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improve ment s can continually be accommoda ted within the bounds
of module function erformance and interface requirements.

To er.sure ouch flexibility in design , other alternative

~evice technologi.s were reviewed and evaluated for the
M :L-STD-4S53A serial di g ital I/O int•rface and the spectrum
analyzer module, viz : fiber-optic data link and charge—coupled
device , (CCD), very—large—scale int .gration (VLSI) anal yzer
o~’tio n~~. In addition the requirements for universal micro—
cor~-uter devclopmert t systems were explored in order to support
both medium -speed b 1r.~JLe- chip microprocessors and high—speed
bit-slice emulators to preserve software commonality. Lastly ,.

~he c o m p a t i b i l i t y  of t h e  N a v y  AN/UYK-30 microprocessor w i t h
th .. -acronod ul.i r microcomputer family was investigated on the
bas~~s of throug hpu t and electrical interface.

I~ sum m a r y , t h i s  phas. of the program has culminated in the
ger~vra tion of a practical set of microcomputer module specifi-
cations for “‘ulti-sourcc procurement .
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I PREFACE

I This technical report covers the work performed under Con-

trac t No, N00014-75-C-0549 from 1 January 1977 through 31 December

I 1977.

I The purpose of this contrac t togethe r with the work per-

formed in Phases I , II and III was to prov ide a basis for designing

modular air-to-air missile guidance systems with improved perfor-I mance , flexibility and growth features compared to traditional ana-

log and early digital implementations.

I
Cdt . I . E. McCullough , Office of Naval Research ,

I Arlington , Vs., was the Navy Scientif ic Officer .

i Mr. F. 3. Langley was the Princ i pal Investigator for
$ Raytheon suppor ted by the following study team members:

I A. 3. Mannion 8 and 16-Bit Microcomputer Commonelities

j K. D. Laube

AN/UYX-30 Peformance and Commonality

I 3.

i D. S. Goldstein
1 CCD FF1’ Mod ule Mechanizations

A. J. Mannion

Publication of this report does not constitute Navy ap-

t prova l of the report’s findings or conclusions. It is published

only for the exchange and stimulation of ideas.
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1. INTRODUCTION

1.1 Background

• The design , development and prod uction of missiles to
• 

- cover a rang. of presently defined missions with the capability of

being upgraded to accommodate changing threat situations and

advanc ing technology w i thou t major redesign , stresses the need fo r
more modular guidance and control electronics possessing both physi-

cal and elec trical flexibility features at lowest cost.

Figure 1.1 illustrate s the func t ional complement typical -
•

of a i r  to air missiles. 

S CO~~ A~~ •
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Figure 1.1 - On-Board Missile Guidance and Control System
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In the previous study phases (References R-1 , R-2 and
R-4), prog rammable digital techniques were shown to offer improved

performance and greate r flexibility than the traditional hardwired

analog implementations of seeker head control, signal processing,
est ima t ion , guidance , autopilot, warhead fuztng , telemetry and

test functions.

To achieve m o d u l a r i t y  and g rowth  in hardware  and so f t -
ware , a top—down system study approach was adopted , by f i r s t
d i v i d i n g  the e n t i r e  range of a i r  to a i r  missiles into a set of dis-
tinguishable generic classes, including upper and lower performance
boun da r i e s  w i th in each class , then by: defining the major func-
tions and data rates amenable to digital processing , determinin g
their constituent software modules and sizing these in terms of
computer throughput and memory requirements.

Such a modular breakdown of on-board missile guidance and
contr ol functions together with their associated interfaces , pro-
vided the option of confi guri ng and evaluating either single or mul-
t iple  f e d e r a t e d/ d i s t r i b u t e d  computer system implementa t ions  accord-
ing to the desi gn constraints of a give n missile .

Simulation analyses we re also performed to confirm I
com puter requirements and relate algorithm complexity to perfor-

mance improvements for the guidance , estimation and autopilot ! con-
• trol functions.

Wi th th. computer design requirements determ ined from
these stud ies , a set of microcompute r macromodules was defined
which would support th. entire rang. of air-to-air missile
func tions , in ei the r single or multiple/federated microcomputer sys-
tern confi gura tions. I

1-2 1
I
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I

Lastly, the modules were simulated individually and

collectively, as whole microcompu ter configurations , to validate
their effectiveness in missile guidance and control applications

to the point where realistic prod uct function specifications
could be prepared .

