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General-Purpose Test System Gets
Digital Gapability

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

A new subsysfem 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 01
i ts major  features is  a mnemonic statement f0rm for  instrument contro l ,  e.9. ,  DCV (  )
cal ls  a dc v0l tage source contro l  rout ine,  DVM ( )  cal ls  a d ig i ta l  vol tmeter contro l
routine, etc.

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 12-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 -12V,
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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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 threshold 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,O0O 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 I ps steps, can be inserted between

the application of stimuli to the unit under test and the

Fig. 1. fhis is the new Model
28035A Digital Test Subsystem
lor HP 9500-selies syslems. For
simplicity no analog insttuments
are shown, but systems can
have any combination ot analog
and digital test capability.

time the unit's response is sampled, thereby allowing the

unit time to settle.

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



Digital Testing yersus Digital Testing
There's more than one kind of digital test ing. The two basic
kinds are functional test ing and parameter test ing.

Functional test ing can be divided into stat ic functional
test ing and clocked functional test ing. Stat ic funci ional
test ing, sometimes cal led truth-table test ing, is used to
verify the logic of the unit under test. Patterns of logical
1's and 0's of appropriate voltage levels are supplied to
the input pins of the unit under test and i ts output pat-
terns are compared with the expected patterns. Two com-
parisons are needed, one to check that the unit responds
wiih the appropriate voltage levels, and the second io
check that the pattern of 1's and 0's is correct. The num-
ber of tests needed to check a device completely may
become very large as the complexity of the device in-
creases, and exhaustive functional test ing may not be
possible for some sequential logic circuits. Sequential logic
may also require a number of input patterns to bring i t  to
a known init ial  state before test ing can begin.

Clocked functional test ing is the kind of test ing that must
be performed on dynamic MOS registers. These devices
must be clocked at short intervals or they' l l  lose their infor-
mation. Thus the functional test must be carr ied out at the
operational speed of the device.

Parameter test ing is divided into dc or stat ic test ing and
ac or dynamic test ing. During dc test ing the voltages and

currents of the inputs and outputs pins of the unit under
test are measured. For an input pin this is done by f irst
bringing the device to a known state and then, without
changing the state, applying a known voltage to the input
pin and measuring the current. For an output pin, the cur-
rent is forced and the voltage measured. These tests insure
that the device has proper fan-in and fan-out capabil i ty.
The number of dc tests needed to check a device com-
pletely is primari ly a function of the number 0f input and
output pins.

Ac tests are those in which t ime-dependent parameters
such as delays, r ise and fal l  t imes, and pulse widths are
measured. This type of test requires a highly control led
test environment to make certain that the waveforms aren't
disturbed and the t ime intervals are measured accurately.

An absolutely complete test would include al l  of the var-
ious kinds of digital test ing, but this is seldom done because
the cost goes up as more kinds of tests are added. For cost-
elfect iveness reasons, functional test ing is used as the
primary method of sort ing digital devices and modules. l t 's
capable of detecting most common fai lures, such as printed-
circuit-board cracks, bad lead bonds, and transistor opens
or shorts. l t 's a basic requirement for digital devices of even
low complexity and becomes increasingly important as the
complexlty increases. Stat ic functiohal tests are the kind
made by the new HP 280354 Digital Test Subsystem.

procedures to test programs, whether the procedures are
given as step-by-step instructions, as logic timing charts,
or 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
computer 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 6130B, the ATS
BASIC statements will be:*

10  DCV (1 ,  5 ,  100)
2ODCV (2, 4, 20)
3ODCY (3,.2,  20)
4ODCV (4, 2, 20)
50 DCV (5, .8, 20)

Here statement 10 sets the supply voltage arld current
limit for the unit under test. statements 20 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

