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C h a p ~  2 - Techniques For Mmit -~-a the 
mitical concepts of at- via the bed-of-& fhitwe a d  id&on 
of the components on the h d  by g u d h g  for analog wad W- 
driving for digid cumponents. 

Chapter 3 - A Look at an I n - C W t  Tester demibes the had- 
ware and s o h  componeflts of an in-circuit tester and the 
functions these components perform. 

Chapter 4 - Udng the T ~ t e x  outlines the stepby-step proceas 
wed by a programmer to develop a test program and by an 
operator to test b o d .  

Fot easy reference, P of terms umdsted with bdrdt  
testing is h h d e d  at Ehe back of this docllmcnt. 
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So. tell m e  a l m u t  in-circuit t c q t i n ~ ,  

Before getting into in-circuit testing, let's review some important 
aspects of printed circuit (pr) board manufacturing and testing. 

As you know, the design and assembly of pc boards follow certain 
basic steps: 

1. First. assembly and drill drawings of the board are developed 
from the schematic diagram. These drawings show where each 
component will be placed, where each track (wiring 
connection) will be etched, where each component mounting 
hole will be located, etc. 

2. Then, holes for the component leads are dr:lled in a blank 
board and tracks are etched on the  surfarc of the board to 
connect the components tqe rhe r .  

3. Next, the components ate mounted on the board. either by 
hand or Jny automatic insertion equipment. 

4. Finally, thc component leads arc soldcred to the tracks, 
usually by means of a wave-solder machine. 

5 .  Once assembled, the pc board is then tested. 

WAVE 
R S S E M B L Y l  DRILL BOARD COMWNEHT SOLDER ASSEMBLE0 

DAAWNGS M A H I I F A C N A E  INSERTION PAOCESS BOARD 

u c n n u a n n  

!: t: ;: !. 8: c: !I [; 

SCHEMATlC 
TEST 



Unfortunately, these steps are not always performed 
flawlessly. 

Shown below are some of the more common failures found in 
newly assembled pc boards. 

Typical manufacturing faults 

ue componei~t) may have bcen 

The component may be mnuntcd 

OMPONEFIT 

Note that., even if' the bare pc hoard had no failures and if vou 
tested every component to make sure that each one was good, ?70u 
could still introduce problems while assembling thc  board. 



Nnw, consider the  cost of f inding a n d  fixing Failures. 

To find a defective component 
at incoming inspection might cost about . . . . . . . . . . . . . . . . . .  $0.50 

If a defect slips past this stage, the  cost 
of  finding a bad part once i t  has bevn mounted 
on thy pc board goes up to ;lbout . . . . . . . . . . . . . . . . . . . . . . . .  65.00 

The cost of findine and replacing that same 
part once the pc board is passed o n  to final 

. . . . . . . . . . . . . . . . . . . . . . . .  (system) assembly now becomes $50.00 

Finally, if thy  system finds its nr;iy intc~ 
the field with that defective part and 
appears as :I warrant!. repair, the expected 
cost approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S500.00 

INCOMING ON BOARD FINAL IN FIELD 
INSPECTION ASSEMBLY 
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So who needs a fancy machine to test pc hoards? A 
few test instruments and some common sense should 
do the job. 

Maybe, bu t  don't underestimate the job. 

First, you have t o  understand how all the circuits on  the board 
work before you can figure out  how to  test them. Once you've 
gotten over this hurdle, you have t o  write test procedures specifv- 
ing exactly how the board will be  tested. Remember, you want to 
test all the  circuits; otherwise, you can't be  sure the board will 
work properlv under all normal operatiny conditions. 

Once you've written the  test procedures, you have t o  assemble all 
the necessary test equipment: oscilloscopes, voltage sources, 
current sources, meters. and so  on. 
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Manual testing 

Now, connect all this equipment to the appropriate points on the 
pc board. Some of those points may be hard to reach. If you have 
many boards to test, vou may want to build a fixture to simplify 
connecting the test leads. 

Finally, turn on the equipment, apply known inputs to the circuit, 
check the outputs and determine i f  the circuit is operating prop- 
erlv. And, oh yes, i f  the circuit is not operating properly, find the 
dckctive part and replace it. 
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1 guess t h a t  could be quite a bit of n~orlc. 

Don't g o  away. There's more. 

Now, you have t o  turn off the equipment. re-connect the test 
leads t o  other points o n  the board, turn the equipment back on. 
drive some new inputs, check some new outputs. etc. You get the 
idea. 

What  if the pc board has hundreds o r  even thousands of circuit 
connections (nodes)? 

And how will you test the more  complex components likc 
n~icroprocessors and other 1,SI (Large-Scale Integration) chips? 

Oh, and don't fc3rgc.t that a11 thew cotnponents are interconnected 
on the pc hoard. So, i f  an output  isn't ivhat i t  should be, how will 
y o u  know which component is causing the fi~ilure? 

Could he  quite a job, couldn't i t ?  It seems that a test system with 
computer-controlled test instruments and the proper software 
could go a long way towards simplifying this process. 
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Thought you'd never ask. 

The term automatic zest equipment (ATE) applies to many forms 
of programmable, computer-controlled test instruments and 
systems. This equipment is used in many stages of the manufac- 
turing process, including: 

Component manufacturing 

Quality assurance 

* in corn in^ inspection 

PC board testing 

* System testing 

Field service I 

This hook concentrates on one specific category of automatic test 
equipment: 

IN-CIRCUIT TF,STEKS 

The: 
in a 

se testers are typically used to test fully assembled pc hoards 
manufacturing environment. 



What  Es an in-circuit sestet? 

It's a tester that tests each component on  a pc board, one a t  a 
time. And i t does this while the component is "in-circuit," thar is, 
while it's connected to other components on the board. 

A divide-and-conquer approach is taken. First, the tester checks 
the loaded pc board for unwanted shorts and opens. Then, it 
isolates and tests each separate component on the  board, one at a 
time. The techniques used to do this are described in Chapter 2.  

SHORTS & OPENS COMPOHENT 
TEST TEST 

COH WNENT 
TEST 

c c c a n @ c r !  5*ucnocc: :  
;;. ~'c-z!';f:: :, r r  !> :> -> ,. ,.,,, 

<.,<* .* .. :. :. :*,:A ! : - ~ C C ~ C ~ ~  
rJ -7 -7.; :- c- : $' <, :* z; x'z 2 !: .. -- 
7. ;; ;; i: ;; ,:-; c; 2 :- ~9:: 

, ,..,,,, -,,,- ,,,,, NEXT , 7 , m m ~ , , , , ~ . , ~ , ~ ~ ~ ~ ~ , r ,  

COMPONENT 

If all these indioidufil tests a re  successful. the board is considered a 
~ o o d  board. 

If  one or more tests fail, the board is declared bad, and the ccster 
reports t he  cause of the failure. 

Since each component is tested separately, pinpainting the cause 
of a failure is a relatively easy job for an in-circuit testcr. 
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1Yrh3t type of  faultc can in-circuit teqters de t ec t  

GenRad in-circuit testers can detect all the manufacturing faults 
described a few pages back. As shown in the chart below, these 
account for a very large portion of all the faults that can be found 
on a new board. 

Note: Since actual,bmcentages far assembly yield (& boardr) andfarrlt 
distribtltion depend on the contpfexity of the board the quuli[y of the 
~unllfR~tklring,brocess. etc, specjfiC number valrres are not given on this rbnrt. 

ASSEMBLY 
YIELD 

FAULTS DETECTABLE BY 
GenRad IN-CIRCUIT TESTERS 

MANUFACTURING 

(CONNECTIVITY 

DESIGN. 
FUNCTIONAL, 

ETC 
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GenRad's in-circuir testers 

All of GenRad's 227x Board Test Workstations are in-circuit 
testers. 

For the sake of brevity, we'll refer to them simply as testers 
throughout this book. 

The tester performs all the manual procedures that were described 
a few pages back, namely: 

* Writes test procedures 

Connects the test equipment to the board 

Turns the equipment on and sets i t  up 

Applies known input signals and checks outputs 

* Determines if the circuit is OK 

Locates defective components when the circuit is not OK 

and last, but not least, 

* Repeats this for all the circuitry on the board 



GenRad's in-circui t testers (cont) 

As shown below, GenRad has several different models of in-circuit 
testers (2271, 2272, 2275), and all of them use the same basic 
testing techniques. 

To Team about these techniques, Tet's go on to Chapter 2, 

GenRad's 227X Family of Testers 
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I t  must have access t o  all the circuit nodes on  the board. 
Obviously, t o  test each component individually, the rester 
must he able t o  connect test instruments t o  each pin of each 
component.  

ACCESS 

Also, it must be  able to  isolate each component-under-tc5t 
from surrounding components. Since coniponents .Ire intc-r- 
connected o n  the board, some special isolation techniques dre 
needed to  prevent the component-under-test from beinc 
affected by other components 

ISOLATION IN-CIRCUIT I 

Now, let's look a t  how thc tester performs these 2 functions. 
IVe'll start with the  accessing of circuit nodes. 
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: \ c c e s s i n ~  vthe c i r c u i t  node(; 

Ti) ilcct.ss thy circuit norfeq o n  a pc board, the  tester uses a speci.11 
test fixture called (rlpprrrpriately enough) n bed-of nails. 

The "n:~ils" o n  this F ~ x t t ~ r c  a r c  small qpring-loaded pstlht.~ t11,lt 
touch the trr~ckq anrl ct>nipr,ncnt leads o n  ;I hcr:lrd during ;I test. 

The n:lils are tmountcd in sockcts prcjperl! 1ocatt.d on the fisturc 
so  that each n.~il lines u p  with a circuit  node on  the busrd. 
Connections to the tester are  made by wiring thc other cnd  of the 
st~ckets ta cnnnectors that plug into  t h e  sy5tern. 

This ph!rsic;ll interfar-c hc-twccn thc tcster ~ n c l  t h e  fistlire is called 
t h c  receiver. 

1 H Trchn1rlut.s For In-Circuit test in^ 



Each custom-built bed-of-nails fixture typically has hundreds of 
test naiIs properly positioned to came in contact wit11 the solder 
pads and tracks on  the bottom side of the pc hoard. 

Prior to testing, the board is placed component-side u p  o n  the 
fixture and a vacuum is activated, pulling the board down ontu 
the test nails. 

The 
PC t 

n tester now has direct contact with everv circuit node on the 
)oard. 