1.2 Objectives and Scope

The objective s and scope of the Phase IV study und e r the
modification of contract N000l4—75—C—0549 , are as fo l lows:

1. 8 and 16-Bit Microcompu ter Software Commonality

To obviate th. need for two distinc t support software

packages for the 8 and 16-bit microcompute r

conf i gur at ions , commonal i ty f ea tures w i l l  be
iden tified in the areas of instruction sets and

assoc iated m nemonics together w i th common sys tem
development aids e.g. Intel microcompu ter development

system (MDS) for the 8080 and 3000 series

m icroprocessors.

2. NAJUYK-30 Performance and Commonality Evaluation

The Navy AN/UYX-30 microcom pute r has become a viable

alternative to the limited emulation of the ?iN/UTK-

20 and AN/AYK-l4 minicomputers for digital missile

• app l ica t ions , therefore warranting the pursuit of the

fo llow i ng study sub-tasks, namely: AN/UYK-30

arch i tecture , in terface and packag ing review based on
data furnished by the Navy .

I n
1-3
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a. Evaluate the effectiveness of the AN/UYK-30
arch itecture in executing a steering command gen-

eration loop bench-mark program .

b. Review the AN/UYX-30 microbus and its compatibil-

i ty with the ONR macro modules both in terms of

electrical interface and microcomputer

performance .

c. Review the current Navy standard avionics module

(SAM ) and s t a n d a r d  electronic module (SEM) pack-
ag ing of the AN/UYK-30 and the correspond i ng com-
patibility implications of the 011k macromodules.

3. Low-Cost Serial Digital I nput-Output Module

Explore al ternative serial I/O interface designs for

use within the missile as a mo re simple , low-cost al-

ternative to the avionics MIL—STD-1553A interface

while maintaining message format commonality . In par-

ticular investigate fiber-optics data link teehnique s

D e f i n e  a feasible module for this purpose.

4. t,ow-Cost Charge-Coupled Spectrum Analyzer Module

As an a l t e r n a t e  to the d ig i tal UFFT module , de f i n e  a
module with equivalent p erformance using CCD technol-
ogy and interfacing with the radar rece i ver and/or

ONR ubus. Investigate the incorporation of pre-

spec tral analysis signal processing functions , i.e.

cos2 we ighting and corner-turning , within the module .

Define what is a practical design using existing tech-
• nology and the impa ct of f u ture  trends in CCD

development.
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- 5. Critical Item Produc t Function Specifications

- 
Prepare individual Critical Item Product Function

- Specifications Type C2a, in accordance wi th NIL-
- STD-490, for each microcomputer macromodule.

• L

- I.

L

• 

• [
~
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1 2. SUMMARY AND CONCLUSIONS

I Phase IV of the Modu la r  D i gital Missile Guidance Study

performed the additional analysis necessary to ensure the specifica-

I tion of a set of microcompu ter macromodules which are sensitive to

a numbe r of technology-related cost reduction factors. In summary,

j the m a j o r  findings and products of this study phase are as follows:

1. Common software development systems for 8 and
L 16-bit microprocessors are feasible and are

planned by several commercial manufacturers. How-I ever , instruction set commonality is non-existent

and assembly language commonality is minima l be-

tween 8 and 16-bit microprocessors , even from the

same manufacturer.

2. Hi gh-order language commonality between 8-bit,

and 16-bit microprocessors exists to a certain
• i. degree , v i z : PL/ l - de r ive d language s an d

FORTRAN , but their languages are not totally ma-

ch ine-independent, particularly in terms of -

arithmetic precision.
I

3. A Rfull_ service N microcomputer development system

1 (MDS), i.e. one which offers a HOL Comp i ler ,

Assembler and microcode development aids , would

T suppor t  both medium-speed single-chip micropro-
I, cessors and higher- throughput bit-slice equiva-

lents (i.e. emulators).

i i
2-1
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4. The Navy AN/UYK-30 microprocessor could be easily

modified to interface with the ~Bus , and its pe r-
forma nce meets the throughput requirements for

m issile steering command generation , al though
— this is significantly slowe r than a PDP—ll/34.

5. The transformer-coupled serial digital multiplex-

ed input-output interface , spec ified in MIL-STD- H
1553A , is ou t of place withi n a small m i ss i le.
Low-performance (DC to 2Mb/s) fiber-optic

coupler s o f f e r  si gnifican t size , we igh t , power
and cost savings. However , the lack of low-loss

T-couplers inhibits the use of a par ty-line inter-

subsystem bus. Alternative communication schemes

are roundrob in rinq or centrally controlled ra- - 
-

dial star systems.