" lf the system contains only manual pov{er supplies the program would instead be
written to print a message t0 the operator, telling him where to set voltages and
current limits. The PRINT statement(s) would be followed by a PAUSE statement v{hich
would cause the system t0 wait for the operator action.
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Fig. 2, The digital test unit contains driver and compatator circuits lor every pin. lnput
and output pins are specit ied in the BASIC program and no hardware changes need

be made.

to which pins shall be inputs and which pins outputs

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

a 'Dcfrne 's tatenrent ,  DTUDF(M),  where M is  a param-

eter specifying whether you are making a new definit ion

of pins or modifying an existing one. This statement

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 ,  I 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 of these pins to be

recorded in the result resister in the DTU. Pins named

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



to select high or low polarity, give a pin list, and then
give a series of zeros and ones indicating whether each
pin is to have the selected polarity ( 1) or the opposite
polarity (0). The sequence of statements is

DTUTP(P, Y, S, E)
REM P (pin list)
REM (seriesof zerosandones) T

There is a separate REM<0/1)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.

I 2 O L E T Y : 1
130 DTUTP (2 ,Y,1 ,5000)
140 REM PINS 1-6, 8,9,7, l l ,  12, l0
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(1, 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

PIN # 12345678910 r1 t2
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
pattern is transferred to the output register on the posi-
tive 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

Flg. 3. A simple quad NAND gate to be tested. Test pro-
gram is explained in text. Digital devices to be tested
can have as many as 240 pins.

input pins to be set to the selected polarity and the

output 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 for 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

sequence 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-

gmm.

An alternative method of specifying test patterns is



Software

Driver Name and Type

Set Test Delay

Set Synchronization

Pin-Dependent Drivers (interactive mode)
* Define lnputs/Outputs

. Fix Levels

* Test with Pattern

Drivers and BASIC Statements for Digital Testing

Pin-lndependent Driyers (interaetive mode)

Read Test Counter DTURC (R, V)

BASIC Slatement Function

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

Wait D microseconds after applying inputs for
device under test to sett le before checkino
outDuts.

Select inlernal or external sync source.

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

Fixes specif ied input pins at polari ty P unti l
redef ined.

Apply logic polari ty P to specif ied input pins
and check whether the specif ied output pins
go to that polari ty. Branch after test as spe-
cif ied 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.

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

Read Status

Test Pattern Array Drivers (compiled mode)

Create Test Array

Test with Array

* Generate 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 test 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-zero word for each test pattern. When

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 will 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";
5030FORr -1TO4
5040 IF P(I) : 0 THEN 5060
5050 PRrNT P(r);



5060 NEXT I
5O7O PRINT "FAILED''
5 O S O L E T Y : 2
5090 GO TO 130

Statement 5000, DTUTC (2,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

Generating 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 the 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
arrays 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 only
the input bit patterns, using a DTUGP statement similar
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. fesf pattetn crcated and checked out in intet-
act ive mode is sfored in compiled form by insert ing
'create array' statements in program. Tests run much
taster in compiled mode: tor a 12-pin device maximum
tesf rates are approximately 22,000 tests per second in
compiled mode and 150 in interactive mode.

(original program with create-array statements inserted)

!  cOr A: r  001 Array to receive test squence.
t o  D c v < 1 , 5 , t g a )
2 0  D C V ( 2 , 4 , 2 4 )
3 A  D C V ( 3 , . 2 , 2 6 '
4 a  D c v ( A t 2 t 2 6 )
t o  D C U  ( 5 ,  . A , 2 6 )
t \  D T  I C A  (  |  , 6  1  , l q O  , 6 A A ? )  *  I n i t i a t e  c r e a i e - a r r a y  o p e r a l i o n :
60 DrUDF( l )  