PC BOARD 

BEPOF-NAILS k&\ 

TEST FIXTURE 
VACUUM PORT 

;jrotr: C/~n/?ter 4 dc.c~-ri/~o r b n i ~ ~  f/)r.re ber / -o~m~i / r j i v t  ~ { r c  t (7rc rtim/r. 



To prevent possible confusion later on, let's digress a moment and 
define (nail down?) some of the terms associated with the inter- 
face between the tester and the test fixture. 

NAIL (or TEST NAIL) 
Refers to the spring-loaded probes in the  test fixture, 
which come in contact with the pc board under test. 

NODE A circuit point (or track) on the pc board itself. 

PIN When the tester is being referred to, the term (test) pins 
signifies the test points or test connections available for 
testing a board. For example, a tester may be said to 
have a total of  640 test pins. 

When a component is being referred to, the term 
(component) pins signifies the leads attached to that 
component, for example, pin 4 of 1 6 3  5 .  

LEAD Usually refers to the connection attached to a circuit 
component ( e . ~ . .  a capacitor has 2 Ieads, an IC has 16 
leads, etc). 

COMPONENT PINS 

\ 

NAILS 

v TEST PINS 
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Remember, the whole purpose of the bed-of-nails fixture is to 
connect the  system test instruments to the c i rcu i t  nodes. 

Since all testing i s  either analog or digital, every test nail in most 
of GenRad's in-circuit testers can be connected to either the 
analog or digital test instruments, as directed by the test program. 
Because of this dual capability, these nails are referred to as 
hybrid nails. The obvious advantage of hybrid nails is that either 
analog o r  digital testing (or both) can be performed at any circuit 
node on the board, as the test propram dictates. 

HYBRID 
TEST 

7 

lNSfRUMENf S INSTRUMENTS 
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i\nrilog test instrurncnts 

Let's start bv taking a look at what analog test ~nstruments  are 
used by the  tester, and a t  how these instruments are routed to the 
circuit nodes on  the board. 

To perform analog testing. the tester uses the following 
instruments: 

DC Current Source 
DC Voltage Source 
DC Voltmeter 
DC Ammeter (Current fileter) 
AC Impedance hleasurement Alnciule 

Now, the question is, how can the tcstcr connect a n y  one  of these 
instruments to  any one  of hundreds of' circuit node.; on the hoard? 

ANALOG TEST INSTRUMENTS 

Tt.5 all clone under con~pu te r  control ancl dirccrcci 171. .I rc\r 
p roq ran i  uniquely developed by t l ~ c  tc..;tt41 t o r  rli.1t l ~ ) , ~ t d .  



The actual connections between test instruments and rest nails are 
made b!~ program-controllable relays. i.e., switches that can be 
opened or closed by program instructions. These relays route both 
the test instruments and the test nails t o  a cnmmon set of 4 lines 
(or channels) called an instrument bus. 

The  4 ins~rument  bus channels are identified by the letters A, B, 
C, and 0. 

TEST NAILS 

CHANNELS 

RELAYS 

B INSTRUMENT 
C BUS 

ANALOG 
TEST 

INSTRUMENTS 
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There are 2 sets of relays. One set, called the SCANNER, connects 
any t e ~ t  nail to anv of the 4 instrument bus channels (A, B, C,  D). 

RELAYS SCANNER 

The other set of relays, cal1r.d the instrument multiplexer or 
MUX, connects these same 4 channels to m y  nun/% it?ttrrit?lei~t. 

E n  ItJSTsRWfENT 
C 
D 

I I I I  I 
RELAYS INSTRUMENT 

ANALOG TEST INSTRUMENTS _I 
So, by controlling both the MUX and the SCANNER relays, the 
program can r o u t e  any analog instrument through thc i n s t rumen t  
bus tn any test nail. 

Mrrl/$ltw+n,p r'r a sUnjr qf rhnvin.y e.r;hc.n ri7l.c tut irr~trrmrs~zts ~ m r r , r ~  mtzw jJ rest 
pin.r, rnnkinp co.d ffff~ctr t l e  f r1stir/~ po.rriblr. Ax I I I F ' ~ !  SPI, / t ~ t r r ~  m1d/fipkb~in~ i s  
RJICJ tm-d to rntmect the d(~it12l tr.rt L-frrriitry to the t r ~ t  nni/.r. 
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The followinf: example will illustrate how the system-developvd 
test program controls the MUX and SCANNER relays. 

The program statement 

SET MUS AT (CHA=h: CI-II3=8): 

closes the  relavs connecting pin 6 of the analog instrument unit to  
channel A and pin 8 of that unit to  channel B. As shown in thc 
diagram below, pin 6 of  the analog instrument unit is the  
dc voltage source and pin 8 is the dc current meter. 

I LNLL(Xi TEST INSTRUMENTS I 

Similarly. the statement 

SET SCAN AT (CHA-18: CHB-49); 

closes the relays connecting that same MUX channel A to test nail 
I R and channel R to test nail 43. 

Techniques for In-Circuit Testing 2 5  



Analog teqt example 

To continue the example one 5tt.p further,  let's say that  zhe pc 
board has a resistor connectec! between nails 1K and 4 9 .  And you 
want to npplv 0.2 V across the seqistot, rneaqure the resulting 
currcnt  and store the value  in a nlernory 1oc:ltion (vilriahlc) called 
1 RESULT'. 

The f k l l o ~ i n ~ ~  instruction sequence wnuld get the  job done. a n d  
the  diagram shows how. 

SET MUX AT (CHA=6: CHR=R): 
SET SCAN AT (CHA=I H: CHR=49); 
SET DCS V-0.2: 
MEAS DCT INTO IRESU1,T: 

SET SCAN AT (CHA. 18:  cH0-,49): 1 I 
4. 

SCANNER 

I 1 

3 E T D C S V > O . 2 : ,  , 
+0.2V 

INSTRUMENTS OCI 

MEAS DCI INTO IRESUL*: 



Yes, provided that  thesc instrumenls conform to :a specificnt id>n 
unlled TEEE-488, which defines a special digital interface for 
programmable instr~iments.  

A11 of GenKaci's in-circuit testers have an clptional IEEE contraller  
and multiplexer. Tn the 2275 tester. this IEEE opriotl i s  conliiinerl 
nn it single pc bonrd. 

Under test procram control. the hZUS u.tn connect external IEEE 
devices to the same i n ~ t s u r n e n t  bus i l q  the  standard analog 
instruments, and the  uontroIEer can  hilndlc the  settjnc-up iinrl 
operation of these instruments.  

- 1 
INSTRUMENT BUS I 

TEST PROGRAM 
ENSTRUCTIONS 

'rechntcli~rc l o r  In-Circuit Tcstlng 1: 



Now, laow a b o u t  the d i ~ i t a l  test ins t ruments?  

First, consider some of the typical features of digital components. 

Digital components deal with only 2 voltage IeveIs: a LOW 
(ZERO) level and a HIGH (ONE) level. For example, 

+SV HIGH 

LOW 1 (ONE) 

OV (ZERO) 

The test program can define these 2 Iogic levels before digital 
testing begins and then simplv refer to the 2 levels as HIGHS 
and LOWS throughout the digital test program. 

a Digital ICs {Integrated Circuits) have many more pins than 
typical analog components such as resistors, capacitors, 
transistors, etc. 

ANALOG COMPONENTS DIGITAL 1C 

I t  would be inefficient for the tester to keep switching analog 
source and measurement instruments from one PC pin to 
another during a test. 

So, the tester has a set of digital drivers that it  uses to drive the IC 
inputs to desired states and a set of digital sensors to check the 
logic levels at the IC outputs. 

2 8  Techniques fur In-Circuit Testinpl 



These drivers and sefisors (D/S, for short) always exist in pairs, so 
that the output of a driver and the input to a sensor are always 
tied together. 

SENSOR 

Drivers and sensors, hawever, are separatelv ctrntrolIable by the 
program. 

Therefore, when a D;S pair is used to force a logic input to an  IC, 
the driver portian is enabled (connected) and its output  forced to 
a specified state. At the same t i m e ,  the sensor portion either can 
be enabled to sense that driver clutput or can be instructed to 
ignore i t  

Similarly, if  the DJS pair is used to check a logic output  from an 
IC, the driver is discannected and the sensor is enabled. 

Keywords, such as 

TC - (Input Connect) 
ID - (Input Disconnect) 
OS- (Output  Sense) 
0 1  - (Output  Ignore) 

are used rn the  test language statements to control the drsvrri 
sensors (as shown on the next page). 
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Programming the driver/sensors 

To illustrate how the dri\rer/scnsors arc controlled hy thc proyrarn. 
let's look a t  a sinlple esaniplc. 

In the NAND gate sho\vn below, suly~osc you wanted to apply a 
HIGI-I level to  both inputs ivIiilc checking the output f o r  ;I I.O\V 
1evt.l. Sou  would i ~ s c  the following statements: 

IC(31, 3 5 )  Inpu t  Connect - enable.; (connects) the clrivcbr portion 
(7f the D/S ;i.ssoci:itcci with test nails 1 and 7 5 .  

H ( 1  3 )  Input  High - forces a HIGH lelrel o u t  o f  these 2 
drivers nnd in to  t h e  NAND Cllte. 

OS(68) Output Sense - rnables the sensor portion of the  
D/S crjnnr-cted t o  nail 68. 

OL(G8) Output Low - causus that  sensor to check f o r  a low 
crutpiit from the NAND gate.  

10 l'cchn:quc.; lor In-Circu~t l ; .st~n!:  



To be practical, d i ~ i t a l  tests must. he conducted at n much higher 
speed than the svsrern's computer (Central Processing Unit) can 
handle. 

'Therefore, befnre a digital IC is tested, t he  Central Prrrcess~ng 
Unit (CPU) loads a series of test patterns from the test prngrnm 
into a bank of memory cells attached to the driver/sensors (DIS). 
Each DIS has i ts  nwn memory bank. 

To start a test, the system CPU enables a special high-speed 
conrro1lt.r. which handles the  transferring of these test patterns t o  
the drivers and the storins of sensor results i n t o  the 
D/S memories. 

This high-speed diaital test procedure, illusrrated below. i s  called 
a test BURST. 

After the burst i s  complete t he  CPU transfers the results from the 
D/S memories back to the main metnor!. for analvsis. 

LOAD TEST PATTERNS 
tHTO DIS MEMORIES 

SYSTEM 
MEMORY 

STARTTHE @ 
TEST BURST 

TRANSFER TEST 
PAITERNS TO ORlVEAS 

SAVE SENSOR RESULTS 
It4 D/S MEMORIES u 

D/S  
MEMORY 

I 

TEST 
NAILS 



One more t h i n g  iahor~t t he  clr i~*er/sencor< 

Testing large pc boards that have mang digital ICs requires a test 
fixture with many digital test nails. 