L
6. Current Schottky-bipolar FFT processors require

• over 150 SSI/MSI/LSI circuits to implement and
therefore dwarf single-chip microprocessors. Ana-

log chirp 2 transform (CZI’)CCD devices , c u r r e n t ly 1un der development, show promise  of achiev i ng a
2-chip spectrum analyser module to interface with
the ADAC module . A two-chip dig ita l CCD FFT is

also fees ible subject to a significant develop-

ment effort.

7. MIL-STD-490 Critical Item Produc t Function Spec’- —

fications for an optimum set of eight micro-

compu ter macromodules are con ta i ned i n th is re-
port based upon the analysis performed to date.
Their m icrocomputer module specifications will

2-2
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suppo r t the needs of a wide range of mis sile corn-

I 

puter requirements. Furthermore , they allow com-
plete freedom for the supplier to be innovative
in the design provided that the form , f i t, func-I tion and interfac, requirements are met. As
such , they will accommodate the improvements in

I device technology when they become available .

I

I
I
I

— I
I

I
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3. MODULAR DIGITAL GUIDANCE SYSTEMS

Recent  s t u d i e s  have shown that the performance and flexi-

-
; r b i l i t y  of onboard missile guidance and control systems can be
• grea tly improve d through the use of modular microcomputers . Based

- upo n func ti onal  analyses an d sys tem s imula t ion resu lt s, 14 m icrocom-
pu ter  “macromodules were defined to satisfy a wide range of mis-

s u e  types, form fac tors and performance requirements , f rom the
- simplest to the most complex gu idance  systems. These macromodu]es

• 

utilize existing microprocessors and support software together with
- assoc iated memory , input-output and high-speed arithmetic circuits.

In support of the above findings a brief overview of the

work performed to date will be given in the follow i ng paraqraphs.

3.1 Missile Guidance and Control Systems

Fi gure 3.1 shows a typical missile guidance and control

system divided into the major functional elements with switches

i n d i c a t i n g  the sampl ing  or u p d a t i n g  of da ta  in  a d i g i t a l  sense .

- Three major control loops exist in  such a system two of
~- I. which perform body motion stabilization of the target seeker

g imbal led pla t fo rm an d m i ss i le  a ir f r am e , i.e., head and autopilot
- L respectively , and the third loop the generation of steering corn-

mands to the head and autopilot.

~IT
Table 3.1 lists the corresponding data sampling and

update rates for the range of air-to-air missile systems divided

in to three major classes.

I
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I
- 

- - S  
- -

~~~~



___________

I.

i i

At  
~~ :

-
~~

I I • 
L*C.~~P4O S, S*NOWWI$ -

I - ~AM~~f P~lG I f  - (
IC [ • 

COA Vt A ~ h •~~*I •
~~•.•I 1

ii
Li

Figure 3.1 - Digital Guidance System 
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I
TABLE 3.1

1 
DIGITAL GUIDANCE SYSTEM

DESIGN PARAMETERS

I
MISSILE CLASS

I CONTROL I~°°~ I I I  I I I

Body Motion

— f STM/f ~ P/f GYRO ( H 2 )  250 500 500

I ~~~~~~~ 
125 250 250

— fSTM/tAP (ias) 800 600 600

.
~ - 

A-DID-A Conversion (bits ) 10 12 12
Computing Precision (bits)~ 16 16 16

Stee r in g/Gui dance

Ii f~~Acqu isition (KHZ) 25 128 256
- 

fADTrack (RHz) 20 32 32

- 
A-D Conversion (bits) 8 10 10

- ~EST’~GUID/ TRA C~ (Hz) 20 30 40

-
- 

tGU ID (mee c )  40 -30 20
Computing Precision (bits)~ 16 8-16 8-16

Legend

• Fixed-poin t

~~ Floating-point mantissa. 8 bits for covariance-matrix

propagat ion .  12-16 b i t s  for  state propagat ion.

• 1

~~~~

‘
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3.2 Digital Functions and Compute r Requirements

The primary ground rule used in determining functions Z.
suitable for digital implementation , was improved performance and -

flexi bility without seve re cost penalty . Functions selected on I
this basis encompass almost the entire missile guidance and control

sys tem , from targe t sensor base band frequency interfaces to mis- I
sile fin control actuator drivers. Functions so selected were then

analyzed and algorithms written for conversion into computer pro-

grant modules fo r  use as pa r t  of a h i e r a r c h i c a l  program s t r u c t u r e .