,  jump to 6000 i l  a iray overf lows
? o  R F i l  I N P U T S  l , 2 , A t ) t a , 9 , l l t l L
8 0  R E i l  o U T P U T S  5 , 6 , 7 ,  l 0
9 0  D T t I S D ( 5 )
I O O  P R I N T  -  I N S E R T  D E V I C E "
I I  0 PAUSE
l 2 A  L E I  Y =  |
t 3 A  D 7 t 7 P ( 2 , f , l t t O O A '
t 4 0  R E I  P I N S  l - 5 , 8 , S , ? , 1 1 , 1 2 , 1 0
I 5 A  R E n  g 5 l  O O I  A O I  0 0 t  l E S T t l
l 6 S  R E M  O t  I  g t l  O t t  O t t  t E S l | 2
l ? 0  R E m  l 0 l  l 0 l  l 0 t  l 0 t  r E s T 1 3
1 8 0  R E m  I  f 0  l l o  I t g  l t o  7 E s 7 r a
l ! 0  P f i I N T . " , A R R A Y  s T 0 R E D " +  M e s s a g e t o o p e r a t o r
2 0 0  D T U R C (  I , T )
2 1 0  D T U C A ( 3 ' a ' O ' 0 ) +  T e r m i n a t e  c r e a i e - a r r a y O p e r a l i o n

4&3" n]lio"r",t,
S o l o  D l u R s ( 3 , 2 , P t  l l , 4 )
5 O 2 g  P R I N I  "  T E S T / ' i l i " P I N S - i
5 0 3 0  f o R  I : l  T o  4
5 o 4 O  l F  P I I ) = O  T H E N  5 0 6 0
5 0 5 0  P R I N T  P l  I  l ;
5 0 6 0  N E X T  I
' O 7 0  P R I N T  " F A I L E D "
, o B o  L E T  \ = 2
5 0 9 r  G 0 T 0  1 5 0
6 0 n f i  P R l f i l  " A F R A Y  o V E R F L T U - +  M e s s a g e i O O p e r a t o r
6 0  I  0  s 1 0 P
9 9 9 9  E N D

R E A D Y

RUil

I  NSERl DEVICE

PAUSE

A R R A Y  S I O R E D

REA DY

l

Execurfon ol create"afiay p(ogram

program from core

Execution ot test.with-array
program twice tor tault-free devices

DELETE- -+ Remove create-array

REA DY

TEST.WITH.ARRAY PROGRAM
5  C O n  A I  l O O l
t o  D C V ( l , 5 , l O b )
2 g  D C U ( 2 , A , 2 5 '
3 q  D C V ( 3 , . 2 , 2 O )
4 6  D C V  ( 4 , 2 , 2 O >
5 4  D C V  ( 5 , . A , z g J
6 0  D T U D F ( I )
I O O  P R I N I  "  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
f  3 0  D T U T A ( Y ,  1 , 5 0 0 o ' A t  t ) , l 6 a , 6 a o o r > T e s t " w i l h - a r r a y  s t a t e m e n t ;
ts6 pntNT " END 0F rEsT- iump to 5OOO i l  device tai ls
2SO GCl0 IOO
Sooo DT[Rc(z,r ,  

jump to 6000 i l  array is in error '

5 0 t 0  D T U R S ( 3 , 2 , P t  I  t , 4 )
5 A 2 0  P R I N I  -  T E S T T " i T ; " P l [ S " i
5 0 s 0  F o R  I : l  I 0  4
5 0 4 6  I F  P I l t = O  T H E N  5 0 6 0
' O 5 O  P R I N l  P I  I  ] ;
' 0 6 0  N E X 1  I
5 0 7 O  P R I N T ' F A I L E D -
5 6 a O  L E I  1 . 2
5 9 9 6  G 0 T 0  1 3 6
6 0 0 A  P R I N T  "  A R R A Y  E R R O R "
6 0 1  0  s T o P
9999 Ei lD

READY

RUil

I  i lSERI DEVICE

PA USE

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

Digital Test Subsystem

LINE VOLTAGE: 115 or  230 V ac t l0olo
POWER: 1030 W maximum
FREQUENCY: 50 or  60 Hz l :5%

RACK SPACE
9 4 0 1 B
6256B
62868 (2)

OPERATING AMBIENT
T€mpera ture  0 'C to  50 'C.
Re la t i ve  Humid l ty  to  957o a t  40 'C.

