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TEMPERATURE MEASUREMENTS (Cont'd)
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DATA LOGGER

The following data logger program (EOGGER) ilfustrates the power and flexibility of the
3421A and and 41C/CV combination. The program takes ten sets of DC voltage
meaasurements from ten consecutive channgls of the 3421A, for a total of 100 readings.
The readings are stored on a cassette tape for future reference. Chanrel numbers
measurad are 10 through 19,

The second program, READ, demonstrates how ¢asily data can be read from the cassette
and listed on a printer. Again, there are several ways to enhance this program. For ex-
ample, yvou.could add a routine to plot the data on the printer instead of simply listing
it. Of course, the LOGGER and READ could be combined to print or plot the data as
it is being recorded,

Running The LOGGER Program

Make certain that the interface loop connections have been made hetween the 342 1A,
410/CV calculator, 82161A Digital Cassetie Drive, and the 82182A Printer. Turn alf
of the devices on.

Before any data can be stored on the cassctie tape, the tape must be initialized. This
is done by executing the NEWM command (NEW Medium). Refer to the -hp- 82160A
HP-IL Moduie Owners Manual.

When all connections have been made 1o the device under test and you are ready 1o
begin, type:

IXEQ| [ALPHA] LOGGER

How the Programs Work

Logger

Space for storing 100 readings must be aliocated on the cassette tape. This space {or
file) is created and given the name DATA. This is done in lines 03 through Cb. Lines
06 and 07 are used to return to the baginning of the DATA file on the casseatte prior

1o storing the measured data.

Register 00 is used as g loop counter to take ten sets of readings. The value 1.010
is stored in register 00 {lines 08, 09) and is incremented and tested in ling 25,
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DATA LOGGER (Cont'd)

Register 01 acts as a channel counter to specify which channel is to be measured. The
value 10.019, representing channels 10 through 19, is stored in register 01 {lines 11
and 12). Registers 10 through 12 are temporary storage registers for the measurements
taken. Line 20 stores the data in the register pointed to by register 1. Register 01 is
incremented after each reading to point to the next empty register and channel to be
measured by line 21,

Remember that program line 11 specified register 19 as the last register to store readings.
i register 01 points to register 20 then the program prepares to store the ten readings
on the cassette. Line 23 calls cut registers 10 through 18 as data storage registers.
The WRTRX command (line 24) writes the data, register by register, onto the cassette
tape.

Register 00 is tested in line 25 to see if ten sets of ten readings have been made. If
not, the program loops back {line 26} to tabel 00 (line 10). When ten sets of readings
have been made the program ends.

Read

Lines 2, 3, and 4 are used to loecate the beginning of the DATA file on the cassette
tape. Register Q0 is used to count the ten 'sets” of readings. The value 1.010 is stored
in registar 00 {lines 05 and 06} and is tested in line 12.

Lines 08 and 09 are used to read the measured values into registers 10 through 19.
Note that these are the same registers used in the logger program to specify the chan-
nels to be measured. These particuler registers are used in this program so that when
the values are printed, lines 10 and 11, the printout will shaw the channel number along
with the reading from that channel.

135

 Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



DATA LOGGER (Cont'd)
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DATA LOGGER (Cont’d)
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USING THE ADVANCED COMMANDS

The Advanced Commands given in the Command Table {the blue pages at the end of
the previous chapter} can also be executed from the 41C/CV. They follow the same
constraints as the Standard Commands. Refer to the section on Programming Hints
aarlier in this chapter.

When more than one command is sent to the 242 1A, such as 'F1RBAZ 1, the commands
are executed as they arrive. This is especially impartant to understand with trigger com-
mands. For example, if you sent ‘T1T3’, the T1 command weculd be asserted only
momentarily until the T3 command arrived. For this reason, it is best to make the trig-
ger command the last statement in the command string. in this way, the 3421A will
be set up tor the measuremeant betore the internal voltmeter is trigered for the
measurament.

When a mublticharacter command is received by the 3421A, and one character does
not fit into the syntax of the command, a syntax error will result. For example, if vou
send 'FR2'; the 3421A does not recognize ‘'FR™ as a legitimate command. Therefore
there will be a syniax error. However, the 342 1A will attempt 1o execute any com-
mand it can, and since it recognizes 'R2" it will go to the RZ range.

A terminator may have to be added betweesn some commands to act as dividers. Suitable
terminators are colons(:) and semicolons (). For example, when specifving a channel
list Tollowed by ather commands, a termirator must be used: ‘LS0O-8:F1RAZT’.
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CHAPTER 5
444624
uftiplexer Option
Option 020
Option 0217
Option U222

10 Channel

Iintroduction

Each 44482A assembly provides 10 channels to switch signals to the 3421A
voltmeter, counter, or to external instruments. Each refay consists of two sets of
low thermal offset contacts; one set for the HIGH terminal and one for the LOW ter-
minal. The relays exhibit low thermai offset characteristics making them ideal for
precision low tevel measurements of thermocouples, ete. In addition, two of the
relays may be configured as actuators for controlling motors, alarms, etc.

With two 44462A assemblies in the 3421A, 4-wire resistance measurements may
he made. This is because the 3421A allows channel pairs {1 per relay assembiy)
to be closed simuitaneously. This is important when measuring RTD’'s or other
resistive transducers.
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In this chapter you will learn how to employ the 444624 10 Charnel Multiplexing
Assembly for various types of analog signal measurermnents and actuating. The power-
ful 3421A instruction set makes the option easy to use. Typical uses include voltage,
temperature, 2- and 4-wire resistance, and frequency measurements. Most examples
are accompanied by a BASIC language program {such as used by the HP-85) to
demonstrate the instruction. You’ll also see many application examples such as us-
ing attenuators and 4-20mA current loop transducers.

Channels

A channel, as used in this chapter, refers to an individual relay on a 44482A
assembly. Therefore, when we speak of closing a channel, we are referring to closing
a refay. Channel addresses are used to indicate a specific relay in & specific slot in
the 3421A. In other words, channel address 12 means channel number 2 in slot 1.
We wili see more on channel numbering later.

Mast of the channels on the 44462A can be configured in different ways to satisfy
particular requirements. For exampie, the first two channels on each assembly can
be configured either as actuators (a simple switch closure to turn on or off) or as
multiplexars (to connect anzlog signals to the voltmeter or counter). When properly
configured, the 3421A is able to sense which channels are configured as actuators
and which channels are multiplexers,

All but the last two channeis on each assembly can have attenuators built into the
signal path. This will be discussed later in this chapter.

MAPORTANT NOTICE OGN CHANMEL COMFIGURATION
When a 10 Channel Multiplexer Assembly is ordered factory installed, it can have
one of three different configurations {Option 020, 021, ar 0422). This is outlined in

the following table.

Dgtion # Channels Configuration

Cc20 0,1 Actuators
2-8 Multiplaxing
021 0 Actuator

1-9 Mudtiplexing

022 0-8 Multiplexing
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When a 10 Channel Multiplexer Assembly is ordered for field installation {44462A),
channels 0 and 1 will be configured as actuators and channel 2-8 will be configured
as multiplexers.

Regardiess of how the 10 Channel Muitiplexer Assembly is ordered, the built-in 10:1
divider of channel 2 is bypassed at the factory {i.8., jumper in the “OQUT" position}.
On early versions of Option 020 and Kit 444624, the 10:7 divider was in place {i.e.,
jumper in the “IN'" position}.

The factory configuration may be changed to fit your application. Jumper and channel
configuration infermation for the service technician is provided in Chapter 8 of this
manual. The simplified schematic in Figure 5-1 shows the factory configuration.

WARRIRG

Onfy gualitied personnel with & knowledge of elecironic
cireuitry shaeudd install or recontfigure the option boards,
installation and configuration information for this option board
is provided i Chapter 8.

Channel Numbering and Addressing

Channel numbers are repeated on cach 44462A assembly. This is shown by the
numbering on the terminal block edge connector. Channel addresses, however, are
detsrmined by which slot the 44482A assembly is in. For a 44462A assembly in
slot 1, for example, channel number 7 would be addressed as 17. The following table
shows the channel addressing scheme for the three different slots.

Channel address if assembly -
is in slet #
Channel # az shown on
the terminal block Slat B Siat 1 Slot 2
0 0Q 10 20
1 o1 11 21
2 02 12 22
3 03 13 23
4 04 14 24
5 0b 15 25
& 08 16 26
7 07 17 27
8 08 18 28
2 09 19 29
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Chanpel address if assembly
is in slot #
Channel # as showa on

the terminal block Slot 8 Slot 1 Slot 2

0 00 0 20

1 01 11 21

2 02 12 22

3 03 13 23

4 04 14 24

5] 056 15 25

6 06 16 286

7 Q7 17 27

8 08 18 28

9 a9 19 29

Channel List

Marny of the commands described in this chlapter use an optional “"Channel List.”
The channel list is a convenient method of grouping several channels under one type
of measurement. I you need to measure the DC Voltage from several channels, you
could use the command DCVix,y,...z]. Where [x,y,...2] represents a list of channel
addresses, The channel list can be loaded with 8 maximum of 30 channel addresses.

The channe! list must foliow a setf of guidelines:

1. The default channel list {asserted at power on or reset} s all multiplexer ad-
dresses in numerical sequence. The channel list can be loaded with multiplexer chan-
nels by the DCV, ACV, TWO, FWO0, TEM, FRQ, LS, or LP commands. {t can aiso
be loaded with digital input bil numbers by the BIT command.

2. Channel addresses are separated by commas (l.e., DCV2.3,4,5). However, a
dash may be used to specify a contiguous set of channels {l.e., DCY2-5). When us-
ing the Advanced Commands, any command that specifies a channel must be
separated from subsequent commands by either a colon {1} or a semicolon {;). For
example, FIRATLSS-9;73, Do not use a comma.

3. To take burst readings on one channel, load the channel list with the channel
numhber. For example, to take a burst of 30 DC volitage readings from channel &,
execuie DCVE-5. If the last character in the command string is a comma, an errof
will be generated.

143

.. Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com. . . . .. ... . .. ..



4. The command mnemonic determines what type of channsl can be loaded in-
to the channel list. In other words, if channel 1 is configured as an actuator, it should
nat be specified for any type of measurement (i.e., DCV1 or BIT1). If an attempt
is made to load the channel list with an improper type of channel, a syntax error
will be generated and the command aborted. One possible exception would be if a
contiguous sef of channels is specified, such as x-y, and some channels within that
range (inclusive of x and vy} are the wrong type of channels for the command. in
such a list, the improper channels will not be loaded into the list, but the properly
configured channels will be loaded. No error will be generated.

5. Leading zeros are ignored, that is, DCVOC019 is the same as DCV19.

8. All syntax following a decimal point is ighored except for comma, dash,
semicolon, Carriage Return {cr} or Line Feed {If). DCV2.345 means DCV2,

7. Expanents are nol allowed and cause a syntax error. The cemmand will be
aborted.

&. No more than 30 channels are accepted into the channel list. Legal numbers
are 00 through 29.

9. All lower case letters are interpreted as upper case. in other words, Do V 21
is interpreted the same as DCV21T.

Measurements

Multiplexing (also known as switching or scanning) involves simpiy switching various
inputs through the relays on the 44462A assembly to either the internal voltmeter
or counter, The type of command {DCV for DC Volts, FRQ for frequency, etc.) deter-
mines where the signal is measured. Note also that signals can be input through the
front panel terminais. This should only be done though if no relays are closed. Con-
versely, signal input through the relays can be output through the front panel ter-
minals to an external voltmeter, counter, etc. '

WARMIRG

All power sources being measured by the 342714 must be
limfted to 150VA maximum.
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WARHING (Cont'd)

Damage tc the 34214 or external devices may result if
voltage inpuis are made thraugh the front panel 1ermimals and
the relay inputs simultaneously. Therefore, under no cir-
cumstances should a voltage be input through the front panel
terminals while &t the sarme lime & volftage is being input
through the refay assembly,

The following examples of using the 44462A multiplexer assembly are broken down
into four measurement types: Voltage, Resistance, Tempersture {using ther-
mocouples), and Counter functions. Succeeding these is a brief discussion on at-
tenuators. Tha 3421A Commands associated with each of these areas are also
discussed. Actuators will be discussed later in this chapter. All program examples
are for a BASIC language controlier, spegifically the HP-85.

Voltage Measurements

Voltage measurements, whether AC or DC, are easily made with the 444B82A
assembly, Each channel on the assembly is provided with independent HIGH and
LOW connections on the terminal block. Furthermore, Channels O through 7 may be
configured with a divider network to attenuate voltages, In fact, Channel 2 is pro-
vided with a jumper selectable 10:1 divider built-in. Later in this chapter you wiil
see how attenuators are used. Information for the service technician to install the
attenuators is provided in Chapter 8.

VWARNENG

In the power down mode, all relays on the 444624
Assemblies remain in their pre-power down state. In cther
words, if a relay factuator or voltage input, etc.} was clos-
ed before power down, it wilf remain closed after power
down.

DCVIX,y,...z]

The DCV command sets the voltmeter to DC volts function, autorange, autozerg on,
and 5% digits resclution. The parameter ix,y,...z] sets up an optional channel list.
A reading is taken from each channel and stored in the sequence of the channet list.
When the 3421A is addressed to talk, the readings are sent in the order they were
taken, i.e., the channel fist order. The DCV command always opens the last chan-
nel before closing the next channel in the list. When the last channel has been
measured, that channel stays closed. This is true unless no channel list is receiv-
ed. In that case, channels remain in the same state and one reading is taken.
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ACViIx,y,...z]

The ACV command acts just the same as the DCV command except that the AC
volts function and 4% digit resolution are selected.

An example of using the 44462A assembly to measure an AC voltage on channel
2 and DC voltages on channels 3 through 8 is demonstrated in the following figure.
Remember that the relay assembly is in slot O of the 34Z1A.

Notice in Figure 5-2 that the 10:1 divider is used for the AC voltage measurement.
Therefore, the measurement taken on channel 12 must be multiplied by 10 1o get
the actual voitage. The program shown beside the fllustration shows how easy it
is to make the measurements and return the results to the calculator.
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Resistance Measurements

Resistance measurements, like DC voltage measurements, are easily made with the
44452A assembly. Resistance measurements are made by the 3421A sourcing a cur-
rent through the unknown resistance. The DC voltmeter measures the attendant
voltage drop across the resistor and calculates the resistance. Two types of
resistance measuraments can be made by the 3421A; Z2-wire and 4-wire.

The 2Z-wire ohms mode is used most commonly when the resistance of the test leads
is not criticat. Inaccurate results may occur when using the 2-wire ohms mode if
the resistance of the test leads is very high. For example, suppose you are making
a temperature measurement using a thermistor (2.252 kOhms @ 25°C). This ther-
mistar is 40 feet away from the 3421A. At 20°C the thermistor will have a
resistance of 2814 ohms. However, at 20°C, 40 feet of #24 AW.G. copper wire
has a resistance of approximately 1.02 ohms. Two wires, each 40 feet long would
procuce an error of 2.04 ohms. Using & 2-wire chms measurement results in a 4%
resistance error. i addition, the 3421A has a 2-wire Ohms offset of up tc 4 ohms,
adding an other .15% error. See Figure 5-3.
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Figure 5.3. 2-Wire vs. 4-Wire Resistance WMeasurements

The use of a 4-wire chms measurement eliminates the orror caused by the test lead
resistance. The current through the thermistor is the same regardiess of the lead
resistance but the voltmeter measures only the voltage drop across the thermistor,
not across the combined lead resistance. The 4-wire measurement is assential where
long lead lengths are present or where the highest accuracy is desired. Twa 444624
ralay assemblies are nesded for 4-wire resistance measurcments, one with the 4-Wire
Ohms Source jumpers in piace and the other with the 4-Wire Ohms Sense jumpers
in place.
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TWO Ix,

..z], 2-Wire Resistance Measurements

Figure 5-4 illustrates the procedurs for making 2-wire resistance measurements. The
command for a 2-wire measurement is TWO [x.y

Ohms. The parameter [x,v,...2

zi, TWO represents Two Wire

] is the channel list to specify which channels to make

the measurement on. in the figure below, channels 2 through 5 and channeis 8 and

9 are used for the resistance measurameant.

Therefore, the command to make those

measurements could be: TWO2-5,8,9. This is demonstrated in the sampie program

associated with the illustration,

The TWQIix,v....
a Z-wire rasistance measurament is mada.

zl commanrd acts identical to the DCVIx,y, ...
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ThAndNEL
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Figure 5-4. 2-Wire Resisiance Measurements
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FWOIx,y,...z], 4-Wire Resistance Measurements

4-wire resistance measurements are essential when the highest accuracy is reguired
or where long lead lengths are present. Using the 3427A to make 4-wire
measurements necessitates two 444624 relay assemblies. As mentioned previous-
Iy, the relay assemblies will reguire a slight maodification. Infaormation for the service
technician to make this medification can be found in Chapter 8.

The FWO command acts identical to the TWO command except that a 4-wire
resistance measurement is made. ldeally, all addresses in the channel list |[x,y,...z]
should be in the same decade, that is, the same 44462A board. This is because the
channels are paired with [x-+ 10,y —10,...2+ 10}. This _is true unless ix,v,...z] are bet-
ween 20 and 29, in which case they are paired with [x-20,y-20,...2-20].

CAUTION

Anytime a channel 1s spoecitied with the FWO command, the
34214 will altermpt (o cluse the appropriate pair. IF efther the
speciffed chanhel or its pair is not on a 444624 multiplexer
assembly, an error wilt be generated hut no ather action will
he taken. !f boifh channels are on 444624 assermblies and are
contigured as multivlexers, both channels will be closed
Maoke certain that vou know what is connected to hoth chan-
nefs, and the configuration (i.e., actuator, etfc. ) before ex-
ecuting the FWO comimand.

Figure 5-5 demonstrates a typical 4-Wire Ohms measurement setup. The current
source leads are connecied to one relay assembly. This assembly must have jumpers
JM3 and JM4 removed and JM1 and JM2 instalied. A second 44462A assembly
is used to comnect the 4-Wire Ohms Sense Leads. This assembly must have jumpers
JM1 and JM2 removed and JM3 and JM4 installed. The two assemblies must be
placed in adjacent slots, t.e., O and 1, T and 2, or 2 and O. This is because the
d-wire ohms command, FWQ, closas two channels, one on each assembly.

For example, if one assembly is placed in slot 1 and the other assembly in slot 2,
the command FWQ 12 would close channels 12 and 22, With this setup, all chan-
nets specified in the FWO channel list must be in the same slot, that is, slot 1.
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Thermocouple Temperature Measurements

The 44462A assembly is designed for compensated thermocouple temperature
megasuremenis. This assembly utilizes an integrated circuit temperature sensor to
determine the temperature of the terminal block. In performing a software compen-
sated thermocouple temperature measurement, the following steps must occur:

1. Measure the temperature transducer voltage from the relay assembly and com-
pute the terminal biock temperature. This is known as the reference temperature.
The Standard REF command will perform this step automatically.

2. Convert the terminal block temperature to a thermocouple reference voltage.
The implementation of this step is dependent upon the type of thermocouple being
compensated and allows the use of different thermocouple types on the same
44624 assembly.

3. Measure the voltage produced by the thermocouple.

4, Add the reference voltage {computed in step 2) to the voltage produced by the
thermocouple to effect icepoint compensation.

h. Convert the sum total voltage (step 4) to a temperatuie in °C.

Note that if type T thermocouples are used, the 3421A TEM command performs all
of these steps automatically and returns the measured temperature, However, if other
thermocouple types are used, the 3421A can do steps 1 and 3, but the system com-
puter must perform steps 2, 4 and b. Examples are provided in both chapters 3 and
4 showing how this can be dane and listing the necessary conversion coefficients,

TEMIx,y,...2], REF[x]

The TEMIix,y,...z] command follows the same constraints as the DCV[x,v,...z] com-
mand. The REF{x} command is used to measure the temperature of the reference
junction [(integrated circuit transducer) on the multiplexer assembly where channel
‘¥’ is located. The answer returned is in degrecs C. If channel "%’ is not specified,
the REF command defaults o a 44462A assembly that has a relay closed. If there
are no relays closed, the REF command goes-to the 44482A assembly with the
lowest slot number. i there are no 444624 assemblies, a syntax error is generated

{see Status Byte in chapters 3 and 4] and the error message -8.88888E + 8 is sent.

Figure 5-6 pictorially illustrates how 5 type T thermocouples and one DC voltage
source are connected to a 44462A assembly. The program associated with the i-
lustration first measures the DC voltage and then the 5 thermocouples. The TEM
command, used with type T thermocouples only, automatically measures the
reference voltage and the thermocoupie voltages and computes the temperatures.
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Figure 5-6. Temperature Measurements

For more information on temperature measurements, whether using thermocouples,
thermistors, or RTD’s, or for thermocouple diagnostics, refer 10 -hp- Application Note
290, Practical Temperature Measurements,

Counter Functions

The 34Z1A has the capability of measuring frequencies up to 10 kHz or totalizing
events up to a maximum count of 85,535, A typical exampie for the counter is to
measure the freguency of an audic oscillaior. The totalize function can be used to
count the number of objects passing by on a conveyor belt or count the puises from
a liguid flow meter.
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Figure 5-7. Frenuency Measurements
FRQlx,v,...z]

The FRQIx,v,...z] command sets up the 3421A to the frequency counter mode, 1
second gate time, and 5 % digit resolution. If no channel list is sent, the frequen-
gy measurement is made from whichever channel is closed. If a channel list is sent,
frequency measurements are made and stored from each channel in the sequence
specified.

TOTix]

The totalize command, TOTix] is used to tetalize events occurring on the channel
specified by ‘x’. TOT clears and starts the totalize counter. [f a channel is not specif-
ed, TOT totalizes on the currently closed channel. If the channel specified is not a
multiplexer channel an error is generated. Note that when the 3421 A is addressed
to talk. it will output the current subtotal from the counter without interrupting the
countsr.
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Figure 5-8. Totalizing

Channel “x"" will remain closed until another instruction opens it. Note also that if
a trigger command is received while TOT is asserted, the 3421A will abort TOT and
begin taking frequency readings {FRQ}.

Attenuators

Attenuators are used to reduce an input signal to a useable level. For example, the
34271A AC voltmeter has a maximum range of 30 volts. To measure a 120V power
tine, an attenuator is used. If a 10:1 attenuator is used, the 120V power line is
reduced ta 12.0 volts, well within the range of the voltmeter. Precision components
should be used to maintain accuracy.

it was mentioned previously that channel 2 on each multiplexer assembly has a built
in 10:1 attenuator. This attenuator can be taken out of the circuit {no attenuation)
by moving jumper J8 on the assembly to the 'OUT’ position. Any voltage measured
from channel 2 with the jumper J8 in the ‘IN’ position must be multiplied by 10 to
obtain the correct value.
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Channels Q, 1 and 3 through 7 have provisions for installing vour own components
{series and/or shunt) for attenuators, etc. Channsls 8 and 9 have provisions for in-
stalling components in shunt {from HIGH to LOW terminals) with the signal path.
Chapter 8 provides information sufficient for the service trained technician 1o install
and reconfigure the option board assembly.

WARNIRG

Only gualified personnel with a knowledye of electronic cir-
cuitry should jnstall and reconfigure the option boards. In-
staffation and configuration information for this option board
is provided in Chapter &.
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Actuators

Channels O and 1. as the assembly is shipped from the factory, are configured as
actuatars. Each relay can be used to switch 150 VA maximum thus rmaking tham
ideai for switching power to external devices, Rolay contact pegtection is provided
to minimize RFl and extend relay contact life. Two commands that are generally used
with the actuators are CLSx and OPNix].

Figure 5-10 Hllustrates how one actuator may be used to switch power to sound an
atarm. Chapter 8 provides sufficient information for the service trained technician to
install and reconfigure the actuators.

WARNING

Only qualified personnet with & knowledge of electronic cir-
cuitry should install and recunfigurg the cption boards. in-
stallation and configuration information for this opiion hoard
s provided in Chapter 8.
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Figure 5-16. Actuaior
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Power Down/Power Failure

When using the 3421A in control applications, it is imperative to know what the
state of the actuator relay will be in during Pawer Down or in the event of power
failure. When the 3421A receives a Power Down command, the relays will not
change state. Moreover, they cannot be changed untii the 3421A is powered up.
Should the AC power ling fail, the 3421A automatically operates from its internal
battery, so no change occurs. In the event the battery should fail, still no relays
change state.

Please note that this applies anly the 44462A actuators. The switches in the 444685A
Digital Qutput port may aigo be used as actuators. In the event of power down or
power failure, all digital output port actuators will assume a high impedance {open)
state.

Channel and Advanced Commands

There are savaral other commands that directly relate to the 44462A 10 channel
multiplaxer assembly. These commands ars provided to further enhance the power
and flexibility of the 3421A and its multiplexer option,

CLSx

CLSx is used to close a single relay, whether it is an actuator relay or a multiplex-
er relay. If the channel specified by '‘x'’ dues not exist, a syntax error is generated.
See Status Byte in Chapter 3. Valid channel numbers for actuators are 0, 1, 10, 11,

20, and 21,

CLPx

The CLPx command is used to close a pair of channels simultaneously. It first opens
all multipiexer relays and then closes channeis x and x+ 10 te.g., CLP12 closes chan-
nals 12 and 22). if channe! x is between 20 and 293, then channels x and x-20 will
be closed (e.g., CLP25 closes channels 25 and B). if either x or its pair is not a
multiplexer channel, then no channels will be apened or closed and a syntax error
genersted. This command is useful for closing two channels when making 4-wire
ohms measurements.

OPNIX]
The OPNix! command is used to open the relay specitied by X", If ”'x"" is not sent,
the OPN command opens all refays. An error is generated if the channel specified

by “x" does not exist.
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LSx{,y,...z]

The LSx.ly,...z] command {Load Single multiplexer channels) can be used to load the
channel list. The channels are loaded in the order received and the channel list pointer
is reset to the first channel. If a T3 or S command is received all multiplexer chan-
nels will be opened and the first channel in the fist will be closed.

LPxi,y,...2]

LPx ly,...z] is used to Load Pairs of scanner channels into the channe! list. Essen-
tialty, this is the same as the LS command except that channels x and x+ 10, etc.,
are closed simultaneously. If x is greatar than 20, then x and x-20 are closed.

RL

To Read the current channel List, the RL command is used. When the 3421A is ad-
dressed to talk, the channel list is sent to the controller in the same sequence that
they are assigned. Channel numbers are separated by a Carriage Return, Line Feed.
If & place in the list is empty, the place will be marked by 99", For example, if
you assign a channel list of 1-7,15,18 and then read it back, the response will he:
1,2,3,4,85,6, 7,15, 18, 99, 89, 99, 99... until all 30 positions in the list are sent.

