for the various operating combinations. When the FILTER light is on, Filter 1 is selected.
NOTES:
1. Filtering cannot be totally disabled with the front panel
FILTER button. It csn, however, be disabled with a cornmand given over the IEEE bus as described in Section 4.
2. Adding more filtering, slows down the response time of the
instrumant to sudden changes in input signal. For example,
instrument response is slower with the front panel filter
enabled than when is it disabled.
Table 2-3. Filter Modes

I

)2000,.20MO all DkA

]

26.6 Display Resolution

Selection

The display reeolution of the Model 195 may be set to either
4’/1 or 51% digits with the front panel RESOLN button. TO
place the instrument in the4% digit mode, prase RESOLN. To
return to 51% digits, press RESOLN again.
2.6.6 Input Terminal

Selection

The Model 195 has two complete sets of input terminals. The
front panel set of terminals is convenient for making connections when the instrument is operated on a bench. The rear set
of terminals is useful for making connections when the Model
195 is mounted in a rack. To select the appropriate set of terminals, use the rear panel INPUTS switch as follows:
1. To use the rear panel terminals, depress end release the
switch so that the switch button is at its outer most position.
2. To change to the front panel terminals, depreae and relsass
the INPUTS switch a second time so that the button is at its
inner most position.
2.7 TRIGGERING
The Model 195 may be triggered to take readings in three
ways:
1. With the front panel TRIG button when in the appropriate
trigger mode.
2. Through a trigger pulse applied to the rear panel EXTERNAL TRIGGER input connector when in an appropriate trlgger mode.
3. With commands given over the IEEE bus as described in
Section 4.
This section covers front panel end external triggering in detail.
Also, included is a description of the Model 195 trigger output
pulse which can be used to trigger other instruments.
2.7.1 Front Panel Triggering
Front panel triggering is done with the TRIG control. To use
front panel triggering perform the following steps:
1. Enter the one-shot mode by depressing PRGM and TRIG
(9) in sequence. The TRIG light will turn on and the decimal
point on the display will cease flashing, indicating the instrument is in the oneshot trigger mode. While in this mode,
no new readings are processed until a trigger stimulus is
applied.
2. To trigger a single reading, depress end release the TRIG
button once. The display decimal point will flash once and
the display will be updated with the most recent reading.
The TRIG light goes out until the final, filtered reading is
displayed.
3. To continue processing readings, depress the TRIG button.
One reading will be processed each time the TRIG button is
operated.
4. To remove the instrument from the one-shot trigger mode,
depress the PRGM and TRIG 19) buttons in sequence. The

TRIG light will go out end the display decimal point will flesh
at the conversion rate.
NOTES:
1. The PRGM, TRIG button sequence actually enters front
panel Program 9. The control sequence for this and other
front panel programs is described in more detail in Section
3.
2. Each time the PRGM. TRIG button sequence is performed,
the instrument toggles between the continuous and oneshot modes. This control sequence also affects IEEE bus
triggering which is described in Section 4.
3. The front panel TRIG button can be used to control the 100
reading data buffer. Each time the button is operated, one
reading is stored. These aspects are covered in Sections 3
end 4.
4. The Model 195 must be in the correct tdgger mode, as
described in Section 4. before it will respond to a front panel
trigger stimulus. (The instrument is placed in the front panel
mods upon power-up.1
5. The display will continua to be updated during the filter processing pedod following the trigger stimulus; however, the
final filtered reading is not displayed until the TRIG light
turns back on.
6. Pressing any other front panel button will also trigger en
AID conversion.
2.7.2 External Trigger
External trigger operates much like front panel triggering except for the trigger stimulus its& In this caas. the trigger is
applied to the rear panel BNC EXTERNAL TRIGGER connector fsss Figure 2-Z). The input trigger pulse must conform to
TTL logic levels. Figure 2-3 shows the specifications for the input trigger pulse. To use external triggering, proceed as
follows:
1. Connect the external trigger source to the rear panel BNC
EXTERNAL TRIGGER connector. The shield (outer) part of
the connector is connected to digital common.
CAUTION
Do not exceed 30V between digital common
and chassis ground or damage to the lnstrument may occur.
2. Place the instrument in the one-shot trigger mode by
depressing the PRGM end TRIG buttons in sequence. The
TRIG light will turn oh and the decimal point in the display
will stop fleshing. The Model 195 will cease to process
readings while it is waiting for a trigger.
3. To trigger the instrumant, apply a pulse to the EXTERNAL
TRIGGER input. The instrument will process end display
one reading for sach input trigger pulse. The TRIG light
goes out until the fetal, filtered reading is displayed.
4. To return the instrument to the continuous trigger mode,
press PRGM end TRIG in sequence. The TRIG light will go
out and the display decimal point will flesh at the conversion
rate.
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NOTES:
1. External triggering can be used to control the fill rate of the
100 readino buffer. One reading will be stored each time an
external tribger pulse is received. See Sections 3 and 4.
2. The Model 195 must be in appropriate trigger mode to respond to external triggering es described in Section 4.
TRlGGERS

ON NEGATIVE
GOINGEDGE

CAUTION
Do not exceed 30V between the VOLTMETER COMPLETE common (outer ring)
and chassis ground or instrument damage
may occur.
2. Select the desired function, range, trigger mode, and other
operating parameters, es desired.
3. In the continuous trigger modes, the instrument will output
pulses et the conversion rate: each pulse will occur after the
Model 195 completes a conversion.
4. In one of the one-shot trigger modes, the Model 195 will
output a pulse once each time it is triggered after it completes its reading.
2.7.4 Triggering

CA”TION: DO not exceed normal l-m levslr.

Figure 2-3. External Trigger Input Pulse Specifications
2.7.3 Voltmeter

Example

As en example of using external input end output triggering,
assume the Model 195 is to be used in conjunction with e
Keith& Modal 230 Programmable Voltage Source. The Model
230 can be programmed to output up to 100 voltage levels for
given time periods. As each output voltage is applied, the
Model 230 triggers the Model 195 to take a reading: When the
Model 195 completes its reading, it triggers the Model 230 to
output the next programmed voltage value, end the sequence
repeats automatically until all the readings have been taken.
The readings can be stored in the Model 195 data buffer for
recall after the test is completed.

Complete

The Model 195 has an available trigger pulse that can be used
to trigger other instrumentation. A single pulse, conforming to
the specifications in Figure 2-4, will appear at the VOLTMETER
COMPLETE output on the rear panel each time the Model 195
completes a conversion. To use the VOLTMETER COMPLETE
output, proceed as follows:
1. Connect the Modal 195 to the instrument to be triggered
with a suitable shieldsd cable. Use a standard BNC connector to make the connect&f to the Model 195.
I.?““11

1

r---nLH’Gn
BEGIN NEXT
INTEGRATION

READING DONE

LJ
Figure 2-4. Voltmeter
cetlons

To “ss the Model 230 with the Model 195, perform the following steps:
1. Connect the Model 195 to the Model 230 as shown in Figure
2-5. Use suitable shielded cables with BNC connectors. The
Model 195 VOLTMETER COMPLETE OUTPUT should be
connected to the Model 230 EXTERNAL TRIGGER INPUT.
The Model 195 EXTERNAL TRIGGER INPUT should be
connected to the Model 230 EXTERNAL TRIGGER OUTPUT.
2. Place both instruments in the external tdgger mode.
3. Connect both the Model 196 and the Model 230 to the circuit under test. (See paragraph 2.8).
4. Program the Model 230 with the desired output voltages
end dwell times. Set the Model 195 to the appropriate function and range. If desired, enable the data buffer for reading
storage (See Section 31.
5. Trigger the Model 195 with the front panel TRIG button.
After the Model 195 has taken the reading, it will trigger the
Model 230 to advance to the next programmed value. Each
instrument will trigger the other until all readings have been
taken.

c l-n.LOW

Complete

Output

Pulse Specifipii&qTi$,
MODrl,s
MODILlm
Figure 2-5. External Trigger Connections
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2.8 BASIC MEASUREMENTS
Basic measurement techniques for using the Model 195 to
measure DC volts, resistance, and AC and DC current are covered in the following paragraphs.
NOTE
AC voltage, and AC and DC current measurements can be made only if the Model 1950 option
is installed.
Voltage measurements are made by connecting the source
between the HI and LO VOLTS OHMS measurements. Two
terminal resistance measurements are made by connecting the
resistance between the two VOLTS OHMS teminals. Fourterminal resistance measuremems require the use of both the
VOLTS OHMS terminals and the OHMS SENSE terminals.
Both AC and DC current measurements are made by connecting the source to the AMPS and VOLTS OHMS LO terminals.
WARNING
Hazardous voltages may be present on the
LO terminals. Any voltage applied to the
VOLTS OHMS LO terminal will also be present on the OHMS SENSE LO terminal.
The LO terminals on the Model 195 are designed to float from
chassis ground to avoid ground loop problems. Chassis ground
is connected to power line through the ground wire in the
power cord when used with a properly grounded three-wire
outlet.
WARNING
The maximum voltage between the VOLTS
OHMS LO terminal and chassis ground is
500V. Destruction of insulation. which could
present a shock hazard, may occur if the
500V maximum is exceeded. The maximum
voltage between the AMPS terminal and
VOLTS OHMS LO terminal Is 25OV.
CAUTION
Do not exceed the maximum
shown in Table 24.
Table 2-l. Maximum

input

limits

Input Values

readings per second. The basic procedure for making DC
voltage measurements is as follows:
1. Turn on the power with the front panel POWER switch. If
the instrument is within O°C to 50°C, it is useable immediately, but allow a one hour warm-up period for rated accuracy.
2. Connect the teet leads to the front or rear panel VOLTS
OHMS HI and LO terminals. Make sure the rear panel INPUTS switch is in the correct position. These binding posts
accept banana plugs, spade lugs, or bare wires for easy
connections. Use low-thermal cables and connections for
the 2OmV and 200mV ranges to minimize the effects of
thermal EMFs.
3. Select the DC volts function by depressing the VOLTS button. If the AC indicator is on, cancel AC mode by depreesing the AC button. Note that the instrument will be in the
DC mode upon power-up.
4. Select a range consistent with the expected voltage. For
automatic range selection, use the autorange mode.
5. Set the display resolution as desired with the RESOLN button.
6. If the instrument is to be used on the 20mV or 200mV
ranges, the zero should be enabled to compensate for thermal offsets which could upset accuracy. To zero the inetrument, perform the following steps:
A. Select the 20mV range.
B. With the test leads disconnected from the source, short
them together.
C. Press the ZERO button,
D. Select the range, as desired.
7. Connect the test leads to the source as shown in Figure 2-6.

I

I
Figure 2-5. DC Voltage Measurements
nections Shown)
CAUTION
Do not exceed 1OOOV between
VOLTS OHMS terminals.

OHMS

1 36OV peak or 250V RMS

2.5.1 DC Voltage Measurements
The Model 195 can make DC voltage measurements between
1OOnV and 1OOOV.The nominal bench reading rate is seven

(Front Panel Con-

HI and LO

If the positive source terminal is connected to the HI terminal of the instrument, the display will show a poeitive
value. If the negative source terminal is connected to the HI
terminal, the display will show a negative value.
8. Observe the display; if the “OFLD” message is shown,
move the instrument up range until a normal reading is
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shown. Always use the lowest possible range for the beet
accuracy. If the reading is unstable, use the FILTER control.
9. Take the reading from the display. The reading may be interpreted by taking into account both the position of the
decimal point and the exponent (see Table 2-2). For example, assume the display shows the following:

Table 2-6 shows the maximum allowable test lead resistance
to contribute ~1 count of additional error when making
4-wire resistance measurements.
6. Take the reading directly from the display, using the information in Table 2-2. Ilf the display is unstable, use the
FILTER control). For example, assume the following value is
displayed:

The reading is -12.466VDC.
2.8.2 Aesiatanoe Measurements
The Model 195 can make resietance measurements between
1004 and 20MC. The nominal bench reading rate for all
ranges except the 20MD range is four readings per second.
The nominal rate for the 20MD range is two readings per se
cond. The Model 195 provides automatic selection of
2-terminal or 4-terminal resistance measurements. For best
results on the 203 and 2OOD ranges, it is recommended that
4terminal measurements be made to eliminate errors caused
by the voltage drop across the test leads that occurs when
2-terminal measurements are made. To make resistance measurements, proceed as follows:
1. Turn on the powerwith the front panel POWER switch. For
rated accuracy, allow a one hour warm-up period.
2. Connect the tast leads to the front or rear panel VOLTS
OHMS terminals. If four-wire measurements are to be
made, connect an additional set of leads to the OHMS
SENSE terminals. Make sure the rear panel INPUTS switch
is in the correct position.
NOTE
The Model 1641 Kelvin test lead kit is ideal for low
resistance 4-terminal measurements.
3. Press the OHMS button and seleot a range consistent with
the expected resistance. If desired, use autoranging. Set the
display resolution as desired.
4. If readings are to be made on the 2OD or 2OOil ranges, use
the zero mode to obtain rated accurac+f. To zero the instrument for resistance measurements, proceed as follows:
short the test leads together after disconnecting them from
the measured circuit; if four-wire measurements are to be
made. short all four leads, then press the ZERO button.
5. For two wire measurements, connect the instrument to the
measured resistance as shown in Figure 2-7. For four-wire
measurements, use the connections shown in Figure 2-8.
CAUTION
The maximum input voltage between the
VOLTS OHMS HI and LO terminals for
resistance
measurements
is 26OVDC or
RMS, 36oV peak. Do not exceed these
values, or instrument damage may occur.
Table 2-5 shows the voltage and current output values for
the various resistancs ranges. Note that the HI terminal is
negative with respect to the LO terminal when the instrument Is the OHMS mode.
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PEIK.

Figure 2-7. Two-Terminal
Resistance
(Front Panel Connections

Measurement
Shown)

Figure 2-3. Four-Terminal Resistance Measurements
(Front Panel Connections Shown)

Table 2-6. Resistance
Range
2OQ
2003

Range Output

1 I Short
-2mA
-2mA

[ V Open
-2v
-2v

Values

Table Z-6. Four-wire Maximum
Resistance

Allowable

Test Lead

In Maximum Test Lead
Resistance for cl Count Error
4% Digit
5% Digit
Resolution
Resolution
Range
2n
203
7R
z-l
200R
7Oil
2kl-J
;z
2200
20kQ
7ooIa
22osl
2OokQ
7000
2.2kn
2Ml-l
7kQ
2.2kf-l
20MQ
I
I
I
NOTE: Values are for each test lead and assume that eact,
lead has the same resistance.
2.8.3 AC Voltage Measurements
With the Model 1950 option installed, the Model 195 can make
TRMS AC’voltage measurements between 1wV and 700V. To
make AC voltage measurements, proceed as follows:
1. Turn on the power with the front panel POWER switch.
Allow a one hour warm-up period for rated accuracy.
2. Connect the test leads to the front or rear panel VOLTS
OHMS terminals. Make sure the rear pa&l INPUTS switch
is in the correct position.
3. Depress the VOLTS button; enable the AC mods with the
AC button. The instrument is in the AC mode when the AC
indicator is on.
NOTE
A “NO OP” message will appear on the display if
the AC button is messed without the Model 1950
option installed.
4. Select the display resolution and turn on the filter, if desired.
5. Select a range appropriate for the measured voltage. If
desired, use the autorange mode.
6. Connect the instrument to the source as shown in Figure
2-9.
CAUTION
Do not exceed 700VRMS. 1OOOV peak between the HI and LO terminals or the instrument might be damaged.

NOTE
Do not use ZERO to null any offset in the AC
mode.
7. If the display shows an overflow, move the instrument
uprange.
8. Make the reading from the display; include the position of
the decimal point and the exponent tointerpret the reading.
For example, assume the display reads ss fcllanrs:

The scurce value is 195.000mV.
2.9.4 DC Current Measurements
With the Model 1950 option installed, the Model 195 is capable
of DC current measurements between lOOpA and 2A. Proceed
ss fcllcws:
1. Turn on the power with the front panel POWER switch. For
rated accuracv, allow a one hour warm-uo oeriod.
2. Connect the tit leads to the front or rear’pinel AMPS and
VOLTS OHMS LO terminal. Make sure the INPUTS switch
is in the correct position.
3. Depress the AMPS button; if the AC indicatoris on, depress
the AC button to place the instrument in the DC mode.
NOTE
Pressing AMPS or AC without the Model 1950
option installed will result in a “NO OP” message.
4. Select an appropriate range for the expected current; alternately, use the autorange mode, if desired.
5. Select appropriate resolution, and filter modes.
6. Connect the Model 195 to the current source as shown in
Figure 2-10.
CAUTION
DC not exceed the 2A currant
the amps fuse will blow.

limitation

or

If an overrange indication is shown. move the instrument
uprange until a normal reading can be observed. Use the
lowest possible range for the best accuracy.
7. Make the reading from the display, taking into account the
position of the decimal point and the exponent value. For
example, assume the display reads as follows:

J
The reading is -8.4214.
2.8.5 AC Current Measurements
With the Model 1950 option installed, the Model 195 is capable
of making TRMS AC current measurements between 1nA and
2A. To make AC current measurements, proceed as follows:
1. Turn on the power with the front panel POWER switch.
Allow a one hour warm-up period for rated accuracy.
2. Connect the test leads to the front or rear panel AMPS and
VOLTS OHMS LO terminals. Make certain the rear panel
INPUTS switch is in the correct oosition.
Figure 2-9. AC Voltage Measurement
necrions Shown)

(Front Panel
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3. Depress the AMPS button: if the AC indicator is off,
depress the AC button to place the instrument in the AC
mode.

8. Make the reading from the display by determining the
decimal point position and exponent value. For example,
assume the display reeds es follows:

NOTE
Pressing AMPS or AC without the Model 1950
option installed will result in a “NO OP” message
on the display.

The reading is 2.456mA.
2.9 TRMS CONSIDERATIONS

4. Select a rsnge suitable to measure the expected current, or
use the autorange mode, if desired.
5. Select appropriate resolution, and filter modes.
6. Connect the Model 195 to the current source es shown in
Figure 2-10.

Most DMMs actually measure the average value of en input
waveform but are calibrated to reed its RMS equivalent. This
poses no problems es long es the waveform being measured is
a pure, low-distortion sine wave. For complex. non-sinusoidal
waveforms, however, measurements made with en averaging
h/pa meter can be grossly ineccurete. The Model 195, because
of its TRMS (True Root Mean Square) measuring capabilities
(with the Modal 1950 option), provides aqoureta AC measurements for a wide variety of AC input weveforms.
2.9.1 TRMS Measurement Comparison

CAUTION
Do not exceed the 2A limitation or the amps
fuse will blow.
7. If en overrange indication is shown, move the instrument
range until a normal reading is observed. Use the lowest
possible range for the best accuracy.

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 peek value. Thus, for en average-responding meter,
a correction factor must be designed in. This correction factor,
F, can be found by dividing the RMS value bv the average
value es follows:
~~
F=~;=l.ll
By applying this correction factor to en averaged reading, a
tvpical meter csn be designed to give the RMS equivalent. This
works fine as long as the waveform is a pure sine weve, but the
reties between the RMS and average values of different
waveforms is far from constant, end can van/ considerably.

CURRENT
SC”RCE

Figure 2-10. DC end AC Current Measurement
Panel Connections Shown)
Table 2-7. Comparison

Waveform
Sine +to------

Half-Wave Sine
+,o-ine

of Average and TRMS Meter Readings

Rectified
Peak Average
Value
Value
6.37V
1ov

f-l

- - - -i?--

Rectified Square Wave
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Table 2-7 shows a comparison of three common types of
waveforms. For reference, the first waveform is en ordinary

[Front

Average
Responding
RMS
Meter
Value
Reading
7.07V
7.07V

AC Coupled
TRMS
Meter
Reading
7.07V

Averaging
Meter
Percent
Error
0%

1ov

3.18V

3.86V

3.53v

3.86V

8.5%

1ov

5v

5v

5.55V

5v

11%

sine wave witha peak amplitude of 1OV. The average value of
this voltage is 6.3N, while its RMS value is 7.07V. lf we apply
the 1.l 1 correction factor to the average reading, it can be seen
that both meters will give the same reading, resulting in 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 lOV, but the
average value drops to 3.18V. The RMS value of this wave
form is 396V. but the average responding meter will give a
reading of 3.53V 13.18x 1.111, creating an error of 11%.
A similar situation exists for the rectified square wave, which
has an average value of 5V and an RMS value of 7.07V. Here,
the average responding meter gives a reading of 5.55V
(5x 1.111, while the Model 195 gives a TRMS reading of 5V.

2.9.2 Crest Factor
The crest factor of a wavefon 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 1.414. For a symmetrical square wave, the crest
factor is unity.
The crest factor of other waveforms 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 rectangular
pulse is related to its duty cycle; as the duty cycle decreases,
the crest factor increases. The Model 195 has a crest factor of
3, which means the instrument will give accurate TRMS
measurements of rectangular waveforms with duty cycles as
low as 10%.

SECTION 3
FRONT PANEL PROGRAMS
3.1 INTRODUCTION

Table

This section contains information and instructions necessary
for operating the 10 front panel programs of the Model 195.
The programs are entered by depressing the front panel PRGM
button followed bY the desired program number (O-9). Some
of the programs require numeric constants, which must be
entered from the front panel. Others will display appropriate
messages. Model 195 programs are summarized in Table 3-1.
3.2 PROGRAMMING

Message

3.3 FRONT PANEL PROGRAM

Multiplex
IEEE Address-Talk-Only
Line Frequency
Digital Calibration
Expansion
Data Logger
Diagnostics

9. Trigger

Program

Messages

Description

j-1

Invalid program number.

1

rn

P1-0

Button not applicable to program.

1(TilResding

out of range.

3.4 PROGRAMMING

NOTES

1. Each program is entered by pressing the PRGM button
followed bY the desired program number.
2. When the PRGM button is pressed, the instrument will
prompt for a program number as follows:
pc--Ty
3. If an invalid program number is entered, the following
message will be displayed for about one second:

Table 3-1. Front Panel Program
Program
0, Clear
1, NV Storage

Panel

Prompt for program number.

DISPLAY MESSAGES

The Model 195 has a number of display messages associated
with program operation. General display messages that are
used with most or all the programs are listed in Table 32. Note
that many of the programs have additional m-gee
which
are covered separately with each progrsm description.

Front

[---FE-q

CONTROLS

Most of the front panel controls aelve a dual purpoee. The
FUNCTION, RANGE, MODIFIER, and TRIG buttons are numbered in sequence. Figure 3-l shows the controls used with the
front panel programs; these buttons are used as follows:
1. PRGM is used to place the instrument in the program mode.
2.0 through 9 sre ueed to select one of the ten programs ss
w&l as enter constants in those programs that require them.
Minus f-l is used as a modifier.
3. RECALL/ENT is used to enter and recall numeric constants
associated with the various programs.

2.
3,
4.
5,
6,
7,
8,

3-2. General

SummarY

Description
Cancel program mode.
Non-volatile storage of parameters stored in Program 3, 4, 5
and 8.
Defeats input amplifier multiplexer.
Enter IEEE primary address; control talk only mode and format.
Program 50Hz or 60Hz line frequency.
Allows digital calibration of the Model 195.
Allows future expansion of capabilities.
Enables data storage in 100 point buffer.
Used for troubleshooting; performs ROM, RAM, display tests;
programs Model 1950 status.
Toggles between one-shot and continuous trigger modes.
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4. If an invalid button is pressed while a program is in progress, the following message will be displayed for about
onesecond:
j
n Pr
o
,

5. Program 0 is used to return the user to normal front panel
operation.
6. Programs 0 through 9 are mutually exclusive; only one of
these programs may be entered at any given time.
7. A new program may be entered without using Program 0
simply by pressing PRGM. The instrument will abort the
present program and prompt for a new program number.
8. When a program is in progress, the PRGM indicatorwill be
on. The indicator will go out when the instrument is taken
out of the program mode.
9. Numerical constants usad for each program are stored
separately and will not change unless entered at the appropriate point in the program. Those constants not stored in
non-volatile RAM by Program 1 will be lost when the
power is turned off. (Only certain Programs 3, 4. 5, and 8
constants can be stored in non-volatile RAM).
10. Constants are to be entered by the operator when prompted
to do so by the instrument. When entering a numerical constant:
A. The constant is entered by pressing the numbered buttons in the desired sequence.

B. The decimal point and exponent are automatically placed in accordance with the allowable ranoe of the constant.

C. Data is entered into the digit whose “c” segment is
flashing by pressing the desired numbered button. The
“c” segment is shown below:
8 d’

segment

As each digit is entered the flashing segment will move
one place to the right until all necesssly digits have
bean entered.
D. If an invalid key is pressed while entering a constant,
the following message will be displayed briefly:
I
I

1 InPro

E. If too many digits are entered, the display will cycle
around to the beginning, but previously entered digits
are not affected.
F. If an incorrect digit is entered, the complete constant
must be reentered.
G. Once rhe desired constant value is shown on the display, the constant is entered into the program by preseing ENT.

7

Figure 31. Front Panel Program Controls
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AMPS

3.5 PROGRAM

DESCRIPTIONS

The following paragraphs describe the purpose and operation
of the front panel programs. Where needed, examples sre included to help clarify program operation.
3.5.1 Program 0. Clear

Ino

Program 0 is used to csncel Program selection. This progrsm is
entered by pressing the PRGM and 0 bunons in sequence es
follows:
1. Press PRGM. The instrument will prompt for a program
number es follows:

Pro

?

2. Press 0. The program number will be briefly displayed:
pTF--q
3. Immediately after the program number, the following clear
message will be displayed for about % second:

5tr

3.5.3 Program 2. Multiplex
The multiplexer auto zerolcal routinea may be defeated by NW
ning Program 2. Each time Program 2 is run, the instrument
selects the alternate mode Ion or off). Using the Model 195
with the auto zerolcal defeated is useful for making high impedance DC voltage measurements which can be affected by the
noise spikes generated by zero/csl multiplexing voltages.
To in Program 2. perform the following steps:
1. Press PRGM. The Model 195 will prompt for a program
number as follows:

1 Pro

? J

2. Press 2. The instrument will display the program number for
% second es follows:

ICLr
4. The Model 195 will return to normal operation and begin
displaying readings.
3.5.2 Program 1. Non-Volatile

period of the instrument will be altered by running Program
1.
3. If the calibration jumper has been removed, NVRAM data
will not be changed. The instrument will display the following message if NV storage is performed with the jumper
removed:
-.
I

Storage

Program 1 stores parsmeters that were entered in Programs 3,
4, 5. and 8 into the non-volatile RAM for future use. These
parameters are retsined even when the power is turned off.
Storage may be inhibited by removing an internal jumper isee
Section 7). Program 1 is entered bv pressing the PRGM and 1
button in sequence as follows:
1. Press PRGM. The Model 195 will prompt for a program
number as follows:

Pro

12

3. If the auto zero/Cal routine wss aresbled, it will now be
enabled and the following message will be displayed for K
second:

4. If the auto zerolcal routine was previously enabled, it will
now be disabled and the following message will be displayed for K second:

pG-7-j
2. Press 1. The instrument displays the program number for
about % second:

3. The instrument will then prompt for an input as follows:
j5torl
4. To perform NV storage, press ENT. The data entered in
Program 3, 4. 5 and 8 will be stored in the non-volatile RAM
and the instrument will return to normal operation.
NOTES:
1. Program 1 may be aborted at step 4 by pressing PRGM.
2. Only NV parameters entered during the present power-up

5. After the appropriate message, the instrument resumes normal operation.
NOTES:
1. The displayed message shows the auto zerolcsl stste of the
instrument upon Program 2 exit.
2. If the instrument is not in the desired state after running
Program 2, it may be changed to the alternate state by nmning Program 2 a second time.
3. Auto zerolcal will be enabled upon power-up.
3.54 Program 3. IEEE Address and Talk-Only

Mode

The IEEE primary address and talk-only mode may be controll-
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ed with Program 3. When Program 3 is run, the instrument will
prompt for a two-digit input value. The meanings of these
values are summarized in Table 3-3. The following steps describe the programming sequence. For more complete information on IEEE-488 operation, refer to Section 4. To enter Program 3. perform the following steps:
1. Press PRGM. The instrument will prompt for a program
“““lber:
/
2. Press 3. The instrument then displays the program number
for about % second:
pz-Ty
3. Following the program number indication, the display will
show the previously programmed IEEE parameter, For example, if the primary address is 25, the display will show:

4. To enter the displayed parameter into the program without
changing it, press the ENT button. The instrument will
return to the normal operation mode.
5. To change the IEEE parameter, enter the desired value into
the display with the number buttons and then press ENT.
The Model 195 will then return to the normal operating
mode.
Example: Assume it is desired to operate the instrument in the
talk-only mode with the appropriate prefix in the data string.
The following button sequence will program the instrument for
this operating mode; PRGM; 3: 4; 0; ENT. After the ENT button is pressed, the instrument will be in the talk-only mode.
NOTES:
1. IEEE parameters are not stored in non-volatile RAM unless
Program 1 is run.
2. An IEEE parameter entered in Program 3 supersedes the
IEEE parameter stored in NVRAM. For example, assume a
primary address of 16 is stored in NVRAM and that an address value of 25 has been entered during Program 3 operation. The instrument will then operate with the primary address of 25.
3. If an invalid parameter is entered during Program 3 execution, the following message will be displayed for about %
second:
,=,
4. The IEEE address or talk-only parameter is briefly displayed
upon power-up.
Table 3-3. Program 3 IEEE Parameters

I I
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The programmed line frequency affects the integration period
of the instrument in the Sl through S5 rate modes (see Section 4). The Model 195 does not eutomaticallv detect the
power line frequency upon power-up, instead this value must
be set by running Program 4. Note that this program simply
toggles the operating frequency between 50Hz and 60Hz;
each time Program 4 is entered, the instrument changes to the
alternate frequency.
Enter Program 4 as follows:
1. Press PRGM. The Model 195 will prompt for a program
number as follows:
[Pro1
2. Press 4. The program number is displayed for about I/;
second:

71

Value 1 Description
O-30 1 Priman, address=O-30
Talk-only mode with prefix.
40
Example: NDVC + 1.23456E -2)
41
Talk-onlv mode without orefix.
1 (Example: + 1.23456E 12)

3.5.5 Program 4. Line Frequency

_I

3. If the instrument was programmed for 50Hz, it will change
to the 60Hz mode and briefly display the following message:

4. If the instrument was programmed for 60Hz, it will change
to the 50Hz mode and display the following message for ‘h
second:

5. After displaying the programmed line frequency, the instrument returns to the normal operating mode.
NOTES:
1. The programmed frequency should be the ssme as the fre
quency of the Model 195’s power source. Operating the instrument on the wrong frequency will result in noisier
readings.
2. For non-volatile RAM storage of the programmed line frequencv, use Program 1 (paragraph 35.2).
3. The frequency entered in Program 4 supersedes the frequencv stored in NVRAM. For example, if 60Hz is stored in
NVRAM, and 50Hz in entered with Program 4, the instrument will operate in the 50Hz mode.
4. The programmed line frequencv is briefly displayed upon
power-up.
3.6.6 Program 6. Digital Calibraiion
A major innovation used in the Model 195 is its digital calibration feature. Through use of Program 5, the user can easily
calibrate the Model 195 bv applying an accurate calibration
signal and using this program. The calibration signal can be a

prompted value, or a number entered from the front panel.
The steps below describe the basic steps for using Program 5.
For the complete calibration procedure, refer to Section 7,
Maintenance.
1. Select the range and function, and zero and filter the instrument, if necessary, before entering Program 5. Do not
use autoranging. Do not use zero for ACV or ACA.
2. Connect the calibration source to the instrument. Set the
source to the calibration value to be used.
3. Press PRGM. The instrument will prompt for a program
number as follows:
Pro

;I

4. Press 5. The Model 195 will display the program number
for about % second:
jl
5. Following the program number, the display will show the
default calibration value, which is usually done at 95% of
full range. The decimal point and exponent will automatically be set in accordance with the selected range and
function. For example, on the 20V range, the display will
show:

6. If the desired calibration value agrees with the displayed
value, simply press ENT. If a different calibration value is to
be used, key in the value with the number buttons and
press ENT.
7. If calibration takes place, the following message will be
displayed:

stants in NVRAM. Program 1 must be used to perform this
storage operation.
2. Calibration constants will not be stored in NVRAM Program
1 if the calibration jumper is removed. [See Paragraph 7.5.9)
3. Calibration on the2VAC range should ba done at the following two points: 1.OOOOVand O.lOOOV. The instrument will
prompt for two sets of inputs on this range. See Section 7
for complete details.
4. Successfully stored calibration constants supersede those
previously stored in NVRAM only during the present powerup cycle.
5. The PRGM light will flash after calibration constants are
entered until NVRAM storage is successfully performed.
3.67 Program 6. Expansion
Program 6 is intended for future program expansion. To enter
Program 6. perform the following steps.
1. Press PRGM. The Model 195 will prompt for a program
number as follows:
pc7-l
2. Press 6. The instrument will display the program number for
K second:

3. After displaying the program number, the instrument will
begin execution. If no program exists, the following
message will be displayed briefly:

noPro

r-cir-l

4. The instrument then prompts for another program number.
8. If the calibration procedure is unsuccessful (for example, if
the signal applied is greater or equal to two times the
displayed value). the following massage will be displayed:
pRcq
Existing calibration is unaffected under these conditions.
9. Once the ENT button is pressed, the instmment will return
to normal operation and begin displaying newly calibrated
readings.
10. Repeat steps 1 through 6 for each desired function and
range.
Example: Assume the Model 195 is to be calibrated on the
2VDC range at a value of 1.95V. After connecting the
calibrating signal to the VOLTS OHMS terminals and setting
the instrument to the 2VDC range, the operator would key in
the following sequence: PRGM; 5; 1; 9: 5: 0; 0; ENT.
NOTES:
1. Program 5 doss not automatically store the calibration con-

3.59 Program 7. Data Logger
The Model 195 has an internal 100 point data buffer that can
be used to log a series of readings. The fill rate of the buffer
can be set by a parameter entered when Program 7 is run.
Alternately, the oneshot trigger mode can be used to control
the fill rate from the front panel or an external trigger source.
Once the data is stored, readings can be easily recalled from
the front panel. Special recall modes allow the highest buffer
reading, lowest buffer reading, or the average of all buffer
readings to be displayed. Enter Program 7 as follows:
1. Press PRGM. The Model 195 will prompt for a program
number as follows:
)1
2. Press 7. The instrument will briefly display the program
number:
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P l-0

7 j

3. The instrument will now prompt the operator to input the
value of r. which controls the logging interval, by displaving the following prompt:

bR
Following this message, the average of all readings in the
buffer will be disolaved.
14. To obtain the lowest buffer reading, press 2. The Model
195will respond with the following messagefor % second:

,

Ir’B
The present r value will be displayed.
4. The r value for the various time intervals are listed in Table
3-4.
5. Enter the desired value of r and press ENT. The instrument
will respond with the following message which will alternate with normal readings:

I 5tHrt;ll
6. At this point, the buffer pointers are reset, but the logging
process has not yet begun. To begin storing readings,
press the ENT button again.
7. The Model 195 will now begin storing readings at intervals
selected by the r constant. The display will continue to
display normal readings et the conversion rate.
8. The buffer will be full when all 100 readings have been
stored. When this occurs, the following message will be
displayed:

This message will alternate with normal readings.
9. Logged data may be recalled any time during the storage
process by pressing the RECALL button. The instrument
will respond with the number (l-100) of the last stored buffer reading as follows:

I

10.

