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General-Purpose Test System Gets
Digital Gapability

HP's most general-purpose computerized automatic tesf system can now test
digital and analog/digital electronic devices as well as purely analog devices.

A new subsystem gives it a tunctional logic test capability.

By Leif Gudnitz and Homer Tsuda

HBwrBrr-PAcKARD 9500 spnrBs AUToMATTc rEsr sys-
rEMS are computerized systems for testing electronic
devices. A 9500 system is a stimulus/response test sys-
tem: it has power supplies and signal generators to pro-
vide input stimuli to the device under test, and it has
measuring instruments to monitor the outputs produced
by the device in response to the inputs. Everything is
controlled by the computer, which is programmed in a
version of the BASIC language called ATS BASIC*-
it'S an interactive, easy-to-learn language that includes
statements for controlling instruments.

9500 systems are put together using mostly off-the-
shelf hardware. They're modular in design, so they can
be custom-tailored to fit a wide variety of electronic
test applications. Modularity makes them easy to modify
and expand, too.

Now these flexible, modular systems can test a wider
variety of devices than ever before. A new digital test
subsystem, Model 280354, can be installed in any 9500
system just like any other instrument or module (see

Fig. 1). It's designed to do functional logic testing (see

box, page 4) and it gives the system the ability to con-
trol and test either purely digital devices or devices with
combinations of analog and digital inputs and outputs.
Previously, 9500 systems could only test analog devices.
The digital test subsystem is itself modular and expand-
able, and it's designed to be reliable and easy to service.
Self-test is done by diagnostic computer programs.

Digital Subsystem Capabil it ies

The new digital subsystem is suitable for testing inte-
grated circuits, printed circuit cards, logic modules, and

'ATS ( for  Automat ic Test  System) BASIC is an expanded vers ion of  HP BASIC,
speci f ical ly  designed for  instrument contro l  in an automat ic test  system,0ne of
i ts  major  features is  a mnemonic statement form for  instrument contro l ,  e.9. ,  DCV (  )

ff,11:.8. 
orirl.l,rg, source control routine, DVM ( ) calls a digital voltmeter control

many other devices. Units to be tested may have as
many as 240 pins (inputs and outputs). The subsys-
tem's capacity can be expanded from 12 pins to 240
pins in lZ-pin increments. Any pin can be designated
as either an input or an output; this is done in the com-
puter program and no hardware changes are necessary.

The digital subsystem supplies input pins with logic
'high'and logic' low'levels between ll2 V and -12 V,
and supplies or sinks up to 30 mA of current at each
pin. Logic high and low levels are preset independently
and are the same for all pins. Output pins are tested by
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94018 Dig i ta l  Test  Uni t ,
heart of a new digital test
subsysfern that multiplies
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led systems.
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comparing the voltages at such pins with preset thresh-

old levels. There are two thresholds, each of which can

be set independently anywhere between f 12 V and

-12 V. One threshotd is used for 'greater than' deci-

sions and the other for 'less than' decisions.

Test rates are determined by the propagation delay

of the device under test and the number of pins it's

necessary to update per test. The maximum test rate is

approximately 22,OOO tests per second, assuming up to

five microseconds propagation delay in the device and

only 12 pins to be updated per test. If l2O pins need

to be updated for every test, then the test rate will drop

to 4000 tests per second. In practice the number of pins

to be updated will typically vary from test to test and

the average test rate will be somewhere between these

figures.
The subsystem doesn't need a standard or known good

unit to use as a reference. All test patterns-inputs and

outputs-are stored in the computer's memory or in a

bulk memory device such as a disc' However, the soft-

ware is designed so it's possible to minimize program-

ming time by specifying only input patterns' using a

standard unit to obtain the output patterns'

A programmable delay, ranging from one to 4095

microseconds in 1 t{.s steps, can be inserted between

the application of stimuli to the unit under test and the

time the unit's resPonse

unit time to settle.

Fig. 1. fhis is the new Model
28035A Digital Test SubsYstem
lor HP 9500-seiles systems. Fol
simplicity no analog instruments
are shown, but sYstems can
have any combination of analog
and digital test caPabilitY.

is sampled, thereby allowing the

Digital Test SubsYstem Hardware

In its basic form the 280354 Digital Test Subsystem

consists of four instruments: a digital test unit and three

power supplies.

The heart of the subsystem is the 94018 Digital Test

Unit (DTU) which consists of an instrument case with

a card cage. In opposite ends of the card cage are a tim-

ing and control card which interfaces to the computer

card with a cable, and a load card which terminates the

backplane of the card cage and contains test points for

all analog voltages within the DTU' All power to the

DTU is supplied by the three power supplies. The card

cage has room for up to 10 test modules, each of which

has a 12-pin test capability. Thus a full DTU has a 120-

pin test capability. A 240-pin capability requires two

digital test units, and the second DTU requires a sep-

arate set of power suPPlies.

Software Features

For programming the new digital subsystem a modu-

lar software package has been added to ATS BASIC,

the interactive language used by all 9500-series systems.

It's designed to make it easy to translate written test



DigitalTestingversusDigitalTesting
There's more than one kind of digital test )uts and outputs pins of the unit under

kinds are functional test ing and paramel For an input pin this is done by f irst

Functionar testins can be divided int ;:ff,#:T"SXt";l$it"Ji^:'iffi:l
test ing and clocked functional test ing' ;  the current '  For an output pin'  the cur-

test in!,  sometimes cal led truth-table tt  the voltage measured' These tests insure

V e r i f y t h e | o g i c o f t h e u n i t u n d e r t e s t . l a s p r o p e r f a n - i n a n d f a n - o u t c a p a b i | i t y .
t ,s and 0's of appropriate voltage leve : tests needed to check a device com-

thl input pins oi the unit under test. a I  a function of the number of input and

terns are compared with the expected ;
parisons are needed, one to check that ose in which t ime-dependent parameters

with the appropriate voltage levels, a ise and fal l  t imes, and pulse widths are

check that the pattern of 1's and 0's is ype of test requires a highly control led

ber of tests needed to check a devic io make certain that the waveforms aren't

become very large as the complexity I  t ime intervals are measured accurately.

