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ATLAS: A Unit-Under-Test Oriented 
Language for Automatic Test Systems 
An eng ineer  can  wr i te  tes t  p rocedures  in  ATLAS w i thou t  
deta i led knowledge o f  the sys tem that  w i l l  do  the tes t ing.  
HP 's  new ATLAS compi le r  i s  the  f i r s t  comprehens ive  
imp lementa t ion  o f  what  i s  fas t  becoming  a  wor ld -w ide  
s tandard  tes t  language.  

by Wi l l iam R.  F inch  and Rober t  B .  Grady  

ATLAS is an English-like language for writing test 
procedures for electronic equipment. It is de 

signed to be easily understood by programmers, en 
gineers, and technicians, and its syntax (grammar) 
is well structured to guarantee an unambiguous 
description of the test procedure, one that can be 
translated by a computer into instructions that con 
trol automatic test equipment. 

ATLAS is an acronym for Abbreviated Test Lan 
guage for Avionics Systems. Originally designed, as 
its name implies, for testing avionics equipment, it is 
fast becoming a world-wide standard language for 
general-purpose automatic testing. The official stan 
dard for the language is maintained by Aeronautical 
Radio Incorporated (ARINC). Hewlett-Packard has 
participated in the standardization effort since 1970. 

H P  A T L A S  
HP ATLAS is a new compiling system designed 

to run on HP 9500 Series Automatic Test Systems. 
The principal programming language for these 
systems has always been a form of interactive BASIC, 
now evolved to a high level of specialization for con 
trol of automatic test systems and called ATS BASIC. 
HP ATLAS is a higher-level language than ATS BASIC 
in much the same way that FORTRAN and COBOL 
are higher-level languages than assembly language. 
Where the ATS BASIC programmer must specify in 
detail how to set up individual test instruments and 
route signals, the ATLAS programmer need only be 
concerned with the requirements of the unit under 
test (UUT). ATLAS test procedures are independent 
of the specific automatic test system that will perform 
the tests. An ATLAS test procedure for a particular 
UUT can be employed by many users who may have 
different system configurations. Clearly this makes it 
much easier to solve applications software problems 
that are common to several users, and this is one of the 

principal reasons for implementing ATLAS on 9500 
Series Systems. 

The HP ATLAS Compiler analyzes test procedures 
written in ATLAS and generates segmented test 
programs in ATS BASIC. It can produce ATLAS 
listings or mixed listings with ATLAS and ATS 
BASIC statements properly interleaved to aid in pro 
gram debugging. Subroutines written in ATS BASIC, 
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FORTRAN, or assembly language may be called from 
HP ATLAS. 

HP ATLAS is compatible with and meets the stan 
dards of ARINC ATLAS 416-10. It is the first imple 
mentation of a comprehensive subset of this official 
standard and is not just a highly adapted pseudo- 
ATLAS. Because it is unit-under-test-oriented, elec 
tronics and avionics suppliers can use ARINC- 
ATLAS-compliant procedures on HP 9500 Series 
Systems with a minimum of program rewriting and 
personnel retraining. 

In t roduct ion to  ATLAS 
An example of an ATLAS statement is: 

preceding each statement. The statement can con 
tinue on separate lines at any point except where end 
ing the line would split a word. The symbol $ is the 
statement terminator. The HP ATLAS implementa 
tion does not require commas as separators, although 
at least one space between words is required where 
the ARINC specification requires a space or comma. 

Other ATLAS statements, called procedure-ori 
ented statements, are used to analyze and output test 
results and control the execution sequence of a test 
procedure. These include facilities for variable assign 
ments, mathematical calculations, branching, loop 
ing, block structure, test operator interaction, and 
other program control functions similar to other high- 

APPLY, DC SIGNAL, 

VOLTAGE 10 V ERRLMT + -0.1 V, 

CNX HI J4-1 LO J3 $ 

The English equivalent of this statement is:  apply 
10 Â± 0.1 Vdc between UUTpins J4-1 and J3. In this ex 
ample, APPLY defines what to do with the signal, the 
phrase DC SIGNAL, VOLTAGE 10 V ERRLMT +-0.1 V des- 
scribes the type and characteristics of the applied 
signal, and CNX HI J4-1 LO J3 names the UUT input con 
nections. 

Another example of an ATLAS statement is: 

MEASURE, (FREQ ERRLMT + -0.002 MHZ), AC SIGNAL, 

FREQ RANGE 4 MHZ TO 6 MHZ, 

VOLTAGE RANGE 1 V TO 1.5 V. 

CNX HI Jl-1 LO J1-2 $ 

The words MEASURE (FREQ) describe the required 
action, AC SIGNAL specifies the type of signal, the 
characteristics for frequency and voltage provide 
the signal description, and the CNX field specifies 
the UUT output pins. This statement defines the test 
function as: measure the frequency, with required mea 
surement accuracy of Â±0.002 MHz, of an ac sig 
nal having expected amplitude and frequency char 
acteristics of 1 to 1.5 Vac at 4 to 6 MHz present at 
UUT output connector pins Jl-1 and Jl-2. 

The first example above is classified as a source- 
type ATLAS signal-oriented statement. The state 
ments in this class provide the stimulus function. 
The second example is a sensor-type ATLAS signal- 
oriented statement. These provide the response mea 
surement function. A sequence of ATLAS statements 
must describe the test procedure in sufficient detail 
to allow the HP ATLAS Compiler to generate an exe 
cutable program for an automatic test system. The 
readability of ATLAS statements makes it possible for 
the same test procedure to be performed manually 
using bench instruments. 

ATLAS uses commas to separate fields within a 
statement. There will usually be statement numbers 

f s t a t n o  C A L C U L A T E  

fs tatno represents the f lag and statement  number f ie lds,  which are 
a lways opt iona l  in  HP ATLAS.  

~> represents  a  subd iagram.  Any o f  the lega l  combinat ions 
]  shown in  a  subdiagram are legal  in  the context  where the 

dashed box is  used.  

represents a branch. Any one of  the paths can be used to 
form a legal  statement.  

represents a loop, and the part of the graph shown within its 
bounds can be repeated as  many t imes as  necessary .  

Â©indicates that a branch can be taken which omits a keyword, 
and the keyword wil l  be reconstructed on the HP Preferred 
Listing. 

Examples: 

E 0 0 3 0 1 0  C A L C U L A T E .  ' A  =  3 ,  ' B '  =  N O T  ' X  ,  ' C  S H I F T  L E F T  
2  BITS $  '7 1 i- . E  B  

Ã‡ 5 c o. 
V) O 

I l lustrates Looping and Branching 

â€¢RESULT = 'OUTPUT .707$ 

I l lustrates Optional fstatno 
a n d  C A L C U L A T E  

Fig. 1. A syntax diagram fora CALCULATE statement, a typical 
AT LAS procedure or iented statement.  Syntax d iagrams spec 
i f y  t h e  r u l e s  f o r  c o n s t r u c t i n g  a l l  t h e  l e g a l  f o r m s  o f  A T L A S  
statements. 
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level computer languages. The complete list of HP 
ATLAS verbs, nouns, and modifiers is given in the 
table on page 12. 

ATLAS statements have many optional forms. The 
rules for constructing them are specified by syntax 
diagrams, such as that shown in Fig. 1 for the verb 
CALCULATE. 

Automat ic  Resource  Al locat ion  
Now let's examine a typical ATLAS statement to 

understand what the ATLAS compiler is required to 
do. 

MEASURE (VOLTAGE), DC SIGNAL, 

VOLTAGE MAX 10V, 

CNX HI Jl-15 LO J1-10 $ 

First of all, MEASURE implies that one or more in 
struments must measure some electronic or non 
electronic signal characteristic or event. Compare 
such a verb with the FORTRAN verb READ, and you 
can see that both expect a result from a device exter 
nal to the computer. But where a FORTRAN READ 
represents simply a data transfer, MEASURE implies 
additional setups and adjustments to potentially 
complex instrumentation. 

DC SIGNAL and VOLTAGE MAX iÃ³ v provide enough 
information to determine what instruments in a sys 
tem can perform the measurement. This implies a 
choice among a variety of instruments, especially in 
the simple case in our example of a low-level dc sig 
nal. The CNX field implies knowledge of all switch 
ing and wiring in the complete test system and 

adapter/interface, and the ability to select signal paths 
from the connections Jl-15 and Jl-10 on the UUT 
to pins HI and LO on the measurement instrument. 

Combining all of these concepts together into a sin 
gle high-level language statement and taking into 
account parallel signal activity demands consider 
able intelligence for a compiler, and the processes it 
must perform are called automatic resource alloca 
tion. It is this capability of the HP ATLAS Compiler 
that makes it possible to program a test without speci 
fic reference to the system instrumentation and 
switching hardware. 

Two Processors  A id  Compi le r  
To translate the signal-oriented statements of an 

ATLAS test procedure into an ATS BASIC program, 
the compiler requires two kinds of information in ad 
dition to the test procedure (see Fig. 2). First, the ca 
pabilities and method of programming the instru 
mentation and switching hardware of the target auto 
matic test system must be known. Second, the charac 
teristics of the interface between the target system 
and the specific unit under test must be known. HP 
ATLAS provides two processors that accept this in 
formation in high-level languages and automatically 
translate it into a form that can be used by the HP 
ATLAS Compiler. Fig. 3 shows the processor/com 
piler relationship. 