S10, 8N

These two commands are called the System Increment commands. S10 is used to
mitialize the channel list pointer to the first channel in the list. No channels are open-
ed or closed. The SI1 command, however, is used to increment the channel list. The
current channel is opened and the next channel in the list is closed,.

BTx

The BT command {BDigital Trigger} allows for external triggering of the voltmeter or
counter, This feature looks at Digital Input bit at address “x’’ and when that bit goes
LOW, a T3 trigger is executed. T3 turns on reading storage and reads from the chan-
nel ist, Consider the following exampie. The channe! list is set up using the LS com-
mand, the voltmeter is set to DC Volts (F1} and autorange (RA1}, etc. When input
bit ** 7" goes low in slot 1" goes low, the voltmeter takes the readings, stores them
and then interrupts the computer via Data Ready SRQ. Lines 10 through 30 could
be combined into one QUTPUT statement but are separated here to make it easier
to follow the program.
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UCx

The UCx command
bit (see chapter 6).

is used to UNCONDITIONALLY Close a channel or set a digital
No channels are opensd when the UC command is executed.

ROTE

Use extrerme caution when using this command. It [s possi-
ble to have two or more channels closed simulftanecously with

this command. Damage ta the instrument ar to external
transducers or other instrumentation may result.
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Application Examples

The sample program in the DT command illustrates that eny of the volitmeter Ad-
vanced Commands can be used with the 44462A assembly. This of course applies
aiso to the counter Advanced Commands. The following Application Examples are
designed to show you how to enhance the measurement capabitities of the 3421A.

Burst Measurements

The following program shows how the 34214 can take a burst of 30 readings from
a selected channel, in this case 8. This burst will take less than 1 second to
complete.

l.ine 20 seis the 3421A to hold measurements but enable the channel list scanner
(TO), loads the entire channel list with channel 5 {LSB-5), DC veohs {F1), autozero
off {Z0), and 3% digits of display (N3). When the 3421A is triggered (T3), it will
take 30 readings from channel & and store them. The readings are read back and
displayed in lines 40 through 80.

i Er e T
e [ ¥y =, - TS b T
LR D - S FLTRRET
L
o

Ll Wi I Py
# 7 "EERDIHG

Single Ended Measurements

Singie ended measurements allow you to expand the multiplexing capability of your
3421A to a maximum of 58 inputs. Effectively, a single ended configuration changes
a single channel inte two channels. When using this method, one of the installed
444624 Multiplexer Assemblies should have channels 0 and 1 configured as
actuators. The actuators are used to switch the Hi and LO relays of the remaining
channels to the /V HI front panel terminal of the 3421 A, Input Common is shared
py all inputs, is not switched, and is connected to the Q/V LO front panel terminal.
A schematic of a single ended configuration is shown in Figure 5-11. In this exam-
ple, 44462 A Multiplexer Assemblies occupy stot G and slot 1. The slot © assambiy
has channels O and 1 configured as actuators for swiiching the remaining channals.

The 44462A Multiplexer Assembly that is configured with the two actuators for swit-

ching the inputs can provide 16 single ended channrels; other instalied Mulziplexer
Assemblies can provide 20 singie ended channels each.
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There are four important rules pertaining 1o single ended measurements that must
be followed.

CAUTION

Failure (o Comply with the folfowing four rules couwld result
it egupment damage.

Make certain that only one actuator channsl is closed at any given time.
If the two actuator channels are both closed at the same time, damage to
the 3421A or the voltage source being measured could resuit,

Any 444824 Muitinlexer Assembly that is configured for single ended
measuremeants can only be used for singlé ended measurements. For ex-
ample, suppose vou have two 4446824 Multiplexer Assemblies installed but
need 22 channel capability. By using the single ended method, 36 chan-
nels will be avatlabie (18 + 20} but 14 will remain unused.

All inputs to be measured must be refarenced to Input Common which is
connected to the 3421A O/V LO front panel terminal. This is the unswit-
ched voltmeter input. Heavy gauge wire is recommended for this Inhput
Common connection to minimize commaon mode voltages. Use extreme cai-
tion when making fioating measurements.

AC Voltages that are input to the 3421A internal voltmeter are limited to
30V RMS. Higher voltage must be attenuated to a maximum of 30V RMS
by external attenuation, Using the built-in attenuator on channel 2 of any
£4482A Multiplexer Assembly configured for single ended measurements
is not permitted,

H actuator channeis O and 1 have been previously used in a high current application,
it would be a good idea t¢ perform the performance verification procedure before
using them in a single ended measurement application (see Section 1V of the 10
Channel Multiplexer Service Manusl). A high current application could cause corrosion
of the relay contacts which in turn could degradé input signal quality.

Once the singie ended configuration is made, channel selection is straight forward.
Channel lists may be specified the same as with any other type of measurement (eg.,
DCV2-19). When you specify an input, the input that will be read will depend upon
which actuator is closed. In other words, the actuator channels are used to select
gither the Wl or LO ralay of the channsl selected when the DCV command is
executed, For example, if your confliguration is like that shown in Figure 5-11 and
DCV2 is executed with actuator O closed, the input will be the one connected to
the channel 2 LO relay; if actuator 1 is closed, the input wili be the one connectad
to the channel 2 Hi relay.
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Figure 5-11. Single Ended Measurements

The following recommended procedure explains how to configure three 44462A
Muliiplexer Assemblies to permit up 1o b6 single endad channels to be measured.
The procedure can be easily modified if you have less than three Multiplexer
Assemblies to be configured.

Step 1. Remove JM?1, M2, JM3, and JM4 from each Muitiplexer Assembly 1o
be used for single ended measurements. JM1 and JM2 are the only
jumpers instatled at the factory. Removing these jumpers opens the path
between the Muitiplexer Assemblies and the 34214 internal voltmeter.
The valtmeter connections will be made to the 3421A front pane! in a
later step.

Step 2. Place J8 on esach Multiplexer Assembly to be used to the “"OUT" posi-
tion, if it is not in that position already. This removes the 10:71 attenualor
on channel 2.
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Step 3, Cn the Multiplexer Assembly to occupy slot O, place J§ and J7 in the

17 position. This may or may not be the factory configuration,
depending upon how the Multipiexer Assembly was ordered. The 3421A
logic circuitry uses these setting to determing that channels O and 1 on

this assembiy are actuators and dll other channels are multiplexers.

Step 4. On the Multiplexer Assembly to cccupy slot O, make sure JMO8/18,
JMO8/19, and JMC/10 are in place and that JMO5/15 and JM0G/16 havs
been removed. This may or may not be the factory configuration,
depending upon how the Multiplexer Assembly was ordered. This will
configure chanrels O and 1 as actuators.

Step b. On the Muliiplexer Assembiies te occcupy slots 1 and 2, place J6 and
J7 in the "0 pasition. This may or may not be the factory configuration,
depending upon how the Multiplexer Assembly was ardered. The 34214
togic circuitry uses these settings to determine that all channels on these
assemblies are multiplexers.

Step 6. This step has two parts and will configure the assemblies in siots 1 and
2 so that ali channels are configured as multiplexers. This configuration
may or may not have afready been performed, depanding upon how your
Muitiplexer Assembly was ordered.

z. On the assemblies in slots 1T and 2, soider jumpers at JMUO/10,
JMO5/1 5, and JMOGB/16.

b. On the assemblies in slots 1 and 2, remove jumpers at JMOB/18 and
JMOG/18.

Step 7. Refer to Figure 5-12 and configure the terminal block odge connectors
as follows:

a. On the slot O terminal block edge connector make the following
connections:

Hf Common to H1

LO Common to HO

LT to LO

LO to the 3421A @)V HI Front Parel Terminal

b. Interconnect the terminal block edge conneciors of all Multiplexer
Assemblies to be used for single ended measwrements as follows:

Hi Common between all terminal block edge connectors
LO Common between all terminal block edge connectors
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Step 8. Connect the "+ side of the inputs to be read 10 the various points on
the terminai blork adge connectors, The "+ " does not necessarily mean
a positive voltage, but rather indicates the ""hot” side of the input. in-
put V1 connects to L2 on the slot O terminal block: input V2 connects

to M2 on the slot O terminal biock, etc..

Step 9. Connect the comman side of all inputs together and then connect this
input common to the 3421A Q/V LO front panel terminzl.

An HP-85 program examiple for the single ended configuration just explained
provided.

13 ~EXT |
L4 b Feamars "L0O0 oids ot
relars Lodd zogpross
15%a TILe s ® DTEF
T DLTEDT o mEl G TERHLY Y dear
" - 1 i
L3
1

T
i

{Et_ BiiMEEs . v 1o
"R

b

FROH '"I EALEL
TERMINAL

S AT
=DOMMON

CEERLA LY LD
I—HUN'I FANEL. TERWIRAL

JEE1A-E-12

Figure 5-12. Configuration for Single Ended Measurements
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Sh'ieldimg and Noise Rejection

Inaccuracies caused by radiated and/or “‘Cormmon Mode Noise’ are common pro-
blems with Data Acguisition Systems. These problems are especiaily prenounced
when the signal beirag measured is quite small, such as with thermocouples. The
3421A, however, helps to eliminate many of these types of problems. For exam-
ple, the 3421A internal voltmeter uses a method of integration for analog to digital
conversion, Integration is & process where noise is averaged over a full power line
cyete. Thus, power line frequency related noise and its harmonics are virtually
eliminatec. '

The purpase of this section is to demonstrate additional ways of reducing the af-
fects of noise on low signal level measursments.

Consider the following example. Several thermocouples are altached to an automobile
engine to monitor engine heeating. The engine is located severai hundred feast from
the Data Acquisition system. To further complicate matters, the thermacouple wires
have been pulled through the same conduit as a 220V AC power line. The
capacitance between the power lines and the thermocouple wires will create an AC
noise on the thermocouple wires. Shielding the thermocoupis wires and conneciing
tha shield to the LO terminal on the 3421A serves {0 shunt the noise away from
the voltrmeter.

MSTRIBYTED
. CAPACITANCE

220y AC
LIME

—— it

| azzia

EiSTRIBLTED
TLEADR RESESTANCE

/—au

WATHOUJT SHIELD

CONNECT
¢ L0

WITH SHIELD

Figure 5-13. Shielding
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A second source of noise, called Common Mode Noise or Common Mode Vaoltage
{CMV), occurs if there is a voltage difference betweaen the engine ground and the
System ground. If this common mode voltage is very large, say 100VAC, potential
damage to the 3421A could result. To illustrate, Figure 5-14 shows two ther
mocoupies attached to the bhase of a light bulb.

Assume, for the moment, that channel 1 closed when the CMVY was at its top peak.
This means the voltmeter LO terminal would be at voltage V1, approximately +141
voits. When channel 1 is opensd the LO terminal remains at that voltage due to the
stray capacitance. Now if channel 2 is closed when the CMV was at its bottom peak,
the LO termina: would imrnediately drop to -~ 141 voits, This is an instantaneocus drop
of 282 voits and could conceivably damage the 3421A.

Ta eliminate this problam, dedicate one charnel to a good earth ground, say for ex-
ample channel 0. Now, between each measurement, ciose channel O. This brings
the LU terminal te O velts which is a maximum step of only 141 volts which is quite
safe Tor the 3421A.

| 34214
i Y
N o
e 7{* ------- 3y
. UHANREL 1
> ....... .f\ o'/‘fc
ETh
HI
[, S e @
{ THANNEL T L
g e Y]
Lo __ aTaay
T DAL TANGE
SHEEY METAL
Ok CHARSLE
VDL TARE
v M3 m_d_?_
oy —— Y SiES
~§ 70V N §
170V PR /,,‘\1
120V s i 1 TTHME
Rt \\ /; ViR A
1Y PR ars
170V A‘,—'
ay —
YO A
3421 514
i

Figure 5-14. Comman Mode Hoise

166

. Artisan Tebhnology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



4-20 mA Current Loop

The 44482A assembly is capabte of sensing the current in a 4-20 mA industrial cur-
rent loop. A resistor must be placed in shunt with the the current path and the
3421A voltmeter used to monitor the resultant veoltage drop. A suitable resistor is
50 Ohms, 1%, .5 watts {such as -hp- part number 0693-0064). The formula for
converting the measured voltage drop to loop current is:

Measured Voltage

Loop Current =
Shunt Resistance (B0 Ohms)

Thus, the 50 ohm resistor converts the 4-20 mA signai to 0.2-1 volt signal,

HI 1

O/@' = - St 29 0

[ — I fs] 7 gt T e A-PUmA, 3 Y T Th S L
S=06 U CLRRCNT 04 304 U DENE”
J/"" $ =0k b ., CrAMNZL 3 . “'?grﬂwm S0 BN S0
[T : Db eeeeesiie i e b 1 T e Bl £-a/hY
- > é—-‘f TEANSIUCER £ DESF “LUGE CURREWT < 30
L g END
ezt G5 AR

Figure 5-15. 4-20 m& Carrent Loap

Specifications

The following specifications are the critical specifications that must be considered
in all applications, Expanded specifications may be found in chapter 7 of this manual.

Voltage Dmultiplexer): 300VDC 260VAC RMS 150VA Maximum
{actuator): 300VDC 250VAC BRMS 2A Maximum

Cantact Resistance: < 1.4 Ohms
Thermal Offset {multiplexer): < 3uV

All relays break-before-make
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Chapter 6

444654

it Digital /0 Option
(Option 040)

Introduction

The 44485A Digital /0O assembly gives you the capability of monitoring the closure
of position switches and closing relays. In addition, you can use the assembly to
trigger the internal voltmater when an event occurs. This chapter gives the operating
instructions for the 44465A Digital I/O option. Mere you will learn how the option
can be used in a wide variety of applications. This assembly can be used almost
anywhere you need on/off, present/absent type of information and control.

Several program examples are included to enhance your understanding and provide
you practice in using the commands. All computer programs in this chapter are wnit-
ten in BASIC language such as used by the -hp- 85 computer. Feel free to experi-
ment with the programs and alter them to meet your individual needs.

Each 44465A Digital /0 card provides one 8-bit input port and one 8-bit output port.
Each bit is electrically isclated from the rest. Typical uses for the input port include
timit and position switch monitoring and communicating with digital logic circuits.
The ocutput port can be used in low voltage switching applications. Critical specifica-
tions for the card are located near the end of this c'hapter.
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CAUTION

Only qualified persannel with a knowledye of electronic cir-
cuélry should insiall or reconfigure the option boards. Installa-
tion and configuration information for this option board s ro-
vided in Chapfer 8.

Input Port Overview

Many monitoring capabilities are provided at the input part. Typical usss for the in-
put port involve monitoring switches or valves to determine if they are open or clos-
ed. This can best be described with an illustration. imagine for a mement an overhead
trolley. As the troiley moves along its track it must stop at several stations to per-
form some task. Position switches are used at each station to signal the controlier
to stop the trolly motor. Each position switch is sensed by an individual bit in the
digital input port. The reason it is called a digital port is because it acknowledges
two different states; i.e, either the switch is open or it is closed.

The 8-bit input port is optically coupled to provide maximum isclation and prevent
noise and ground loops. A wide rangs of input supply voltages (2.4 to 24 Vdc} coupl-
ed with a maximum current of 25 mA means that the input port can be used in a
wide variety of applications. Let’s take a look at the cammand set before looking
at specific examples using the port,

standard Commands

The two STANDARD commands used maost often with the input port are BEDi (REaD
stot i} and BiTx. REDi allows you to look at the entire 8-bits (each “‘hit” represents

170

_Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



one switchi from the slot specified by “*i”’. BITx, however, permits you to select in-
dividual bits to look at. In the following discussion the words “set’”” and “‘ciear’” will
be used. Set means that a condition is true; e.g., a switch is closed, a logic "1"
condition, etc. Clear means just the opposite; i.e., the switch is open, or a logic 0"
condition. So you won't be confused by these terms, several examples are provid-

ad in this section to iHustrate exactly what they mean.

REDi

The BEDI command reads all digital input bits associated with siot *'¥ and responds
with a decimal number between O and 255. This decimal number corresponds to
the sum of the values of the individual bits that were 'set”. For example, if you
have a Digital 1/O card in slot 1 and bits 0,2 3, 5, and 7 are "'set’” (all others are
cleared), the value 173 would be returned. Refer to the chart below,

Bit Rumber 7 5 5 4 3 2z 1 1]

Bit valua 27= Y b= 2% 25= 2= 2! 20

if =gt 128 64 | 32 - 8 4 2 K

Example: ward 1 4] 1 G 1 1 o i
Dacirmal Value - 1286+ O — 3% 4 O I 2 4+ 4 + & + 1 173

Bit Value Chart

The following is a program to assist you in decoding the decimal number and dester-
mining which bits are set. Line 10 sends the REDi command for slot 1. This line
should be changed to reflect the slot that your 44465A card is in. Line 20 is used
to enter the decimal value and the rest of the program decodes it and prints the
“'set’” bits.

10 QUTPUT 581 'REDI™

20 ENTER 301 ; A

30 IF A=0 THEN DISP "NO BITS SET™
40 TF /<128 THEN GO

50 A=A-128 @ DISP "BIT 7 GLT™
60 IF A<b4 THEN 80

70 4=A-64 @ DISP "BIT & SET"
20 IF A<32 THEN 100

90 A=R-32 @ DISP "BIT 5 SLET"
100 IF A<i6 THEN 120

110 A=A-16 & DISP "BIT 4 SET™
120 IF A<8 THEN 140

130 A=A-8 ® DISP "BIT 3 SETT
140 IF A<4 THEN 160

150 A=A-4 @ DISP "BIT1 2 SET”
160 IF AL2 THEN 180

170 a=A-2 & DISP "BIT 1 sSET™
180G TF A<1 THEN 208

180 A=A-1 @ DISP "BIT 0 SET™
200 END
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BITx

The BITx command allows you to look at individuat bits. The following table shows
the addressing scheme for individual bits for 44485A cards in each of the three siots
of the 3421A. Notice that bit addresses 08, 09, 18, 19, Z8, and 29 are not ailowed.
The 3421A sends a value + 1.000E+0 if the bit is set and +0.000E + 0 if the bit
is clear.

Bit Address if card in Slat #

Bty Slet O Siot 1 Shet 2
0 0 10 20
1 1 11 21
2 z 12 22
3 3 13 23
4 4 - 14 24
5 5 15 25
5 6 18 286
7 7 17 27

Bit Value Address Chart

Look again at the example given in the kit value chart earlier. If you execute a
“BITT7 {for bit 7 in slot 1) followed by an ENTER statement, the calculator wiil
show a value of 1. The following program shows how this can be dona. If you ex-
ecute a “BIT12" {bit 2 in slot 1}, the calculator will return with O because the bit
is clear.

10 OUTPUT 901 ("BIT1/7”
20 ENTER 301 : A

30 DISP A

46 END

BIT can also ne used with a channel list, e.g., BiT17,15,13,11,10. The following
program shows how this can be done.

10 BUTPUT 901 7"BIT17.15,13,11,107
20 ENTER S0 ; N,B.C,D.E

30 DIsSF A.B.C.D.L

40 END

The command BiTO-27 seis the bit list (also called channel) to read ail input port
bits in the 3421A
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Advanced Commands

The advanced instruction set provides added capabilities for the input port. The three
comrnands in this group are; MHa, MLa, MNi. These three may be used to cause
an interrupt (SRQ) to signal the controller. The MNi command uses two other com-
mands, XRlabcl and AN[abcl, 1o specify the parameters that will cause the interrupt.

MHx

The Mtx [Monitor High) command monitors the bit specified by “'x". Refar to the
bit value address chart shown earlier to determine the vatue of “'x’". When bit "“x”’
hacomes set, the EVENT QCCURRED bit in the Status Register (bit 3, see Chapter
3, SPOLL) likewise becomes set. If the appropriate SRQ mask bit were set, an in-
terrupt {SRQ) is generated to flag the contreller. Refer to chapter 3 under the topic
of SPOLL for more information on SRQ and the Status Register. When the 3421A
is addressed to talk it will output the a decimai number equal to the sum of the
values of the bits that were set at the time of the interrupt (similar to a REDi
command).

HOTE

¥ the 3421A receives another command after the the MHx,
Mbx or MN command, the monitar function will be turned
off.

The proper way of sending the monitor commands to the
3421A js to eliminate the final end-of-line sequence. With the
-hp- 85 this is done with the format:

OQUTPUT 801 USING “#.K™;“"MHx;"" for MLx,MNi)

Note the use of the semicofon terminaror after MHx. A col-
on {:) could have heen used instead.

MLx

he MLx {Monitor Low) performs the same way as MHx except “'Fvent Gecurred”’
means the specified bit became cleared.

Example
Let's look at an example of this. Assume that you have a 44465A card in siot 2
of your 3421A. You want to monitor bit 1 and when it becomes set, ¢.g., from a

switch closure, you want to print a message. The following program shows how this
can be done.
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Ling

40
50
55
80
111 Y Digital monitor program
20 v -HP- B% wversion 70
30 1 34210 at address 901
A0 BUTPUL 901 ;"Mg”
50 DUTPUT 901 ;"MHZ1™
60 OH TNTR 9 GNOTO 1000 80-990
70 ENABLE INTR 9:8
80 ' BODY UF PRUGRAM
4980 GRTO 80
990 END
1000 STATUS 9.1 ¢ A
1010 P=SPOLL (901)
1620 IF BIT(P.3r THFEN DISP 1000
“NIGCITAL INTERRUPT™
1030 END
1010
1020
174

Beseription

Sets up the SRQ mask for
event pcourred. See Chapter
3.

Sets the Monitor High comm-
and for hit 1 in slot 2.

The SEND 7;UNL command
is used only with the HP-IB
option. {1 allows the 3421A
t0 send the SRO interrupt to
the computer.

Instructs the computer where
to go {line 1000} when an in-
terrupt (SRQ} occurs.

ENABLE INTR §;8 enables
the -hp- BS to respond to the
interrupt.

These lines form the body of
the program. They could be
replaced by other graogram
statemeanis, The program will -
continua to run until an inter-
fUpt OCoUrs.

Line 1000 is the beginning of
the interrupt subroutine. The
STATUS command reads and
clears the -hp- 85 so that it
can respond to future
interrupts.

SPOLL places the value of
the 3421A Status Register
into variable P. K also clears
the 3421A Status Register,

Bit 3 of Status Byte (P} is
checked to make sure that it
isa 1", 1f it is, then the in-
terrupt was caused by the
digital [/Q board and the
message is displaved. If the
bit i1s & "'Q’", something else
caused the interrupt.
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MNi (ANlabc], XRlabcl)

The MNi command aliows you 1o specify an entire word (8-bits) to cause an inter-
rupt. MNi uses the XR{abcl, ANfabc] commands to extract only the bits you want
to look at. XRlabel is called an Exclusive Or mask. it allows you to specify which
bite are to be set to cause the interrupt. The AND mask is set up by the AN[ahc]
command and allows you to specify which bits you want to monitor. in the discus-
sion to follow, it will help to remember these two points:

1. The XR command determines which bits are o be set to cause the interrupt.
2. The AN command determinas which bits you want 1o lock at.

The MNi command reads the input bits from the card in slot i, performs a logical
Exciusive-OR with the XOR mask, takes the result and performs a logical AND with
the AND mask. If the final result equals G, the EVENT QCCURRED bit in the Status
Register tbit 3! will be set. If the SRQ Mask is set for bit 3, an SRQ interrupt will
he generated.

XRiabc]

The XRlabcl command sets the iogical Exclusive-OR mask for the MN command. The
value {abc] represents a decimal number from O to 255, Refer to the bit value chart
shown eatlier in this chapter. The Exclusive OR function performed by the MN com-
mand is dane on a bit-by-bit basis. The following Truth Table and example show how
the XR mask works.

iogical XG8 Truth Table

input Mask
Bit Bit XOR Result Example
0 O 0 1T0101100-XR mask = 172
0 1 1 01110010 - Input Bits
1 0 T
1 1 ¢ 11011110- Logical XOR Result

When you are sending a mask number, whether XR or AN, to the 3421A, it is not
always neacessary to send all three digits labc). Leading zeros are automatically in-
serted. In other words, XR5 is the same ag XR0O05. If no number is recaived by the
3421A, the mask is set to all O's.
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ANiabc]

The ANiabcl command sets the AND mask. The value [abc) represents a decimal
number between O and 255. Refer to the bit value chart given earlier in this chapter.
The AND performed by the MN command is done on a bit by bit hasis. For exam-
ple, sending AN173 would represent a binary AND mask of 10101101 {27 + 25
+ 23 + 22 + 20 = 173). Supposc the digital inputs were 10011000, The logical
AND weould be 10001000, as shown in the following illustration.

Logieal AND Truth Table

inpot ffiasi

Bit Bit AND Resuit Example

0 C 0 10101101 -AN mask = 173
0 1 G 10011000 - Input Bits

1 ¢ o - - - - -

1 1 1 1000 1T000- Logical AND

As with the XR command, leading zeros are inserted. In othar words, ANE is the
same as ANOCS, If no number is received, the mask is set to afl O's,

Let’s lock at an example of how this works. Imagine we have a situation where the
controller is to be interrupted only when bits 3, 5, and 6 are set and bits 4 and 7
are cleared. We don’t care about bits 0, 1, and 2.

011 1 0 1 X | X X = Desired interrupt word

don’t care

Remember the first of the two rules mentioned earlier; the XR mask consists of the
hits which are to be set. In this example they would be bits 3, b, and &.

{ 0|1 \ 1 0 1 0|0 |0 = XR104 (XR Mask - bits 0 be set)

Rule 2 states that the AN command specifies only the bits we want to [ock at. In
this example those are bits 3, 4, 5, 6, and 7.

= ANZ248 (AN Mask - bits we are
concerned with}

T11v:1¢1 01 061010
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Reforring to the bit value chart, we can see that the XR mask should be set to value
104. In other words, execute the command XR104. The AND mask will be set to
value 248; i.e. AN248. The following three tables show how the MN command
works to produce the final result. In A, all conditions are mat and the final result
equals 0. Remember that when the final result equals O, the computer will be in-
terrupted. In B we have an example of bit 4 being set but all other conditions be-
ing met. Table C shows an example of bit & being cleared but alt other conditions
being met.

A ) C
Input 0110% xxx O111Txxx 0010 1xxx
¥R mask 01101000 01101000 01101000
Result 1 Q0000 xx O0010xxx 01000xxx
AN Mask 11111000 11111000 11111000
Final Q0000000 00010000 01000000
Result

In the examples "'x’' means that we don’t care whether it is set or cleared. Notice
that after the XOR operation the ‘'don’t care” bits are not changed. Howaver, after
the AND operation, those bits are always 0 regardless of their previous state.