.r""."",  ani exhaustive functional te romplete test would include al l  of the var-

p o s s i b | e t o r s o m e s e q u e n t i a l | o g i c c i r c u ! a l t e s t i n g , b u t t h i s i s s e | d o m d o n e b e c a u s e
may also require a number of input pal ls more kinds of tests are added. For cost-

u kno*n init ial  state before test ing can asons, functional test ing is used as the

Clocked functional test ing is the kind of test ing that must primary method of sort ing digital devices and modules' l t 's

be performed on dynamic-MOS registers. These device. ; ; ;" ; ;  of detecting most common fai lures, such as printed-

must be clocked at short intervais or they' l l  lose their infor- circuit-board cracks' bad lead bonds' and transistor opens

mation' Thus the functional test must be carr ied out at the oisnorts'  l t 's a basic requirement for digital devices of even

operational speed of the device. low complexity and becomes increasingly important as the

parameter test ing is divided into dc or stat ic test ing and complexlty increases. stal ic_lunctiohal tests are the kind

ac or dynamic test ing. During dc test ing the uoft"g"I 
"nO 

made by ih" n"* HP 28035A Digital Test Subsystem'

procedures to test programs' whether the procedures are

giu.n u, step-by-step instructions, as logic timing charts'

Jr as truth tables showing only sequences of input and

output logic states. Features of the software package

are an interactive mode for generation of test programs'

flexible test sequence control allowing for fault isolation

and diagnostics, direct execution of tests from stored

patterns for higher test rates, and pattern segmentation

for long test sequences.

The modules in the software package are called digi-

tal test unit drivers. The user calls on these drivers by

means of appropriate statements in his ATS BASIC pro-

gram. The table on page 7 lists the drivers and their

corresponding statements.

How lt Works

Fig. 2 is a block diagram of the digital test unit' The

"o-put., 
and the timing and control card in the DTU

communicate by means of 16-bit parallel words in a

'handshake' mode of operation' Program and test in-

formation is transmitted from the computer and DTU

status is available to the computer'

The best way to explain the operation is by an exam-

ple. We'll use the simple quad NAND gate of Fig' 3 as

our unit under test'

First the user must decide which pins of the unit

under test shall correspond to which DTU pins' Once

the unit's pins are renumbered to correspond with the

test fixture, the user can begin to write his program' In

our example we've chosen to use the first 12 DTU pins'

Writing the Program

Next the supply voltage, input levels, and comparator

thresholds must be set. If the test system includes digi-

tal voltage sources such as the HP 61308, the ATS

BASIC statements will be:*

10 DCV (1, 5,  100)
20DCV (2, 4, 20)

30DCV (3,.2,  20)

40DCV (4 ,2 ,  20)

50DCV (5 , .8 ,  20)

Here statement 10 sets the supply voltage arld current

limit for the unit under test, statements 2O and 30 set

high and low logic levels, and statements 40 and 50 set

the two comparator thresholds in the DTU'

Once the reference voltages have been set' the first

instructions to the DTU must be statements pertaining

* l i  the system contains only manual power suppli.es.the DJogram would instead be

:ll*il'"'"iili':"1-lnili'l3'U-r'*iru'':'llli!o!{'il:'ii'\tT'l':"1i""'i''1ifl
;""'jlt"d;!;"ih; ;vitem ti-wait {oi ihe operator action'
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to which pins shall be inputs and which pins outputs

of the unit under test. The init ial program statement is

a 'Dcf ine '  s tatement ,  DTUDF(M),  where M is  a param-

eter spccifying whether you are making a new definit ion

of pins or modifying an existing one' This statentent

must be followed immediately by two REM staten.rents'

one listing the DTU pins that are connected to inputs

of the unit under test, and the other l isting the DTU

pins that are connected to outputs of the unit under

test. Thus thc program might continue as follows:

60 DTUDF ( 1)

7 0  R E M  I N P U T S  1 , 2 ,  4 ,  5 , 8 , 9 ,  1 1 ,  1 2

8 0  R E M  O U T P U T S  3 , 6 , 7 , 1 0

90 DTUSD (s)

1OO PRINT "INSERT DEVICE''

110 PAUSE

Statement 60 indicates a new definit ion of pins. It causes

the DTU to be cleared such that it 's in a known init ial

state. Statement 70 connects the pins named in it to

driver circuits in the DTU by closing reed relays. State-

ment 80 unmasks the named output pins by opening

gates; this allows a failure at one ol these pins to be

recorded in the result register in the DTU. Pins named

Dual Analog
Comparators

Logic
Compare

a

a

a

Logic
Compare

Lo Hi

Comparator
Reterences

as inputs and pins left undefined remain masked and

automatically pass all tests.

Statement 90, DTUSD(5) programs a five micro-

second delay between the time the inputs are applied

and the time the outputs are tested.

Statement 100 calls for action on the part of the op-

erator and statement 110 stops the program to wait for

the operator to act. After he inserts the test device the

operator restarts the Program.

Specifying the Test Pattern

The next step in writing the program is to specify

the test pattern. Two methods can be used' The first is

to select either high or low polarity and then give the

list of pin numbers to have that polarity. The sequence

of statements is

DTUTP(P,  Y,  S,  E)

REM (pin l ist) T

where P specifies the polarity. This method of specify-

ing a test makes for rapid translation of test procedures

given as logic timing charts.

When several tests are to be made, several REM

statements are used. Each REM statement specifies the

Pass/ Farr
Decis ion

Addressing 1
ano .

Control Logic
a

Test Pulse

Programmable DelaY
1 r,s--4095 I's

Mask
Gates

a

a

a

Mask
Gates

N
a

Register .

I

I i ts
Delay

I

Actual
Response

Fig. 2, The digital test unit contains driver and compatator citcuits lor every pin. lnput

and output pins are specit ied in the BASIC program and no hardware changes need

be made.



to select high or low polarity, give a pin list, and then

give a series of zeros and ones indicating whether each

pin It to have the selected polarity ( 1) or the opposite

polarity (0). The sequence of statements is

DTUTP(P, Y, S, E)

REM P qpin list)
REM <seriesof zerosandones) T

There is a separate REM<O/1>T statement for each

test. This method is useful when the test procedure is

given as a truth table'
To eliminate repetitive specification of input pin levels

that don't change, there's also a DTUFX statement that

fixes specified pins at either logic level until redefined'

For our quad NAND gate example, we'll choose the

second method and use the truth table shown in Fig' 3

even though test #1 is superfluous' The program con-

tinues as follows.