Luckily, not all of these nails are used at the same time. (All of 
them contact the board at the same time, of course, but  the tester 
uses only a few of them during each test.) 

In fact, during each test (or burst), the system uses onIy those 
nails in contact with the IC being tested. 

So, for economical reasons, each test nail does not usually have its 
own dedicated driver/sensor, but shares a few driverlsensors with 
a group of other nails. This technique is called driver/sensor 
mu1 tiplexing. 

Tn the 2271 and 2275, 16 nails share 4 driver/sensors. 
In the 2272 (shown below), 16 nails share 2 driver/sensors. 

1 
16 NAILS 

)1  
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Now that we've seen how the test instruments can acceqs everv 
circuit point on a board, let's see  how the tester uses these 
instruments to isolate and test each component. 

Isolation techniques used by the in-circuit tester differ depending 
n whether the component being tested is an i~nalog device 
?esistor, capacitor. clio~lc, etc) or digit:~l devicc (gate, flip-flop, 
us driver, etc).  

Ve'll start bv looking ar the  isolntio~r of'analoy components. 

Tcchniquc5 t o r  In-Circuit test in^ 1 : 



Isolat ing a n d  tes t ing  ana log  c o m p o n e n t s  

Suppose you wanted to  test an analog component, such as a 
resistor. that is not connected in a circuit. 

You could apply a known voltage across that resistor, measure the 
resulting current, and calculate resistance by using Ohm's Law: 
R=V/I. 

For example, if the  applied voltage were 1.0 V and the measured 
current were 1.0 mA, the  calculated resistor value would be 

SOURCE 
AMMETER 

- - 
(APPLY VOLTAGE) (MEASURE CURRENT) 

Rx = l ' / I  = 1 .O / 0.001 = 1000 ohms 

This is called n 2-terminal measurement. 



Now. what happens when t h a t  same rcsisror i s  
connected in a c i r c u i t  

There would very likely be some shunt paths around the  resistor 
(Rx), which would divert some of that resistor current from 
flowing into the ammeter. (Resisrors R 1 ,  R2, R3 and Rq represent 
these shunt paths.) 

SOURCE MEASURE 

R 2  

+ 
- V -\ ', / 

Instead of flowing directly to ground through the ammeter,  the 
total current through R, woutd now split u p  and flnw through RA 
and Rq as well as through the ammeter. 

Depending on the resistance values of these shunt  paths. the 
ammeter reading could be affected significantly and, therefore, 
the calculated value of Rx could be significantly in error. 



Hnn* can tve "gtxar8" aen i nst  t!lcw unn?zn ted 
shun t  currents? 

By using a technique known as 
guarding, which is the key to 
analog in-circuit testing. Guard- 
ing stops. o r  at least reduces 
significantly, the current flow 
through the shunt paths con- 
nected to the measure node. 

Guarding is accomplished by: 

1. Temporarily connecting all shunt paths around the 
component-under-test to ground (the guard voltage), and 

BECOMES 
EQUIVALENT TO 

2. Using an  operational amplifier (op amp) in the ammeter circuit. 

OPERATIONAL 
RF AMPLIFIER 

"ow 

A M M I T E A  
CIRCUIT 

J- 

This is called a 7-terminal measurement. 
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T-Tnnr doec this help;  

First, let's consider a very important feature of the o p  amp circuit. 

Because of the feedback resistor (RF), the - input t o  the 
amplifier is forced to be verv nearly equal t c ~  the + input. 
Since the + input is tied t o  ground, the - input is also very close 
t o  ground (virtual ground). 

Now back to  the guard circuit shown on  the previous paEe. 

In the  ideal case: 

The measure node is a t  D V (virtual ground) d u e  to the op amp. 
and the guard node i s  also a t  0 V because it is connected to 
ground by the tester. 

Since there's n o  voltage across the measure and guard nodes, 
there's no  current flow, right? 

Voila! We've temporarily disabled these shunt paths and effec- 
tively isolated RX from the rest of the circuit. All t h e  current 
through Rx now flows into the ammeter circuit. 

~ O U T  
AMMETER 

The  tester knows the value of the feedback resistor (RF) and can 
measure the op amp  voltage V0v.1.. Therefore. deterrninln~: the 
current flow into the ammeter circuit itnd calculating Rx is a snap. 
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Eu t. ist7.t there still a ctirl-r-nt flnw f r o ~ n  the source 
node to grounrF? 

Yes, there could be. 

But, if we ignore such things as cable resistance and switch 
contact resistilnce, this current has no efkcrt o n  the measurement. 
After all, a known voltage is still being applied acrosq Rx and the 
ammeter is measuring the resulting current. 

Tn the real-world, however, such munclane things ;IS contact resist- 
ance cannot always be ignored and can have an effect on the 
rneasu rement. 

Remember, in the guard circuit just described, w c  assunled that 
the guard terminal was at  0 V bec;~use it  was tier! directl!. to  
grouncl. In reality. however, the  guard terminal is connected to 
 round through relay contacts in the instrument rnult iplcx~r and 
scanner. Similarly, the source and measure termin- ,I 1 s arc 
connected to the pc board through rel;iy cnntacts. 

1NDlCATES MUX 1L SCANNER 
CONTACT RESISTANCE 

R r - - - - - - -  - -  

A ?A L _  --- - - - -  d 
INSTRUMENT BUS 

8 

- - - - - - -  L - - - - - -  - - -1 
C * Ulk 

L -  2 

D 



Consider, 

Any current from thy sourct. node to  ground flows through this 
contnct resistance. 

Current through this resistance c:luscs :I voltage drop, right! So 
the guard node is  not  really at 0 17. 

This means that there iq a volragc d i f f rence  between the mensurc 
node and guard node. and some of the shunt current that we tried 
to  gu;lrd against is still tr~ckling thrau,ch. 

Rs, RG. RM= CONTACT RESISTANCE AT 
SOURCE, GUARD. MEASURE NODES 
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Oh,  no! 

Take heart. All is not lost. 

Ry using a fourth terminal (in addition t o  the source, nleasure and 
giiilrd terminals), this source of error can be grcatlv reduced. 

Rather than connecting the ammeter ref'crcnce (the + input rjt'thr 
op amp) directly to ground, this fourth terminal connects that  
reference closer to  the actual guard nodes r)n t h e  board. 

With this set-up, anv error voltage developed across contact 
resistance R G ~  now appears at both the guard and measurc nod(.%. 
This reduces the voltage difference hc-wren these a nt~dus ilnd 
t hus  reduces that bothersome shunt current a t  t hy  ~neasurt* n t ~ d c .  

R x 

INSTRUMENT 

B 

C 

D 

1 ANALOG INSTRUMENTS I 
EQUIVALENT 

TO 

N0tr.r: 
I .  8inr.f nm 1-11 /,tarvt~//70ri:r h t o  

t/lc up u??7/t, ) / I /  Po//<yr i t  

~ / t b r l c , / o p t d  u6.rnr.r ~anfarl 
n,si~-tc~rn r. R 

2. E.li-rp& l/l/)fV? rn (~k i? t~  /Of l~-  

rcriiionn, nrrnrrrremr~n!.c. I/#(. 

This is called a 4-terminal measurement. 

So Techniques for In-Circuit Testin8 



Ignores the effects of 
surrounding components. t 9 

ANALOG INSTRUMENTS 

Takes components, into account surrounding tl 
resistance in MUX and scanner. 

I ANALOG INSTRUMENTS I 

I ANALOG INSTRUMENTS I 

Takes into account both the 0'sRG2& 0 f RM 

surrounding components and 
contact resistance in MUS and I 
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1x1's star[ bv reviewing how you rv{~uld test a dig~tal cornprlncnt 
not tr)nnectecl in a circuit. 

To keep it simplc, let's take 
the single NAND pJte we used 
it1 a prctriotu exainplc.. 

Tu test  this gate completely: 
V,, GNQ 

First, ~ O L I  would apply power((.lud ground)  t * )  the rC, rn m a k c  
t l ~ c  circ~iitry within t h e  chip operational. 

Then ,  vr3u nwuId apply all possible combinations uf'logic inputs 
(highs ancl lows) to the IG while checking the  output f o r  the 
proper logic levels. 

This NAND gate has 4 possible con~binrttions of inputs and, of 
course. a known output for  each set of inputs. 

Input Pins Output Pin 

I,OW t o w  H j ~ h  -e-' High Hi+ 1,ow High 14 ixh 
H i ~ h  Hi-ch Low 
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For one  thing, since puwcr must be rlpplied to t l ~ c  IC. circuit 
Interconnecttons nn the board will cauTe that power (and ground) 
to be applied to the rest of the 1Cs on thc board. as well. 

Therefore, when the tester tries to :apply a lop,ic level I (> thc IC 
input, it may find that  the IC input p in  1s be in^ held in thc 
opposite s ta tc  b y  the output  c ~ f  another  1C. 

For example, i t  may want t ~ 1  apply a h i ~ h  input to a pin that's 
being l ~ e l d  low by another IC nurpklt. 

The dicitnl drivers i n  t l ir tester h;~ndl t .  t h i s ;  prol-rlern hy rnr,nicj11- 
tarily frlrcins the 1C input to the cicsirc-cf state. rcyarrlless of w11,it 
-;tate i t  i.; hcing held In hy another IC. 

This trc-hniquc of' n l o r t ~ c n t . ~ r i l v  rlvr-rrrding an  FC o ~ l t p l ~ t  i\ catlrrl 
hackd r i l  ing. 



Consider the typical output stage of an TC, such as the TTL gate 
shown below. Note: TTI. [ T r ~ ~ s i ~ t o r -  Truasistor-Logic) rtgFers t o  the type 
uf circiiit arcbifectrr re rued in the desiqn 4th <lte, 

VGC "ce 

HIGH 
OUTPUT 

("cd 
QS [OFR 

L r 
A lour output occurs when transistor Ql is conducting (is on) and 
4 2  is off. To override this condition temporarily and develop a 
high output (say, ahout 3.5 V), the tester forces a current pulse nf 
up to 30U mA hack through Q1. This current flow in^ t h r o u ~ h  the 
emitter-to-collectc~a resistance of the transistor develops the high 
ourput. 

Similarly, il hI ,h  output exists 
when 4 2  is condiacting and Q1 
i s  off. If  the tester wants to Force 
the output low, i t  applies a low 
level to tha output and sinks the 
resulting current flow in^ 
through 4 2 .  