DTx

The Digital Trigger command (DTx) provides a way to externally trigger the 3421A
voltmeter, The DT command monitors the bit at address “"x”’
& voltmeter T3 trigger command is executed. Trigger command T3 is used to trig-
ger the voltmeter to make a measurement from each channel in the channel fist and
store the readings. The channetl fist and measurement function must be set up prior
to asserting the the DTx command. An example of using the DT command is pro

vided in chapter 3.

. and when it goas low,

if any information is passed through the interface prior to the trigger, the digital
trigger function will he abortec.

Working With the input Port
Essentiaily, only two things are regquired when working with each bit of the input
port; an external power supply and a switch. The switch may be & mechanical

switch, & discrete transistor or integrated circuit, etc.
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The following illustration shows one bit of the input port in a typical configuration.
Two connections are needed for each bit input. When the switch is closed, or the
fransistor turns on, the input bit light isolatar turns on. This is the condition described
previously as being "'set’’. With the switch open the bit is ‘'cleared’’. If one power
supply is 1o be used with all 8-bits of the input port, it should be capable of pro-
viding & minimum of 200 mA per option card.
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OQutput Port Overview

The output port contains 8 VMOS Field Effect Transistor (FET) switches. These swit-
ches are completely independent of each other and allow you to control such things
as alarms and relays. A high switching voltage { <42VDC) and currenl { <300 mA}
means that the output port can be employed in many different ways.

Standard Commands

The three STANDARD commands most copunonly used with the output pert are
CLSx, OPNx, and WRTi [abc]l. The first two, CLSx and OPNx, allow control of in-
dividual switches in the port. WRTi, on the other hand, permits one command to
contral all & switches, In the discussion to follow, the werd ““closed’”” means that
the switch is closed {low impedance) and “'clear’” means the switch is open {(high
impedance)}.
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CLSx, OPNx

The command CLSx {Close Single switch x) “closses’’ the switch specified by x.
OPNx performs just the opposite task, it clears the switch specified by x. The table
below shows the switch address chart for the three different slots.

Switeh Address if card in slotd
Switch#¥ Slat § Slot 1 Slot 2
O 0 10 20
1 1 11 21
2 2 12 22
3 3 13 23
4 4 14 24
5 5 15 25
8 B 18 26
7 7 17 27

i, for example, you have a digital 1/Q card in slot 1 and you wanted to close switch
5, execute CLSH. If you want to open switch 3, execute OPNAI.

- WRTi,[able

To control all switches with one command use the WRETi |able command. The |
represents the slot number for the digital /O card. The value fablc is a decimal
number{1 to 3 digits} equal to the sum of the values of the switches that you want
closed. See the switch value chart below. If you want to clase only switches 3, 4,
and 5 and open all other switches in slot 1, regardiess of their previous condition,
execute tha command WRT1,56. This example is shown below,

Switch Number 7 8 3] 4 3 2 1 Q

Switch Value if Closed | 128 [ 64 32 16 3 4 2 1

Example: 0+0+32 +16 +8 +C + 0+ 0 = 56

To make it easier for you to convert binary to decimal, here’s a simple program to
do the conversion for you. Simply enter the bit numbers that you want to be sel.
The program will return the decimal equivalent number.
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18 1 BIMARY TO DECIMAL CUNVERSION

20 R= .

30 DISP "HUOW HANY BIIS DO YOU WAWT TO SETT
40 TNPUT Be IF B>=38 THEN 30

50 FOR I=1 TO B

60 DISP "BIT MUMBER?" @ INPUT N

70 A=0+2"N

80 NEXT 1

90 DISP "DECIMAL VALUE =-":A

140 END

Advanced Commands

The advanced instruction set provides added capabilities wher using the output port.
The two instructions from this set are DSi,label, andg DCilabel

5Si,labic

The Digital 8ET command, DSi,{able, closes the output switches on card 1" to the
configuration specified by the decimai number abe. All switches not specified by [abc|
remain unchanged. The value [abc] represents the sum of the values of the swit-
ches you wish to close. Use the switch value chart shown previously to determine
the value abc. For example, if you want switches 1 and 5 clased in siot 2 and all
other switches to remain in their previous siate, exsecute the command DSZ2,34.

The DS command differs from the WRT command in that DS (and DCY affects only
the switches specified in the command. The WRT command affects ail switches on
the assembly., For example, suppose that on & 444654 assembly {slot Q), switches
2, 3, and 4 are closed. Executing the command: B350,1 would close switch number
1. Switches 2, 3, and 4 wauld remain closed. However, if the WRTO,2 command
had been exscuted, switch 1 would be closed butl switchaes 2, 3, and 4 wnouid be
apenad. (Remember that WRT uses the sum of the decimal values rather than the
bit numbers.)

DCi,[ablc

The Bigital Glear command, DCi,lablc, clears (opens) the switches specified in the
same manner as the Dightal Set command closes switches.

Working With the Output Port

Although there are several ways to use the culpuf port, the most common applica-
tion is a switch closure to ground. In whatever way vyou use it, two things are re-
quired, 8 power supply and a load. The FET switches are designed for a maximum
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power supply voltage of 42 volts, The load must be designed to limit current through
the switch to & maximum of 300mA. Consider the following two examples.

Fetay Control

In this first example, one bit of the digital output port is used to conirol a relay. In
this circuit, the relay was chosen because it has a 12 volt, 300 ohm coit. The 300
ohm coil fimits the current to 40 mA. The diode across the relay coil must bhe there
10 prevent damage to the FET swiich.

DIGITAL OUTPUT RELAY CONTROL
PORT 42V
(L OF B SHOWN) Ny

Digital Logic Interface

The second example demonstrates how the output peort could be used to com-
municate wilh digital logic devices., The value of the pull-up resistors are determin-
ed by the type of logic family the output port will be driving. As a general rule, the
following values will suffica: standard TTL, use 2.2K8; for LS TTL devices, use 10K,
for CMOS devices, use B0KI,

DIGITAL QUTPUT DIGITAL LOGIC
PORT INTERFACE
(¢ OF B SHOWN}
+5
UL Lp [T
RESTSTER
{SEE TEXT)
N = )
i +8
‘i -
A i
W
a1 B3
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Specifications

input Port

Input Voltage Levels:

Low Voltage Maximum: 8V

High Voltage Minimum: 2.4V

High Voltage Maximum: 24.0 V
Maxirmum Input Current for Low State: 100uA
Minimum {nput Current for High State: 800uA
Maxirnum input current for High State {24V 25mA

Monitor Functions:

Minimum pulse width: 100uS
Time from trigger to SRQ: 3005

Cutput Port

togic 1 (Closed): Low impedance, <2 Ohms, <300mA current, <.6V

Drop across switch

Logic O {Cpen}: High impedance, > 10Mohms, = +42V across switch.
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Chapter 7
Wiaintenance

Introduction

Your 3421A Data Acquisition and Control Unit was engineered for ease of use, ac-
curacy, and reliability. The instrument was carefully inspected before shipping and
should be free of mechanical and electrical flaws and should be in proper working
condition. '

The information in this chapter covers the initial setup and instaliation of the 3421A
and should be read before the instrument is installed for use. This chapter aiso in-
cludes warranty information, instructions on obtaining repair service, cleaning, etc.
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Accessories

The following table lists the available accessories and aptions for your 3421A. These
accessories are offered to help you maximize the useability and convenience of yvour
3421A,

Usa this number when Use this rumber whon
Beserption of QuiionArenssary ardering with 38214 arfaring saparatniy
HP-IB Intarface Opton 261 444614
10-Channel Multiploxer with - thenmocoapke com Cplinn D20% GAdELA
persaiice aut connector biock DA
022

Extra connactns hiock for 10 coernel Mitiplaxa: 444534 444634
B-Bit Ligital 170 Assembhy with ¢onnector biook Option 020 4448848
Breanhoard Assemily w.th cnonnastor hiock Opticn 040 444648
Extra conosctor bigek for Digial B0 or Brasd 44LEBA 44468A
hoard
Siw pairs of res’stors for TR divider, Lsad on A44L580 444694

10 ch rragllipdeecnr . Dne pair comes premounted
{channal 23 on gach assambly.

12 Vods Battery Dntion Option 212
Side hendle Kit Option 401 e e s
Fromt Mandbe Gt Opticn 907
Rack Mount Kk Opticn 908 e o
Rack Mount 't with Front Handia Option 209 —
Carrving Cuse wilh Pockey for HP L7100 113414 11341A
Additional ser of 34214 Cocumentaton Option 910 Order by part numbar
HE 410V calculator, 821804 HP-L inlerface, Option 541 Crder componarts
E21824 Time modide, and 44486824 DAL Pgc separately
H=A32 1614 HP-lL MHgitsl Cassetta Trive Opticn BET BZIGTA
H3-2ZYR2A HP-IL Printer Option 582 B2162A
Temparatura Frobe TOHIZ3A 10023A
HOCMH: RY Probe TIOGEA F1096A
Test {ead kit 341184 31184

1 Meebro HP B Coule 108334 10833A

2 Netre HP-I8 Cable 108338 1083313

& Netre 1IP-IB Cacle 108330 1G833C
3.5 hietra HP-IB Canle TN8I30 1CE330
b Metre HP-IL Cahbie BZ187 82167 A

1 Metre HP-IL Cable B2167B 821878

§  Metre HP-B Cable B21070 821670

* Oution 022 - hes all 10 chanrels configurad for mukiclexing,

Ootion 027 - kas channel O configured 35 an actuatar; channals -8 configured for multiplexing.
Oaoton O20 - kes chanssls O ard ¥ configuiza as actuators; chaanois 2 9 configured o muthislexing.
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Preparation For Use

Unpacking Instructions
When you are unpacking the 3421A for the first time, make certain the options that
you ordered have been installed in your 3421A. The following list of iterns should

aiso be included with the 3421A:

B1y. ltem

1 3421A Operating, Programming, and
Configuration Manual.

1 2421A Service Manual.

Alsa, make certain that the instrument and option assemblies that vou ordered coin-
cide with what you received. This includes line vaoltage options as well as HP-{B and
other option assembiies.

Initial Inspection

Your 34214 was carefully inspected before it left the factory. 1t should be free of
mars or scratches and in proper working order upen reczipt, You should, however,
inspect the instrumeant for any demage that may have occurred in transit. If the ship-
ping container or cushioning material is damaged, it should be kept until the con-
tents of the shipment have been checked for completeness and the instrument has
bheen mechanically and electrically inspected. Procedures for checking the elecirical
performance of the 3421A are given in the 3421A SERVICE MANUAL {-hp-part
number 03421-30008). If there is any mechanical damage, the contents are in-
complete, or the instrument fails to pass its performance tests, promptly notify the
nearest Hewlett-Packard office. A list of -hp- Sales and Service Offices is located
in the back of this manual. If the shipping container is damaged, or the cushioning
maierial shows signs of stress, notify the carrier as weil as the Hewlett-Packard of-
fice. Save the shipping materials for the carrier.

CAUTIOM

Before conpecting the Y4214 10 an 8¢ power source, verify
thet the 20 puwer Sourcs mElchias (ha [Icwer Teguiiermsnts
of the instrument as marked on the cotion fabel on the rear
panel of the instrament. Onty gualificd service frained person-
nal should recondiguce the 34274 for & differeny powear line

voltage option.
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Power Requirements

The 3421A requires a power sowrce of 100, 120, 220, or 240 VATZ (-10%, +5%),
48 to 440 Hz single phase. Maximum power consumption is 8 VA, Refer to the
3421 A rear panel for the line voltage option label. Make certain the option marked
orn the label is the same as the nominal line voltage for vour area. Also check the
50/60 Mz switch for the proper setting, i.e., up for a 80 Hz line and down for a &0
Hz line.

3421 Back Panel

Power Cords and Receptacles

The following illustration shows the various power cord configurations that are
available to provide power to tha 3421A. The -hp- part number shown directly helow
ihe individual power plug drawing is the part number for the power cord complete
with piug. If the appropriate power cord is not included with the instrument, notify
the nearest -hp- Sales and Service Qffice.

POWER ZORCS

I(/ ! \‘-.\

£ . v I8 Lo P
[ . Boel * &:_ m.u} .
A A () ~
L S g LS T
AR SITUER| D 1RO states LHLT = a0k

oy e

PoOp ;l Yalioga |
H H
H3 s 2N A
12 DRIV b
o

ZEDV EA G
iy L

i ! EEIY £a ‘
: Unfiea Gtatas TER A0
| Uitz Shates FATS 0N

saaer cords sappiles Ly HP havs peisddes matched (o the nower thpeld sa2ket on iR liagds el
s L= Line g7 AGIv Gandugies (RIRS RResd et £ Chty,

* hosz Netesl o lgentited Donchasior

* E = BEavhigr Safeny, 3
MEYE: Plugs:

aertilicas on snales e i e Pesne 2

vlewnn from nnanenaT end Brape of modad vl inay wary w ohln oLy,

Power Cards
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Grounding Requirements

The instrument is equipped with a three-conductor ac power cable. The power cable
must either be plugged into an appraved three-contact electrical outlet or used with
a three-contact to two-contact adapter with the grounding wire {green) firmly con-
nected to an elactrical ground {safety ground). The power jack and supplied power
cable meet IEC {International Electrotechnical Commission) safety standards.

Power Line Fuse Replacement

The power fine fuse is located on the rear panel of the 3421A in the lower right
corner. To replace the fuse, turn the instruments power switch off and remove the
power cord from the rear of the instrument. With a small flatblade screwdriver rotate
the fuse terminal counterclockwise. Replace the fuse with the same type fuse.
Reinstall the terminat and apply power. The following tabie lists the available power
line options and the appropriate fuse.

Ling Veltage @ptions

Option Ne, | line Yoltage Frequency Pawer line Fuse

315 TG0y AL 50HMe AGA Time Doay

3186 1006 850 i-bpe Part Number 2110-0234)
325 12¢ EQ

326 120 50

33y 220 5Q

328 220 84

345 240 50

348 740 B0

installation Considerations

There are two items to keep in mind whether you are installing the 3421A in a rack
or simply setting it on a test bench. First, do not set the 3421A where air blowing
into the instrument may cause thermal gradients and cause errors in temperature
measuremenis. Second, the REFerence junction on the 10-channel multiplexer
assembly was calibrated with the 3421A in a horizontal position. Consequently the
3421A should be used in a horizontal position or temperature gradients may again
cause errors in measurements. If the instrument is to be used in another position,
the REFerence junction should be calibrated with the instrument in that position.

187

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



WARNING

The 3427/ uses larching relays on the T0-channel multiples-
ing assemibly foption 0201 and an the malirarne. The state
of these relays can only be aftered under program control.
This /s an advantage in the sense that, under most conditions
of failure, the relays will remai in whatever state vour pro-
gram has set them. However, In case of power or cquipment
fadlure, anv application roquivitiq a falisate merhod of instr-
ing that the circuits under control ars r & known siate muse
be provided by the installer.

Safety Considerations

General safety precautions must be adhered to during all phases of operation of the
3421A. Failure to comply with these precautions or with specific warnings elsewhere
in this manual, violates safety standards of design, manufacture, and intended use
of this instrument. The Hewlett-Packard Company assumes no lability for the
customer’s failure to comply with these requirements.

Operating personnel must not remove instrument covers. Component replacement
must be made by qualified service trained personne! with a knowledge of the hazards
involved. Do not operate the instrument in the presence of flammable gases or
fumes. Operation of any electrical instrument in such an environment consitules a
definite safety hazard.

Warnings and cautions precede potentiaily dangerous procedures throughout this
manual. instructions contatned in the warnings and cautions must be followed. Safety
symbals used on the instrument or in the manual include the following:

The WARNING sign denotes a hazard. It calls attention to a

WARNING procedure, practice, condition, or the like, \s".dhl‘f:f‘*l, if not cor-
rectly performed or adhered to, could result in injury or death
o personnei.

The CAUTION sign denotes a hazard. It calls attention to an
CAUTION operating procedure, practice, condition, or the like, which,

if not correctly performed or adhered to, could result in

damage aor destruction to all or part of the product.

The NGTE sign denotes important information. It calls at-
NOTE tention {o a procedure, practice, condition, or the like which
is essential 1o highlight.
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INSTRUCTION MANUAL SYMBOL. The product will be mark-
ed with this syrmbal when it is necessary for the user to refer
to the instruction manual in order to protect against damage
to the instrument.

indicates dangerous voltage {terminal fed from the interior by
valtages exceeding 1000 volts must be so marked).

o Altarnating Voltage/Current

E—— Cirect Voltage/Current

interface Connections

The -hp- Model 3421A is compatible with the Hewlett-Packard Interface Loop
(HP-1L}. HP-IL i3 an easy to use interface that allows interaction and control betwaen
several -hp- controllers, such as the 41C/CV calculator or 8bA desktop, and in-
struments like the 34214 or -hp- 3488A. instruments are connected together in
series, forming a "'loop’’. Refer to the figure below. The 3421A also has an option
201 which provides switch selectable HP-{B or HP-IL. HP-1B {Hewlett-Packard In-
terface Bus) is Hewlett-Packard’s implementation of IEEE Std. 488-1978, "'Standard
Digital interface for Programmable instrumentation.”

WAL Az I ZF
i i

HRIMTER
CIETERET

AL LIt ATLIESE 2

SAVEESE 8

HP-IL

Although the 3421A may be connected anywhere in the loop, delays in triggering
will be reducad if the 34214 is the first device in the loop. HP-IL connections to
the 3421A are made by two cables, cne going o the previous nstrument in the loop
{RECEIVE} and the ather going to the next instrument in the loop {TRANSMIT). Ali
of the interface cables must form a continuous loap. All connectors are designed
for proper orientation. To connect a device, such as the 3421A, in the loop, first
turn off the calculator and the device to be added to the iocop. Then, disconnect the
loop in one place and connect the 3421A into the loop at that place. All devices
must be turned on for the interface to work properly. The calculator/controller should
bhe the iast device turned on as it re-assigns new addresses to each device when
turned on. Total cable length between any two consecdlive devices in the loop must
nat exceed 10 metres {33 feett for standard HP-Il. cable.
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HP-Il. Address Selection

Each device in the loop is assigned a unique address - a number frem 1 to 30 -
allowing the controller to specify and contro! individual devices. The 3421A has a
defautt turn-on address of 09, howaever, the controller will sequentially re-address
each device in the loop. The addresses start with address 1 for the first device in
the loop after the calculator in the direction of information transfer. In this way, sach
instrument has a unique address, which it stores internally.

HP-1B

The 3421A with option 201 provides switch selectable HP-IL or MP-IB* interfaces.
The photograph below shows the rear panel of the 3421A with the option and points
out the switch, Connection to HP-IB is made by an interface cable to the 24 pin
HFP-IB connector located on the rear panel. A typical interconnection is shown below
i which system inteconnection is made by two interface cables. The ends of the
cables have both a male and female connector to enable connections to other cables.
As many as 18 instruments (including the cortroller) can be connected by the same
interface bus. However, the maximum length of cable that can effectively be used
to connect a2 group of instruments should not exceed 2 matres 8.5 feet) times the
number of instruments to he connected, or 20 metres (65.6 feetl, whichever is jess.

HPB and Two Cable System
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HP-IB Address Selection

The HP-IB address for the 3421A is determined by the setting of five switches
located inside the instrument case. The 34271A leaves the factory with the address
switches set to decimal code '02''. Changing the HP-IB address requires a qualified
service trained technician. Refer to the 3421A Option 207 Service Manual.

Warranty Information

Certification

Hewlett-Packard Company certifies that this product met jts published specifications
at the time of shipment from the factory. Hewlett-Packard further certiffes that fts
calibration measurements are traceable to the United States National Bureau of Stan-
dards, to the extent allowed by the bureau’s calibration facifity, and to the calibra-
tion facilitics of other International Standards Organization members.

Warranty

This Hewlett-Packard product is warranted against defects in material and workman-

~ship for a period of one year from the date of shipmient. During the warranty period,
Hewlett-Packard Company will, at its option, either repair or replace products which
prove to be defective.

For warranty service or repair, this product must be returned to a service facility
designated by -hp-. Buyer shall prepay shipping charges to -hp- and -hp- shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all ship-
ping charges, duties, and taxes for products returned to -hp- from another country.

Hew!ett-Packard warrants that its software and firmware designated by -hp- for use
with an instrument will execute its programming instructions when properly installed
on that instrument. Hewlett-Packard does not warrant that the operation of the in-
strument, or software, or firmware will be uninterrupted or error free.

Limitation of Warranty
The foregoing warranty shall not apply to defects resulting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized

madification or misuse, operation outside of the environmental specifications for the
product, or improper site preparation or maintenance.
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NG OTHER WARRANTY 1S EXPRESSED OR IMPLIED. HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE iMPLIED WARRBANTIES OF MERCHANTARBILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

Exclusive Remedies

THE REMEDIES PROVIDED HEREIN ARE BUYERS SOLE AND EXCLLUSIVE REMEDIES.
HEWLETT-PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT,
TORY, OR ANY OTHER LEGAL THEORY.

Assistance

Product maintenance agreements and other customer assistance agreements arg
available for Hewlett-Packard products. '

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided in the back of this manual.

In addition to the above warranty, the following LIMITATION OF WARRANTY ap-
plies to the option 040, Breadboard Assembly:

Limitation of Warranty for Option 040

The foregoing warranty shall not apply to defects resulting from improper or inade-
guate maintenance by Buyer. Buyer supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environmental specifications for the
product, or improper site preparation or maintenance.

The design and implementation of any circuit used on this product is sclely the
responsibility of the Buyer. Hewlett-Packard Company does not warrant the Buyers
circuitry or malfunctions of the 3421A or plug-in options that result from the Buyers
circuitry. In addition, -hp- does not warrant any damage that occurs as a result of
the Buyers circuit, including but not limited to the following:

Analog and digital sections are interconnected.

3421A power supply limitations are exceeded,

Component height/protrusion restrictions are viclated.

Internal 3421A DVM voltage specifications are violated.

Maximum input voltage on the digital lines is sxceeded.

The trace specifications listed in Chapter 9 of this manual are exceeded.

S o
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NO OTHER WARRANTY (S EXPRESSED OR IMPLIED. HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

Specifications

The specifications for the 3421A are the performance charactaristics of the instru-
ment which are certified. These specifications are listed at the end of this chapter,
and are the performance standards or limits against which the instrument is tested.
included in the table are some supplemental characteristics of the 3421A. These
should be considered as additionat and general information for you, the user. Because
of the many operational capabilities of the 34214, exercise care when checking the
instruments specifications.

Any changes in specifications due to manufacturing changes, design, or trace-
ability to the National Bureau of Standards will be covered in a manual change
supplement.

HOTE

Specification for 40°C > 65% relative humidity are verified
hy a b day type test.

Environmental Requirements

When the 3421A is calibrated, careful rote should be taken of the ambient
temperature. In order to meet and maintain the specifications listed in this chapter,
the 3421A should be operated within = 5°C (2 9°F} of the ambient calibration
temperature. This temperature is also called the reference temperature. As it is ship-
ped from the factory, the 3421A shouid be operated within an amhbiant temperaturs
range of 23°C =+ 5°C [73°F + 9°F). The instrument may he operated within an
ambient temperature range of 0°C to 55°C (1 32°F to 131°F) but with reduced
accuracy. o

WARNING

Tor prevent potential electrical or fire hazard, do not expose
the 342 1A to rain or moisture.
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How to Obtain Repair Service

You may have your 3421A repaired at your local -hp- service center at anytime,
whether it is under warranty or not. There is a charge for repairs after the one year
warranty period. Contact your local Sales and Service Office for shipping instructions
prior to returning the instrument. A fist of Sales and Service Offices is lacated in
the back of this manual.

Serial Number

Each 3421A carries its own serial number on a plate on the rear panel. Each of the
3421A option assemblies will aisoc have a Date Code starmiped on #. It is recommend-
ad that owners keep a separate record of these numbers. Should your unit be lost
or stolen, the complete serial number is often necessary for tracing and recovery,
as well as insurance claims.

General Shipping Instructions

Should yous ever need to ship your 34214, be sure it is packaged in a protective
package (use the original shipping container and cushioning material) to aveid tran-
sit damage. Such damage is not covered by the warranty. Hewlett-Packard suggests
that you always insure shipments. Attach a tag to the instrument identifying the
owner and indicating the service or repair needed. Include the model number and
fuil serial number of the instrument and/or option cards. In any correspondence, iden-
tify the instrument by model number and full serial number.

Further Considerations
Cleaning

Disconnect the 3421A from its ac power source before cleaning. Also, remove all
sources of power from the option assemblies. The instrument can be cleaned with
a soft cloth dampened either in clean water or in water containing a mild detergent.
Do not use an excessively wet cloth, or allow water inside the instrument. Do not
use any abrasive cleaners, especially on the display. Do not press hard on the display.

The panel area surrounding the input terminais should not be touched because oils
on the instrument surface caused by fingerprints may cause leakage paths and
decrease the input impedance. To maintain the high input impedance of the 342 1A,
the Input terminal area should be cleaned periodically with a cotton swab dipped in
isopropyl alcohol and then rinsed with deionized water. Let the panel thoroughly dry
before using.
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Detailed Specifications

BC VOLTAGE
Ingol Characieristics
Maximum ‘Besolution 0 40°C @ 65% < RH = 8h% Maximum
Display : fnput input lirgrat
Range this Bigith 5% Digit 1% Digit 1% Digih . Aasistance Resistance Voltege
0.3V | .3010000 T b0 av | toc ey | holY 1c? + 350 Vpeak Hiearth, |
iV | 3.01000 1CaV | 100 & Tmy | 10 s Hi Lo, ar helweer any
300V 1 300100 100 WY I my TCmYyY oML 1% 55 TCA + 1% — 30 by termningis,
2000V 3 301.000 oy 10 myY | 0GmY | TOM + 1% : 10M + 1% — 2% 1 150 Vpesk Lo-earth.
- Measurament Accaracy: (%% of rsading + rumber of countsi. Temperature Goalficient: Add 1o Measurement Accurecy =i%

ot

Anta-zern ar. reading | number of counts)90 for eash °C outside of
{20°C 2 calibrztion temperature = 30°0) calibration temperature + 5%C
M hours: 23°C 1 1°C operating temperature sfter 1 hour warmug. Rangs % Digit 4% Digit 3% Digit
For lass thar 1 acur warmup use 20 day specs.
} 0.3v | 6.0002 + 0.5 0008 4+ 006 GOG0E + O
_ 3 v | 0.0007 + 0.08] Q0007 + 0 C.O00Y + O
Range % Digit &Y, Digit 3% Digie ; 20 v DOOOR 4+ 0.5 AO0O8 + D05 L CO0CE - O
; 300 V] 00007 + 0.0B] 00007 + 0 | €.0007 - 0
3.3V D adeh - 5 | G0BD + 1 0060 - 1
3 0% | 003% - 3| a0ds ] BU33 i
300V | 4050 -~ 3 | 00B0 + 1 DOBD - 1 Awto-zern Off Adg to Measurement Accuracy = number of
20000V 0o0aos - 3 OORS + 1 L0.0088 -~ 1 countsh, Fur 24 howrs noa stable enwironment (termperatyre

80 days: 23°C + 570 cperating temogeaturs

within = 17 of the termprratune when avto-zers is yurped off).