I2OLET Y: 1
130 DTUTP (2 ,Y,1 ,5000)

1 4 0  R E M  P I N S  1 - 6 , 8 , 9 , 7 , I L , T 2 , I 0
150 REM 001 001 001 001 TEST #1

160 REM 011 011 011 011 TEST #2

170 REM 101 101 101 101 TEST #3

1 8 0  R E M  1 1 0  1 1 0 1 1 0 1 1 0 T E S T  # 4

190 PRINT "END OF TEST"

200 DTURC(I, T)
210 GO TO 100

Statement 130, DTUTP ( ), alerts the computer that

DTU tests follow. Statement 140 defines the sequence

in which the pins are referenced in the following lines'

Statement 150 causes the packing register in the DTU

to be loaded with the programmed inputs and expected

outputs. For the first test this would be

P r N #  1 2 3 4 5 6 7  8 9 1 0  1 1  1 ' 2

B I T V A L U E  O O 1 O O 1 1 O O  1 O  O

When the packing register is loaded, the complete bit

pattem is transferred to the output register on the posi-

iive transition of a test pulse, the length of which is

programmable and equal to the test delay' From the

output register, the test pattern is applied to the drivers

and to the logic comparators' All drivers then switch

high or low according to the contents of the output reg-

ister, but only for pins where the reed relays are closed

will the driver outputs be transferred to the unit under

test. The unit will respond, and the voltage at each

output pin will be compared with the preset thresholds

in the analog comparators' The logical outputs of the

analog comparators drive the logic comparators, which

6

Flg. 3. A simple quad NAND gate to be lested' Test pro'
gim is exptained in text. Digitat devices lo be tested
can have as many as 240 Plns'

input pins to be set to the selected polarity and the

outpur pins expected to have that polarity' with this

method each test is explicitly stated and is independent

of the other tests, so addition or deletion of tests is a

simple matter.
REM statements that specify tests must be termi-

nated with the letter T. The remainder of each line

following the letter T is ignored by the system and can

be used for comments.
The parameters Y and S are entry and exit controls

used foi specifying such things as branch on fail, branch

after test, continue to next test, or repeat test' These

parameters allow considerable flexibility in defining the

,rqu"n"" of tests, and are useful in failure analysis and

fault isolation. When a branch is called for, control is

transferred to statement number E in the BASIC pro-

gam.
An alternative method of specifying test patterns rs



software Drivers and BASrC statements for Digital resting
Driver Name and Type

Pln-lndependent Drivers (interactive mode)
Read Test Counter

Set Test Delay

Set Synchronization

Pin.Dependent Drivers (interactive mode)
* Define Inputs,/Outputs

* Fix Levels

* Test with Pattern

7

* These statements must be fol lowed by one or more REM statements specifying a l ist of pins and/or togic states.

Functlon

Read or reset test counter and transfer number
of tests performed to BASIC variable V.

Wait D microseconds after applying inpuls for
device under test to setfle before checking
outputs.

Select inlernal or external sync source.

Specifies DTU pins connected to inputs and
outputs of unit  under test.

Fixes specif ied input pins at pglari ty p unti l
redefined.

Apply logic polarity P to specified input pins
and check whether the specif ied output pins
go to that polarity. Branch after test as spe_
cified by Y, S, E.

Fi l l  array P(N) with pin numbers that satisfy
condit ions specif ied by C and T.

Transfers test pattern in compiled form to
BASIC COMMON area.

Similar to DTUTP ( ),  but uses compiled test_
pattern array previously stored. Gives maxi_
mum test rate.

Used with known-good test unit for generathg
test patterns. Reduces programming effort.

testing is complete the operator is alerted and statement
200, DTURC ( ), resets the test counter.

If the unit is fault-free a high test rate is maintained.
Failures, on the other hand, generally result in slower
testing because branching is usually required. Suppose,
for example, that pin 1 of the quad NAND gate is stuck
high. Then it will fail test #2 because pin 3 wiil go low
when it should go high. Whenever a test fails, control
is transferred to statement 5000 of the BASIC program,
where 5000 is the last parameter in statement 130.

Reading Out Results
Suppose we want to know which test and which pin

failed. The program could be as follows.
5000 DTUTC (2,T)
5 0 1 0  D T U R S  ( 3 , 2 ,  P ( 1 ) , 4 )
5020 PRINT "TEST#,'; T; ,.pINS',;

5 0 3 0 F O R r - 1 T O 4
s040 rF P(r) - 0 THEN s060
5050 PRrNT P(r);

BASIC Statement

DTURC (R, V)

DTUSD (D)

DTUSS (S)

DTUDF (M)

DTUFX (P, F)

DTUTP (P, Y, S, E)

DTURS (C,  T,  P (1) ,  N)

DTUCA (M, A (1), N, X)

DTUTA (Y, S, E, A (1), N, X)

DTUGP (P, C)

Read Status

Test Pattem Array Drivers (compiled mode)
Create Test Array

Test with Array

* Generale Pattern

compare the outputs to the expected values, and the
output of the logic comparators tells whether or not the
expected and the actual responses matched on a bit for
bit basis. This information is applied to the mask gates,
which allow only pins defined as outputs to go through
as possible failures. The pass/fail information is retained
in the result register on the negative-going edge of the
test pulse, that is, after the specified delay to allow the
unit under test to settle. One microsecond later a deci_
sion will be made on the outputs of the result register
by the pass/fail decision logic. If any bit of the result
register indicates a failure, the pass/fail line will go to
fail. This is transmitted to the computer on a status line,
thereby alerting the computer that at least one pin failed.

Suppose the unit under test passes the first test. The
packing register is then loaded with the next rest pat_
tern, and on the leading edge of the next test pulse the
new test pattern is transferred to the output register,
and on to the unit under test. Thus the unit is subjected
to a non-return-to-zeto word for each test pattern. When



5060 NEXT I
5O7O PRINT "FAILED''
5080 LET Y :2
5090 co To 130

Statement 5000, DTUTC (Z,T), will cause a readout
of the test counter, its value to be stored as the variable
T, Statement 5010, DTURS ( ), will cause a readout
of the result register, and for every failed pin, that pin
number will be stored in array p(I). p(I) need only
be declared four elements long since only 4 outputs can
possibly fail. Pins that haven't failed will be set to zero
in P(I). The teleprinter message in this case will be

TEST #2 PINS 3 FAILED

Generaling and Storing Test Arrays
Test patterns which have been verified by actual

testing can be stored as test arrays simply by inserting
create-array (DTUCA) statements in the BASIC pro-
gram before and after the pattern to be stored (see Fig.
4). Subsequent tests using this array are then initiated
with a DTUTA statement which is similar to the DTUTp
statement used in the example program. For production
testing only the array and the DTUTA software are re_
quired. The test-generation portion of the program isn,t
needed any more. This leaves most of lhe computer,s
core memory for test arrays.