Individua l program modules were sized in terms of the num- [
ber of add/subtract, mul tiply/divide and load/store instructions

invo lved in the worst-case , time critical path through the module ,

to f o r m  the basis of worst-case throughput estimates. Table 3.2

lis ts the selected digital missile functions and associated i nst r u c - f
tion counts for each missile class. Function sophistication grows

across the range of missile classes together with computational 
-

cost. Total module instruction counts determine the computer pro-

gram memory requ i rements given in Figure 3.2. To account for pro- 
-

gram module linkages, scaling and othe r miscellaneous overhead oper-

ations necessary to achieve a fully operational program , instruc- -

tion counts were increased by 30 percent short-type orders based ott

experience with current in-house digital missile development

prog r ams.

System Timing and Throughput

To determine the worst-case GP computer throughput rates

fo r  f edera ted  and single compute r systems , time line analyses were
performed to i d e n t i f y  worst-case function mixes and computational

t ime intervals. Mission tim. line analyses showed that the worst-
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case function mix (i.e., full complement) for single computer sys-

tems occur red in the Terminal/Targe t Track Mode . Further fine

t iming analyses revealed a c r i t i c a l  t ime  i n t e r v a l  (T CR I T ) of 30 , 20
and 10 ms duration for Class I , II and III missiles , respectively.

i. During this interval , stee ring/guidance command loop functions

(i.e., signa l processing , estimation and guidance), and target

seeker  and a i r f r a m e  s t a b i l i z a t i o n  and c o n t r o l  f u n c t i o n s  would re-

~ u i r e  t i m e  m u l t i p l e x i n g  in single computer systems, (Figure 3.3) as
opposed to the  a s s i g nm e n t  of separate computers to each of these

‘1nc ~~’ons in federated approaches. Figure 3.4 shows the resulting

th~ o u g hp u t s  for each missile class both i n  to tum for single computer

sys t ems ,  and  by m a j o r  f u n c t i o n  for distributed computer applica-

tions. Signal processing throughput requirements apply to postspec-

t r u m  a n a l y s i s , (FF1), r a d a r  da t a  p r o c e s s i n g  and can va ry  accor di ng
to the  d w e l l  t i m e  a nd s i z e  of the  r ange/ Dopp le r  m a t r i x .

FFT t h r o u g h p u t  requirements are  shown in  Fi g u r e  3 .5  based
upo n 6 4 - p o in t  complex  t r a n s f o r m  e x e c u t i o n  r a t e , s ince  64 p o i n t s
tend to be a common s i z e  i n  m i s s i l e  s i g n a l  processing . Compared to

e x i s t i n g  g r o u n d  a i r  d e f e n s e  and a v i o n i c s  processor c a p a b i l i t i e s ,
rn~ ssi1e FFT requirements are modes t .

Sin~~l ’ and  F e d e r a t e d  M i c r o c o m j ~u t e r  SLstems

• F i g u re  3 . 6  shows the  m i s s i l e  sys tem c o n f i g u r a t i o n s

- 
r e su t i n g  f r o m  s i n g l e  cent ral and federated microcomputer design

I .  approaches espectively.

Ii 
Si le C or n p u t e r s l s t e m s

Single computer guidance and control systems require a

U m u l t i w i r e  ana log  and digital interface between all missile

r
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subsystems and the central computer. Similarl y in the software ,
all program modules requ i red to support the individual hardwa re
subsystems must be time-multiplexed to maintain the data sampling
rates and allowable computa t ional  delay s fo r  the various control
loops which in turn results in a complex software module interface , J
i.e., program linkages.

I i
ii
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TABLE 3 .2I PROGRAM MODULE OPERATIONS COUNTS ( WORST-CASE )
AND APPLICATION BY M I SSILE CLASS

MAJOR SUB NUMBER OF COMP UTE R OPERATION S (~~)
f FUNCTION FUNCTION CLASS I CLASS I I  CLASS Ill

RA DAR SIGNAL ACQUISITION
PROCESSING FPT(~~~) +PDI 6,910 (1) 36,160 (5) 72,300 (10)

DETECTION LOGIC 1,200 6,900 16,200
TRACK

18,240 (3) 30,400 (5) 30,400 (5~
ERROR GENE RA-
TION 1~ 330 1,370 1,370

ESTIMATION FIXED GAIN

FI LTER 160 - -

DECOUPLED KALMAN
FILTER - 250 -
COUPLED KALMAN
FILTER - - 375

- 
GUIDANCE PROPORTIONAL

NAV IGATION 40 - -

AUGMENTED PN - 240 240
SEEKER AIMING 10 10 10

r STABILIZATION BASIC CONTROL 100 100 laO
RA DOME COMP EN-
SATION - 340 340

-“• GY RO ~ TORQIJE
• COMP . 110S

NI NE-STATE FEED-ir~ BACK — - 195

-
i

3-7
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TABLE 3.2 (CON?.)
PROGRAM MODULE OPERATIONS COUNTS ~WORST-CASE )