The ATE Processor accepts descriptions of instru 
ments, relays, interface panels, internal wiring, and 
methods of programming, all in a language very simi 
lar to ATLAS (see Fig. 4). Its output consists of data 
files that model the system's interface, switching, 

Automat ic  Test  
System Informat ion 

Adapter 
Interface 

Information 

M E A S U R E ,  ( V O L T A G E ) .  D C  S I G N A L ,  
V O L T A G E  M A X  1 0 0 0  M V  CNX H I  J1 -15LO J1 -10  

F i g .  2 .  A  t y p i c a l  a u t o m a t i c  t e s t  
system conf igurat ion showing the 
re la t i onsh ip  be tween  pa r t s  o f  an  
ATLAS statement  and par ts  of  the 
system. The compi ler  must  be g iv  
en  i n fo rma t ion  abou t  t he  sys tem 
s o  i t  c a n  a u t o m a t i c a l l y  a l l o c a t e  
sys tem resources  to  execu te  the  
ATLAS program.  
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A u t o m a t i c  T e s t  E q u i p m e n t  ( A T E )  

A d a p t e r  I n t e r f a c e  ( A  I )  

U n i t  U n d e r  T e s t  ( U U T )  

A T E  D e s c r i p t i o n  

A T E  P h a s e  1  
"  i m a n d  P r o c e s s i n g  

r c e  L i s t i n g  
i  S y n t a x  A n a l y s i s  
*  F o r m a t t e d  L i s t i n g  

A T E  P h a s e  I t  
>  B u i l d  D e v i c e  M o d e l s  w i t h  

M a c r o  R e q u i r e m e n t s  D a t a  
â€¢  Bu i ld  ATE Swi tch ing  and  

W i r i n g  M o d e l  
Â»  Genera te  Output  F i l es  
Â »  D i a g n o s t i c  S u m m a r y  L i s t i n g  

A T E  C o n f i g u r a t i o n  F i l e s  

A T E  I d e n t i f i c a t i o n  
A T E  P a n e l  P i n  F o r m u l a s  '  

A T E  S w i t c h i n g  a n d  
W i r i n g  M o d e l  

A T E - U U T  I n t e r i a c  
D e s c r i p t i o n  

A  I  P h a s e  I  
i  C o m m a n d  P r o c e s s i n g  
Â» Source List ing 
>  S y n t a x  A n a l y s i s  

l a t t e d  L i s t i n g  

â€¢  In tegra te  ATE Swi tch ing  
W i r i n g  M o d e l  a n d  A d a p t e r  
U U T  I n t e r c o n n e c t i o n  D a t a  

Â»  Genera te  Outpu t  F i l es  
Â »  D i a g n o s t i c  S u m m a r y  L i s t i n g  

A T E  I d e n t i f i e r  
D e v i c e  N a m e s  

t  C o m m a n d  P r o c e s s i n g  
i  S o u r c e  L i s t i n g  
i  S y n t a x  A n a l y s i s  
*  F o r m a t t e d  A R I N C  

A T L A S  L i s t i n g  

A T L A S  P h a s e  I I  
â € ¢  T r a n s l a t e  P r o c e d u r a l  A T L A S  

S t a t e m e n t s  t o  P r i m i t i v e  F o n  
'  S y m b o l  T a b l e  C r o s s  

R e f e r e n c e  L i s t i n g  
â€¢ UUT Pin Cross 

R e f e r e n c e  L i s t i n g  

A T L A S  P h a s e  I I I  
>  S i g n a l  I d e n t i f i c a t i o n  
Â »  S i g n a l  R e q u i r e m e n t s  

A n a l y s i s  
Â »  S i g n a l  S c o p e  A n a l y s i s  
Â »  S i g n a l  R e q u i r e m e n t s  

C r o s s  R e f e r e n c e  L i s t i n g  

D e v i c e  M o d e l s  a n d  M a c r o   
P a r a m e t e r  R e c j u c - e r n e n i s  

A T L A S  P h a s e  I V  
â€¢ Device Qual i f icat ion 

f o r  E a c h  S i g n a l  

Q u a l i f i e d  D e v i c e  t o  
U U T  P i n s  

â€¢  Reso lu t ion  o f  Resource  
C o n f l i c t s  a n d  S e l e c t i o n  
o f  R e s o u r c e  S e t s  

Â »  T r a n s l a t e  S i g n a l  O r i e n t e d  
S t a t e m e n t s  t o  P r i m i t i v e  F o r m  

â€¢ Signal  Device Cross 
R e f e r e n c e  L i s t i n g  

A T L A S  P h a s e  V  
>  T r a n s l a t e  P r o c e d u r a l  a n d  

M a c r o  P r i m i t i v e s  t o  
A T S - B A S I C  

â € ¢  S e g m e n t  A T S - B A S I C  t o  F i t  
T a r g e t  A T E  M e m o r y  A r e a  

â€¢ Inter leaved ATLAS 
B A S I C  L i s t i n g  

Â »  D i a g n o s t i c  S u m m a r y  L i s t i n g  
â€¢  Transla te  ATS-BASIC 

t o  E x e c u t a b l e  F o r m  

e c u t a b l e  A T E  O r i e n t e d  
T e s t  P r o g r a â „ ¢  "  

Fig. information auxiliary HP ATLAS Compiler has five phases and makes use of information from two auxiliary 
p rocesso rs .  The  ATE Processo r  accep ts  a  desc r ip t i on  o f  sys tem capab i l i t i es  ( supp l i ed  w i th  
each HP 9500 Ser ies System) and generates disc f i les for  the A/ I  Processor and the HP ATLAS 
Compiler.  The A/I  Processor accepts a user-wri t ten descript ion of the adapter / interface between 
the system and the uni t  under  test  (UUT),  in tegrates the descr ip t ion wi th the system swi tch ing 
and  w i r ing  mode l  supp l ied  by  the  ATE Processor ,  and  genera tes  d isc  f i l es  fo r  the  HP ATLAS 
Compi ler .  The compi ler  uses the appropr iate ATE and Al l  f i les to t ranslate UUT-or iented ATLAS 

tes t  procedures to  sys tem-or iented ATS BASIC tes t  programs.  

and instrument capabilities and the method of pro 
gramming the system. The information required by 
the ATE Processor is supplied with HP 9500 Systems. 

The Adapter/Interface (A/I) Processor accepts a de 
scription of the connections between the test system 

and the UUT (see Fig. 4). Its output consists of data 
files that are a composite model of the system switch 
ing capabilities and all the interconnections within 
the system and between the system interface and the 
UUT interface. 
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ATLAS Source  

A r - H L Y ,  A C  S I G N A L .  F R E k .  1 6  < H Â ¿ ,  V 1 L T A G F  . 5 V ,  C N A  h i  J 4 - 1  L O  J 3 Â «  

ATE Source  

D E F I N E ,  - M P 3 3 2 0 F ' ,  D E V I C E  
C  5  

S P E C I F Y ,  C O N T A C T S  O U T r U T - H l  
O U T F U T - L O  '  

S P E C I F Y ,  S O U R C E ,  
  Â » .  A C  S I G N A L .  

F R E S  R A N G E  

V O L T A G E  R A N G E  

Ml 

LO 

1 . 3MhÂ¿ TO I 3MHZ FT 1KHÂ¿ 

EKRLMT *-l .3KnZ 

1  3 W K H Z  T O  1 2 9 9 . 9 K H Â ¿  B  Ã   0  .  1 K H Â ¿  
F h h L r M  * - ) 3 0 H Z  
]  3 K M Â ¿  T O  1 2 9 . 9 9 K H Z  B Y  0 . 0 1 K H Z  
F R R L M T  * -  I 3 M Z  
]  .  3 K H Z  T O  1 2 . 9 9 9 Â « < M Â ¿  B Y  0 . 0 0 L K H Z  
F T R R L M T  * -  1  - 3 H Â ¿  
I  3 0 h Â ¿  T O  1 2 9 9 .  9 H Â ¿  B Y  0 . 1 H Â ¿  

F f t R L M T  * - 0 .  1  3 H Z  
1  3 H Â ¿  T O  1 2 9 . 9 9 M Z  B Y  B . 0 I M Â ¿  
E f c R L M T  + - 0 . 0 1 3 H Â ¿  
0 . 0 0 1 H Z  T O  1 2 . 9 9 9 H Z  B Y  0 . 0 0 M Z  
E R R L M T  * - 0 . 0 0  1  3 H Â ¿  
I 0 0 M V  T O  5 0 0 0 M V  B f  1 0 M V  
F h R L M T  Â » - 2 6 0 M V  
0 . 0 S M V  T O  I 0 0 M V  r -  t  I 0 M V  
E R R L M T  * - 1 0 0 t  
0 V  T O  0 . 0 5 M V  B Y  1 0 M V  
E h h L M T  * - 1 0 0 t  
5 0  O H M  
O U T P U T - H I  
O U T F U T - L O  5  

DEFINE. SETUP. OPEN. MACRO 5 

â€¢ACVSV < 'PI ',16,8.1 JFAIL: INVOKEl 64) 

END. SETUP, OPEN. MACRO $ 

DEFINE, CLOSE, MACRO 5 

â€¢ACVSV < -PI '. 'Â«FREa-, â€¢ 

Â«KAIT<I00> 5 

END, CLOSE. MACRO Ã‡ 

VOLTA '>FAI LI INVOKE! Â«41 

DEFINE. 'HP25000M'. SHICM Â« 

SPECIFY, RELAYS KCI.32) . 

P O L E S  I  .  

ARM 

THRO k 

IN 

OUT 

D E F I N E .  C O N N E C T .  M A C R O  !  

â€¢SSkSR Cl, -PI ')FAIL! INVOKEÃ 64) 

E N D .  C O N N E C T .  M A C R O  ?  

5 

DEFINE. DISCONNECT, MACRO ! 

4SSWSR <0, -PI 'Â¡FAILI INVOKEÃ64) 

E N D ,  D I S C O N N E C T .  M A C R O  Ã ¯  

$ 

E N D *  ' H P 2 5 0 8 0 H ' ,  S W I T C H  5  

D E C L A R E  ' S 1 G . G E N '  D E V I C E  
T Y P E  ' H P 3 3 2 0 B 1  - P I  '  
C O N T A C T S  3 3 2 0 - M I  

3 3 2 0 - L O  â € ¢  
D E C L A R E  S W I T C H ,  T Y P E  ' M P 2 5 0 0 0 H ' ,  S T A R T  5 7 1  Â «  

P N L A - 3 3 2 B - H I - A    
P N L A - 3 3 2 0 - L O - A  ?  

3 3 2 B - H 1  
3 3 2 0 - L O  
P N L A - 3 3 2 0 - H I  - C  P N L 1 - 2 6 - A  
P N L A - 3 3 2 0 - L O - C  P N L I - 2 7 - *  <  
P N L I - 3 - O L  K 5 7 7 - 1 - I N  
P N L 1 - 4 - O L  K 5 7 7 - 1 - O U T  Â «  

A/I  Source 

P N L I  - 2 6 - A  
P N L 1 - 4 - O L  
J  3  G R O U N D  5  

P N L 1 - 3 - O L  
J 4 - 1  $  â € ¢  

Device Template: For a single funct ion of a device, 
descr ibes performance cr i ter ia,  connect ion points,  
a n d  t r a n s l a t i o n  i n f o r m a t i o n .  I n f o r m a t i o n  i n  a  
templa te  i s  independent  o f  sys tem conf igura t ion ,  
and is tied into a specific system by a DECLARATION 

Swi tch  Templa te :  Spec i f ies  re lay  type ,  how many 
re lays  per  templa te ,  names o f  a l l  assoc ia ted p ins  
(offset from address 0), and translation information. 