For very long test sequences which exceed the com_
puter's memory capacity, the DTU software includes
parameters to control array segmentation. Long test
afiays can be generated in segments and the segments
stored on a magnetic disc or tape to be executed se_
quentially during subsequent testing.

Test arrays can also be created using a unit which
is known to be good as a reference to obtain the cor_
rect output responses. This method is useful for testing
complex printed circuit cards. The user specifies onlv
the input bit patterns, using a DTUGP statement simitar
to the DTUTP statements in the example program. The
system then performs the tests and creates a composite
pattern which includes both the programmed input and
the output response from the reference unit,

Using this same software feature, it's even possible to
avoid specifying inputs. On command, the software will
automatically generate binary or Gray code permuta_
tions for use as test inputs. Multiphase clocks can also
be generated.

To reduce memory requirements and speed up test_
ing, test arrays are compressed before they are stored,
taking advantage of the non-return-to-zero characteristic
of the hardware, that is, logic states are maintained

Fig. 4. Iesl pattem created and checked out in inter
actlve mode is storcd in compiled torm by inserting'create array' stafernenls in program. Testi run much
faster in compiled mode: lor a 12-pin device maximum
test /ales are approximatety 22,000 tests pef second in
compiled mode and lO0 in interactive mode.

CREATE.ARRAY PROGRAM
(original program with create-arra, stalements in$ded)

?" 
tilr2tri"?1"", Arrav to receive test *quence.

2 0  D C V ( 2 , 4 t z \ )
3 A  D C I J  ( 3 ,  . 2 , 2 O )
4 9  D C V ( A , 2 t 2 O )
5 6  D C U  ( 5 , . a , 2 O )

i3 Bii l8f{l l ' ' t) ')ho'6aoa) hit iatecreate'arravoperation:
?o  REr l  l tpurs  t ,z ,4 . r ,a .s . t t , t ,  jumpto6000 i f  a r rayover f lows
B o  R E s  o u T p u T s  3 . 6 . ? .  i o
9 0  D I U S D ( 5 )
I O O  P R I i l T '  I N S E R T  D E V T C E -
I  I  O  P A U S E
I 2 0  L E T  Y :  I
l 3 o  7 P ( 2 , \  . t  ) ) o o a  )
t l o  P I N S  l - 5 , 8 , S . ? , 1  t .  t 2 . t 0
t 7 9  6 6 t  6 o t  6 o t  o s t  t t s t i t
l ! !  o l l  g t t  , t l  0 l  I  T E S T T 2
I  r o  t o t  l 6 t  t o t  t 0 l  r E S T r 3
t a s  t l o  l t o  l t g  l l 0  I E S T T .
l S 0  P R I N T '  A R R A y  q r n R F n - -
dso- l i r jn irr , r i  

+ ^ le$agetooperator

zt6 DIU]A(j ,sta,o) fermjnatecreal&arrayoFEral ion
5 O A b  D T t R C ( 2 ) I )
5 0 1 0  D t u R s ( 3 r 2 , P I  i l , 4 )
' 0 2 O  P R I N T  "  T E s T , ; ! T i . P J N s . :
5 0 3 6  F o R  I : l  T o  a
5 s 4 A  r F  P I I ) . O  T H E N  5 0 6 0
5 O 5 O  P R I f r I  P ( 1 1 2
5 O 5 O  N E X T  I
'674 PRINT 'FAILED"
5 0 8 0  L E T  Y : 2
5599 GO10 136
6 0 0 0  P R I N T  " A R R A y  o v E R F l  o u - +  M e s s a g e t O o p € r a t o r6 0  I  0  5 T 0 P
9999 Ei lD

R E A D Y

RUil

I  NSERT DEVICE

PA USE

A R R A Y  S T O R E D

REA DY

Exrc!Uon of create-atray program

program from core
nemove creale_artav

REI  DY

TEST.WITH.ARRAY PROGRAM
5  C o i l  A I  l 0 0 l
t o  D c v ( t , 5 t t g o ,
2 g  D C V ( 2 t 4 , 2 9 >
3 0  D C V ( 3 , . 2 , 2 O )
4 0  D C V  ( 4 r 2 ) 2 9 >
5 4  D C V  ( 5 , . A  ) 2 O '
6 O  D 1 U D F ( I )
I O O  P R I N T  "  I N S E R T  D E V I C E '
I  I  O  P A U S E
l 2 o  L E I  \ = l

i ;3 3I i , , i iB. l ;ol l l+lr ' ,"r00)>resr.wirh.arraysrarement:
2oo coJo I 

'-- '  
i lmplosoooitdcvicetails

2999 p!!E9 ,t> jump io 6000 it array is in error.56 ls  DfuRs )2 ,P t  t l .4 )

ig32 ii1'i rrEsTr;iT;.Prils"i
5 g 4 O  I F  P t t t = g  T H E N  5 0 6 0
5 A 5 O  P R I N I  P T I I i
1 0 6 0  i l E X T  I
5O7A PRINI 'FAILED'
5 g A O  L E I  Y = 2
5g9A GOTO t\A
6 0 0 0  P R I i l l  "  A R R A Y  E R R 0 R .
6 0 1 8  S f O P
9999 Ei lD

R E A D Y

R U N

I i lSEFl DEVICE

P A  U S E

EilD OF TEST
I i lSERT DEVTCE

PA USE

END OF IEST
I i lSERT DEVICE

Execulion ot tcst.wilh-array
program twice lor tault-tre; devices



S P E C I F I C A T I O N S
HP 2803s4

Digital Test Subsystem

POWER BEOUIREUENTS
LINE VOLTAGE: 115 ot 230 v ac alOolo
POWER: 1030 W maximum
FREOUENCY: 50 or 60 Hz +57o

RACK SPACE
9401 B
62568
62868 (2)

OPERATING A i IB IENT
Temperature 0'C to so'C.

Relatlvo Humidlty to 95o/o at 40'C.

NUMBER OF PINS
Each 9401 B: 12 lo 120 in 12-pin Increm0nts.
Maximum: 240 in two 94018's.

PBOGRAiIIIABLE TEST DELAY
I ps to 4095 /s In 1 /s incremsnts.

TEST SPEED: Depends on softwars, numbsr of pins, and test dslay'

Maxlmum speed is 22,700 tssts/sscond In compiled mods and 150

t69ts/second in intoraotive mode for 12 plns.

unless changed. Thus only changes need be transmitted

to the DTU.

While only digital testing has been discussed here,

9500 systems are capable of doing both analog and digi-

tal testing, or any combination, using standard stimulus

and response-measuring devices. Test programs for other

types of tests are just as easy to generate as those for

digital tests.