Range &% Digit 4% Digit 3% Digit
0.3V | .0088 - 6 | 0088 ~ 1 | .00BB + 1
3 v | 0072 - 3| 0072+ 1| 0672 &3
30 0V | 0087 - 3 | 0087 £ 1 | OORT & 7

500 V| .0DE9 - 3| 008D 0 7 | 0089 ¢ 7

1 year: 2370 =

340 pusrating tempararura

Range B Digit % Dight 3% Digit
0.2V 11 : 0
3 v 3 ™ O
30 W 11 i 0]
300V 3 v, o

Muise Rejectisn: For 00, 60 Hz = 0.1% idepencing on oztien
1 K unbaence in Lo, Auto-zero on

0-60°C @ 65% < RH ==95%
Ranpe 5% Dagit 4% Digit 3% Bigit 5l L {2 ¥ 9% &Y 3n
n dB gt Digit Rigit Digit DBigit Digit
DAY L 0184 + B L 0184 + 1 1 0194 4+ 1
30V P18+ 2 0181 ¢ §. 08y 1 A NMR BO g 0 80 59 &
30V 0185 + 3 1 0198 + 1 1 0995 + 1 AC ECMR 344 120 s1¢] 149 120 2
3000V | 0186 4+ 3 1 0198 + 1 F.0195 + f 3 CMA 740 140 140 123 120 120
RESISTANCE 2-wire 0, d-wire 0y
input Characteristics
Maximum Gurrent M. Oyen
Reinding Resolution Resalution fasolution Through Circuit
Range ¥: Digit 5Y% gt 4% Digit 3% Digit Unknown Voltage
3000 301.000 1 mi 1C mi 100 mit T A 6.5
2k 301600 10 mil 10¢ mi HE Y T i #.3
30k 301000 160 mi 14 N 100 A 6.3
300 & 3¢1.col Y 100 T00 N 10 nA 5.5
A 3.01000 1ou 00U T k8 T pi 4.5
30M A0 10040 100 0 1okl 10 k& 100 nA 4.5
Mon-destructive over load + 300 Vokis peak.
Shore-tarm overicad & 650 Volts peak.
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Detailed Specifications {Cont’d)

RESISTANCE (2 wire 0, 4-wira 0} (Continued) 3% Digit Moce
Messurament Accwracy: {9 of reeding — nurbor o7 courts). Dyperating
AUo-zarg on, 4-wire ohms, Temparzture 23°6 + ¥°0 23°C z 5°C 23°E 2 8°C
b% Digit Moda Range 24 Hour 8 Day 1 Year
Ogerating 366 0045 1 1 01
) 366 0 0 ; o1z 017 -1
a T op . fo ap o4 RO "
Tsmpnra.tnrﬁ 23°€ = 1°¢ 23°0 - §°C 23°C & BOC 9 0035 + 1 311 - 1 018 - 1
Nk L0358 + 1 RoaE B GG - 1
Range 24 Howr 48 Day 1 Year JCG & L0328 + 1 11 =1 LS o+ ]
------ 3 M 078 401 Re;Y 1 L8701
ann o 0045 + B 012 + 6 C17 + 6 30 M- Sh ‘8 ! JEo+ 1
3 e 38+ 3 L1 = 3 G116 + 3 i
30k AM35 i 3 L1710 3 015+ 3 : F3% digt 30 ard 3CM apec ia for ac ozaration with foal’ng in
30C k L0038 + 3 211 + 3 £16 + 3 i put. Maasvroment noise will decrcuse weth L0 conrnected to EARTH
3 M 10+ 3 014 + 3 018 + 3 ; G i bettery operaiicn in which case the spec is the same as for
30 M 082+ 03 Yo+ 3 TG + 3 ¢ 5% digit with O counts o¥fset,
Operating
perating Environment 6-40°C @ 6% < RH< B5%
Environment D-30°E [ 5%% < RH = 35%
- Range 24 Hour 97 Day 1 Year
fange 24 Hour 4B Bay t Year
300 4 Co46 + 1t a1 41 1T+
00 O COoa8 + 4 o1z . B 017 B 3k 007+ 1 311 + 1 Gy [
3k o047 3 a1 + A o017 o+ 3 30k 3315 401 318 4t 3B o+ 0
30 k 0318 4+ 3 0335 4+ 3 0354 + 3 300 !(_ 315+ 1 31+ 01 315 a4t
300 &k 315 -3 | 316 +3 | 316 + 3 3 M 3.08 o+ 1| 3068+ 1} 308 4
3 M 3.08 b3 308 & 1.08 P 30 M 262% + t 26.2% + 1 2B 2% 4+ 1
oM 252% + 3 252% + 3 282% + 3
*3% digit 3M and 30M spec is for ac operation with floating in-
put. Meagurement noise will decraase with LO connacted to FARTH
S or in battery opsratian in which case the spec = e sams as o7
&% Digit Mode 5% digit with © counls offset,
Dperating . First rezding s ir specification with daefaul delay and 200 oF of
Temperature WL+ 174 23°6 + 5*C 23°6 = 597G capacitance.
Range 24 Haer a0 Day * Yaar Zowirg ONTHS BTTUTASY 15 the same as 4-wira ohms except scd a
maximum ¢f 44 cffsat,
300 4 L2045 10 12101 OT7 09
3k G035 + 1 011 + 1 018 + 1 )
30k 0036 + 1 D11 + 1 06 + 1 -
300 k CO36 + 1 011 + 1 916 + 1 Temperature Coefficient of Measurement Apsuravy:
%M 010 11 014 1 1 018 01 {, R Q6r o EEO
36 M 097 + 1 | 114+ 1 123 + 1 07C 10 187C. 28°C o 85°C
: G digit display, auta-zero on
= {% teading - nwrebor of countsh®0
Oparating Temperaliure
Envirenmant 0-49°C @ BB% -~ DH-=85% Rauye Coetticient
Raogye 24 heur 50 Day 1 Year 3004 | 0009 + &
Ak i DC0Y + DB
. P -
360 © 0046 + 1 | 012 o+ | 017 - IR Bt S
21 0047 01 [ o w1 | oy 1 YV PSS a
3¢ & 0318 + 1 | 0335 + 1 | 0354 -1 aom | oar a be
300 k 315 4 1 315 4+ 1 g1E -~ B e i
3 308 401 308 + 1 308 o+ 1 For 4 digits. multply "
30 M 25.2% + 1 | 25.2% -+ 1 | 25.2% : 1 or 4 digits. multiply courts oy .1
For 2 cigits, multiply courts oy .01
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Detailed Specifications (Cont’d)

RESISTARMCE {2 wire 2, Sayire O 1Condrued)

Auto-zero Off: (B dig:is)

-

For g stable enviranmens (+ 100k ade 11 counts for 3008 ranga,
3 counts tur 3k Leroegh 300K ranges, 3 courts ‘- 3 and 33
counts for 3OM range. For 4 or 3% digits multiply counts
by .1 and .01 respectively. Changes in lead resistancy are no!

corrected in A-wire obms wth 2uto-zers off,
Curreat Source Accwracy, 2.7%
Manimum Lead Inpealmnee: 4-wire Q
senge leads 140¢
saures lo lead 130 of full scale

owree hi lgad 13 of fui scale
3RO foe 2000

AE ranges
AE ranges
3+ through 300

e

Source Lead | 360 | 3kD ke | 308kG MG J0MR

Lo 101100 1k 10k 1C0K | 1M
A 3 Tk | 10k | 100% 1| 10M |
AC VOLTAGE

input Characteristios

Maximem Maximum

Display 4% Digid input Input
fenge | {1%2% Digw) | Besolutipin Rusislanee Volage
3V | 0100 1 1000y CHiete

+ 3% peak
Lo dormmaa
TCMU 2 1% | to earth

L 150V peak

30V | 30100 oy

Meoasurement Accuracy”:
{940 days;

+1% Heading ¢ Counts)

Temperature Goefficient
ziiReading + Countsii*G
20 Hz-1kBz | 35 Hz 60D H: G-18°€, 28--35°C
3% Digits L T 0.5 Ia] Ot o+ 7
4% Digits 1+ 80 0.5 - 8¢ ReREN I
*Thase specifications assuma: Vi,

= .3V 13V Rangs)
Yoo 3V {30V Ranged

"

3421A READING SPEEDS - INTO
INTERNAL MEMORY (READIAGSISEC)
REPEAT ON ONE CHANNEL

Z1Ft 20F1 | OIVF2 | RAFZ | IR 1BF3 Fg F?
NE 2R &£DE el 4| 10s )] B oHA
na 15,85 43.02 At 111 {CBBED 24,311 105 Gl a8
N3 30.86 38.56)] 1.37 ] 1.41 J22.93! 38,311 1.05] 61§ 1

~ Artisan Technology Group - Quality Instrumentation .

RANDOM CHARNEL

201 | zo0F1 | ozeez | 202 |ozies | aoe3 | PR
; i
Me | vu| zas 299 3wl ow \:
M6 §13.18] 18.24) .90 | 1.08 {5320} 1861| .08
W3 | 22.22| 25.98) 1.38 | 1.33 }22.19: 26.01) .98

NENE, B3 - 8%, A% 3% digit mode

21 = Auto-Zerc On

20 = Auto-Zero OFF

=1 OC Volts

=7 = AL Wolts

3= Ohmy

=5 = Temper aturw {T-typat
57 :
3% = SeConn fate e
GOo= 1 second gawe e
Gt = 10 second gate uime
COUNTER

AL couplad zero crossing
Frequency range:

bzt 10 kilz with rise tima

<t
150 #e o 10 kHe weith rise tirma = 1.

S
5
Senshivity: 800 mV p-p
Miniguze pulse width BV

QO psec. BY% duty cycle munimum
Accurany: OB % of reading = 1 L5308
Manimurm input vaitage: 300V
Maximum DC affset; 2V

Isput fmpedence: 1OVE 1 % %

TOTALIZE MODE

Minimum pulse width 153V):
) paec, §% duty cyacle minimum for gignals with pariod T second
Sensitivity: 800 iV
Maximum counts: 5,333
Waximum rise time for sigrels Jess than 10 B 1.5 ms
Minimum paisas perisd: 100 psec
Maximum iapui usitage: 300V
Maximum DC offset: 2V

gut inpedance: COR = 1 - 103
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Detailed Specitications

(Cont’d)

BATTERY LIFE

Batlery dle from ful; charga:
HPAL - 72 hours minimum

FF-R - B Rowrs indoaimom

Battery charge rate from minimum to folt
PO s £ 3A71A off o

asteop

2% hours it 34214 is on

OPTION G20, 821, D22

charge:

10 CHANAMEL MULTIPLEXING ASSEMBLY

Mo lagy 1Soany

Voitege tActuate:

= 350 3 prek Hieerth Hic e, or cetwsen

ary 1o terminats

= 150 ¥ pesk Lo-aa-th
R0 Warn

TEO VA Vit

20 Vde

250 Wac

24 Mammam

Dantact Rasistanca [Aciuas,
Thesrenal O Taet [Seen;
Averags Switcn Life

faximum Switziing Rate
[ r Conwaet Capasitares
Clased Crennel Cacscitence

nterchanne Capacitanoe

< 1. 47

ERETAY

5x 108 zperations wth
Footany prmecrénn

<80 oF with 1 Option C20
< 130 oF with 2 Option 020
<170 AF with 3 Optlon 070
<30 oF

a4t @ F30°C @
Isatation Resistanss RH == Bh% B85 <2 RM = 95%
Ml o LO (I 107
HI o CARTH 1o 102
LS to EARTH 10t 107

Frezuenoy Response
(500 souroal 1 MH2
{1 Meg source! T kil

Al rolay seans brogic Defore mislos,

Reiay conf guration a2 shipment:

Oplicr Chipael

Mode

czc o1
; 2-G

Aztuata
Tar B Szan,
TR WA WNax.

Aztuats
ot Bl Szam
1aG WA Mew,

£z2 - 08

1 of M. Szan,
1650 i Max.

REFERENCE JUNCTION COMPENSATION

Querating ¥ emperature Becuracy

WIFDNTRNT EE
S8 deviations

Dyamus Enviconmant
157C stap or 3°Crnour
maxinrun rats of changal

Teirperature coefficient for 5-13%€128-507C operating ranges

Add 2 maasurament acouracy:
0500 far gack "0 nutside

TYPE T THERMOCOUPLE
COMPERSATION

Ragge. ~ 20070 o + 4003 C

Aceuracy: incicdes -eferanca junction aqror thenma affael dun,

ertce ard curve Tit. t doas nat inclide wite prroes,

TYPE T THERMOCOUELE
COMPENSATION

Rangs: - 20040 o - 200°C
Acmurany: ino vdes rofsonoe juneaons geren, thermal ofiset, dvrm er

van andd crave Tt does not includs wite srrors.

'\\ lype T 7 Error
T \
PERY B \
b
\\
Z \
"
R \\
15 .
\\\H\
H S
5
300 160 ac 30 el

Tarrparatare 190

Temperature Coeflicient:

OBFCCHG - 187 028 552

High Veitage Divider (Option 020 with 444694k

15k

M aximuy: baput Yol

20y RME Mi-Lo
=320 0 peak - |4 Tarmical o earth
L2000V peak — Lo termina to earth
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Detailed Specifications {(Cont’d)

Isolated outpet speest B bits wice & -

GFTIDN 050
BIGITAL 1JG ASSEMBLY

All tereingls £ 2680V max. wo carth

lsolated ingut spees: & zits wide O /
Input valtage levels:

Low voitzge maximuam BY
Migh velagu mingeom 2.0V

High voltage maximum 1Hi-Lo: 24.0V
High woitage maximurn (betweer any termnat and sarth ground)
Aty

Waximum ingut current al low state: 100 0 A
Wiinimum input current at high stafe: 800 oA
Waximurn input eurrent at high state [28V fn: 2% ma
Lagic pelarity: Positive mrus

Wonitor mude igenevates SRO):

Minimum puise widsh: Trns i 00 T0ms i {4
Trigger latch: high or low igvel

Masking: any combinatian of the 8 bits

Time from wiggar to 3RO 1w 10ms

Ertire & bivs ltehed when gy racsived

15 UMOS FETS

Input Butput Characteristics
bogiz 1 Lawe impredanca

20, sk 300 mA,
High irrpedance
{ Coto + &2V across
el (1 watt zaner protection
for induciive inads!, or betweer
sny lermingl ang carlh ground.

TRGC mwW
Logiz O

Fann it ind vidial v cone

198

Board Space: 95 so. om.
Mazimum Voltage: + 250 Vpeak M -zarth, Hi-Lo o betwaen any Lwo

input Valtage: 1 1Vde 1o

OPTICN D48
BREADBOARD ASSEMBLY

R4 7B sg. n

terrinals
= 150 Vpeak Lo-2arh

Pawsr Availahde: BV, 38 mA; 6V, 16D mA
kele Sizes: 046

Grid: 100"

Connacters: 22 oin edge (solder)

Componzat Lead Langth: O.25"

Componeat Lead Height: 5 5

Maximum Power Dissipation: 0.6 wills

OPTION 212
12 VOLT BATTERY GPTION

MOTE

T maintain these specifications the external {2V
saurce miust have good foad reguiation and rhe fead
registance specilications pultned in the Oplon 272
instaliation end Serwice Manuad musi be ohserved.

Han

1R 3Vide®

input Hysterasis: 11V ldrop outt™

12% istart uph?

Electronic Shutdown (Crowhar Threshold)

Voltege: 1601V (v 16.86Vde

Commen Mede Rejestion:

Under normal operating conditions, the de common mode re-
jention ification is the same as the mainframa specification
withous this cption {140 dBY However, a1 40°C, 65% relative
Fumidity end above, the doc common mode rzjechon g
degraced to 110 d5 when the optionr s used with a grounded
hattery,

*Theinput voltage and input hysterasis specifications imply that
the mairfrarme sower supply Wil start up with a minimum ex-
terral souree valtzge of 12 Ve, and will zontinue to operate
ur e exleirat sousce veltags diags to 17 Vids T+ Vel
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Chapter 8
installation and Configuration

introduction

This chapter has been written spacifically Tor the trained setvice technician. It pro-
vides the necessary information for a person with a knowledge of electvanics 1o
rermove, configure and install the 3421A option assemblics. Durrently available cp-
tion aasemblics are: the 444824 10 Channel Multiplexer Assambly, the 444654
Digital /O Assermnbly, and the 444844 Breadboard Assembly Carelully read through
this chapter and ohserve all cautions snd warnings.

This chapter is divided inta thees sections; General Option Bemoval/ingtallation Pro-
cedures, Contiguring the 444624 10 Channe! Mubiiplexing Asserably, and Wiring the
444854 B Rit Digital V0 Aszembly, Each section containg simplified schematics, i
lystrations, end/or photographs to enhance the description of the procedures. The
Braadhoard assembly is covered in Chapier 8.

General Option Removal/installation Procedures

This scction of the chapter provides general guidslines to help take some of the
guasswork out of remeving, configuring and installing the option assembliss. In ad-
dition, this secticn shows you how in set the address switches on the HP-IB op-
tion board.

The aption assemblies should be removed fiom the 34214 before they can be re-
configured. If yvou need only t¢ connect the wires from your extemal transducers
to the option assemnblies, refer 10 the specific option later in this chapter.
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Disassembiy/Option Removal
H wiring connections to external devices or transducers hawe aiready been made 1o
the option assembly terminal blocks, you should first remove the terminal blocks.
This is accomplishad by

1. Make certain that all external sources of electrical powor have heoen removed
from the terminal blocks before starting the remaoval procedures. Also, make certain
that the 3421A POWER swiich is in the ‘off’ position and the a¢ power cord
removed.

2. Bemoving the two screws holding the blacie strain reliet bar,

3. Remove the grey "WARNING' safety gover. The two ccrews holding the cover
are captive to the cover.

4. Loosen the two screws holding the terminal block to the option circuit board
ang then remove the terminal block.
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BLACK STRAIM - ::;; SAFETY JOVER

FELIEF BAH \\

To remiove the option assernblies the 342 1A casc will need to be disassembled. Per-
form the following orocedures very carefully. When ramoving the option assemblies
take careful note of which option was originally installed in each slot. As you are
disassembling the 3421A, carefully observe the oriention of the various plugs and
the cable routing as they must be properly returned when re-assembling the instru-
ment. in the following discussion, the frort panel of the 34214 should be facing you.

L HE

Wheon ro-instalfing the options, make certain thar the option
thut was removed from slot O is returned o slot O, bkewise
with sfots 1 gnd 2. This is important for two reasons. First,
if & computer program was written for & ceriain option in a
known slot, reinsialfing the option in a different sfot may
cause the program or test to fail. Second, measurement er-
rore may result it a 444624 Multivlexer oplion is not re-
instalfed in the samwe sfot it was removed from. This is due
to each board having an individual reference  junciion

cafibration.
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347 1A Disassembly
To disassamble the instrumant, do the foliowing:

1. Turer the instrument apside down. This is preferably done on top of 2 protec-

tive mat 1o reduce scratching of marring the cabinet. Loosen the six screws on the

baottom of the Instrument.

SEMOVE THESE
AOREWS

2. Hoiding the top cover in place, turn the instrument upright. The six screws are
captive 1o the bottom cover and will not fall out. Bemove the ton cover.

3. Locate the main battery fuse toward the right rear of the instrument and
remove it fram its socket. This will raduce the possibility of an accidentally drop-
ped screw oF standoft from causing any problem.

4. I the black strain relief bars and arey "WARNING® safety covers have not been
ramoved from the rear panel, they should be removed at this time.

5. Bemove the grey ribbon cable connector from the option in slot 1. Be very
caraful 1o §ift the connector straight up from tha option 30 as not tu bend any of
the pins on the connacior. If the optlon i slot 1 s a 444624 Multiplexer option,
remove the d-wire voltmeter input cable from the matherboard.

6. Romove the four screws that hold tha slot 1 opiion in place.
7. Remove the option from slot 1.
8. Unplug the ribbon cable connector from the aption assembly in slot 0. i the

option in slot O is a 44462A Multipfexer assembly, alzo remove the 4-wire voltmetsr
cabila.
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REMIOVE
BATTERY FUSE

e BATTEHY

SLOT 1 OPTION DOARD

REMOVE 4 SCREWS

UNPLUG CABLES
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SLOT G ORTIUN

eI HPMCVE HEX

5

o

UNFLLIG

. Using a 7/32" wrench, retnove the four hex sciew standolfs securing the op-
tien assembly. Hermove the slot O option from the instrument.

10. Leave the boilom hex sisndotfs in place seciring the motherboard to the
chassis.

MOTE

The hex standoffs securing the motherboard o the chassis
are shorter than the Aex standofis separating the twao options
i stots O and 1.

Sume of the first Instruments manufactured may have round
standoffs that are riveted to the maorherboard and roond
spacers betweean gptions instead of the hex screw-in stand-
offs. The round riveted standofis should be Hrmiy secured 1o
the chassis with screws and round spacers tor establish s
ground connection when troubieshooting.

11. To rernove the option cceupying slot 2, remove the ribbon cable connector
and the 4 wire voltmeter cable if present. Remove the four screws that hold the op-

tion assembly in place and remove the aption.
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SLOT Z PV

e REMOVE SCREWS

~ i

AEMOVE

12, It the HPB uption {ontion 201) is prosent, o not remove it Do not ramave
arty uf the metal shields from the 342148 chassis.

HF-IR OF IO
(DO ROT REVIONE)

SHIFL{

BAZ2TA WITH HE-IB
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SHELE
(L33 NOT REMOVE)

3T A WETHGUT HE IR

At this point, all option assemblies have been ramoved and ars reacy Tor reconfigur-
g, Refze 1o the specific option later in this chapter for configuration information.

installing the Gption Assemblies

Two coses noad to be addressed when installing the option assemibilies in the 34214
rhassis. The firsl case assumes that the same oblions are being instabled that were
praviously removed. in this case réemember to nstall the options in the samie slois
they were removed from. The second case Is Tor new options to bs installed, in other
worcks, an option that wass not previously installed s now being installed, Az &
general rule, multiplexing assernblies should Bo installed it slote O and 7 before in-
stalling them in slar 2.

BOTE

in order o wnswre the highest aocuracy on all femperative
mmasremnanis, the 34214 shoukd be recalibrated after mstall-
ing a 444624 Multiplexing Assemibly. if the 34214 is not
rocalibrared with the muktiplexer gszembly installed, the
42T A sell test wilf Tail funcalbrated) and the first reading
rewrnad to the calculator wilf be an ervor measage.
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Before instaliing on option assembly in slot 2, make certagin that the ribbon cable ig
reuted sround the shield standotfs as shown in the following photographk. This wilt
prevent the dbbon cable from interferring with the front panel POWER switch, I the
option 201 HP-1B assembly is instelled, this cable will be below the HP-B circuit
board.

1. I youwr 3421A i5 not equipped with the HP-IB option, place the siot 2 option
assesvibly directly on fop of the botiom shield standoffn. Put the fowr long scrows
in place but do noet tighten therm vet. Go to step 3.

2.0 your 3421A 18 equipped with the HP-IB option, make certaln that all cables
to the HP-1B option are in place and that the HP-IB cireuit board is posttioned com-
gonent side down on fop of the bhottom shield standotfs. The option assembly for
sfot 2 is mounted component side up on top of the BPE cireuit board, Put the four
long serews in place but do Hghten vet,

3. Plug the appropriate terminal block edge connector onto the option assembly
in siot 2.

4. He install the grey "WARKNING' safety cover onto the 34214 kack panel for slot
2. Align the option assembily 3o that the biack strain relief bar can be sorswed into
place. Loosely attaching one screw through the black strain relief bar will align both
holes. Finally, tighten down the four scrows holding the option assembily
i place,

%, Plug the ribhon cable onte the option assembly in siot 7. Make sure that the
red stripe on the cable s oriented to the right. I the option assembly for slot 2 s
a 4446248 Mubliplexing Assembly, connect the 4 wire voitmeter cable to the option,
This 4 wire ceble should be orienied per the label on the circtdt board and connectad
o J100 on the motherboard (giey 1o gray, etc. b

SLOT 2 OPTION
CABLE ROUTING

ROUTE CABLE ARQUNHD 5TANDOFFS
{PHID CABLE ROUTING IS THE SAMF
WHETHER HP-I8 GPTION 35 INSTALLED
OR NOT.
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5. Toinstall an option assembly in slot O, make certaln that the four hex sitand-
offs are in place in the motherboard. DO NOT QVERTIGHTEN THESE STANDOFFS,
Excessive torgue {11 in/lb) may break off the screw heads.

7. Route the ribbon cable from JBD0 on the motherboard betwesn standoifs. The
red stripe should be oriented to the right. Make sure that it will not get pinched be-
tween a standoff and the option assemibly that will be mounted in siot O

51070
CagtE ROUTING

B, het the sler O option assembly in placs, component side up. Make certain that
the ribbon cable undermeath is not pinched. Loosely serew in the remaining 4 heax
stangoffs, Do not tighten these standoffs at this time.

. Plug the ribbon cable into the siot O option assembly. Make sure that the red
wirg is oriented to the right. i the slot O assembly is a 444624 Multiplexing
Assembly, plug the 4-wire voltimeter cable into the option assembly. Orent the d-wite
cable per the label on the option board. The other end of this cable should be con-
nected t¢ 4110 on the motherboard with the wires orierited per the label on the
motheroard,
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10, Plug the appropriate tenninal Block edge connecior onto the aption assembly,
Baplare the rear panol grey “WARNING' safety cover Align the option assembly with
the rear panel holas hy instslling ane scrow of the black strain ralief bar. This will
autornatically align the other side,

METE

Dy ok ovedtighten tho Black strain refief bar. Overiighrening
will cavse wargping ol the rear panel and therefore. difficuity
in repdacing the fop cover of the 342714, If the strain relie?
bar s mounted with both screws, t should be foosely &t
fached unil the top cover is msiafled.