Dec lara t ions:  Dec lares un i t  number  (or  re lay  num 
bers) and system unique names for each instance of 
a DEVICE or SWITCH in a system. 

Wire  L is t :  From/ to  wi re  l i s t  o f  comple te  sys tem.  

A/ I  Wire L is t :  From/to wi re  l is t  o f  UUT to in ter face 
panel. 

ATLAS Source  w i th  BASIC  Output  

ieeeee APPLY, AC SIGNAL. FREÃœ 10 KHZ, VOLTAGE 
2 1 0  A C V S V  (  1  ,  1 0 , 0  .  I  ) F A I L :  I N V O K E t  6 4 ) - Â « l    
2 1 5  S S f c S R  <  I . 5 7 7 ) F A I L ! I N V O K E C 6 4 X    
2 2 0  A C V S V  (  I  ,  I 0 0 0 * (  I  0 )  , .  5 ) F A I L :  1 N V O K E Ã  6 4 )  
2 2 5  W A I T I I 0 0 )  

5 V *  C N A  H I  J 4 - I  L O  J 3 Â ¥  Setup Macro 
Connect  Macro  
Close Macro 

F ig .  4 .  w i th  o f  i npu t  code  fo r  the  ATE and  A / I  P rocessors  show ing  re la t i onsh ips  w i th  ATLAS 
source ATLAS and the equivalent ATS BASIC output. Arrows at the left  show how the ATLAS Com 
p i l e r  a t  s i g n a l  c h a r a c t e r i s t i c s  w i t h  d e v i c e  c a p a b i l i t i e s .  A r r o w s  a t  t h e  r i g h t  s h o w  h o w  t h e  

compi le r  t races  s igna l  pa ths  between a  dev ice  and the  un i t  under  tes t .  

6 
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Three  Compi ler  Modes 
The HP ATLAS Compiler uses the data produced 

by the ATE and A/I Processors to select instruments 
and switching hardware and to generate signal- 
oriented object code. The compiler can be operated 
in any of three primary modes. 

For an initial check of an ATLAS test procedure, 
the compiler can be operated with neither the target 
system nor the adapter/interface defined. The com 
piler performs a considerable amount of analysis on 
the procedure's syntactic correctness and signal re 
quirements. Operating in this mode, the compiler is 
really a test procedure analyzer, since it generates no 
object code. The signal requirements cross reference 
and diagnostic information that are produced are, 
however, of considerable value during test procedure 
development. 

If an ATLAS test procedure is compiled for a speci 
fic target system, but the adapter/interface is not de 
fined, additional analysis is performed to determine the 
degree of compatibility between the signal require 
ments in the test procedure and the available instru 
mentation in the system description. The output, a 
signal requirements/device cross reference and diag 
nostic summary, reflects this compatibility. Operat 
ing the compiler in this mode, the user can determine 
whether or not the target system can perform the test 
procedure as written, and can determine the system- 
to-UUT interconnections that are required. 

If an ATLAS test procedure is compiled with a de 
fined system and adapter/interface, the compiler will 
generate the appropriate ATS BASIC program for per 
forming the test procedure. 

Compiler  Funct ional  Descript ion 
The HP ATLAS Compiler is organized into five 

phases, each of which performs a group of related 
operations that contribute to the overall translation 
process (Fig. 3). In general, these subprocesses oper 
ate on the internal representation of the ATLAS test 
procedure, often in conjunction with data from the 
A/I Processor, the ATE Processor, and the earlier com 
piler phases. Each subprocess either modifies the in 
ternal representation of the test procedure, thus con 
tributing directly to the translation process, extracts 
and processes related information from the test proce 
dure, thus contributing indirectly to the translation 
process, or formats information for the purpose of 
generating printed listings. 

Phase I 
The primary purpose of the first phase is to process 

compiler commands and to detect and identify test 
procedure errors in word construction, required 
punctuation, statement composition, or statement 
grouping. Some compiler commands have an imme 

diate effect, directing phase I to obtain source code 
from particular input devices or disc files, or causing 
source listings or files to be generated. Other com 
mands that affect later processes are noted for future 
reference. 

The test procedure is input in the form of an ASCII 
(American Standard Code for Information Inter 
change) character stream from disc files, input de 
vices, or the operator's console keyboard. Input char 
acters are grouped together to form syntactic units. 
The compiler replaces each unique syntactic unit by 
a unique number, called a token, to facilitate efficient 
processing. The various syntactic units, such as AT 
LAS keywords (or abbreviations: the compiler re 
quires only three or more leading characters of a key 
word that uniquely identify it), punctuation, numeric 
constants, variable names, UUT pin names, and so 
on, are assigned token values in numeric groupings 
or ranges so the type of syntactic unit can be easily 
identified by the range of the token value. For ex 
ample, verbs are assigned token values between 
100 and 165. 

The resulting token stream is then compared with 
acceptable ATLAS syntactic forms. During this pro 
cess, omissions of certain parts of strict ARINC AT 
LAS syntax, considered optional in HP ATLAS, are 
detected and the missing tokens are inserted into the 
token stream for conformity to ARINC ATLAS. State 
ment numbers, commas, and some keywords fall into 
this category. If required, the statements are renum 
bered to comply with the ARINC requirement for in 
creasing statement numbers. In addition to state 
ment syntax checking, syntactic requirements that 
apply to the relationships between two or more state 
ments, or to the test procedure in general, are veri 
fied. A listing of the test procedure in preferred 
ARINC ATLAS format is then generated (see Fig. 5). 
This listing includes full spellings, punctuation, and 
block indentations. 

Phase II  
The second compiler phase translates all procedur 

al statements (non-signal-oriented statements) into 
an intermediate form called primitive code. This pri 
mitive code is independent of any particular ob 
ject code, but is easily translated into any lower- 
level language. The translation of procedural state 
ments is quite conventional in many respects, and a 
detailed discussion will not be given. One unusual 
aspect of the translation, however, is that ATLAS 
PROCEDURES are expanded "in-line" each time they 
are called by a PERFORM statement, instead of being 
expanded once and thereafter treated as subroutines 
to be invoked by PERFORM statements. This is neces 
sary for two reasons. One is that UUT pins may be 
used as procedure parameters. If the procedures were 
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SLI ST BASIC 
000000 BEGIN, 

01 DEFINE 

O U T ' *  ' U L I M ' ,  - L L I M ' Â »  
1 0 .  . 1 0 5 .  . 0 9 5 .  
0 5 .  . 0 5 5 .  . 0 4 5 .  
0 1 .  . 0 1 3 .  . 0 0 7 .  
0 0 5 .  . 0 0 7 .  . 0 0 3 .  
0 0 1 .  . 0 0 3 .  . 0 0 !  

t  
  B E G I N  T E S T  P R O C E D U R E    S  

S 
0 5  F O R  M N D E X ' Â « l  T H R U  5 ,  T H E N  S  
0 6  A D J U S T .  A C  S I G N A L .  

â€¢INPUT". 

VOLTAGE .10 V. 
FREd RANGE 50 KHZ TO 200 Â«HÂ¿ BÃ 1 KHZ RATE 10 KHZ 

/ SEC. 
CNX HI J4-1 LO J35 

0 7  T O  R E A C H .  <  V O L T A G E ) .  A C  S I G N A L .  
N O M  ' V O U T ' C  - I N D E X ' )  V  U L  '  U L  I  M  '  (  â € ¢  I  N D E A  â € ¢  )  V  L L  
' L L I M  ' (  M  N D E X  * )  

T O  . 1 2  V .  V O L T A C - E  R  
C N X  H  

M E A S U R E .  < F R E  
V O L T A G E  .  
F R E f l  R A N G  

C N X  H  
E N D .  F O R  Ã   

N G C  0  
J 4 - 6  
I N T O  

I  V .  
5 0  K (  
J A - l  

O  J 3 S  
F R E Ã œ  ' C  ' I N D E X  â € ¢ ) ) .  A C  S I G N A L .  

T O  2 0 0  K H Z .  
O  J 3 S  

1 0  R E C O R D .  ' F R E 6  
1 1  F I N I S H  5  
1 2  T E R M I N A T E .  A T L A S  P R O G R A M  5  

T H R U  5 )  T O  E X T E R N A L  ' 0 1 0 0 0  ' Â «  

Fig.  5 .  Typ ica l  ATLAS program l is t ing in  prefer red ARINC for  
m a t ,  p r o d u c e d  b y  c o m p i l e r  p h a s e  I .  E x t e n s i o n s  t o  A R I N C  
ATLAS are  f lagged  by  an  EX in  the  hgh thand  co lumn.  

treated as subroutines, the UUT pin parameters 
would have to be treated as variables within the pro 
cedures. Because signal switching is decided at com 
pile time, implementation of UUT pin variables is 
not possible. Second, signal-oriented statements 
must be considered with respect to all other signals 
that are active concurrently when allocation of sys 
tem resources is done automatically. Because the sig 
nal activity context may differ between one PERFOR 
MANCE of a PROCEDURE and another, the same signal- 
oriented statement may translate differently in dif 
ferent instances. 

At the conclusion of phase II, alphabetized cross 
reference listings of user-defined symbolic labels 
and UUT pin names are generated if activated by the 
$XREF LBL command. 

Phase III 
The third compiler phase does a detailed analysis 

of the signal activity that will be present at the UUT/ 
system interface throughout the performance of the 
test procedure. This analysis results in a highly struc- 

Minimizing Test Program 
Expenses 

The benef i ts of  automat ic test  equipment are wel l  known, the 
pr inc ipa l  ones be ing faster ,  more repeatab le  test ing even wi th  
relat ively unski l led operators.  

However ,  test  program preparat ion can be expensive.  There 
are many hidden costs.  Ear ly  in the design phase of  HP ATLAS 
every aspect of that expense was examined not only to maximize 
t h e  v a l u e  o f  t h e  f i n a l  p r o d u c t ,  b u t  a l s o  t o  m i n i m i z e  t h e  d e  
ve lopment  cost .  

The most v is ib le element of  a system expendi ture is the hard 
ware  env i ronment  in  wh ich  the  compi le r  and  ou tpu t  p rograms 
o p e r a t e .  H P  A T L A S  o p e r a t e s  o n  H P  9 5 0 0  S e r i e s  A u t o m a t i c  
T e s t  S y s t e m s .  T h u s  c o m p u t e r  a n d  p e r i p h e r a l  e x p e n s e s  a r e  
he ld  to  min icomputer  leve ls  whi le  addi t ional  process ing power  
is  prov ided by us ing a d isc operat ing system for  compi la t ions.  
The compi ler  is  f lex ib le  enough to  operate wi th in  d i f ferent  con 
f igu ra t ions  and  to  compi le  p rograms fo r  execu t ion  on  var ious  
test  stat ion conf igurat ions.  