Maintenance

Anyone who installs a large test system is faced with

a major problem if the test system fails. Down time costs

money. The digital test subsystem is designed to be reli-

able, of course, but since a system that can never fail has

yet to be devised, a diagnostic test program was devel-

oped to minimize down time should a failure occur. This

program is written such that the subsystem is completely

exercised and any failure within it is quickly isolated to

a replaceable module or cable. With the necessary spare

parts available, the time to diagnose a fault, repair it,

and be back running again can typically be less than 15

minutes. Most failures can be repaired by plugging in the

indicated PC board, and this can be done by relatively

unskilled personnel.
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PRICE: The HP 2865A Digital Test Subsystem ls avallable only for

HP gsoo-series systoms. Typical systems including the dlgital test sub-

system cost lrom $5O,O0O uP' The dlgitat test subsystsm itsell costs

$6000 plus $2500 per t€st module, and can be addsd to existing 9500-

series systems.
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OUTPUT IMPEDANCE
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VOLTAGE RANGE
MAX VOLTAGE
OFFSET EBROR
BIAS CURFENT

- 1 2  V  t o  + 1 2  V

- 10 mA to +30 mA
-30 mA to + 10 mA
20 mV max
1.5 ohms typical ,  3 ohms max
75 V//s lypical

- 1 2 V t o  + 1 2 V
+30 v
25 mV max
200 nA typical



optical power Measurements Made Easy
This new iow-cost radiant f lux meter system gives direct

radiometric measurements in the intrared, visible, and ultraviolet

regionsotthespectrum,ltzerosandcal ibrafesifse/f , too.

By Gharles L' Hicks and Michael R' Mellon

Oprtclr, MEAsuREMEnt is one of the oldest and most

fundamental areas of science, yet it's still one of the least

mature. Optical energy is generally considered to be the

portion of the electromagnetic spectrum between micro-

iav" und x-ray frequencies'* Measurements in this

region are a separate area of science because optical

sources, detectors, and techniques differ markedly from

those used in the microwave or x-ray regions of the spec-

trum. Within the optical region lie the visible wave-

lengths, those to which the human eye is sensitive'

ihe need for reliable optical measurements is greater

today than ever before, and is felt in such diverse areas

as laser development and applications' communication

systems, air pollution studies, medicine and astronomy'

Some optical measurements can be made with a high

degree of accuracy' Velocity and wavelength are two

tfrat"an.Ontheotherhand,techniquesformeasuring
theabsoluteintensityofopt icalradiat ionhavelagged
behind corresponding methods at lower frequencies' This

is partly drre io the importance of the lower frequencies

irr raaar, missile guidance, and communications' and the

consequent emphasis placed on research in these areas

aurinitne last three decades' But it's also partly because

ofthefundamentalnatureofopt icalradiat ion.Every-
thing radiates optical enerry: the earth radiates to space'

the human body radiates to the environment' every

object in a detector's field of view radiates' and the

deiector itself radiates optical energy to its environment'

What's more, major complications are introduced by

the geometry of the optical system: factors such as the

deteitor's field of view and the source's size' shape' and

distance from the detector must be taken into account'

It's easy to see that experimental technique is a critical

" See Fig' 4, Page 13.

factor in oPtical measurements'

An optical researcher who builds his own power mea-

surement system must solve numerous problems' He

must first decide whether he wants the readout to be in

photometric or radiometric units (see box' page 15)'

Next a detector must be chosen, its job being to con-

vert optical power to a measurable voltage or current'

There are quantum detectors such as photomultipliers'

photodiodei and phototransistors, and there are thermal

ietectors such as thermistors, thermopiles' and pyro-

electric detectors. Quantum detectors are generally quite

fast and have high sensitivity, but their sensitivity de-

pends on the wavelength of the optical radiation' Ther-

mal detectors in general are relatively slow and less

sensitive but have the virtue of uniform sensitivity over

wide portions of the spectrum (millions of gigahertz in

some cases!).
Once the detector is chosen a voltmeter or ammeter

to measure its output must be selected' It must be com-

patible with the detector or a special interface must be

Luilt. Finally, the researcher must figure out how to keep

his system calibrated and what the worst-case error is

fikelj to be, and then document what he has done so

others can use the sYstem'

A Better WaY

It's now possible to avoid these selection and inter-

facing problems, yet have an optical power measure-

ment system that satisfies most requirements for speed'

sensitivity, and flat spectral resPonse' automatically zeros

and calibrates itself, and is accurate within +5Vo' A

unique new thin-film thermopile detector' used in the

HP Model 8334A Detector, and a precision nanovolt-

1 0



meter, the HP 83304 Radiant Flux Meter, give unam-
biguous readings of irradiance (power per unit area)
from the vacuum ultraviolet region of the spectrum to
the infrared.

The system (Fig. 1) has ten overlapping irradiance
ranges, from 3 pW /cm'to 100 mW,/cm'? full scale, suit-
able for measuring power output from a wide variety
of sources such as lasers, gas-discharge devices, incan-
descent lamps, cathode-ray tubes, light-emitting diodes,
infrared sources, and blackbody radiators. No charts or
calibration curves are needed because the standard sys-
tem's spectral response is uniform within -+-3Vo over a
wavelength range of 0.3 pm to 3.0 g.m.* This range
can be extended to less than 0.2 um and more than
15 pm using different optical window materials in the
detector. With the automatic zero feature, readings

can be compensated for background radiation up to
-+ 100 rrW/cm'?. This allows operation under normal
laboratory light conditions. The automatic calibration
feature gives the user confidence in his measurements;
it assures that overall system accuracy, including meter
and detector, is within -+sVo.

Fast, Broadband Thin-Fifm Thermopile

The key to the performance of the new optical power

measurement system is the HP-developed thin-film
thermopile detector. It converts optical power-ultra-

' 1 rm = 10-e meter = I micron = 10.000 A

Fig. 1. Easy-fo-use, low-cost HP
8 3 3 0 4 / 8 3 3 4 A  R a d i a n t  F l u x
Meter System measures optical
power in the uliaviolet, visible,
and in t ra red  teg ions  o t  the
electromagnetic specttum. lt
reads dircctly in absolute radio-
metric units without spectral
calibration cutves. Maximum
absolute uncertainty ls /ess fhan
+5o/o ol lull scale.

violet or infrared or anything in between-to a dc
voltage directly proportional to the power. The thin-
film construction minimizes the detector's thermal and
inertial mass, thereby giving it fast response and high
immunity to mechanical shock. It also allows small
geometry, so small that 64 individual thermocouples fit
in an area only 0.43 centimeter square. Fig. 2 is a
photograph of the detector.