Remember, the purpose crS 
hackclriving is to force 3 desired 
logic input t o  the 1C-undrr-test, 
regnrdless of what anv other IC 
outputs miyht be doing. 
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Not if  the current is applied for only a very short time. 

Since digital tests are conducted at high speeds, normally, the test 
cutrent pulse is much less than 100 ms wide (rypically 5-10rs) 
and, therefore, causes no problem. 

If for any reason, however, a driver remains on and connected to 
the circuit for IOO ms or more, a sense circuit in the driver auto- 
matically reduces the current to around 40 mA, to protect both 
the IC and the tester electronics. 

DRIVER 
OUT PUT 
CURRENT 
ImA) 

STAT1 C 
LEVEL 

1 * 
60 100 209 TIME (mS) 



Before anv di,qit:il tesring begins, t h e  program first: 

Applies power and ground tu the hn:~rd. 
Defines the liigl~ and law logic levels. 
Tells the system what nails will hc t istd during the test. 

After this is done, test bursts can be exccutcd to 1e5t each IC o n  
the board. 

For the single NAND pate we've chosen ns ;In esample,  the 
following test burst statements will check the operation o f  thot  
Rate for all 4 combinations of inputs. 

IC(3 1 ,  82)  connects rh r  drivers to n;~i l s  31 e n d  82 .  
OS(99) endbIes t h e  s t n w r  on nail 9'1. 
I f3  or  I L  drive she specified nails h izh  (1M) or 1mv (11.). 
OH or 01. indicate thc- expectecl high ((IN) clr  lo\^ (01.) st,ttc . r t f  

rhe specifird output nailr. 

Drive Sencc 
Statement Input Pin5 Output Pin 

3 I 82 99 

IC{ % 1 ,  8 2 )  l!4( 3 1 821 OS(99) nI. [W). F1 I I 
1[.(82) c ) I  l ( w ) ;  1 I I. I I  t i  
l l . (  3 1 )  11ffS2)* 1. PI 1 I 
IL(S2): 1. I I I 

BACKDRIVE TO STATES: 
HI 
HI 

1 

IC-UNDER-TEST 

HI 

BACKORIVE TO STATES' - 
I 1 I 

I ] DIGITAL lNSTRUMEHTS I 1 

FOR STATES: 



Not quite. 

Backdriving is cert;lrinlv the key to digital testing hut. as you might 
expect. other problems can arise. For instance, consitlcr what can 
happen when testing a n  1C that's part of a feedback loop. 

Let's sav that t he  f ip-flop shown below is initially cleared and is 
set-up tn toggle to the npposite statr whenever a htgh-going pulse 
is applied to its clock (C1,K) input. 

HIGH 

LOW I 

Part of the  test on the flip-flop wouTd be to pulse the CLK input 
and make sure that the flip-flop output c h a n ~ e s  state. 

However, when this happens, the  following unwanted action also 
takes place: 

1 .  The sudden c h a n ~ e  in the flip-flap output  (high-to-low) 
in~rnediately reeds back to the CLK line, driving it Inw. 

2 .  After a short tlme, the driver connected to  the CLK ! ~ n e  
recovers and drives that nvde hack high (where it's ~ p p o s e d  
to be). 

CCK 
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The problem is the momentary ~ I i t c h  that appears on the CLK 
line while the driver is recovering. That glitch (depending on how 
b i ~  i t  is) might toggle the flip-flop back to the state it was in 
before the test. 

If this happens, the tester will assume that the flip-flop did not 
toggle and, therefore, failed the test. 

To prevent these glitches from becoming a problem, the tester 
analyzes the surrounding circuitry and tries to inhibit all devices in 
the feedback Poop which may interfere with the test. 

H 
(DISABLE) 

LOW L CLR 
Si 3- -> CLK 

H-~ Q- 

CLK 

To profect against unwanted ~li tches  during a test, GcnRad's in- 
circuit testers disable all 3-state devices hv placing them in their 
high-impedance state and inhibit  all other devicer; (except the 
IC-under-test) by forcing their input pins to a state t h a t  effectively 
inhibits their operation. The output  of a 3-stare device has an out- 
put that can be h i ~ h ,  ?ow or in a hi~h-impedance state. 
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Another special situation arises when testing bused devices, i.u., 
several devices all tied to a common bus. 

BUS 

Refore testing ench individual device o n  t he  bus, the  tc5tr.r first 
clisables them a11, then connects the hus to a pull-up and then a 
pull-down resistor to make  sure that the bus is not s t ~ ~ c k  in one  
state (either high or low). 

BUS 

I 
IC 1C IC 

(DISABLED) {DISABLED) (DISABLED) 

DISABLE DISABLE 
SlGNAL SIGNAL 

I $ PULL-UP 
RESISTOR 

PULL-DOWN 
RESISTOR 

-V 

If this pull-up/pull-down test ia successfuI. the tr-~tcr thcn checks 
e:ich clevict i n c l i ~ i d u a l l ~  to ree i f  each one c,ln cantrtbl the state ot 
the bus.  
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What  happens i f  a bus is stuck in  one s ta te?  

Good question. How can you tell which innocent-looking device 
refuses to be disabled? The  device outputs are all tied together, so 
any one  of them could be forcing the bus to this error state. 

BUS 

(DISABLED) 9 
DISABLE 
SIGNAL 

(STILL 
ENABLED) c 

I DISABLE 1 SIGNAL 

IC I (DISABLED) 1 

GenRad uses something called a BUSRUST" technique t o  find 
the bad bus device. The  procedure goes something like this: 

1. With all devices still "disabled," the tester measures the 
current a t  the  failing bus node. 

2 .  Then, i t  turns on  one  device at a time and applies logic inputs 
t o  that device to try to  drive the bus nodc in the direction of' 
.the failure. For example, if the node is stuck low, the logic 
inputs to the device will cause its output  to gn low. 

/ AMMETER 9 
-L 

. The  tester again measures the current a t  the nodc. 

4. If the current changes significantly, the device is deemed O K .  
However, if the current remains cssenti:~lly the same ;as when 
the device was "disabled." then the IC is assun~ed to  he bad. 

Now. let's go  on  to the next chapter and see what a n  in-circuit 
tester I C ~ O ~ S  like. 

50 Techniques f o r  In-Circuit Tc-st in^ 



Chapter 3 

A 
Look 
at an 

In-Circuit 
Tester 



Shown below is the 2275 Board Test Workstation, along with 
major components found in that tester. 

- 
DISPLAY 

STARTICONTINUE 
SWITCH 

"- DRIVE 

TEST FIXTURE 

111 WINCHESTER 

111 DISK DRIVE 

This section describes the major hardware and software 
components used by test operators and programmers when 
operating the testers. 

,,'s start by looking at the hardware components. 
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What hardware components does a test operator use? 

The operator who uses the system solely for testing boards would 
typically use the following system components on a regular basis: 

Video Display 

Keypad Controls 

* Message Printer 

Disk Units 

Fixtures 

Probe 
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T h e  video tlisplay 

The displav looks like a small 
TV set  mounted above the work 
surface (where it's ou t  of the 
way, bu t  easy t o  see). It's adjust- 
able for your viewins comfort. 

The programmer, of course, uses the display for preparing test 
programs and selecting various system options. These functions 
are described later in this chapter. 

The display screen can also prompt the operator t o  d o  certain 
things during board testing. For example, it can guide the  operator 
in probing the board whenever an IC failure is  detected. The 
results of the probing are shown graphically on the screen. 
(More about this SCRATCHPROBING" technique later in 
this chapter.) 
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The keypad con trolq 

The keypad controls are specifically designed for the test 
operator. I t  has all the control keys that an operator needs for 
production testing, but few keys fox accessing the system. 

I- - - - -  

- . . . . - - , . - . - - - - - . - . . . . . . - 

keypad is a small calculator-size 
keyboard. 

2271, 227 2 
KEYPAD 

O n  a 2275 system, most keypad 
controls and indicators are built 1 - 2  
i n to  the front control panel. The 
STARTICONTINUE button, 
however, is kept portable, for 

I 

conven iencc. 
I 

I 

2275 ? 2 7 5  
STARTSWITCHES CONTROL 

PANEL 

W h e n  the opcrator presses the LOAD PROGRAM key, the 
system reads 3 pre-wired identification rode from the test fixture, 
then locates and loads the corresponding test program into 
memorv. 

When the operator presses the START/CONTINUE button, the 
system starts (or resumes) testing. 

The number keys (0-9) and the YES/NO keys can be used for 
selecting programmed test options and are not typically used by 
the  operator un3ess the operator is  prompted by the test program. 



After a board has been tested. the tester prints appropriate test 
results, fault messages, and repair instrt~ctions for that board on a 
message printer. The user can then artach these messages to the 
hoard so that a record o f  the test results will accornpan!r the board 
to the repair station. 

The 2271  and 2272 systems use 
the strip printer shnu~n  here, in j, 
which messages a r e  printed on I 

narrow, 4.75-inch (1  2 rm)  wide 
strips of aluminized paper. 

STRIP PRINTER 

The 2275 testes can use either 
the strip printer or a combina- , 
tion printer that can print 
program listings and reports. as 
well ns operator messaEes, on  
plain 8 '  inch ( 2  1.6 cm) 
wide p:iper. . . - -  - -  .- - .  

-- - - .  - . -  

COMEINATION PRINTER 



All the system software is stored on magnetic disks. Magnetic 
disks are ideally suited for bulk storage of information, since each 
disk is capable of storing l a r ~ e  amounts of data. 

GenRad testers use 3 different t y p e s  of disk units (in various 
combinations): hard disk, Winchester, and floppy disk. 

The hard disk units use both 
fixed and removable disk car- -. 
tridges as t he  storage medium. 
The disk drive used by the 2271 
and 227 2 systems can store up 
to 56 million bytes (56 
megabytes) of data. - - , I d  

227?/2272 1 
, 

-- 

HARD DtSK UNIT 

The Winchester unit is essen- 
tially a high-speed sealed disk 
unit, with non removable disk. 
The 2275 can have up to two 
21-megabyte or 5 5-megabyte 
Winchester units. 

2275 
WINCHESTER 

The floppy disk units have a 
storage medium that resembles 
small 45-RPM records in their 
record jackets. Each floppy disk 
(or diskette) is easy to use and is 
highly portable. Floppy disk 
units used in GenRad testers 
can store up  to 1 megabyte of 
data. 