A  s e c o n d  t e s t  p r e p a r a t i o n  e x p e n d i t u r e  i s  U U T / s y s t e m  
adapter  cos ts  and the  assoc ia ted  cos ts  o f  in tegra t ing  spec ia l  
hardware and switching into the system for special  UUT needs. 
T h e  a b i l i t y  t o  d e s c r i b e  t h e  s y s t e m  c o n f i g u r a t i o n  a n d  t h e  
adap te r / i n te r face  con f i gu ra t i on  i n  h igh - leve l  l anguage  te rms  
helps to min imize the in tegrat ion costs.  Also,  one phase of  the 
compi le r  i s  ded ica ted to  s igna l  requ i rements  ana lys is  and pro  
d u c e s  l i s t i n g s  t h a t  c a n  b e  u s e d  t o  a i d  i n  a d a p t e r  d e s i g n ,  o r  
e v e n  i n  s e l e c t i n g  t h e  m o s t  a p p r o p r i a t e  s y s t e m  f o r  t e s t i n g  a  
UUT. 

The th i rd expendi ture and potent ia l ly  the largest  is  d i rect  pro 
g ramming expenses  Th is  expense is  addressed by  the  ATLAS 
language,  wh ich  i s  Eng l i sh - l i ke ,  uses  eng ineer ing  te rms,  and  
c a n  b e  u s e d  w i t h o u t  d e t a i l e d  k n o w l e d g e  o f  t h e  s y s t e m  h a r d  
ware,  thereby s impl i fy ing the wr i t ing of  test  programs.  But  th is  
a lone is  not  necessar i ly  enough,  because high- level  languages 

requ i re  more  compu te r  p rocess ing  t ime  than  l ower - l eve l  l an  
g u a g e s .  T o  m i n i m i z e  t h i s  e f f e c t ,  t h e  H P  A T L A S  C o m p i l e r  
h e l p s  r e d u c e  t h e  l e n g t h  o f  c o m p i l e s  b y  p r o v i d i n g  p a r t i a l -  
c o m p i l a t i o n  c a p a b i l i t y  a n d  s e v e r a l  l e v e l s  o f  w e l l - d e s i g n e d  
error d iagnost ics.  

Potent ia l l y  the  greates t  source  o f  sav ings  in  an  ATLAS sys  
tem i s  tha t  many  common sys tem-dependen t  e r ro rs  a re  m in i  
mized by prov id ing common inst rumentat ion and swi tch ing rou 
t ines in  preprocessed data f i les .  These er rors  inc lude 
â€¢ wrong switching 
â€¢ incorrect settling delays 
â€¢ wrong device setups or ranges 
â€¢ wrong tolerances because of  d imensional  changes 
â€¢ device interactions. 
The  reduc t ion  o f  th i s  b road  c lass  o f  p rob lems  reduces  cos ts  
by shortening the t ime needed for program ver i f icat ion.  Once a 
program compi les successfu l ly ,  the probabi l i ty  o f  execut ion is  
good.  

Many users  o f  automat ic  tes t  equ ipment  encounter  a  four th  
cost  because they have many d i f fe rent  sys tems that  must  per  
form the same tests .  Using test -system-dependent  languages,  
a separate program would be required for each type of system. 
I f  a  sys tem- independen t  l anguage  l i ke  ATLAS i s  used ,  a  p ro  
g ram wr i t ten  fo r  one  sys tem i s  t ranspor tab le  to  ano ther  w i th  
only minor modi f icat ions,  i f  any.  

The last  major area of  system cost  is  support .  High- level  lan 
guages genera l ly  min imize th is  cos t ,  because they inherent ly  
contain more support  documentat ion value than lower level  lan 
guages .  HP ATLAS fu r the r  a ids  th i s  task  by  ou tpu t t i ng  a  p re  
fer red l is t ing us ing s tandard ARINC ATLAS spel l ings,  punctua 
t ion,  and format t ing.  System- independent  ATLAS also reduces 
suppo r t  cos t s  by  reduc ing  the  number  o f  d i f f e ren t  p rog rams  
requi red when d i f ferent  systems per form the same tests .  
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tured data file which represents the stimulus signals 
required by the LJUT, the UUT signals that are to be 
measured, and the loads that are to be applied to the 
UUT. This analysis of UUT signal requirements is 
done independently from any system configuration 
information, but results in a precise specification of 
the system capabilities required to perform a given 
test procedure. 

To determine the UUT signal requirements, all sig 
nal-oriented statements are processed to determine 
how many signals exist and which statements refer 
to each signal, whether each signal is a SOURCE, SEN 
SOR, or LOAD, the signal type or noun, the signal char 
acteristics, normalized characteristic dimensions or 
units, range of values, accuracy requirements, and the 
UUT pins associated with the signal. 

In addition, all statements that affect the execution 
sequence of a test procedure (IF, FOR, WHILE, REPEAT, 
and GO TO statements) are examined and the range of 
statements over which each signal is active is deter 
mined. This information, called signal scope, is then 
used to identify signal concurrency, that is, signals 
that have overlapping periods of activity when the 
test procedure is executed. 

An optional listing, activated by the $XREF siG com 
mand, provides a formatted representation of the sig 
nal requirements analysis, which is highly useful for 
evaluating the signal activity in an ATLAS test 
procedure. 

Phase IV 
The primary purpose of the fourth compiler phase 

is to determine the system resources that are to be 
used for each signal identified and specified by 
phase III, and to then translate the signal-oriented 
statements into primitive code form. 

First, for each signal requirement, each system de 
vice model that compares favorably with the signal 
requirement is noted along with device parameter in 
formation. This results in a device candidate list for 
each signal requirement. Second, the system/UUT 
switching and wiring model is used to determine 
whether or not the terminals on the device candi 
dates can be connected to the required UUT terminals. 
If they can, the required switching and signal path 
resources are recorded, along with the device, as the 
set of required resources for the candidate. If signal 
paths from candidate device terminals to UUT ter 
minals cannot be established, the candidate is dis 
qualified from further consideration. 

For each signal requirement having one or more 
qualified candidates (sets of resources that satisfy the 
signal requirements), a tentative candidate assign 
ment is made. The specific resources associated with 
the tentative candidates for concurrent signals are 
cross-checked to detect allocation conflicts. If alloca 

tion conflicts occur and either of the concurrent sig 
nals has candidate alternatives, the tentative candi 
date assignment is changed in an attempt to resolve 
the resource conflict. If a combination of candidates 
cannot be found which resolves a resource conflict 
between concurrent signals, one of the signal require 
ments is identified as being unallocatable. Conflict 
detection and resolution continues until allocation 
is completed. All surviving tentative allocations 
then become actual allocations. 

Once resource sets are allocated for all signal re 
quirements, primitive code is generated for each sig 
nal-oriented statement, based on the resource set as 
sociated with the signal requirement of which the sig 
nal-oriented statement is a part. Following the gener 
ation of primitive code, an optional signal/device 
cross reference listing may be generated (Fig. 6). This 
is similar to the signal cross reference listing of Phase 
III, but contains additional information about device 
qualification and disqualification and allocations 
for each signal requirement. 

CROSS REFERENCE 

SENSOR CROSS REFERENCE 

AC SIGNAL (VOLTAGE) 

CHARACTERISTICS! 

VOLTAGE MIN 0 Vi MAA .12 V) 

REFERENCES: 

TO AT 0000071 CNX MI J4-8 LO J3 I 

SCOPE OF ACTIVITY i 

DEVICE CANDIDATES: 

â€¢ 'DVB- FUNCTION 2A 

â€¢DVM â€¢ FUNCTION 2C 

NO SIGNAL PATH 

SELECTED 

DISQUALIFIED 
FOR CNA HI Ja-8 

AC SIGNAL (FRE6O, 

CHARACTERISTICS: 

VOLTAGE . I Vi 

F R E U  M I N  5 0 E 3  H Â ¿ l  M A A  2 0 0 E 3  H Â ¿ J  
REFERENCES:  

M E A S U R E  A T  0 0 0 0 0 8 Â »  C N A  H I  J 4 - 1  L O  J 3  
S C O P E  O F  A C T I V I T Y :  

D E V I C E  C A N D I D A T E S :  
â € ¢ ' C O U N T E R '  F U N C T I O N  1  S E L E C T E D  

' C O U N T E R '  F U N C T I O N  2 A  Q U A L I F I E D  
â € ¢ C O U N T E R '  F U N C T I O N  S B  D I S Q U A L I F I E D  

V O L T A G E  N O T  S P E C I F I E D  F O R  C A N D I D A T E  

SOURCE CROSS REFERENCE 

I  :  A C  S I G N A L  ' I N P U T ' ,  
C H A R A C T E R l  S T I C S :  

V O L I u G F  . 1  V J  
F R E u  M I N  â € ¢ S O F S  H Â ¿ J  M W A  ? n - ^ 3  
1 0 0 0 0  H Z  

REFERENCES:  
D E F I N E  A T  0 0 0 0 0 1 :  
A H J U S T  A T  B 0 0 P 0 6 1  C N A  H I  J Â « - l  L O  J 3  Ã   
F I N I S H  A T  0 0 0 0 1  1 1  

SCOPE OF AC T I VI I Ã¯ : 
F R O M  0 0 0 0 0 s  T O  0 0 0 0 1  I  

D E V I C E  C A N U I  i i A T F . S :  
â € ¢ S I C . G E N *  F U N C T I O N  I  D I S Q U A L I F I E D  

V O L T A C E  N O T  S P E C I F I E D  F O R  C A N D I D A T E  
â € ¢ ' S I G . G E N '  F U N C T I O N  2  S E L E C T E D  

â € ¢ H F S I C . G E N I '  F U N C T I O N  I  D I S Q U A L I F I E D  
V O L T A G E  N O T  S P E C I F I E D  F O h  C A N D I D A T E  
F R E t  M A X  O U T  O F  C A N D I D A T E  R A N G E  
F R E b  M I N  O U T  O F  C A N D I D A T E  R A N G E  

â€¢kORD.GENI  â€¢  FUNCTION I  D ISUUALIF IED  
V O L T A G E  N O T  S P E C I F I E D  F O R  C A N D I D A T E  
F R E C  M A A  O U T  O F  C A N D I D A T E  R A N G E  

' b O R D . G E N g '  F U N C T I O N  I  D I S Q U A L I F I E D  
V O L T A G E  N O T  S P E C I F I E D  F O R  C A N D I D A T E  
F R E t  M A A  O U T  O F  C A N D I D A T E  R A N G E  

Â « F S O L U I I O N  1 0 0 0  n i Ã   R A T E  

F i g .  6 .  S i g n a l / d e v i c e  c r o s s  r e f e r e n c e  i s  p r o d u c e d  b y  
compi ler  phase IV.  
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Phase V 
The fifth and final phase of the compiler translates 

the primitive code stream into executable object 
code; specifically ATS BASIC and/or ATS BASIC in 
termediate code. This process consists of a number of 
interrelated operations, including expansion of de 
vice programming procedures as specified by the 
primitive code, translation of procedural primitives, 
mapping ATLAS variables and compiler generated 
variables into BASIC variables, and segmenting ob 
ject code to fit the target system core environment. 
Also generated are an initialization code sequence for 
initializing variables and opening any required disc 
files, and an operator interaction sequence for selec 
tion of optional starting points in the test procedure. 