Thermopile construction begins with a sheet of alu-
minum foil approximately 0.004 inch thick. It's first
anodized on one side and then chemically etched on the
other to produce an 8 X 8 array of 64 square windows-
areas where the aluminum has been removed to leave
only a thin (7504) transparent layer of aluminum oxide.
Next, antimony and bismuth, the thermocouple mate-
rials, are deposited on the anodized side in overlapping
patterns (see Fig. 3). The patterns are such that one
antimony-bismuth junction is over a window area, the
next is over the thicker aluminum-foil substrate, or non-
window area, the next is again over a window, and so
on. The junctions over the solid non-window areas are
the 'cold' or reference junctions. The aluminum-foil sub-
strate is thick compared to the oxide, antimony, and
bismuth layers, so the substrate acts as a heat sink and
tends to hold the junctions over it at a uniform tempera-
ture near ambient. The junctions over the thin window
areas are the 'hot' junctions. To make them hot, a black
optical absorber is deposited over the window areas.

1 1



Fig. 2. Unique, HP-designed thin-tilm thermopile detector
has fast tive-millisecond response, Iow dtilt, and high
immunity to mechanical shock.

Flg. 3. Thin-tilm thermopile consisls ot 64 antimony-
bismuth thermocouples connected rn series.

Non-window areas remain reflective. Each hot-cold
junction pair constitutes a thermocouple, so the com-
plete thermopile has 64 thermocouples. All are con-
nected in series.

When the thermopile is exposed to optical radiation
the black junctions absorb energy and their temperature
increases while the shiny, heat-sunk junctions reflect
energy and remain near ambient temperature. This tem-
perature di.fference results in a thermoelectric voltage.
For antimony-bismuth couples, this voltage is about
100 lcVloC. Since the thermopile has 64 couples con-
nected in series it has an overall sensitivitv close to
6.4 mY/oC.

The black optical absorber is gold-black,* chosen
primarily because of its high ratio of absorbence to
mass. and because its absorbence is constant from the
vacuum ultraviolet to the far infrared. Thanks to its

* Gold-black is pure gold evaporated so that it forms an extremely rough surface, so
rough that  i t  appeats b lack because i t  absorbs near ly a l l  incoming opt ical  radiat ion.

low mass, the detector responds in less than five milli-
seconds to a change in optical power, much faster than
other thermal detectors. which often take several sec-
onds to respond. And because of the constant absorb-
ence of gold-black, the detector's response is limited
primarily by the optical window placed in front of it.
The window isn't necessary, but it reduces noise caused
by air turbulence and prolongs the life of the detector
by keeping out dust and chemically corrosive atmos-
pheres. Fig. 4 shows the detector's response to difierent
wavelengths with several types of windows.

At very long wavelengths in the infrared (greater

than 40 pm) the thermopile's absorbing efficiency drops
because some of the radiation is reflected. To minimize
this eftect the thermopile is mounted at the focus of a
gold-plated hemispherical dome which re-reflects to the
thermopile much of the energy that's reflected from it.
The thermopile is sealed in the dome and the entire as-
sembly is placed in contact with a massive aluminum
block for temperature stabilization. To minimize the
effects of handling and rapid ambient-temperature
fluctuations, the assembly is isolated from the impact-
resistant plastic case.

A field-stop aperture in the detector assembly re-
stricts the detector's field of view to a solid angle of
0.1 steradian.** This makes it easy to convert the sys-
tem's irradiance readings to radiance units (W/cm,/sr);

you just multiply by 0.1. Under appropriate conditions,
readings can also be converted to radiant flux, which has
units of watts. Irradiance, radiance, and radiant flux are
radiometric units typically used for measuring optical
power from point sources, wide-area sources, and beams,
respectively (see page 15).

On the front of the detector housing is a removable
bezel with 30 mm camera threads for mounting adap-
ters to hold lenses, filters, or shutters. Behind the bezel
is a 3/+ -in diameter cavity which holds filters at the same
temperature as the thermopile to minimize self-emission
in the infrared region.

A Sensitive Nanovoltmeter

The successful application of this sensitive detector
required that the input amplifier of the 83304 Radiant
Flux Meter be an ultra-stable dc amplifier capable of
making reliable measurements in the nanovolt range.t

The amplifier is a synchronous design (see Fig. 5)
which uses a precision electromechanical chopper to
convert the dc output voltage from the detector to a

** 0.1 steradian is equivalent to 10.5' linear half-angle from the optical axis.
+ 1 nanovolt = 10-s volt = 0.000000001 volt.
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j Multitudinous Applications

Versatility and performance make the Hp g$OA/ggg4A
System useful in diverse;;,,,;;"ru;.;,1;"ffi #??i:,:i1i;:i!"3.,1i.,i?llli;
Electro-optical Measurements
r radiant power from optical sources such as lasersl

I11?"I:T3rors sas-djsch" rg" ce ui""; 
-inclnoesce 

nrlamps, CBT's, LED's. infrareA 
"orr""r, 

Of""tioOV r,"Ci"-tors, ultraviolet sources
. 

ilily.: of optical input/ourput and memory devices forcomputers

_r 
polarjzation studies (with polarizing filter)r direcl comparison ol emissions 

"tiifi"ri,nt 
wavelengthsfrom continuous or discfete sourcesr precision calibraiion of other opticailetectors over broadspectral regions

r photogfaphic and holographic exposure levetsr transmission and reflectibn 
"r,"l""t"i.i[r='or fin"r.,lenses, mirrors, opricat .o"ting., ;ii;_jirmsl]iquios, anogases

r wideband output revering of sources and monochromatorsr detefminarion of spectrat outputs 
"i 

ilr;;; iltn tunaoleoptical f i l ter or monochromaiorl  
-  -vy'vve rrv'r '

r infrared research, development, and productionr educalional demonstrat ions.

rl Science
emperature measurement of
:red radiation (useful for mov-
objects and for inaccessible,

watrs/cmz = e o(ra -,,1:"J;J,T"".)

copy, useful for ultraviotet, vtsible, and infiared spec_troscopy at discrete wavetengths 
"iih 

;ilffi;nd ,iltersr cotor controt and analysis ttii_.tirriu*i""""".r controf of ultraviolet-ac.tivated 
"h""ri;; 

processes suchas phoroetchins of Drinted circrits, miirJJirluits anochemical mil l ing processes

e = emisslvity of surface of emitter
a = Stefan_Boltzmann constant
_ 

= 5,67 X 10_ro watts/cm2/K
T = unknown temperature in K of emitterr0 - remperature in K of detector (normally

rature

I wideband opticat detection
COOV t rse f r r l  f ^ '  , , r . , ^ . . : - , , .