11.

12.

13.
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f-l=*

1

Here the asterisk represents the number of the last stored
reading. Note that the decimal point stops flashing while
the instrument is in the recall mode. IAlso when the PRGM
LED is on). Logging continues, but all recalling is only up
to this reading.
To continue recalling readings, press the RECALL button
momentarily. After each buffer number, the reading itself
will be displayed. INormal operation may be restored at
this point by pressing 01.
To scroll rapidly through the readings, hold the RECALL
button in. The reading numbers will rapidly increment in
sequence. After 10 address values, the scrolling becomes
more rapid.
To decrement the reading numbers rather then increment
them, press the minus 1-l button before using the RECALL
button. The reading numbers will decrement with each
operation of the RECALL button. Hold the RECALL button in to scroll the readings.
To obtain an average up to the displayed address of step 9,
during the recall process, press 3. The instrument will raspond with the following message for % second:

bLCI

The message will be followed by the number of the low
reading followed bv the actual low reading.
15. To obtain the highest reading in the buffer, press 1. The instrument will briefly display the following:

bH 1
This message will be followed by the number of the high
reading and the reading itself.
16. The instrument may be taken out of the recall mode by
pressing 0. The following message will be displayed:
-1

,,

NOTES:
1. Logging continues during the recall process as long as the
buffer is not full, but front panel triggering is not available
during recall.
2. The Model 195 one-shot trigger mode may be used in conjunction with the buffer. When the instrument is in the front
panel one-shot trigger mode, one reading will be stored in
the buffer each time the TRIG button is operated. (Use r=O
or r= 1 for this operating mode.1 If r? 2, readings will be
stored at the interval determined by the r parameter when in
the one-shot mode.
3. Logging stops when the buffer is full.
4. Pressing an invalid button during the recall process will
result in the following message:

Inbut=
5. Buffer operation may be cancelled et step 5 of the above
procedure by pressing PRGM.
6. Pressing the RECALL/ENT button when buffer operation is
disabled will result in the following display sequence:

followed by:
out
7. The RECALL bunon will cancel the “bFULL” message, but
stored readings are not affected.
8. The buffer average, low, and high routines do not take into
account the decimal point and exponent. Thus, range or
function should not be changed during the logging process
when these routines are used. The range and function will
be indicated on the front panel during the recall process.

3. When the “start?” prompt appears, the unit has entered
the data logging program, but logging has not yet been
started. Pressing ENT starts the logging process. The
PRGM, 0 sequence disables the logging process.
Table 3.4. Program 7. Loaaina
-- _ Rates
Rate
Conversion rate (use for
ons-shot trigger mode).
Same as r=O.
1 second interval
5 second interval
10 second interval
1 minute interval
5 minute interval
10 minute interval

3. Following the program number, the instrument will perform
a RAM and ROM teat simultaneously with the display teat
for a few seconds. Upon completion of the test, an appre
priats message (sss Table 3-5) will be displayed. The instrument will then prompt for a teat number, n, as follows:
jl
4. Using Table 3-5 select an appropriate value, n, for the teat;
for example, to perform the ROM teat press 5. The in&ument will p&on
the selected test..
5. If the instrument passed the ROM test, the following
message will be displayed briefly:

1

PI755
6. If the ROM teat failed, the following
displayed:

message will be

3.5.9 Program 6. Diagnostics
Program 8 is used for s&test diagnostics or as an aid in
troubleshooting the Model 195. Four t&a within Program 8
an? used in conjunction with the troublsahooting procedures
explained in detail in Section 7. Three remaining tests perform
ROM, RAM, and display tests. The massages associated with
these tests are shown in Table 3-5. Program 8 is also used to
program the Model 195 for Model 1950 operation.
To enter Program 8 perform the following steps:
1. Press PRGM. The instrument will display a prompt for a program number:
1
I

I PI-0

rUE/
-__~7. To program the Model 195 for use with the Model 1950 option, press the minus (-1 button when the instrument
prompts for an input parameter (step 3). If the Model 1950
option is enabled, the instrument will display the following

m-ge:
I

8. If Model 1950 option opeation is disabled, the instrument
will display the following message:

f

2. Press 8. The instrument will briefly display the program
number as follows:

noUP
(Each time (- I is pressed, option status toggles.1
9. To permanently store Model 1950 status, uss Program 1.
Since the Model 195 checks option status only upon powerup, it must be momentarily powered down to complete option programming.

Table 3-5. Program 8 Tests
Test Number(n)
l-4

5-6

Display

Message

Comments
Used for troubleshooting.
Section 7.

-1

Passed ROM, RAM test.

-1

Display Test

I]

Failed ROM test.

I]

Failed RAM test.

See

3-7

NOTES:
1. Program 6 may be cancelled with PGRM.
2. if the RAM test fails, the instrument will skip the ROM test
and display the RAM error message.
35.10 Program 9. Trigger Mods
Program 9 places the instrument in the one-shot or continuous’
trigger mode. Each time Program 9 is entered, the instrument
changes to the alternate trigger mods. Detailed triggering information is in paragraph 2.7. Program 9 is run by pressing the
PRGM and 9 buttons in sequence as follows:
1. Press PRGM. The instrument will prompt for a program
number:
]I
2. Press 9. The instrument will display the program number for
% second as follows:
px-7-J
3. After displaying the program number, the Model 196 will
change to the alternate trigger mode. If the unit was in the
cOntinuous mods, it will change to the oneshot mods and
the TRIG indicator will turn on.
4. If the instrument was in the one-shot mode, it will change to
the continuous mode and the TRIG light will go out.
NOTES:
1, Program 9 may be used to alternate between IEEE oneshot
and continuous modsa. See Section 4 for details.
2. When in a one-shot trigger mode, one reading will be processed with each trigger stimulus.
3. Other front panel buttons will trigger the instrument in the
one-shot mode.
3.6 PROGRAMMING

SCALING FACTORS

Front panel Program 5 can be used to multiply the reading bv a
constant and add an offset value in accordance with the formula y= mx+ b, where m is the constant and b is the offaet
value. The basic procedure for calculating the scaling factor is
as follows.
1. Set the Model 195 to the desired function and range.
2. Connect the signal to be used es the b constant and press
the ZERO button.
3. Connect the signal to be usad as the value of mx to the input terminals and enter Program 5 using the procedure in
paragraph 3.5.6.
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4. When the instrument prompts for a calibration input, enter
the value of mx IO x m <2).
5. Disconnect the mx signal and connect the b value.
6. Disable then enable the zero mode. All subsequent readings
will be scaled according to the previously entered factors.
Example: Given a transducer reading of 212g at 0 PSI and
32.4kD at 566 PSI, suppose it is desired to scale the reading so
that the 212g resistance will read Og while the 32.4kg
resistance reads 556% This may be dons using the following
procedure:
1. Place the instrument in the resistance mods and connect a
212D resistor to the VOLTS OHMS terminals.
2. Press the ZERO button.
3. Connect a 32.4kg resistor to the VOLTS OHMS terminals.
4. Enter Program 5 by pressing PRGM and 5 in sequence.
5. When the instrument prompts for a calibration value, enter
556 into the display.
6. Press ENT and observe that the “CAL” message is properlv
displayed.
7. Connect the 212g resistor in place of the 32.4kQ unit.
8. Press the ZERO button to disable the zero mode then press
ZERO again.
9. Displayed readings will now be scaled according to the
previously entered conatanta; a 212Ll resistance will read On
and a 32.4kg resistance will read 556D. In betwasn those
two limits, the reading will vary in a linear manner.
NOTES:
1. Using Pmgram 5 to scale the readings will affect calibration
of the instrument for normal measurements. Only those
ranges changed for scaling will be miscalibratsd. The instrument may be momentarily powered down to restore normal
calibration as long as scaling factors are not stored in
NVRAM.
2. The mx scaling factor may be penanently stored by running Program 1. This will miscalibrats the instrument on affected rangsa and functions.
3. The b factor cannot be permanently stored and must be
rssntsrsd each time the instrument is powered-up.
4. This procedure should not be used on the 2VAC range.
5. The scaling procedure requires that all ranges be properly
calibrated because proper calibration of some ranges requirea that other ranges also be properly calibrated.

SECTION 4
IEEE-488 OPERATION
4.1 INTRODUCTION
The IEEE-499 bus is an instrumentation data bus with stsndards adopted bv the IEEE Llnstituts of Electrical and Electronic
Enginssral in 1975 and given the IEEE499 designation. The
moat recent revision of bus standards was made in 1979;
hence the complete description for current bus standards is the
IEEE-4891979 dssignation. The Model 195 conforms to 1979
standards.
This section contains general bus information as well es datailed programming information and is divided as follows:
1. General introductory information pertaining to the IEEE499
bus may be found primarily in paragraphs 4.2 through 4.6.
2. Information necssea~ to connect the Model 195 to the bus
is contained in paragraphs 4.7 and 4.9.
3. Programming of the instrument with general bus command
is covered in paragraph 4.9.
4. Device-dependent command programming is described in
detail in paragraph 4.10. The commands outlined in this aection can be considered to be the most important since they
control virtuslly all instrument functions.
5. Additional information pertaining to front panel error
messages and controller programs can be found in
paragraphs 4.11 and 4.12.

but any number of talkers or listeners may be prsaent up to the
hardware constraints of the bus. Gsnsmlly, the bus is limited to
15 devices, but this number may be reduced if higher than normal data transfer rates are required or if longer than normal
cables srs used.
Several devices may be commanded to listen at once, but only
one device may be a talker at any given time. Otherwise, communications would be scrambled much like an individual’s try
ing to pick out a single conversation out of a large crowd.

4.2 BUS DESCRIPTION
The IEEE-499 bus was designed as a parallel data transfer
medium to optimize data transfer without using an excessive
number of bus lines. In keeping with this goal, the bus has only
eight data lines that srs used for both date and most commands. Five bus management linea and three handshake linsa
round out the complement of signal lines. Since the bus is of
parallel design, all devices connectsd to the bus have the seme
information available simultsnswsly.
Exactly what is dons
with the information by each device depends on many factors.
including device capabilities
A typical bus configuration for controlled operation is shown in
Figure 41. The typical syStsm will have one controllerend one
or more instruments to which commands are given and, in
most cases, from which data is received. Generally, there are
three categories that describe device operation. These
designations include: controller: talker: listener.
The controller does what ita name implies: it contmls other
devices on the bus. A talker sends data, while a listener
receives data. Depending on the instrument, a particular
device may be a talker only, a listener only, or both a talker and
listener.
Any given svatem can have only one controller fcontrol may bs
passed to an appropriate device through a special command),
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Figure 4-I. IEEE Bus Configuration
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Before a device can talk or listen,. it must be appropriately
addressed. Devices are selected on the basis of their primary
address: the addressed device is sent a talk or listen command
derived from its primary address. Normally, each device on the
bus has a unique primary address so that each may be addressed individually. The bus also has another addressing mode called secondaw addressing, but not all devices use this addressing mode.
Once the device is addressed to talk or listen, appropriate bus
transactions are set to take place. For example, if an instrument is addressed to talk, it will usually place ifs data on the
bus one byte at a time, The listening device will then read this
information. and the appropriate software can then be used to
channel the information to the desired location.
4.3 IEEE-488 BUS LINES
The signal lines on the IEEE-488 bus are grouped into three

general categories. The data lines handle bus information,
while the handshake and bus management lines ensure that
proper data transfer and bus operation takes place. Each of the
bus lines is active low so that approximately zero volts is a logic
one. The following paragraphs describe the purpose of these
lines, which are shown in Figure 4-l.
43.1 Bus Management

1. DAV IData Valid)-The source controls the state of the
DAV line.
2. NRFD (Not Ready For D&-The
acceptor controls the
state of the NRFD line.
3. NDAC (Not Data Accepted)-The
acceptor also controls
the NDAC line.
The complete handshake sequence for one data byte is shown
in Figure 4-2. Once data is on the bus, the source checks to see
that NRFD is high, indicating that all devices on the bus are
ready for date. At the same time NDAC should be low from
the previous byte transfer. If these conditions are not met, the
source must then wait until the NRFD and NDAC lines have
the correct status. If the source is a controller, NRFD and
NDAC must remain stable for at least 100ns after ATN is set
low. Because of the possibility of bus hang Up, some controllers have time-out routines to disolav error rnessaaes if the
handshake sequence stops for any reason.
-
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The bus management group is made up of five signal lines that
help ensure an orderly transfer of data. These lines are used to
send the uniiine commands described in paragraph 4.4.1.
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ATN line is one of the more important management lines. The state of the ATN line determines whether controller information on the data bus is to
be considered date or a multiline commend as described in
paragraph 4.4.
2. IFC (Interface Clear)-Setting the IFC line true flow) causes
the bus to go to a known state.

3. REN (Remote Enable)-Setting the REN line low sends the
REN command, This sets UP instruments on the bus for
remote operation.
4. EOI (End Or Identifyl-The
EOI line is used to send the EOI
command that usually terminates a m&-byte transfer sequence.
5. SRQ (Service Request)-The
SRQ line is set low by a
device when it requires service from the controller.
4.32 Handshake

DATA

ACCEPTOR
I
DATA

TRANSFER
TRANSFER
BEGIN
END
Figure 4-2. IEEE Handshake Sequence
Once the NRFD and NDAC lines are properly set, the source
sets the DAV line low, indicating that data on the bus is now
valid. The NRFD line then goes low; the NDAC line goes high
once all devices on the bus have accepted the data. Each
device will release the NDAC line at its own rate, but the
NDAC line will not go high until the slowest device has accepted the data byte.

Lines

The bus uses three handshake lines that operate in an interlocked sequence. This method ensures reliable data transfer
regardless of the transfer rate. Generally, data transfer will
occur at a rate determined by the slowest active device on the
bus.
One of the handshake lines is controlled by the data source,
while the remaining two lines are controlled by accepting
devices. The three bus handshake lines are:
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After the NDAC line goas high, the source then sets the DAV
line high to indicate that the data on the bus is no longer valid.
At this point, the NDAC line returns to its low state. Finally, the
NRFD line is released by each of the devices at their own rates,
until the NRFD line finally goes high when the slowest device is
ready, and the bus is set to repeat the sequence with the next
data byte.
The sequence just described is used to transfer both data and
multiline commands. The state of the ATN line determines

whether the data bus contains data or commands as described
in paragraph 4.4.
4.3.3 Data Lines
The IEEE488 bus uses the eight date lines that allow date to be
transmitted and received in a bit-parallel, byte-serial manner.
These eight lines use the convention DlOl through D108 instead of the more common DOthrough D? binary terminology.
Thedata lines are bidirectional and, as with the remaining bus
signal lines, low is true.
4.4 BUS COMMANDS
While the hardware aspects of bus is essential, the interface
would be essentially worthless without appropriate commands
to control communications between the various instruments
on the bus. This paragraph briefly describes the purpose of the
bus commands, which are grouped into the following three
general categories:
1. Uniline commands: Sent by setting the associated bus
line low.
2. Multiline commands: General bus commands which are
sent over the data lines with the ATN line low (true).
3. Devicedependent commands: Special commands that depend on device configuration: sent over the date lines with
ATN high (false).
These commands are summarized in Table 4-l.
4.4.1 Uniline Commands
Uniline commands are sent by setting the associated bus line
low. The ATN, IFC, end REN commands are asserted only by
the system controller. The SRQ commend is sent by an exter-

nal device. The EOI command may be sent by either the con-.
troller or an external device depending on the direction of data
transfer. The following is a brief description of each commend.
1. REN (Remote Enable)-When the controller sends the REN
command, the instrument will be set up for remote operetion. Generally, the REN command should be sent before attempting to program instruments over the bus.
2. EOI (End Or Identif+The
EOI command is used to positively identify the lest byte in a multi-byte transfer sequence.
This allows variable length data words to be transmitted
easily.
3. IFC (Interface Clean-The IFC command is sent to clear the
bus and set devices to a known state, Although device configurations differ, the IFC command usually places instruments in the talk end listen idle states.
4. ATN (Attention)-The
controller sends ATN while transmitting addresses or multiline commands. Device-dependent
commends are Sent with the ATN line high (false).
5. SRQ (Service Request)-The SRD commend is asserted by
an external device when it requires service from the controller. If more then one device is present, a serial polling
sequence, es described in paragraph 4.99, must be used to
determine which device has requested service.
4.4.2 Universal Commands
Universal commands are multiline commands that require no
addressing. All instrumentation equipped to implement the
command will do so simultaneously when the command is
transmitted over the bus. As with all multiline commands, the
universal commends are sent over the data lines with ATN
low.
1. LLO (Local Lockout&The
LLD command is used to lock
out front panel controls on devices so equipped.

Table 4-1. IEEE-488 Bus Command
Command

Type

Uniline

Multiline
Universal

Addressed
Unaddress

State of ATN Line* Comments

Command

(Local Lockout)
(Device Clear)
(Serial Poll Enable)
(Serial Poll Disable)
(Selective Device Clear))
(Go to Local)
(Group Execute Trigger)
RJnlistenl
IUntalk)

Device-dependent””

::
LOW
X

Set up for remote operation.
Sent by setting EOI low.
Clears Interface
Defines data bus contents.
Controlled by external device.

LOW
LOW
LOW
LOW
LOW
Low
Low
LOW
LOW

Locks out front panel controls.
Returns device to default conditions.
Enables serial polling.
Disables serial polling.
Returns unit to default conditions.
Returns to local oontroi.
Triggers device for reading.
Removes all listeners from bus.
Removes all talkers from bus.

High

Programs Modal 195 for various modes

X

REN (Remote Enable)
EOI
IFC (Interface Clear)
ATN (Attention)
SRQ (Service Request)
LLO
DCL
SPE
SPD
SDC
GTL
G5T
UNL
UNT

Summary

I

l X= Don’t Care
l +See paragraph 4.10 for complete description.
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2. DCL (Device Clear)-After a DCL is sent, instrumentation
equipped to implement the command will revert to a known
state. Usually. instruments return to their power-up conditions.
3. SPE ISerial Poll Enable)-The SPE command is the first
step in the serial polling sequence,which is usad to determine which instrument has requested service with the SRQ
command.
4. SPD (Serial Poll Disable)-The SPD command is sent by
the controller to remove all instrumentation on the bus from
the serial poll mode.
4.43 Addressed

Commands

Addressed commands are multiline commands that must be
preceded by a listen command derived from the device’s
primary address before the instrument will respond. Only the
addressed device will respond to each of these commands:
1. SDC (Selective Device Clear)-The SDC command performs essentially the same function as the DCL command
except that only the addressed device will respond. Instruments usually return to their default conditions when the
SDC command is sent.
2. GTL (Go To Local)-The GTL command is used to remove
instruments from the remote mode of operation. Also, front
panel control operation will usually be restored if the LLO
command was previously sent.
3. GET (Group Execute Trigger)-The GET command is used
to trigger devices to perform a specific action that depends
on device configuration. Although GET is considered to be
an addressed command, many devices respond to GET
without being addressed.
4.4.4 Unaddrass Commands
The two unaddrass commands are used by the controller to
remove all talkers and listeners from the bus simultaneously.
ATN is low when these multiline commands are asserted.
1. UNL (Unlistenl-All
listeners are removed from the bus at
once when the LJNL command is placed on the bus.
2. UNT Wntalk)-The controller sends the UNT command to
clear the bus of any talkers.
4.4.5 Device-Dependent

Commands

The meaning of the device-dependent commands is determined by instrument configuration. Generally, these commands
are sent as one or more ASCII characters that tell the device to
perform a specific function. For example. FO is sent to the
Model 195 to place the instrument in the DCV mode. The
IEEE-488 bus treats device-dependent commands as data in
that ATN is high (false) when the commands are transmitted.

Figure 4-3. Every command is sent with ATN low.
1. Addressed Commend Group (ACG)-Addressed
commands are listed in column O(S) in Figure 4-3. Column O(A)
lists the corresponding ASCII codes.
2. Universal Command Group (UCGI-Columns
l(A) and
l(BI list the Universal commands and the corresponding
ASCII codes.
3. Listen Address Group (LAG)-Columns Z(A) and 3(A) list
the ASCII codes corresponding to the primaly address
listed in columns2W and 3(B). For example, if the primary
address of the instrument is set to 16, the LAG byte will
correspond to an ASCII zero.
4. Talk Address Group (TAGI-TAG primary address values
and the corresponding ASCII characters are listed in columns 4(A) through 5(B).
The preceeding address groups are combined together to form
the Primary Command Group IPCG). The bus also has another
group of commands. called the Secondav Command Group
(SCGI. These are listed in Figure 4.3 for informational purposes
only; the Model 195 does respond to these commands, but
other devices may have secondary addressing capability.
NOTE
Commands are normally transmitted with the
7-bit code listed in Fiaure 4-3. For most devices.
the condition of D, ID1081 is unimportant, as
shown by the “Don’t Care” indication in the
table. Some devices, however, may require that
D, assumes a specific logic state before the commands are recognized.
Hexadecimal and decimal values for each of the commands or
command groups are listed in Table42. Each value in the table
assumes that D, is set to 0.
Table 4-2. Hexadecimal
Command

01
04
08
11
14
18
19
ZO-3F
4075F
3F
5F

Decimal

Codes
Value

1
4
8
17
20
24
25
32-63
64-95
63
95

*Values shown with D,=O.
SEQUENCES

CODES

Each multiline command is given a unique cods that is
transmitted over the data bus as 7-bit ASCII data. This section
briefly explains the code groups which are summarized in
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Hex Value*

GTL
SDC
GET
LLO
DCL
SPE
SPD
LAG
TAG
UNL
UNT
4.6 COMMAND

4.5 COMMAND

and Decimal Command

The proper command sequence must be sent by the controller
before an instrument will respond as intended. The universal
commands,such as LLO and DCL, require only that ATN be
set low before the command is sent. Other commands require

\

/\

V

Figure 4-3. Command Code
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that the device be addressed to listen first. This section briefly
describes the bus sequence for several types of commands.
4.6.1 Addressed Command

Sequence

Before a device will respond to one of these commands, it
must receive a LAG command derived from its primary address. Table 4-3 shows a typical sequence for the SDC command. The LAG command assumes that the instrument is set
at a primary address of 16.
Note that an UNL command is transmitted before the LAG,
SDC sequence. This is generally done to remove all other
listeners from the bus first so that only the addressed device
responds.
4.6.2 Universal Command

Sequence

The universal commands are sent by sening ATN low and then
placing the command byte on the bus. For example, the
following gives the LLO command:
ATN’LLO
Note that both the ATN and LLO commands are on the bus
simultaneously. Also, addressing is not necassaly.
4.6.3 Device-Dependent

Command

Table 4-3. Typical

1
2
3
4

Command
UNL
LAG*
SDC

CONSIDERATIONS

Before the Model 195 can be used with the IEEE-488 bus, the
instrument must be connected to the bus with a suitable connector. Also, the primary address must be properly programmed as described in this section.
4.7.1 Typical Controlled

Systems

The IEEE-488 bus is a parallel interface system. As a result, adding more devices is simply a maner of using more cables to
make the desired connections. Because of this flexibility,
system complexity can range from the very simple to extremely
complex.
Figure 4-4 shows two typical system configurations. Figure
4-4(a) shows the simplest possible controlled system. The controller is used to send commands to the instrument, which
sends data back to the controller.
The system becomes more complex in Figure 44(b), where
additional instrumentation is added. Depending on progrsmming, all data may be routed through the controller, or it may
be transmined directly from one instrument to another.
For very complex applications. a much larger computer can be
used. Tape drives or disks can then be used to store data.

SeqUenOe

Device-dependent commands are transmined with ATN high.
However, the device must be addressed to listen first before
the commands are transmitted. Table 4-4 shows the sequence
for the following command:
FOX
This command, which sets the Model 195 to the DCV mode, is
described in detail in paragraph 4.10.2.

step

4.7 HARDWARE

4.7.2 Bus Connections
The Model 195 is connected to the bus through an IEEE-488
connector which is shown in Figure 4-5. This connector is
designed to be stacked to allow a number of parallel connections on one instrument.

Addressed

Command

ATN State
Set low
Stays low
Stays low
Returns high

Sequence

Data Bus
ASCII
Hex
?
E:T

i:
04

Decimal
83
48
4

“Assumes primary address= 18.
Table 4-4. Typical
step

Command

Device-Dependent
ATN State

set low
1
UNL
stays low
2
LAG=
Set high
3
Data
Stays high
4
Data
Stays high
5
Data
*Assumes primary address= 16.
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Command

Sequence

Data Bus
ASCII
Hex
7
0
0’

3F
30
!:

X

58

Decim;
63
48
70
48
88

TO avoid possible
recommended that
tors be stacked on
wise, the resulting
damage.

NOTE
mechanical damage, it is
no more than three connecany one instrument. Otherstrain may cause internal

A typical connecting scheme for the bus is shown in Figure
4-6. Each cable normally has the standard IEEE connector on
each end. The Keithley Model 7006-3 or 7008-6 cable is ideal
for this purpose. Once the connections are made, the screws
should be tightened securely. For the location of the connector
on the rear panel of the Model 195, refer to Figure 4-7.

Figure 4-4. System Types

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. Also, the maximum cable length is 20 meters. Failure to observe
these limits will probablv result in erratic bus

rrm

3o”~Ax.
\
IEEE-488
CONNECTOR

Figure 4-5. IEEE488 Connector

Figure 4-7. Rear Panel of Model 195 Showing
Connector

IEEE

Figure 4-6. IEEE488 Connections
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Custom cables may be constructed using the information in
Table 4-6 and Figure 4-5. Table 4-5 lists the contact
assignments for the various bus lines, while Figure 48 shows
contact designations. Contacts 18 through 24 are return lines
for the indicated signal lines, and the cable shield is connected
to contact 12. Each ground line is connected to digital common in the Model 195.
Table 4-5. IEEE Contact
“ontact
Uumber

A typical signal line bus driver is shown in Figure 4-9. With the
configuration shown, the driver has bidirectional capability.
When the I/O control line is high, the line is configured as an
output line. When the control line is low, the driver is set up for
input operation. Note that not all signal lines have bidirectional
capability. Some lines, such as ATN, will always be configured
as an output line in the controller and as an input line for all
other devices on the bus.

Designations

IEEE-488
Designation

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

&
Data
Data
Data
Data

DID1
D102
D103
D104
EOI 1241’
DAV
NRFD
NDAC
IFC
SRQ
ATN
SHIELD
D105
D106
D107
DIOE
REN (241”
Gnd, (6)’
Gnd, (7)’
Gnd, (8)”
Gnd, (91”
Gnd, (101’
Gnd. 111)*
Gnd, LOGIC

:90
21
22
23
24

OUTPUT

I/O
CONTROL

Handshake
Handshake
Management
Manaaement
Management
Ground
Data
Data
Data
Data
Management
Ground
Ground
Ground
Ground
Ground
Ground
Ground

parentheses refer to signa lg round return of
:ontact number. EOI and REN signal lines
return on contact 24.