N U M B E R  O F  P I N S
Each 94018:121o12O in  12-p in  inc remenls .
Max imum:  240 in  two 94018 's .

PROGRAMMABLE TEST DELAY
1 ps to 4095 ps In 1 ts increments.

TEST SPEED:  Oepends on  so t tware ,  numb€r  o f  p ins ,  and tes t  de lay .
Max imum soeed is  22 .700 tss ts /second in  comgi led  mods and 150

tes ts /second in  in te rsc t i ve  mode fo r  12  p ins .

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.

Mainlenance

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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Optical Power Measurements Made Easy
This new low-cost radiant f lux meter system gives direct

radiometric measurements in the inf rared, visible, and ultraviolet
regions of the spectrum. lt zeros and calibrafes ifse/f , too.

By Charles L. Hicks and Michael R. Mellon

Oprrcar 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-
wave and 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.

The 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
that can. On the other hand, techniques for measuring
the absolute intensity of optical radiation have lagged
behind corresponding methods at lower frequencies. This
is partly due to the importance of the lower frequencies
in radar, missile guidance, and communications, and the
consequent emphasis placed on research in these areas
during the last three decades. But it's also partly because
of the fundamental nature of optical radiation. Every-
thing radiates optical energy: the earth radiates to space,
the human body radiates to the environment, every
object in a detector's field of view radiates, and the
detector 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
detector'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,
photodiodes, and phototransistors, and there are thermal
detectors 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
built. Finally, the researcher must figure out how to keep
his system calibrated and what the worst-case error is
likely 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 83344 Detector, and a precision nanovolt-
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meter, the HP 8330A 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 /cm2 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 pm.* This range
can be extended to less than 0.2 rrm 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 pW/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 -+5Vo.

Fast, Broadband Thin-Film 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:  1 micron = 10,000 A

Fig. 1. Easy-fo-use, low-cost HP
8330A/  8334A Rad ian t  F lux
Meter System measures optical
power in the ultraviolet, visible,
and in l ra red  reg ions  o f  the
electromagnetic spectrum, It
reads directly in absolute radio-
metric units without spectal
calibration cutves. Maximum
ab$olute uncertainty is /ess fhan
t5o/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 (750A) 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.



Fig.2. Unique, HP-designed thinlilm thermopile detector
has fast live-millisecond response, low dritt, and high
immunity to mechanical shock.

Flg. 3. Thin-tilm thetmopile 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 difference results in a thermoelectric voltage.
For antimony-bismuth couples, this voltage is about
100 pVloC. 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 it appears black because it absorbs nearly all incoming optical radiation.

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 different
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 effect 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'z/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 = 0.00000000f volt.
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107-Hz ac voltage with an amplitude proportional to

the dc voltage. Low-level ac voltages are much easier

to amplify than dc voltagcs, since dc drift can be elim-

inated in  ac ampl i f iers.

After the dc voltage is converted to ac it 's amplif ied

by narrow-band amplif iers which reject noise and power-

l ine-related interference. Once amplif ied, the voltage is

converted back to dc and displayed on the meter. There's

an optimum ratio betwecn the amounts of ac and dc

amplif ication in such a system. If there's too much ac

amplif ication the system will tcnd to saturate on l ine-

related interference. If there's too much dc amplif ication,

drift incrcascs. In the final design temperature-induced

drift referred to the input is typically less than onc nano-

volt per oC and line-related interfercnce isn't a problem.

Dynamic range is approximately 100 dB.