of the analog memory is- extremely long_typically sev_eral weeks. To preserve this long time cJnstant the mem_ory circuit is thoroughly cleane.-d ana encapsutated in asilicone compound to keep out moisturs

Automatic Calibration
Among rhe significant contributions of the g330A/

83344 system is its built_in off_""fiU.uring feature. In_stead of requiring the user to make screwd.iver adjust_ments while measurirnew sysrem n* " ;t ll",;ff'$_:tH,"'#TlJl,Ti
electronic calibrator. It,s made porriUf" iy'the fact thatan ac voltage superimposed across tt 

" 
ou'tput terminalsof the thermopile detector will dissipat" io*". in thethermopile and cause a temperature rise, and this inturn will cause a thermoelectric voltage to Le generateO.Thus it's possible to subsritute lr*;;?;q;y ac powerfor opfical power when calibrating the'system. In the83304 a precision ac calibration ul?u,gis'ieriu"O t om

il;ll::-t" 
osciuaror which opera,".? u fr"qurr,"y of

Calibration is dcnique simira, ," ;T il::'#T"LpJ"rl".,#X?T;
same front_panel MODE switch that,s useO for zeroingthe instrument also,has a CefBRAfE-position. Whenthe switch is praced in this poritio;:;;lal things hap_pen. First, regardless of the ,ung" ."ttirrg, the instru_ment internally switches itself to t-t 

" 
: .WZ"* z range.At the same time, the precision int"rnut etectronic cal_ibrator is connected u"ros ttre ttrernopile detector,causing a minute temperature rir" unjl ,tlrermoelectri" output voltage. rrr" _.,". ulTl!:liTHelectronically compared to 1.OOO _i-fiil scale). Ifthe gain of the systenr is properly uA;urteA the calibra_tor power will cause a detector 

"r,p"i-sG"ient to givea full-scale reading on the g330A .""r.-U it doesn,t,the output comparator amplifier will sense a differenceor error voltage. Th,
ference and feed 

" ",. 
"o.ourator will amplify the dif_

memory circuir ,, ;1""i[rJ"lii:$:J*'.t ffiffis used as a variable resistor in ttre teeAUact loop of oneof the ac amplifiers. If the O.t..tor"r"iritivity is toohigh the correcting voltage *iU ."a*" tfr" gain of thesysrem to compensa,: fu the high ,"o.iiiui r. ff thesensitivity is too low it will raise A. ;;;.'This process is entirely- controlled by;; single front_panel switch and takes about one ...orrdlff," MODEswitch is then returned to the OpERAif-positio.r. ffrisdisengages the caribrator, returns the instrLenr to therange indicated on the front pun.t unJ-O-i^r.onnects the

* Laser beams should be attenuated andlor diffused for best resulls.

-
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b a c k g r o u n d  t a d i a t i o n .  A u t o -
matic cal ibrat ion sYstem e/lmi-
nates t ime-consuming cal ibra'
t ion against external slandards
and increases uset conl idence.
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system refi iail ls on the analog mcnlory capacrtor

As a final calibration step' the user irdjusts thc front-

pancl  CAL FACTOR srv i tch to agrce wi th the cal ibra-

t ion factor  pr in ted on the 8334,A c letector '  This  is  neces-

sar)' bccausc each thcrmopile has ir sl ightly clifferent

response to l0 kHz. p()wer and optical enercy The cali-

b r l L l i r r n  f l t c l o r  i s  t t t c l su red  t l u r i nq  t t t a t t t t f ac tu re  us ing

stanclards t raccablc to the Nat ional  Btr reau of  Standards

and is  inc i icatcc l  on thc label  of  each dctcctor

This cotrvenicnt  e lect ronic  cal ibrat ion schetnc a l lows

thc uscr trl calibrate his syste rrl pcrioclically without

having to nra inta iu an opt ica l  s tanclards laboratory Not

only c locs i t  o f fer  h inr  the abi l i ty  to  make rapid and

easy cal ibrat ion.  i t  a lso servcs as a chcck '  g iv ing h in l

confidcttcc in thc systcnr If thc nrete r docsn't go to full

scale rluring thc calibratinl: sequcncc tlrc rrsel' has 'tn

obvious irrclication of malfunction' With cclnventional

s) ,s te11s thc c lc tcctor 's  scnsi t iv i ty  could changc drast i -

ca l lv  (ancl  o l ' tcn dt lcs)  and the uscr  n l ight  not  bcconle

rwr l r c  o f  i l  f ( ) r  s ( ) l l l c  t i l l l c
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Units of Optical Power
ODt ica l  ins t ruments  in  common use today  are  des igned to

measure  op t ica l  in tens i ty  in  e i ther  o f  two d ls t inc t  sys tems

of  un i ts -  rad iomet r ic  and pho lomet r ic

Rad iomei r i c  un i ts  a re  based on  fundamenta l  cons idera-

t ions  o f  energy  and power .  As  such,  they  are  de f ined inde-

pendent ly  o f  wave length  and are  equa l ly  app l i cab le  in  the

u i t rav io le t .  v is ib le ,  and in f ra red  reg ions  o f  the  spec l rum'

The new HP 83304 /  8334A Rad ian t  F lux  Meter  Sys tem

makes rad iomel r i c  measurenten ts
Photomet r ic  o r  psychophys ica l  un i ts  a re  in tended on ly

fo r  app l i ca t ions  re la ted  to  the  human eye A photomet r ic

ins t rument .  read ing  in  such un i ts  as  lumens '  foo tcand les '

o r  foo t lamber ts ,  dup l i ca tes  the  spec l ra l  response o f  the
' s t a n d a r d ' h u m a n  e y e  ( a s  d e t i n e d  b y  t h e  1 9 3 1  C I E  c u r v e ) '

wh ich  peaks  sharp ly  in  the  ye l low-green and fa l l s  o f f  qu i te

rap id ly  in  the  b lue  and red .  Photomet r ic  ins t ru rnen ls

shou ldn '1  be  used in  genera l  app l i ca t ions  where  abso lu te

measurements  a re  needed or  where  measurements  maoe

at  d i f fe ren t  wave lengths-espec ia l l y  ou ts ide  the  v is ib le -

are  d i rec t l y  compared Ser ious  er ro rs  can resu l t  f rom mis -

use o f  these ins t ruments  For  example '  e r ro rs  incur red  in

measur ing  the  ou tpu ts  o f  mercury  a rc  lamps (o l ten  used

in  chemica l  p rocess ing)  w i th  a  photomet r ic  ins l rument

ra ther  than a  rad iomet r ic  one might  eas i l y  exceed 600%

Frequent ly  uscd  rad iomct r ic  un i ts  a re  i r rad iance,  rad ian t

f lux .  and rad iance.
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Charles Hicks is a 1966 graduate
of Case Inst i tute of Technology
with a BS degree in physics. He
joined HP soon after graduation
and spent three years designing
microwave instruments before
becoming project supervisor for
the 8330A/8334A system, his
present responsibi l i ty. He's a
member of AlP, AAS, and the
Optical Society of America, and
he's within sight of his MS degree
in bioengineering at Stanford
University.