If activated by a $LIST BASIC command, phase V 
generates an interleaved listing of ATLAS and ATS 
BASIC (Fig. 7). Then a summary of any errors or warn 
ings detected during the compilation is produced. If 
either a $OBJECT <file-name> or SBASIC <file-name> 
command has been given, a file of commands for the 
ATS BASIC interpreter is generated for directing the 
further processing of the segmented test program. 
Then the input phase of the ATS BASIC interpreter 
completes the translation process. 

Designed for  Ef f ic ient  Use 
The HP ATLAS Compiler was designed assuming 

two types of users: one or more ATLAS test procedure 
writers who are technicians or engineers and are ex 
perts in understanding UUT's, and an ATE and A/I 
specialist who is familiar with the system and its in 
terfaces and who is responsible for system upgrades, 
methods of use, and adapter design. These two users 
can be the same individual, but on a complex system 
with multiple users it probably makes sense to assign 
one ATE and A/I specialist. 

The compiler offers the user a number of options 
that facilitate its efficient use. For example, assume 
the user has prepared a test procedure using abbre 
viated ATLAS and has punched it on paper tape or 
cards. To this source program the user can add com 
piler command statements that control the options 
available (see table, page 12). This can be done either 
by typing the commands at the operator's keyboard or 
by editing the source program. For the initial run 
the user would probably add the following options 
(compiler commands begin with the $ symbol): 

$SAVE ATLAS S20000 

STHRU MAX = 1 

C PROGRAM BEGINS HERE $  

BEGIN $ 

.  (ATLAS Test  Procedure) 

TERMINATE $ 

F ig .  7 .  L i s t ing  o f  an  ATLAS tes t  p rocedure  in te r leaved  w i th  
the equ iva lent  ATS BASIC code.  Th is  l i s t ing is  generated by 
compi le r  phase V.  

10 
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This compilation will execute quickly because the 
STHRU command will terminate compilation at the 
first logical point after the first error is detected. This 
is generally at the end of a compiler phase, or after 
the preferred listing is generated and the preferred 
source saved, on disc file S20000 in this case. From 
the preferred listing, the user can resolve keypunch 
errors, syntax errors (formal statement structural 
errors) and undefined statement numbers, and can 
prepare a correction tape or deck referencing the 
statement numbers on the preferred listing. 

For the second compilation the following options 
might be used: 

These commands will be saved 
with corrected ATLAS at S20001 . 

SSAVE ATLAS S20001 
SATE DSIS 
$A/I D313 

$XREF LBL, SIG 
STHRU CONFIG 
SUPDATE WITH RDR 
SINSERT 820000 
SEND 

This compilation will process source file S20000, as 
modified by the update tape, through the first four 
compiler phases. Errors involving relationships be 
tween statements, incorrect resource specifications, 
or errors in the A/I definition will be detected by this 
compilation. 

After resolving any errors of this type, the next 
compilation can be expected to produce code that is 
ready to test. The commands would be: 

This command is saved. 
SSAVE ATLAS S20000 
SUBJECT BIOOO 
SLIST BASIC 
SDEBUG 
SUPDATE WITH RDR 
SINSERT S20001 
SEND 

Errors in an ATLAS test procedure that are dis 
covered during execution of the ATS BASIC test pro 
gram can be easily fixed using BASIC and the cor 
rections noted for a single final ATLAS recompilation. 

Top-Down Des ign  
The optimal implementation of ATLAS on HP 

9500 Series Systems required three large processors 
(ATE. A/I, and the ATLAS Compiler). This complex 
design task was efficiently accomplished by a top-down 
design which resulted in certain advantages to the user 
as well as the designer. While the purposes of the 
three processors are different, their source languages 
and organizations are similar in many respects. 
There are two advantages to this. First, the user inter 

face to each processor, in terms of source language, 
command structure, operating procedures, and ter 
minology, is consistent throughout the system. Sec 
ond, the highly structured top-down implementa 
tion makes use of common modules to accomplish a 
large portion of the processing. 

The two most important areas of commonality in 
the design are the executive control structure and the 
I/O interface (input/output to operating system and 
computer peripherals). The executive control pro 
gram is the main program in each processor. It con 
trols the execution of subprocessors, creates, opens, 
positions, and closes files for the subprocessors, and 
maintains a global data area for communications 
with the subprocessors. The executive control pro 
gram for each processor is the same except for tabular 
data. 

Because the ATLAS compiling system is highly 
dependent on the I/O and file structure of the oper 
ating system, the compiling system interfaces not di 
rectly with the operating system, but through a stan 
dardized interface that can be adapted to different 
operating systems. A considerable effort has been 
made to allow the transfer of the ATLAS system to a 
different environment with minimum effort, because 
it is anticipated that HP ATLAS will eventually be 
made available with operating systems other than 
the disc based operating system presently used by 
9500 Series Automatic Test Systems. 

Two major results of having common executive 
and I/O structures are worthy of note. First, new com 
piler sections or existing ones were easy to rearrange 
by simply changing tables in the executive. Second, 
compiler speed was improved during development 
by better than a factor of two by making changes only 
in the I/O section, which is where the compiler 
spends most of its time. 

The next level of commonality occurs in the pro 
cessing and listing sections of the processors. Com 
mon software modules use different data (keyword 
dictionaries and other tabular data) depending on 
whether the processing is for the ATLAS Compiler 
or the ATE or A/I Processors. Because of the com 
monality between the three processors and certain 
file structures, the same programs are able to generate 
a variety of listings. For example, the formatted list 
ings from the ATE and A/I Processors, the preferred 
ARINC ATLAS listing, and the interleaved ATLAS/ 
ATS BASIC listing are all generated by a common pro 
gram. A common procedure is used throughout the 
compilation system to handle all error conditions. 
This processing handles user diagnostics (warnings, 
syntax errors, semantic diagnostics) as well as system 
errors (I/O errors, user file reference errors). 

A very important compiler technique consists of 
analyzing source text using syntax graphs, which are 
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S S A V E  S p e c i f i e s  o u t p u t  d e s t i n a t i o n  o f  s o u r c e  o r  â € ¢  â € ¢  â € ¢  
pre fer red  ATLAS (A I  o r  ATE) .  

S B A S I C  S p e c i f i e s  o u t p u t  d e s t i n a t i o n  o f  B A S I C  .  
source code.  When mul t ip le f i les are 
generated,  they sequent ia l ly  increment.  

S U B J E C T  S p e c i f i e s  o u t p u t  d e s t i n a t i o n  o f  e x e c u t a b l e  â € ¢  
object  code.  When mul t ip le f i les are 
generated,  they sequent ia l ly  increment.  

$ G O  S a m e  a s  S U B J E C T ,  b u t  e x e c u t i o n  o f  f i r s t  .  
obiect  segment immediate ly  fo l lows 
complet ion of compi lat ion. 

S S E G M E N T  P r o v i d e s  o v e r r i d e  o f  s e g m e n t  s i z e  s p e d -  â € ¢  
f ied in  ATE conf igurat ion f i le  on e i ther  a 
percentage bas is  or  on an immediate  
segment break i f  no percentage is  speci f ied 

S T H R U  C o n t r o l s  p a r t i a l  c o m p i l a t i o n  o f  A T L A S  p r o -  â € ¢  
grams by terminat ing af ter  a speci f ied 
phase or  number of  errors.  

S D E B U G  P r o v i d e s  e x e c u t i o n  o f  s t a n d a r d  d e b u g  r o u -  â € ¢  
t ine at  key points dur ing execut ion of  ATLAS 
object code. 

S L I S T  F o r  c o n t r o l  o f  s o u r c e ,  p r e f e r r e d  â € ¢  â € ¢  â € ¢  
ATLAS (A ' l  o r  ATE)  o r  m ixed  ATLAS;  
BASIC l ist ings. 

S N U M B E R  C o n t r o l s  t e s t  a n d  s t e p  n u m b e r  s e q u e n c i n g  â € ¢  â € ¢  â € ¢  
and increment s ize.  

S X R E F  C o n t r o l s  l i s t i n g  o f  l a b e l ,  p i n ,  a n d  s i g n a l  r e -  â € ¢  
quirements analysis cross references.  

PRICE IN U.S.A.:  
9510D Opt ion 100 or  95000 Opt ion 180:  $22,000 f i rs t  purchase;  $12,000 each 
s u b s e q u e n t  p u r c h a s e  T h e s e  o p t i o n s  a d d  A T L A S  c a p a b i l i t y  t o  9 5 1 0 D  a n d  
9 5 0 0 D  P r o  T e s t  S y s t e m s  P r i c e  i n c l u d e s  A T L A S  C o m p i l e r ,  A T E  P r o  
cessor ,  A/ I  Processor ,  run- t ime sof tware,  and conf igured ATE f i le .  

M A N U h A C T U R I N C  E ! V ! S ! O N :  A l  I T O M A T I C  M E A S U R E M E N T  D I V I S I O N  
974  Eas t  Arques  Avenue 
Sunnyvale.  Cal i forn ia 94086 U.S.A.  

generated off-line by a special processor. Often a cer 
tain amount of translation is also performed during 
this syntax checking. In the HP ATLAS Compiler 
this technique is extended and used throughout the 
system. Every process that uses the internal form of 
the ATLAS (or ATE or A/I) program as its primary in 
put data is controlled by the way the input token 
stream (see "Phase I" above) corresponds with a 
grammar specifically defined for that process. In the 
HP ATLAS Compiler there are seven such "syntax 
driven processes, differing only in their specific gram 
mars and some low-level subroutines that are in 
voked as a result of comparing the input token 
stream with a specific grammar. Most of the software 
for these seven processes consists of modules that are 
common to all of them. Once these were designed, 
implementation of each separate process was re 
duced to dealing only with its unique aspects, a great 
simplification. 