Noise was a primary consideration in thc dcsign of

the amplif ier system, since it 's the overall noise level

that determines thc smallcst amount of optical power

that can be measurcd. For this reason the first amplif icr

stage (after the chopper and an input transforrner) is

a special low-noise junction-FET amplif ier. Referrcd

to the primary of thc input transformer, that is. to tlre

point where the detector output cnters the meter, the

noise attributable to the cntirc 8330A mctcr is less than

the thermal noise in the dctector. Thus tlre system's

sensitivity is l imited rnore by the thermal-noise charac-

teristics of the dctector than bv the amplif ier.

Automalic Zeroing
It 's convenient to be able to use an optical powcr

Fig.4. Flat response ol detector
a l lows accuta te  b roadband
measurements. Spectral range
varies with transmission char-
acteristlcs ol window mounted
in lront ol thermopile.

meter in normal laboratory l ight as well as in dark
rooms. It should therefore have a zero-suppression

capabil ity so the user can compensate for background

or ambient radiation and measure only the source rather

than the source plus the background. Instead of the

usual manually operated zero control, the 8330A has

an automatic pushbutton meter-zeroing system. Press-

ing a single switch zeros the system with electronic speed

and accuracy, and the user doesn't have to take his

eyes off his experiment.

The zeroing circuit (see Fig. 5) consists essentially

of a comparator amplifier and a long-term analog mem-

ory connected in a negative-feedback loop. When the

front-panel MODE switch is n.roved to ZERO, the volt-

age across the meter is electronically compared to a

zero-voltage reference. If there's an ofiset the difference

voltage is amplif ied and channeled through a MOSFET

source follower back to the input, where it nulls out

the offset. The circuit will reduce any offset up to +300

times the lowcst meter range to less than 2Vo of the

lowest range in less than two seconds.

After zeroing, the user returns the MODE switch to

its OPERATE position. This causes the output of the

col.nparator amplifier to be disconnected from the ana-

log menrory, which is a polystyrene capacitor connected

to the gate terminal of thc MOSFET. The voltage that

was rcquired to zero the instrument then remains on the

capacitor because the only discharge paths are via surface

leakage and through the insulated gate of the MOSFET,

both very high impedances. The discharge time constant
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Multitudinous Applications

Versatility and performance make the HP 8330A/8334A
System useful in diverse ways in optics, process control,
analytical science, and other fields. Here are some typical
uses.

Electro-optical Measurements
r  radiant  power f rom opt ica l  sources such as lasers l

monochromators, gas-discharge devices, incandescent
lamps, GRT's, LED's, infrared sources, blackbody radia-
tors, ultraviolet sources

I analysis of optical input/output and memory devices for
comouters

r polarization studies (with polarizing fi l ter)
I direct comparison of emissions at different wavelengths

from continuous or discrete sources
I precision calibration of other optical detectors over broad

spectral regions
photographic and holographic exposure levels
transmission and ref lect ion characterist ics of f i l ters,
Ienses, mirrors, optical coatings, thin-f i lms, l iquids, and
gases
wideband output level ing of sources and monochromators
determination of spectral outputs of sources (with tunable
optical f i l ter or monochromator)
infrared research, development, and production
educalional demonstrat ions.

Process Control and Analytical Science
r Remote, non-contacting temperature measurement of

physical objects using infrared radiation (useful for mov-
ing, l iquid, or semi-plast ic objects and for inaccessible,
radioactive, or corrosive environments)

watts/cm2 : e o(Ta _ TJ), where
s : emissivity of surface of emitter
o = Stefan-Boltzmann constant

: 5.67 x 10-rowatts/cm'?lK4
T : unknown temperature in K of emitter
To = temperature in K of detector (normally
ambient temperature)

r infrared mapping of temperature
r rapid detection of small temperature differentials
I ambient i l lumination measurements
I ambient sunl ight level measurements for agricultural and

photochemical air pol lut ion studies
r photobiological studies of plant growth and photosyn-

thesis
r wideband optical detection system for optical spectros-

copy, useful for ultraviolet, visible, and infrared spec-
troscopy at discrete wavelengths with narrowband filters

I color control and analysis (tr i-st imulus)
r control of ultraviolet-activated chemical processes such

as photoetching of printed circuits, microcircuits and
chemical mil l ing processes

I monitoring laser power in laser micro-machining appli-
cal ions.