7 7- /,, 2275 
(SINGLE FLOPPY) 

- - - d -.  . -  
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The 2271 and 2272 systems use: 

a hard disk unit with both 
fixvd and removable disk 
cartridges. The fixed disk 
contains the system software. 
The removable disk stores 
the user-created files and can 
also be used for reloading 
system software onto  the 
fixed disk, running main- 
tenance procedures, etc. 

a Roppv disk unit o n  at  least 
one system per installation 
for updating software on  the 
hard disk. 

FIXED DlSK 
(SYSTEM 

, SOFrwARE) 

. & ,  REMOVABLE 
r-" l DlSK 

+ (USER FILE) -,' 

- 
c - -  - - r - 

/ FLOPPY DlSK - / (SOFTWARE 
UPDATES) 

The 2275 system uses: 

a Winchester drive for 
storing the system software, 
test programs, user files. etc. 

\ 

* a floppy disk unit for long- 
term, portable storage of 
programs and other files. 

=-' v 
- -- 

- L - .  
- 

G - -  - FLOPPY OISK 
(USER FILES) 

When the  spstem is initialized. for example. when power is turned 
on, the tester automatically loads ("boots") the operating svstem 
software from disk to the internal memory of the computes. 
Then, during program preparation and execution, additional files 
are transferred between the specified disk and memory. as needed. 
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The  bed-of-nails f is ture  

As you've already seen, a vacuum-driven bed-OF-nails fixture is 
used to connect the pc board to the tester. Shown on this page are 
the single-board fixtures available for GenRad's in-circuit testers. 

2271 - Two fixtures available: 1 

I 

M a x  hoard size - I, 
I ?  1n.Y 17 i n . ( J c m x 4 3 c m )  
17 i n . x21  En.(43cnlX 5 3 c m )  

2272 - Thrre Fixtures available: 

M a x  hnnrd size - 
I2  in.  A 26 in. (30 cm X 66 cm) 
2 6 i n .  A 16 in . (66cmx41 cm) 
26 in.  x 26 in. (66 cm X 6G cm) 

2275 - Two fixtures available: 

hlax ho;lrd size - 
12 i n . Y  I 8  in . (30cmX46cnl)  
2 0  in. X 22 in. ( 5 1  crn X 56 cm) 

Converters arc also nv;lilahle which allow fixturos from one tester 
tn be used on another type of tester. For example, with the 
proper converter. a 2271 fixture can be used o n  a 2275 tester. 



Dual test fisturec 

Dual fixtures can be used t o  speed-up testing in a high-volume 
test environment. 

These dual fixtures have 2 separate beds-of-nails and 2 separate 
sets of controls. \Vhile one  board is being tested on  one  fixture, 
ano t l~e r  board can be loaded on  the other fixture in preparation 
for its test. 

As in the  single-board fixture, various sizes of dual fixtures are 
avaiIab1c. 

The 2271 dual fixture can accommodate 2 pc I>oilrds up 
to 9.5 in. X 17 in. (24 crn x 43 crn) each. 

The: 2272 dual fixture can accommodate 2 boards 
I6 in. X 1 l in. (41 c n ~  X 28 crn). 

The 2275 has 2 dual fixtures available: one  for 2 boards 
1 2  in. x 8 in. (30  cm X 2 0  cm), the other for 2 boards 
20 in. X 10 in. (5 1 crn X 2 5  cm). 



The probe 

Connected to the front panel of the tester is a test probe 
controlled by a switch labeled ANALOG/DIGITAL. 

When the switch Is In the ANALOG 
position, the probe Is connected to the 
analog Instrument bus in the tester. 

ANALOG 
INSTRUMENTS 

OlGlTAL 
DRIVERISEHSORS 

I 
(Front I When the swlteh is in tha DIGITAL posl- 
Panel) I tion, the probe Is connected to a driver/ 

I sensor dedicated to that probe, that is. 
PROBE one that is not shared by other nails. 

'& PROBE 

The probe, therefore, can be thought of as a movable test nail 
that the tester uses mainly for checking continuity. An example is 
shown on  the following page. 
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GenRad's Scratchprobins technique 

A particularly useful application of the probe is GenRad's 
Scratchprobink technique. 

When the system detects a failure in an integrated circuit (IC), it 
doesn't really know if the TC itself has failed or if an open track on  
the board or a fauTty test nail is the real cause of the problem. 

So, the system prompts the operator to check the IC pins by 
taking the probe and quickly drawing i t  against the legs of the IC, 
in any direction. 

An outline of the IC 
and its pins appears on  
the screen. 

As a result. the operatot is quickly made aware of n bad connec- 
tion and the system automaticaIly diagnoses t he  true fault and 
prints it o u t  for the testirepair person. 
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What  l ~ a r d w a r e  components does a programmer use? 

During the test-preparation phase, the programmer needs greater 
access to the system than does the operator. The programmer also 
typically needs printed copies of programs and reports. 

Therefore, the programmer would use not only those items used 
by the test operator: 

Video Display 

Keypad Controls 

Message Printer 

* Disk Units 

Fixtures 

but  alsn the following xdditiontll components: 

Keyboard 

Line Printer (Optional) 

Background Terminal (Optional) 

Programming Stations (QptionaI) 



The  keyboard 

The keyboard is indispensable to the test programmer and svstem 
manager, since it provides the only means of accessing all the 
system software options. 

The typewriter-like keyboard has all the keys needed for pre- 
paring test programs, creating and editing files, selecting monitor 
options, etc. 

The keyboard is attached to  a flexible cable that plugs into a 
connector on the control panel. Some useful features result from 
this arranRement: 

You can move the keyboard around the work surface for your 
convenience. 

More important, perhaps, you can easily detach the keyboard 
from the system to prevent unauthoritecl or accidental access to 
the software files. 
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The l i n e  pr in ter  (aptioti3l) 

Although it's possible to use the strip printer for obtaining print- 
outs of programs and reports, the optional line printer or, in the 
case of the 2275, the combination printer is much better suited to 
that purpose. 

The line printer handles 
standard 14-inch (35 -6 cm) wide 
computer paper a i d  up 
to 1 32 characters (standard 10- 
point type) per line. Its main 
purpose is for listing programs, 
reports, and data files that 
require  ion^ lines of data. 
This printer is optional on the 
2271, 2272 and 2775 testers. 

LINE PRINTER 

The optional combination 
printer can print up to 80 
standard 10-point type charac- 
ters per line, on 8 %-inch 
(21.6 cm) wide paper. Larger 
characters can also be printed 
for headings or for highlighting 
portions of text. This printer is 
well-suited for short messaffes 
to the operator as well as longer COMBINATION PRINTER 

program listings, reports, etc. 
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The foregroundJbaskground option 

A separate background terminal (and supporting software) is 
available which lets 2 separate tasks be performed sirnuItaneous3y 
on the same test system: 

The test aperator uses the "foreground terminal," consisting 
of the video display and keypad, to test boards 

while at  the same time 

the programmer uses the separate background terminal 
(a DEC VTlOx) to prepare programs. 
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CentralJProgramrning Stations (optional) 

Off-line program preparation can also be performed on GenRadns 
optional 229x stations. These statEons and the various GenRad 
testers can c~mmunica te  with each other over a special net- 
working facility called GRnet" networking system. 

Shown below is GenRad's 2293 Central Station. 

68 A Look at an In-Circuit Tester 



,I ny other I-tardwaae? 

Other major hardware components in the tester include: 

The computer system that controls the whole operation of the 
tester. Tt cnnsists of a DEC LST-I 1 / 2 3  cnmputer with asso- 
ciated memory and inpur/ourput circuitry for handling a11 
peripheral devices such as keyboard, display, disk units, printer, 
etc. 

* The test instruments. Both analog source and measure cieviccs 
and the digital drive~/sensor system. 

* User power supplies. Several types of  power supplies (both 
fixed and proprammahle) are  available for app:yinc power to 
the board during digital testing. 

This hardware is packaged on printed-circuit boards and 
modules which plug into the various system cabinets (bays). 



Nonf, for the sof!n:are 

What makes the difference between a manual tester and an 
automatic tester? 

Why, the software, of course. (Ask any programmer.) 

The software consists of all the program instructians and da t :~  
used by the computer to control the operation of the test system. 

To perform all the tasks expected of it, the board tester require% a 
sophisticated softwarc system, made up  of many pro-crams, suh- 
programs and data files. 

On the following pages, we'll look a t  how this software is 
organized, what it does and how it is used. 
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OK. where d r ~  nfe s tar t?  

IVe'll start by looking st the  general organization of'the system 
software. 

SYSTEM 
lRSX 1 fM1 

OPERATIHE 

UTILITIES 

USER 
$" FILES 

CIRCUIT IDESCAIPTIONS 
TEST PAOGRhMS 
USER llF!RARIES 

I f 
TEST PAOGAAM 

EKECllTlON 

A t  the top-most level. con troll in^ the overall c)peration of the  
system is DEC's RSX-1 1 hl operating svstem. This program 
controIs all inpu t  and ou tpu t  operations,  assigns menrorv space tn 
programs and data and. in general, lets the computer get n t  the 
mativ programs and files in thc systern ~cjFtwarc. easily and 
quickly. 

While .I board is being te.;tr.d, the run-time system handles the 
operation of t h e  test instruments, under control  oT tl1.e test 
program. 

h / b  f h p  OPER ATIhrG S 1"s TEA? atd  R UN- T I M E  S 1 5 T E M  
i ) / ~ r r n t ~  b ~ h i ~ d  the riArnrr, / I ! I ~  rtto ct tt rer t ?Jla?trr x ~ t  dir~(.t/y i t ~ t w / ~ r d  rivth 
thew pro~mmr. 

The user, however. gvts vr ry  much involved with thc Tystem 
monitor. I t  is through t he  monitor that the user accesses and 
controls the  vntiour; proptams available in the test system. 
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So. tell me a b o u t  t he  moni tor .  

The monitor controls all o f  the Illany tasks or functions that  the 
tester can perform. Thesc tasks :Ire organized into operating 
modes and utility routines. For each mode :tnd utility rnutine.  the 
monitor clisplnys a menu-type page nf user-selectable opt i~ms.  
(We'll look at these monitor pages a little later.) 

To run a task. you would: 

Call up  the monitor options page for tha t  task 
Specifv the appropriate oprions 
Run the task 

Let's start bv looking at  the many software tasks t h a t  t h e  
monitor handles. 