Finally, the same development language and de 
bugging tools were used by all members of the pro 
ject team, and each was improved during the project 
to achieve the maximum leverage possible. 
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Automat ic  4 .5 -GHz Counter  Provides 
1-Hz Resolut ion 
This  new f requency  counter  o f fe rs  h igh  per fo rmance fo r  
te lecommunica t ions  and o ther  app l i ca t ions  a t  a  modes t  
cost .  Systems compat ib i l i t y  and bu i l t - in  d iagnost ics  
enhance i ts  value.  

by AM Bologlu 

AUTOMATIC MICROWAVE frequency measure 
ments to 18 GHz and beyond are the special ca 

pability of Hewlett-Packard's Model 5340A Fre 
quency Counter.1 The general-purpose HP Model 
5345A2 measures frequency automatically to 4 GHz 
when equipped with the 5354A Automatic Fre 
quency Converter plug-in. It also measures time inter 
val, period, ratio, and other parameters. 

Now a new counter, Model 5341A, strikes a mid 
dle ground for the user who needs to measure fre 
quency to 4 GHz or so, but doesn't need the universal 
capabilities of a general-purpose plug-in counter. 
Model 5341A (Fig. 1) is a 4.5-GHz automatic fre 
quency counter that provides a high level of perfor 
mance at a modest cost. An optional version that has 
a 1.5-GHz upper frequency limit offers even greater 
economy. 

The counting principle used in the new counter is 
an automatic heterodyne frequency converter techni 
que similar to that used in the 5345A plug-in.3 The 
user has a choice of automatic mode, in which the 

counter searches its entire range and measures the 
lowest-frequency signal, or manual mode, in which 
the search is restricted to one of ten narrower bands 
as selected by the user. 

Model 5341A is compatible with the HP interface 
bus (HP-IB).4 As many as fifteen devices can operate 
on the bus, so the new counter can be part of an easily 
implemented automatic measurement system. 
Equipped with the appropriate options, Model 
5341A can communicate digitally with printers, cal 
culators, card readers, computers, and other devices. 
All of its front-panel controls except power on/off 
can be remotely programmed. 

Front-Panel  Inputs and Controls  
The new counter has two inputs, a 50Ã1, 50-MHz-to- 

4.5-GHz input and a 1-MÃÃ, lO-Hz-to-80-MHz input. 
Specified sensitivity of the 4.5-GHz channel is - 15 dBm 
in automatic mode and -20 dBm in manual mode. 
Fig. 2 shows measured sensitivities for a typical 
counter. Sensitivity of the 80-MHz channel is 10 mV 

F i g .  1 .  M o d e l  5 3 4 1 A  m e a s u r e s  
frequencies from 10 Hz to 4.5 GHz 
wi th  maximum resolu t ion of  1  Hz.  
O p e r a t i o n  c a n  b e  m a n u a l  o r  
a u t o m a t i c .  A n  o p t i o n a l  1 . 5 - G H z  
version is also avai lable.  
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E  - 1 5  
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Specification 
Typical: 

-Automat ic  
Mode 

.Manua l  
Mode 

. 6  1 . 2  1 . 8  2 . 4  3 . 0  3 . 6  4 . 2  
Frequency (GHz)  

Fig. 2. 5341 A sensit iv i ty at 50ÃI input.  

rms sine wave. 
A range switch on the front panel selects the input 

channel to be used. Also on the range switch is a self- 
check position. Another switch selects the resolu 
tion of the measurement in decade steps from 1 Hz to 
1 MHz. The counter can display ten digits with appro 
priate annunciators, enough to provide 1-Hz resolu 
tion over its full range. A mode switch selects either 

automatic or manual mode, and a band-select push 
button is provided for switching bands in the manual 
mode. 

Counter  Organizat ion 
Fig. 3 is a general block diagram of the new 

counter. 10 MHz from the crystal time base oscillator 
goes to the time base generator and to a multiplier 
chain that produces all the comb lines (local oscilla 
tor frequencies) needed for heterodyne mixing. 
Lines at 500, 750, and 1000 MHz are produced by 
printed-circuit-board multipliers. Lines at 1.5, 2.0, 
2.5, 3.0, 3.5, and 4.0 GHz are generated in a hybrid 
module. In the optional 1.5-GHz version of the 
counter the hybrid module is deleted. 

The IF module has a switchable upper frequency 
limit; it is nominally 530 MHz except for the two 
lowest-frequency comb lines, for which it is 280 MHz. 
Also in the IF chain are two peak detectors and a fre 
quency discriminator that control the automatic ac 
quisition algorithm. The output of the IF module is 
prescaled by 20 and sent to the counter chain. 

10 Hz-80 MHz 

Hybrid 
Module 

500 MHz.  750 MHz.  1 .0  GHz.  
1 .5 GHz.  2 .0 GHz.  2 .5 GHz.  
3 .0  GHz,  3 .5  GHz,  4 .0  GHz 

Switchable 
Filters 

1 .5  GHz-4.0  GHz 

Spectrum 
Generator 

500 MHz 

250 MHz 

Peak Detectors 
AGCland  F requency  

1 Discriminator 
500 MHz 
Decade 

Auxiliary 
w  V i d e o  O u t  IT 

Time Base 
Generator 

State 
Machine 

Controller 

Remote 
Option 

Resolution 
Switch 

Remote  
Address 
Switch 

Digital Bus 
(HP-IB) 

10 MHz Out  
Ext .  10 MHz In 

10  MHz 
T ime Base  
Oscil lator 

F i g .  b a n d s  d i f f e r e n t  f r e q u e n c y  r a n g e  i s  d i v i d e d  i n t o  t e n  b a n d s  b y  s w i t c h i n g  d i f f e r e n t  
local  osci l la tor  f requencies to the input  mixer.  Band swi tching can be manual  or  automat ic.  Two 
peak detectors  and a f requency d iscr iminator  contro l  the automat ic  acquis i t ion a lgor i thm: they 

a lso prov ide d iagnost ic  in format ion.  
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All digital control of the counter is vested in a state 
machine. Its algorithm is shown in Fig. 4. 

Counter  Operat ion 
In the automatic mode, the counter continuously 

sequences through its ten frequency bands by switch 
ing appropriate comb lines to the input mixer. This 
proceeds until a signal is detected in the IF channel 
by the fact that both peak detectors and the frequency 
discriminator are triggering. These conditions as 
sure that the intermediate frequency signal is of the 
proper magnitude to be counted ( â€” 1 to +6 dBm) and 

F i g .  4 .  A l g o r i t h m  f o r  t h e  s t a t e  m a c h i n e  t h a t  c o n  
t ro ls  counter  operat ion.  

is within the frequency range of the counting chain, 
which is 500 MHz. The counter then resets to its 
lowest band and reacquires the signal to assure that 
the intermediate frequency is an upper sideband of 
the comb line used. The frequency of the IF signal is 
then counted. The state machine identifies the comb 
line frequency the search has stopped on, adds it to 
the counted IF, and displays the result. 

Overlap between bands is a minimum of 30 MHz, 
which determines the counter's tolerance to fre 
quency modulation on input signals near the band 
edges. FM peak-to-peak deviation tolerance rises to 
Â±250 MHz, the bandwidth of the IF channel, for sig 
nals near the band center. 

In the hybrid structure that generates the upper 
comb lines, each line is activated by a PIN diode 
switch (see Fig. 5). This allows fast switching be 
tween bands, making it possible for the counter to ac 
quire a signal in 600 microseconds, worst case, in the 
automatic mode. In the manual mode, where the 
search is over a narrower range, worst case acquisi 
tion time is only 100 /LAS. 

Automat ic  and Manual  Modes 
In the automatic mode the counter will measure 

and display the lowest-frequency CW signal that ex 
ceeds its minimum sensitivity. If the signal level is in 
sufficient for the automatic mode but sufficient for 
the manual mode an asterisk appears in the display. 

In the manual mode the correct frequency is found 
by first pushing the reset button and then sequential 
ly pressing the band select pushbutton. Should no 
signal be present in a band, the comb line frequency 
associated with that band is displayed. When a sig 
nal is encountered it is measured and displayed. The 
first frequency displayed is the correct one. Pressing 
the band select button once more would yield the 
lower sideband of the next comb line, the image re 
sponse, which would be the wrong answer. 

Manual mode enables the user to search within 
any of the ten frequency bands. This is advantageous 
when attempting to find and measure several signals 
in a complicated spectrum, or for systems applica 
tions where low acquisition times are needed. 

Built - in Diagnostics 
When the range switch is moved to the check posi 

tion a 500-MHz signal is applied to the mixer assem 
bly, IF module, prescalers, and counter chain. Thus 
the counters are exercised at their highest operating 
frequency instead of the customary 10 MHz. With the 
instrument in automatic mode the 500 MHz is also ad 
ded to the contents of the counter chain to check for 
proper operation of the acquisition algorithm. 

An internal switch causes the states of the two 
peak detectors and the frequency discriminator to be 
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Low Frequency 
Enable 

500 MHz,  750 MHz,  
1.0 GHz Inputs 

Control 
Inputs 

500 MHz 
Input 

+ 15V 

Spectrum 
Generator 

Module 

To Mixer  

500 MHz,  750 MHz,  1 .0  GHz,  
1 .5 GHz,  2 .0 GHz,  2 .5 GHz,  
3 .0  GHz,  3 .5  GHz,  4 .0  GHz 

1. R.F. Schneider, "A High-Performance Automatic 
Microwave Counter," Hewlett-Packard Journal, April 
1973. 

Fig. frequencies for module generates the upper local oscil lator frequencies and provides for rapid 
swi tch ing f rom one to  another .  Worst -case acquis i t ion t ime for  an automat ic  search of  the fu l l  

f requency range is  less  than 600 microseconds.  

displayed, as shown in Fig. 6. This information and References 
a flow chart under the top cover of the instrument al 
low the user to diagnose failures to the subassembly 
level. Fig. 7 shows the flow chart. 