* Laser beams should be attenuated and/or diffused for best results.

of the analog memory is extremely long-typically sev-
eral weeks. To preserve this long time constant the mem-
ory circuit is thoroughly cleaned and encapsulated in a
silicone compound to keep out moisture.

Automatic Calibration
Among the significant contributions of the 83304/

8334A system is its built-in self-calibrating feature. In-
stead of requiring the user to make screwdriver adjust-
ments while measuring an external optical standard, the
new system has a completely self-contained precision
electronic calibrator. It's made possible by the fact that
an ac voltage superimposed across the output terminals
of the thermopile detector will dissipate power in the
thermopile and cause a temperature rise, and this in
turn will cause a thermoelectric voltage to be generated.
Thus it's possible to substitute lower-frequency ac power
for optical power when calibrating the system. In the
83304 a precision ac calibration voltage is derived from
an electronic oscillator which operates at a frequency of
10 kHz.

Calibration is done automatically by a feedback tech-
nique similar to that used for automatic zeroing. The
same front-panel MODE switch that's used for zeroing
the instrument also has a CALIBRATE position. When
the switch is placed in this position several things hap-
pen. First, regardless of the range setting, the instru-
ment internally switches itself to the 3 mW/cmz range.
At the same time, the precision internal electronic cal-
ibrator is connected across the thermopile detector,
causing a minute temperature rise and a corresponding
thermoelectric output voltage. The meter voltage is then
electronically compared to 1.000 volt (full scale). If
the gain of the system is properly adjusted the calibra-
tor power will cause a detector output sufficient to give
a full-scale reading on the 83304 meter. If it doesn't,
the output comparator amplifier will sense a difference
or error voltage. The comparator will amplify the dif-
ference and feed a correcting voltage through an analog
memory circuit to the gate of a junction FET, which
is used as a variable resistor in the feedback loop of one
of the ac amplifiers. If the detector sensitivity is too
high the correcting voltage will reduce the gain of the
system to compensate for the high sensitivity. If the
sensitivity is too low it will raise the gain.

This process is entirely controlled by the single front-
panel switch and takes about one second. The MODE
switch is then returned to the OPERATE position. This
disengages the calibrator, returns the instrrment to the
range indicated on the front panel and disconnects the
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Units of Optical Power
Opt ica l  ins t ruments  in  common use today  are  des igned lo
measure  op t ica l  in tens i ty  in  e i ther  o f  two drs t inc t  sys tems
of  un i ts - rad iomet r ic  and photomet r ic .

Rad iomet r ic  un i ts  a re  based on  fundamenta l  cons idera-
t ions  o f  energy  and power .  As  such,  they  are  deJ ined inde-
pendent ly  o f  wave length  and are  equa l ly  app l i cab le  in  the
u l 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 /  83344 Rad ian t  F lux  Meter  Sys tem
makes rad iomet r ic  measurer r )en 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  iumens,  foo tcand les ,
or  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 f i n e d  b y  t h e . 1 9 3 1  C I E  c u n 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 ruments
shou ldn ' t  be  used in  genera l  app l i ca t ions  where  abso lu te
measurements  a re  needed or  where  measurements  made
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 f ten  used
in  chemica l  p rocess ing)  w i th  a  photomet r ic  ins t rument
ra ther  than a  rad iomet r ic  one might  eas i l y  exceed 600%.

Frequent ly  used rad iomet r ic  un i ts  a re  i r rad iance,  rad ian t
f lux .  and rad iance.
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Fig, 5. Senslt ive, low-noise in-
put ampli t ier doesn't  degrade
detector characterist ics. Auto-
matic zero syslem suppresses
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 el imi-
nates t ime-consuming cal ibra-
t ion against external slandards
and increases user confidence-

comparator's output

howevcr, the voltage
from thc memory

that  was requi red
ci rcui t .  Again,

to calibrate the
systenr rel.nains on the analog mcnrory capacitor.