Gharles enjoys crosscountry
motorcycle r ides and making 8mm motion pictures. At
present, however, his major leisure-t ime activi t ies are
related to his recently acquired one-ship navy, the 'Lit t le

Bit, 'an ocean-going ketch bui l t  in 1938. He and his
wife and their three cats are presently in the process of
moving aboard, looking ahead to some extended cruises
in tropical waters.

Michael R. Mellon
Mike  Mel lon  came to  HP in  1967,
just after receiving his BS degree
in electr ical engineering from
the University of Cali fornia at
Berkeley. He started out design-
ing microwave instrumentation,
but soon found marketing more
to his l ik ing. He's now product
manager for the 83304/8334A
system and related instruments,
responsible for marketing sup-
port and product planning.

Mike is a member of IEEE and
the Optical Society of America
and has done graduate work

at Stanford University. Among his diversionary
preferences are ski ing in the Sierra Nevada and racing
sai lboats on San Francisco Bay.

S P E C I F I C A T I O N S
HP MODEL 8330A/83344

Radianl Flux Meter Syslem

DYNAMIC BANGE:
Rad ian t  op t ica l  power  measur€d In  10  fu l l -sca le  ranges  (1 :3 :10  over -

lapp ing  sequence) .

I R R A D I A N C E : 3 ,  1 0 , 3 0 ,  1 0 0 , 3 0 0  m i c r o w a t t s / c m 2 ;  1 , 3 ,  1 0 , 3 0 ,  1 0 0  m i l l i -
wat ts /cm2.  Readout  reso lu t ion  l im i t  be t te r  than 100 nanowal ts /cm2.

RADIANT FLUX ABSORAED:300 nanowat ts ;  1 ,  3 ,  10 ,  30  mic rowat ts ;  0 .1 ,
0 .3 ,  1 ,3 ,  10  mi l l iwa t ts .  Readout  r€so lu l ion  be t te r  than 10  nanowat ls .

RADIANCE:  300 nanowat ts /cm2ls te rad ian ;  1 ,  3 ,  10 ,  30  mic rowat ls /cm?/
s te rad ian ;  0  1 ,  0 .3 ,  1 ,  3 ,  10  mi l l iwa t ts /cm?ls te rad ian .  Readout  reso lu -
t ion  be t te r  than 10  nanowat ts /cm2ls te rad ian .

Readout  reso lu t ion  l im i t  de f ined as  37o o l  fu l l  sca le  on  most  sens i t i ys
range.  Bas ic  sys tem ca l ib ra t ion  is  in  un i ts  o f  l r rad isnce.

SYSTEM ACCURACY:
Maximum absolute uncertainty of broadband irradiance measurement

is fess than -r5o/" ot full scals on any range, Including uncertainly
o f  NBS- t raceab le  ca l ib ra t ion  s tandards ,  t rans fer  ca l lb ra t ions ,  l in -
earity, and electronic instrumentation over an ambient tempgrature
range of 0-55"C.

SPECTRAL RANGE AND FLATNESS:
Depends on  op t ica l  w indow.  S tandard  Mode l  83344 Rad ian t  F lux

Detec tor  i s  equ ipped w i th  quar tz  op t ica l  w indow and exh ib i ts  t la t
spec t ra l  response,  typ ica l l y  w i th in  - f3% or  less ,  f rom 0 .3  to  3 .0
microns. Flat spectral responso is exlendable trom less than 0.2
micron  to  more  than 15  mlc rons  us ing  o ther  op l i ca l  w indow ma-
te r ia ls .

SYSTEM RESPONSE TIME 1O-9OO/O:
Measured a t  Recorder /D ig i ta l  Vo l tmeter  ou tpu t :

<70 mi l l i seconds on  3 ,  10 ,  30 ,  100 mw/cmz ranges,

<0.7 second on 100, 300 pWlcm2 and 1 mw/cmz ranges,

<2.7 seconds on 3, 10, 30 pwlcmz ranges.

EFFECTIVE CLEAR FIELD-OF-VIEW:
0.1  s te rad ian  so l id  ang le .  C lear  ang le  3 .5 '  l i near  ha l f -ang le .  Com.

plete cutoff occurs at 18" half-angle.

AMBIENT TEMPERATURE OPERATING RANGE:
o-55'C.

AUTOMATIC METER ZERO:
Pushbutton control provides automatic zeroing of meter on any range.

Enabfes zero suppression of up to 10O pWlcmz.

AUTOMATIC CALIBFATOR:
Pushbutton control operates electronic substitution-type callbrator that

maintalns accuracy of system regardless of changes in sensitivity
oI detector or use of ditferent d€lectors.

CALIBRATION FACIOR CONTROL:
Normalizes amplif ier gain to correspond lo Calibration Factor of par-

ticular Model 83344 Radiant Flux Detector in use. Can also be used
to compensate metar reading tor known transmission losses of
tifters, located in the optical palh.2o/o steps from 6070 to 100o/o in
2 ranges (range switch located on rear panel).

RECORDEF/DlGllAL VOLTMETER OUTPUTT
Supp l ies  ana log  vo l tage propor t iona l  to  meter  de f lec t ion ,  w i th  1 .00

vo l t  cor respond ing  to  fu l l  sca le .  BNC connector  on  rear  pane l .

FILTER COMPARTMENT:
Holds Vc-in diameter round fi l ters at detector cavity temperature to

prov ide  nar row bandpass  and ye t  e l im ina te  se l f -emiss ion  f rom f i l te rs .

PRICE: Model 83344, $450.00
lilodel 8330A. 3650.00

MANUFACTURING DIVISION:  SCIENTIFIC INSTRUMENTS GROUP
1601 California Avenue
Palo Alto, Calitornia 94304
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