If the instrument operates properly in the self- 
check mode but not in use, an external source and the 
displayed qualifiers can be used to check the comb 
lines and the input mixer. This is done in manual 
mode. If the three qualifiers are active in the image 
band instead of the proper band the problem is the ab 
sence of the associated comb line. If no count occurs 
in two adjacent bands and self-check has been satis 
factorily completed, the input mixer is probably 
faulty. 
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Fig .  6 .  An  in te rna l  sw i tch  causes  the  counter  to  d isp lay  the  
s t a t e s  o f  t h e  t w o  p e a k  d e t e c t o r s  a n d  t h e  f r e q u e n c y  d i s  
c r im ina tor  in  the  IF  channe l  ( th ree  d ig i ts  a t  le f t ) .  These are  
used wi th the f low char t  o f  F ig.  7  for  t roubleshoot ing.  
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S P E C I F I C A T I O N S  
HP Model  5341A Frequency Counter  

Input 1 
RANGE:  50  MHz  t o  4 .5  GHz  
IMPEDANCE:  SOU nomina l  
CONNECTOR:  P rec i s i on  Type  N  
S E N S I T I V I T Y :  - 1 5  d B m  ( A U T O  o p e r a t i n g  m o d e ) ;  - 2 0  d B m  ( M A N U A L  

operat ing mode) 
M A X I M U M  I N P U T :  + 2 0  d B m  
D A M A G E  L E V E L :  - 3 0  d B m  
O P E R A T I N G  M O D E S :  

A U T O :  C o u n t e r  a u t o m a t i c a l l y  s e l e c t s  a n d  d i s p l a y s  l o w e s t  f r e q u e n c y  w i t h i n  
i ts sensit iv i ty range; 

M A N U A L :  M e a s u r e m e n t  b a n d  i s  s e l e c t e d  m a n u a l l y ,  a n d  c o u n t e r  m e a s u r e s  
w i t h i n  a  5 2 5  M H z  r a n g e  a b o v e  d i s p l a y e d  b a n d  n u m b e r  ( i n  t h e  5 0 0  M H z  
and 750 MHz bands ,  counter  measures  w i th in  a  250  MHz range) .  

MEASUREMENT T IME:  Acqu i s i t i on  t ime  +  ga te  t ime  
ACQUIS IT ION T IME:  600  /Â¿sec  (AUTO ope ra t i ng  mode ) ;  100  ^sec  (MANUAL  

operat ing mode)  
F M  C H A R A C T E R I S T I C S :  T o l e r a t e s  - 2 5 0  M H z  m a x i m u m  d e v i a t i o n  ( 0 - 5 0 0  

M H z  a n d  1 . 0 - 4 . 5  G H z )  a n d  Â ± 1 2 5  M H z  m a x i m u m  d e v i a t i o n  ( 5 0 0  M H z - 1  0  
GHz)  in  center  o f  bands ;  bands  over lap  30  MHz a t  band edges.  

Input 2 
RANGE:  10  Hz  t o  80  MHz  
I M P E D A N C E :  1  M i l  s h u n t e d  b y  5 0  p F  
C O N N E C T O R :  T y p e  B N C  f e m a l e  
COUPL ING:  ac  
SENSITIVITY:  10 mi l l ivo l ts  
MAXIMUM INPUT:  5  vo l t s  peak - to -peak  
DAMAGE LEVEL:  400  vo l t s  dc :  250  vo l t s  rms  ac ,  10  Hz  to  100  kHz ,  decreas ing  

6  dB per  oc tave  to  80  MHz 

T ime Base  
C R Y S T A L  F R E Q U E N C Y :  1 0  M H z  
STABIL ITY:  

A G I N G  R A T E :  < 1  x  1 0 ~ 7  p e r  m o n t h  
TEMPERATURE:  <Â±1 x  10~6 over  the  range O 'C to  50Â°C 
L INE VARIATION:  <Â±1 x  10~7 ,  Â±10% f rom nomina l  

OUTPUT FREQUENCY:  10  MHz.  32 .4V square  wave  (TTL compat ib le )  ava i lab le  
f rom rear  panel  BNC.  

EXTERNAL T IME BASE:  Requ i res  10  MHz approx imate ly  1 .5V p -p  s ine  wave  o r  
s q u a r e  w a v e  i n t o  1  k i l  v i a  r e a r  p a n e l  B N C  

Optional  T ime Base (Opt ion 001)  
Option aging provides an oven-control led crystal osci l lator t ime base with an aging 
rate accuracy that of a time standard. This option results in better accuracy and longer 
pe r i ods  be tween  ca l i b ra t i on .  A  sepa ra te  power  supp l y  keeps  t he  c r ys ta l  oven  
on and up to temperature when the inst rument  is  turned of f  as long as i t  remains 
connected to the power l ine.  
F R E Q U E N C Y :  1 0 M H z  
AGING RATE: < Â±5 x 1 0~ 1 Â°/day after 24-hour warm-up, for less than 24-hour off 

t i m e ,  a n d  < 1 . 5 0  x  1 0 ~ 7 / y e a r .  
S H O R T  T E R M  S T A B I L I T Y :  1  x  1 0 ~ 1 1  f o r  1  s  a v g .  t i m e ;  1  x  1 0 ~ 1 1  f o r  1 0  s  

avg .  t ime ;  2  x  10~11  fo r  100  s  avg .  t ime  
L I N E  v o l t a g e  < 1  x  1 0 ~ 1 0  f o r  Â ± 1 0 %  c h a n g e  f r o m  n o m i n a l .  A  1 0 %  v o l t a g e  

change  w i l l  cause  a  f requency  change  o f  <1  x  10~8  fo r  <2  m inu tes .  
TEMPERATURE: <7 x  10~9 f requency change over  the range 0Â° to  50Â°C. 
WARM-UP:  Wi th in  5  x  10~9 o f  f ina l  va lue  20 minutes  a f te r  tu rn-on,  a t  25=C.  
FREQUENCY ADJUSTMENT RANGE: > Â± 1 x 10~6(> Â± 1 0 Hz from 1 0 MHz) with 

18-turn control. 
F R E Q U E N C Y  A D J U S T M E N T  R E S O L U T I O N :  1  x  1 0 ~ 9 ( 0 0 1  H z )  

Genera l  
ACCURACY: Â±1 count Â±time base error 
RESOLUTION: Front  panel  swi tch selects 1 MHz, 100kHz, 10kHz. 1 kHz,  100 Hz,  

10 Hz. or  1 Hz.  
D I S P L A Y :  T e n - d i g i t  s e c t i o n a l i z e d  L E D  d i s p l a y  a n d  a p p r o p r i a t e  m e a s u r e m e n t  

uni ts  of  kHz.  MHz.  or  GHz.  
SELF CHECK:  Counts  and d isp lays  1  GHz for  reso lu t ion  chosen.  
SAMPLE HOLD. Continuously adjustable from 40 msec to 1 0 seconds and HOLD. 
OPERATING TEMPERATURE: 0Â°C to 50Â°C 
R E M O T E  P R O G R A M M I N G  A N D  D I G I T A L  O U T P U T :  O p t i o n a l  ( O p t i o n  0 1 1 )  

v ia  24-p in ,  ser ies  57  Mic ro r ibbon connec tor .  Program and ou tpu t  in fo rmat ion  
are 7-bi t  ASCII  code.  

PRICES IN U.S.A. :  
5341A Frequency Counter .  $3 .600 

Opt ion 001 High-Stabi l i ty  T ime Base.  $500 
Opt ion 002 Rear  Panel  Input  Connectors ,  S105 
Opt ion 003 1 .5  GHz Frequency Range,  less  $1.000 
Opt ion 01 1 Remote Programming-Digi ta l  Output .  S390 

M A N U F A C T U R I N G  D I V I S I O N :  S A N T A  C L A R A  D I V I S I O N  
5301 Stevens Creek Boulevard 
Santa Clara.  Cal i fornia 95050 
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A New Instrument  Enclosure  wi th  Greater  
Convenience,  Better  Accessibi l i ty ,  and 
Higher  Attenuat ion of  RF Interference 
Evolut ionary changes in  the way e lect ron ic  c i rcu i ts  are 
packaged  have  ca l led  fo r  a  new approach  to  enc losure  
des ign.  Descr ibed here is  the resu l t  o f  a  corporate-wide 
ef for t  to  meet  customers '  changing requi rements.  

by Al len E.  Inhelder 

ANEW DIRECTION IN ENCLOSURE design was 
taken some fourteen years ago with the develop 

ment of a universal instrument enclosure system at 
Hewlett-Packard. This system (Fig. 1) directly ad 
dressed the problem of how to group instruments, 
whether on the bench or in a rack, a problem that had 
been growing more acute as the number of instru 
ments used in measurement setups continued to 
grow. 

This enclosure system made it practical to stack in 
struments neatly for bench use while at the same time 
providing a convenient means 
for mounting the instruments 
directly in a rack. It was also es- 
thetically more appealing than 
the simple boxes that had been 
the norm, and it provided more 
convenient access to internal 
parts and more efficient use of 
space than the earlier chassis- 
deck-slipped-into-a-box ap 
proach.  During subsequent 
years, the basic concept was 
adopted by a number of other 
manufacturers, attesting to the 
wide acceptance of this approach to enclosure design. 

Changing Requirements 
As time went on, however, continuing changes in 

the nature of electronic instrumentation created new 
needs in enclosure systems. Foremost among these 
was the need for even better accessibility to internal 
parts as circuits were packed in more densely. Not 
only was access needed from the top and bottom, as 
provided by the 1961 enclosure system, but from the 
sides, front and back as well. 

Front-panel space was growing scarce. As more ca 
pability was concentrated in smaller spaces, the area 
for mounting a growing number of controls, displays 
and nomenclature shrank, so it became more and 
more difficult to arrange rnntrols for convenient 
operation. 

Radiated electrical interference was also becoming 
a significant problem. As the transition times of digital 
signals were shortened to the nanosecond region, 
instruments were radiating a greater amount of high- 
frequency energy, creating potential problems for 

users operating sensitive in 
struments in close proximity. 
Cracks between a top cover and 
a front panel or along the edges 
of plug-ins provided leakage 
paths for RF energy, requiring 
expensive metal gasketing to 
keep the radiation confined to 
the inside of the instrument. 