11. Tighten the hex standoffs 1o secure the opiien assembly in slot O Do not
guertighton these standoifs.

12, Route the ribhon ceble from JBE0T across the slot O option assembly. Make
suee the red stripe s onented 1o the rght

GLOT
CABLE FOUTING

13, Set the option assembly for slot 1 in place. Make sure that the ribbon cabie
is not pinched between the standoffs and the assembly. Loosely scraw the four
sorews to secure the option assernbly in place. Do not tighten these screws vet.
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14, Plug the dbban cable Infa the slot T option asembly making sure the ved strips
is origntad to the right. i this assembly is a 444624 Multiplexing Azsembly, con-
nact the 4-wire voltimeter cable to the option. This 4-wire cable connects to J120
on the motherboard. Grient the cable as per the lsbels on the motherboard snd the
opriion sssembly,

Th. Flug the appropriaie terminal block edge connector onto the slor 1 option
arsemily.

16, Replace the rear pane! "WARNING safoty cover for slot 1.

T7. Align the option assernbly with the rear panegl holes and loosely screw on the
black strain shief bar. '

18. Tighten down the four screws sscuring the slot 1 aption.

To replace the jop cover, first maks sure the main battery fuse has been replaces.
Then, locate the six plastic standoffs and place thern nver the six cabinet sorews.
Make sure that the end with the amall bole is up and the large nole is down.

Set the 34214 flat on the workbench., Maka cartain that the bail handles on the front
teet are collspsed. Align the top cover and lower it in place. Be sure the guiding
grooves are properly engaging the front and rear panels. {{ the grooves are propetly
engaged but the top cover will not lower into place properly, one of the plastic stand-
offs ta probably out of aligninent, To correct this, move the top covear back and forth
{teft and righth until the standoffs align properly.

Finally, once the {op cover is in place, hold the two halvas of the case logether and
iurn the instrument upside down. Tighten the six bottomn screws.
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Strain Reliet

Some strain relie? s provided by the 342148 for cables coming from the external
rransducers to the option assemblies. This strain refisf is in the form of a two plece
covey. The fieat place i the black strain reliet bar. It presses the wires aganst 8 piece
of foam. The second piece is the grey "WARNINGY cover.

The photograph below shows sevaral wires coming out of the terminal blocks and
thvrough the strain ralief. Be sure to leave a small loup in the wite to aveld stress
i the terminal block connection, When instaliing the plack sirsin relief bar, atiach
are end with the bar hetd down and away from the nstrument 5o 1t doesn’t bear
o the foam, Then rotate the bar ap and connect the uthes end,

Vo protoct wires smaller than 228WG0 it is recommesnided that these wires be bundled
together starting no more than 47 from the back of the 342TA. Failure to do so
may result in the wires breaking a1 the strain relief. To Hustrete the need for this,
a 28 ARWG wirs can survive only about 7 10 8 pounds of tension hefore braaking.
A bupdle of 10, however, could survive up to 70 pounds of tension.

SRR,

i R IR
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HP-1B

The Option 201 HP-B Assembly has a set of eight switches near the back parnel
These switches are accessible by removing the grey access cover. Note that the two
nets on the HPB connector will nead 1o be removed.

HP-143 bwitches

Option 2071 for the 34214 i an HP-IB mferface. Thiy option allows the 34214 1o
communicate o computers via efther the HPB interface or the HEF L interface but
not both simultaneously. Thes option assembly is mounted ciroult side down in the
3A2T1A cuse and has o set of eight switches near the back pansl. These switches
are accessible by removing the grey access cover.

The HP-IB address of the 3421A 12 detenmmed by the setting of the five vight maost
switches, Theae switches are read and displayad at powsr-on by the 24214 HPFIB
processor o determing the HP-ID address. The 34274 Optien 207 normally leaves
the factory with the address switchoes set to decimal; code 7087, The correspond:

ni.'r

ing ASCH rode s a Listen address oode of 7Y and 8 Talk address code of . HBefer

to the following figure for setting the address switches for othor addresses,

Swyiteh Segment |
Ancrisy £ o4 3 2

{33 [ S T CR ]
83 ] GG oo
IO B B VO (R
% 000t 1
[ LEINE SR R VO]
ot LA B S
[ 3 O F t o
w7 GG b ot

oooon

o | o

Enlial

=

Pl
e
- | o
(E0 N /e 1 l.ﬁ ] La

=

b B e el e ko b e e P
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The next switch (switch G) is the Buffered Transter Enable switch, The use of this
switch s described in Chapter 3. 435 8 general ruds, this switch should be beft i the
up position uniess the computer will be performing some task while the 3421A s
making measuremaents.

The last two switches are used when serviting the HP-IB circult board. For normal
cperation these switches must be in the up position.

Installing the 444624 Multiplexer Assembly

Ingtalfation procedures for the 444624 10 Channel Multiplexer Assembly are straight
forward, However, pay attention to the many jumpers on the assembly. The con-
figuring of these jumpers iz what will be considered next.

These jumpers can be divided into four groups. The first group is used 1o configure
channels O and 1 as either actuators or as muitiplexers. The second group of jumpers
are used by the 3421A 10 determine which channels are configured as actugtors and
which are multiplexers. To make 4-wire ohms measuremeants requires removing two
jumpers and replacing two others; these four belong to the third set of jumpers.
Finally, the fourth set arc used to ingtall attenuators in the signal paths.
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Actuator/Multiplexer Jumpers

Channels OQ and 1 an each mulifplaxer asseinbly can be confinured as either actuators
wr as multiplexers, Several jumpers are provided on each channel for this canver-
sien. The photogranh below shows where these jumpears are located,

CHARNNEL O comee
SLIRMPERS

CHAMMFL 1
SUMPERS

The diagram and chart below show which jumpers need to be in place for the chan-
nels to be configured as actuators and which jumpers for multiplexers. Mote, the
44462A assembly is factory preset with channels 0 and 1 configured as actuators.

The following diagram and chart shows which umpers need 1o be in place for
channcis 0 and 1 to be configured as actuators and which jumpers need to be in
place for channels Q and 1 to be configured as multinlexers. When a 10 Channel
Muitiplexer Assembly is ordered factory installed, it can have ane of three different
configurations {Optian 020, 021, or 822). Option 020 has channels 0 and 1 con-
figured as actuators and channels 2-9 configured as multiplexers. Option 021 has
charne! O configured as an actuator and channelzs 1-8 configured as multiplexers.
Option 022 has all ten channels configured gs muitiplexers.

When a 10 Channel Multiplexer Assembly is ordered for field installation {(444624),
channgls O and 1 will be configured as actuators and channels 2-9 will be configured
as multiniexers.

Ragardlass of how a 10 Channal Multiplexer Assembly is ordered, the built-in 10:1
dividar on channel 2 is bypassed {i.e., jumpear in the ""OUT" position} at the factory.

However, this was not the case on early versions of a multiplexer assembly {see the
foliowing note).
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ROTE

Factory installed Option 020 and Feld installed Kit 344624
have beon avallable since the introduction of the 342714,
Farfv versions of Option 0720 and Kit 444824 had the same
channel configuration as curreant oplions, except that they
alsa had the budlt-in 10,71 divider jumper of channel 2 in place
{re.. n the “IN” position) The 1007 divider has since been
bypassed of the fscrory on all options (Lo, jumper in tho
COUT pasition). Option Q271 and 0272 were iniraduced 50
thet the instrument could be ordered with a factary configursa-

tinn o mest most applications.

CHAMNEL 0/1
RELAY

D K UM DB/ LG MG/ 1 HI
' N N
IME } o : d N L!ZD
YT : M 08718 !
L l ! : B S §

‘T ! i e )
Sy \Om._J et e JM 05715 i LG
M T 1 | S O . (,:7 )
-2 S . ’ e

FACTORY i = JT}EQB

COMNF TGURATTOM { e e Ty v e e = ‘? (Y rreemnirnd
; 4 ; : Bih 2RV
oy o o i . @ .
3 1 :
i :
R P LMATIAENING | aCTUATOR g
: ; T Cut | JH 16 M OB/ 6 i
: 4 ' JUMFERS | Jn 0818 M OB/ 15
. TIeSTALL | M 0710 M 0710
Oy JUMPERS | o 0B/1G M 0B/10
[N : M 05715 M OB/AE
Ty T It ATTENUATORS
WG g SERTES ELEMENT: JM 0740 3414 B-2
- i v SHUNT ELEMUNT JM 08738
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Configuration identification Jumpers

The corifiguration umpers, the ascond set, are located as shown in the photograph
below. These jumpers are used to indicate how the assembly is configwed and must
ba set alang with any othet re cenfiguring. it these jumpers are not properly con-
figured, an egrror rasy result. For example, i you have channel 1 configured as &
sauitiplexer, but the configuration jurmpers show 1t s an actuator, an srror will resuft
when you ask for a measursment from that channel: ie., DUV,

Thess jumpers sat & cods that is zant 1o the 3427A microprocessor to let it know
the type of board as well as itz configuration, The poasible combinations for the
jumprers are:

g5 1 46 | W7 ContigurationfTvpe

3 o ] Mo actuators, all 10 channels are configured es multiplexars.,

O 0 | Charmel O s an actuater, all others are muttipiexers.

G 1 G Channet 1 g an actustor, channeals O aret 220 are multiplexers.

0 i 1 Channels O ang 1 oare actuators, ali other channels are mulii-
alexers.
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2 and 4owire Ohms Measurements
There are four jumpers located near the rear of the assembly. See the photograph
below For any measurements sxcept 4-wire ohms measurements, jumpers JMZ and
JMA shoudd be removed, To make dowire ohims measurements, two 414624
assemblias sre required. One assembly will lave jumpers JM3 and JMA rerpoved.
This assombly serves as the ohms current source multiplexer. The scecond assembly
witl have jumpers M3 and JM4A installed but jumpers JMT and JM2 remaoved. This
assembly serves as the ssnze muitiplexer. Refer to the diagram below.

1E S

JRE O GRED M2 M

!

Attenuators

Provisions sre maede on the 4446824 circuit board for attenuators to ba insialled on
all but two channels {channels 8 and 9). An attenugtor is compossd of two resistors
that act as a voltage divider. Consider the following diagram.

{series elemant)

uﬁm,.ma.».fm o
+ R *

v, Rz Vi
SIGNAL {shunt elemeni) SIGMAL
INPUT | OUTRPUT

. 'g\ s

Vio = ¥y ¥ (R2/{RIHR2)Y)
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Charnnet 2 has g built-in, jumper seleatable, 10:1 attenuator. This attenuator can be
ramoved by moving jumper J& from the IN7 pasition to the "OUT’ gesition. This at-
tenuator has an input impedance of 1 Mohm (R1 1 R2) o prevent loading of the
signal source.

Channels 0, 1 {when configured as multiplexers) and channel 3 through 7 can all
have attenuators built into their respeciive signal paths. The following disgrams show
how this can be done. A package ol zeven pairs of resistor (-hp- part number
4448494) are available for use as attenuators. These resistors are the same values
ag those used in chonnel 2.
Theth s
il

[ET LN 3

s gt
Fie
|
SIMTLTE IR
AT

LIATIEL

1
T VOLTALY = MIASURET) W TAlLF = |(|

MU TR
PR MOS0 B SROTES
MENT ARMD LM BIE DR

= MET ¢ NS

A UM UELE AND UM OBS16
BEMOVE e Q7717

Sagi-g-g

Channels 8 and 9 can only have shunt elements built across their signal paths, An
example of where this would be useful is with 4 - 20 mA transducers, A 50 Ohm
resistor, ® 1%, .5 watts (-hp- part number 06990084} can be placed across the
signal path. The resultant voltage drop (transducer current through the resistor) can
be measured by the 3421A internal voltmetes, Thus, the 80 Ohm resistor converts

the 4 - 20 mA signal 1o 0.2 -1 volt signal.
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JUMPER U3
(CHANMEL )

CHANNEL 3 o

INGTAL: SHUNT
ELEMENT

REFLACE JUMPEFR -
VITTH BERIES E:.LEMEi?"JT%:.‘;“;“

wnrmee CHAMNNEL 7
o CHARNEL £

o= CHANNEL 9

The Terminal Block Edge Connectar

The following photagraph shows the channel connection sequence for the terminal
block. Extra terminat blocks are available under the -hp- part number: 444634,

When installing the terminal block on the muliiplexer assembly, make sure the ter-
minal block is firmly seated and square against the muliplexer circuit bosrd. Hand
tighten the captive screws into the clevis® on the circuit board. Hemember, any wires
smaller than 18 guage should be hundled together starting ideally no morg than 47
from the terminal block.

CHAMNEL O HI o CHANNEL @ HE
COMMON HE

CHANMNEL § 1.0 ~mmeng CHANMEL 9 LO
: COMMON LO
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ke

installiing the 444684 Digital VO Assembly
Becauso there are no jumpers to be configured on the Digital VO asserbly, we will
concern ourselves in thiy section with the wiring of the terminal block edae con
nector. The channel connection sequence for the terminal plock s shown i ths
photograph below. Exwa terminal blocks sie available using the -hp- part number:
AA4EBA.

CUDREFINEMT B-DE G
CIRCLET SO2AFR T THOWY

CMETAL G

~CAFTIVE SORIV

NUT Laian DoarsLy fE ST A L INFT WNCT

[AEARA] 10 L ANMLD IO NS LEEL HY OO UsED

J— . o
g AT
r6 } ¥ 3T | r: ,{’_.h -
AR a3 LR 2 AN
Ve DD - B s

T Tl AL GUTEUT A TIGITAL #HPLT WOt

LISFT 10 COMMECTHC 4s e 10 CONNECTIONS 5ED

The Terminal Block Edge Connector

The wires 1o the external devices must be soldered 1o the lugs on the terminal block.
Use care when saldering to the lugs to-prevent breaking them off. Follow standard
soldering practice such as making a goed mechanical connection before soldering.
Do not dse too much solder. se only rasin core solder, NEVER use acid core solder,
Afier the solder connections have been made, cover each jeint with heat shrinkable
tubing 1o act as a sirain relief and prevent adjacent wires from shorting to sach other.
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GOCD MECHANICAL \\
CONNETTION

WITH HEAT SHRINK
. TUBING APPLIED
o

Cleaning

Clean handiing tschniques should be used when canfiguring the option assembliss.
This is especially true of the 444624 Multiplexing Assembly where contamination’
will decroase the board impedance. | measurements are to be made under high
humidity { = 80%) and high temperature (> 30% F) environmental condiions, the cir-
cuit board and edge connecior should be cleaned. Also, if very high resistance
measurements, ar voltage measurements in high impedance circuits the terminal block
edge connector must be cleansd. The Tollowing procedures can be used to clean the
circuit boards after contiguration,

1. Hemeve all source of power from the option assemblies. Then, remove the cir-
cuit board from the 34214,

2. Wash the circuit board assembly with sopropyl alcohol
3. Rinse the board thorcughly with de-ionized water.

4. Dy the circuit hoard completely hefore re-instaliing it in tha 34214,

8]

The terminal block edge connactor shoudd be cleaned using the same pracedwe.
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CHAPTER &
_ SA4E4A
Breadboard Option
Jption 040

introduction

This chapter provides the technical information necessary Tor the dezign enginesr or
glectronic techinician o use the 444644 breadboard aszsembly with the 34214 Data
Acquisition Controb Unit. This chapler is MOT intended for use by nan-technical
nersonnel

At the end of this chapter are two pages, each showing o full sive view of the front
and back of the 444544 Breadboard assembly. These pages are provided to assist
vou i designing and laying out your circuits. You may want to tear ene sheet out
and duplicate for future use.

The 444B4A Breadboard consists of two arsss:

1. A breadboarding area which includes twa power supplies, 1 8 volts and the
battery voitage; a ground bus, which is ied to the 342TA front panel LO terminal,
H 22 pin edge connector, and provisions for connecting to the 34214 internal
voftmeter/counter. : -

2. Built-in design {yvou provide components) for providing an 8-bit digital input port
and an 8-bit outout port. The two ports are controdled by the same commands that
control the 444654 Digital /0 assembly. These commaéands will be discussed tater
irn the chapter. The two poris are referenced to the 3421A front panel 1.O terminal.
Therefore, care must be taken if isolation is needed.
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Before You Begin

Prior to designing and building any circuit on the breadboard. familiarize yourseif with
the signals avallable. Read through this entire chapier carefully. The following
paragraphs describe certain hinte and precautions which, 1f caretully observed, will
cause your circuit and the 3421A to perform more reliably.

Voltmeter Input Connections

I the fower left corner of the 44464A assembly are four pins laheled: Wi, 4WH,
LCL, and DCH. These pins are for making connsctions to the 3421A internal
voltmeter or counter. The DCL {volimeter Low! and DCH {voltmeter High) pins are
used for AC or QC voltage and 2-wire resistance meastrements. They also connact
to the internal countar. Make certain that no more than 300 volts {(peak) is ever ap-
plied to these terminals,

The AWL and 4WH pins are used when making 4-wire resistance measurements.
Thay are to be used for thiz purposc only.
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Parts Supplied

Quantity p- Part Homber Bescription

1 1200-0854 14 #in DI Socket

1 A4464-665050 Bread Board Circuit Board

1 1261-0233 Circuit Board Fdgs Connector

1 1221-7820 4-Teyminal, Right Angle Cennector .

1 81703727 4-Conductor Cable Assombly

1 8120-3678 14-Conductor, Flat Ribbon Cahls

1 4040-2133 . Strain Helief

} 47208-0416 | Adhesive Backed Foam for  Strain
0.1 X 5.8 mm

2. 2180-0879 Washor

2 0510-0952 E-type Screw Hetainer

2 1380 G824 Captive screw, 3.0 X 36 (Metric)

2 1380-0630 Captive Screw, 3.0 x 16 (Metric

2 3050-0716 Flat Washer

2 0380G-0008 Spacey

Parts Not Supplied

Reliet.

Parts required but not supplied for the & bit input/output port are listed below. The

location and usage of these parts will be described later in this chapter.

Suantity

1

B Part Bumber

1820-1746

1R20-22372

1820-22156

1820-2538

1820-2537

Deseription

CMOS Mex Buffer integroted Circuit, such as

CD404s, or MC1404G6UBCP

CAMIOS 8-Stage Statis Bidirectional Parallel/Serial
fnput/Output Bus Register such as CD4034 or

MC140348CP

CMOS Tri-state, Octal D-Type Latch such as

MM74C373N

CMOS Tri-state, Octal Buffer & Line Driver with
Inverting Oulputs such as MM74C240N
CMOS Tri-state Octal Buffer & Line Driver such

as MM74C244N
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Power Supply Limitations

The following power supply mitations muast be adhered to:

Supaly Avatlnhle Current Comments
4+ BY <35 mA Current Regulated Supply
+ 6V Batt. =180 mA Internally Fuse Protected

Note: all power s;upplies_are referenced 1o the LO input terminal on the front panel
Battery Charging Restraints While the 3421A i3 Operating:

1,5, + Iy = 20 mA then there is no change in the battery charging
specification.

20 mA = {0, 5, + ) = maximum specified above, then batrery wili
stifl charge but it will take substantially longer; up o 3 days for a full
charge.

rower bupply Filtering
it is recommended that bypass and filter capacitors always be used between the

+5V supply and ground. & good rule to follow is to use onw 1pF tantslum filter
capacitor and two .01 pF ceramic bypass capacitors for every eight {or iess) (s,

Thaermal Gradients

Rermember that thermal gradients caused by large power dissipations can cause er
rors in thermocouple temperature measurements on 444624 aasemblies. Therefors,
power dissipation must be kept to under 1 watt on the breadboard assembly.

Switching Inductive Loads

¥ yvour application involves switching inductive loads, arc suppression circuits may
be required. These suppression circuits serve to minimize radio frequency radiation
(RFl}, voltage and cuirent surges, and relay contact breakdown.

The fellowing simplified design eguations for an BC are sunpression natwark, will

usually provide adequate protection. However, since the R and € valuss involve
parameters difficult to determine precisely, such as the type of relay used, wiring
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capacilanes, ete., tests o determineg the effectiveniess in-actual vircuits should be
performed. The design equations are only guidelines and are not warranted,

a. B is selected ss 8 cmnpmmisé botween two valuss, The minimum vatue for
K is determined by the maximum accepable relay contact current. Thus, the minmura
value for R is Vp/l, where Vp is the pesk value of the supply voltage and | is the
relay current. The maximum value of R iz usually equal to the load resistance, RL
Se, the limits on R are: Vo < B > RL

b, To compute the value of €, use the eguation: C = (Ho/300)%)«L where L is
the load inductance, lo is the current through L just before the relay opens, and C
is the total circuit capacitance.

Tu mindmze imeiisrence caused by high voliage switching, mainfain maximum isola-
tioh between the switched voltages and the 24214 logic circuits. Choose relays that
have a low contact fo ¢oil capacitance.

- ..?-, e emm ens e e m e mms memy = emm e e ———— o o e o o b b ki
R é AL L
SUPPHESSTON
R%%.fm HETHORK %
CONTA R
= e B
. )

e

Radiated Noise

To ensure compliance ‘with applicable stahdards for Electromagnetic Interference, cir-
cuits shouid ba constructed using good BF practice. This means shielding connected
i & good earth graund, elc. R
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The Circuit Board

The figure below shows the dimansicns of the circuit board and explains the com-
pomnent height/protrusion regtrictions.

147 mm !

I -
I

i7 344 i

T1Emm
{4 3/1E ind
£t Hole Spacing —“';'?‘*—
e o vt 1 S
J‘ ._,!'3;4: wnf 1in) ,?( 14mm
‘—-—@l ) }‘ (,m.‘ TUmm t fiBint
i N {.4in} maxinmum
OO JL / - i
OQCG= s T
G O {;}--T- T Bimen (. Zin)
- . o T
ey =V Side view of R
QOGO Grid Hole mognted camponents. '
Insicles e Section |V for T
Blizmeter datailg

. T RNy
1.17mmi.046in) ’

Voltage and Resistance Measurements

As mentioned earlier, connections to the 34214 internal voltmeter are made through
the DCL and DCH pins on the 444644 breadboard assembly. Keap in mind that any
voltage appearing on these pins will also appear on the 34214 front panel and on
any 444524 closed channel in the 3421A. Conversely, any voltage being input
through the 3421A front panel terminals or through the multiplexer assembly will
appear on the breadboard DCL and DCH pins. Therefore, any voltages to be
measured from the breadboard assembly should be isolated, preferably with a rselay.
The 8-bit digital output pert can be used o control the relay,

To make & DL, AT or 2-wirg resistance measurement from the breadboard, three
steps should be taken. First, make certain that all relays on 44462A multiplexer
assemblies are open. This can be done by executing the OPN command.
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Second, close the relay on the breadboard assembly. This can be done with the BiY
command, described later in this chapter.

Finally, exscute DOV, ACV or TWO, whichever is appropriate for the measurernent
you want to make, With no channel list following the command, the measurement
is made from the hreadboard assembly. This process is shown in the following
example,

PART OF 444848 SRz ADDNASRD

RFLAY

7 " 7o CHTERNAL
| VENLTABE SOLRLE

4-Wire Resistance Measursments

Eggsentially, 4-wire resistance messurements foliow the same constraints outlined
above for voltage and 2-wire resistance measurements. The major difference is that
the AWL and 4WH pins are used instead of the INPUT pins. The figure below
demonstrates a 4-wire resistance measurement using the 444644 bresdbhoard
assembly.

BART OF 444G64a DREADDOARD
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Counter and Totalize

Counter and totalize measurements, like voltage and resistance measurements, are
made through the DCL and DCH pins. The same constraints apply as for voltage
measurements  except that the FRO command will be used for frequency
measurerments and TOT for totalizing.

Communication with the Mainframe

Lacn 344044 Breadboard assambiy is designed 1 provide communication with the
3421A mainframe The nece&:aaw compoenents are not supplied with this byeadbosrd.
However, it the correct parts are instalied, then too noris allow contral or ITORITONngG
of relays, other digital circuits, ete. The same instruction set used with the 444854
digital VO board v used 1o control either individual bits or an sniire 8-bit word on
the input and output ports, The following diseussion is divided into the input port
commands and the outpul port cammands. For additional iformation and examnles
an programming the ports, refer 1o chapter 6 of this manual. '

Loading The Components

Batlier in this chapter we listed the componenis necessary for building the digital #/O
ports: The fulfowing diagram shows where to mount thase corponents. Remember
to use clean handling techniques and atatic prorecticn. The integrated circuite are
CMUS and susceptible to elactrostatic discharge, '

U4
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U
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Y 100k
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AL the and of this chapter is a8 short theory of opzrstion deseriving the operation

ot the VU ports,
Buffering the VO Port Lines

Since the integrated circuits instalied on the breadboard for the /0 ports are CMQS
davices, all /10 Hnes should be buffered. The 8 digital owiput lines are capable of

driving one {1) standard TTL device.

input Port Commeands

The camrand set uscd to contral the input port is the same &2 that uszed with the
444654 8 Bit Digital 1/0 assembly. Two Stondard Commands are used mast often
with the inout pert: ABED] (REaD zlot i and BiTx. REDI allows vou 1o look at tha an
firg B-hits from the slot specified by 17, BiTx, however, parmits you to select in-
dividual bits to look at. In the following discussion the words sot’” and “cloar’” will
he used. Set means that a condition is true; & high or lagic 71" condition, etc, Clear
means just the apposite; Le., the bit 15 low or & logic 70" conddion.

RELY

The REDE command reads the digital input port and responds with a daciinal number
between O and 256, This decimal number corresponds 1o the sum of the values of
the individual bits that were "set’”’. For example, if you have a hreadhnard assembly
in slot T and bits 0,2 2, 8, and 7 are 'set’’ {all others are cleared), the valus 173
would be returned. Reler to the chart below.