Figure 4-9. Typical

IEEE-488 Bus Driver (One of 18)

4.7.3 Primary Address Programming
The Model 195 must receive a listen command before it will
respond to addressed commands. Similarly, the instrument
must receive a talk command before it will transmit its data
string, status word, or status byte. These listen and talk commands are derived from the instrument’s primary address. The
Model 195 is shipped from the factory with a programmed
primary address of 16. The primary address may be programmed to any value between 0 and 36 as long as address conflicts
with other bus instruments are avoided. This may be done by
running front panel Program 3. Note that the priman/ address
of the instrument must agree with the address specified in the
controllefs programming language.

*Numbers

CONTACT

13

CONTACT

24

- --------0

--------

--

c

NOTE
The programmed primary address is briefly
displayed as part of the power-up cycle.
To check the present primary address, or enter a new one,
enter Program 3 as follows:
1. Press the PRGM and 3fAUTO) buttons in sequence.
2. The Model 195 will display the present primary address. For
example, with the factory programmed value, the display
will show the following:
/I

w
CONTACT 1
CONTACT 12
Figure 4-8. Contact Assignments
CAUTION
The voltage between IEEE common and
ground must not exceed 30V or damage to
the instrument may occur.
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3. TO leave the address unchanged simply Press 5NT. To
change the address, enter a new value between 0 and 36
and press ENT.
NOTES:
1. The Program 3 input sequence is described in more detail in
paragraph 3.5.4.

2. Each device on the bus must have a unique primary address. Failure to observe this precaution may result in erratic
bus operation.
3. For permanent storage of the programmed primary address,
front panel Program 1 must be used to enable non-volatile
storage. See paragraph 3.5.2 for details.

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 a hardware problem is causing fault, when it was the software that was causing the problem all along.
4.8.2 HP85 BASIC Statements

4.7.4 Talk-Only

Mode

The Model 195 may be placed in the talk-only mode and be
used with a listen-only device such as a printer. When in this
mode, the instrument will ignore commands given over the
bus and merely output data as requested.
The talk-only mode may be entered by entering one of the
following parameters into Program 3:
40 Talk-only mode with prefixes and suffixes on data string.
I Example: NDCV-1.23456E-1 I
41 Talk-only mode without prefixes and suffixes on data string.
[Example: 1.23456E.1)
To enter the talk-only mode, perform the following steps:
1. Press the PRGM and 3 bunons in sequence.
2. To enter the talk-only with prefix mode, press 4, 0, and ENT
in sequence.
3. To cancel the talk-only mode, enter Program 3 and enter the
desired primary address value.
NOTES:
1. The talk-only mode will be cancelted when the instrument is
turned off unless the talk-only parameter is stored in nonvolatile RAM by Program 1. (paragraph 3.5.21
2. The Program 3 input sequence is described in more detail in
paragraph 3.54.

Many of the programming instructions covered in this section
use examples written in Hewlett-Packard Model 65 BASIC.
The HP-85 was chosen for these examples because it has a
large number of BASIC statements that control IEEE488
operation. This section covers those HP-85 BASIC statements
that are essential to Model 195 operation.
A complete list of HP-85 IEEE-488 BASIC statements is shown
in Table 4-6. All the statements in the table have one or three
digit arguments that must be specified. The first digit is the
HP-85 interface select code, which is set to 7 at the factory.
The last two digits of those statements that require a three digit
argument specify the primary address. Generally. only those
commands that actually require an address to be Sent over the
bus require that the primsv address be specified in the BASIC
statement.
Those statements in the table with three digit arguments
assume that the primary address of the device is set at 16.
Other primary addresses require that the last two digits be set
to the corresponding value. For example, to send a GTL command to device 22, the following BASIC statement would be
used: LOCAL 722.
Some of the statements in the table have two forms; the exact
configuration used depends on the desired command. For example, CLEAR 7 will cause a DCL to be sent, while CLEAR 716
causes an SDC to be transmitted to device 16.

4.8 SOFTWARE CONSIDERATIONS
The most sophisticated computer in the world would be useiess without the necessary software. This basic requirement is
also true of the IEEE-488 bus, which requires the use of
handler routines as described in this paragraph.
4.8.1 Controller

Interface

Routines

Before a controller can be used with the IEEE-488 interface,
the user must make certain that appropriate handler software is
present within the controller. With the HP-85 computer, for
example, the HP-85 interface card must be used with an additional I/O ROM, which contains the necessary handler software.
Other small computers that can be usad as controllers have
limited IEEE command capability. The PET/CBM computers,
for example, are incapable of sending multiline commands
from BASIC, although these commands can be sent through
machine-language routines. The capabilities of other small
computers depends on the particular interface being used.
Often, little software “tricks” are required to achieve the
desired results.

The third column of Table 4-6 lists the mnemonics for the command sequences. While most of these are covered elsewhere,
a couple of points should be noted. As described earlier, the
ATN line is set low by the controller if the data bus contains a
multiline command. This is indicated in the table by ANDing
the ATN mnemonic with the first command on the bus. For
example, ATN*GET means that ATN and GET are sent simultaneously.
Two commands not previously covered are MIA (My Listen
Address) and MTA (My Talk Address). These are ordinary
PCG (Primary Command Group) addresses sent by the HP-85
to facilitate bus operation in some situations. The Model 195
will essentially ignore these commands, but other devices may
require that MlA and MTA be present in the command se
quence under certain circumstances.
NOTE
The HP85 address is set to 21 at the factory.
Since each device on the bus must have a unique
primary address, do not program the Model 195
for the controller’s address to avoid possible conflicts.
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Table 4-8. HP-85 IEEE-488 BASIC Statements
--

_-...-..-

._.. -..

---

ABORT10 7
CLEAR 7
CLEAR 716
ENTER 716:Aa

1 Send IFC.
Send OCL.
Send SDC to device 16.
Device 16 addressed to talk.
Data placed in AS.
Send GTL to device 16.
LOCAL 716
LOCAL LOCKOUT 7 Send LLO.
Device 16 addressed to listen.
OUTPUT 716:AS
Transmit A$.
Set REN true.
REMOTE 7
Set REN true. Address device
REMOTE 716
16 to listen.
Send IFC, cancel REN.
RESET 7
Address device 16 to talk.
SPOLLf716)
Conduct serial ~011.
Send GET
TRIGGER 7
Address device 16 to listen.
TRIGGER 716
Send GET.
4.83 Interface

Function

Codes

The interface function codes are part of the IEEE-4681978
standards. These codes define an instrument’s abilily to sup
port various interface functions and should not be confused
with programming commands found elsewhere in this manual.
Table 4-7 lists the codes for the Model 195. These codes are
also listed for convenience on the rear panel of the instrument
immediately above the IEEE connector. The numeric value
following each one or two letter code defines Model 195
capabilities as follows:
1. SH (Source Handshake Function)-The
ability for the
Modal 196 to initiate the transfer of message/data on the
data bus is provided by the SH function.
2. AH (Acceptor Handshake Function)-The
ability for the
Model 196 to guarantee proper reception of message/data
on the data bus is provided by the AH function.
3. T (Talker Function) -The ability for the Model 195 to send
device-dependent data over the bus (to other devices) is
provided by the T function. Model 195 talker capabilities
exist only after the instrument has been addressed to talk.
4. L (Listener Function)-The
ability for the Model 195 to
receive devicedependent data over the bus (from other
devices) is provided by the L function. Listener function
capabilities of the Model 196 exist only after it has been
addressad to listen.
5. SR (Service Request Function)-The ability for the Modal
195 to request service from the controller is provided bv
the RL function.
6. RL (Remote-Local Function)-The
ability for the Model
195 to be Dlaced in the remote or local modes is wovidsd
by the RL’function.
7. PP (Parallel Poll Function&The
Model 195 doas not have
parallel polling capabilities.
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--......-..-

-__l --..--

1 IFC
ATN.OCL
ATN*lJNL;MTA;LAG;SDC
ATN*UNL:MLA:TAG:Am:data
~.~~~~~,--~~~
ATN*UNL;MTA;LAG;GTL
ATN*LLO
ATN*MTA:UNL:LAG:=:data

~I~~~~~

REN
REN;ATN*UNL;MTA;LAG
IFC;REN;REN
ATN*UNL;MLA;TAG:SPE;ATm;
status bvte:ATN*SPD:UNT
ATN*GET
ATN*UNL;MTA;LAG:GET

8. DC (Device Clear Function)-Theabilityfor
the Model 195
to be claarad (initialized) is provided by the DC function.
9. DT (Device Trigger Function)-The abillh/ for the Model
195 to have its readings triggered is provided bv the DT
function.
10. C (Controller Function)-The
Model 195 does not have
controller capabilities.
11. TE (Extended Talker Capabilities\-The Model 195 does
not have extended talker capabilities.
12. LE Wandad Listener Capabilities)-The Model 195 does
not have extended listener capabilities.
Table 4-7. Model
Interface

195 Interface

Function

Codes

Function

Source Handshake Capability
Acceptor Handshake Capability
Talker (Basic Talker, Serial Poll, Talk Only
Mode, Unaddressed To Talk On LAG1
Lis.nnerf$rsic
Listener, Unaddressed To Listen
SRl
RLI
PPO
DC1
DTl
co
L
LEO

Service Request Capability
Remote/Local Capability
No Parallel Poll Capability
Device Clear Capability
Device Trigger Capability
No Controller Capability
Open Collector Bus Drivers
No Extended Talker Capabilities
No Extended Listener Capabilities

4.8.4
Model 195 Interface

Commands

Interface commands controlling Model 195 operation are listed
in Table 4-B. Not included in the table are device-dependent
commands, which ara covered in detail in paragraph 4.10.

Table 4-8. IEEE Command

Groups

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 POLL ENABLE
4DDRESS COMMAND
GROUP
LISTEN: LAG= LISTEN ADDRESS GROUP
MLA = MY LISTEN ADDRESS
UNL=UNLISTEN
TALK: TAG=TALK ADDRESS GROUP
MTA= MY TALK ADDRESS
UNT= UNTALK
OTA = OTHER TALK ADDRESS
aDDRESSED COMMAND
GROUP
ACG =ADDRESSED COMMAND GROU P
GET=GROUP EXECUTE TRIGGER
GTL = GO TO LOCAL
SDC=SELECTIVE DEVICE CLEAR
iTATUS COMMAND
GROUP
RQS= REQUEST SERVICE
SRQ=SERIAL POLL REQUEST
STB= STATUS BYTE
END = EOI
4.9 GENERAL BUS COMMAND

PROGRAMMING

General bus commands are those commands which have the
same general meaning regardless of instrument configuration.
These commands are grouped into two categories:
1. Addressed Commands. These commands require that the
primary address of the instrument agrees with the primary
address in the controller’s programming language.
2. Unaddressed Commands. No primary address is required
for these commands. All devices equipment to implement
these commands will do so simultaneously when the command is sent.
Table 49 General Bus Commands

Command
REN
IFC
LLO
GTL
DCL
SDC
GET*
GET”

LOCAL LOCKOUT 7

TRIGGER 716

*GET may be sent with or without addressing.

General bus commands are summarized in Table 4-9, which
also lists the HP-85 BASIC statement that sends each command. Each addressed command statement assumes a
primary address of 16.
NOTE
The Model 195 must be programmed for a
primary address of 16 to work with addressed
command examples.
4.9.1 REN (Remote Enable)
The remote enable command is sent to the Model 195 by the
controller to set the instrument up for remote operation.
Generally, this should be done before attempting to program
the instrument over the bus. The Model 195 will indicate that it
is in the remote mode by illuminating its front panel REMOTE
indicator.
To place the Model 195 in the remote mode, the controller
must perfoml the following steps:
1. Set the REN line true.
2. Address the Model 195 to listen.
NOTE
Setting REN true without addressing will not
cause the REMOTE indicator to turn on; however, once REN is true, the REMOTE light will
turn on the next time an addressed command is
received.
Programming
Example-This
sequence is automatically
sent by the HP-65 when the following is typed into the
keyboard.
REMOTE 716 IEND LINE)
After the END LINE key is pressed, the Model 195 REMOTE
and LISTEN indicator lights should come on. If not, check to
see that the instrument is set for the proper primary address.
Also, check to see that all bus connections are tight.
4.92 IFC (Interface

Clear)

The IFC command is sent by the controller to set the Model
195 to the talk and listen idle states. The unit will respond to
the IFC command by cancelling front panel TALK or LISTEN
lights if the intrument was previously placed in one of those
modes. IFC also clears device-dependent commands sent
without X and clears the output buffer of any ~rocassecl
readings.
To send the IFC command, the controller need only set the IFC
line true.
Programming
Example-Before
demonstrating the IFC
commend, turn on the front panel REMOTE and TALK indicator lights by entering the following statements into the
HP-65 computer:
REMOTE 716 (END LINE)
ENTER 716;AS IEND LINEI
The front panel REMOTE and TALK indicators should now be
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on. The IFC command may now be sent bv entering the following statment into the HP-85
ABORT10 7 (END LINE)
After the END LINE key is pressed, the TALK light will turn off,
indicating the Model 195 is in the talk idle state.

After executing this statement, the front panel controls will
again operate.
NOTE
Setting REN false with the LOCAL 7 statement
will also take the instrument out of the remote

4.9.3 LLO (Local Lockout)
The LLO command is sent by the controller to remove the
Model 195 from the local operating mode. Once the unit
receives the LLO command, all its front panel controls (except
POWERI will be inoperative.
NOTE
The REN bus line must be true before the instrument will respond to an LLO command.
To lock out the front panel controls of the Model 195, the controller must perform the following steps:
1. Set ATN true.
2. Send the LLO command to the instrument.
Programming
Example-This
sequence is automatically
performed by the HP-85 when the following statement sequence is typed into the keyboard:
LOCAL LOCKOUT 7 (END LINE)

4.9.5 DCL (Device Clear)
The DCL command may be used to clear the Model 195, setting it to a known state. Note that all devices on the bus equippad to respond to a DCL will do so simultaneously. When the
Model 195 receives a DCL command, it will return to the
default,conditions listed in Table 4-10.
To send a DCL command, the controller must perform the
following steps:
1. Set ATN true.
2. Place the DCL command on th bus.
Table 410. Default Conditions VStstus Ucon Power Uc
or After SDC or DCLI

4.9.4 GTL (Go To Locall
The GTL command is used to take the instrument out of the
remote mode. To send the GTL command, the controller must
perform the following sequence:
1. Set ATN true.
2. Address the Model 195 to listen.
3. Place the GTL command on the bus.
NOTE
The GTL commend does not restore operation of
locked out Model 195 front panel controls. With
some instruments, however, local control operation may be restored bv the GTL command. To
restore front panel control operation of the Model
195, the controller must set the REN line false.
Programming
Example-If
the instrument is not in the
remote and lockout modes, enter the following statements into
the HP-85 computer:
REMOTE 716 (END LINE)
LOCAL LOCKOUT 7 (END LINE1
Check to see that the REMOTE indicator is on and that the
front panel controls are locked out. The GTL command se
ouence is automatically sent bv the HP-85 with the following
statment:
LOCAL 716 (END LINE)
Note that the REMOTE light on the front panel turns off.
Front oanel control operation can be restored bv setting the
REN line false with the following HP-85 statement:
LOCAL 7 (END LINE)
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EOi
Buffer Interval
Rate

status
Continuous on External
DC Volts
1ooov
Send EOI
Circular Buffer, Disabled
16.66ms integration period
SRQ Disabled
Zero Disabled
Default Delay
Auto Cal On
Cleared on power up.
Data sent with prefix.
AID Converter
;$-a?
Samples Average

Programming Example-Place
the instrument on the ZOOQ
renga with the front panel controls. Also enable the zero and
filter modes. Now enter the following statement into the
HP-85
CLEAR 7 (END LINE)
When the END LINE key is pressad, the instrument retUrns to
power-up status.
4.9.6 SDC (Selective

Device Clear)

The SDC commend performs the same function as the DCL
command except that only the addressed device responds.
This commend is useful for clearing only a selected instrument
instead of all devices simultaneously. The Model 195 will return
to the default conditions listed in Table 4-10 when responding
to an SDC command.

To transmit the SDC command, the controller must
the following steps:
1. Set ATN true.
2. Address the Model 195 to listen.
3. Place the SDC command on the data bus.

perform

Programming
Example-Using
the front panel controls,
place the instrument in the 2003 measurement mode and
enable the zero end filter modes. Now enter the following
statement into the HP-85:
CLEAR 712 (END LINE)
Note that the instrument did not respond because the SDC
command was sent with a primary address of 12. Now enter
the following statement into the HP-86 keyboard:
CLEAR 716 (END LINE1
This time the instrument returns to the default conditions listed
in Table 4-10.
4.9.7 GET IGroup Execute Trigged
The GET command is sent to the Model 195 to trigger the instrument. Using the GET command is only one of several
methods that can be used to trigger readings. More detailed information on all trigger modes, including GET can be found in
paragraph 4.10.7.
To send GET command over the bus, the controller must perform the following sequence:
1. Set ATN true.
2. Address the Model 195 to listen.
3. Place the GET command on the data.
GET can also be sent without addressing by omitting step 2.
Programming Example-Type
in the following statement
into the HP-85 keyboard:
REMOTE 716 (END LINE1

Place the instrument in the one-shot on GET trigger mode with
the following statement:
OUTPUT 716:“T3X” (END LINE)
When the END LINE key is pressed, the decimal point will stop
flashing indicating the instrument is waiting for a trigger.
The instrument may be triggered to take a single reading with
the following statement:
TRIGGER 716 (END LINE)
The decimal point will flash once, indicating that one reading
has been processed.
NOTE
The Model 195 will also respond to GET without
addressing. This command is sent with the
following HP-85 statement: TRIGGER 7.

The preceding examples use device-dependent commands to
place the instrument in the appropriate trigger modes. These
commands are covered in detail in paragraph 4.10.
4.9.8 Serial Polling ISPE, SPD)
The serial polling sequence is used to obtain the Model 195
status byte. Usually, the serial polling sequence is used to
detenine which of several devices has requested service over
the SRQ line. However, the serial polling sequence may be
used at any time to obtain the status bvte from the Model 196.
For more information on status byte format, refer to paragraph
4.10.12.
The serial polling sequence is conducted as follows:
1. The controller sets the ATN line true.
2. The SPE (Serial Poll Enable) commend is placed on the bus
bv the controller.
3. The Model 195 is addressed to talk.
4. The controller sets ATN false.
5. The instrument then places its status byte on the bus to be
read by the controller.
6. The controller then sets the ATN line low and places SPD
(Serial Poll Disable) on the bus to end the serial polling asouence.
Steps 3 through 5 may be repeated for other instruments on
the bus by using the correct talk address for each instrument,
ATN must be true when the talk address is transmitted and
false when the status byte is read.
Programming
Example-The
HP-85 SPOLL statement
automatically performs the serial polling sequence. To
demonstrate serial polling, momentarily power down the
Model 195 and enter the following statements into the HP-85
keyboard:
REMOTE 716 (END LINE)
S = SPDLL 1716) lEND LINE1
DISP S IEND LINE)
When END LINE is pressed the second time, the computer
performs the serial polling sequence. When END LINE is prsssed the last time, the status byte value is displayed on the CRT.
Paragraph 4.10.12 covers the status byte format in detail.
4.10 DEVICE-DEPENDENT
MING

COMMAND

PROGRAM-

IEEE device-dependent commands are sent to the Model 195
to control various operating modes such as function, range,
zero, filter and data format, Each command is made up of an
ASCII alpha character followed bv one of more numbers desionating specific parameters. For ‘example, a function is pr&
grammad by sanding an ASCII “F” followed bv numbers
representing the function. The IEEE bus treats devicedependent commands as dam in that ATN is high when the
commands are transmitted.
A number of commends may be grouped together in one
string. A command string is terminatad bv an ASCII “X’
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character which tells the instrument to execute the command
string.
If an illegal command or command parameter is present within
a command string, the instrument will:
1. Ignore the entire command string.
2. Display appropriate front panel error messages.
3. Set certain bits in its status byte.
4. Generate an SRQ if programmed to do so.
These programming aspects are covered in paragraphs 4.10.12
and 4.11.
HP-85 examples are included throughout this section to clarify
programming.
NOTE
Before performing a programming
recommended that the instrument
default values by sending an SDC
See paragraph 4.9.6 for information
SDC command.

example, it is
be set to its
over the bus.
on using the

If the HP-85should become “hung up” at any point, operation
may be restored bv holding the SHIFT key down and then
pressing RESET on the keyboard.
In order to send a device-dependent command, the controller
must perform the following sequence:
1. Set ATN true.
2. Address the Model 195 to listen.
3. Set ATN false.
4. Send the command string over the data bus one byte at a
time.

“X” over the bus. Its purpose is to tell the Model 195 to exe
cute other device-dependent commands. Generally. the “X”
character is the last byte in the command string. The execute
character also controls instrument operation in the T4 and T5
trigger modes as described in paragraph 4.10.7.
NOTE
Command strings sent without an execute character will not be executed at that time, but they
will be stored in the command buffer. The next
time an execute character is received, the stored
commands will be executed, assuming all commands in the previous string wsre valid.
Programming Example-Enter
the following statements into the HP-85 keyboard:
REMOTE 716 (END LINE)
OUTPUT 716; “x” (END LINE)
When the END LINE key is pressed the second time, the front
panel listen light turns on, showing that the instrument received the command. No other changes will occur with this example because no other commands were given.
4.10.2 Function

fF1

The function commands selects the type of measurement
made by the Model 195. The five parameters associated with
the function command set the instrument to measure DCV, resistance, and, with the Model 1950 option installed, ACV,
DCA, and ACA. The function may be programmed by sending
one of the following commands:
FO DC Volts
Fl AC Volts
F2 Ohms
F3 DC Current
F4 AC Current

Programming Example-Device-dependent
commands are
sent by the HP-85 using the following statement:
OUTPUT 716; AS
A$ in this case contains the ASCII characters that form the
command string.

Upon power-up, or after the instrument receives a DCL or
SDC command, the M mode will be enabled.

NOTE
REN must be true when attempting to program
the Modal 195. If REN is false, the instrument will
respond with a no remote error message as described in paragraph 4. II.

Programming Example-Place
the Model 195 in the DCV
function from the front panel and enter the following
statements into the HP-85 keyboard:
REMOTE 716 (END LINE)
OUTPUT 716; “F2X” IEND LINE)
After the END LINE key is pressed the second time, the Model
195 will change to the ohms function as shown by the OHMS
indicator light.

Commands that affect the Model 195 are listed in Table 411.
All the commands listed in the Table 411 are covered in detail
in the following paragraphs.
NOTE
Programming
Examples that follow assume
that the Model 195 primary address is at its factory setting of 16.
4.10.1 Execute (Xl
The execute command is implemented by sending an ASCII
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4.10.3 Range (RI
The range commands gives the user control over the sensitivity
of the instrument. Range command parameters are summarfzed in Table 412. Note that R7 is a range unique the ohms function; both RB and R7 set the instrument to the same range on
the remaining measuring functions.
Upon power-up, or after receiving a DCL or SDC. the instrument will be in the R6 mode.

Table 4-11. Device-Dependent

Fi

Mode
Function

Command
E
F2
F3
F4

Range
RO
RI

Rate

Zero

2
R4
R5
R6
R7
so
Sl
52
s3
s4
s5
S6
zt
s9
zo
Zl

Filter

Trigger

EOI

L’:
P2
P3
TO
Tl
T2
T3
T4
T5
T6
17
KO
Kl

Vlultiplex
Delay
Status Word

2:
W”
uo
Ul
u2
u3
u4
u5

l-

Command

Summary

Description
DC Volts
AC Volts
Ohms
DC Current
AC Current
AMPS
ACV
Ohms
DCV
Auto
Auto
Auto
Auto
2oJLA*
200mV
20mV
200
2OOd
200mV
200mV
2003
2mA
2v
2v
2kQ
20mA
2ov
20kSl
2ov
200mA
2oov
2oov
200kD
7oov
2MSI
1ooov
7oov
2
20MQ
1ooov
3.33ms integration: 1 reading sample averaged, 3% digits.
Line cycle ir%egration; 1 reading sample &raged, 4%digits.
Line cycle integration: 2 reading samples averaged, 4!4 digits.
Line cycle integration: 4 reading samples averaged, 4% digits.
Line cycle integration; 8 reading samples averaged, 4% digits.
Line cycle integration; 16 reading samples averaged, 4% digits.
IOOms integration period: 1 reading sample averaged, 5% digits.
1OOmsintegration period; 2 reading samples averaged, 5% digits.
1OOms integration period: 4 reading samples averaged. 5% digits.
IOOms integration period: 8 reading samples averaged, 5% digits.
Zero enabled.
Filter disabled.
Front panel filter on.
Used with 5% digit resolution mode.
Applied to 20mV, 200mV DC, 20% 2000.2MQ.
Continuous on talk.
One-shot on talk.
Continuous on GET.
One-shot on GET.
Continuous on X.
One-shot on X.
Continuous on external.
One-shot on external.
EOI enabled.
EOI disabled.
Multiplex enabled.
. . . ..
..
r4umplex arsaolea.
n= delay period in ms (0, 2-16.000).
Operating mode status.
Number readings stored in buffer.
Average of readings in buffer.
Lowest reading in buffer.
Highest reading in buffer.
Calibration value.

20MQ. all DCA.

I

*Not present for, AC
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Table 411. Device-Dependent
MnAP
.

..--”

SRQ Mode

Buffer Rate/Mode
Data Control
Data Format

Digital Calibration
NV Storage
Self Test
Terminator

Hit Button
Display
Execute

I Command
MO
Ml
M2
M4
MB
Ml5
M32
Qmn
BO
Bl
GO
Gl
G2
G3
_-

-..-

:z
Vn
Ll
J
YfASCIII
YfCR LF)
YILF CR)
Y(X)
Hn
D
X

I

Dareriotian

---___r

Command

Summary

(Cont.)

_._..

Disabled
Reading done; overflow.
IDDC, IDDCO, No remote.
Buffer full.
Buffer l/2 full.
Self-test failed.
Trigger overrun
m = mods, n = rate. Set fill rate, control buffer recycling mode.
Readings from A/D converter.
Readings from buffer.
Readings with prefix/suffix.
Readings without prefix/suffix.
Reading with prefixes/suffixes, separated by commas.
Reading without prefixes/suffixes,
separated by commas.
Reading with prefix, without suffix.
Readings with prefixes, without suffixes separated by commas.
n represents calibration value
Store constants in non-volatile RAM.
Test ROM, RAM, display, non-volatile RAM.
ASCII character.
CR LF
LF CR
None
n = number of front panel bunon.
Display ASCII message.
Execute other device-dependent commands.
Table 4-12. Range Commands

rw Mange vmue
Range
Command
DCV
OHMS
1 AMPS(AC&DCI
ACV
RO
Auto
Auto
Auto
Auto
Rl
20mV
200
20pA’
200mV
R2
200mV
2OOB
2OOpA
200mV
R3
2mA
2kR
A4
2%
20kB
20mA
2%
200mA
R5
2oov
200kB
2oov
R5
1ooov
2MD
7oov
R7
1ooov
20MR
z
7oov
c
*Not on ACA
nction.
Programming
Example-Select
the autoranga mode with
These parameters are summarized in Table 4-13. which also
the front panel AUTO button. Enter the following statements
lists the rate command for each combination. The default
into the HP-85
value for the rate command is 52 corresponding to a 15.55ms
REMOTE 715 IEND LINE)
integration period (at 50Hz) with two samples averaged. The
OUTPUT 715; “R5X” (END LINE)
instrument will be in the 52 mode upon power-up or after
receiving a DCL or SDC command.
When END LINE is pressed the second time, the autorange
mode is cancelled, and the instrument switches to the R5
range.
NOTES
1. Table 4-13 lists usable resolution; the bus always returns to
4.10.4 Rate ISI
5!4 digits.
2. The programmed line frequency affects the integration
The rate command controls the following Model 195 paraperiod in the Sl through S5 modes. Make sure the instrumeters:
ment is programmed for the correct power line frequency as
1, The integration period.
described in paragraph 3.5.5. Operating the Model 195 with
2. The number of samples per reading averaged.
the incorrect line frequency will result in noisier readings.
3. Usable resolution.
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Table 413. Rate Commands
ntegration
Usable
period (ms)
qesolution
3%
3.33
15.55*
4%
4%
1555f
4%
15.55’
4%
15.55’
15.55f
4%
5%
100
5%
100
5%
100
5%
100
*At 50Hz. Period is 20ms at 50Hz.

Number Reading
Samples Averaged
1
1
2
4
a
15
:
4
8

Programming Example-Enter
the following statement sequence into the HP-85 keyboard:
REMOTE 715 (END LINE)
OUTPUT 715; “SOX” (END LINE)
When the END LINE key is pressed the second time, the instrument changes to the SO mode.

4.10.5 Zero Command

(2)

The zero mode serves as a means for a baseline suppression.
When the correct zero command is sent over the bus, the instrument will enter the zero mode, as indicated by the front
panel ZERO indicator light. All readings displayed or sent over
the bus while zero is enabled are the difference between the
stored baseline and the actual voltage level. For example, if a
1OOmV baseline is stored, 1OOmV will be subtracted from all
subsequent readings as long as the zero mode in enabled. The
value of the stored baseline can be a little as a few microvolts
or as large as the selected range will permit. The zero mode is
controlled by sending one of the following commands over the
bus:
ZO Zero Disabled
Zl Zero Enabled
Upon power-up, or after a DCL or SDC, ZO is selected.
Programming Example-With
the front panel ZERO button,
disable the zero mode and enter the following statements into
the HP-55 keyboard:
REMOTE 715 (END LINE)
OUTPUT 715; “ZlX” (END LINE)
After the END LINE key is pressed the second time, the front
panel ZERO indicator light will turn on.
NOTES:
1. Setting the range lower than the stored baseline will cause
an overflow, as indicated by the front panel “OFLCY
message. The overflow condition will also affect the status
byte as described in paragraph 4.10.12.