AUTOMATIC 
TEST NAIL 

GENERATION CIRCUIT ASSIGNMENT 
(ATG) GENERATION 

(CKTGEN) 
MODIFY 

NETWORK 

1 RANSLATE 

PRINT 
GENRAD 227X 

MONITOR 

COPY / 
DE' 

lPERATlNG MODES 
8 UTILITIES l/.upDA'~ 

LOGGING 
& COLLECT 



Operating modes ;loci u t i l i t i ~ q  

It's beyond the scope of this docunlent to describe in detail all the 
operating modes and utilities in the system. But,  as an intraduc- 
tion, here's a brief description of most of them. They're grouped 
roughlv according to the general function that each one performs. 

PREPARING THE TEST FROGRAM 

CKTGEN - Generate5 rhc circuit dcccr~pricm Irt)nl compclnent.; 11st 
ATG - Generates the tcqt profii.rtn frtnln circuit rlyscr~pt!on 
ACl- - Calls (special) ana l~ *p ,  curnpc~ncnt\ Ilhr.\rv 
A*l+r. - Cdls an.tlng resr 1thr.irv 
DTI. - &lls dipltal tesr ljbrarv 

PREPARING THE TEST FIXTURE 

NAIL ASSIGNMENT - Ass~gn.; trst m i l <  In multtplcxrd D/S svctcm? 

TRANSLATING THE TEST PROGRAM 

TRANSLATE - Compiles test pmfiram intry machine rnde 
UPDATE - Hantlle~ changes r o  teys pruEr,lm 
MODIFY - Allowr rh~11 ,~c . s  to mnchjne-curlvd tesr proRr:inl 

RUNNING THE B T  PROGRAM 

DIAGNOSE - Runs the test proflam for debugging and resrlnE 

FILE MANACEMEKT 

COPY - Copies information from one file tn another 
PURGE - Removes old versions oC hilcs hrmrn disk 
DEI.ETE - Deletes files from d ~ q k  
PRINT - Outputs files to printer 

OTHER MODES A N D  UTILITIES 

BATCH - Runs svstem under conzrul of a batch f i le  
EDIT - Lets you create or revire files 
LCIG - Displays data collected d u r ~ n g  hoard testing 
NETWORK - Transiers files tn/frnrn rttrnntc cvstems using GRnet 
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Does t h e  test operator need to use the monitor? 

Yes, to some extent. 

The monitor has 2 levels of access: 

When the  system is being used for production testing onlv, the 
system manager (or authorized programmer) may set thc mon- 
itor to a LIMITED ACCESS level. 'I'his not only reduces the 
number of options that the operator must select before testing 
a board, bu t  it also prevents unauthorized access to  the soft- 
ware files during testing. Even with a keyboard, the test 
operator is not able to access files if the monitor is set  for 
limited access. 

The other monitor level is UNLTMTTED ACCESS which 
provides fuIl access to  all the user software. The svstem 
manager and programmers operate the system from this mon- 
itor level. 

The following discussion assumes that t he  monitor is in 
UNLIhllTED ACCESS mode and that the full keyboard is being 
used (ntlt just the keypad). 

UMLlMlTEQ ACCESS 

I LIIMITED ACCESS I 

I 
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I-Iow cdn 1 use t h e  rnnili tor! 

By filling in menu pages. 

Once the operating system gets loaded into the tester and the sys- 
tem initializes itself. a DIAGNOSE mode options page (or menu  
page) automatically appears on the  screen. 

~ A R O  r u  
PAGE NAME BOAR0 NAME DEVICE TAROIT SYSTEM 

INPUT FlLE 
SPECS 

COMMAND, 
PROMPT 

Rom~lrht>r, rurr?, ntonitur mndr hllr its very 
otrjtl f9fion.r /I{zIqi: sitni/m In t h i r  nnf. 

- OUTPUT 
FlLE SPECS 



How about an example showing how to use 
the  monitor? 

OK. 

Suppose you wanted to create a brand new data file, using one of 
the system editors. 

The first thing to do i s  to call up the EDIT mode options page. 

Simply type EDIT from the command prompt appearing as the 
bottom of the options page, and press RETURN. The EDIT mode 
options page will be displayed. 

I A Imok at an In-Circuit Tccrcr 



Then what? 

You'll notice that some of the options are of the fill-in-the-blank 
variety (NAME= . DEV= , INPUT= ), and some af the options 
are multiple choice (Mode IED2, TECO] ). 

To specify an option, first move the cursor to that position on the 
screen (using the keyboard keys); then either f i l l  in the blank or 
choose the  desired option in the list bv stepping the cursor to 
that option. 

In this example, suppose you want to use the TECO editor ( the 
system has 2 editors: TECO and ED2) to create a file, and you 
want to name t he  new file SC:BOARDI.CKT. 

ote: Files are specified as follows: 

SC: BOARD1 .CKT;l 

Nt~w. proceed as foIlows 



Moni to r  example 

Press, then type 

@@ 
BOARD 1 

(moves cursor to 
first option) 

- - 
SC: 

(specifies 
file name) 

RETURN d 
(moves cursor to 
next option) 

. (specifies device name) I* 
RETURN d 

SPACEBAR & (selects TEco 
option) 

RETURN d 
(-- ,,,, 

(selects CREATE 
NEW option) 

CUT 

(specifies file 
extens~on) 
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Monitor example (con t) 

After the last option has been specified, press RETURN to move 
the cursor t o  the command prompt (#). 

Then type RUN (or press the RUN key). 

The screen will clear and remain empty  (except for the 
cursor symbol). 

The tester is now ready for you to start creating the file. Simply 
use the keyboard to enter  the desired data. 

When you've finished with the file (and want to save it), simply 
exit TECO by pressing the ESC key followed by the  CTRI, and Z 
kcvs. 
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Can I get help filling o u t  t h e  moni tor  pages? 

Every monitor page has a HELP facility. To  obtain genera1 infor- 
mation on a particular monitor mode (or on the system in general), 
simply type HE1.P from the command prompt (f) a t  the bottom 
of that monitor page, or  press the HELP key on the keyboard. 

Pressing the spacebar will step the  display through a series of help 
pages. 

Pressing the  RETURN kev will return the display to the monitor 
options page. 

MONITOR PAGE 

Help information for a specific option c'tn be obtained either bv 
moving the cursor to that option and pressing the HELP key o r  by 
typinr HELP ;~ncl the opt~ctn n f r i l c  :'qtjnl the conlmand prompt. 



iYhat  about the  o ther  soft~r~are! 

Probably the most sophisticated piece of software in the whole 
system is the software that develops the test program. 

Even with the brief introduction to in-circuit testing presented 
here, you can appreciate the effort required to develop the test 
program for a large pc board. There are hundreds of nodes, com- 
ponents, tolerances, interconnections, test procedures, test limits, 
etc, to take into account. 

In GenRad testers. a software task called 

ATG - AUTOMATIC TEST GENERATTON 

forms this function automaticallp. 

COMPONENT VALUES. TOLERANCES, 
CONNECTIONS, TEST NAILS, 

SPECIAL CONDITIONS. . . . 

TEST 
PROGRAM 
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Venr well. 

You start the ATG process by rnputting the circu~t  deqcription of 
the  pc board in to  the tester. This inf;>rnlatic>n consi.;ts of compo- 
nent names. \values, to1er;lnces. ~nterconnections. etc, and is 
usuillly rend dircctlv from the schematic drawing of the hoard. 

ATG uses this description t o  find GI rest for each cnniponent on 
the board. The system has an extensive librarv crf'compotient ,111d 
test procedures. ATG checks t h r o u ~ h  these library files to find an 
acceptable test procedure for each component. 
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When ;an accept:tblc procedure is found .  ATC; defines t l ~ c  spccific 
palameters (tcst \~r~ltxgr.s. gua rd  points, dt.I,ly5. etc) fur customrz- 
inq that general ptoceda~re to  t h e  part icular  rn-circuit ccontrcilr:~- 
lion of t h e  component berng tc-stcrt. 

A'TG then collcctr the\t. in~Ii~*iclu:~l te \ ts  ; ~ n d  , ~ r s c n ~ b l c . <  thcrn intc, a 
Icrgic;~l tcst prtogr,lrn (i.c.. \hart,\ ; ~ n d  r)pcnc tcst inc: first,  f(>lluwc.d hv 
a n , ~ l o , ~  testing, then rtigit.~l testjng). 



Thc .;\\7'C-; 1 ibr;i fit:. 

In the process o f  dcvclclpinc the test procr:lrn. .4TG fras access r t l  

3 tvpes of library files: 

DIGITAL TEST LIRRARY (DTL) - 
Contains test procedures for cllecking 
hundreds o f  different  types of digitxl ICs. 

ANALOG TEST LIBRARY (ATL) - 
Contains test prnceciures for checking basic 
analog characteristics such as resistance, 
capacitance, induct;tnre, transistor gain. etc, 

ANALOG COMPONENT LIBRARY (ACL) - 
Contains circuit descriptions of' complex or 
unusual a n a l o ~  components ( e .~ . ,  a special 
resistor pack) that would not be directly 
recaqnized by the ATG software. 



'ou can customize and update the library procedures by creating 
our own user library files, but you cannot change the contents of 
he system library. 

.TG will always search through the user library for a test pro- 
cedure before it searches through the system library. If an accept- 
able test is found in the user library, ATG will use that test. If no 
acceptable test is found in the user librarv, then ATG will t r y  tr, 
find one in the system library. 

The assumption is that all test procedures and component descrip- 
tions that you put into your user library were put there to super- 
sede carresponding procedures and descriptions in the system 
library. 

In  addition, GenRad testers also have an update library that 
allows GenRad to update system libraries in the field, on  a 
periodic basis. With an update Eibrasy in place in a user's system, 
ATG wilI always search through this update library before searcl-r- 
ing through the sysrem library. New tests or replacement tests in 
this update library will, therefore, automatically appear in the test 
program. 

N o ~ v  that we've secn what  components make u p  t h e  tc5tt.r. let's 
~ c .  hnw we actuallv use i ~ .  



Chapter 4 

Using 
the 

Tester 



bing the test system 

all of this f n-citcuit testing information together, let's step 
gh each phase of tbe in-circuit testing process. Remember, 
rocess consists of 2 separate phases: 

SRT PREWARATION 

ere th& test program is developed and the test fmhrre wired. 

e the test set is used 9 llil 

Since e ~ c 6  board ope has i ts own # n i q ~  test program and te~tfixtnre, 
sd r$en to the m b i f l ~ t i o n  of these 2 itm as s TEST SE 1: 

I Using the Teat- 89 



What do I need to get started? 