Bit Mumber 7 G 5 4 3 ¢l 1 0
Bit valuz it set 128 64 32 16 g 4 z 1
Exaemphe: 128 + O 0+ 32 + G 0+ & 4+ 4 4+ 0 = v

Bit Value Chart

BiTx

The BITx command allows you 1o read individual bits. The Tollowing table shows the
addressing scheme for the input port bits for 444844, cards in each of the three slots
of the 34214, Notice that bit addreszes 08, 09, 18, 19, 28, and 29 are not allowed.
The value returned to the calculator will be. -+ 1.000E+ 0 if the bit is set and
+ 5. 0008+ 0 i the bit is cleay. :
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Bit Address # card in Slet #
Bity Slet @ Slet © 1 Bley 2
0] { 10 20
1 1 11 2
2 2 12 22
] 3 13 23
4 & T4 24
5 5 135 25
B 6 16 28
7 7 17 27

Bit Yalue Address Table

Look again at the example given in the bit value chart earlier. If you exscute &
TREITT7 {for bit 7 in slot 1) followed by an ENMTER statement, the calculator will
show a value of + 1.000F +0. The following program shows how this can be done.
If you execute a “BITT17 (bit 1 in slot 1}, followed by an ENTER statemeni, the
caleculater will return with -+ 0.000E + 0 bocause the bit s clear.

i3t Bit sxample

20 QUTPUT 2471 *HIT172°
30 FHIER 9071 5 AS

43 BIsPk A%

L3 END

Advanced Commands

The advanced instroction set orovides added capabilities for the input port. The six
cummands in this group are; MHia. MLia, MiNia, ANlabe}, and XRlabel. Three of
these; MH, ML, and MN, may he used (o cause an intaerrupt (SROY 1o signal the
controfler,

MHx and MLx

The MHx (Monitor High) command monitors the bit specified hy '%’’. Refer to the
bit value address tahle shown earlier o determine the value of “'x'*. When bit "'x"’
becomes zet, the EVENT QCCURRED bit in the Status Register (bit 2) likewise
becomes set. An interrupt {SRO) is generated to flag the controller. Refer to chapter
3 under the tepic of SPOLL for more information on SRQ and the Status Register.
When the 3421A is addressed to taik it will cutput a decimal number egual (o the
sum of the values of the bits that ware set at the time of the interrupt {similar to
a REDI command). The MbLx (Monitor Low) performs the same way except that SROQ
is generated when the specitied bit becomes cleared.
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RN

The MM command is very unique in that it alows you to speci‘?y'combinations of
set and cleared bits to cause an interrupt. MNI uses the XRlabcl, AN[abc] commands
1o extract only the hits you want 1o ook at. XRjabc) sets up what is callsd an tx-
clusive (Or mask. It allows vou to specify which bits are to be set to cause the in-
terrupt, The AND mask is set up by the ANfabe] cemmand and aliows you to specify
which bits you want to monitor. In the discussion to follow, it will help 1o remember
these two points:

1. The AN command determines which hits you want 1o look at.

2. The XR command determingss which bite are to be set {v cause the interrupt.

o MR command reads the input bits from the card in slot |, performs a logical
Exclusive-OR with the XOR mask, takes the result and pesfarms a logical AND with
the AND mask. i the final result eguals 0, the EVENT OCCURRED bit in the Status
Register (bit 3) will be set. If the Status Register bit 2 is not masked, an SR(’) ki1-
terrupt will be gensrated.

The XRiabc] command sets the logical Exclusive-OR mask for the MN command. The
value {abc) represents a decimal number from § to 265, Refer to the bit value chart
shown earlier in this chapter. The Exclusive Or function performed by the MN com-
mand s done on a bit-by-bit basia. The following Truth Table and example show how
the X mask works.

ingieal XOR Truth Table

Input Mask |
Bit Bit HOR Hasult Example
0 o a 16101100-XR mask
0 (. 1 01110010 - input Bits
1 0 .
1 1 o 11011110- Logical XOR Result

In the [abc] value, i & or ab are not ruceived, leading reros are inserted. In other
words, XRb is the same as XROO05. If no number is received, the mask is set to all
Qs

The Alfabol command sets the AND masik. The value labe] represents a decimal
number between O and 2565, Refer to the bit value chart given eardier in this chapter.

The AND performed by the MM command is dore on a bit by bit basis. For exam-
ple, if you send ANTY3 this would repiesent a binary AND mask of 10161107
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{bit7 pith). Suppose the digital inputs were 100711000, The iogical AND would be
10001000, This is shown in the following illustration

Logical AMD Yrath Tahle
Inpit Mask |

Bit Bit AND Hesukt Example

G 0 0 ' 10101101 AN mask

0] 1 0 TOGT 1000 Inpur Bits

1 0 ¥ e e e e

1 1 1 10001000 - Logical AND

As with the XR command, i a or ab are not received, leading zeros are inscrted.
In other words, ANG is the same as ANQOB . {f no number is roceived, the magsk s
set to wll O's.

Qutput Port Commands

The three STARDARD commands most commaonly used with the output port are
CLSx, OPNx, and WRTi,[abcl. The first two, CLSS: and OPMNx, aliow control of in-
dividual. bits in the port. WRTI, on the other hand, pormits one command 1o con-
trol all 8 bits. In the discussion to follow, the ward “sat” means that the bit ie kg
and “clear” means the bit is low,

CLS

The command CLSx {Close Single bit x) “'sets'’ the bit specified by x. OPNx per-
forms just tho opposite task, it clears the bit specified by x. The table helow shaws
the bit address chait for the three differemt slots,

it Address o card in slow

Bit# Slar B Hat 1 Blot 7
) 4] 10 20

-1 i 11 27
2 2. 12 20
3 3 13 23
4 4 14 24
5 5 15 28
& G 16 28
7 7 17 27

i, for example, you have a digital /O card in slot 1 2nd you wanted 1o set hbit B
you wauld execute CLST5. I yvou wanted to clear bit 3, execuie OFN13.
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WRT

To contral sl bits with one conunand use the WRTifabel comimand. The | represents
tha glot number for the digital O card. The value [shol is 2 decimal number equal
to the sum of the values of the bits that you want sot. See the bit value chart bolow,
If you wanfed to set only hits 3, 4, and 5 and all ather bite clesved in slor 1,
regardless of thelr previous condition, execute the command WRT 1,56, This exam-
ple 13 ahown below.

Switch Nurnber 7 & B 4 3 2 1 o
Segiteh: Waloe 1 Closed TEB £54 an ’ 16 a 4 2 !
Fxampla: O+ O o+ 37 « 16473 4+ 0+ 0+ 0= B6G

Advanced Commands

The advanced instruction set provides added capabilities when uvsing the output port.
The two instructions from this set are USHlabel, and DCilabel

DS

The Digital SET commmand, DELIsbc], sets the output port bits on the card specifiad
by F o the configuration specified by the decimal number {abcl. Al bits not
speciticd by laba| remsoin uncnanged, The value labc}"r{apj;esems the sum of the
values of 1he bite you wish 1o sst. Use the bit velug chart shown previously to deter-
mine the value {abel. For example, f you want bits 1 and B set in clot 2 and all
other Bits to reqnain in thell previnus ﬁ?_%itﬁ, exenuts the command D52 534

BC

The Digital Clear command DCi{abel, clears the bits specified in the same manner
as the Digital 5¢t cormnmand sct bits.

Theory of Operation
This =imgplified theory of operation is designed to help you uvnderstang the operation
of the B-bit input/cutput poris, Also, should problems cccour in the input/output port,

this infarmation can assist you in troubileshooiing. The following diagram illustirates
the maior biocks of the ports,
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Commmunication between the 3421A internal microprocessor and the 444644
breadboard is carried on serally, U1 is an 8-bit bidirectional paralial/serial input/ouiput
bus register. This means that information from the input port, through U4, is can-
verled to serial infarmation by U1 and sent 1o the 342 1A processor. Likewise, soral
information from the grocessor is sent 1o U1, converted 1o parailel, and output
through U2 U3 is provided to read back the state of the output port.
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| Appendix A
Documentation Worksheet

Introduction

It has long been recognized that failure to document a measuremeant system, or
documenting the system after its development, resuits in considerable extra effort,
This is espacially true when attempting to diagnose system fatlures. It can be very
frustrating, for example, to suspect a defective thermocouple, and because of in-
adequatle documentation, replace the wiong one. This is not only time consuming
but costly. This appendix presents a simpte method of documenting your measure-
ment system to help alleviate these problems and to help in the setup procedura.
Only two workshests are provided, therefore you may want to tear one out and
duplicate it for future use.

Worksheets

The Bocumentation Worksheets presented here were designed to be filled out while
you are wiring transducers to the 3421A. Later, they can be used as a guide when
writing programs and testing. Instructions for completing the worksheets are found
on the backside of the worksheets.

These worksheets serve only as a guide for your system. That is, they may not be
applicable to all situations and you may need to moedify them for your individual
needs. Figure A1 shows several examples of how worksheets may be filed out,
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Event Log

In addition ta the Documeantation Worksheets} you may want io maintain an Evant
Log. Types of Event Log entries include changes in the setup, when and why the
changes were made, transducer failures and any circumstances surrounding their
failure, and changes in a process {e.g., use of a different brand of detergent in a
washer}. Each entry should inciude at least the following four items:

1. What the event is and the extent of change.

2. Where the svent took place or was observed.
3. When the cccurrence happened or was noticed,
4. The fix - if the event was a failure.

An example of an Event lLog entry would be:

Power failure 10:43 a.m. 10Q/22

Changed T22 type K thermocouple 11:05 a.m. 10/22
Qven #3 overheated to 1700°C 3:48 p.m.

T22 appears to he bad reading 4:10 p.m. 10/22

From the Event Log, apparently T22 was change to a type K thermocouple {it was
a type J, see Worksheet example}, but the change was not entered into the pro-
gram. While most problems are not solved this easily, the Event Log can provide
valuable insight inte seemingly unexplained changes in a system.

Another piece of decumentation yvou may find useful is a2 single page cover sheet
to identify the documentation package. This cover sheet might incorporate lineariza-
tion equations, transducer manufacturers and replacement part numbers, wire batch
numbers, and any other pertinent information,
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DOCUMENTATION WORKSHEET
INSTRUCTIONS

DATEITIME: The date and/or time of the criginal setup should be entered here. Dates
and/cr times of minor alterations should be made in the teft hand margin next to the
addition or aiteration.

SYSTEM NAME: The setup name is used fo identify a particular measurement system.
This is especially important when more than one system is in use.

TEST AREA: This entry should be an overall description of where the system is being
used or what it is measuring.

SLOTICARD TYPE: Refer to chapters 2, B, and § of this manual for a discussion of the
3421A slots. The siot number must be knawn and whether the slot containe an 8-bit
Digital 1/C card or a 10 channel multiplexer card.

CARD TERMINALS: Record the terminal block connector numbers for each transducer.
Refer to chapters 5 and 6 of this manual for discussions on card terminals. As a
diagnostic ‘aid it is important to record the terminal connections,

CHARNEL: This entry is the channel number that you specify in your program. Refer
to chapters § and 6 for more information.

TRANSBUCER TYPE: Indicate the type of transducer used on that channel, For exam-
ple, J type thermocouple, pressure transducer, etc. You may also want to indicate
the replacement part number for that transducer.

UMITSILINEARIZATION: Enter the units of the measurement and any linearization equa-
tions. Examples include pressure, liquid flow rate, FT/Lbs of ‘torque,
- F=32.0+1.8°C, etc.

VALUESLIMITS: List a typical value for that measurement and the mesasurement units.
Some tests require that an action take place if certain limits are exceeded. The values
for these limits should be entered under MAX. and MIN.

COMMENTS, ACTIONS, ETC.: This entry should include- anvthing not already specified that

might be appropriate to the measurement. Possible entries include the specific loca-
tion of the transducer, actions taken if limits are exceeded, ete.
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DOCUMENTATION WORKSHEET
INSTRUCTIONS

BATE/TIME: The date and/or time of the original setup should be entered here. Dates
and/or times of minor alterations should be made in the left hand margin next to the
addition or alteration.

SYSTEM NAME: The setup name is used to identify a particular measuremant system.
This is especially important when more than one system is in use.

TEST AREA: This entry shouid be an overall description of whers the system is haing
used or what it is measuring.

SLOTICARD TYPE: Refer to chapters 2, 5, and 6 of this manual for a discussion of the
3421A slots. The slot number must be known and whether the slot contains an 8-bit
Digital 1O card or a 10 channel multipfexer card.

CARD TERMIMALS: Record the terminal block connector numbers for each transducer.
Refer to chapters & and 6 of this manual for discussions on card terminals. As a
diagnostic aid it is important tc record the terminal connections.

CHANNEL: This entry is the channe! number that you specify in your program. Refer
10 chapters & and & for more information.

TRANSDUCER TYPE: Indicate the type of transducer used on that channel. For exam-
ple, J type thermocouple, pressure transducer, etc. You may aiso want to indicate
the replacement part number for that transducer.

URITSILINEARIZATION: Enter the units of the measurement and any linearization equa-
tions. Examples include pressure, liauid flow rate, FTilbs of torque,
fF=32.0+1.8°C, etc.

VALUESILIMITS: List a typical valug for that measurement and the measurement units.
Some tests require that an action take place i certain limits are exceeded. The values
for these limits should be entered under MAX. angd MIN.

COMMENTS, ACTIONS, ETC: This entry should include anything not already specified that

might be appropriate to the measurement. Possible entries include the specific loca-
tion of the transducer, actions taken if limits are exceeded, stc,
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Appendix B
HP-IL/HP-15

introduction

An interface is the means by which a computer and the 3421A or other instrument
communicate. This appendix provides a slightly more detailed overview of the two
interfaces used with the 3421A: HP-IL and HP 1B, Although the information in this
appendix is controller independent, the information may be 3421A dependent.

General HP-IL Description

Hewilett-Packard Interface Leoop {HP-IL) is a two wire interface. As the name implies,
devices are connected in a serial loop structure. Data or information, in the form of
digital ‘frames’, travels from one device to the next around the foop.

The interface lvop consists of a calculatoricomputer and up to 29 peripheral devices
such as the 3421A. Information is transferred from one device to the next around
the ioap in one direction. [ the information is not intended for & particular device
(see paragraph on addressing}, the device merely passes the information on 1o the
naxt device. When the information reaches the intended device, that device responds
as directed by the information. The information is then sent on to the next device.
In this way, the calculator/computer can send information to and receive informa-
tion fram selected devices in the loop according to the device’s capabilities. The
following figure shows & typical interface loop system.

e lE FiLN TS
——en sl R e | _
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-HIEREA AIESS - ADDRESS 3 ) —57es
1 ADDRESD 4
: M OTTES
’ LISTENCT

Functionai QOverview

Fach device in the loop will possess one or more of the three basic device
capabilities: Controller, Talker, or Listenier. The controller, as the name implies, has
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the responsibility to contrel loop activity, The -hp- Modet 41C/CV handheld calculator
and the -hp- Model 8% desktop computer are examples of devices which serve as
controliers. They must, of course, be equipped with the proper interface module. Con-
trollers transmit all commands to other devices in the loop and have Talker and
Listener capabilities. The 3421A cannot serve as a controller. Only one device in the
loop may serve as & controller.

Taikers are devices that have the ability to send data or infarmation (but not com-
mands} through the loop. Note that a talker will not actually send data or informa-
tion until told to do so by the controller. The 3421A has Talker capabilities. The
3421A does not have a Talk-only mode as do some instruments.

Listeners are devices with the capability to receive information through the loop.
Listeners must remain inactive until told to listen by the controller. The 342 1A has
Listaner capabilities.

Addressing

Each device in the loop is assigned a unique address by the controller. For exam-
pla, if the 3421A is the only device in the loop, other than the controller, the con-
troller wilt assign it an address of 1. The address of the controller is always ‘0",
Addresses permit the controlier to specify or “"select’’ a particular device in the ioop
when sending cammands. Addresses are assigned to devices sequentially around the
ioop In the direction of information flow. The first device in the loop after the con-
trelier is assigned an address of 71", The second device is assigned an address of
27, and so on around the loop.

Look at the figure of the typical HP-IL system again. Individual davices are shown
with their basic capabilities, {oop addresses, and direction of information flow.

Technical Overview

Fundamentally, HP-IL is a bit-serial, byte-serial, unidirectional interface. It uses a two
wire balanced differential drive system and three level encoding for bits. Messages
are sent through the loop as a sequence of eleven hits called a message frame, Com-
mands, such as Listen, are made up of one or more message frames. There are three
major classifications of frames: Command, Ready, and Data. Three of the eleven bits
are used to specify the type of frame. The remaining eight bits are data bits and
specify the particular message within the classification.

HP-iL protocol provides excellent error detection. Commands and data make a com-
plete circuit of the loop. in other words, the originating device must receive the in-
formation back after all ether devices have received and re-transmitted it. By com-
paring returning information with what was sent out, errors are automatically
detected.
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Normaily, only one message is in transit around the loop at any given time. In
general, when a device sends a message it waits until the message is returned before
transmitting the next message. This part of the process is called loop handshaking
and guarantees that Talkers and Controllers do not send information faster than other
devices can accept them.

MP-IL nas a theoretical maximum transmission speed of 20,000 bytes per second.
In a typical implementation though, this rate is lowered to somewhere between 3,000

and 5,000 bytes per second. This speed is sufficient to transmit more than a full
single-spaced typewritten page of data every second.

3421 A Loop Capabilities

Thea following table lists the HP-IL functions that the 342 1A responds to and uses.

R The 3421A handshakes as a receiver,

B Handshakes as a driver to the next device.

AH Handshakes as an acceptor.

SH1 Handshakes as a source.

T1,2, Basic Talker, sand Status, send Device D, send Accessory
3,4,6 ID, Unaddressed as a talker when addressed as Listenaer.
TEO Mo extended Talker capability.

i.1,3 Basic Listener, Unaddressed to listen when addressed to talk
LEQ No extended listener.

CO The 3421A cannot serve as a controller.

AAT Can be autoaddressed by the controller.

AECQ Ng auto-extended addressing capability.

AMO No multiple addressing capability.
DC2 The 3421A responds to Device Clear and Selected Device Clear
interface commands.

DT The 3421A responds to a Device Trigger interface command.

RLO Remote, Local, and Local Lockout are ignored since the 3421A
can only be controlled by a controller.

SR2 Basic Service Request and Asynchronous Service Request capahility.

PPO The 3421A does not respond to paraliel poll.
PO The 3421A has a power-down mode.

DDo The 3421A does notimplement device dependent Tatker or Listener
commands.
MSO The 3421A does not have manual service request capability.

General HP-IB Description

The Hewtlett-Packard Interface Bus {HP-1B} is Hewlett-Packard’s implementation of IEEE
Standard 488-1978, 'Standard Digital Interface for Programmable Instrumentation.”’

257

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com = "~



It is a carefully defined interface which simplifies the integration of varicus instruments
and computers into systems. The interface providaes for messages in digital form ta be
transferred betwesn two or more HP-IB compatible devices.

The HP-IB is a parallel bus of 18 active signal lines grouped into three sets, according
o function, to interconnect up to 15 devices. A pictorial view of the HP-IB connactor
and its pin designations are shown in the following illustration. Also shown is a diagram
of the interface connections and Bus structure.

| o

PN | uine
1 Liot L L
2 (8] le7
3 Die3 CAUTION
& D104
13 DI0s The 342 1A sontaing metnc thieadad HP-IG cable mounting siuds
14 DI06 as opoased to Fnghsh theads. Mot thresded T 7083714,
15 D07 B, or O MR8 calile lockserews must be used 1o secure the cable
16 o8 fo the instrument. identification of the two tvpes of mounting
5 EO} studs and lockscrews is made by rhair color, English threaded
17 REN fastarners are ecolorad sifver ang matric threadod fasleners ure
G AN cevorad Disck. DO NOT wagte sibver and Dlack fastensrs 1o sach
7 NRFD other or the threads of either or bath will be destroyed. Metric
8 MDAC threaded HP-1B cahle hardwara iflustrations and part numbers
g {FC Ferfterae.
1G SRO
1 ATN
12 SHIELD .- CHASSIS GROUND
18 PO TWISTED PAIR WITHPIN & T
18 FiO TWISTED PAIR WITH PIN 7 . Lﬁ:;sa:::
20 | P/OTWISTED PAIRWITHPING § THESETINS .
21 PO TWISTED PAIR WITH PIN § INTERNALLY
22 F/0 TWISTED PAIR WITH PIN 10 GROUNDED
23 P/O TWISTED PAIR WITH PIN 11 LONS MELTENG 3105 SHORT MOUNTING STUD
24 ISOLATED DIGITAL GROUND | 3000513 GRorases

Eight signal lines, termed DATA lines, are in the first set. The Data lines are used to
transmit data in the form of coded messages. These messages are used Lo program
the instrument function, transfer measurement data, coordinate instrument operation
and read its measurement data. input and Output of messages, in bit parallel - byte
serial form, are also transferred in the data lines. A 7-bit ASCI| code normslly represents
aach piece of data.

Data is transferred by means of an interlocking *"handshake’’ technique which permits
data transfer {asynchronously} at the rate of the slowest active device used in that
transfer. The three DATA BYTE CONTROL lines coordinate the handshaking and form
the second set of lines.

The remaining five GENERAL INTERFACE MANAGEMENT fines are used to manage the
devices on the HP-18. This includes activating all connected devices at once, clearing
the interface, and others. For a detailed description of the HP-IB lines, commands, in-
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ternal operations, etc., refer to the HP-IB Abbreviated Description Manual, -hp- part
number 5855-2803. A condensed deseription is also available in the Condensed Descrip-
tion of the Hewlett-Packard interface Bus Manual, -hp- part number 59401-9009Q. The
manuals are available through vour local -hp- Sales and Service Office.

As with HP-IL, devices can be classified as either Controllars, Talkers, or Listenars. These
are defined as follows.

a. Controllers: The device that can specify which device{s} on the Bus is a Talker
or Listener. There can be two types of controllers; an Active Controller and a System
Controller. The Active Controller is the currant controlling device. The System Controller
can, however, take conirol of the Bus even if it is not the Active Controiler. There can
only be one Active controller at any given time, even if several controllers are oh the Bus.

b. Talkers: A talkeris any device that is able to send information over the Bus when
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it has been addressed. Only one Talker may be active atl a time; usually the one that
is currently addressed 1o send data. All HP-IB computers, most HP-IB instruments and
of course the 3421A, are Talkers.

c. Listeners: Daeavices which receive information over the Bus, when they have been
addressed to listen are called Listeners. A device may or may not he both a Talker and
a Listener. The 342 1A has Listener capabilities,

'3421A Bus Capabilities

The 3421A interfaces to the HP-IB as defined by the |[EEE Standard 488-1878. The
interface function subset which the 34271A implements is specified in the tabie
beiow.

SH1 Source handshake capabilities.

AHT Acceptor handshake capabilitiss,

16 Basic Taiker, with Serizl Poll, no Talk only mode, and un-
addressed to Talk when receives its Listen address.

TEO Ne extended Talker.

LEC No extended Listener,

L4 Basic listener, unaddressed to listen when receives its Tallk
address.

SR1 Compleie Service Reguest capability.

RLO Remote Only capability.

PPO No Parallel Poll capability,

DCH Complete Device Clear capability.

DT1 Complete Device Trigger capakbitity.

Co No Controller capability.

interface Terms

The following is used to define many of the terms and concepts used to describe
HP-IL and HP-IB systems operations.

=  Address. Each device connected to the interface has a unique address assign-
- ed to it, With HP-IL, the address is assigned by the controller. In HP-IB, the ad-
dress is set by switches in the instrument. The address is used 1o specify which
device connectad to the interface will receive (Addressed to Listen) or send {Ad-
dressed to Talk) information.

5 Byte. A byte is a unit of information consisting of 8 hinary digits ¢alled bits.

e (Clear. The Ciear message causes the listening devicel(s) or all the devices con-
nected to the interface to return to their predefined device-dependent state.
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s Device. Any instrument or unif that is HP-IL {ar HP-IB) compatible is called a
“Device.”’

= Device Dependent. An action a device performs in response to information sent
through the interface. The action is a characteristic of a particutar instrument
and wili probably vary from device to device.

s Polling. Polling is process typically used by a controlier to locate a device that
has requested service from the controller. There are two types of polling: Serial
Poil and Parallet Poll,

1. Serial Poll. When the controliar executes a serial poil, the addressed device
sends one byte of operational information called a Status Byte. H more than one
device connectad to the interface is capable of reqguesting service, each device
must be serial polied until the device that requested service is located.

2. Paraliei Poll. This method ohtains a Status Bit from 8 devices connected
to the interface, The 3421A dees not respond to a Parallel Poll.

& Require Service. A device can send this message at any time to signily that
it needs some type of interaction with the controller. Of course the device must
be pre-programmed 1o send the Service Request and the controller must be pre-
programmed to respond.
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STE. FOY, Quabec G1IN 402
Tei: (418) S8F-4570

CH

CHILE

Jorge Caicagni v Gia. Lida.
Av. Hafig 634 Sanfiagoe
Casiig 16475

EANTIAGG 9

Tel: 222-022¢

Tefex: Putlic oo 440001
ACMENM

ympia (Chilal Lida,

Av. Rodrigo e Araya 1045
Lasiia 256-¢

SANTIAGG 21

Tel 102} 22 55 044

Telex: 240-565 OLYMP CL
Cable: Qlympachie Sanliagochie
CHESP

CHINA, Peopie’s Regublic of

Lhina Hewlefi-Packard Rep. Office
PO Box 418

Tnlane & Luchang 81

Befwai R, Xuanwu District
BELHNG

Tel: 33- 1947, 33-7426

Telex: 22607 CTSHR CN

Cabie: 132¢

ACHOMOSEP

COLOMBlA
siumenanion

H A Langepaek & fier S.A,
Carrera 44 No. 524-26
Apartacle Aereo 6287
BOGOTA Y, DE

Tel: 212-1466

Teigx: 44400 ST 00
Cable: AARIS Bogoia
M E &

Casa Homboig! £ ids,
Carrera 14, No. §5-80
Apariads Aareo 51285
BOGOTA 1, DE

Tai: 256- 1686

Telax: 45403 0CAL €40
A

COSTARICA

Cienlifica Cosharricense SA.
Avenida 2, Calle 5

San Pedro de Momies de Gca
Apaitadio 10789

SAN JOSE

Tel 24-36-20, 24-08- 19
Telex: 2367 GALGUR CR
CMEM

CYPRUS

Talarexa [t

PO, Box 4808

14 Slassinos Aventa
NiCOS8M

Tel: HAEGE

Telex: 2884 L VDO QY
EMe

DENMARK
Hewlett-Packard A7S
Dataya) 52

DK-3460 BIBKERCD
Tel: {02) 61-66-40
Telex: 37408 hpas ¢x
A,GH,GM.CS EMB.P
Hew!et:-Packard ArS
Rolighedsve; 32
DK-3240 RISSKOV, darhus
Tal: (D8) 17-80-0C
Telew: 37409 bpags dic
CHE

DOMINICAN REPUBLIC
Microprog 5.4,

Juar Tomds Mafla v Cotes No. 60
Arraye Kondo

SAHTE DOMINGO

Tai: 5656-6268

Tejex: 4510 ARENTA 08 (BOA) P

ECUADOR

CYEDE Ci. 1L ida.

Averitia Doy Alfare 1748
Casilia 6423 CCf

qura

Foi 450-975, 243-052
Telew: 2548 SYEDE ED
CMEF

Hogpiletar 5.A.