2. Enabling zero reduces the dynamic range of the m-sure.
ment. For example, with the instrument on the 2VDC range
and a stored baseline of + l.OOOOVDC. an input voltage of
+2.0000VDC will still overload the A/D converter. even
though the display shows only + l.OOOOVDC.
9. Once zero is enabled, the baseline will be stored when the
next A/D conversion is triggered. Zeroed readings will then
be displayed with each subsequent triggered conversion.
For example, if the Model 195 is placed in one of the oneshot trigger modes. the first trigger following the zero
enable command will store the baseline. All remaining trig
get% received while the zero is enabled will trigger zeroed
readings with the previously stored baseline subtracted from
the actual signal level.
4. To store a new baseline, send the Zl command. The new
baseline will then be stored with the first triggered conversion as previously described.
5. A separate baseline can be stored for each measuring function. For example, 1OVDC could be stored for DC voltage
measurements, 15VAC for AC voltage measurements, 503
for resistance measurements, 2mA for DC current measure
merits, and 50mA for AC current measurements.
4.10.5 Filter (PI
The filter command controls the type of filtering applied to the
input signal. The Model 195 filters the signal by taking the
average of a number of successive reading samples. Since
noiss is mostly random in nature, it can be largely cancelled out
with this method. Table 4-14 lists the Model 195 filter commands along with equivalent front panel operating modes that
automatically select the corresponding filter. Note that the PO
mode is not available from the front panel. Upon power-up or
after s DCL or SDC command, the instrument will assume a
filter mode consistent with other operating psrameters.
Programming Example-Check
to see that the front panel
FILTER light is out and then enter the following statements into the HP-83
REMOTE 715 (END LINE)
OUTPUT 716; “PlX” (END LINE)
When the END LINE key is pressed the second time, the front
panel FILTER light will turn on, indicating that the Pl filter
mode is enabled.
Table 414. Filter Commands
Reedlng
Samples
Front Panel Equivalent
Mode
Averaged
1
No averaging.*
Same as Front Panel FILTER On.
FE
5% Digits, FILTER Off
8
Used on 20mV, 200mV DC,
2OD. 205% 2MD. 20MC. all
*Not available from front panel.
4.10.7 Triggering (TI
Triggering provides a stimulus to begin a reading conversion
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within the instrument. Triggering may be done in two basic
ways: in a continuous mode, a single trigger command is used
to start a continuous series of readings; in a one-shot trigger
mode, a separate trigger stimulus is required to start each conversion.
The Model 195 has sight trigger commands as
follows:
TO Continuous On Talk
Tl One-shot On Talk
TZ Continuous On GET
T3 One-shot On GET
T4 Continuous On X
T5 One-shot On X
T6 Continuous On External Trigger
77 One-shot On External Trigger
Upon power-up or after a DCL or SDC command, the T6
mode is enabled.
In the TO and Tl modes, triggering is done by addressing the
Model 195 to talk. In the T2 and T3 modes, a GET command
provides the trigger stimulus. In the T4 and T6 modes, the exe
cute (XI character triggers the instrument, while a trigger applied through the rear panel EXTERNAL TRIGGER input provides the necessary trigger stimulus in the T6 and T7 modes.
NOTES:
1. The Model 195 may be toggled
tOgglea between
betWeE any of the continuous trigger modes and the corresponding
corresponorng oneshot
-^-*-’
mode with the following front panel control
sequence:
“O,.L”_
PRGM; n9.
2. A LLO command will inhibit front panel triggering in the T6
and l7 modes; however, rear panel triggering will not be affected by the LLO command.
3. If EXT TRIGGER is connected to VOLTMETER COMPLETE in the T7 mode, the trigger pulse aborts the new
reading immediately after it is completed. As a result, the
IEEE bus never gets the new reading, although it will appear on the front panel display. If this mode of operation is
desired, place the buffer in the QllSl mode (see paragraph 4.10.13); in this mode, the instrument can transmit
IEEE information when ready.
Programming Example-Place
the instrument in the one
shot on talk mode with the following HP-85 statement
sequence:
REMOTE 716 (END LINE)
OUTPUT 716: “TIX” (END LINE)
After the END LINE key is pressed the second time, the instrument will be in the one-shot on talk trigger mode. The display
decimal point will stop flashing, indicating the instrument is
waiting for a trigger.
Trigger the instrument with a talk command by entering the
following statement into the HP-85
ENTER 716: AS (END LINE)
Note that the decimal point flashes once, indicating that one
reading has been processed. To continue taking readings in
this mode, one talk command must be sent for each conversion.
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4.10.8 EOI iKI
The EOI line on the bus is usually set low by a device during the
last byte of ihsdata transfer sequence. In this way. the last byte
is properly identified, allanring variable length data words to be
transmitted. The Model 195 will normally send EOI during the
last byte of its data string or status word. The EOI response of
the instrument may be sent with one of the following commands:
KO Send EOI during last byte.
Kl Send no EOI.
Upon power-up, the KO mode is enabled.
Programming Example-Model
195 EOI response will be
suppressed with the following HP-85 statement sequence:
REMOTE 716 (END LINE)
OUTPUT 716 “KIX” (END LINEI
Note that the HP-85 does not normally rely on EOI to mark the
last byte of data transfer. Some controllers, however, may require that EOI be present at the end of transmitting.
4.109 Multiplex

(Al

The Model 195 has built-in multiplex routines that automatically calibrate and zero the instrument, maintaininq its hiqh accuracy. The multiplex routines can be defeated, ether mmugh
front panel Program 2 (paragraph 3.5.3). or through one of the
following commands:
A0 Enable multiplex routines.
Al Disable multiplex routines.
Upon power-up, or after a DCL or SDC, the A0 mode is enabled.
The multiplex routines may be disabled in situations requiring
very high impedance measurements,
Programming
to the HP-85

Example-Enter

the following statements in-

REMOTE 716 (END LINE)
OUTPUT 716: “AlX” (END LINE)
When the END LINE key is pressed the second time, the
multiplexer routines are disabled.
4.10.10 Delay (WI
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. During the delay period, the input
multiplexing F5Ts are switched on so the instrument is set to
begin integration upon conclusion of the programmed delay
period, which may be programmed with the following command:
wn
Here, n represents the delay value in milliseconds for values of
2 or greater. The allowable range for the delay period
parameter is between 0 (minimum) and 16,000 in lms steps.
The following is a list of commands and the resulting delay
periods:

wo

<2ms

Wl

Default (6.5ms for all except 20MR range which is
50ms.l
W2-16,000 Programmed value

Upon power-up, or receiving a DCL or SDC command, the
delay period is set to default (WI). The selected defaults are
chosen to give the correct reading when a trigger is given
Programming Example-To
program a 250ms delay period
into the instrument, enter the following statements into the
HP-85 keyboard:
REMOTE 716 (END LINE)
OUTPUT 716: “W26OX” IEND LINEI
After the END LINE key is pressed, the instrument will wait for
250ms after each triggered conversion until the start of each
conversion period.
4.10.11 Status Word RJI
The status word commands allow access to information concerning present operating modes of the instrument as well as
buffer and digital calibration parameters. When the status
word command is given, the Model 195 will transmit appropriate status information instead of its normal data string
the next time it is addressed to talk. Model 195 status word
commands include:
UOSend normal instrument status on operating modes such as
range, function, etc.
Ul Send the number of readings logged in 100 point buffer.
U2 Send the average of the readings in the 100 point buffer.
U3 Send the lowest reading currently in the 100 point buffer.
U4 Send the highest reading currently stored in the 100 point
buffer.
U5 Send the default calibration value.
Table 4-15 shows the general format for each of the six commands. The letters in the UO format correspond to other
device-dependent commands, such as Range 071. Function
(F), etc.

3. To make sure the correct status is returned. the status word
should be read immediately after sending the command, or
incorrect status may be transmitted,
4. The self-test IJ) byte is set to 2 after passing the self-test (JI
command and 1 if the test fails. This byte will be set to zero
upon power-up.
5. The returned terminator character (Y) is derived by ANDing
the byte with 00001111 and then ORing the result with
00110000. For example, the last byte in the normal (CR LF)
terminator sequence is a LF or ASCII 10 f00001010~. ANDing with 00001111 yields 00001010. ORing with 00110000
gives 00111010 which is printed out as an ASCII colon (:I.
This occurs with any byte $20 or smaller.
6. The status word should not be confused with the status
byte. The status word contains a number of bytes pertaining
to the various operating modes of the instrument. The
status byte is a single byte that is read with the SPE. SPD
command sequence and contains information on SRQ
status and error and data conditions.
7. The returned U5 value will depend on the selected range and
function.
8. The returned delay IW) status is in binary form: the exact
characters printed will depend on controller configuration.
For a delay of Oms, however, the returned value will be 00.
9. The returned SRQ mode (MI value is determined by adding
up the values of the bit positions in the status byte that
could cause an SRQ according to the previously programmed value of the SRQ mode (see examples below). (See paragraph 4.10.12 for complete information on the SRQ mask
and status byte.)
10. The instrument should be in the 61 mode (paragraph
4.10.13) to read U3 and U4 status buffer numbers.
11. If the multiplex mode is turned off with the Al bus command, a 1 will appear in the A byte in the UO status word.
If the multiplex mode is turned off with front panel Program 2, the A bvte will have a value of 7.

NOTES:
1, Status word information will be returned only once each
time the command is sent. Once status is read, the instrument will send its normal data string the next time it is addressed to talk.
2. Buffer rate and mode (Q), and delay (WI status are each
two bytes in length. The remaining status parameters in the
UO status word are each one byte in length.

SRQ Command Value
MO
Ml
2
MB
M32
M33

Status Word M Byte Values
0
1
2
ii
(space)
!

Table 4-15. Status Word Formats
Command
uo
Ul
u2
u3
u4
u5

Format*
195 < space >TFRKQQSMZWWAJGBPYY
SIZE +“n” (CR LFI
AVG + 1.23456E + 0 (CR LFI
LOfi.23456E+t5000
RX LF)
HI f 1.23456E*O,BOOO (CR LF)
CAL f 1.23456E * 0 ICR LF)

(CR LF)

Meaning
Instrument operating modes.
Number readings stored in buffer.
Average of readings in buffer.
Lowest reading in buffer.
Highest reading in buffer.
Assumed calibration value.

*CR LF is normal terminator.
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Programming Example-Enter
the program below into the
HP-85. Be sure to include line numbers.
PROGRAM
IO REMOTE 716
20 DIM ASI251
30 OUTPUT 716; “UOX”
40 ENTER 716: AS
50 DISP “TFRKQQSMZWWAJGSPYY”
60 DISP AS

Sets Bit
Number
80 (LSBI
Bl
82
83
84
85

COMMENTS
Set up instrument for
remote operation.
Dimension AS for 25
characters.
Send UO status command.
Enter status word into
computer.

Command
Ml
M2
M4
M8
Ml6
M32

Disclav on CRT.

Bit 6 in the status byte is the SRQ bit. If this bit is set, the SRQ
was generated by the Model 195. Bit 5 is the error bit; the
meaning of bits 0 through 4 is determined by the condition of
bit 5. If bit 5 is set, the error conditions in Table4-17 apply; if bit
5 is cleared the data conditions apply.

After entering the program, press the HP-85 RUN key. The UO
status word will then be displayed on the CRT.
4.10.12 SRQ Mode (MI and Status Byte Format
The SRQ command controls which of a number of conditions
within the Model 195 will cause the instrument to request service from the controller with the SRQ command. Once an
SRQ is generated, the Model 195 status byte can be checked
to determine if it was the Model 195 that requested service.
Other bits in the status byte could also be set depending on
certain data or error conditions.
The Model 195 can be programmed to generate an SRQ under
one or more of the following conditions:
1, If a reading has been completed.
2. If an overflow condition occurs.
3. If an Illegal Device-Dependent Command Option (IDDCOI is
received.
4. If the instrument is not in remote when a command is sent.
5. When the 100 point buffer is either half full or completely
full.
6. If an attempt is made to trigger the instrument while it is still
processing a reading due to a previous trigger.
Upon power-up or after a DCL or SDC command, SRQ is
disabled.
SRQ Mask-in
order to facilitate SRQ programming, the
Model 195 uses an internal mask to generate an SRQ. When a
particular mask bit is set, the Model 195 will send an SRQ
when those conditions occur. Bits within the mask can be controlled by sending the ASCII letter “M” followed by a decimal
number to set the appropriate bits. Table 4-16 lists the commands to set the various mask bits, while Figure 4-10(a) shows
the general mask format.
Status Byte Format-The
status byte contains information
relating to data and error conditions within the instrument.
When a particular bit is set, certain conditions are present.
Table 4-17 lists the meanings of the various bits, and Figure
4-10(b) shows the general format of the status byte, which is
obtained by using the SPE, SPD polling sequence described in
paragraph 4.9.8.
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Table 4-16. SRQ Mask Commands

Conditions to Generate SRQ
Reading Done; Overflow
IDDC. IDDCO. or No remote.
Buffe; full
Buffer l/2 full
Self-test failed
Trigger Overrun

The various bits in the status byte are described below:
I. Reading Overflow-Set when an overrange input is applied
to the instrument.
2. Buffer Full-Set when no more buffer locations are available. This bit will be cleared when at least one buffer location is available.
3. Buffer One-Half Full-This bit will be set if at least one-half
of the 100 point buffer is full; it will be cleared when less
than half the buffer storage capacity is taken up.
4. Reading Done-Set when the instrument has complete the
present conversion and is ready to take another reading.
5. Busy-The instrument is still executing a prior command
and is not vet ready to accept a new command.
6. IDDCO-An illegal command option such as K5 has been
sent. This bit is cleared when the status bvte is read.
7. IDDC-An illegal command will s8t this bit. For example,
Nl is illegal since no such letter exists in the command set.
The IDDC bit will be cleared on a reading of the status byte.
8. Trigger Overrun-Set when a trigger is received while still
processing a previously triggered reading.
NOTES:
I. Once the Model 195 has generated an SRQ, its status bve
should be read to clear the SRQ line. Otherwise the instrument will continuously assert SRQ.
2. The Model 195 may be programmed to generate an SRQfor
more than one condition simultaneously. For example, to
set SRQ mask bits for an SRQ if the buffer is full and when
an overflow occurs, the following command would be sent:
cM3Xx) t%5%,
3. The SRQ mode can also be programmed with a string of
eight binary digits. For example, M 00001100X sets the instrument for SRQ on buffer one-half full or buffer full.
4. If the unit is programmed to generate an SRQ when a
reading is done, it will generate the SRQ only once when
the reading is complete; the SRQ may be cleared by reading the status byte. The reading done bit in the status bvte
may then be cleared by requesting a normal reading from
the instrument.

Programming
the HP85

Example-Enter

COMMENTS
Set up for remote
operation.
Program for SRQ on IDDC
or IDDCO.
Attempt to program illegal
command option.
Perform serial poll.

PROGRAM
10 REMOTE 718
20 OUTPUT 716; “MZX”
30 OUTPUT 718; “K5X”
40 S =SPOLL (7181
50 DISP “87 88 85 84
83 82 Bl BO”
80 FOR 1=7TOOSTEP
-1
70 DISP BIT IS, I):
80 NEXTI
90 DISP
100 END

MSB

Loop eight times.

Press the HP85 RUN key. The computer conducts a serial poll,
and displays the status byte bits in order on the CRT. The SRQ
tB8). error (85). and IDDCO IBO) bits are set because line 30 of
the program attempted to program the instrument with an
illegal command option (K5l.
Table 4-17. Status Byte Interpretation

Buffer full
Buffer l/2 full
Readina done
1 Busy -

14

4.10.13 Buffer Commands

tQ and B)

The Model 195 has ah internal 100 point buffer that is useful
for storing a series of readings. Through the two buffer com-

B6

87

the following program into

I

,-

85

84

1= SELF TEST

83

BZ

Bl

BO

LSB

I= BUFFSA 112 FULL

t=READINO OONE,O”ERFLOW

I= BVFFER FULL

f= IDOC. IDOCO. NO REMOTE

a. SAQ MASK

DECIMAL

BIT

VALUES

READlNB OVERFLOW

b. STATUS BYTE

Figure 4-10. SRQ Mask and Status Byte Formats
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mands. the user has IEEE bus control over the following
aspects of buffer operation:
1, Enabling or disabling buffer operation.
2. Controlling the rate at which the buffer fills.
3. Whether buffer storage ceases when the buffer is full or
recycles. overwriting old data.
4. Whether reading data comes from the A/D converter or one
of the buffer locations.
The Q command controls the rate and mode buffer and is of
the form Qmn. Here m represents one of the buffer modes as
follows:
m =O Fill buffer and atop filling. Buffer emptied with a QO.
m = 1 Fill buffer and atop, but continue when a buffer cell is
available. A cell becomes available when data is read
from it.
m =2 Continue buffer storage even lf buffer is full. Oldest data
will be overwritten first.
The n parameter in the Q command sets the fill rate as summarized in Table 4-18. Note that if n=O, buffer operation is
disabled. The second command associated with buffer opera
tion is the B command, which is described as follows:
BO Bus readings come from the AID converter regardless of
buffer operation.
81 Bus readings come from the oldest buffer location. As each
reading is requested. the read buffer pointer ia incremant.ed
to obtain successive readings. In QOn. all locations can be
read non destructively in a circular fashion whether locations are all used or not.
Upon power-up or after a DCL or SDC, the instrument will be
in the BO mode.

NOTES:
1. Buffer operation can also be controlled from the front panel
as described in paragraph 3.5.8.
2. The Model 195 can be programmed to generate an SRQ
when the buffer is one-half or completely full. See
paragraph 4.10.12.
3. A 00 command also sets the instrument to the BO mode.
Programming
the HP-85:

Example-Enter

PROGRAM
10 DIM AS 1201
20 REMOTE 718
30
40
50
80

OUTPUT 718; “QOX”
OUTPUT 718; “QOIX”
S = SPOLL (7181
Ii;IT tS,l)=O THEN

70 OUTPUT 716; “BIX”
80 FOR I=1 TO 100
90 ENTER 718; As
100 DISP I;A$
110 NEXT I
120 END

the following program into
COMMENTS
Dimension As.
Set up for remote
operation.
Clear buffer.
Enable buffer at fastest rate.
Obtain status byte.
Buffer full yet?
Switch so that data comes
from buffer.
Loop 100 times.
Enter reading into
computer.
Display on CRT.

After entering the program, press the HP-85 RUN key. The
program will enable the buffer. After all 100 readings are
stored, the computer requests and displays the 100 buffer
readings on the CRT.
4.10.14 Data Format (Gl

Examples:
000X Disables buffer completely.
001X Buffer will fill at convetaion rate and then stop when full.
Q25X Buffer will fill at one minute intervals. When buffer is
full, oldest data will be overwritten.
BOX Reading transmitted over the bus will come directly from
the A/D converter.
BlX Readings sent over the bus will come from the buffer
location indicated by the read pointer.
Table 4.18. Buffer Rata Command Parameters

Conversion rate
1 second intervals
5 second intervals
10 second intervals
1 minute intervals
5 minute intervals
10 minute intervals
30 minute intervals
1 hour intervals

I
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Through the use of the G command, the format of the data
transmitted over the IEEE bus can be controlled as follows:
GO Single reading including prefix and suffix. Example
NDCV+ 1,23458E-2 (Bnnn follows reading for 81 model
[terminatorl.
Gl Single readings suppress prefix or suffix. Example:
+ 1.23458E-2 Iterminstorl.
G2 Transmit complete buffer with prefixes and suffixes. Commas separate the individual buffer readings. Example:
NDCV+ 1.23458E-2,8001,NDCV-1.08789E+2.B002...
NDCV 1.2358E-2, BlOO [terminstorl.
G3 Transmit complete buffer without prefixes and suffixes
Commas separate the individual readings. Example:
+ 1.23458E-2. + 1.08788E + 2.. 1.23458E-2 [terminator].
G4 Single reading with prefix without buffer suffix regardless
of B mode.
G5 Buffer readings with prefix without buffer suffix.
Upon power-up, or after receiving a DCL or SDC, the instrument will be in the G4 mode.
Figure 4-11 further clarifies the meanings of prefixes and auffixes. Note that the prefix defines a normal, overflow, or
zeroed reading as well as the measuring function.

NOTES:
1. The B command affects rhe source of the data. In the BO
mode, the bus data will come from the AID converter. In
the Bl mode data comes from the buffer.
2. In G2 and G3 modes, lf output is from the AID converter
(BOJ no terminator will be sent.
3. The mantissa of data transmitted over the bus is always 5 %
digits regardless of the selected display resolution. The
usable resolution depends on the selected S mode.
4. Programmed terminator and EOI sequences appear at the
end of each reading in the GO, Gl and G4 modes, but are
transmitted only at the end of the buffer in the GZ, W and
G5 modes. No terminator is sent if in G2 or G3 modes while
in BO tdsts from A/D).
5. The position of the decimal point and exponent depends on
the selected range.

Programming
HP-85

Example-Enter

PROGRAM
10 REMOTE 716
20
30
40
50
60

OUTPUT 716; “(10x”
DIM AS [22001
OUTPUT 718: “aoix*
S = SPOLL 1716)
IF BIT fS,l)=O THEN
50
70 OUTPUT 716: “61X”

80 FOR I-OT03
90 OUTPUT 716; “G”; I;
“X”
100 ENTER 716: A$
110 DISP AS
120 NEXT I
130 END

the program below into the
COMMENTS
Set up for remote
operation.
Clear Buffer
Dimension A$
Enable Buffer
Buffer full?
Set data to come from
buffer.
Loop four times.
Set data fonst.
Request data string.
Display data string.

PREFIX

After entering the program, press the HP-85 RUN key. The instrument is programmed to store readings in its buffer. The
date format is set to each of the four modes, and data is requested and displayed in each mode on the CRT. Note that a
“umber of seconds pass in the G2 and G3 modes since the instrument must first assemble the entire buffer before trsnsmitting it to the computer.
4.10.16 Digital Calibration

(VI

The digital calibration command performs the esme operation
as front panel Program 5. Through the use of this command, a
calibration value can be transmitted to the instrument. Once
the mlibrstion value, is stored, the MPU can then check the
calibration value against the measured signal to msintsin instrument accuracy.
The calibration command is of the form Vnnnnnn, where n
represents s numeric digit.
NOTES:
1. The decimal point and exponent are autOmsticW set
according to the selected range; these parameters will be
ignored and should not be entered into the calibration command parameter.
2. Once the calibration value is stored, NV storage must be
performed with Program 1.
3. Only ss many significant digits as necessary need to be
entered. For example, for calibration of the 2OV range with
a 19,OOOVinput value, the following command would be
used: v19x.
4. The correct calibration value must be connected to the instrument before the V command is sent. See Section 7 for
the complete calibration procedure.
5. The PRGM light will flash until NVRAM storage is performed succesefully.
Programming
Example-Using
the front panel controls,
place the instrument in the 2VDC mode. connect a precise
1.9VDC calibration voltage to the input terminals and enter the
following statements into the HP-85.

MANTISSA
5% DlwrS

BUFFERREADING NUMBER
‘NOT ON NORMAL DATA,

Figure 4-11. Data Format
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REMOTE 716 (END LINE)
OUTPUT 716; “V19X” (END LINE)
When END LINE is pressed the second time, the instrument
will calibrate itself in accordance with the applied signal.
After the instrument receives the V command, two internal
readings are triggered: these readings may be obtained from
the unit by addressing it to talk in the normal manner, regsrdless of the trigger mode. The first reading is the calibration
signal, which has a value determined by the old calibration
constants. Once this reading is obtained. the calibration
signal may be removed, if desired. Note that this reading
must be requested before calibration is completed, or it will
be overwritten by the second reading.
The second reading takes into account the new calibration
constants, but it is not used to perform calibration. Two volt
AC calibration includes a third step, since a second cslibrstion value must be applied (the second is l/l0 the first).‘As a
result, 2VAC calibration will cause three internal readings to
be triggered.
Programming

ENTER 716:AS
DISP AS
OUTPUT 716: “VO.1OOOOX”
ENTER 716; A$
DISP AS
ENTER 716:AS
DISP AS
4.10.16 Non-Volatile

Memory

COMMENTS
Program for one-shot on
talk. 2VAC ranoe. first
calibration vslue.
Enter first reading with old
calibration constants.
Displsv reading on CRT.
Program second calibration
value.
Enter second reading with
old constants.
Display second reading.
Enter third reading (reading
is now newlv calibrated).
Display third’ reading
Storage (L1

The Model 195 uses a non-volatile (NV) RAM to store the IEEE
primary address. line frequency, calibration constants,snd
Model 1950 option status. Once the correct parameters are
entered into the machine. NVRAM storage can be done either
with front panel Program 1, or with the L command. To perform NVRAM storage from the IEEE bus, the following commend is senf: LlX. NV storage will take place when the instrument receives this command sequence.
NOTE
NVRAM storage may be disabled by removing s
calibration jumper. See paragraph 7.5.9 for
detsils.
Example

NOTE
Do not perform these steps unless s&al NV
storage is desired. Unless proper calibrating
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4.10.17 Self-Test (Jl
The J command causes the instmment to perform the same
tests it automatically perfor”% upon power-up. When the selftest command is given, the Model 195 perfons the following
tests:
1. NVRAM Test
2. RAM Test
3. ROM Test
4. A/D Converter Test
J command parameters include:
JO Clear J byte in UO status word.
Jl Perform self-test.

Example

STATEMENT
OUTPUT 716;
“Tl Fl R3Vl.OOOOX”

Programming

parameters have been previously programmed,
inadvertently using this command could seriously
affect instrument accuracy.
REMOTE 716 (END LINE)
OUTPUT 716; “LlX” (END LINE1
When END LINE key is pressed the second time,
NV storage takes place.

If the self-test is successful, the J byte in the UO status word
will be set to 2. Otherwise this byte will be set to 1. Also, the
following message will be shown on the display if the instrument passes the tests:

Programming
to the HP-85:

Example-Enter

the fallowing statements in-

REMOTE 716 (END LINE)
OUTPUT 716; “Jlx” (END LINE)
When the END LINE key is pressed the second time, the instrument perfons the self-test. If successful. the PASS
message will be displayed and the self test (JI byte in the UO
ststus word will be set to 2. This byte may be cleared with the
following statement:
OUTPUT 716: “JOX” IEND LINE)
4.10.18 Programmsble

Terminator

(Yl

The Model 195 uses special terminator characters to mark the
end of its date string or status word. To allow s wide variety of
controllers to be used, the terminator can be changed by asnding the appropriate command over the bus. The default value
is the commonly used carriage return, line feed (CR LFI
sequence. The terminator sequence will assume this default
value upon power-up.
The terminator may be programmed by sending the ASCII
character Y followed by the desired terminator character. Any
ASCII character except one of the following may be used:
1. Any capital letter.
2. Any number.
3. Blank
4.+-l..ore

Special command characters will program the instrument for
special terminator sequences as follows:
1. YILF)(CR)X=(LF CR1 (two terminators)
2. YlCR)(LF)X= (CR LFI (two teminators)
3. Y(LF)X= (LFI (one terminatorl
4. YX = no terminator
NOTE
Most controllers use the CR or LF character to
terminate their input sequences. Using a nonstsndard terminator may cause the controller to
hang up unless special programming is used.
Programming Example-The
terminator can be eliminated
bv sendino an YX with the followina HP-85 statements:
REMOTE 716 (ENi LINE)
OUTPUT 716: “YX” (END LINEI
When END LINE is pressed the second time, the terminator is
supressed; no terminator will be sent by the instrument when
date is requested. The absence of the normal terminator may
be veriiied by entering the following statement into the HP-85
keyboard.
ENTER 716: AS (END LINE1
At this point, the HP-85 ceases to operate because it is waiting
for the standard CR LF terminator sequence to terminate the
ENTER statement. The computer may be reset bY holding
down the SHIFT key and then pressing RESET on the key
board. To return the instrument to the normal terminator sequence, enter the following statement into the HP-85
OUTPUT 716; “Y”;CHRS (13): CHRSflOI: “X” (END LINE)
4.10.19 Hit Button

IHI

The hit button command allows the user to emulate virtually
any front panel control sequence. Through the use of the H
command, the front panel programs may be entered through

commands given over the bus. Also, digital calibration
voltages can be transmitted.
The H command is sent by sending the ASCII letter followed
by a number representing a front panel control. These control
numbers sre shown in Figure 412.
Examples:
Toggles the instrument’s autorange mode.
H3X
HlOXH5X Enters front panel Program 5.
Programming
to the HP-85

Example-Enter

the following statements in-

REMOTE 716 IEND LINE)
OUTPUT 716; “HOX” (END LINE)
When the END LINE is pressed the second time, the instrument is placed in the OHMS mode.
4.1020 Display ID)
The display command controls ASCII messages that can be
placed into the Model 195 display. Naturally, the letters that
can be displayed are limited by the capabilities of the
‘/-segment readouts, but. even with those limitations, considerable versatility is possible. Messages may be controlled
with the following commands:
Daaaaaa X. The command letter is D while a represents s printable ASCII character (up to 10 characters may be
sentl,
DX
The DX command restores the display to normal
operation.
NOTES:
For the following notes, refer to the display numbering
sequence shown below.

OHMS
SENSE

I

6-9
Figure 4-12. Hit Button Command

10

VOLTS
OHMS

11

Numbers
4-25

1. The character in the first position above must be a minus
( - ) sign or it will be ignored.
2. The second character must be a 1 or decimal ooint.
3. Display positions 3 through 7 and 9 will accept any
displayable ASCII character. Any undisplayable characters
will appear as a “d” segment. A “d” segment is indicated
below.
B
-8’
Segment
4. Decimal points are set on the current display position, if
possible, and do not advance the display to the next position.
5. Display position 8 can be only a + or -. If any other
character is sent for that position, it will appear in position 9.
6. After all display positions have been filled, any further
characters will be ignored,
7. The maximum number of characters that can be sent with
the D command is 10. Any additional characters will be ig
nored.
8. Any + or - character will automatically be placed in position 6 if not the first character. Any other character placed
into position 8 of the command string will be placed into
position 9 of the display.
Programing Example-Enter
the following statements into
the HP-86 keyboard:
REMOTE 716 (END LINE)
OUTPUT 716; “D < sp > 195 <sp > X” (END LINE)
When the END LINE key is pressed the second time, the instrument model number will be displayed.
Display operation may be returned to normal with the following statement:
OUTPUT 716; “DX” (END LINE)
4.11 FRONT PANEL ERROR MESSAGES
The process of programming the Model 195 invoIvBs the proper use of svntax. Svntax is defined as the orderlv or
systematic arrangement of programming commandd or
languages. The Model 195 must receive valid commands with
proper syntax or it will:
1. Ignore the entire command string in which the invalid cornmand appears.
-.
2. Set
--~ -rr-rappropriate bits in the status byte.
3. Generate an SRQ
5nu ifIT programmed
programm
to do so.
4. Display an appropriate front pa
panel error message.
Device-dependent commands are sent as a string of several
ASCII characters. Some examples of valid command strings
include:
FOX
Single command string.
FOQlB2X Multiple command string.
61 x
Space is ignored.
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Examples of invalid command strings are:
cox
Invalid command: C is not a command.
F5X
Invalid command option; 5 is not an option of the F
command.
The numbers after the command are each interpreted as a
decimal integer. For example:
TO1.0X is interpreted as Tl X.
TX means TOX.
T1.2 E-3X is TlX (the rest is ignored).
Figure 4-13 shows the front panel error messages employed by
the Model 195. The messages in Figure 4-13(a) results from an
illegal Device-Dependent Command (IDDC), while the message in Figure 4-13(b) results from an Illegal Device-Dependent
Command Option (IDDCO). The no remote error message in
Figure 4-13(c) results from attempting to program the instrument when it is not in the remote mode.

a. Illegal Device Dependent
. .-b. Illegal Device Dependent
IIDDCO)

Command
I
Command

(IDDC)

Option

r--iE-q
c. No Remote
Figure 4-13. IEEE Display

Error Messages

4.11.1 IDDC Error
An IDDC error results when the Model 195 receives an invalid
command such as ClX. This command is invalid because no
such letter exists in the instrument’s programming language.
Programming
Example-To
demonstrate an IDDC error,
enter the following statements into the HP-85 keyboard:
REMOTE 716 (END LINE)
OUTPUT 716: “Clx” (END LINEI
When END LINE is pressed the second time, the error message
in Figure 4-13(a) is displayed for about one second.
4.11.2 IDDCO Error
An IDDCO error occurs when the numeric parameter associatsd with a legal command letter is invalid. For example, the
command T9X has an invalid option because the instrument
has no trigger mode associated with that number.
Programming Example-To
demonstrate an IDDCO error,
enter the following statements into the HP-85:
REMOTE 7‘16 IEI’r]D LINE)
OUTPUT 716; “T9X ’ (END LINE)

4.11.3 No Remote Error
A front panel no remote error message will be displayed if the
Model 195 is not in the remote mode when it receive a command over the bus. If an attempt is made to program t.he instrument when it is not in the remote mode, the no remote
message in Figure 4-131~) will be displayed on the from panel
for about one second.
Programming Example-To
make sure the instrument is not
in the remote mode, enter the following statement into the
HP-85
LOCAL 7 (END LINE)
Now enter the following programming statement into the
keyboard:
OUTPUT 716; “GOX” (END LINE)

Modes
SO Tl PO WO A0
Sl Tl PO WO A0
SO TZ PO WO Al
a1 01~4
SO T2 PO WO A0
L Ql Bl M4

When this statement is executed, the no remote error message
in Figure 4-13(cl is displayed on the front panel of the instw
ment for about one second.
4.12 Reading Rates
The maximum reading rate depends on several factors, including selected S, buffer, and multiplex modes. Shown
below are several conditions along with trigger to first byte
out times for data transmission over the bus as well as buffer
filling rates under certain operating conditions.