SCHEMATIC DIAGRAM AND 
PARTS LIST 

These contain the component 
names, types, values, tolerances, 
and other information that 
you'll need for the circuit 
description. 

ASSEMBLY DRAWINGS 

Used for locating precisely 
where to place the test nails. 

TBSTPIXTUREKIT 

Contains all the hardware for 
assembling and wiring the 
f~ture. 



& ~ X ~ d m d a W m m d  
idea to examine the schematic diagram d try to 
any special testing requirements. For example 

ctions that you'd like tc 
e the operatoiduring a tes 

orients that are not 
W in the system library? 

1 

e c d  functional 
'd like to add for 
e circuit segments? 

OPERATOR Y C W I  

SPECIAL FUNCTIONAL TEST 



What if there ate special testing requirements? 

GenRad testem have several featurn designed to help you take 
care sf those problems. For example 

You ca~la insert special dixectives (called flagupecs) in the citcrrlt 
description, which can either guide the ATG process in develop 
ing the test p r o p a m  or can provide specid instructions to the 
operatar during testing. 

You can writean Automatic Test Opdom (ATO) fie that will 
make prepIsnned changes to the test program that ATG 
develop. 

You can crate near test or component descriptions for the ATG 
U d s  Libroty. 

SPECIAL 
OlRECnVES 

TEST 
OPERATOR 
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P can I start preparing the test set? 

chart below shows the major stepsdong the way. 

MANUFACTURING 

Using the Tmer 93 



STOW d o  I s tar t?  

Take the schematic diagram of the board and write down a name 
far each circuit node, for example, N1, N2, etc. 

These node names serve 2 purposes: 

They help you describe how the circuit components are 
interconnected. 

They can be used as temporary nail numbers if you don't know 
what real nail numbers t o  assign. (We'll explain this nail assign- 
ment function a little later in this chapter.) 

0 NODE NAME 
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First, call up the CKTGEM monitor  page by typing CKTGEN at 
the command prompt  and pressing RETURN. 

CKTGEN is an automatic circuit grnt-rator th,lt prunlpt5 you for 
each piece o f  circuit information the tester needs to create a 
circuit description file. 

Select the CREATE opt ion t o  open a new datahase file called .CIR, 
specify appropriate file names, and then run the task. 

,Votr: To ~ v o i ; ? ' ~ e t t i r ~ , q  homed hron irl d ~ ~ t ~ i I s  nnd Irrsinf trnck ofthp ovrrull 
/ ? ( ~ t :  monitor oprinns t~il l  he rovereA on[~f  it? ~ e n e r n f  t~rnm.r rhror!qhor~t thir 
~ - / ~ q t e r .  

The following BOARD page will appear. 

Fill in the test nail inf-ormation requested for the "target" system 
([he svstem on  which the test will be run). 



CKTGEN (Circu i t  Crentrg tor\ 

After you indicate that the target data has been entered, the tester 
will prompt you to enter a cornpunent- type. 

For each component type specified, CKTGEN will display a page 
similar to the one shown below for resistors. AH you do is 
respond to the prompts and enter the correct circuit information. 

# ENTER TYPE: R 

t ENTER NAME: R5 1 

.F 
# ENTER VALUE: 7 O K  

.k 
# ENTER NODE NUMBERS. N 1 ' 



Generating the test  program usinc ATG 

After you've compiled the circuit description, you're scndy to let 
ATG develop the test program. 

To do this call up the ATG options page and run thc ta.ck. 

# ATG 
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Based on the circuit description information in the .CKT file and 
the  available test routines in the library, ATG now attempts to 
find a suitable test for each component  on the board. 

The accumulation of all these individual tests forms the test pro- 
gram. This user-readable test program Fjle is called .TPG. 

The testing sequence is, of course, impaitant.  Starting with the 
mast basic, each rest level is designed to jui ld  confidence in t h e  
next higher level of tests. The test in^ sequence is shown in the 
flow chart below. 

(FAIL) - 



'The .ATG reports  

When ATC finishes a s sembl in~  the test program. it reports anv 
known program deficiencies. For example, it will inform y o u  of 
m y  components for  which it could not find an acceptable test. 
You, the programmer, can then modify the program to account 
for these deficiencies or  make other changes. as appropriate. 

ATG produces 2 major reports: one  for thc analog tests (called 
.RPT) an<! one  for the  digital tests (called .MSG). Brief samples of 
cach report are shown below. 

The analog test report .RPT R PT 

4.. '..a >tar ts  by identifying the  board --rn ..?. .,--I* , *..-, .- ".I-. >!-.-J 

nnd the libraries used to  ......................... 
generate the tests. Connectivity .................h...... 
results (openq and shorts tests) .-.............. . . . . . . . .  .   re then  reported, followed bv ... -.- 
tcsr information for each type , q  :-: .......... r,f analog component I - 
(capacitors, transistors, 
rv~isturs. etc). A sll!nm;~r!~ .................... .............I................. .-. 

.......................I. .....I rrport rating the quality of the .............. A , - i  . , ~ :  . ........................ . . . . . . . . . . . . . . . . . . . . .  tcfts is also producrd. .................... 

'I'he digital test report .MSG 
.~lso  starts b y  identifiing the 
Eltx~rd :~nd the  libraries, then 
.;urnrn~rizc.s the digit;ll test 
.;tatistics and problem areas for 
t c i t i n ~  that board. This is 
fhllnwed by test information f;,r 
~racli d i~ i t a l  IC on the bo:~rd. 
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Eventually, the program has to be translated Into machine code. 
bcfare it can be run. 

R u t  hefore that ,  the tempnrarv test nails yclu assigned back in the 
circuit description, have to be converted to real nail numbers. 
This is done by running the test progrilm t h r o u ~ h  a NAIL 
ASSIGNMENT process. 

(SOURCE CODE. (SOURCE CODE (MACHINE CODE, 
TEMPORARY REAL NAILS) REAL NAILS) 

NRlLSl  

I] rEsr PROCRAM- 

A - ASSIGNMENT 

Remembcr, b e c a i ~ ~  of drivcr/sr.nsor multiplexing, each test nail 
does have i t s  own dedicated driver/sensor. 

4-I TEST P ~ O G R ~ ~ M  - 
TRANSLATE 

4 

In the  1372 ,  2 driver/sensors are shilred by 16 test nails. 

I n  t he  227 1 and 2275 .  4 rlriver/sensors are shared by 16 ter;t nails. 

I f l t ,  Lls~np thc Tcstcr 



\Vhp is nail assignment necessary? 

Eecause. when a tester conta ins  multiplexed driver/sensors, 

you cannot arbitrarily assign just any test nail to any circuit 
node 

Look at the following example of a 2-to-16 driver/sensor 
multiplexer. 

:re arc- 2 driver/sc-nsors available for 16 rids. 

D/s 

z- 
- 

Tfvc>u connec t  ? nfiils (from the s;lmeFroup of 16) to t h e  NANDsatr.. 
the system cannot  possibly dr~vc- both inputs and sense  the o u t p u t  
~tmultaneously, with only  2 drivcr/'sensors. 

pryvent  this conflict, at Icast 1 of those  3 nails should co~ne from 
~ t h e r  group of 16. 

2-TO-1 6 
PIN 
MUX 

us in^ the Tester t 01 

1 
2 
3 

16 - 



Fartuna tely, no. 

All you need to do is assign temporary nail numbers in the circuit 
description (such as N1, N2, . . N354, . . etc), use ATG to develop 
the test program, then run NATL ASSIGNMENT. 

To keep track of which files have temporary nail numbers and 
which don't, the following naming scheme is used: 

Real Nails Ternporarp Nails 

Nail assignment analyzes the zest program and other  input files 
and automatically assigns real nail numbers so that testing 
conflicts will not occur. 

It then modifies the input files to reflect these real nail 
assignments and produces several different reports on the results. 

TEMPORARY NAIL% 
.CKT, .TPX, 
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The Nail Assignment Report N A R  
(.NAR) 15 the l~uizi  owt8. i t  
provtdc..; a cruss rdcrentc  bc- --... "ilf:ra.,w ........... 

* 1.  .I,* 

tween rrn~porary ni~i l  n u r n h r r ~  .,to *,,a 

and real ~ I A I ~  nulnj3erb anti .a ,. .>-a 

11.1 111. 

~ n d i c a t e ~  preferred ltlcnr~unp .,&, .,.I 
->A, L5. j  

f o r  nail pl.lcemenrs. -,., ..*, 
-3.. ",a, .,., .111 

I,.. * , I .  

* a m +  .+,b 

",.I .'.. 
*I.. .,' 

T l ~ c  Nail Fixture Report 
(.NFR) is n wring l is t  k)r the 
w s t  t~xt~ire.  If S P C C I ~ C ~  dl) resf 
n,uF uunnectinns between the 
c ~ r c u ~ t  1)r);~rd and the system. 

"I", .*.:,kj!;i;' m a  c , ~ , : T m  . ,, --.,,n h,, 

.jar. ... 41, e~s q":ayb3 ,s::;!i!$:' :r$ co:pr.T ............................................................................ .."";j"r-!i"" .....................?... #. I " . . . " ' , . . "  ......... ... : .  I .  ........ . * ,~ . .U~, .~I  *... I......!....j{i. .. .iiiiq*lI . ....... ...I.,, ..-.-: ...... "." b . .d  .. ' : : - I '"  ::I; ........ ;: "' ........ ..... ....... ...{:;;!,.;;:! ~i:{..;liil /..,::,'l,::i! .+!I ..?q.f.. ... r * l J i  ..... .........,i,... ,,.,~....~,., ~ ~ l ~ j . . ~ ~ ~ i . i i i i i . i ~ . ~ i ~ ~ f ~ ~ ~ ~ ~ ~ .  .... :::ji;;;;:;i;; :::::::: ;i;,..I,:! ,,..., ...;: : ......... : : ' I . .  '.! .. ....... , ... ,,,.,.. :l!:l, b -  ji..:.:; ...................... ... .-................. "../,..:f:!!.r;::: ...................... ... ... ::::!::ii!~: ...... .. ......... : : ....................... ........................................................................... . . .  ................... . - . :  . . .  j..', .......... :::!Jil:,.:i:# ........................ ..,:::: ,. .. :'!,..j !!if:; 
-..].!I!..:::! ............... ...::, ;'..- ;!j: ....... :;iIII,i-!,,... 

A-,!. .::I< 2I!..Slti!! 1 .,..-!<I.,:.~ ,.,d :,,h.. ... .. ........ .... .........*. 