At the same time there was a 
growing need for a small uni 
versal enclosure design. As the 
circuits within instruments 
were miniatur ized to  an in  

creasing degree, more and more instruments were 
housed in enclosures that did not fill the standard 
19-inch rack width. There were very few of these 
smaller instruments when the 1961 cabinet was de 
veloped, so small instrument enclosures at that time 
were designed for grouping in combining cases or in 
rack adapter frames. These combining cases and rack 
adapter frames, however, began to assume costly pro 
portions as more of them were required to house the 
increasing variety and number of small instruments, 
and they did not make maximum use of space. 
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Fig .  1 .  Sys tem /  cab ine ts  in t roduced in  1961 were  des igned 
to  a l low the same ins t rument  to  be used e i ther  on the bench 
o r  moun ted  i n  a  rack .  P las t i c  t ee t  f i t  ove r  a  cab ine t  be low ,  
enab l i ng  i ns t rumen ts  to  be  s tacked  conven ien t l y  f o r  bench  
u s e .  R e m o v a l  o f  t h e  f e e t  a n d  i n s t a l l a t i o n  o f  s i m p l e  a n g l e -  
i r o n  t h e  i n  t h e  s p a c e  p r o v i d e d  e n a b l e d  i n s t a l l a t i o n  o f  t h e  
same ins t ruments  d i rec t ly  in  a  s tandard re lay  rack .  

A Fresh Star t  
Clearly, there was a need for a new approach to 

the kind of enclosure that instruments could be put 
into. Because of numerous other problems that de 
signers in HP's various divisions had been experi 
encing in anticipating customer needs â€” such as 
the limited number of standard sizes that sometimes 
caused an instrument to be larger than it really 
needed to be â€” it was decided to bring together indus 
trial designers from the major HP divisions to work as 
a team designing a new enclosure system. In this way 
it was anticipated that various customer require 
ments related to the packaging of a product would be 
accommodated in the new design. 

The basic design approach was to be "inside-out", 
in which all the servicing, manufacturing, electrical 
mechanical, and thermal needs would be met first, 
after which the esthetics of the design would be 
considered. 

From this effort, a new cabinet system, known 
within the company as System II, was developed. It 
has greater strength but is lighter than the earlier 
design, it provides better accessibility for servicing 
and more versatility in configuration and it inher 
ently provides significant attenuation of unwanted 
RF energy. 

Mul t ipurpose  Framework  
The framework of the new enclosure is shown 

in Fig. 2. This frame is rigid by itself and does not de 
pend on decking, front and rear panels, or covers for 

strength as the older design did. It gives the designer 
greater freedom in the product design. 

The heart of the design is the front-panel frame, an 
aluminum die casting that has integral pads for 
mounting the side members, mounting holes for fas 
tening the front panel, recesses for links that lock ad 
jacent enclosures together, slots for plug-in latches, 
and narrow channels for holding top, side, and bot 
tom covers. In addition, mounting holes are provid 
ed for dividers that may be used for plug-in compart 
ments or other front-panel subdivisions, either verti 
cally or horizontally. 

A key part of the design is the narrow channel for 
mounting covers (Fig. 3). These U-shaped slots serve 
as wave traps that reduce the radiation of (or sus 
ceptibility to) unwanted RF energy. As a further pre 
caution, small ridges aligned in the direction of cover 
insertion provide high-pressure points for estab 
lishing good electrical contact every inch or so. Only 
RF energy at wavelengths much shorter than those of 
concern can escape between these contact points. 
Channels on the side covers provide the same kind of 
RF seal along the sides, as does a similar arrangement 
under the lip of the covers at the rear. The covers, 
however, are each retained by a single captive screw, 
enabling quick removal for servicing. 

The sizes of other holes in the external envelope, 
such as those needed for mounting the feet, were re 
duced to practical mÃnimums. The overall RF atten 
uation achieved by these measures is indicated in 
the graphs of Fig. 4. 

The plastic feet are compatible with the earlier 

F i g .  2 .  F r a m e  o f  t h e  n e w  e n c l o s u r e  s y s t e m .  C o u n t e r s u n k  
holes are for  mount ing in ternal  par ts  that  have capt ive nuts.  
Threaded holes are for  at tachment of  external  parts,  such as 
h a n d l e s ,  r a c k - m o u n t  b r a c k e t s ,  a n d  o t h e r  f a s t e n e r s .  S l o t s  
along the bottom inner edge of the front frame are receptacles 
for latches that retain plug- ins.  
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Fig .  3 .  Rear  v iew o f  the  f ron t -pane l  f rame shows the  fÃF I -  
t rap channels into which the top,  s ide and bot tom covers are 
i n s e r t e d .  R i d g e s  p r o v i d e  h i g h - p r e s s u r e  c o n t a c t  p o i n t s  f o r  
l imit ing the wavelength of fÃF energy that may leak out.  

cabinet design so there is no problem when products 
in the new enclosure are stacked with those in the 
earlier style cabinet. Positive instrument location is 
provided for the plastic feet and the tilt-up bails. Both 
front and rear feet accept the tilt-up bails so an in 
strument can be tilted up at the rear to give it a more 
convenient "tilt-down" stance when it is placed 
above eye level. 

Maximized Panel  Area 
Unlike the earlier design, the front-panel frame 

uses all the available area in full multiples of vertical 
EI A/IEC increments (multiples of 1% inches). The ear 
lier design allowed vertical space for accommodating 
rack shelving, so a filler strip was added to fill in the 
r e su l t ing  gaps  when  ins t ruments  were  r ack  
mounted. In the new design, the front-panel frame 
overhangs the lower side members, completely fill- 

Fig. design. represented ofRF energy achieved by the new enclosure design. The values represented 
are conservative, actual measurements made with a bare enclosure being 10-1 5 dB greater. The 
per formance actual ly  achieved by any g iven inst rument ,  however,  depends on such mat ters as 
the shape and s ize of  ho les cut  in to  the panels ,  on whether  meta l  or  p last ic  cont ro l  shaf ts  are 

used,  and on the  s igna ls  p resent  on  open connectors .  
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F i g .  5 .  N e w  c a b i n e t  d e s i g n  
m a x i m i z e s  t h e  a v a i l a b l e  f r o n t -  
pane l  a rea  fo r  uncrowded cont ro l  
lay-out. 

ing the allotted rack space while still allowing room 
for the rack shelves. 

The front panel mounts to the framework with 
screws that are accessible from the outside. The panel 
may therefore be designed for removal, thus pro 
viding access to panel-mounted components with 
out requiring the disassembly of any other part of 
the instrument. The system thus has the potential 
for reducing service time significantly. 

Because the front panel does not serve as a struc 
tural member, it does not need rounded edges for 
strength, thus increasing the amount of usable 
panel space (Fig. 5). This reduces the crowding of 
controls so instruments can be easier to operate. 

The rear panel also mounts in a die-cast frame, sim 
plifying its removal. Front- and rear-panel frames are 

joined by die-cast side struts, leaving plenty of open 
space for accessibility to internal components (Fig. 6). 
The four struts are identical, and the same type is 
used for all cabinets regardless of height or width. 
Thus it is economical to manufacture the struts in five 
lengths, giving a wide assortment of available cabinet 
sizes. Also, since all the main structural members 
are die cast, the dimensional tolerances are tighter 
than is possible with sheet metal, making parts re 
placement easier. 

All screws used in the cabinet assembly are of the 
self-locking type with an inserted plastic patch on the 
threads, per MIL-F-18240C, that prevents the screw 
from working loose when subject to vibration. As a 
result, the assembly is much more rigid than would 
have been possible using lock washers. 

F i g .  6 .  N e w  e n c l o s u r e  m a k e s  
m a x i m u m  u s e  o f  i n t e r i o r  s p a c e .  
C i r c u i t s  a r e  a c c e s s i b l e  f o r  t r o u  
b le-shoot ing f rom the top,  bot tom 
and s ides.  
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Easier Carrying 
Front-panel handles, now an optional item, cant 

outwards. This has two benefits. Access to controls 
along the edge of the front panel is improved, and 
when the instrument is carried by the handle, the 
angle is the proper one for the hand (Fig. 7). The 
handle was also reshaped to provide a more com 
fortable fit to the hand. The optional rack-mounting 
brackets may be installed with or without the handles 
in place. 

A bail handle is available for the smaller instru 
ments (see Fig. 6). The side handle, which is fitted 
to the top cover of submodules, is a long strap. This 
provides more freedom in finding a balance point. 
The cover panels used with the strap handles have a 
shallow depression for the strap. This performs an 
alternate function by providing a place for mounting 
rack slides. 

Modular  Submodules  
The smaller enclosures in the new system are di 

mensioned to be exact submÃºltiplos of the standard 
rack width design. Rack mounting adapters are there 
fore not required for the smaller instruments â€” a sim 
ple extender to reach full rack width is ail that is 
needed (Fig. 8). 

Instruments can be fastened together horizontally 
and vertically with simple links (Fig. 9). Because the 
submodules are dimensioned as part of the total sys 
tem, standard full width and full height cover panels 
and handles can be used where smaller instruments 

F i g .  8 .  S m a l l e r  i n s t r u m e n t s  e i t h e r  s i n g l y  o r  i n  g r o u p s ,  f i t  
s t a n d a r d  E I A  r a c k  d i m e n s i o n s  w i t h  t h e  a d d i t i o n  o f  s i m p l e  
extensions. 

are to be combined more or less permanently in a 
grouped arrangement. 

Where instruments are to be grouped temporarily, 
links that alluw quick assembly and separation (Fig. 
10) can be installed by using threaded holes already 
provided in the framework. 

Environmental ly Evaluated 
The thermal characteristics of the new cabinet de 

sign have been thoroughly evaluated and guide 
lines supplied to HP instrument designers to aid in 
maintaining heat rise within conservative limits, 
thus obtaining improved reliability and assuring 

Fig .  7 .  Canted  hand le  p rov ides  a  more  comfor tab le  g r ip  fo r  
carry ing an instrument.  

F ig .  9 .  Ins t rument  f rames are  l inked together  w i th  un iversa l  
b racke t s  t ha t  can  be  used  f o r  e i t he r  ho r i zon ta l  o r  ve r t i ca l  
ins t rument  g roup ings .  L inked f rames can be f i t ted  w i th  fu l l -  
s ize  covers  and hand les  to  make a  s ing le ,  un i f ied  package.  
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longer product life. The cabinet design is in compliance 
with various environmental and safety specifications 
such as the Underwriters Laboratory proposed speci 
fication 1244, MIL-S-901 shock test, and MIL-STD 
167 Type I vibration test, among others. 

All in all we believe that we have arrived at a supe 
rior design that offers many benefits to the users of in 
struments packaged in this enclosure. 
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Fig .  10.  Temporary  group ings o f  ins t ruments  are  enab led by  
qu ick-d isconnect  l inks that  are  f i t ted to  the lower  ins t rument  
and inser t  in to  s lo ts  in  the  f ron t -pane l  f rame o f  the  upper  in  
s t rumen t .  The  rea r  i s  re ta ined  by  s t raps  tha t  bo l t  t o  bu i l t i n  
pads.  The l inks  a lso work  wi th  hor izonta l  group ings.  
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