Measurement
Conditions
ATN to DAV
ATN to DAV
GET to SRQ

Time
17ms
30ms
100 readings in 1.25sec.

GET to SRCI

100 readings in 2.44sec.

Comments
Trigger to first byte out over bus.’
Trigger to first byte out over bus.*
Buffer fits at maximum rate with
multiplex off (Al 1.
Buffer fill rate with multiplex on
(AOI.

*Typical byte transfer rate is 0.5ms per byte. It takes about 1Oms to transfer a reading depending on the
controller and G modes.
SO
Sl
Tl
T2
PO

3.3ms Integration Period
16.67ms Integration Period
One-shot on talk trigger mode.
Continuous on GET trigger mode.
Filter disabled.

WO
A0
Al
Ql
M4

No delay period.
Multiplex on.
Multiplex off.
Fill buffer and stop.
Send SRQ when buffer is full.

SECTION 5
PERFORMANCE
VERIFICATION
5.1 INTRODUCTION
This section contains information necessary to verify that
Model 195 performance is within specified accuracy. Model
195 specifications may be found at the front of this manual.
Ideally, performance veriiication should be performed when
the instrument is first received to ensure that no damage or
change in calibration has occurred during shipment. The verification procedure may also be performed whenever instrument
accuracy is suspect or following calibration. If performance on
any of the ranges or functions is substandard, calibration can
be performed as described in Section 7.
NOTE
If the instrument does not meet specifications
and it is still under warranty (less than 12 months
since date of shipmentl, contact your Keithley
representative or the factory to determine the action to be taken.
5.2 ENVIRONMENTAL

CONDITIONS

All measurements should be made at an ambient temperature
between 1W and 28% (65O to 82°F) with a relative humidity
less than 80%.
5.3 RECOMMENDED

TEST EQUIPMENT

times better than equivalent Model 195 specifications. For less
accurate test equipment additional allowances must be made
in the readings obtained while performing the veriiiwtion procedure. Some of the equipment listed in Table 51 does not
have specifications at least four times better than those of the
Model 195 because such equipment is not readily available. In
such cases, the allowable range specified in the procedure includes the added uncertainty caused bv the test equipment.
5.4 INITIAL CONDITIONS
Before performing the verification procedures, make sure the
Model 195 meets the following conditions:
1. If the instrument has been subject to temperatures below
W’C (65OF) or above 26OC (82OFl. allow sufficient time for
the instrument to reach temperatures within this range.
Generally, it takes one hour to stabilize an instrument that is
10°C IWF) outside of this range.
2. Turn on the power to the Model 195 and allow it to warmup for at least two hours before beginning the veriiication
procedure.
5.5 VERIFICATION

The following paragraphs give the basic veriiication procedure
for the following functions: DC volts, AC volta. resistance, DC
current, AC current.

Recommended test equipment for Model 195 performance
verification is listed in Table 51. Different equipment may be
used es long as the accuracy specifications are at least four
Table 5-l. Recommended
Verification

AC Voltage Calibrator
DC Current Calibrator
AC Current Calibrator

Test Equipment

WARNING
The following procedures require that high
voltages may be applied to the input termiFor Performance

Specifications
20mV. 200mV. 2V. 20V.
2oov; 1lOOV ranges
*0.005% accuracy
20mV. 200mV. 2V. 20V
ZOOV, 1lOOV ranges
*0.05% accuracy.
2004,2mA,
20mA.
200mA. 2A ranges
*0.025% accuracy.
200pA. 2mA. 20mA
200mA. 2A ranges
f0.07% accuracy

19Q. 190% 1.9kQ. 19kR.
19Ok’L 1.9MC& lOMl?
f 0.01% accuracy
*For use with 51018 above 20kHz and 20V.
Decade Resistor

PROCEDURE

Manufacture
and Modal
Fluke 51018
Fluke 51018
Fluke 51018
Fluke 5101 B
Fluke 5205A’
ESI RS725
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nals of the Model 195. These procedures are
intended only for qualified service personnel. Use normal precautions to avoid pcssible electric shock which could result in
personal injury or death.
NOTES:
1, AC voltage and current, and DC current measurements require that the Model 1950 option be installed.
2. Place the instrument in the 5% digit display mode before
beginning the veriiication procedure.
5.5.1 DC Voltage Accuracy

Check

The DC voltage verification procedure is done by applying an
accurate DC calibration signal to the VOLTS OHMS temlinals
and then checking to see that the displayed value is within the
required range.
CAUTION
Do not exceed IOOOV between the VOLTS
OHMS HI and LO terminals or damage to the
instrument may occur.
Proceed as follows:
1. Select the DC volts function with the front panel VOLTS
button. Use the AC button. if necessary, to cancel the AC
mode. Initially, place the instrument on thn IOOOV range.
Select 5% digit resolution.
2. Connect the DC calibrator to the instrument as shown in
Figure 51, The positive side of the calibrator output should
be connected to the VOLTS OHMS HI terminal. Check to
see that the front panel terminals are selected with the rear
panel INPUTS switch.
3. Set the calibrator cutput to OV and switch the Model 195
to the 20mV range. Enable the zerc with the front panel
ZERO button. Leave the zerc enabled for all DC measurements. Check to see that the display shows 00.000 +4
ccunts.
4. Set the calibrator output to exactly 19.0000mV. Verify that
the display shows a reading within the limits stated in Table
52.
5. Change the Model 195 to the 200mV range and change the
calibrator output voltage to 190.000mV. Check to see that
the displayed value is within the limita in Table 52.
6. Select the 2V range on the Model 195 and change the
calibrator output to 1.9OOOOVDC. The displayed reading
should be within the limits specified in Table 5-2.
7. Switch the Model 195 to the 2OV range. Set the calibrator
cutput to 19.OOOVand verii that the displayed reading is
within the IimitS set in Table 52.
8. Change the Model 195 tc the 2OOV range and set the calibratcr output to 19O.OOV.Check to see that the displayed
value is within the limits in Table 52.
9. Change the Model 195 to the IOOOVrange and set the calibrator cutput to 99O.OOV.Verify that the displayed reading
is within limits.
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10. Reverse the output polarity of the calibrator and repeat the
measurements with negative input voltages.
11. Place the INPUTS switch in the rear panel position and
repeat the entire procedure using the rear penal VOLTS
OHMS terminals.
Table 5.2. Limits for DC Voltage

Verification

Model 195
Calibrator
Allowable
Range”
DC Range
output
(18% to 28°C)
20mV
18.9912 to 19.0088mV
19.0000mV
200mV
190.000mV
189.946 to 190.054mV
2v
1.90000v
1.89954 to 1.90046V
2ov
19.0000v
18.9937 to 19.0063V
2oov
190.000v
189.944 to 190.056V
1ooov
99o.oov
989.69 to 990.3lV
“Does not include calibrator tolerance.
-I

II

Figure 51. Connections
5.5.2 Resistance Accuracy

I

for Voltage Verification
Check

Resistance verification is performed by connecting known.
precise resistance values to the VOLTS OHMS terminals and
checking to see that the displayed reading is within the required limits. Measurements on the 203.2OOQ and 2kQ ranges
will be done using the 4-terminal configuration to minimize
errcrs due to the voltage drop acrcss the test leads.
CAUTION
Do not exceed 250V RMS, 360V peak between the VOLTS OHMS terminals or the instrument might be damaged.
Proceed as follows:
I, Select the resistance function by pressing the front panel
OHMS button. See that the rear panel INPUTS switch is in
the front panel position. Select 5’h digit resolution.
2. Short the front panel VOLTS OHMS terminals together
with a low-thermal shorting plug and enable the zero mode.
Check to see that the display reads O.OOOOf 10 digits on the
200 range. Leave the zero enabled for all r&stance measurements.

3. Connect a 190 calibration resistor to the instrument as
shown in Figure 52. Note that the 4-terminal configuration
is used for this measurement. Place the instrument on the
200 range and check to see that the displayed reading is
within the limits in Table 53.
4. Connect a 19OQ calibration resistor to the instrument as
shown in Figure 52. Switch the instrument to the 2OOD
range and see that the displayed reading is within the limirs
set in Table 53.
5. Connect a 1.9kD calibration resistor to the instrument as
shown in Figure 5-2. Switch the instrument to the 2kD
range and check to see that the reading is within prescribed
limits,
6. Connect a 19kD calibration resistor to the instrument as
shown in Figure 53. Note that the Z-terminal configuration
may be used for measurements on the 20kR and higher
ranges. Place the instrument on the 2OkQ range and ccmpare the reading with the limita in Table 53.
7. Continue with each of the calibration resistance values listed
in Table 53. Be sure to place the Model 195 on the correct
range for each measurement. The remaining readings may
be done using the 2-terminal configuration.
8. Place the INPUTS switch in the rear panel position and
repeat the entire procedure using the rear panel VOLTS
OHMS terminals.

CAUBRc,T,CN
RESISTANCE

Figure 52. Connections for Verification
2kR Ranges

of 20% 200% and

Table 53. Limits for Resistance Verification
lode1 195
Range
200
2ooa
2kR
20kfl
200kR
2MR
20MD
Includes to

Calibration
Resistance Value
190
19ciQ
1.9kD
19kD
190kQ
1.9Mg
1OMg
mce of decade resi!

Allowable

Range”

189.926 to 190.074 R
1.89934 to 1.90066kg

CALmRATION
RESlSTANCE

Figure 5-3. Connections for Verification
20MC Ranges
5.5.3 AC Voltage Accuracy
Option)

of 20kSl Through

Check (with Model 1950

AC voltage accuracy is checked by connecting a calibrated AC
voltage to the VOLTS OHMS terminals and then comparing
the displayed reading with the allowable range of value.
NOTE
A “no OP” message will be displayed if the AC
buncn is pressed without the Model 1950 option
installed and programmed.
CAUTION
Do not exceed 700V RMS, IOOOV peak between the VOLTS OHMS HI and LO terminals or instrument damage may occur.
Proceed as follows:
1. Select the AC volts function with the VOLTS and AC buttons. Initially, place the instrument on the 700V range. Do
not use ZERO, but select 5’h digit resolution.
2. Connect the calibrator to the Model 195 as shown in Figure
51. Set the calibrator output to 19O.OOOmVAC at a frequency of 50Hz. See that the INPUTS switch is in the front
panel position.
3. Switch the Model 195 to the 200mV range and verify that
the displayed reading is within the limits listed in Table 54.
Repeat the 200mV range measurements at 20kHz and
50kHz.
4. Set the Model 195 to the 2V range. Select a calibrator cutput voltage of 1.9OOOOVat a frequency of 50Hz and verii
that the displayed reading is within the limits in Table 6-4.
Repeat the 2V range measuremen& at 20kHz and 50kHz.
5. Select the 2OV range on the Model 195 and change the
calibrator output voltage to 19.OOOOVAC at 50H.z Check to
see that the displayed value is within the limits in Table 54.
Repeat the 2OV range measurements at 20kHz and 5OkH.z.
6. Switch the Model 195 to the 2OOV range and change the
calibrator output to 19O.OOOVat 50Hz. Verify that the
displayed reading is within the limits in Table E-4. Also verii
200V range accuracy at 20kHz and 50kHz.
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7. Switch the Model 195 to the 700V range and set the
calibrator output to 69O.OOVat 50Hz. Check to see that the
Model 195 reading is within the limits in Table 5-4. Repeat
the 700V range measurement at 20kHz only.
8. Place the INPUTS switch in the rear panel position and
repeat the entire procedure using the rear panel VOLTS
OHMS terminals.
5.5.4 DC Current Accuracy Check (With Model 1950
Option)
DC current accuracy is checked by connecting a calibrated DC
current source to the AMPS and VOLTS OHMS LO terminals
and then verifying that the displayed value falls within a
prescribed range.

6. Change the Model 195 to the 20mA range and set the
calibrator output to 19.0000mA. Verify that the displayed
value is within limits.
7. Select the 200mA range on the Model 195 and change the
calibrator output to 190.000mA. See that the reading is
within the limits stated in Table 55.
8. Select the 2.A range on the Model 195 and change the
calibrator output to 1.90000A. See that the reading is
within the limits listed in Table 6-5.
9. Reverse the calibrator output polarity and repeat the procedure in steps 3 through 8.
10. Repeat the procedure with the rear panel terminals.

NOTE
A “no OP” message will be displayed if the
AMPS button is pressed without the Modal 19
option installed end programmed.
CAUTION
Do not exceed a 2A input value to the instrument or the amps fuse will blow.

\‘rn

II

I

0”TP”T

Proceed as follows:
1. Select the DC current function with the AMPS button. If
/
I
necessary, cancel the AC mode with the AC button. InitialCALIBRATOR
MODEL 195
ly, place the Model 195 on the 2A range. Select 5% digit
Figure 5-4. Verification Connections for Current
resolution.
2. Connect the DC current calibrator to the Model 195 as
shown in Figure 5-2. The HI side of the calibrator output
Table 5-5. Limits for DC Current Verification
should be connected to the AMPS terminal and the LO
side calibrator output should be connected to the VOLTS
Allowable
Range*
Calibrator
OHMS’ LO terminal. Make sure the rear panel INPUTS
Output
IWC
to
28W
switch selects the front panel terminals. Set the calibrator
19.0000cA
18.9694 to 19.0306pA
output to 0.0000 and enable the zero mode.
190.000~A
189.819 to 190.18l+A
3. Set the calibrator output to 19.OOOOfi and switch the
1.89819 to 1.9018lmA
1.90000mA
Model 195 to the 2Ofi range. Verii that the reading fells
18.9819 to 19.018lmA
19.0000mA
within the limita specified in Table 55.
189.819 to 190.18lmA
190.000mA
4. Switch the Model 195 to the 2OOfi range and set the
1.9000 A
1.89819 to 1.90181 A
calibrator output to 19O.OOOfi. Check to see that the
*Does not inI de calibrator
3rance.
reading is within the limits listed in Table 55.
5. Switch the Model 195 to the 2mA range end set the
calibrator output to 1.90000mA. See that the reading is
within the limits specified in Table 55.
Table 5-4. Limits for AC Voltage Verification
Allowable
Range* 118% to 28%)
Calibrator
Modal 195
AC Range Output Voltage
50Hz
20kHz
5OkHr
190.000mV
189.180 to 190.82mV
188.420 to 191.500mV
185.900 to 194.lOOmV
200mV
1.90000v
1.89230 to 1.9077OV
2v
1.88470 to 1.9153OV
185.950 to 194.05V
19.0000v
18.9230 to 19.077OV
18.8470 to 19.153OV
18.6900 to 19.3lOOV
2ov
190.000v
189.230 to 190.77OV
188.470 to 191.53OV
186.900 to 193.lOV
2oov
**
69O.OOV
687.73 to 692.27V
7oov
683.17 to 696.83V
*Does not include calibrator tolerance.
**Do not perform 50kHz verification on 700V range.
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5.5.5 AC Current Accuracy
Option)

Check (With Model 1950

AC current accuracy is checked by connecting a calibrated AC
current source to the AMPS and VOLTS OHMS LO terminals
and then veriiing that the displayed value falls within a
specified range.
NOTE
Pressing AMPS or AC without the Model 1950
option installed and programmed will result in a
“no OP” message.
CAUTION
Do not exceed a 2A input value or the amps fuse
will blow.
Proceed as follows:
1. Select the AC current function with the AMPS and AC buttons. Initially, place the instrument on the 2A range; select
5% digit resolution.
2. Connect the AC calibrator to the instrument as shown in
Figure 5-4. Set the calibrator frequency to 1kHz and see that
the Model 195 INPUTS switch is in the front panel position.
Do not use ZERO in the AC mode.

3. Set the calibrator output to 190.000~ and switch the
Model 195 to the 2004 range. Verify the reading is within
the limits listed in Table 56.
4. Change the Model 195 to the 2mA range and switch the
calibrator output to 1.90000mA. See that the displayed
value falls within the prescribed limits listed in Table 5-6.
5. Select the 20mA range on the Model 195 and increase the
calibrator output to 19.0000mA. Compare the displayed
reading with the limits set in Table 56.
6. Switch to the 200mA range and select an output current of
190.000mA. Verify that the reading is within limits.
7. Place the Model 195 on the 2A range and change the
calibrator output to 1.90000A. See that the reading is within
limits.
8. Repeat the procedure with the rear panel terminals,
Table 5-6. Limits for AC Current

Verification

Calibrator
Allowable
Range*
Model 195
(18% to 28°C)
output
AC Range
188.560 to 191.44rCn
190.0001rA
ZOOpA
1.88560 to 1.9144mA
1.90000mA
2mA
19.0000mA
18.8560 to 19.144mA
20mA
188.560 to 191.44mA
190.000mA
200mA
1.88560 to 1.9144 A
1.90000 A
2A
*Does not include calibrator tOleranCe.
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THEORY

SECTION 6
OF OPERATION

6.1 INTRODUCTION
This section contains an overall functional description of the
Model 195 as well as detailed circuit analysis of the various sections of the instrument. Information pertaining to the standard
IEEE interface and the Model 1950 AC/current option is also
included.
Information is arranged to provide a description of individual
functional circuit blocks. As an aid to understanding, the
descriptions are keyed to accompanying block diagrams and
simplified schematics. Detailed schematics end component
layout drawings are located at the end of this instruction
manual.
6.2 OVERALL FUNCTIONAL

DESCRIPTION

The Model 195 is a 5% digit, *ZOO.000 counts DMM with six
DC voltage ranges and seven resistance ranges in standard
configuration. With the Model 1950 option installed, the Model
195 capabilities are expanded to include AC voltage and AC
and DC current measurements.
The Model 195 uses a hybird A/D (Analog-to-Digital) converter which uses both charge balance and single-slope conversion techniques. The A/D conversion process is controlled by
an B-bit microcomputer which supervises all operating aspects
of the instrument. These two circuits combine to give the
Model 195 high accuracy, high conversion speeds, and fast
senling times.
A simplified block diagram of the Model 195 is shown in Figure
6-l. The instrument is essentially divided into two sections,
analog and digital. These two sections are electrically isolated
by using opto isolators for data and control communications,
and en isolated power transformer with separate analog and
digital supplies. The method of isolation allows the LO input
terminals to be connected to a potential up to ?5OOV from
chassis ground. At the same time, digital common, which includes IEEE common, can be operated at a potential up to
*3OV with respect to chassis ground.
centers around the A/D conThe heart of Model 195 opmetion
verter. Since the input signal is in analog form, and the
microcomputer “speaks” only digital, the AID converter must
provide the necessary conversion process. However, thesignal
must first be properly conditioned into a form usable by the
A/D converter.
The input signal is applied through the input switching circuit
that Selects front or rear panel terminals. If the Model 1950 op
tion is installed. applied voltage and current signals are controlled or modiied into the proper fon and applied to the input
switching network. The multiplexer applies the various input

signals such as zero and -2V reference to the buffer ampliiiar in
a sequential manner. Timing is ultimately determined by the
microprocessor.
The input amplifier buffers the signal and gives gain when
necessary. The AID converter, working under the control of
the MPU, provides a serial output which is coupled through
the opto isolator to the microcomputer. The microcomputer,
working under software control, then converts the data into a
form suitable for the display or IEEE bus. Also, the microcomputer provides a serial control signal which is coupled through
an opto isolator to ultimately control the A/D converter and
the multiplexer.
6.3 ANALOG

CIRCUITRY

The following paragraphs contain a description of the input
multiplexer, buffer amplifier, -2V reference and AID converter
circuits. These circuits may be found on the 195106 sche
meticS located at the end of this manual. The multiplexer, buffer and -2V reference circuits are located on the input
schematic, while the AID converter can be found on the AID
converter schematic. Each paragraph in this section is accompanied with a simplified schematic of the subject material for
easier understanding.
6.3.1 Input Switching

and Multiplexer

Input switching is accomplished by the INPUTS switch, 5103.
KIOI and K102 provide volts/ohms switching and input attenuator control.
The multiplexer, which is shown in Figure 62, is made up of
nine JFETs which are ultimately controllfly-fhe
microprocessor through a SCD to binary decoder\(,U13lL’and nine
FET drivers OJ130, U136, Ul40 and Ul42). Tk&% drivers ere
necessary to convert digital voltage levels into signals usable by
the FETs. For example, to turn each FET off, a potential of ap
proximately -14V is applied to its gate.
Ordinarily, FET switching creates transients which could be
seen in the final measurement. These effects are minimized in
the Model 195 through the use of software-generated delays
and by shorting the multiplexer bus to signal common for a
portion of each input cycle through zero FET, Q114.
The multiplexer connects one of the nine signals to the buffer
amplifier in a sequential manner, but not ell signals are used for
a given input sequence. For example, for a ZOVDC measurement, only Q103, Ql13 and Q114 are switched on at the proper
times.
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Figure 6-l. Basic Block Diagram

back resistors include A123 and the three elements of R136.
JFETs Q117 through Q119 areswitched on or off as required to
provide the required Xl, X2, X10 or Xl00 gain factors. These
switching FETs are driven by three sections of U130 which
provide the necesssly voltage conversion factor. Switching is
ultimately controlled by the microprocessor, which feeds control signals to the serial-parallel conversion section made up of
U124. U129 and U140. Q118 and Q119 are turned on simultaneously for X2 gain.
M.wLIFIER
OPAMPS

Figure 63. Simplified
Amplifier

Schematic

of the Input Buffer

6.3.3 -2V Reference Source
Model 195 voltage and current measurements are based on
comparing the signal to be measured with an internal -2V
reference voltage. During each measuring cycle, the microprocessor briefly samples the -2V reference end uses it ss a
base value as an aid in computing the final displayed reading.

1
Figure 6-2. Simplified

Schematic

of the Multiplexer

6.32 Input Buffer Amplifier
The input buffer amplifier, which is shown in Figure 6-3. provides the necessary isolation between the multiplexer and the
A/D converter. This amplifier is a noninverting, low noise, high
impedance circuit with switchable Xl, X2, X10 or Xl00 gain
CSQsbilitieS. The gain factor depends on the required sensitivity
of the instrument on the given range.

The -2V reference source, which is shown in Figure 6-4, is
made up of a highly stable zsner diode, an op amp, and a
resistive voltage divider. VR105 is a nominal 6.35V zener diode
which has high inherent stability. U143 acts to keep the zener
current constsnts, minimizing variations in zener voltage. The
two elements of R128 from a resistance voltage divider to
divide down the 6.35V zener voltage to its final - 2V value.
Since both elements of the divider are contained within one
package, drift due to thermal effects are minimized.
6.3.4 AID Converter

The buffer amplifier uses two operational amplifiers which
combine to give the necessary high input impedance and low
noise characteristics along with the required open loop gain.
The first op amp, U131, wss chosen for its low-noise charscteristics, while the second op amp, U137 provides the additional Opt?” IOOQgain.
Buffer amplifier gain control is achieved by switching various
feedback resistors elements in and out of the circuit. The feed-

The Model 195 uses a hybrid AID converter that used both
charge balance ICB) and single-slope (SSI integration techniques. This integration method gives the instrument high
accuracy, high speed, and fast settling times.
A simplified schematic of the A/D wnvener used in the Model
195 is shown in Figure 6.5. Figure 6-6 shows typical integration
waveforms. Convener operation centers around the trsnsconductsnce amplifier W138 and 0116). the integrator IU134).
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and the single-slope comparator llJ133). AID timing is provided by a 614.4kHz clock, which controls the CB phase through
U127A and U1278. Single-slope enable and integrator input
disable are controlled by the microprocessor.
The signal from the buffer amplifier is applied to the input of
the transconductance amplifier. This amplifier performs two
functions: first, it converts the input voltage into a current
usable by the integrator. Second, it converts the bipolar input
signal into a unipolar output signal.
The A/D converter operates first in a CB phase and then in the
SS phase. The integration period is normally 16.6ms at 60Hz,
and 20ms at 50Hz. These periods were chosen as the best
compromise between good line frequency rejection and fast
conversion speed.
The CB phase begins when the input disable line is set low.
This occurs at the end of a software-generated delay period
that allows the signal to senle after the appropriate multiplexer
FET is turned on. The actual delay period depends on the
selected range and function as summarized in Table 6-1.

Figure 6-6. A/D Converter

Integrator

Outpu

Once the input disable line goes low, the input signal IIN is applied to the integrator input, and the integrator output voltage,
Vo ramps in the positive direction. Once this voltage reaches
the turn-on threshold of the D input of U127A. Ql of U127A
goes high with the next positive going clock pulse. With the
next subsequent negative going clock pulse, 02 goes high,
connecting L-a to the integrator input. Since Ica is much
greater than IIN, the integrator output voltage immediately
ramps in the negative direction. With the next clock pulse, g
goes low, turning off the CB current. At the same time, Q2
goes high, resetting 01.
At this point, Ica has been turned on for one clock cycle
(1.6&s) and then turned off. The earliest that Ica can be turned on again is one clock cycle later. The two D-type flip-flops
essentially d&de the 614.4kHz clock signal in half to 307.2kHz.
Each time Q2 goes high, a counter in the microcomputer is
incremented. With a 16.6ms integration period, the maximum
number of counts is 16.6ms x 307.2kHz= 5,108 counts.

Figure 64. Simplified
Source

Schematic

of the -2V Reference

At the end of the charge balance phase, the output of the integrator is resting at some positive voltage. Since the integrator
output is connected to the noninverting input of the singleslope comparator, the comparator output is also positive end
will not go negative until the integrator output goes negative.
The SS comparator output is ANDed with a pulse from the
microprocessor to form the single-slope enable pulse. When
the single-slope enable pulse is high, Iss is connected to the integrator input for the duration of the SS phase, which has a
period of approximately 500~. The microprocessor determines the period that the single-slope enable pulse remains
active: when sufficient counts of its clock have occurred, the
MPU cencels the single-slope enable pulse and Isa is disconnected from the integrator input.
Table 6-l. Integration Delay Periods
Function
DCV
ACV
Ohms

Figure 6-5. Simplified

A/D Converter

Schematic

AC Et DC
Current

and Range
All
All
20%2MR
20MD
All

Delay Period lmsl”
6.5
6.5
6.5
50
6.5

‘Includes 1.5ms fixed hardware delay.
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overhead. Buffering between the 9914 IC and the IEEE bus
lines is done with bus drivers Ull9 and U120.

6.4 DIGITAL CIRCUITRY
Model 195 operation is supervised by the internal microcomputer. Through the MPU. the AID conversion process, front
panel switching, display, and IEEE operation are all performed
under software control. This section briefly descrinas the operation of the various sections of the microcomputer and associated digital circuitry. A simplified block diagram is included
for user reference; for more complete circuit details refer to
digital schematic number 195.106 at the end of this manual.
64.1 Microcomputer

Block Diagram

A block diagram of the Model 195 microcomputer is shown in
Figure 6-7. Circuit operation centers around the microprocessor unit (MPUI, Ul17. The 6808 is an 8.bit microprocessor
capable of directly addressing up to 64K bytes of memory.
Clock generation circuits are integral within the chip; the only
external component required is the 4MHz crystal. The clock
frequency is internally divided to provide a bus operating frequency of IMHz.
Software for the MPU is contained in two PROMS (Programmable Read-Only Memory). U112 is a 2764 PROM containing
8K bytes of software, while Ulll is a 2732 prom with 4K
bytes. Temporary storage is provided by UllO, a RAM (Random Access Memory) which can store up to 2048 bytes of information.
Much of the interfacing between the MPU and other circuitv
is performed by U108, a 6522 VIA (Versatile Interface
Adapter). This IC contains two 8.bit I/O ports and associated
handshake lines. In the Model 195, the VIA performs interfacing between the display,non-volatile RAM, trigger input and
output, and serial transmission between the digital section and
the A/D converter.
The non-volatile RAM is actually an EAROM (Electrically
Alterable Read-Only Memory1 that is used to stored calibration
constants, line frequency values, and the IEEE primav address. Control of the NVRAM is performed by the VIA and
associated circuitv.
Interfacing between the MPU and the IEEE bus is performed
by a dedicated IEEE488 bus interface IC, Ull8. This IC performs many bus functions automatically to minimize MPU
Table 6-2. Modal
( Allocated

6.4.2 Memory

Mapping

The 6808 microprocessor is capable of directly addressing a
total of 64K 165,536) bytes of memory. In hexadecimal notation, these bytes are assigned contiguous addresses between
$0000 and SFFFF (the dollar sign preceding the address indicates a hexadecimal, or base 16 value). Although the MPU has
this large addressing capability, only a portion of the possible
memory space is actually needed.
The Model 195 uses a total of 12K PROM memory and 2K of
RAM. Since the 6808 MPU uses a memory-mapped l/O
scheme, additional memory locations must be allocated for the
various I/O functions. Table 6-2 lists the memory locations for
the various memory elements.
The RAM, lEEE,chip, VIA, and buffer are each allocated a 4K
slot of memory. However, the actual memory slor~ for each
device is much less than that. This is the result of the partial
decoding scheme used in the instrument. Similarly, 16K blocks
are reserved for the two PROMS, even though they take up
only 8K and 4K respectively.
6.4.3 Address Decoding
The MPU has a total of 16 address lines which are used to
locate a specific memory slot. Since no memory or interface
element can fully decode address locations, additional address
decoding must be used.
U109 contains two two-line-to-four-line decoders. One section
is connected to address lines Al5 and A14. This section effectively decodes the memory locations into 16K blocks. The
second section of the decoder is connected to address lines
Al3 and A12. This decoder section further divides the lowest
16K section (SOOOO-3FFF)into 4K sections to decode the
RAM, IEEE chip, VIA, and buffer.
Since partial decoding is used, each portion of memory will
respond to many diierent addresses. For example, PROM
Ull 1 is allocated the memory space from $BOOOto SBFFF, but
it will respond to addresses in the $8000-AFFF range.