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

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

tion factor printed on the 8334,A. cletector. This is neces-

sar)' bccausc each thcrmopile has a slightly cli lTerent

response to l0 kHz pi)\\ ' 'er and optical energy. The cali-

brat ion factor  is  mcasured dur inc nranufacture us ing

stanclards t racc:rb lc  to the Nat ional  Bureau of  Standards
and is  ind icatcc l  on thc label  of  each dctector .

This convenicnt  e lect ronic  cal ibrat ion schernc a l lows

thc uscr  to cal ibrate h is  syste nr  pcr ioc l ica l ly  wi thout

having to nra inta in an opt ica l  s tanclards laboratorv.  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 ine h inr

conf idcncc in  thc systcnr .  I f  thc nreter  docsn' t  go to fu l l

scale c lur ing the cal ibr l t in t  sequcncc thc user  has an
obvious indicat ion of  mal funct ion.  Wi t l r  convent ional

s) 's tenls  the c lc tcctor 's  sensi t iv i ty  could changc drast i -
ca l lv  (ancl  o l ' tcn docs)  and the uscr  nr ight  not  beconre

awarc of it for somc tiure.
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S P E C I F I C A T I O N S
HP MODEL 8330A/8334A

Radianl Flux Meter Syslem

DYNAMIC BANGE:
Radiant optical power measurad In 10 full-scale 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 -
watts/cm2. R6adout resolution l imit better than 100 nanowalts/cm2.

FADIANT FLUX ABSORBED:300 nanowat ts ;  1 ,  3 ,  10 ,  30  mic rowat ts ;  0 .1 ,
0.3, 1, 3, 10 mill iwatts. Readout resolulion better than 10 nanowatls.

RADIANCE: 300 nanowatts/cm2lsteradian; 1, 3, 10, 30 microwatls/cmzl
s te rad ian ;  0 .1 ,  0 .3 ,  1 ,  3 ,  10  mi l l iwa t ts /cmz ls te rad ian .  Readout  reso lu -
tion better than 10 nanowatts/cm2lsteradian.

Readout resolution l imit defined as 3olo of full scale on most sensitivs
range. Basic system calibration is in units of lrradiance.

SYSTEM ACCURACY:
Maximum absolute uncertainly of broadband irradiance measurement

is fess than -l5o/" ot full scalo on any range, Including uncertainly
of NBS-traceable calibration standards, transler callbrations, l in-
earity, and electronic instrumentation over an ambient tempgrature
range ol 0-55"C.

SPECTRAL RANGE AND FLATNESS:
Depends on optical window. Standard Model 83344 Radiant Flux

Detector is equipped with quartz optical window and exhibits t lat
spectral response, typically within -f3% or less, from 0.3 to 3.0
microns. Flat spectral response is exlendable lrom 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 at Recorder/Digital Vollmeter output:

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

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

<2.7 soconds 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 ls  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 ttwlcmz.

AUTOMATIC CALIBRATOR:
Pushbutton control operates electronic substitulion-type callbrator that

maintalns accuracy of system regardless of changes in sensitivity
ol detector or use of ditferent dslectors.

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

ticular Model 83344 Radiant Flux Detector in use. Can also be used
to compensate meter reading tor known transmission losses of
tifters, located in the optical palh.2o/o steps from 60% lo 100% in
2 ranges (range switch located on rear panel).

RECORDER/DIGIIAL VOLTMETER OUTPUT:
Supplies analog voltage proportional to meter dellection, with 1.00

volt corresponding to full scale. BNC connector on rear panel.

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

provide narrow bandpass and yet eliminate self-emission trom fi lters.

PRICE: Model 83344, $450.00
lilodel 83304. 3650.00

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