RoiMes 825

Casilia 3560

ourro

Yok 545.250 545122
Talex: 2485 HOSPTL FD
Cable: HOSPITALAR-Chifo
v

EGYPT

Iniernaiional Enginearing Associaies
24 Bussein Hegazi Sireer
Kasr-e-Ami

CAIRD

Tel 23823, 21641
Talex: IFA LN 83830
CHOSEM

EGYPOR

E.0.Box 2558

42 Ef Zarvan Sireet
CARD, Fgrot

Tel: 85 00 21

Telex: 03 337

p

EL SALVADOR
WPESE o £} Salvador SA.
28 Avanida Narte 1215
SAN SALVADOR

Tei, 26-6858, 26-6806
fefen: 20538 WPESASAL
ACHCMCSF R

FIMLAND
Hewlell-Packard Oy
Rayonigentie 7

FL 28

SE-O2101 ESPOO 10
Tat: (B0 4550211
Tetex: 121563 hewpa sf
CH.CM,CS,P
Hewlett-Eackard Oy
{Dlarinioma 7§

PL 24

3210+ ESPQO 10
Tei (90) 4521022
AE MS
Hewieil-Packarg Oy
Aatcksenkaty 10-C
SF-A0720-72 JYYASKYLA
Tel: {841) 218318
CH

Hewlatt-Packard Qy
Hainvuntie 1-C
SF-90140-14 OULY
Tel: (881) 338785
CH

FRANCE
Herwlett-Fackard France
24 Maroure B

Flie Bertheint

F- 13763 Les Milles Dedex
AI%-ER-PROVENCE

Teh 1€ 1420 RG.41.02
Teles: 41077C0F

A CHEMS P
Hewielt-Packard France
B4, rse Marchanc Sailiand
B0 ALENCON

Tek 15 (33} 28 (4 42
Hewietl-Packesd France
Hoite Poslale 503
£-250728 BESANCOH

28 rue ¢z ‘a Repullique
F-25000 BESAHCON
Tel: 15 {81) £3-16-22
CHM

Hewletl-Packard France
13, Place Napoizon B
£-26000 BREST

Tef: 16 (98) 03-36-35
Hewlett-Packard Frarce
Chemin des Mouiles
Bolte Postale 182
F-69130 ECULLY Cevex (Lyon)
Tel 16 {78} B33.81-25
Talgx: 316617F
ACHCS.EMP
Hewlstl-Fackard France
Tour Lamaine
Bouevard de Franca
E-91CG35 EVAY Cadax
Tei: *6 6 077-86-60
Telex: §22315F

E

Hewledl-Psckard France
Parc ¢'Activite du Bois Briard
Ave. du Las

F-81040 EVRY Cedex

Tel: 16 6 077-8383

Telew: BA2315F

E

Hewielt-Packard France

5. avenue Raymond Chanas
£-3BI20 EYBENS (Granobls)

Teh 15 (76) 25-81-41

Tefex; 980124 HP GRENOB EYSE
CH

Hewleli-Packard France
Cenzre of Affaire Paris-Nord
Bitiment Amplre 5 Hags
Rue e la Commune e Paris
Boile Posiale 300

F-23153 LE BLANC MESMIL
Tei: 16 (1) BES-44.52
Tefex: 211032F

CHLCS.E.MS

Hewiett-Packard France
Parc d*Aclivités Cadera
Quartier Jearn Mesmoz
Avenue du Président JF Kehnedy
F-33700 MERIGNAC {Bordeaux)
Tel: 15 (56) 34-00-84
Telex: 5EC10EF

CH,E,MS

Hewlett-Packard France
Immeeble "Les 3 B
Reowveay Chemin de la Garoa
ZAC de Bois Briand

F-44085 NANTES Gedex

Ted: 16 (40) H0-32-22

CH**
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FRANCE (Conb'd)
Hewielt-Packard France

125, rue du Faubourg Bannier
F-45000 ORLEANS

Tek 16433 68 01 63
Hew'el-Packard France

Zone Industrislle de Courlaboew
Averwze des Tropiques
F-G1947 Lee Uie Gedex ORSAY
Tel: {6} 807-78-25

Talex: 6G3048F

£ CH,CM, G5 EMP.F
Hewlatl-Packard France

Paris Porte-Maikol

15, Avenue de L Amiral Braik
F-75782 PARIS CEDEX 16

Tel: 16 ¢1) §02-12-20

Telex: 6513663F

CHMS P

Hewlelf-Patkard France

124, Boulevard Tourasse
F-84000 PAY

Tei: 15 {A9) 80 28 (2
Hewiell Packard France

2 Alige de la Bowrgannette
F-35700 REMMES

Tal: 16 {993 51.42-44

Tetex: 7409 12F

CH.CM.E M5.P*

Hawiati-Packard France
48 Avenue de Bretagne
F-TE 100 ROUEN

Tel: 16 (35} 63-57-66
CH™ L8

Hewlett-Packard Frange

4 Rue Thomas Mann

Beite Postaie 56

F-67033 STRASBGURE Cedex
Tel: 16 (68} 28-56-40
Talex: 88C141F
CHEMSP"
Hewdett-Fackard Frahce
{a Péripole

20, Chemin du Pigeonnier ge la
Gépidre

F-31083 TOULOUSE Cedex
Tel: 16 (61) 40-11-12
Telex: B3B3
ACHCSER®
Hewlett-Packard France

9. rua Baudin

F-26000 YALENCE

Tal: 16 {75) 42 76 16
Hewselt-Packard France
Carglor

2K d= Bois Briand
F.57640 VIGY {Medz}

Tel: 16 {2 7712022

CH

Hewleti-Packard France
Immeubie Péricentre
F-59658 WLLEXEUYE D'ASCH Cedex
Tel: 16 {20) 91-41-25
Telex 160124F
CH,EMS,P*

GERMAN FEDERAL
REPUBLIC
Hewlell-Packarg GmbH
Geschilissiols
seithatrasse 2-4

0-40060 BERLIN 30

Tel: (030 24-B0-86
Telex; 018 3405 hpole d
A CHERF

Eewielt-Packard GmbH
Geschiftestelle
Harenbergar Strasge 130
B-7030 BOBLIRGEN

Tal: (763 1) 140

Telex:
A,CH,CR,GSEMP P
Hewleit-Peckard GmbH
Geschifitssielle
Ernanyel-Leutze -Strasse 1
£-4000 DUSSELDORF

Tei: (0271) 5971
Telex: BE5/86 533 npeked d
ACHCSEMS P

Hewdell Facxard GrbH
Geschafsstelle
Schleatstr. 2Ra

D-A800 DOATIMUND - Aolerbeck
Tai: {(231) 45001
HewleH-Packar:d GmbH
Verirabezentrale Frankiurt
Berner Strasse 117
Postlach 360 140
D-8000 FRANKFURT 56
Tak (0E11) 50-04-1
Telex: 04 13240 hplfm d
A ChCMCSEMPP
Hewsell-Packard GmbH
feschifissieiia
Aisssensiaile Bad Homburg
Louisenstrasse 115
[-8380 BAD HOMBURG
Tel: 406172) 108-0
Hewtett-Packard GmbH
Geschdfissielie
Kapstadiring &

B-2000 HAMBURG 60

Tel. {040} 638041
Telex: 021 63 732 hpta d
ACHCSEMS P
Hewlett-Packard Gmbk
Geschdftagelle

Heidering 37-39

D-3000 HAMKOYER 61
Tel: (0511) 3708-3
Telex: 092 3259
ACHGM.EMS.P
Hewilett-Packarg GmbH
Geschiitssteds

Rosslauer Weg 2-4
P-6800 MARKKEIW

Tek: (062 1) 70050

Telew: (462105

AGE

Hewlett-Packard GrrbH
Geschiifiestale
Messerschmiltstrgsse 7
[-79360 NEU ULM

Tel: 0731-70241

Telex: (712816 #P ULM-D
sCE*

Hewicli-Packard Gmbh
Geschiitsstelle
Ehhericherstr 13

0-8500 MURKBERG 10
Tel: (0911) 52050
Talex: 0623 860
CH.CM.EMS,P
Hawistt-Packare GmbH
Geschiftssieie
Eschenslrasse 5

D-8G28 TRUFKIRCHER
Tel: 089 B117-4

Talex: 0524985
ALGHOMEMS P

SALES & SUPPORT OFFICES

Arranged alphabetically by country

GREAT BRITAIN
Sog United Kinadam

GREECE

Koslas Kargymnis S.A

& Omircu Street

ATHENS 133

el 32 30 203, 32 37 371
Teiex: 215962 RKAR GR
ACHEMCS.EMF

PLAISIO 8 A,

. Gerardos

24 Stournsra Sireed
ATHENS

Tel 56-11-160

Telex: 221871

P

GUATERMALA

IPECA

Aveniga Retorma 548, Zona 8
GUATEMALA CITY

Tel: 316627, 314786

Yalax- 4182 TELTRO GU

ACH CMCS EMP

HMOMG KONG
hawistt-Packard Hong Kong, Lid.
G.P.C. Box 79%

£ih Flogr, Sun Hung Ka: Cenire
30 Harbour Road

HONG RONG

Tel: §-832321>

Telex: 6RG7H HEWPS HX
Cable: HEWPACK HONG KONG
E,CHCS.P

CET L

1402 Fung Wah Mansion
128-203 Hennessy Ad
Wanchia, HONG KONG

Tef: 5-720376

Tefox: BE148 GET HY

M

Schmidt & Co. (Hung Rong} Lid.
Wing Gt Lertre, 28 Floor
Connaugh! Roag, C.

HORG KOHG

Tl 5-455644

Tokex: FATGE SCHMY HY

AM

ICELAND

Elding Trading Company fne.
Hafmarnvol-Triggvagoiu
P.C. Box 895

5-REYKJAWK

e 1-58-20, 1-683-03

o

MDA
Comguler procucts are soid tbrough

Biue Star Lid. At comiputer rapairs and
mangenence service & done through

Computer Maintenance Jamp.
Biup Star L1d.

Sabn Compiex I Flaor

24 Residency Rd.
BANGALORE 560 025

Yai: 55660

Tetex: 0645-430

Caple. BLUESTAH
&,0HTCHES* E

Giue Slar Lid,

Band Box House
Fratthadevi

BOMBAY 400 025

Tel 422.31H

Talex: D11-3751

Cable: BLUESTAR

AM

Bire Star Lio.

Suhas

41472 Vir Savarkar Marg
Frabradsv]

ROREBAY 400 025

Yat 422-6155

Tedaxr 011-4093

Cabte, FROSTBILLE

AON CM IR F M

Ehwe Star Lid

Kalvan, 15 Vishwas Dolehy
Alcapur, BORODA, 360 065
Tai, 5235

fdhie: BLUF STAR

A

Blue Star Lid,

7 Hare Shes)

CALGUTTA 700 001

Tel 120137

Telex, 0P 1-7645

(abila: BI UESTAR

fxr

Biwe Star Lig.

132 Kodambakkam Hgh Aoad
HMADRAS 8O0 (034

Tel: BED57

Tofax: (i471-378

Cabfe: BLUESTAR

A

Bl Ster Lid

Ehandarf House, 78R Flowrs
81 Menru Fidce

NEW DELHI 170 024

T 882547

Teiex: 03 1-2463

Cabie: BLUESTAR

ACH OMOE" EM

e Slar Lid,

T5/16:C Walesfey Ru.
PUNE 41T 0711

el 22778

Cathier BLUE STAR

A

Bive Star Lo

2.2:47/ 1108 Belarum Fa.
SECUNDERABAD 500 063
Tel FepET

Tefox: G155-459

fable: BLUEFROST

AL

Alig Slar Lid

T.C. 7803 Poornima
taruthaniuzti
TRIVAMDRUR 695 012
Tel. 65739

Telex: DHB4-259

Cabie: BLUESTAR

£

Compeler Mainietiance Corporation
i

114, Sargini Devi Foad
SECUNDERARAD 500 003
Tel 310-184, 5345-774
Telex: 031.2960

CH"
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SALES & SUPPORT OFFICES

Fre Arranged alphabstically by country
(5]

INDDOMNESIA

BERCA mdonesia P.T.

F O Box 4968/t

M Ao Muis 62
JAKARTA

Tel: 21373002

Telex: 467458 BERSAL 14
Cabre; BERSAL JAARTA
p

BERCA indoresia P.T.
F.OBox 2497/t

Antara Bidg., 378 Figor
J. Medan Mardeka Seftan 17
JAKARTAPUSAT

Telr 21.344- 147

Telex; BERSAL 14
ALSEM

BERCA ngoness P.T,
PO Box 174/58Y.

M Hutei N 11
SURABAYS

Tal: 88172

Tekex: 371146 BERSAL 5B
LCabie: BERSAL-SURABAYA
AT E M E

IRAG

Hewlett-Packard Trading S.A.
Service Uperalion

Al Manscor City 98/3/7
BAGHDAD

Yei 551-49-73

Teigx: 212-4565 HEPARAG IK
CHES

IRELAND
Hewlett-Packard Fefand Lid.
82/83 Lower Leeson Street
BUBLIN 2

Tel 0001 60830G

Tafex: 30439
ACH,CM.CS E P

Cardiac Services i
Kimore Acad

Ariarie

DUBLIN 5

Tel: (01 351820

Telax- 30439

M

ISRAEL

Fidan Flectramic insiiument Lig,
P.0Q.Box 1870

JERUSALER & 1000

16, Ohadav 51

VERUSALEK 94467

Tel: B32 221, 553 242

Telex. 252371 AB/PASAD 4.

A

Elai:ronics Engmesring Division
Motorola ferael Ltd

8 Kramenelskf Sitest

P.0. Box 25618

TEL-AVIV 67899

Tel: 3 58 388

Telex- 35569 Mol IL

atla: BASTEL Tel Aviv
CHOMCSEME

ITALY

Hewiett-Packard faiana S.p.A
Travarsa 98¢

Vin Giulio Peirond, 18

I-70124 BARI

Tei, (080 31-07-44

W

Hewleit-Fackard Hallana S.p A,
Via Martin Lulher King, 28/
40757 BOLOGNA

Tel: §051) 402394

Telex: 511630

CHE MS

Hew'ati-Packard Ilasians S.p.A.
Via Principa Nicola 43G/C
1-35123 CATANIA

Tel: (095) 37-10-R7

Telex; 70281

cp

Hewleti-Packard ltafiana S.nA.
vie 4. Di Vilorin 9

- 20363 CERNUSCO SUL HAVIGLIO
Milzno)

Teh 02 923891

Teiax J34E32

ACHOMUOS EMP P

Hewleit Fackard Hafiana S.p.A.
Via €. Co:ombo 49

20080 TREZZARD SUL NAYIGLIO
thfianc

Tel: 402} 4458041

Telex: 322176

C.M

Hewigli-Packard laiana SpA.
Wia Nueva San Rocee a
Capedimonie, 8274

RB0131 HAPQL)

Tal: (G 1) 7413544

Telex: 710698

ACHE

Hewlel-Packarc italiana $.p.A.
vigie 3. Modugno 33

16156 GENOVA PEGL!

Tel: (010} 68-37-07

Teiex: 21538

EG

Hewleil-Packard Hallanz S.qra.
\ia Petizza 15

-35128 PADGVA

Tal: {049) 664888

Telex: 430315

ACHEMS

Hewiat:-Packard lhaiiana 5.p A,
Yiale €. Pavese 349

00144 ROMA EUR

Tek (06) 54831

Tedex: G105 14
ACHOMGS £ MS P
Hewlell-Packard itaana S.p A,
Wig i Caselling 57/6

00018 SCANBICCI-FIRENZE
Tel: (055) 753853
Hewleit-Packard flaliana S.pA.
Corso Swizzera, 185

16744 TORIND

Tei i1t} 74 4044

Telex: 221079

CHE

JAPAN

Yokogawa sewlett-Packard Lig.
15821, Jnna

ATSUGH, Kanagawa, 243

Tek (0462) 23-D4517

UMCoE
Yokogawa-Helwett-Packard i1,
deii-Seimet Bidg. 6F

3-1 Hon Chibe-Cho

CHIBA, 280

Tel: 472 25 770+

ECHOS

Yekogawa-Hewisit-Packard Lid.
Yasudu-Seime Hiroshima Bidg.
11, Hea-dor, Naka-ky
HIRGSHIA, 730

Tek 82-241-3611
Yokogawe-ewletl-Packard Lid,
Towa Building

23, Kaigan-don, 2 Crome Chuo-ka

KOBE, G50

Tk (078 392-4791

C.E

Yokogawa-Hewlett-Packard ¢,
Kumagaya Assni 82 Bidg

3-4 Tsukiha

KURAGAYA, Sallama 360

Tek (0483} 24-6563

CH.OME
Yokogawa-Hewlett-Packard Ltd.

Asuhi Bhinbun Daiichi Seimed Sldg.

47 Henebata-cho
HURAROTO,58)

Yol (0963) 54 7311

CHE

Wokogawa Hewielt-Packard Lid.
Shin-Kyote Cemtor Bidy,

614, tHoashi-Shickodi-cho
kaiasuma-Hishiir

Shiok of-dori, Shimagyo -k
K¥YDTO, 50

Tek 075-343-0921

CHE
Yokogawa-Hewlett-Packard Lid.
Mo Mitsui Bldg

4.73, Sannc-many, 1 Chome
MITO, tharaki 316

Teh (0292) 25-7470

CHOME

Yokogawa-Hawlelt Pacxard Lid,
Sumitome Ssimai 14-9 Bldg,
Meieii-Minamd, 2 Choms
Raxarura-&y

HAGOYA, 4503

Tel: {052) 671-8171
CH.CM G5 E M3
Yokogawa-Hewlet -Packarg Lif
Chuo Bleg.,

4-20 Kiznirakajima, 5 Chome
Yodegawa-ki:

08AKA, 332

Tek (06) 3046021

Felex: YHPOSA 523-3624

A CHOMZEEMPP"
Yokogawa-Hewle!l-Packard Ltd.
27-15, Yabe, 1 Chome
SAGAMIHARA Kanegawa, 226
Tai: D487 591311
okogawsa-Hewlsll-Packard Lid.
Daichi Seime: Bldg,

-1, Misni Shinjuka, 2 Chome
Shinfuke -k, TORYO 160

Tel: 03-348-4611

CHE
fokogawa-Hewlet-Packarg Lid.
28-21 Takaido-Higashi. 3 Chome
Suginemi-ku TOKYD 168

Tei {08) 331811

Telex: 232 2024 YHPTOK

ACH OM.CS E e P

Yokogawa -Hewletl-Packard Lid.
Dalichi Asano Buiding

2.8, Ddori, 5 Chome
UFSUNGHIYA, Tochini 320

Tel (0286) 25-7155

CHOS.E

Yoiogawa-Hewlet-Peckard Lic,
Yasuda Seime. Nishigachi Bidg.
30-& Teunaya-cho, 3 Chome
YORTHAMA 221

Tel: ¢048) 312-1252

CHOM E

JORDAR

Mavasher Cousins Company
L0 Box 1387

AMRAN

el 24307, 36307
Telox: £ 1456 SABC0 10
B AP

KENYA

ADCGM Lo, Ine.. Kenya
£.0Box 30070

HAIROSB!

Tel 531055

Tafax: 22639

LM

KOREA

Samsung Elcelronics BP Divisinn
12 F Kinam Bigty,

San 75-31, Yeoksam Dong
Hangnam-Ku

reongdong £.Q Box 72

SEQUL

T, 555 7588, 555-5447
Towen: KZ7364 SAMSAN
ACHOMOS.EMP

KUWAIT

Al-khidiea Tradig & Contracting
PO Box B3 Safat
KuwAir

Tel 424810, 41-1748
fefex: 22481 Arpag ki
CHE M

Fhoio & Cine Fquiomen!
B0 Box 271F Butst
Kt

Tel 422846, 42.3801
Teigx, 22247 Matin kt
el

LEBANON

G.M Dcimacgian
Acirakieh

&0 Box 165, 167
BEIRUT

Tal: 200243

e

Compuler information Sesiems
B0 Box 116874

BERLT

Tel 8340 74

Telex: 22258

i

LUXEMBOURG
Hewlett-Aackard Balgisne: 34NV,
Bivd de ke Woluwe. 106
Woltweaox

8- 1200 BRUSSELS

Tel: (02) TR2-32 00

Telex: £3-484 paloken b
ALHCM.CSEMP D

MALAYSIA

HewleH-Packard Sakes Malaysia)
Sdn. 3he.

14t Fleor, Bangunan Briish
Armarican

«alan Serrantan, Bamansars Heighls
HUALA LURIPLR 23-03

Tel 9435022

Telex: MA3 1011

ACHEMP
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SALES & SUPPORT OFFICES E

Arranged alphabetically by country §ﬁ
]

GREAT BRITAIN (Cont'd)
Hewlet-Packarg Lid,

Avon House

435 Sirettord Road

Shirley, SOLEULL, West Midiands
8380 4BL

Tel: 027 T48 8800

Talax: 338145

CHESEF

Hewait-Packarsd Lid.

Wast End House

41 High Streel, West £nd
SCUTHAMPTOR

.Harapshire $33 300

Tel: 04218 6767
Telex: 477133
CHCSP
Hewlett-Packard 114,
Eskdale Kd.

Winnarsh, WOKINGHAR
Rerkshira RG11 BDZ
Tel. 0734 £96622
Telex §48884

E

Hewiett-Fackard Lid.
King Sweet Lane
Winnersh, WORINGHAK
Berkshire RG1T SAR
Tel: 0734 7aarla
Telax: 847178
ALCHOSEMMPF
Hewleh-Packard Lid.
Nine Mile Rice
Easthampstead, WOKINEHAM
Berxshire, JAG11 3LL
Tek 0344 ¥73100
Tetex: B48805
CHOSEFR

IRELAND

NORTHERN IRELAND
Hewlati-Packard Lid.
Cardlac Services Buicing
854 Finaghy fead Soulh
BELFAST BY 10 £3Y

Tel: 0232 525-568

Telex: 747626

CHES

SCOTLARD
Hewlest-Packard Lid.
SOUTH QUEENSFERRY
West i othian, EH30 TG
Tal: 031 331 {188
Telex: 72682
CH,CM,CS.EM.P

UNITED STAYES

Llabama
Hewleh-Packarg Co.
J00 Century Park Soulh, Sulte 128
BIRGUHAHAM, AL 35226
Tel: (205) §22-6802
A,CH M
Hawlett-Packa:d Go.
420 Wynn Drive
HUNTSYILLE, AL 35805
P.G. Box 7700
HUWTSVILLE, AL 35807
Tal: (208) 3302000
CH.GM CS EM*

Arzona
Hewtett-Packard o,

ROB0 Foints Parkway Wast
PHOENGL, A2 85044

Tel: (A02) 273-8000

A CH.CM,CS.E WS

Hewlell-Packard Co.
2424 East Aragon Road
TUGEON, A2 86706
Tei (602 330-4631
CH,E MS**

Calitornia
Hewlett-Packard o,

49 Sauth Hig Dr,
BRISHANE, Ch 94005
Tek (415) 330-2500
CH.CS

Hewial-Peckard Co.
7.0, Box 7830 [9E747)
B0B0 E. Clintos Avenue, Suite 102
FRESNG, CA 93727

Tel {209) 252-9652
CHLIMS
Hewlett-Packard Co.
P Box 4230

1430 East Crangethorpe
FULLERTOM, CA 82631
Tel: {714} 87C-10C0
CH,CM,CS.C. MNP
Hewleti-Packard Co.
320 S. Keliogg, Suile B
GOLETA, Ch 93147

Yei (B05) 96T-3405

CH

Hewlell-Packard Ge.
5400 W. Rosecrans Houavard
LAWNDALE, CA 90260
PO Box 421058

LOS ARGELES, CA 90005
Tek (213) 370-7500
Teiex: 810-325-E808
CH.OM.CS MR
Hewieti-Packard Co,
3155 Porler Daks Diive
PALD ALTO, GA 04304
Tei: (415) 857-8000
CHCSE
Hewlett-Fackéad Co.
4244 So. Makat Cout, Sulis A
PO Box 15878
SACRARENTQ, CA §5852
Tel: (818) 928-7222

A* CH,C5.EMS
Hewlett-Packard Co.
QEGE Aerc Drive

P.0O. Box 23333

SAK DIEGD, CA 52338
Tei (B13) 279-3200
CH,CM.C3.EMP
Hewlgl-Packard Go.
2308 Caming Ravon *C"
SAN BAMON, CA 34583
Tel: {415} B38-5800
CHECS

Hawlatt-Packarg o,
3005 3coM Bodevard
SANTA CLARA, CA 95050
Tel: (408} 2B8-7000
Telex; 910-318-0588

A, GH,CM, 53 & MF
Hewlett-Packard Co.
5703 Corsa Avenue
WESTLAKE VILLAGE. CA 913562
Tel: (213) 705-6800

E* Ch* CS*

Colorado
Hewlett-Packard Co.

24 Invarness Piace, East
ERGLEWOOD, CO 8C112
Tei {303} 548-5008

&, CHCM.CB.EMS

Connaclicet
Hewlett-Fackard Co,

47 Bernes ingustrial Aogd South
P.C. Box 5007

WALLINGFORD, CT 05492

Tel: {203} 265-7301
ACHOMCS E M3

Florida

Hewleit Packard Co.

2001 NW. 62nd Strest

R0, Bax 24210

FORT LAUDERDALE, FL 33307
Tel: {3G5) §73-2600
CH.CSEMP

HewlsH-Packard Co.

E177 Lake Elenc: Drive

F.G. Bex 13930

ORLANDOQ, FL 32859

Tel: {308) 859-2900

A CHOM CSEMS
Hewiett-Peckard Co.

E750B N. Hoover Bhvd | Suite 123
PO Box 15200

TAMDA, FL 33614

Tel: {813) 864-3282

AY CHCOMCS.E .M

Geaorgia
Hewlett-Fackard Go.
2000 Soudh Par Place
P.C. Box 108G05
ATLANTA, GA 30348
Tei: {404) 955- 1500
Tetax: 810-766-4380
ACHCOM CS E P

Hewali

HewleR-fackard Co.
#awaiahao Plaza, Syite 160
567 South King Strest
HONOLULL, HI 66813

Tal: (BOAY 526- 1655

& CHEMS

IHinois

Hawistt-Packard Co.

304 Eiderado Roed

P.O. Box 1807
BLOORMHGTON, IL 81701
Tel: (309) 6629411

CH 3

Hewlait-Packard Co,

1900 315t Skeet, Sute 160
DOWHERS GROVE, § 60515
Tel: 1312} 960-5760

CHGS

Hewlett-Fackard Go.

et Toilview Drive
ROLLING MEABOWS, IL 50008
Tei {312) 255-3800

Telex: 910-587- 1066
BCHIM DS B MP

inclange

Hewlell-Packard Go.

7341 No. Shadeland Avenusg
F.G. Box B080Y
IHANAPOLIS, N 46281

Tel (317) 8421000

4,0 CM G5 EMS

fowa

Hewieti-Packard Co.

1776 22nd Siresd, Suite
WEST DES MOINES, IA BOZ2ES
Tel: {575) 224- 1435
GRS

f.ansgs

Hew:sli-Packars Co.