195 Memory

Mapping

Actual Memory
Locations
SOOOO-SO8FF

Al6
lo

Address Lines
Al4 Al3
A12
0
0
0

$lOOO-SIFFF
$2000-2FFF
$3000-$3FFF
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Figure S-7. Simplified

I

Microcomputer

Block Diagram

6.44 Microcomputer
Reset
The 6808 MPU, 6522 VIA, and 9914 GPIA must bmerly
initialized upon power up. Each of these ICs has a RESET terminal which must ba held low for s brief period of time when
power is first applied to the instrument. The function is performed by U144, which is s micro-power voltage detector.
The threshold of this IC is set by the value of R162 and RI64.
When power is first applied, Cl35 holds pin 3 of U144 low for
about ZOms, with the result that the Rm
line is also held
low during this period. When RESET goes high, the registers
in the 9914 and 6522 ICs are cleared, and the MPU program
counter is loaded with the reset vector to begin initialization.
During normal operation, UI44 monitors the state of the VCC
(+5V)line.
If the voltage drops below 45V, UI44 forces
RESET low to make sure that the data contained in the
NVRAM is not inadvertently changed during the power down
cycle.
6.4.5 6622 VIA
UI06, a 6522 VIA integrated circuit, performs many of the
interfacing tasks between the MPU and the rest of the instrument. This IC is a highly versatile I/O chip with two bidirectional I/O ports, a serial shim register, and two %-bit timers.
The IC has a total of 16 registers which can be accessed by the
MPU.
Port A IPAO-PA71 is used to control the front panel display and
the non-volatile RAM. Some lines on Port B also control the
NVRAM and provide the serial link between the MPU and the
AID converter, including control and data Additional control
functions are provided by the remainder of Port B I/O lines.
6.4.6 IEEE Interlace
The Model 195 has a built in IEEE-488 interface that allows the
instrument to be controUad through the system controller.
Commands may ba given over the bus and data may be requested from the instrument as well.
The IEEE interface is made up of UI18, a 9914 GPIA (General
Purpose Interface Adapter), and UIlSand U120, which are interface bus drivers. On the MPU side of the GPIA, data
transmission is handled much like any other bus transaction.
The MPU accessesthe GPIA through the usual DO through D7
data lines. Address decoding for the 14 internal registers (7
read and 7 write) is provided by the a,%
and RSO, RSl,
RS2 terminals.
The output of the 9914 IC is in standard IEEE format; the eight
data lines (DIOI through DI08i the three handshake lines
(DAV, NDAC, NRFD), and the five management lines iATN
REN, IFC, SRQ, EOIi, are all active low with approximately
zero volts representing a logic one. The two IEEE bus drivers,
U119 and U120 ara necessary to bring the drive capability of
the intelface up to the normal IEEE maximum of 15 devices.
The GPIA simplifies MPU interfacing to the IEEE bus because
msnv control seouences take olace automaticallv. For exampie, when a write’is done to the data output register, the handshake sequence is automatically performed at the proper time.
Without the GPIA chip, complicated MPU routines would be
required to accomplish control sequences that are perfom~ed
automatically.

6.4.7 Displey Board
The display board, which can be found on schematic number
195116, contains the numeric display LEDs, display indicator
LEDs, and the function and mode switches.
Display information is fed from Port A of the VIA (PAL?-PA7).
Information is updated at a 1.2kHz rate which means that each
segment is turned on for approximately 833 microseconds.
Each update period bsgins by placing display information on
the PAO-PA7 lines and applying a clock pulse to U203 through
CA2. This causes an enable pubs to be shifted to the right one
digit with each clock pulse, causing the display digits to be
enabled in sequence. With every eighth clock pulse, an enable
pulse is applied to the shift register data input via P85.
Cl203 through D207 ara the display segment drivers: these
transistors are necessary because the VIA output port has insufficient drive capability for the LEDs. These drivers in conjunction with the Qn output of U203 also conuol DS212DS217, which ere the front panel annunciator lights.
Front panel switches S204 through S213 form a 4x4 switch
matrix ionly 13 positions are used, however). The switches are
driven by the Cl, through Qb outputs of the shi register and
switch data is transmitted to the MPU through the switch buffer iU1Oli in the digital section.
6.4.8 Serial-Parallel

Conversion

For the following discussion, refer to the AID convener
schematic number 195106. The analog and digital sections of
the instrument are electrically isolated. To simplify interfacing,
serial transmission of dats and control information is achieved
by feeding the data through two opto isolators, U104 and
U105. On the MPU end, serial-parallel conversion is performed
by MPU software. On the A/D and, conversion information is
performed by Ebit shift registers and associated circuitry.
Serial control infonation
is fed from the micmcomputer
through optoisolator U104. A pulse width modulation scheme
ls used, with a G pulse representing a logic 0, while a 4/cs
pulse corresponds to a logic I. The control information actually
controls two synchronous counters, U124A and U1248 These
control pulses are fed directly to the reset terminal of U124B.
while the pulses arefirst inverted by U121 before being applied
to the reset terminal of U124A. The control pulses, in inverted
form, also clock several shift registers.
The conversion process is perfoned in two phases. During
the fimt phase, a 24bii data word is shifted into U129. Li140,
and, ii the Model 1950 option is present, into U504 on that option board. Each of these devices is an &bit shift register/latch.
During the second phase of conversion, the data is latched into
the outputs of the three shin register/latches.
The shift-in phase is controlled by U124A, a 12286MHz clock
pulse, end the inverted control pulses. The Cl2 output of
UI24A is applied to the D input of U129. The normal count
period for this counter is about 3.5@. However, since the reset
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terminal of this counter is connected to the incoming control
pulses, their duration determines whether or not sufficient time
will elapse for the 02 output of U124A to go high. For example, with a logic zero control pulse i2p duration). the counter
will reset before sufficient counti occur, so a logic 0 is clocked
into U129. Conversely, a 4r1.scontrol pulse (logic 1) allows sufficient time to elapse for the 02 output of U I24A to go high, so
a logic 1 is clocked into UIZS under these conditions.

Three bridge rectifiers provide the necessary AC to DC conversion. CR106 and CR107 are connected in ordinary bridge-type
configuration, but CR108 is actually used as two fullwave rectifiers to provide ? 15V.

This process continues, with one bit clocked into U129 with
every control pulse cycle. Once all eight positions in UIZS are
filled, data then streams out of the QS output of U129 to the D
input of U140. During eight control pulse cycles, dats is fed out
of the 0s output of U140. If the Model 1950 option is installed,
the pulses are clocked into U504 on that option board.

Filtering for each supply is provided both at the rectifier and
regulator outputs. Since the 5V digital supply delivers the most
current, its input filter capacitor has the highest value. Conversely, the requirements of the two 15V supplies is less stringent,
so those filter capacitors have the smallest values.

Regulation is provided by IC regulators VRlOl, VRI02, VRI03
and VR104, which regulate the +5V digital, +5V analog,
+ 15V analog, and -15V analog supplies respectively.

6.6 MODEL 1950 AC/CURRENT
Once all 24 bits have been shifted in, the shift registers must be
strobed before data is latched into their outputs. This action is
performed by U124B. the 614.4kHz clock, and the incoming
control pulses. The normal count period of the Cl3 output of
U124B would be about 13~. However, since the control pulse
information is applied to the reset terminal of this counter, it is
continuously being reset during the shift-in phase, so no strobe
action takes place. However, after the Z-bits are shifted in,
the control line is held low for about 20~. This allows sufficient time for the Cl3 output to go high, strobing the shift
registers, latching data into the outputs.
Some of the latch outputs are applied directly through drivers
to provide the necessary switching functions. For example, the
Ql through Q3 outputs of U140 control buffer amplifier gain
switching FETs 0117, Q118, and QlIS on the input circuitry. In
other cases, additional decoding is used. For example, the Q5
through Q8 outputs of U129 are further decoded by U135, a
BCD to binary decoder. The outputs of the decoder are used
to control the input multiplexer by switching associated F5Ts
on and off at the appropriate times.

OPTION

The Model 1950 option expands the capabilities of the Model
195 to include AC voltage and current and DC current measurements. For the following discussion, refer to schematic
number 1950-116.
Current inputs are applied to the AMPS input. Current ranging
is provided by R507 through R510. AC voltage is applied to the
DC/AC HI input. Input switching is performed by relays K501
through K504 and FETs Q502. Q503, 0505, and 0506. These
components are ultimately controlled by U504. which is an
8-bit shift register/latch. The latch is fed data from the
microprocessor, which controls the Model 1950 much like the
Model 195 input multiplexer is controlled.
U506 provides amplification for the AC input voltage, while
C507 and C509 provide a means for trimming the high frequency response of the instrument when making AC measurements. K505 and K506 control the gain of U506, thus providing range switching. TRMS AC-DC conversion is performed by U507, which gives accurate TRMS conversion with a
crest factor of 3.

6.5 POWER SUPPLY

6.7 CIRCUIT OPERATION

For the following discussion, refer to the power supply
schematic number 195-106 at the end of this manual. The
power supply is made up of a line fuse, power on-off switch,
line voltage selection switch, power transformer, three bridge
rectifiers, four regulators, and various filter capacitors.

The following paragraphs describe circuit operation during DC
voltage, resistance, and Model 1950 AC/current option measurements.

Fuse FlOl is the LINE FUSE which is accessible on the rear
panel. SlOl is the power on/off switch and SlOZselects 115V
or 23OV operation by placing the transformer primaty windings
in parallel or series.

General instrument configuration for DC voltage measurments
is shown in Figure 58. The input signal is applied to the input
switch. 5103. Depending on the range, the voltage is coupled
directly through a multiolexer FET, or through a 1OOO:I or
IOo:I attenuator to the input amplifier. This switching function
is performed by K102.
Four sequential voltages must be applied to the AID converter
for a DC voltage measurements, including a zero (V,,,,), the
input signal voltage lV,,,l and the -2V reference voltage
lV,,,i. Each signal is applied to the A/D converter for 16.66ms
which then converts the signal so it can be stored in
microcomputer memory.

TlOl, the power transformer, is specially shielded and insulated to provide the necessary 500V isolation between the
analog and digital supplies. This special shielding also helps to
minimize the coupling of the power line transients through the
transformer into one of the DC supplies, The transformer has a
total of three secondaly windings, one of which is center
tapped.
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DURING MEASUREMENTS

6.7.1 DC Voltage Measurement

M”l.TlPLEXER
FETS
/

\

-2v
REFERENCE

Figure 6-6. Circuit Operation

During DC Voltage Measurements
The FET switching sequence is shown in Figure 6-9. Note that
reading calculations are done at several phases during the input sequence.
Once the digitized values for each input signal are in memory.
the microcomouter calculates the disolaved or IEEE value from
the following iormula:

I

It can be seen that the,zero error is subtracted from both the
signal and reference values, and the ratio is then taken. Multiplication by two is necessanl because of the -2V reference
source value.
6.7.2 Circuit Operation
Measurements

During Resistance

For resistance measurments, four inputs are used so the Model
195 can obtain a measurement through the use of ratiometric
techniques.
These four inputs include:
1. Ohms Reference HI
2. Ohms Reference LO
3. Ohms Sense HI
4. Ohms Sense LO
Figure 6.9. FET Switching
Measurements

Sequence During DC Voltage
6-9

The ratiometric technique is a mathematical process that compares two numbers and derives their ratio. In the Model 195,
this ratio is a voltage ratio that is created by a common current
flowing through two resistors in series. The current passes
through both a known internal reference resistance end the
unknown resistance which is connected to the input terminals.
The current through both resistors can then be determined by
measuring the voltage drop across the known resistance and
then calculating the current. Once the current and voltage
associated with the known resistance are known, the unknown resistance value can be calculated.
Figure 6-10 shows a simplified schematic of the Model 195
configuration during resistance measurements. FET switches
~137 and ~122 select one of the two reference resistors. A
- 2” ohms reference source is connected to one side of the
known resistor, and the other side of the resistor is connected
to the INPUT HI (VOLTS OHMS HI1 terminal.
The FET switching sequences for the various ranges are
shown in Figures 6-11 through 6-13. The sequences for the
various ranges are similar, with the first two phases being the
same in all cases.
As each F5T is switched on, the voltage developed across that
particular section of the voltage divider made up of the known
resistor, the sense resistors, end the unknown resistance, is
sampled. After A/D conversion, the digitized signal is stored in
microcomputer memory. The final displayed value is then calculated using the information stored during each input phase.

Figure 6-11. FET Switching
2kR Ranges

Sequence for 20% 2OOQand

OHMS SOURCE

rl

FRONT
PANEL
DISPLAY

QREF HI
CONVERTER

I

IEEE

INTERFACE

Figure g-10. Resistance

6.10

Measurement

Simplified

Circuit

For 20 - 200KR Ranges

6.7.3 Two- and Four-Terminal

Resistance Considerations

The Model 195 is equipped to make automatic 2. or4-terminal
resistance measurements. Generally, 4-terminal measurements
should be made on the 2OD and 2OOD ranges because the
relatively large output current can develop a significant voltage
across the test leads, significantly affecting instrument accuracy.
Figure 6-14 shows the equivalent circuit of the input circuit during 2-terminal resistance measurements. R, is the unknown
measured resistance, and R, and R, represent the test lead
resistance. When in this mode, all the current flows through
one set of test leads. If R, has a low value, the amount of
voltage developed across the test leads can be significant.
Since the voltage is sampled across the combined resistance of
R,, Rx, and R,, considerable error can be introduced into the
reading.

Figure 6-12. FET Switching
Ranges

Sequence for2OkQ and 200kR

By using a 4-terminal configuration, as shown in Figure 6-15,
the error can be reduced considerably. Here, most of the current flows through the test leads raspresented by R, and R,.
Voltage sampling is done by connecting the second set of
leads hepresented by R2 and R3) to the unknown resistance,
The amount of current through R2 and Rs is much smaller than
the current through R, and R,. Thus, the voltage seen by the
instrument is much closer to the actual value across the
measured resistance, reducing the error considerablv.
MUX lNP”TS
“0 REF HI

‘cs

C;i

1: Rk
vn REF LO
’

Figure 614. Input Configuration
Measurement
6.7.4 Circuit Operation
Measurements

vn SENSE HI

During Two-Terminal

During Model 1960 Option

During AC voltage and AC and DC current measurements, the
input signal is routed to the Model 1950 option for AC-to-DC
conversion or current-voltage transformation. The Model 1950
converts these input signals into a 0 to 2VDC voltage usable by
the Model 195 buffer amplifier and AID converter.

Figure 6-13. FET Switching
Ranges

Sequence fl

!Ml-l and 20MR

Figure616 shows instrument configuration during Model 1950
option measurements. The signal is applied to the Model 1950
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where it is modified into the proper form. The output of the
Model 1950 is then routed to Q102, the option sense FET.
As with the remaining measurements, option measurements
are performed using a specific sequence. Figure 6-17 shows
the FET switching sequence for all option measurements. During the first phase, 0102 is on, which means that the option
output signal is applied to the input amplifier. During the
second and fourth phase, the zero FET is on, and the -2V
reference FET is on during the third phase of the input cycle.
During each of the four phases, the A/D converter convertS
the signal into a form usable by the microcomputer. Once each
of the four signal phases are stored in memory, the microcomputer then takes the information and calculates the final
reading.

Figure 6-17. FET Switching Sequence for Model 1950
Option Measurements

Figure 6-16. Input Configuration
Measurements

During Four-Terminal

Figure 6-16. Instrument
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Configuration

During Model 1950 Option Measurements

SECTION 7
MAINTENANCE
7.1 tNTRODUCTlON
This section contains information necessary to maintain, calibrate and, troubleshoot the Model 196 DMM and the Model
1950 AC current option. Fuse replacement procadures, line
voltage selection, and Model 1950 installation procedures are
also included.
WARNING
The procedures described in this section are
for us8 only bv qualified service personnel.
Do not perform these procedures unless
qualified to do so. Many of the steps coy
ered in this section may expose the individual to potentially lethal voltages that could
result in personal injury or death if normal
safetv precautions are not observed.

4. Mark the selected voltage on the rear panel with a watarsoluble marking pen for future reference.
5. Replace the top cover and connect the instrument to the
power line.
7.3 FUSE REPLACEMENT
The Model 196 has two fuses for protection in case of
overload. The line fuse protects the line power input of the instrument and the amps fuse protects the Modal 1950 option
from excessive current. These fuses may be replaced by using
the procedures described in the following paragraphs.

7.2 LINE VOLTAGE SELECTION
The Model 195 may be operated from either 105125V or
210-250V 50400Hz power sources. A special transformer may
be installed for 9OllOV and 195235V ranges. The instrument
was shipped from the factory set for an operating voltage
marked on the rear panel immediately above the power line
receptacle. To change the line voltage, proceed as follows:
1. Remove the top cover as described in the disassembly instructions in paragraph 7.7.
WARNING
Disconnect the Model 195 from the power
line and all other sources before removing
the top cover.
2. Using a flat-blade screwdriver, place the line voltage selection switch in the desired position. The line voltage selection
switch is located near the power transformer. See Table 7-1
for the correct position.
3. Install a power line fuse consistent with the operating
voltage. See paragraph 7.3.1.
Table 7-l. Line Voltage

CAUTION
The correct fuse type must be used to maintain proper instrument protection.

Selection

WARNING
Disconnect the instrument from the power
line and from other equipment
before
replacing fuses.
7.3.1 Line Fuse
To replace the line fuse, proceed as follows:
1. Turn off the power and disconnect the line cord from the
poww sow.%?.
2. Place the end of a flat-blade screwdriver into the slot in the
LINE FUSE holder on the rear panel. Push in and rotata the
fuse carder one-quartar 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 7-2 as a guide.
CAUTION
Do not use a fuse with a rating higher than
specified or instrument damage may occur.
If the instrument persistently blows fuses. a
problem may exist within the instrument. If
so, the problem must be rectified before
continuing operation.
Table 7-2. Line Fuse Selection

I Voltage Selection
Power Line
I
Line
1 Frequency
1 Switch Position
Voltage
115v
50400Hz
105-125V
210-250v
50-400Hz
230V
115v
50-400Hz
90-l 1OV”
230V
50-400Hz
195-250Vf
*Requires special power transformer.

I
Power
Line Voltage
go-125v
195-250v
go-125v
19%250v

Fuse Tvpe
3/16A, 25OV. 3AG
l/lOA, 25OV. 3AG
3/16A, 5mm
1 /lOA, 5mm

Kaithlev
Part Number
F&29*
FU40’
FU-32””
FU31”

*American Units
‘*European Units
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4. To install the new fuse and carrier into the holder, reverse
the procedure in step 2.
7.3.2. Amps Fuse
The amps fuse protects the Model 1950 option from an input
current greater than 2A. To replace the amps fuse, perform the
following steps:
1. Turn off the power and disconnect the instrument from the
power line and from other equipment.
2. Place the end of a flat-blade screwdriver into the slot in the
AMPS FUSE holder on the rear panel. Press in slightly and
rotate the fuse carrier one-quarter turn counterclockwise.
Release pressure and remove the fuse carder and the fuse.
3. Remove the defective fuse and replace it with the following
type: 2A. 25OV. 3AG. normal-blow Keithley part number
FU-13, or equivalent (American units) or 2A normal blow,
5mm FU-48 (European units).
CAUTION
Use only the recommended fuse type. If a
fuse with a higher current rating is installed,
instrument damage may occur.
4. To replace the fuse carrier with the fuse, reverse the procedure in step 2.
7.4 MODEL 1960 AC/AMPS

OPTION INSTALLATION

The Model 1950 AC/Amps Option expands the capabilities of
the Model 195 by allowing it to measure AC voltage and AC
and DC current. If purchased with the Model 195. the Model
1950 will be factory installed; however, the instrument may be
easily upgraded in the field by installing the Model 1950 option
as follows:
1. Remove the top cover of the instrument as described in the
disassembly instructions in paragraph 7.7.
WARNING
Disconnect the line cord and test leads from
the instrument
before removing the top

6. Remove the jumpers between the BLU and BLK. and RED
and YEL terminals on the mother board.
7. Connect the red, Yellow, blue, black, and white wires to
the proper terminals on the mother board. Each terminal on
the board is marked with the color of the wire that is to be
connected.
8. Replace the top cover.
9. Turn on the power and program the Model 195 for Model
1950 operation as follows:
A. Press PRGM. This instrument will display the following
message:

B. Press 8. The instrument will briefly display the program
number:

C. Press the minus f-1 button. If the Model 1950 option
operation was disabled, it will now be enabled and the
following message will be displayed:

jr-m-m-j

D. If the Model 1950 operation was previously enabled, it
will now be disabled, and the following message will be
displayed:
noL7P
E. To enable the Model 1950 option at this point press the
t-j button again.
F. Exit Program 8 bY pressing PRGM and 0 in sequence.
10. Perform the NVRAM storage sequence as follows:
A. Press PRGM. The instrument will display a prompt for a
program number:
P l-l3

8. Press 1. The program number will be briefly displayed:

CO”W.

2. Remove the two sorawa oh the outer edge of the shield on
the mother board. Do not remove the screw near the
center of the shield.
3. Position the Model 1950 on top of the shield as shown in
Figure 7-1. Line up the holes at the outer edge of the Model
1950 with the holes in the shield.
4. Secure the Model 1950 with the long screws provided with
the accessory. These screws fit down through the option,
shield, spacers, and mother board into the case bonom.
Tighten the screws securely, but be sure not to overtighten them.
5. Plug the ribbon connector into the DIP receptable on the
mother board next to the power transformer. Be sure that
pin 1 of the connector lines up with pin 1 of the receptacle
as shown in Figure 7-l.
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P f-0

I]

C. The following prompt will then be displayed:
piFG7-j
D. To perform NVRAM storage, press ENT. If the storage
is succe&ul, the instrument will return to normal
operation.
E. If the calibration jumper has been removed (see
paragraph 7.5.9), storage will not take place, and the
following message will be displayed:
Ina

str

NOTE
The instrument must be momentarily powered
down for option programming to take effect.
11. Calibrate the AC volts and AC and DC current ranges as
described in paragraph 7.5

Model 195 is out of specification. If any of the calibration procedures in this section cannot be performed properly, refer to
the troubleshooting information in this section. If the problem
persists, contact your Keithley representative or the factory for
further information,
NOTES:
1. The Program 5 keystroke sequence is described fully in
paragraph 3.5.6.
2. Calibration must be performed in the order listed: DCV,
Ohms, ACV. current.
3. Calibration may also be performed over the IEEE bus; see
paragraph 4.10.15.
7.5.1 Recommended Calibration Equipment
Recommended calibration equipment is listed in Table 7-3.
Alternate equipment may be used as long es equipment accuracy is at least es good as the specifications listed in Table
73.
7.5.2 Environmental

Conditions

Figure 7-1. Model 1950 Installation
7.5 CALIBRATION
A unique feature of the Model 195 is its front panel calibration
capability. No longer is instrument calibration a long, timeconsuming operation. Instead, the technician need only connect an appropriate calibration signal to the instrument and run
front panel Progam 5, which is the digital calibration program.
Once the calibration constants are stored in the non-volatile
RAM, the microprocessor can use this information to make
necessary adjustments during future measurements. In this
manner, a high-degree of accuracy is maintained with a
minimum of instrument maintenance.
Calibration should be performed every 12 months, or if the performance verification procedures in Section 5 show that the
Table 7-3. Recommended

AC Voltage Calibrator
DC Current Calibrator
AC Current Calibrator
Decade Resistor

Calibration should be performed under laboratory conditions
having an ambient termperature of 23*1°C and a relative
humidity of less than 70%. If the instrument has been subjected to temperatures outside this range, or to higher humidity, allow at least one additional hour for the instrument to
stabilize before beginning the calibration procedure.
7.5.3 Warm-Up

Period

Most equipment is subject to at least a small amount of drii
when it is first turned on. To ensure long-term calibration accuracy, turn on the power to the Model 195 and allow it to
warm-up for at least one hour before beginning the calibration
procedure.

Test Equipment

For Calibration

Specifications
20mV, 200mV. 2V. 2OV.
2OOV, 1lOOV ranges
TO.00556 accuracy.
20mV, 200mV, 2V. 20V
200V. 1lOOV ranges
*0.05% accuracy.
ZOOpA, 2mA. 20mA.
200mA, 2A ranges
*0.0259/o accuracy.
20Oj~A, 2mA. 20mA
200mA. 2.4 ranges
k-0.07% accuracy
19% 190fl. 1.9kfI, 19kn.
190kSI, 1.9Mt-l. 1OMB
* 0.01% accuracy

Manufacture
and Model
Fluke 5101 B
Fluke 5101 B
Fluke 51018
Fluke 5101 B
ESI RS725

7-3

7.5.4 DC Voltage Calibration
Calibrating the instrument on the DC voltage ranges involves
connecting a precise DC calibration voltage to the instrument
and then running Program 5 as follows:
1. Select the DC voits function end connect the calibration
source to the instrument as shown in Figure 7-2.
CAUTION
Do not exceed 1000V between the VOLTS
OHMS terminals or instrument damage may
occur.
2. Use the zero mode for calibration on the DCV. Ohms end
DCA ranges when necessary.
3. Select the range to be calibrated and set the calibrator to
the corresponding output listed in Table 74.
4. Enter Program 5 bv pressing the PRGM and 5 buttons in sequence.
5. Key in the corresponding calibration value if different from
the oromoted value from Table 7-5 and mess the ENT button, or press PRGM to abort the calibration sequence; this
will not affect the previous calibration value. For example.
on the 2OV range, the required value is 19.0000+0.
6. Repeat the procedure for each range listed in Table 7-4.
NOTE
For permanent storage of calibration constants.
Program 1 must be used as described in
paragraph 7.59. The PRGM light will flash until
NVRAM storage is successfully performed.
described in paragraph 7.5.8.

\

Figure 7-2. Voltage Calibration

1
2
3
4
5
6
7

r-r

2OQ
2OOD
2kD
2OkD
200kD
2MD
20MD

1.9Mt-l
1OMD

1.90000 +6
10.0000 +6

7.5.5 Resistance Calibration
Resistance calibration is done by connecting a precise, known
resistance to the VOLTS OHMS terminals and running Program 5 as follows:
1. Select the resistance function by pressing the OHMS button.
2. Connect the calibration resistance to the VOLTS OHMS
terminals. See Table 7-5 for recommended values. Use the
4-terminal connections shown in Figure 7-3 for calibration
on the 2OD and 2OOSlranges if desired. The 2-terminal connections shown in Figure 7-4 may be used for all ranges if
zero is left enabled.
3. For calibration of the 2OSlend 2OODranges, enable the zero
mode by first shorting the leads together and then pressing
the ZERO button.
4. Select the corresponding range listed in Table 7-5.
5. Enter Program 5 by pressing the PRGM and 5 buttons in
sequence. Enter the required resistance parameter listed in
Table 7-5. For example, on the 200kG range, 190.000+3
will be entered, Press ENT to enter the calibration value.
6. Repeat the procedure for each of the seven resistance
ranges.

Connections

Table 7-4. DC Voltage Calibration
Lange Calibration Voltage
20mV
19.0000mV
!OOmV
19O.OOOmV
1.90000v
19.oooov
2%
19o.ooov
2oov
99o.oov
1ooov

Table 7-5. Parameters for Resistance Calibration

Parameters

Program 5 Parameter
19.0000 -3
190.000 -3
1.90000 +o
19.0000 +o
190.000 +o
990.00 +o

MODEL

195

Figure 7-3. Connections
Ranges

for Calibration

of 2M1 and 2OOQ

NOTE
For non-volatile storage of resistance calibration
constants, front panel Program 1 must be used as
described in paragraph 7.5.8. The PRGM light will
flash until NVRAM storage is successfully performed.

6. Repeat the above procedure for each range.
NOTE
Use Program 1 to store AC calibration CO”S~~“&
in non-volatile RAM. See paragraph 7.5.8. The
PRGM LED will flash until NVRAM storage is performed.

Figure 74. Connections for Calibration
ZOMO Ranges
7.5.6 AC Voltage Calibration

7. Frequency compensation may now be performed as
folloW3:
A. Place the instrument on the ZOOVAC range and set the
calibrator output to lOO.OOV at 200Hz. The reading
should be within the limits listed in Table 7-7. If not,
repeat the above calibration procedure on the 200V
range. Press ZERO.
5. Switch the calibrator frequency to 20kHz. Adjust C507
on the Model 1950 lsee Figure 7-5) so that the display
reads 0.0000 * 2 counts.

of 2kR Through

(with Model 1960 Option)

To perform AC voltage calibration, connect a precise AC
voltage source to the VOLTS OHMS terminals and use Program 5 as follows:
1, Connect the calibrator to the instrument as shown in Figure
7-2. Set the calibrator frequency to 1kHz.

NOTE
Use a non-metallic adjustment tool when adjusting either C507 or C509. Do not remove the
shield when making these adjustments.
C. Disable ZERO and set the calibrator output to 1.OOOOV.
2OOHz; switch the Model 195 to the WAC range.
Enable ZERO; adjust (309 on the Model 1950 so that
the displayed reading is O.OOOOV+2 counts.

CAUTION
Do not exceed 700V RMS, 1OOOVpeak between the VOLTS OHMS terminals.
2. Select the AC volts function with the VOLTS and AC buttons.
3. Select the range to be calibrated and set the calibrator output to the corresponding value listed in Table 7-6.

Table 7-6. AC Voltage Calibration

IStep 1Range ICalibrator Voltage [Program 5 Parameter
1
2v*
1.ooooov
1.00000 +o
2
2v*
0.10000v
0.10000 +o
190.000 -3
3
200mV
190.000mV
4
19.0000 +o
19.oooov
2ov
19O.OOOV
19o.ooo +o
200v
E
690.00 +o
7oov
69O.OOV
“Instrument will prompt for two sets of inputs: 2V range
calibration must be done first at these two points in sequence
for rated accuracy.

NOTE
Calibration of the 2VAC range must be done first
and at the two points listed in the table to achieve
rated accuracv. Do not use ZERO when calibrating ACV or ACA.
4. Enter Program 5 by pressing the PRGM and 5 buttons in
sequence.
5. Enter the calibration value listed in Table 7-6. For example,
on the 200mV range, a value of 190.0003 will be entered.
Press ENT to enter the calibration constant into the program.
Table 7-7. Model

Parameters

1950 Frequency

Compensation

Allowable

Parameters

Range

Calibrator
Frequency
200Hz
20kHz

99.300 to 100.700v
0.0000 * 2 counts

200Hz
20kHz

0.993v to 1.007v
0.0000 +2 counts

Comments
200Hz reference
Adjust C507 with
ZERO enabled.
200Hz Reference
Adjust C509 with
ZERO enabled.
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Figure 7-5. Location of Frequency Compensating
Capacitors on Modal 1950
7.6.7 AC and DC Current Calibration
Option)

(With Model 1950

Current calibration need only be performed on the DC ranges.
Once DC calibration is completed, the AC current ranges are
automatically calibrated. AC ranges may be directly calibrated.
if desired, but these parameters will not be stored in NVRAM.
NOTE
Current calibration depends on proper OCV and
ACV calibration.
Proceed as follows:
1. Connect the calibrator to the Model 195 as shown in Figure
7-6.
CAUTION
Do not exceed 2A Input current or the Option
fuse will blow.
2. Set the Model 195 to the range to be calibrated and set the
calibrator to the corresponding value listed in Table 7-S.
3. Press the PRGM and 5 buttons in sequence and enter the
calibration value listed in the table. Press ENT to enter the
parameter.
4. Repeat the procedure for each of the six current ranges.
NOTE
For non-volatile storage of calibration parameters,
use Program 1 as described in paragraph 75.8.
The PRGM LED will flash until NVRAM storage is
successfully
perfomed.