The NaiE Data Base (.NDB) is NPF! 

uscful In m a k l n ~  futrire ...... cllanpts. You c:tn niudir- this ........................................... rtw* ~ I I L  -y.lrm .v I ~WCUI*  1111 1.4~. *...-...+ 

report file and use i t  as an  
input in a suhscquent nnil 
:$.;slRnment run,  to rpeciCy nail 
ctlangrs. 

The Nail Assignment h s f i n g  &I l. . 
(.NLS) is vnll'hv ;i prtrgrec5 
report on the n.izF aGrtEnnic.nt 
I>Tt lCCSS,  R *  !I OCCUFS 

:, J I ,,,rt ,351m,""n - 1  1.. "mm,m."t5% 

;:;;'::.:'j;:n-: ::!A*> ,, *" 
a ? + :  * I 

*>.-, h*.,. " 8 ? r n L , * "  ......... dI.,>,.*." I ':<":," 

l c 0 . 1 * ?  I-*", T * L  ' 8 I. 
**><.I. I?-< I.,.,; A * . .  rr* ..t.:,*3 

I ..r-.*.. a.,rr,.n 

[.*a+ , " !  %.I I n.L3', , . I '  '_,=..I 
,pm:.., r*-.I.r.,. 4 ... '.. l.t.L,." 

4 . . r - . - ? .  n r t r r , * o  
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A f tcr  nail z s s i ~ n  m c n t ,  can  I tl-;inr;late t h y  
test progr;lml 

Yes. Simply call up t he  TRANSLATE mode options page. specify 
the input ; ~ n d  output files and the type of listing you want ,  and 
then run the task. 

(SOURCE (OBJECT 

The translator will let yc~u know if  i t  finds any syntax errors. Use 
EDIT ~nclde for  corrections. (Normally, syntax errnrs only exist i f  
user inodifications were made to  the tcst program.) 

Once the er rors  are corrected, the translator converts the 1 1 s ~ ~ -  

readilblc .TPG file to a machine-rcacfablc object rode file 
called .OBC. 

This . O K  file is the [>no uscd by rho systein when runnine the 
test program. 



So much for t he  t e s t  program. now for t he  
test  fisture 

Building a fixture is strictly a mechanical operation. 

First, holes are drilIed in the 
fixture base plate to accom- 
~nodate the test nail sockets. 
Typically, there is one hole 
(xnd one nail) for each circuit 
node on the board. 

Nail sockets are inserted in 
these holes. 

E ~ c h  nail sockct is wire- 
wrapped to the appropriate 
pin on  the fixture connectors 
(the connectors that plug into 
the test system). 

Tes 
nhc 

SOCKET 

t nai ls  are inserted i n t o  
sockets. 

L!s~nl: thc Trster 



OK! 7'11s test projiritrn a n d  Fixture arc 1-t.;1dr~. 
Nnnr w h ~ l t ?  

Now, you're readv for trial runs with several known good boards 
to see i f  your new rest set is working properly. 

Start by mounting the new test fixture on  the system, thcn place a 
known good board on the fixture and run the test  program. 

, ~ - .  
e 

.. n -7 
-- 

~ - 
--, 

RED - 

\Q . :Y -,,*a, 4 - e  

FAIL 

If the system detects no  failures, it will display a PASS message on 
the displav screen. In  systems with a portable keypad (227 1 and 
2272), it will also turn on  the green PASS light on the keypad. 
This means that your new test set is OK for production test in^. 

Note: The term GREENLIGHTING is r?fr>n used t o  indi~~ate the stdcce~&il 
rcst in~ of a board. 

Repeat this trial run with each of the several known good hoards 
to cvnluatc the  performance of the  test proRram properlv. 

If the system detects any failures, it will display a FAIL ~nessape 
and light the red FAIT, indicator on  the  keypad. If this hitppens. 
you have to debug the test set. 
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The system has a special DEBUG mode available just for that pur- 
pose. You call this DEBUG mode from the DIAGNOSE mode 
options page at which time a Begin label and an End label 
option (not shown in this figure) appears on the screen. 

Since debugging is usually done on one component test at a time, 
use the Begin Label and End Label options to specify the segment 
of the test program you want to work on. 

END B'URST; 
U7: BURST; 1' (7414) */ 

(*INDICATES NEXT LABEL 
WHICH IS U7) 

Select other options, as desired, to suit your purposes, then run 
the task. 

The system will run the entire test program in a normal fashion up 
to UG, then shift to debug mode for the U6: to U7: segment, dis- 
playing detaiI~d results for you to analyze. After this test segment is 
complete, testing resumes in the normal fashion. 
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Debugging an analo,q tes t  

After an analog test is complete, both the test statements and the 
results of each measurement are displayed. 

After analyzing the test, suppose you decide that the 30 ps delay 
specified in statement 2 (DLY=.WU) should have been 10 ms 
(DLY=l  OM) instead of 30 ps. 

T o  make that change, type the statement number 2: followccl by 
the new delay value DLY-IOhl. 

DEBUG]>9. PLY = I  9 4 7  

Then. rerun the test by issuing a RERUN command. 

The system nrill rerun the test with the new delay paranieter and 
displav the new results. 
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T k h u g g i n g  ;I digi ti11 t r s t  

After the tester runs a digital test in DEBUG mode, it auto-  
matically displays a detai1t.d t imine d i a ~ r a m  of tach test step. 

The reverse video indicates an error condition. In this example, 
the output a t  nail 7 is in error because it was not expected to g o  
high during step 4. 

If there were more test Jtepr than corrld he rhotun on the 
screen at one time, pr~ssing the rlqht arrow kqr umuld ad~~uncc 
the timing dipla,y one frome. Pres~in,p the lef t  arrow k e l ~  
word move tht. ti* displa-y hnck on(> frame 
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Making changes to a digital t e s t  

First, look at the program stzitcments associated with the timing 
display shown on the previous page. To do this. issue an UNTRA 
(Untranslate) command. 

After analyzing the results, suppose you decide that statement 4 is 
in error because i t  should have indicated a high output  at nail 7, 

Type the statement number 4: and the change OH(7) a t  the 
DEBUG prompt. 

Then, rerun the test by issuing a RERUN command. 

DEBUG]> RERUN 
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Thfq Finishes t h e  test set prepara t io t~  phase, right? 

Almost. It's irnportanr a t  this time to make sure  that the new test 
set is properly documented. A little extra wvrk now could save 
you a lot of time later if  you have to make future changes to the 
test set. 

Also, you have to instruct the test nperatc.-rr on how to use the text 
r;st For production testing. For example, you lxlve to tell him or 
her what files and fixture to use nnd whilt options ta specify a n  
the DIAGNOSE page. Inclridc any  other  special instructinns tha t  
tht. operator m i ~ h t  need to run the  test. 



Scr tins-up f o r  production t ~ s l i  n K 

A convenient way of conveying test set-up information to the test 
operator is by means of a batch file. 

A batch file defines a series of tasks fnr the system to perfnrm. For 
each task, the batch file specifics the options to be used, followed 
by a RUN command, 

You can use one of the system editors to write a batch file that 
defines all the DlAGNOSE options needed for the board test. 

+ DIAGNOSE OPERATING MODE * NAME-1 796 1 

'N RUN COMMAND 

The system executes each statement in the file as if that statement 
were being typed directly from the  kevboard. 

To run  the batch file, all you need to do is cnrcr a period (.) 
followed by the  name of the file. For example, 

will run batch file SC: 1786.BCH. 
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EATCH mode  

BATCH mode has much wider application than that of simply 
defining DIAGNOSE mode options for the test operator. 

For instance, i t  can be used to run operating modes that would 
normally be "off-limits" to an operator running the system in 
LIMITED monitor mode. I t  can also be used to run long jobs on 
an unattended system, for example, overnight jobs. 

When running BATCH mode, the system auromatically runs 
through each task in the file, sequentially. In the following exam- 
ple, the system would run ATG f'irst. followed by TRANSLATE 
mode, then NAIL ASSIGNMENT. 

#ATG 
#NAME=l796 
#DFV-SC: I RUN ATG 

#TFANSUTE 
RUN f RANSLATE 
IONLY 1F ATG IS SUCCESSFUL\ 

#N!lL ASSIGNMENT 1- RUN NAlL ASSIGNMENT 
(ONLY IF TRANSLATE IS SUCCESSFUL) 

Note: va 8 precrdt-r the R UN command tbr .ystcm rrrns thdt tnsk only 
the l u ~ t  t a ~ k  tvas succes.$~l/y mwpleted. You wn~(lrln't lvnnt the systwn tn  
translate a p r o p m  tbur had not made it s r ~ ~ c e s ~ i f i l I ( ~  t l j r u ~ t ~ h  A TG, 
rt~oald yorr? 



Runn ing  t h e  test prngraln 

Once the programnwr releases the test set t c ~  production testing. 
it's time fclr the tester to start earning its keep. 

From here oil. the  hoard resting phase becomes :I repefit~ve pro- 
cedure, consisting of a few simple steps: 

At the start of :I testing se~sion.  
the upetator checks the instruc- 
t ions written for that  test sct. 

The operator then mounts the 
fixture on the system. 

plncrs the pc bonrcl (In 
the fixrure, 

2nd run.; thy te3t progrdtl3. 



Diagnosins the test sesul ts 

I t  the board falls, the 
operator performs 
whatever diagnasric 
procedures are called 
for by the  displayed 
messages. For example, 
a Scratchprobing nction 
mily he  requested (as 
described earlier in this 
hook). 

AFter a test run is com- 
plete, system-generated 
diagnostic messages 
can he attached to bad 
boards and forwarded 
to a repair station. 
Good boards can be 
forwarded to further 
assembly. 



Cont inu ing  the teqt ~ ~ - o y r ; ~ i n ~ i r  c .f 'L~rt  

It  is important t o  monitor the production testing phase to make 
sure that the test program really finds all the faults that it is 
supposed to. 

If it doesn't, analyze the failures detected at the next test stage 
(system test) and use the data to modify the test program, as 
needed. 

PROGRAM FAILURES 

MAKE 
MODIFICATIONS I 

You can also use the 
tester software to ~ I o t  
t he  distribution of test I 
results for several 
boards. This will show 
how stable the analog 
measilrenients are. 
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Xti on-going e f f ~ r t  

Tt's a good idea t o  continue working closely with the other test 
departments monitoring test results until all problems 
are resolved. 

Understanding other people's test problems will help vou co 
become a better test programmer and thus help you to use thc 
tester more ~ f f i c i e n t l ~ ,  
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