TR04 Easl Funston Read, F203
WICHITA, RS 67207

Tel t316) 684-849"

CH

Koatucky
Hewletl-Packard Co.
16300 Linn Statisn Road #2100
LOUISYILLE, KY 44223
Tel {502} 426-0120
ALCHCEMS
Louislana
Hewleti-Packard Co.
180 dames Drive Lasl
5T. ROSE, LA 72087
P Bex 1440
KENNER, LA TDOE3
Tek (A0} AR7-4100
# CHCS,E WS

Marytand
Havial-Packard Co.
3T Hoppars Straet
BALTIMORE, MD 21227
Tek {301) 644-5800
Telex: 713-862-1343
ALCHCM LS EMS
Hewlell-Packarnd Go.
2 Choice Cherey Hoad
BOCKWLLE, MO 20880
Tal {307 9486370
ACRCMCSE MP

Massachusetts
Hewiett-Packard To.
1775 Mauieman Road
ANBOVER, MA 53610
Tei {6171 862-1500
&5, CHES,CMEMPFY
HewleR-Packasd Co.,
32 Harlwell Averde
LEXINGTOM, MA (2173
Tek (8173 8613460
CHOSE

Michigan
Fewiazli-Packarg Co.
4326 Jascade Road SE.
GRAND RAPIDS, MI 43506
Tak (58) 957- 1570
CH.CE MS
Hewistt-Packard Co.
17771 W_ B:y Eeaver Read
TRAY, Ml 4B084

Tel: {313} 643-6474
CH.CS

Mianasola
Hewkel-Packard C0.
2025 W. Larpealeur Ave.
ST.PAUL, MN 535113

Ten {612 644-7100
ACHOM CS EMP

Missouri

Hewlet -Packard Co.
11131 Colaradn Avenue
KANSAS CITY, M0 84137
Tel (3163 763-8000

# O CM.CSE M5
Hawiet:-Packard So.
13001 Hollenberg Brive
BRIDGETON, MO 53044
Teb £374) 544-8100
ALCH.CS EMP
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SALES & SUPPORT OFFICES

A

Arranged alphabetically by country

UNITED STATES (Cont'd}

Mebraeka
Hewlesl-Packard

10824 i b Rd., Suiie 3
OMAHA, NE 68154

Tel: i402) 334-1813

OM M3

New Jerssy
Hewleit-Packard Lo,
120 W. Century Road
PARAMUS, % 07552
Tat: (201} 266-5000
&,CH.CM S5 E MP
Hewialt-Packard Co.
0 New England Av. West
PISCATAWAY, NJ CRA54
Tel (201 961-119¢
ACHCMCSE

Mew Mexico
HewleH-Fackard Co.
143C0 Lomas Blvd. N.E.
PO, Box 115834
ALBUGUERQUE, NM 8712
Te:: {805) 202 133C
CH,C3 5 M5

New York
Hewde:t-Peckard Cc.

5 Dompater Brive South
ALBANY, NY 12265

Tel: {518) 4538- 1580
ACHE M5
Hewlatt-Sackard Co
SEO0 Main Sirest

P.Q. Box AC

CLARENCE, NY 14031
Tel: {716) 758-8621

CH

Hewleli-Packard Jo.
200 Cross Keys Office Park
FAIRFORT, NY 14450
Tel: (716} 223-9950¢
CHOMOSEMS

Hewiell Packard Go.
7641 Henry Clay Blve,
LIVERRGOL, MY 13088
Tel: (315) 451-1820

A CHCMEMS
Hewlelt-Fackard Go.

Mo. 1 Penngyhvania Plaza
S54h Floor

344h Sireet & 8th Avenue
MANHATTAN NY 10119
Ter (212) 571-0800
CHLSE" M”
Hewdeit-Peckard Ge.
250 Weskchesier Avenue
WHITE PLAINS, NY 10604
Tal: (814) 684-5100
Cl,CHCS E
Hewlett-Backard Co.

3 Crossways Park West
WOOBBURY, NY 11797
Tel: (516} 921-0360
A,CH,CME8 EMS

Morth Caralina
Hewlgtt-Packard Co.
5505 Roanse Way

£.0. Box 26500
GREENSEQHRD, NG 27420
Tel (319 B62- 1800
A,OH CM.CSEMS

Ohio
Hew:=!-RPeckard Co.
90924 Carver Road
CINCINMATE OR 5242
Tek (512) A91-9070
CHGEME
Hewlatt-Packard Co.
6500 Spregue Foad
CLEVELAND, CH 44130
Yeu [116) 263-7300
ACHUM S EMS
Hewletl-Packard Ca.
B2 Crupper Ave,
COLUMBUS, OH 23229
Tel: (6141 436-1047
Eff- Nav, 25, 1083
675 Renoksedge Bivd.
WESTERVILLE, OH 4308
CH,CM,C5
Hewietl-Facxard O,
330 Progress Re.
DAYTOK, OH 48449
Teh 4513) 8558202

& CH,CME* MS

Qkiashoma
Hewlgit-Packard fo.

304 N. Meridian, Suite A
2.0 Box 75808
OKLAHCMA CITY, OK 75147
Teb (405) 946-3409

A CHE" M3
Hewlatt-Packatd Co,

308460 3. “08d E. Avenue, #1100
£.0_Box 35747

TULSA, 0K 74153

Tei; {918) 565-3300

AT LHOS M

Oragon

Hewlel-Packard Co.

9285 S. W. P:oreer Coun
.0, Bow 328
WILSONVIELE, OF 27070
Tai: {£03) 6828000
ACHESE* MS

Ponpsylvania
Hewleth-Facxasd Co.
111 Zeta [rive
RITTSBURGH, PA 15238
Tet: 1412) TA2-D400
AGH.CS.EMP
Hawleit-Packard Co,
2750 Monrce Balavard
PO Box 713

VALLEY FORGE, PA 15482
Tef: (Z15) B86-300C

A CH.GMEM

South Ceralina
Hewlett-Packard Co.
Brooicside Park, Suite 122
1 Hatbeson Way

PO Box 21708
COLUMBIA, 5C 29221

Tei: (BO3) 732.0460
CH,E.MS

Hewiel-Packard Co.
Koger Executive Cantar
Cresterfield Blog., Sulle 124
GREENVILLE, SC 29615
Tel (803) 207 4120

Tennaseee
Hewlell-Faczard Co,

224 Peiers Rogd, Suite 102
PO Hox 22490
KROXWLLE TN 37622

Tek (615) 681-2371

A" CHME

Hewlatt-Pazkarg Co,
3070 Dieactors Row
MEMPHIS, TN 38131
Tei: (80 [ 346-R370
ACHMS

Texas
Hewiett-Packard Gao.
4171 Nerth Masa

Suije ¢-3110

EL PASQ. TX 79202

Tel (G15) 533-3585
CHE® M3**
Hoewleif-Fackarg Co.
10535 Harwin Drive
PO Box £2818
HOUSTON, TX 77047
Tai: (713) 775-6400

A CHOM S F MP
Hawsalt-Packard Co,
830 E. Campbel fd.
F.G. Box 1270
RICHARDSON, TX 75030
Tok (2143 231-8 101
ACH GRS GS B MF
Hewiell-Packard Co.
H20 Centra! Parkway Souh
R0 Box 32003

SAK ANTOMIO, TX V8216
Tei (5120 484-3338
CHCSEMS

Utah

Hewlett-Packard Co.

3830 W. 2100 South

SALY LAKE Citvy, LT 84119
Tel: (801 9741700
ACHCS EMS

Virginia
Hewlatl-Facxard Cn
4305 Cox Rosd

GLEN ALLER, YA 23280
P.6. Box DEBQ
RICHMOND, VA 23228
Tk (804) 747 7750
#,GHC5.E MS

Washington
Hewieli-Peckard Co.
15815 8.£. 37h Streel
BELLEVIE, WA J800E
Tal (206) 6434000

A CHEOM.CS.E MR
Hewlet! Packarg Co.
Stite A

708 Horlks Argorne Road
SPOKANE, WA 95242
i, (509} 522-7000
CHUS

Wast Virginia
Hewket-Packard Co.
4804 MacTlorkiz Ave.
PO Box 4297
CHARLESTON, WY 25304
Yel: {304) 9250452
AMS

Wisconsin
Hewletl-RFackard Co.

180 5. Sunny Slope Acad
BROQKFIELD, W! 53005
Tek: (4:4) 784-8800
4,CHCS.E* MP

HRUGLAY

Fahlp Ferrando SA.0. et
Avenlds lakg 2877
Casila e Corran 370
MONTEVIDED

jef 80-2588

Teles: Pulwe Booth 801
ACMEM

VENEZUELA

Hewlett-Packarc de Venezuala £.4.
3RA Transversal Los Ruices Norle
Edificic Segra 1, 2 & 3

Agarinde 50833

CARACAS 1071

Teh: 230-4133

Tater: 251046 HEWPAGK

A CHCSEMS P

Hewieli-Packerd gz Venazuela [A
Calie-72 Enfie 3 y 3Y, No. 3H-40
Edificia Ada-Evelyn, Locs! B
Apariadn 7546

4001, HARACAIRG, Estado Zuia
Tek (0611 8C.304

CE*

Hewlell-Packard de Venazuela O .4,
Calle Varges Rendon -

Eedicio Sequros Carabobo, Pise 10
YALENCHR

Tei (041} 51 388

CHGS P

Bioeleclonica Medica C.4.

{afle Bueh Pasior

£dif Cota Mi-Fise 2 y Semi Solano |
Boisila Norte

Aparnaas 50710 CARACAS 10604
Fei 232 84 41

Toiex: 26518

ZIMBARWE

Fite! Tachnizal Sales
45 Kalvin Rogd, North
P8 3458

SALISBURY

Tl 705 23!

Fovew: 4125 AH
CEMP

July 1963
inwdiceles man office
HE distributers are piwifed i1 #alics.

5952-6900
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MAYLAYSIA (Cont'd)
Frotel Engineering

E0Box 1817

Lol 624, Bection 84

2344 Pending Road
Kuehing, SARAWAK

Tal: 36283

Tatax: MA 70804 PROMAL
Cable: PROTELENG

AEM

MALTA

Philis Teleds L1,
Nofabite Rd.

MRIEHEL

Tow 447 47, 455 66
Tolex: Media MW 543
EF

MEXIZO

Hewisli-Packard Mexicana, 5.4,
ge LY,

Av, Perifedco Sur No 850
Tepenan, Xachirdlco

16020 MEXCO B.F.

Tak: 6-76-48-00

Telex: 17-74-507 HEWPACK MEX
ALCH.CSEMEP
Hewlsit-Peckard Mexicana, S.A.
de C.V.

Ave. Colonia de! Valle 409

Goi. del Valle

Municipio de Sarza Garola
MONTERREY, Nyeve Leon

Tal: 78 42 41

Telex: 03A 410

{H

EECISA

José Yasconcelos Mo, 218

Lol Condese Deleg. Cuguhiémoc
MEXICO [.F, 06140

Tel: 853- 1208

Tefox, 17.72755 ECE ME

M

MOROCCO
Doboai

BT tve Karatchi
CASABLANCA

Tef 3041-82, 3068-38
Talax: 230481, 22822
3

Gerep

2 fug o Agady

Bode Fostale 156
CASABLANCA

Tel: 272003, 277086
Yajax- 23 39

2]

NETHERLANDS
Hawlatt-Packard Nadarland B.v.
¥an Heuven Goechartlaan 121
KL 118 1KK AMSTELVEEN

P.g, Box 867

NL1180 AR AMSTELVEEN

Tel: (B2C) 47-20-21

Telex: 13 216 HEPA N
ACHCMCSEMPP

- Hewelt-Packard Nederand B Y.

Eongard 2

Kb 2306VK CAPELLE AsD LISSEL
P.0. Box 41

KL 280044 CAPELLE A/D HSSEL
Tek (10) 51-64-24

Tetax: 21261 #ERPAC ML
ACHLSE

Hewletl-Packard Nederland 8.V,
Pasloor Pelerssirsat 134-138
NL 5612 LV EINDHOYENR

PO Box 2322

ML 5600 CH EINDHOYEN

Tel {G40) 326813

Telex: 51484 hapae nl
ACH " EM

MEW ZEALAND
Hewleil-Packard (M.2.) LD,

5 Oweng Roaa

P.C. Box 26-189

Epsom AHCKLARD

Te: GBT-1ED

Cable: HEWPACK Auckland
CH,CM,E P~

Heewlatt-Fackare (M2 ) bt
4-12 Cruickshank Stree
Kibirnie, WELLINGTON 3

PO, Bpx 9443

Courlenay Flace, WELLINGTOHN 3
Tel: 877.798

Cabee: HEWFACK Welington
CH.CMEP

Nosthrap instromants & Systems Lief
362 Khyber Pass Road

P Box 8607

AUCKLAND

Tei: 784-537

Tetex: 80605

AM

Morihror instruments & Systems Lid
110 Mandevile 54

PO Hox 6388

CHRISTOHURCH

el 486-928

Telex: 4202

M

Mortfrop instruments & Systems Lid,
Sturdies House

85-87 Ghuznze Shreet

P Box 2408

WELLIMGTON

Tei: 850-05 ¢

Teiex: NZ 2360

AM

HORTHERN IRELANMD
Sas United Kingdom

NORWAY
Hewletl-Packard Norge A/S
Folke Bormadoles vei 30
P.C. Box 3658

M-5033 FYLLINGBDALEK [Bergen}
Tel- D047/5/16 55 480
Telax: 16621 hpnas n
CH,CS,E M5
Hewietl-Packard Horge A/S
(sterndaien 16-18

PO Box34 .

N-1345 OSTERAS

Tei Q0A7/2¢77 11 8
Telex. 6621 hpras a
ACHIMCSEMP

OMAN

Khmi Ramdas

F.C. Box 19

MUSCAT

Talr 722025, 745601
Telax' 5285 BROKER LB MUSUAT
P

Sihait & Said Bahwan
P.0.Box 169

MUSCAY

Yol 734 201-3

Towex: 3274 BAHWAN MB

SALES & SUPPORT OFFICES

Arranged alphabetically by country

PAKISTAN

Mushto & Conpany LI
1.8, Bireet 43

Bactor F-8/1

1SLAMABAD

Tei Fi071

Cabe: FEMIIS Rawalindi
AL M

Mushko & Company LId.
Qasinan Chambers
Abouliah Harosh Sead
KARACH! D302

Tayr 824131, 524132
Taiay: 2804 MUSKO PK
Oabig: COOPERATOR Karacki
AL

PARNAMA

Flactranico Baiboa, 8.4,
Lalle Sarmie! Lewls, £4 Alfa
Apariado 4529

PANAKA 5

Tel: 63-8613 £3-6748
Telow. 3483 ELECTRON FG
ACMEME

FERLI

Cla Elecire Médica 5.4,

Los Framencos 145, Sat isideo
Casilg 1090

LA 1

Jel- 414325 413703

Tafax: Fub. Booth 25306
CHIMP

PHILIPPINES

The Onfine Advancer! Systems
Corparation

Rico House, Amarsoic Car. Herrera
Sfreg!

Legasty Vilage, Makafi

F.Q. Box 1510

Metro MANRA

Tal: B5-35-81, B4-34-01, B5-32-27
Tatax: 3274 OMEINE

ACH LS EM

Eeclronic Specialists and Fropanents
e,

EG0-E fpifaio op fus Setilos Avenue
Cutxio, QUEZON CITY

P.O. Box 26439 Manita

Tel: 98-85-B7, 88-06-82, 98-06-83
Telex: 40018, 42000 iTT G OBE
MAGKAY BOOTH

P

PORTUGAL

Murcdinter

ntercamtio Mundiai de Comércio
SAAL

£.0. Box 2761

Av. Anfonie Augusio de Aguwar 138
P-LISBON

fel: (16} 53-21-31, 53-21-37
felax: 1665 munter p

M

Soguimica

Av. ga i bergade, 220-2

1265 LISBA Codex

Tel 56 21 81243

Talex: 132156 SABASA

P

Teleckra-Empress Téenics ce
Equipmentos Eécircos SARL
Hua Rodrige de Fonseca 102
PO, Box 25371

F-LiIBEON |

Tal: 118} 68-60-72

Tafax: 12598

CHESEP

PUERTO RICD
Hewlel-Packard Puerle Rico
Ave. Munoz Hivera £101
Esq. Gaiie Donoa

HATO REY, Puerto Rico ODEIR
Tei: {808) 754-TR0D

Hewlell Packard Pusrte Rico
Calle 272 Edifizio 203

Urk:, Country Cuby

RIQ PIEDRAS, Puer:a Rico

P.0. Bex 4407

CAROLINA, Puerlo Rico CO6Z8
Tel: (BOSS T32-7255

AIHES

GATAR
Comptifearbis

P Box 2740
DOHA

Tel: 883555

Telex: 4806 CHPARB
p

Easiern Tochivcal Servwces
# 0 Rox 4747

DOHA

Yo 359 993

Taiex: 4156 EASTEC DH
Nagser Tracing & Contracting
£.0.8ox 1563

DOHA

foi: 22170, 23589

Teiox, 4420 NASSER DM
Y]

SAUD! ARABIA
Mooern Beclronic Estabistiment
Hewieh-Packard Division
PO Rox 22015

Thimbah

AL-RHOBAR

Tel: BR85- 1760, 8851764
Telex: 671 166 HPMEEK &t
Cable: ELECTA AL-KHOBAR
DHOSEM

Modern Mesironic Falalsivment
Rewieti-Packard Divisich
FD Box 1278

Redec Fiaza, 6th Fioor
JEDDAH

Tel- 644 28 48

Tetox: 4027 12 FAANAS 5J
Cable, FLECTA JEODAN
CHOSEM

Madarn Elecironic Fatabiishmant
Hawlant-Fazxard Division
P.0.5ox 22015

RIYADH .
Tet: 491-97 15, 491-83 §7
Tofex: 202040 MEERYD 54
CHESEM

Abetil Ghani B Ajou

PO Ans 78

RIYADH

Tel: 40 48 717

Telex: 200 932 £ 440U

[

SCOTLAND
Sea United Kingdor

SINGAPORE

Hewlelt-Packard Snagapore (Seles)
Pic. Lid.

FOE-O0 Inchoape House

4h0-2 Alexandra Roarl

P.0. Box 58 Alexandra Ad. Post Office
SIRGAPORE, 9115

Tel: 631738

Telex: BPSGSO RS 34200

Cable: HEWPACK, Singapare
ACHCSEMSP
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SALES & SUPPORT OFFICES

Arranged aiphabetically by country

SIHGAPGQRE (Cont'd)
Cymamar intatnationai {14,
Unit 0511 Block &

Kofam Aper mousiriai Fatale
SINGAPORE 1334

Tel: 747-5188

Telex. AS 26282

o

SOUTH AFRICA

Hewlelt-Packard So Aftica (Piy. Lid.

P.O. Box 120

Howare Place GAPE PROVINCE 7450
Pine Park Centar; Forast Drive,
Pinelands

CAPE PROVIRCE 7405

Tal; £3-7954

Tales: §7-200086

A CH CMEMS P

Hewlett-Packard So Africa 1Pty ) Lid.

P.O. Box 37038

82 Qverpor Drive

DURBAK §067

Tal 78-4178, 26-4770. 28- 4130
Talax: §-22854

CH.CM

Hawletl-Packard So Alrica Py} Lid,

8 Linion Arcade

511 Cape Aosd
Linton Grange

PORT ELIZABETH $000
Tel: 041-302 148

CH

Hewlelt-Facxard So Afkica (Pry ) Lid,

£.0 Bex 33345

Glenstantia 00 1] TRANSVASL
18t Flaor East

Constantia Park Ridge Shopning
Centre

{ongtantiz Park

FRETORIA

Tel: 9482043

Telex: 32153

CHE

Hewlelt-Packard So Africa (Ply.) Lid,

Privale Jag Wendywood
SANDTON 2144

Tel: 802-5111, G02-5125
Telex: 4-20877

Gable: HEWPACK, Johannasburg
A CHOM OS EMEP

SPAIN

Hewleit-Packarg Espaficia S.4.
Celle Entenza. 321
E-BARCELONA 23

Tek 322.24.51, 321.73.54
Telex: 52603 hpbee
ACHESEMSP

Hewlel! -Packard Espafiols SA.
Calle San Vicente $/No

Eddificio Abia i

E-BILBAG 1

Tel 423.83.06

h,CH,E M5

Hewlell-Fackard Espafiola 5.4
Crie, de a Zorufia. Km. 16, 400
Las Rozas

£ MADRID

Tet: 1) BI7.00.11

CHLSM

Hewlett-Packard Espafiola S.A.
Avde. S, Francisoo Javier. 5o
Plantz 10. Edilicio Sevila 2,
E-SEVILLA 5

Tel: G4 44 54

Telex: Y2633

R, CS.MSP

Hewizll-Packard Espatiola SA.
Calle Raman Gorddio, 1 Enfic.3;
E-VALENCIE 10

Tal: 3571354

CHP

SWEDEM _
Hewlell-Packerd Sverige AB
Sunnanvagen 14K

S-2E226 LUND

Tal: (D46} 13-65-79

Telex: {854] 17886 {via Spanga’
offica)

CH

Hewlett-Packard Svenge AB
Cslra T-figatan 3

S-2 {128 RALKG

Ted 1040) 70270

Teigx: (B54) 17588 (via Spanga
office)

Hewlei-Packard Svatlge AR
Visira Vintergeian &

$-70:344 CREBRO

Tel 19} 1G-48-80

Telex: (364 17885 (via Spanga
oifice)

CH

Hawlet-Packard Svesige A
Skalholtegatan 9, Kista

Box 19 .

$- 16333 SPARGA

Tek {08} 750-200C

Telex: [(854) 17H86

Tetefan: (08} 7HATTEY
ACHCMCS EMS P
Hewiel-Packard Svetige AB
Friitallisgatan 30

5-A42 132 VASYRA-FROLUKDA
Tel: (331) 48-08-50

Teley: {854; 17836 {via Spanga
oifice}

CHEP

SWITZERLAND
Hewlel-Packard {Schweiz) AG
Clarasirasse 12

CH-40108 BABEL

Tel: {1} 33-50-2G

&
Hewlett-Fackard Schweiz) AG
7, Tue di Bale-du-lan

{ase Postaie 365

CH-1217 MEYRIN 2

Teo (0041) 22-83-11-11
Teiex. 27333 HRAG GH
CRCMOS

Hewisll-Packard (Schweiz) AG
Alleniend 2

CH-BOET WIDEN

Tel: {6N4 13 57 31 21 11
Telex: 53933 hpag ch

Cabie: HPAG O
ACHCM.CS.E MS.P

SYRIA

General Elechronic ine.

Nuit Basha Ahnaf Ebn Kays Sireet
P.0. Box 5781

DARASCUS

Tel: 32-24-87

folex 411215

Cable: BLECTROBOR DAMASCLS
£

tidktta Fasi Fleclromics
PG Box 2308

Abu Rumnaneh
DAMASCUS

Tah 324582

Telgw: 417 364

4

TAIWAN

Hewlel-Packard Far Zast Li.
Kachsuny Cifice

2/F 88-2, Chung Cheng Ird Road
HAGHBIUNG

Tel {074 241-2318

CHCSE

Hewlel-Packard Far East ild,
Yaiwan Branch

dth Foor

337 Tu Hsing horth Road
ThiPES

Tel: {02} 712-0404

Telex: 24433 HEWPACK
Cadle:HEWPALK Tapst
ACHCM.CS.EMP

g Lih Trading Do

3rd Flocr, 7 Jen-&f Hoad, Sec. 2
YAIRED 100

Tal: (02} 3945 157

Cabia: INGLIH TAIPE

K]

THAILAND

thimess

20 Palpong dve., Suriweng
BAMGKOK 5

Tei 2355727

Teotex: 84439 Simonco TH
Cabla: UNIMESA Bangkok
ALCHCSEM

Bangkok Business Eouptment Lio.
5/5-8 Dgjo Road
BANGKOK

Tei: 224-0670, £34-867 1
Tetex: B7BEG BEQUET TH
Cabte. BUSIQUPT Bangrok
s

TRINIDAD & TOBAGD
Caribbean Teiecoms Lid
S0:4 derningham Avenue
F.0 fox 732
PORT-OF-SPAIN

Tet 5244213, B2.44214
Telox: 235,272 HUGLD WG
CHLEMF

TUNRISIA

Tummsic Etecimonigue

31 Averue oe fa Liberle
TUNIS

Tol 280144

£n

Corama

1 fer, Ay, Oe Carihage
FUNIS

Tel: 252-821

Telex: 12313 CABAM IN
M

TURKEY

Farnim Company £id
Fan Cadviest No. 7
Kavakiicers, ANKARA
Tel. 275800

Fojpx: 42155 THNM TR
F

£ A

weding Cictern Sakak Wo 4146
Yukse! Caddesi

ANKARA

Tey 178 622

Falex: 42 591
M

UNITED ARAB EMIRATES
Emuiac Lid,

PO Hox 271t

AB{ DRABY

Tat: 82 4 15-20

Cabva: LMITAC ABHORABY
Ermitze Lt

P.O. Box 1647
SHARJSAH

Tel 591 (81

Tefox: B8 136 Emitas Sh
CHESEME

UNITED KINGDOM

GREAT BRITAIN
Hewlet-Packard Ll
Tralalgar House
Ravigaticn Road
ALTRIMCHAR

Chasnire Wa14 1N

Tel 06 428 B422

Telex: GGRGGE
ACHCSEMMSF
Hewlett-Packard Lio.
Eisirea House, Fistrae Way
BOREHAMWOOD, Harls WNE 185G
Tel: 01 207 8060

Telex: 8952716
ECHLOS.P
Hewletl-Packard Lid.
Craicfielg House, Jaktield Grove
Clfion BRISTOL, Avon BSE 2BN
Tak D272 FEBE06

Tadew: 444302

CHECSEP
Bewiait-Fackasd Lld,
Bridawei Houss

Bridewed Place

LONBON ECAv 8BS

Tet: 01 583 6564

Telew: 288763

CH.CE.P

Hewlel-Packard Lid.
Fourier House

PH7-263 High Streel
LOKCON GOLHEY

Herts. AL2 1HA, S Albans
Tei: G727 24400

Telzw: 1-B992716

CHOS

Hewietl-Packars Lid.
Pontefract Road

HORKANTON. West Yorkshire WFG 1AM

Te:: 0924 BUSERG
Teiex: 557365

CH,C8.P

Hewletl Packard Lic,

The Quadrangie

106-118 Swalior Road
REDHILL, Surrey RHY *PS
Tel: 737 68655

Tedex: 947234
CHOSEPR



Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