MODEL
195
Figure 7-6. Current Calibration
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Connections

Table 7-6. Current Calibration
Step

Range

:
3
4
5
6

2$
2mA
20mA
200mA
2A

Calibrator Output
19.0000~
190.000pA
1.90000mA
19.0000mA
190.000mA
1.90000 A

7.5.9 Non-Volatile

Parameters

Program 6 Parameter
19.0000 -6
190.000 -6
1.90000 - 3
19.0000 -3
190.000 -3
1.90000 + 0

Storage of Calibration

Constants

Once all the calibration constants have been entered with Program 5, Program 1 must be used to store them in NVRAM or
they will be lost when the instrument is powered down. To
perform NV storage, proceed as follows:
1. Press the PRGM and 1 bunons in sequence. The instrument
will ask if storage is desired as follows:
pzGKq
2. TO perform storage, press ENT. If the storage iS successful,
the instrument will return to normal operation.
3. If the calibration jumper has been removed (see paragraph
7.5.9). storage will not take place, and the following
massage will be displayed:
-1
NOTES:
1. Program 1 may be aborted at step 2 by pressing PRGM.
2. Only those calibration constants entered during the present
power-up cycle will be altered.
7.5.9 Calibration

Jumpers

Non-volatile storage can be disabled to avoid inadvertently
changing instrument calibration or operating parameters.
These two jumpers. which are located on the mother board as
shown in Figure 7-7. can modify non-volatile storage as
follows:
1. Removing the CAL DISABLE jumper completely disables
non-volatile storage whether storage is attempted from the
front panel or over the IEEE bus.
2. The IEEE/FRONT PANEL jumper controls IEEE non-volatile
storage. In the FRONT PANEL position, storage may be
performed only from the front panel. In the IEEE position,
storage may be performed from either the front panel or the
IEEE bus.
3. If front panel only is selected, the ENT button must be held
in until normal display returns.
NOTE
The calibration jumpers affect all NV storage, including IEEE priman/ address, line frequency, calibration constants, and Model 1950 option status.

,MOTHER

BOAR0

7.7 DISASSEMBLY

FRONT PANEL

Figure 7-7. Calibration
7.6 SPECIAL HANDLING
DEVICES

Jumper

Locations

OF STATIC SENSITIVE

CMOS devices are designed to operated at very high impedance levels for low power consumption. As a result, any normal static charge that builds up on your person or clothing may
be sufficient to destroy these devices if they are not handled
properly. Table 78 lists the static sensitive devices in the Model
195. When handling these devices, use precautions below to
avoid damaging them.
Table 7-9. Static Sensitive
Schematic
)esignation
Q102-Q103
Q108-0114
Q124
UlOl, u102
u107
U108
UllO
Ulll
u112
u115
U118
u121
u122
U123
U124
U125
u129
u135
u140
u504*

TI

1. The ICs listed in Table 7-9 should be transported and
handled only in containers specially designed to prevent
static build-up. Typically, these parts will be received in
static-protected containers of plastic or foam. Keep these
devices in their original containers until 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 device is to be inserted must also be grounded to the bench or table.
5. Use only anti-static type solder suckers.
6. Use only grounded soldering irons.
7. Once the device is installed on the PC board, the device is
normally adequately protected, and normal handling may
resume.

Devices

Keithley
I‘art Number
TG-139
TG-139
TG-139
IC-250
LSI-50
LSI-28
LSI-51
LSI-30
LSI-52
IC-280
LSI-49
ICE-106
IC-197
IC-138
IC-324
E-203
IC-251
IC-135
IC-251
IC-251
On Model 1950 option

INSTRUCTIONS

If it is necessary to troubleshoot the instrument or replace a
component, use the following disassembly procedure:
1. Remove the top cover as follows:
WARNING
Disconnect the line cord and test leads from
the instrument
before removing .the top
cover.
A. Remove the two screws that secure the top cover to the
rear panel.
8. Grasp the top cover at the rear and carefully lift it off the
instrument. When the tabs at the front of the cover clear
the front panel, the cover may be pulled completely
CkX.

C. When replacing the cover, reverse the above procedure;
be sure to install the tabs at the front of the cover into the
front panel before completely installing the cover.
2. If the Model 1950 option is installed, it can be removed from
the instrument as follows:
NOTE
Recalibration of the AC and current ranges will be
necessary lf the Model 1950 option is removed.
A. Disconnect the ribbon connector from its mating receptacle on the mother board.
B. Disconnect the remaining five wires from the mother
board.
C. Remove the two screws at the outer edge of the shield;
carefully pull the option clee: and set it aside.
3. If the mother board is to be removed from the case, proceed
as follows:
NOTE
If the Model 1950 option is installed, it should be
removed before attempting to remoye the mother
board.
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A. Remove the two screws securing the shield to the
mother board (these screws will already have been
removed with the Model 1950 option).
9. Remove the four remaining screws securing the mother
board to the case.
C. Disconnect the front and rear panel leads going to the
INPUTS switch (mark the wires for proper installation).
D. Disconnect the wires going to the VOLTMETER COMPLETE and 5XTERNAL TRIGGER jacks at the mother
board end (mark their positions first for reference).
E. Disconnect the display board ribbon connector from ifs
jack.
F. Remove the two screws securing the IEEE-488 connector to the rear panel. Remove the screws securing the
rear panel to the case.
G. Remove the remaining screw from the shield and remove
the shield.
H. Grasp the rear panel and pull up and back until the on-off
switch clears the front panel; then pull straight up to
remove the mother board completely.
I. To install the mother board, reverse the above procedure. Be sure to connect all wires to the appropriate
terminals. Also, when installing the shield, be sure not to
pinch any wires between the shield and the board.
4. The display board can now be removed es follows:
A. Remove the front panel buttons from the switches.
9. Remove the two small screws that secure the display
board to the front panel.
C. Tilt the top of the board away from the front panel slightly and pull the board up until it is clear of the case.
D. To install the display board, reverse the above procedure:
be sure the board is fined properly into the slots in the
case bottom before lining up the top screw holes.
7.8 TROUBLESHOOTING
The troubleshooting instructions contained in this section are
intended for qualified personnel having a basic understanding
of analog and digital circuitv. The individual 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.
75.1 Recommended

Test Equipment

equipment like the Model 195 depends not only oh the skill of
the technician, but also relies heavily on accurate, reliable test
equipment. Table 7-10 lists the minimum equipment and specifications recommended for troubleshooting the Model 195.
Other equipment such as logic analyzers, capacitance meters,
etc. could also be helpful in difficult situations.
7.8.2 Power-Up Self Diagnostics
An advanced feature of the Model 195 is its self diagnosing
capabilities. Upon power-up, the following
tests are
automatically performed.
1. Display Test. All segments will light for 3.5 seconds as
follows:

During the display test the following test are performed in
sequence:
A. RAM test. If the RAM test fails, the following error
message will be displayed:

r IHRFIRHI

8. ROM Test. If the ROM test fails, the following message
will be displayed:
I

00000

The Model 195 will lock up under these conditions. Since
instrument operating requires that the software be in
good working order, there is little point in attempting to
troubleshoot elsewhere unless the ROMs are operating
properly.
2. Non-volatile RAM Test. If the NVRAM test fails, the following message will be displayed:
r-a
I

UI-ILHL

i

This is a succinct message indicating that the instrument is
probably not properly calibrated since calibration constants
are stored in the non-volatile RAM. The Model 195 will lock
up at this point if the test fails, but operation may be
restored for troubleshooting by pressing any front panel
control button. Calibration constanta will be at unity, frequency at 60Hz. the IEEE address at 00. and Model 1950
option set to “no OP” status.

The success or failure in troubleshooting a complex piece of
Table 7-10. Recommended
Equipment
Five-function DMM with 0.05% basic
DC accuracy, 1OMD input impedance
(Keithley Model 179A or equivalent).
Dual-trace, triggered-sweep oscilloscope, DC to 50MHz bandwidth.
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Troubleshooting

Equipment

Use
Power supply and DC voltage checks;
analog signal tracing continuity, static logic
levels.
Digital and analog waveform checks.

3. If the preceding tests pass, the instrument will then display
the programmed line frequency and software level. For example:
‘pR7F-T
This means that a programmed frequency of 60Hz with a
software revision level of E5.
4. The IEEE primev addrass is then displayed, for example:
I

IE

I6

1

If all the test pass successfully, then it is reasonable to
assume that the microcomputer and ROM end RAM are
operating properly. The technician may then concentrate his
efforts elsewhere in the instrument.
7.8.3 Self Diagnostic

Program

Many of the power-up diagnostic tests may be performed by
running front panel Program 8. Other aspects of Program 8 are
designed to switch on various switching FETs or relays to allow
signal tracing through the instrument.
To use the self diagnostic program, enter the following button
sequence.
1. Press PRGM. The instrument will then prompt for a program
number:
r--FE2. Press 5. The instrument then runs the self test then prompts
for a test number, n. as follows:
p-Fsr-7
3. To enter one of the four FET switching phases, enter a
number between 1 and 4. Table 7-11 lists the FET and relay
switching sequence for the various range, function and n
value combinations. To run one of the remaining t&a,
which are listed in Table 7-12. press the appropriate number
between 5 and 7.
Table 7-11 shows which switching FETs and relays will be on
and what the buffer gain will be for various tests ondiierent
ranges and functions In=test number). This test procedure
greatly simplifies troubleshooting. To troubleshoot using this
test, proceed as follows:
1. Select the desired range and function.
2. Enter Program 8 as previously described.
3. Enter the desired test number, n, (l-4) listed in Table 7-11.
4. The instrument will remain in the selected configuration until
another parameter is selected or until Program 8 is cancelled. (The bit pattern is continually shied to test the optoisolators and shii registers.)
Once the various circuit elements have been switched on,
signal tracing is a fairly straight forward process. For example,
if the instrument is on the 20VDC range, during the Nl phase,

Q118 will be turned on, giving the buffer amplifier a gain of
X10. At the same time, multiplexer F5T Q113 is turned on.
During the N2 phase, Q118 remains on, but the multiplexer
FET that is turned on is Q114. During the N3 and N4 phases,
the gain FEF is Q117, giving the buffer amplifier a gain of Xl,
while 0103 and Q114 are multiplexer FETs that are turned on
during the N3 and N4 phases respectively.
The remainder of the tests in Table 7-12 are pretty much self
explanatory. If the ROM or RAM tests are successful, the
PASS message will be displayed. If either of these tests fails,
the associated error message will ba displayed. In any case, instrument operation may be restored for troubleshooting by
cancelling Program 8 with the PRGM button. Note that, if
the RAM test fails, the routine repeatedly writes and reads
from the defective memory location.
7.8.4 Power Supply Checks
Every techinician’s mono should be: “Step 1, check the power
supply.” If the various supply voltages within the instrument
are not within the required limits, troubleshooting the remaining circuitry can be very difficult,
Table 7-13 shows the various checks that can be made to the
power supplies within the Model 195. In addition to the normal
voltage checks, it is also a good idea to check the various sup
plies with an oscilloscope to make sure no noise or ringing is
present.
7.8.5 AID Converter

and Display

Make sure the Al D converter and display are operating properly before attempting to troubleshoot the signal conditioning
circuits. Check these circuits using the information in Tables
7-14 and 7-15.
7.8.6 Input Attenuator

and Ohms Source Checks

Problems in these circuits could affect DC end resistanca
ranges. Tables 7-16 and 7.17 list checks to be made on theaa
circuits.
7.8.7 Input Multiplexer

and Buffer Amplifier

Checks on these circuits may be made using the information in
Table 7-l 1, which lists the FET end relay switching sequence
for the various ranges and functions.
7.8.8 Digital Circuitry
Problems with the digital circuitry could cause erratic operation. Check the various components associated with the digital
circuitry, including the IEEE interface, using the information in
Table 7-18.
7.8.9 Model 1950 AC/Amps

Option

Problems with the Model 1950 option could affect the AC and
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Table 7-11. FET and Relay Switching
Function
And
Range
IOOOVDC

200VDC

20VDC

2VDC

200mVDC

20mVDC

Mode
Nl
N2
ii
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4

20MfI

2MQ

200kfl

20kQ

2kQ

2000
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ii:
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2

Gain
FET
On
Q117
Q117
Q117
0117
Q117
a117
a117
Q117
0118
Q118
Q117
a117
0117
Ql17
Ql17
Q117
Q118
Q118
Ql17
0117
Q119
Ql19
Q117
0117
x17, Ql18
1117, Q118
1117. Ql18
1117, Q118
Q118
0118
Ql17
0117
3117, Ql18
2117, Q118
x17, (1118
2117, Q118
Q118
0118
Ql17
Q117
Qll7, Q118
Q117, Qll8
11117, (1118
Qll7. 0118
Q118
Q118
0117
Q117

Input
Buffer
Gain
Xl
Xl
Xl
Xl
Xl
Xl
Xl
Xl
x10
x10
Xl
Xl
Xl
Xl
Xl
Xl
x10
x10
Xl
Xl
Xl00
Xl00
Xl
Xl
Ei
x2
x2
x10
x10
Xl
Xl
z
x2
x2
x10
x10
Xl
Xl
x2
x2
x2
x2
x10
x10
Xl
Xl

lultiplexer
FET
On
Qlll
Ql14
Q103
Ql14
0113
0114
0103
Q114
Q113
Q114
Q103
Q114
0109
Q114
Q103
Q114
Ql09
Ql14
0103
Q114
Q109
Q114
Q103
0114
Qlll
QllO
Q108
0113
0111
QIIO
Q108
Q113
Qlll
0110
0109
Q107
Qlll
QllO
0109
Q107
Qlll
QIIO
Q109
0108
0111
QllO
QIOS
Q108

Sequence

For Various

N Modes

Ohms
Range
FETS On

Model 195
Relays
Energized

0115
0115
Ql15
Q115
Q115
Ql15
0115
Q115
0122
Q122
Q122
Q122
Q122
0122
0122
Q122
0121
Q121
Q121
Q121
0121
Q121
Ql21
Q121

RLl
RLI
RLI
RLl
RLl
RLI
RLI
RLI
RLl
RLl
RLl
RLl
RL2
RL2
FL2
RL2
RLZ
RL2
RK
RI2
RLI, RU
RLl, RL2
RLl, RI2
RLI. Rl.2
RLl, RL2
RLI, RL2
RLl, RL2
RLI. RL2
RLI, RI2
RLI, RL2
RLI, RI-2
RLI, RL2
RLI, RL2
RLI. RL2
RLI, RL2
RLl, RI2

Model
1950
FETS On

Model 1951
Relays
Energized

Table 7-11. FET and Relay Switching
Function
And
Range
2on

700VAC

Mode
Nl
N2
N3
N4
Nl

Gain
FET
On
QIIS
QIIS
0117
Ql17
Q117

Input
Buffer
Gain
Xl00
Xl00
Xl
Xl
Xl

200VAC

N2
N3
N4
Nl

Q117
Ql17
0117
Q117

Xl
Xl
Xl
Xl

20VAC

N2
N3
N4
Nl

0117
Ql17
0117
0117

Xl
Xl
Xl
Xl

200mVAC

N2
N3
N4
Nl
N2
N3
N4
Nl

Ql17
Ql17
0117
Q117
Q117
(1117
Ql17
Q117

Xl
Xl
Xl
Xl
Xl
Xl
Xl
Xl

2A AC

N2
N3
N4
Nl

Ql17
Q117
Ql17
0117

Xl
Xl
Xl
Xl

ZOOmA AC

N2
N3
N4
Nl

Q117
0117
0117
Qll7

Xl
Xl
(1114
Xl

20mA AC

N2
N3
N4
Nl

0117
Q117
Q117
Ql17

Xl
Xl
Xl
Xl

2mA AC

N2
N3
N4
Nl

Q117
Q117
Ql17
0117

Xl
Xl
Xl
Xl

N2

Q117
Q117
Q117

Xl
Xl
Xl

2VAC

1:

Sequence

For Various

n

N Modes (Cont.1

Model 195
Relays
Energized
RLI, RI.2
RLI, RL2
RLl. RI2
RLI, RLZ

0114
Q103
Ql14
Q102

--I--

1

Q505
Q505
Q505
Q501, Q504
Q505

K501, K504
K505

1

1

-i-

Q505
1 K501, K504
0501, 0504
K501, K504
0505
0114
Q103
Q114
0102

--II

1

Q505
1

1

K502

K503
K503

7-11

Table 7-11. FET and Relay Switching
Function
And
Range
ZOOpA AC

2A DC

LOOmA DC

20mA DC

2mA DC

200pA DC

20pA DC

Nl

Gain
FET
On
Q117

N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4
Nl
N2
N3
N4

0117
Q117
Q117
Q118
Q118
0117
0117
Q118
Q118
Q117
Q117
Q118
Q118
Q117
Q117
Q118
Q118
0117
Q117
Q118
0118
Qll7
Q117
Q119
0119
0117
Q117

Mode

Sequence

N Modes (Cont.)

Model 195
Relavs

Model
1950

Model 1950
Relays
Energized
NONE

Xl
x10
x10

1

I

0506
Q506
0506

I

Q508

----pi&

0114
0102
Q114

----+,52i506

Xl

1

Q114

I

Table 7-12. Program
Test Number
1-4
5-7

7
5
6

7-12

For Various

(n)

Display

Message

8 Tests
Comments
FET Switching

See Table 7-11.

-1

Passed ROM, RAM, test.

1-188888181

Display Test

I-aE

Failed ROM test.

I-Hf

Failed RAM test.

NONE
NONE
NONE
K501
K501
K501
K501
K502
K502
K502
K502
NONE
NONE
NONE
NONE
K504, K503
K504, K503
K504, K503
K504, K503
K504
K504
K504
K504
K504
K504
K504
K505

Table 7-13. Power Supply
I itep
1
2
3

Item/Component
S102 Line Switch
FlOl Line Fuse
J1003 Line Power

Required Condition
Set to 115 or 230V as required
Continuitv
Plugged fnto live receptacle;
power on.
+5v i5%
8V minimum
+ 15v f 10%
+ 18V minimum
-15v flO%
- 18V minimum
+5v *5%

-!----4
5
6
7
8
9
10

11

+ 5V Analog
VR102 Input
+ 15v Supply
VR103 Input
- 15v Supply
VR105 Input
+ 5V Digital

/ VRlOl Input

+8V minimum

Table 7-W. AID Converter
f

+ 5V pad next to shield.
Output of CR107
+ 15V pad next to shield.
Positive output of CR108.
- 15V pad next to shield.
Negative output of CR108
Measure between + 5V Digital and
Digital Common pads next to C14.
Reference to Digital Common.

Checks

7
10, 11,
10, 11,

Program 8, n a2

Pin 10 HI; 11, 12, 13 LO.

10, 11,

Program 8, n =3

Pins 10, 11, LO; 12, 13 HI.

Display
U125, pin 1

4

U121, pin 2

5

TP2

6
7
8
9

TPl
TP3
U121, pin 6
U129, pin 5

10

U129, pin 6

11
12

U129. pin
U135 pins
12, 13
U135 pins
12, 13
U135 pins
12, 13

14

Remarks
See paragraph 7.2.
Remove fuse to check.

Required Condition
Turn on power, select IOOOVDC
range.
000.0 *I digit
0 to + 4V souare wave at
614.4kHz.
0 to +4V square wave at
1.2288mHz.
0.5V to +4V 0.8~ sawtooth
waveform
Integrator ramp.
Variable pulse train.
Variable pulse train.
0 to 4V pulse 5ms (approx )
duration.
0 to 4V pulse lms (approx)
duration
0 to 4V pulse 15ms duration.
Enter Program 8, n= 1

2
3

13

Checks

Remarks
Some tests here could fail due t(
digital problems.
814.4kHz clock
1.2288MHz clock
Test point.
Test point
Data out.
Analog control.
AID control.
AID control.
A/D control
Pin 11 HI; 10, 12, 13 LO.
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Table 7-15. Display

Board Checks

Item/Component

Required Condition
Turn on power. Select
1OOOVDC range.

2
3
4
5

U203,
U201,
U203,
U203

6
7

U203, pins 3, 4, 5,
6, 10, 11, 12, 13
PI009 pin 13

+5v *5%
+5v +59/o
+4V 2ms pulse every 17ms.
OV (Negative-going) 20~s pulse
every 2ms.
0 to +4V 2ms pulse every 17ms

8

P1008, pin 12

9

P1008. pin 11

step
1

10

pins 2, 9. 14
U202 pin 11
pin 1
pin 8

P1008. pin 12

i

Depress and hold RECALL/ENT
button; OV indication.
Depress and hold RESOLN, UP,
OHMS, or DOWN buttons.
Obsewe 4V to OV 2ms pulse
every 17ms.
Depress and hold TRIG, AMPS,
VOLTS or AUTO buttons.
Observe 4V to OV 2ms pulse
every 17ms.
Depress and hold PRGM, ZERO,
FILTER, or AC buttons. Observe
4V to OV 2ms pulse every 17ms.
Table 7-18. DC Attenuator

step
1

Item/Component

2
3
4
5
6

External Voltage
Display

ll
9

External Voltage
Display

r

Required Condition
Turn on power, select 1000VDC
range.
+990.00VDC
990.00 f 10 digits
Set to ZOOVDC range.
+ 190.00VDC
190.00 f 10 digits
Set to ZOVDC range.
+ 19.000VDC
19.000 f 10 digits

External Voltage
Display

Table 7-17. Ohms and -2V Reference

ii&
-

Item/Component

1
2
3
4
5
6
7
8
9
10
-11
7-14

Display
U143, pin 5
U143, pin 15
CR109 anode
R128 pin 2 or 3
VR105 anode
U143. pin 4
R128, pins ,l Et 2
R128, pins 3 S 4
U143, pin 2

1 Required Condition
Select 203 range and short
VOLTS OHMS terminals with 18
guage or larger copper wire.
Less than 00.010
-2v flO%
-15v *lo%
-2v i-10%
-2v flO%
6.35V It536
-15v flO%
10.875kg fO.l%
5kD fO.l%
6.35V +5%

Remarks
Initial power-up test checks all display
segments. All voltages referenced to
digital common.
5V digital.
5V digital.
Data in to shift register.
Shift register clock.
Shift register outputs
If different, S213 is defective.
I
Pulse present when button held in.
Not present when button released.
Pulse present when button held in.
Not present when button released.

I

Pulse present when button held in.
Not present when button released.

Checks
Remarks
These checks assume 20mV. 200mV.
and 2V ranges are functioning properly.
Instrument calibration value.
If different, check KlOl, R144.
Instrument calibration value.
If different, check KIOZ. R144
Instrument calibration value.
If different, check KlO2. R144.
Source Checks

converter and attenuator check cut.
Two wire offset, including thermals.
-2V reference. If different, go to
step 6.
- 15V supply to ohms source.
0 source.
- 2V reference.
Reference source divider.
Reference source divider.

I

Table 7-18. Digital

F
S;tep
1
2
3
4
5

Item/Ccmpcneni
U117, pins 35, 8
U117 pin 2
U117 pin 6
U117 pin 40

6

U117 pin 37

7
8
9

U108 pin 16
U108 pin 19
U108 pin 21

I -10

U108 pins 2-9

Required Condition
Power on, 1OOOVDC ranoe.
+5v zt5%
+4v +20%
f4V +20%
Turn off instrument then back
on.
1MHz Square Wave
20~s variable pulse.
0.5ms variable pulse train.
loops negative going pulses,
variable intervals.
0 to +4V 2ms pulses.

current ranges. Also, since input switching is performed within
the Model 1950, relay problems could affect the DC voltage
ranges as well. Table 7-19 lists the various aspects of the Model
1950 operation to be checked.
7.8.10 Buffer Amplifier

Circuitry

Checks
- Re#marks
Vcltaaes referenced to diaital common.
+5Vddsupplv.
MPU HALT line.
MPU NMI line.
RESET line pin 40 stays LO for about 1
second after power on then goes HI.
Also check for system clock on U108,
UllO, Ulll, UllZand U118.
Serial data in.
Serial analog control.
IRQ line.
Display and NVRAM data.

All voltages in the troubleshooting tables are
referenced to analog common, which is connected to the VOLTS OHMS LO terminal, unless
otherwise noted.

Gain Checks

Problems with the buffer amplifier could affect every range and
function. Depending on the problem, one or more buffer amplifier gain factors may be incorrect. To check the buffer
amplifier at all four gain values (Xl, X2, X10 and X100). proceed as follows:
1. Apply the calibrated input signal listed in Table 7-20.
2. Enter front panel Program 8.
3. Enter the correct test number, n, listed in the table.
4. Measure the buffer amplifier output voltage at TP5 (pin 6 of
Ul37).
5. Compare the required value with the listed value in the table.
6. Repeat the procedure for each of the listed gain values.

WARNING
Some procedures in the following tables require the use of potentially dangerous high
VOltages.
Use normal precautions to evcid
contact with live circuits which could cause
personal injury or death. The mother board
shield is et VOLTS OHMS LO potential. An
input voltage floating
high enough will
create a shock hazard between the shield
end chassis ground.

Table 7-19. Model 1950 Option
Required Condition
Remove screws securing option.
Remove option end analog shield.

TP5 on Model 195

External DC Current
External DC Current

Power on, select 2A DC range.
1.9000A
Enter program. n = 1
+ 1.SVDC
190.00mA +O.l%
Select 200mA DC range.
+ 190,OOmA
n=1
+ 1.9VDC
+ 19.00mA
Select 20mA DC range.
n=l
+ 1.9VDC

Checks
Remarks
Do not disconnect option or remove
option shield. These tests assume
Model 195 is operating properly.
Calibration current.
Program 8 test holds 0102 on.
Referenced to analog common.
Calibration current.
Calibration current.
Referenced to analog common.
Calibration current.
Referenced to analcq common.
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Table 7-19. Modal
itep
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Item/Component
Range
External DC Current
Program 8
TP5
Range
External DC Current
Program 8
TP5
Range
External DC Current
Program 8
TP5
Function and range.
External AC Voltage
Program 8
TP5
External AC Voltage
AC Voltage Range
Program 8
TP5
External AC Voltage
Range
Program 8
TP5
External AC Voltage
Range
Program 8
TP5
External AC Voltage
Range
Program 8
TP5

48
49
50
51
52
53
54

Range
External Current
TPl (Model 1950)
Range
External Voltage
TP2
TP3

1950 Option

Required Condition
Select 2mA DC range.
1.9000mA DC
n=l
+ 1.SVDC
Select 200wA DC range.
190.00rA DC
fl=l
+ 1.SVDC
20pA DC
+ 19.000pA
n=1
+ 1.SVDC
Select 700VAC range.
700.00VAC RMS 1kHz
n=1
+1.4DC
190.00VAC RMS IkHz
200VAC
n=l
+ 1.SVDC
19.000VAC RMS 1kHz
20VAC
n=l
+ 1.SVDC
1.9000VAC RMS 1kHz
2VAC
n=1
+ 1.SVDC
19OmVAC RMS 1kHz
200mVAC
n=1
+ 1.9VDC
Replace analog shield. Remove
Model 1950 shield.
200mADC
190.00mADC
O.lSVDC
2VAC
1.gVAC RMS 1kHz
1.SVAC RMS
+ 1.SVDC

Table 7-20. Buffer

Step
:
3
4

7-16

Function
and
Range
200VDC
200kQ
20VDC
20mVDC

Checks (Cont.1

Amplifier

Applied
Calibration
Value
(VOLTS OHMS Terminals)
+ 19o.oov
none (short terminals)
+ 19.oov
+ 19.00mV

Remarks
Calibration current.
Referenced to analog common.
Calibration current.
Referenced to analog common.
Calibration current.
Referenced to analog common.
Calibration voltage.
Referenced to analog common.
Calibration voltage.
Referenced to analog common.
Calibration voltage.
Referenced to analog common.
Calibration voltage.
Referenced to analog common.
Calibration voltage.
Referenced to analog common.
Place option on top of analog shield.
Calibration current.
Test point.
Calibration voltage.
Test point.
Test point.

Gain Checks

Program 8
Test
N Mode
Gain Factor
1:
Nl
Nl

ii
x10
Xl00

Measurement
+ 1.SOVDC
-4.OVDC
+ 1.SOVDC
+ 1.SOVDC

SECTION
REPLACEABLE
8.1 INTRODUCTION
This section contains replacement parts information,
schematic diagrams, and component tocation drawings for the
Model 195. Also included is an exploded view of the instrument showing its general mechanical layout (see Figure 8-l).
8.2 PARTS LIST
Parts lists for the Model 195 mother board, display board and
the Model 1950 option can be found listed in Table 8-2 through
8.4. Parts listed in each table are listed alphabetically in order of
their circuit designation.
8.3 ORDERING INFORMATION
Keithley Instruments maintains a complete inventory of all normal replacement parts. To place an order, or to obtain inforrnation concerning replacement parts, contact your Keithley
representative or the factory. When ordering parts, include the
following information:
1. Instrument Model Number
2. Instrument Serial Number
3. Part Description
4. Circuit designation, including schematic and component
layout numbers lif applicable).
5. Keithley Part Number
8.4 FACTORY SERVICE
If the instrument is to be returned to the factory for service,
carefully pack the instrument (see paragraph 1.91 and include
the following:

8
PARTS

1. Complete the service form which follows this section and
return it with the instrument.
2. Advise as to the warranty status of the instrument,
3. Write ATTENTION REPAIR DEPARTMENT on the shipping
label.
8.5 SCHEMATIC DIAGRAMS
LOCATION DRAWINGS

AND COMPONENT

Schematic diagrams are component location drawings can be
found immediately following the parts list. Table 8-I summarizes Model 195 drawings included in this section,
Table 8-1. Index of Model 195 Schematics
nent Layouts
igure
8-2
83
8.4
8-5
86
a7

Title
1950 AC Ootion
Componeni Layout
Mother Board
Component layout
Display Board
Component Layout
Mother Board
Schematic Diagram
Display Board
Schematic Diagram
1950 AC Option
Schematic Diagram

and Compo-

Dwg. No.
1950-150
195100
195110
195106

!

195116

1950156

8-l

Y

IP

OPTION

-====I’

BNC
CONNECTOR
INOT SHOWN)

-7

MODEL 1960

SHIELD
I195308)

7

RED BINDING
POSTS (BP-H-21
INSULATING
COLLAR
30646

PC

-

.

BLACK BINDING
POSTStBP-11-O)
WHITE BINDING
POST IBP-11-91

COVER
(30641)

64 em
C-V&Q
s Ii IeLD
/9540,-

r

‘FRONT
PANEL
OVERLAY (196302)

’

TILT BAIL

‘FRONT

30644

Figure 6-l. Model
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PANEL PUSH BUlTONB

BROWN 31470-8
LIGHT BROWN 314706
YELLOW BROWN 31470-4
196 Exploded

View

m-Y.
6
35

Table 8-2. Mother

Cl08
Cl09
Cl10
Cl11
Cl 12
Cl13
Cl14
Cl15
Cl16
Cl17
Cl18
Cl19
Cl20
Cl21
Cl22
Cl23
Cl24
Cl25
Cl26
Cl27
Cl28
Cl29
Cl30
Cl31
Cl32
Cl33
Cl34
Cl35
CR101
CR102
CR103
CR104
CR106
CR107
CR108
CR109
CR110
CR111
CR112
FlOl
FlOl
FlOl
FlOl
F102
F102
JlOOl
J1002

Description
Capacitor, .lflF, 5OV. Ceramic Film
Capacitor, .lfiF, 5OV, Ceramic Film
Capacitor, .lpF, 5OV. Ceramic Film
CepaCitOr, .lpF, 5OV, Ceramic Film
Capacitor, .lpF, 5OV. Ceramic Film
Capacitor, 22pF, lOOOV, Ceramic Disk
Capacitor, ZpF, lOOV, Ceramic Disk
Capacitor, .leF, 5OV, Ceramic Film
Capacitor, .1&F, 5OV. Ceramic Film
Capacitor, .laF, 5OV. Ceramic Film
Capacitor, .lpF, 5OV. Ceramic Film
Capacitor, 10&F, 25V, Aluminum Electrolytic
Capacitor, lOOOO~F, Aluminum Electrolytic
Capacitor, .lpF, 5OV, Ceramic Film
CapacitOr, 68OOpF, lo%, 5OOV, Ceramic Disk
Capacitor, 15OpF, lo%, 5OOV. Ceramic Disk
Capacitor, 33pF. 5OOV. Ceramic Disk
CapaCitOr, .lpF. 5OV, Ceramic Film
Capacitor, 1OpF. 25V. Aluminum Electrolytic
Capacitor, 22OOpF. 25V. Aluminum Electrolytic
Capacitor, 1OpF. 25V, Aluminum.Electrolytic
Capacitor, 62OpF. 35V. Aluminum Electrolytic
Capacitor, 33pF, 500V. Ceramic Disk
Capacitor, 36OOpF. 5OOV. Polystyrene
Capacitor, lOpF, 25V. Aluminum Electrolytic
Capacitor, 62OpF, 35V, Aluminum Electrolytic
Capacitor, .lpF, 5OV. Ceramic Film
Capacitor, 33OpF. 5OOv, Polystyrene
Capacitor, 15OOpF, 5OOV, Polystyrene
Capacitor, .lpF, 5OV, Ceramic Film
Capacitor. lOOOpF, 1OOOV.Ceramic Disk
Capacitor, 1OOOpF.5OOV, Polystyrene
Capacitor, 36OOpF. 5OOV. Polystyrene
Capacitor, 10~F. 25V. Aluminum Electrolytic
Silicon Diode, lN4148
Silicon Diode, 1N4148
Silicon Diode, lN4148
Silicon Diode, lN4148
Rectifier Bridge, 5A. 50 PIV
Rectifier Bridge, 5A. 50 PIV
Rectifier, Silicon, 1.5A, 400PIV
Rectifier, Silicon, lN4006, 1A, 800PIV
Silicon Diode, 1N4148
Diode, Silicon, 1N4148
Diode, Silicon, 1N4148
Fuse, 3/16A. 115V. American
Fuse, l/lOA, 23OV, American
Fuse, l/lOA, 23OV. European
Fuse, 3/16A. 115V, European
Fuse, 2A. 25OV, American
Fuse, 2A. 25OV, European
Socket 16 pin
Socket 24 pin IEEE
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Location
Sch
PC13
2/Fl
83
4/E2
4/D2
f
4lC2
c2
4162
D2
4fA3
03
4/A3
E3
4/A5
E3
4/E3
4tF3
Ei
4lF6
F2
l/F3
F2
l/D3
E3
z/E2
A3
2lD5
A3
2186
A3
2/A6
A4
2lC2
D4
l/F4
D3
l/D4
E3
l/F4
D3
l/D4
3/E3
::
2182
D4
l/F2
D4
E4
l/D5
2/F3
A5
3lC3
c5
3/F4
D4
2lH4
A5
3lDl
3lC5
FE
3/c5
c5
C6
E2
4/G2
c3
4/G2
c3
4lG2
41’32
:;
l/D3
F3
l/D4
E3
l/D5
E4
3fDl
85
D3
C6
D2
C6
E2
l/B4
l/B4
ii:
l/B4
G3
l/84
G3
3186
G5
3186
G5
4lDl
A2
4lG5
G2

L!

Keithley
Part No.
C-237.. 1
C-237-. 1
C-237-. 1
C-237-. 1
C-237-.1
C-64-22~
C-64-22~
C-237-.1
C-237-.1
C-237-.1
C-237-.1
c-314-10
C-342-10000
C-237-.1
C-22-6800~
c-22-150p
C-22-33~
C-237-.1
c-314-10
C-314-2200
c-314-10
C-309-620
C-22-33~
C-1383600~
c-314-10
C-309-620
C-237-.1
C-138-330~
C-138-1500~
C-237-. 1
C-64-150~
c-138-1ooop
C-138-36OOpF
c-314-10
RF-28
RF-28
RF-28
RF-28
RF-48
RF-48
RF-46
RF-38
RF-28
RF-28
RF-28
FU-29
FU-40
FU-31
‘U-32
FU-13
W-48
SO-65
3s-443

Table 8-2. Mother
Circuil
Desig.
J1003
J1004
J1005
J1006
J1007
J1008
J1009
JlOlO
JlOll
J1012
_!.1101
~“‘~102
301
-102
!03
(1104
(1105
0106
cl107
Q108
0109
QllO
a111
(1112
cl113
a114
Q115
Q116
0117
0.118
:1119
‘j120
,~121
:>122
Q123
U124
RlOl
R102
R103
R104
R105
R106
R107
A109
RllO
Rlll
R112
R113
R114
R115

Description
Socket Line Cord
Socket 14 pin
Pin, Contact
Pin, Contact
Pin, Contact
Pin, Contact
Pin, Contact
Pin, Contact
Pin, Contact
Pin, contact,
EC0 14D‘j!>
Relay
Relay
Transistor, Silicon, NPN, 2N3904
JFET, N-Channel
JFET, N-Channel
JFET, N-Channel
Transistor, Silicon, PNP, 2N3906
Transistor, Silicon. PNP. 2N3906
JFET, N-Channel
JFET, N-Channel
JFET, N-Channel
JFET, N-Channel
JFET, N-Channel
JFET, N-Channel
JFET, N-Channel
JFET, N-Channel
FET. N-Channel, Selected
FET, N-Channel
FET, N-Channel
FET, N-Channel
FET, N-Channel
Transistor, Silicon, NPN, Planar, 2N3565
FET, N-Channel, Selected
FET, N-Channel, Selected
Transistor, Silicon, NPN, TIP49
JFET, N-Channel
Resistor, Thick Film Network
Resistor, 22023, 5%. 1l4W. Composition
Resistor, lOk0. 5%. 1/4W, Composition
Resistor. 3305& 5%. ll4W. Composition
Resistor, 1000, 5%. 1/4W, Composition
Resistor, 1000, 5%, 1/4W, Composition
Resistor, Thick Film Network
Resistor, 2493, 0.5%, l/SW, Metal Film
Resistor, 7503, 0.5%. l/SW, Metal Film
Resistor, 22OQ, 5%. ll4W. Composition
Resistor, 3300. 5%. lf4W. Composition
Resistor,l5MR, 5%. ll4W. Composition
Resistor, 2.2kQ. 5%, 1/4W, Composition
Resistor, lOkfl, 5%. 1/4W, Composition

Board 195.103, Parts List (Cont.)
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Location
Sch
Pcb
1185
G4
2lH4
E4
:
z
3/B6
E5
3186
3194
;i
3194
E5
3/B4

v.4
d

2/E2
2lE2
3iD3
3lD6
3lE4
2lC3
2lC3
3iD2
3iD3
3/D4
3106
3/w
3lE4
3/D5
3104
3tc4
2182
3/F3
3lF4
3tF4
3/El
3lC2
3/w
3iD2
4181
2/F2
4lG2
4/F3
4lG2
4lG2
4lA6
l/E3
l/E3
2/E2
2lE2
2/A5
2iA5
2lD3

84
84
E.i
c4
D3
D3
ii
c4
E
::
Ed
E
D4
D4
::
C5
c5
82
83
83
z
c3
D2
z
83.
83
B3
83
D3

Keithley
Part No.
CS-388
so-70
24249
242&i
24249
24249
24249
24249
24249
24249
l95=sfRn‘-a
RL-72
TG-47
TG-139
TG-139
195-600
TG-84
TG-84.'
;::g
195600
TG-139
TO-139
TG-139
195600
195-800
31841
TG-128,
TG-128.'
TG-128
TG-139
TG-39
31841
31841
TG-137
TG-139
TF-100
R-76-220
R-76lOk
R-76-330
R-76-100
R-76-100
TF-101
R-246-249
R-246-750
R-76-220
R-76-330
R-76-16M
R-762.2k
R-76-10k

Table 9-2. Mother
Circuit
Desig.
R116
Fill7
R118
R119
RI20
R121
R122
R123
RI24
R125
R126
R127
R128
R129
R130
RI31
R132
R133
RI34
RI35
R136
RI37
RI38
R139
R140
R141
R142
R143
R144
R145
R146
R147
R148
R149
R150
R151
R152
R153
R154
R155
R156
R157
R158
R159
R160
R161
R162
R163
R164
SlOI
s102
s103
TlOl
TlOl
UlOl
,u102

Board 195-103, Parts List (Cont.1

Description
Resistor, Thick Film Network
Resistor. 10kfl. 5%, Il4W. Composition
Resistar,SlOkfl, 5%. ll4W. Composition
Resistor, 9IOkO. 556, 1/4W. Composition
Resistor. Thick Film Network
Resistor, IOOkQ, 5%, 1/4Ww. Composition
Resistor, lk0. 5%. 114W, Composition
Resistor. 11k0. I %, 1l8W. Composition
Resistor, lMR, 1%. 1/8W
Resistor, 6.34kQ, 1%. 1/8W
Resistor, 1MR. 5%. 1/4W, Composition
Resistor, Thick Film Network
Resistor, Thick Film Network
Resistor. 910kQ. 5%. 1/4W, Composition
Resistor, 910kfl. 5%. ll4W. Composition
Resistor, 910kQ. 5%, ll4W. Composition
Resistor, 220kQ. 10%) 1/2W, Composition
Resistor, 82OkQ, 5%, 114W. Composition
Resistor, 910kQ. 5%. 1/4W, Composition
Resistor, 910kQ, 5%. 1/4W, Composition
Resistor, Thick Film
Resistor, Thick Film
Resistor, 7.5kQ. 5%. 1/4W, Composition
Resistor, 6.19kQ, 1%. 1/9W. Composition
Resistor. 1.54kQ. 1%. 118W. Composition
Resistor, 10.7kR, 1%. 1l8W. Composition
Resistor, 7.5kQ. 1%. ll8W. Composition
Resistor, 12.7kn. I%, 1l8W. Composition
Resistor, Thick Film Network
Resistor, lOk0. 5%. ll4W. Composition
Resistor, lOk$2, 5%. 1/4W, Composition
Resistor. 3.3kQ. 5%, 1/4W, Composition
Resistor, 220kQ. 10%. 1l2W. Composition
Resistor, IMn, 5%, ll4W. Composition
Resistor, lMn, 5%. ll4W. Composition
Resistor, 1MQ. 5%. lt4W. Composition
Resistor, 1Mn, 5%, 1t4W, Composition
Resistor, 100kQ. lo%, 1W. Composition
Resistor, 10kn. 5%. 1t4W. Composition
Resistor, 680kQ. 10%. 2W. Composition
Resistor, l.OOOkQ, O.l%, 1/4W, Metal Film
Resistor. lOO.OkQ, 0.1%. l/low,
Metal Film
Resistor. lOOk’& 10%. 1W. Composition
Resistor, lOOk0. 10%. lW, Composition
Resistor, 100kQ. 10%. lW, Composition
Resistor, lOOk$l, lo%, 1W. Composition
Resistor, 61.9kQ, 156, 1t8W. Composition
Resistor, 261 kn, 1%. 1t8W. Composition
Resistor, 20k0, 1%. 1t8W. Composition
Switch, Line
Switch, DPDT
Switch, Input
Transformer, Power (105-125V, 210-25OVl
Transformer, Power i90-1lOV. 195-235V)
IC, Hex 3-state buffer, MC14503BCP
IC, Hex 3-state buffer, MC14503BCP

Location
Bch
Pcb
2/SEV
84
z/E2
84
3/C2
84
84
3/D3
3tD4
c4
c4
3tE3
31 E3
c4
3tE3
c4
2tB2
03
2183
D4
2tSEV
84
84
2tSEV
3tE5
84
84
3tE5
3tC6
B4
B4
3lC3
3lC4
c5
3tD5
3tD4
:z
3tc5
C5
3tF4
D5
2lC2
D4
3lF5
85
3tE5
65
85
3tE5
3lE5
85
2tA3
2tA3
:5”
3/c5
C5
B5
3tD6
85
3/D6
B5
3lDl
3tDl
85
3tc2
3/Cl
:z
c5
3tc2
3tc2
c5
c5
3/DI
c5
3lDl
c5
3/c4
c5
3/c3
3/C2
c5
3tA2
3lA3
3tA4
3tA5
D3
B6
86
D2
B6
D2
1184
Bl
F3
It83
F3
3/B4
F4
1tc3
F4
l/C3
4tc1
B2
4tAl
82

Keithley
Part No.
TF-108
R-76-10k
R-282-910k
R-282-910k
TF-146
R-76-100k
R-76-lk
R-88-ilk
R-88-l M
R-88-6.34k
R-76-1M
TF-108
TF-150
R-282-910k
R-282-910k
R-282-910k
R-I-220k
R-282-820k
R-282-910k
R-2-9IOk
TF-149
TF-85
R-76-7.5k
R-86-6.19k
R-88-1.54k
R-88-10.7k
R-98-7.5k
R-88-12.7k
TF-148
R-76-10k
R-76-10k
R-76-3.3k
R-l-220k
R-78-1M
R-76-1M
R-76-1 M
R-76-1 M
R-2-100k
R-76-10k
R-3-660k
R-315l.OOOk
R-263.lOO.Ok
R-2-100k
R-2-100k
R-2-100k
R-2-100k
R-8&61.9k
R-88-261 k
R-88-20k
SW426
SW-425
SW443
TR-194
TR-196
IC-250
IC-250
1
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Table 8-2. Mother

Board 195103. Parts List (Cont.1

Circuit
Keithley
Location
Description
Desig.
Part No.
Sch
Pet
IC, Quad 2-Input NOR gate, 74LSO2
u103
IC-179
4/Gl
A2
IC, Optc coupler, 6N137
UIO4
IC-292
2/F2
A3
IC, Optc coupler, 6N137
UIO5
IC-292
83
2/Fl
IC, Dual D-type Flip-Flop, 74LS74
U106
82
IC-144
4/G3
IC, EAROM, 2212
u107
LSI-50
82
4/F2
IC, VIA, 6522
UlO8
82
LSI-28
4/!X?
IC, Decoder, 74LS139
u109
C2
IC-190
4184
IC, RAM, 4016
UIIO
LSI-61
4lD3
C2
IC, PROM, 2732
Ulll
195-EOO-“*
4lC3
c2
IC, PROM, 2764
195-EOl-•*
u112
4183
IC, Hex lnverter 74LSO4
u113
IC-186
4/SEV
::
IC, Quad 2-input NAND Gate, 74LS.00
UI14
IC-183
4/SEV
C3
IC, 1CStage Binary Counter, 4020
UI15
IC-280
4/Fl
D3
IC, Microprocessor, MC6808
u117
LSI-27
4lA4
D2
U118
IC, GPl8 Adapter TMS9914
LSI-49
4lE4
u119
IC, Bus Transceiver, SN75160A
IC-298
4lF4
z
IC, Bus Transceiver, SN75161A
u120
IC-299
4lF5
F2
IC, Hex Inverter, 4049
UI21
IC-106
2lSEV
83
UI22
IC, 14-Stage Binary Counter. 4063
IC-197
2/85
83
IC, Quad 2-Input AND Gate, CD40818E
U123
IC-138
Z/SEV
83
IC, 4520
U124
IC324
2lF5
C3
IC, Dual D-type Flip-Flop, 4013
U125
IC-103
2184
C3
IC, Quad 2-Input NOR Gate, 74LSO2
U126
IC-179
2/SEV
C3
IC, Dual D-type Flip-Flop, 74S74N
U127
IC-216
2iC2
D3
U128
IC, selected CA3086
D3 29198
2181
IC. E-bit Shift Register, MC140948CP
UI29
IC-251
2/F3
A4
IC, Quad Comparator, LM339
u130
IC-219
2lG5
IC. Selected OP Amp
u131
30167
::
2/E3
IC. Selected CA3086
U132
D4 29198
2183
IC; Voltage Comparator, LM311N
u133
2/C2
D4 IC-173
IC, JFET OP Amp, LF35IN
u134
D4 IC-176
2103
IC, ECD-Decimal Decoder, CD4028AE
u135
IC-135
2fF5
U136
IC, Quad Comparator, LM339
IC-219
2lSEV
i:
IC, OP Amp, 741
u137
3lF3
C4 IC-42
1C, JFET OP Amp, LF353N
U138
IC-246
3lF5
C. Darlinaton Arrav. ULN2003A
u139
EE IC-206
3fG3
C; E-stage Shift R&ister, MC140948CP
u140
2/H5
E4 IC-251
C, Quad Comparator, LM-339
u141
IC-219
2/SEV
A5
C, Quad Comparator, LM-339
U142
IC-219
85
2/SEV
C, JFET OP Amp, LF353
UI43
IC-248
85
2/E5
C, Micropower Voltage Detector, ICL8111
u144
D2 IC-177
86
IC, OP Amp, ICL7650
VRlOl
l/E2
F2 IC-317
IC, Regulator, +5V 1A. 7805
VR102
l/E4
E3 IC-93
IC, Regulator, + 15V, 500mA. 78M15
VR103
l/E5
E4 IC-194
IC, Regulator, -15V, 500mA. 79M15
VR104
l/E5
E4 IC-195
Diode, Zener, 6.35V. 400mW
DZ-58
VR105
85
3/E6
Circuit Jumper
WlOl
D3 J-3
Circuit Jumper
w102
3/B6
F5 J-3
Circuit Jumper
w103
3/B4
E5 J-3
Circuit Jumper
WI04
J-3
85
Calibration Jumper
W106
J-3
Calibration Jumper
cs-447
WI07
2
Calibration Jumper
cs-447
W108
A2
4.0 MHz Crystal
YIOl
4lA3
D3 CR-10
1.2288MHz Crystal
Y102
CR-19
83
2lA5
..“* Order same scftvvere es prSSSntly installed. For example if E5 is displayed on power-up, order 195-EOO-E6 for Ul Il.
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Table 8-3. Display
Circuit
Desig.
c201
OS201
DS202
DS203
DS204
DS205
DS206
DS207
DS208
DS209
DS210
DS211
DS212
LX213
DS214
DS215
DS216
DS217
DS218
DS219
DS220
PlOOl
Q201
0202
(1203
0204
D205
Cl206
El!
R201
R202
5201
5202
5203
5204
5205
5206
5207
6208
5209
5210
3211
5212
$213
J201
J202
J203

Description
Capacitor, IOpF, 20V. Tantalum
Digital Display, - 1
Digital ~bisplay, “8”
Digital Display, “8”
Digital Display, “8”
Digital Display, “8”
Digital Display, “8”
Digital Display, + 1
Digital Display, “8”
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
LED, Red
Cable Assembly
Transistor, Silicon PNP
Transistor, Silicon PNP
Transistor, Silicon PNP
Transistor, Silicon PNP
Transistor, Silicon PNP
Transistor. Silicon PNP
Transisctr, Silicon PNP
Transistor, Silicon PNP
Resistor, Thick Film Network
Resistor, Thick Film Network
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
Switch, Pushbutton
IC, Segment/Digit Driver, 76482
IC, Segment/Digit Driver, 75492
IC, E-bit PI SO Shift Register, 74LS184

Board 195-113. Parts List
Location
Sch
D5
EZ
c2
D2
D2
Es
z
2
H3
H3
:i
G3
G3
F3
F3
F3
G4
G4
H4
H4
G4
F4
F4
Ei
G4
84
A4
84
84
84
A4
A4
84
84
A3
83
c3
D4
05

PCb
D4
A2
A2
82
82
c2
c2
c2
D2
D2
D2
A3
83
83
c3
c3
84
84
c4
c4
D4
A3
D2
E2
D2
E2
03
E3
D3
E3
A3
c3
A3
A3
83
c3
c3
D3
1:
84
i
D4
D4

2D4

Keithley
Part No.
c-179-10
DD-31
DD-30
DD-30
DD-30
DD-30
DD-30
DD-31
DD-30
PL-87
PL-67
PL-67
PL-67
PL-67
PL-67
PL-67
PL-67
PL-67
PL-67
PL-67
PL-67
CA-15-2
TG-90
TG-90
l-G-90
TG-90
TG-90
TG-90
TG-90
rG-90
I-F-77
TF-165-l
SW-435
SW-435
SW-435
SW-436
SW-435
SW-435
SW-435
SW-435
SW-435
SW-435
SW435
SW-435
SW-435
C-169
C-169
C-127
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Table 8-4. Model 1950 AC Option
Circuit
Desig.
c501
C502
c503
c504
c505
C506
c507
C508
c509
c510
c511
C512
c513
c514
c515
CR501
CR502
CR503
CR504
K501
K502
K503
K504
K505
K508
P1004
PI008
P1009
PlOlO
PI011
P1012
R501
R502
R503
R504
R505
I7506
R507
R508
R509
R510
R511
R512
R513
R514
R515
R516
R517
R518
R519
R520
R521

8-8

Description
Capacitor. lOpF, 25V, Aluminum Electrolytic
Capacitor, lOpF, 25V, Aluminum Electrolytic
Capacitor, lOrF, 26V. Aluminum Electrolytic
Capacitor, 1pF. 50V. Metalired Pclycarbonate
Capacitor, lrF, 5OV. Metalized Pclycarbonate
Capacitor, IFF, 5OV, Metalized Pclycarbonate
Capacitor, Variable, .25-l .5pF
Capacitor, .lpF. 500V. Mica
Capacitor, Variable. .25-1.5pF
Capacitor, .IpF, 1OOOV. Polyester Film
Capacitor, 33pF. 16V. Aluminum Electrolytic
Capacitor, 33pF, 18V. Aluminum Electrolytic
Capacitor, .lhF. 500V. Mica
Capacitor, 47OpF. lOOOV, Ceramic Disk
Capacitor, 15pF, IOOOV. Ceramic Disk
Rectifier, Bridge, 5A. 50PIV
Rectifier, Silicon, 3A 5OPIV. lN4139
Silicon Diode. 1N4148
Silicon Diode. lN4148
Relay, Reed
Relay, Reed
Relay, Reed
Relay
Relay, Reed, SPST
Relay, Reed, SPST
Cable assembly. 14 Pin
Connector, Pin
Connector, Pin
Connector, Pin
Connector, Pin
Connector, Pin
Resistor, IOkn, 5%, 1l4W. Composition
Resistor, IOkQ, 5%, 114W. Composition
Resistor, IOOkil, 5%. I /4W, Composition
Resistor, lOOk0, 5%. 1/4W. Composition
Resistor, IOOkQ, 5%. I /4W, Composition
Resistor, 100kQ. 5%, 1l4W. Composition
Resistor, 0.10. O.l%, 7.5W. Wire Wound
Resistor, .898Q, O.l%, 5W. Wire Wound
Resistor, 9n, 0.1%. 0.5W. Wire Wound
Resistor, 900R. O.l%, I/EW. Metal Film
Resistor, 24k0, 5%. I /4W, Composition
Resistor, 2.2kn. 5%. 1t4W, Composition
Resistor, 90l& O.I%, 1/2W, Metal Film
Resistor, lOOk& 5%. 1/4W, Composition
Resistor, 2MS2, 0.5%) 118W. Metal Film
Resistor, 20.2kfl, 0.1%. l/lOW. Metal Film
Resistor, 90kQ. 0.1%. I/low,
Metal Film
Resistor, 4kSl. 0.1%. I IlOW, Metal Film
Resistor, 10kQ. 0.1%. l/lOW. Metal Film
Resistor, 24kfl. 5%. li4W. Composition
Resistor, 5.6MR. 10%. lf4W. Composition

1950-163. Parts List
Location
Sch
H2
H2
HI
E3
F4
F4
c4
D4
D4
c4
E3
E3
D3
c2
D4
84
84
c5
c5
B3
83
82
Ei
c3
HZ

G3
G3
81
82
Cl
c2
84
B3
83
61
F4
F4
82
E5
04
D3
E4
D3
E4
E4
E4

Pcb
Dl
D2
D2
82
82
82
C3
83
C3
D3
A3
83
83
C3
83
C2
D2
C2
C3
82
C2
C2
D3
C3
C3
E2
Al
E2
El
E3
E3
81
::
82
82
82
C2
C2
D2
D2
83
83
C2
83
C3
83
53
83
83
83
83

Keithley
Part No.
C-314-10
C-314-10
C-314-10
C-215-I
C-215-1
C-215-1
C-184-.25/1.51
C-278-l lop
C-184-.25/1.51
C-285-. 1
C-321-33
C-321 -33
C-278-610~
C-64-470~
C-64-15~
RF-48
RF-34
RF-28
RF-28
RL-49
RL-50
RL-59
RL-72
RL-57
RL-57
CA-g-2
CS-236
CS-236
CS-238
CS-236
CS-236
R-78-10k
R-76-IOk
R-76-100k
R-76-100k
R-76-100k
R-78-100k
R-262-0.1000
R-233-.898
R-252-9
R-188-900
R-76-24k
R-78-2.2k
R-189-90
R-76-IOOk
R-246-2M
R-263-20.2k
R-263-90k
R-263-4k
R-283-10k
R-76-24k
R-76-5.6M

Table 8-4. Model
Circuit
Desig.
R522
R523
QW
0502
a503
a504
a505
Q506
u501
U502
u503
u504
u505
U508
u507
U508

1950 AC Option

1950-153. Parts List (Cont.1
Location
Sch
Pcb
C3
2
Dl
E5
82
Bl
82
82
82
E5
82
82
z
82
Bl
k
G8
::
Cl
G4
Cl
82
D5
C2
E4
83
D4
83

Description
Resistor, 2Mn. 0.5%. IW. Metal Film
Resistor, 5.1fl, 5%. ll4W. Composition
Transistor, Silicon, PNP, 2N3906
FET, N-Channel
FET, N-Channel
FET, N-Channel
FET, N-Channel
FET. N-Channel
IC, Quad Comparator, LM339
IC, Dual Decoder/Multiplexer
MC14555
IC, Darlington Array, ULN2003A
IC, MC14084B
IC, JFET, OP Amp, LF351N
IC, JFET, OP. Amp
IC, TRMS to DC Converter, AD536AK
IC, JFET. OP Amp, LF351N

Table 8-5. Mechanical
I
Description
Cover, Bonom
;3ii Tilt
Collar, Insulating
Spacer
Cover, Top
Panel, Front
Window
Overlay, Front Panel
Binding Post, Black
Binding Post, Red
Binding Post, White
Pushbutton, Yellow Brown
Pushbutton, Light Brown
Pushbutton, Brown
Panel, Rear
Connector, 8NC
Line Cord
Pushbutton, Power Switch
Shield, Analog
Shield, Bottom

1
1
4

IC-208
‘c-312
+&?HrItirs~
IC-176
IC-198
IC-305
IC-178

Parts

I

QW.

Keithley
Part No.
R-303-2M
R-765.1
TG-84
TG-128
TG-151
TG-128
TG-128
TG-128
IC-219

Location
Case
Case
Bonom Cover
Inside Bonom Case
Inside Bottom Case
Case
Front Panel
Front Panel
Front Panel
Front Panel, Rear Panel
Front Panel, Rear Panel
Front Panel, Rear Panel
Front Panel
Front Panel
Front Panel
Rear Panel
Rear Panel
Rear Panel
Front Panel
Mother Board
Mother Board

1 Keithlev
Part Nd.
30541
30544
FE-14
30545
31843-1
30540
195-301
30537
196302
BP-11-O
BP-11-Z
BP-1178
31470-4
31470-5
31470-6
195-307
CS-249
CD-7
29465-3
196-308
195-309
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Figure E-3. Mother Board, Componet Location
Dwg. No. 195199 (sheet 2 of 21
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Figure 9-4. Display Board. Component
Dwg. No. 199-110
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Figure 8-S. Mother Board. Schematic
No. 195106 (sheet 1 of 4)
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Service Form
Date

Serial No.

Model No.
Name and Telephone No.
Company

List all control settings, describe pmblem and check boxes that apply to problem

a Intermittent

tii Analog output follows display

0 Particular range or tixxtion bad; specify

0
0

0 Obvious problem on power-up
0 All ranges or functions are bad

m Batteries and t=usesare OK
0 Checked all cables

IEEEfailure
Front panel operational

Display or output (check one)
LIDlifts
B Unstable
0 Overload

0 Unable to zero
0 will not read applied input

0 Certificate of calibration required
(attach any additional sheets as necessary)
Show a block diagram of your measurement system including all instruments connected (whether power is tuned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-dwrs, etc.)

Ambient temperature?

what power line voltage is used?
Relative humidity?

Other?

Any additional information. (If special modifications have been made by the user, please describe.)
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Keithley

Instruments,

Inc./28775

Aurora Road/Cleveland,

Ohio 44139/U.S.A./(216)

248-0400iTelex:

WEST GERMANY: Keithley Instruments GmbH/Heiglhofstrasse 5/D-6000 Munchen 70/1069l7144&65/T&?x:
521 21 60
GREAT BRITAIN: Keithley Instruments. Ltd./l, Boulton Road/Reading. Berkshire RG2 ONL/i07341 66 12 67/T&x: 847047
FRANCE: Keithley Instruments SARL/Z Sis. Rue Ldon Blum/S.P. 60/91121 Palaiseau CedexiiGl 011.51.55/Telex: 600933F
NETHERLANDS: Keithley Instruments SV/Arkelsedijk 4/NL-4206 AC Gorinchem/~016301 25577/T&x: 24 664
SWITZERLAND: Keithley Instruments SAIKriesbachstr. 4/CH-6600 Dobendorf/Ol 821 94 44/T&x: 57 536
AUSTRIA: Keithley Instruments Ges.m.b.H./DOblinger
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