AND APPLICATION BY MISSILE CLASS

MAJOR SUB NUMBER OF COMPUTER OPERATIONS (S)

FUNCTI ON FUNCTION CLASS I CLASS I I CLASS I I I

AUTOPILOT BASIC CONTROL 80 80 80
STRUCTURA L FIL-
TERIN G - 105 105
SWITCHED GAINS 20 - -

VARIAB LE GAINS - 490 490

—
~~ AERO ESTIMATES - - 2,765

INERTIAL ATTITUDE - 300 300

REFERENCE VELOCITY - 130 130

POSITION - - 100

ANGLE OF ATTACK
& BALANCE - - 130

FUZING SIMPLE TIME

DELAY 15 - -
- COMPLEX TIME

DELA Y -
- 350 350

— 

TELEMETRY NO. OF VARIABLES 30 40 50

NOTES :

NUMBER OF 64 PT. COMPLEX PFT’S PER RA DAR I~(ELL INTERVA L..

(~~) PER RADAR ONELL FOR SIGNAL PROCESSING 7 PER UPDATE INTERVAL FOR

ALL OTHER FUNCTIONS .

(~~~) INCLUDES TINE-WEIGHTING AND CORNER-TURNING .
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D u r i n g  a 1/~ cuID guidance command update interval say ,

lOOms, both the seeker gimballed platform and autopilot functions

rnust be computed 50 tIme s, assuming a 2 ins update interval . Fur-

the r , since the collection and processing of targe t seeker data to

upd a te the es ti ma tor and execu te the guidance law requ i res approx i-
m ately 80 ms , a cri tical time slot occurs during the remaining 20

ins of the 100 ins major interval (Figure 3.3). The latte r timing
• situation is the throughput drive r for single compute r systems,

since both the high-speed body motion functions, requiring 600-800 • 
-

~s max. Computational delay (t sTAB and tAP), and the steering corn-
mand generation functions must be computed during this critical - - 

-

t iming interval. Estimated throughput requ i rements can approach

~. .5 million operations per second (MOPS), which , with a 100 percent

safety margin , requires a 3 MOPS compute r to accommodate estimating

errors and possible growth.

A sys tem des igne r sho u ld the re f ore take in to conside ra-
tion the above factors w’ien making tradeoffs between single and

federated microcompute r implementations of a given missile guidance

and control system.

Federated Microcompute r Systems

By separating Out the body motion stabilizing func t ions
from the targe t seeker related functions and performing these tasks

i n separa te microcompu ters , the critical time slot , high through-
put situation of the single compute r case is eliminated . The

t h r o u g h p u t  r equ i r emen t s  fo r  these i n d i v i d u a l  f u n c t i o n s  by m i s s i l e
class are shown in Figure 3.7

I t should be noted that the individual throughputs

requ i red fall w i t h i n  the c a pab i l i t y  of conven t iona l  gene ra l -purpose

3— 12

11-
—UI

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  



~~~~~‘ 
—
~
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

.

F m i cr ocompu te r s  c u r r e n tly on the market. Memory requirements are

similarly reduced to mo re manageable proportions from a software

design arid development viewpoint.

3.3 Macro  Modular Microcompute r Family

The available mini and microcomputers evaluated in the

con tex t of mis si le gu idance and con trol sys tem requirements , while
capable of supporting the respective compute r loads , lac k common
modularity features , and , even mo re impor tant, they lack a common

programm i ng language . These two deficiencies constitute major draw-
backs for low-cost, modular growth , desi gn flex ib ili ty and simple
logistLs in missile systems.

The solution to the first problem lies in the definition

of standard , major/inacrofunction compute r modules each with a stan-

dard interface to a common interconnecting bus.  S uch m i n i m a l  Stan-
l a r d i z a t i o n  would  provide the means of changing the performance of

a given compute r configuration by interchang i ng memory n~odules with
d iU e r e n t  cycle t ime s , c e n t r a l  process ing u n i t s  ( CPUs)  w i t h  d i f f e r -  - 

-

ent  c o mp u t i n g  f e a t u r e s,  and input-output channe l types to iuit the 
- 

-

s p e c i f i c  I / O  s i t u a t i o n , in orde r to achieve the desired performance

and programm L ng features for a specific missile computing task. In
othe r words , to achieve a best-fit of compute r ha rdware configura-

tion at lowest-cost and without restrictions on future growth to ac-

commodate changing technology both in performance and circuit pack-

ing densities. An ideal •olution to the second problem lies in the
use of a common hi gher-orde r programming language for all proces-

sors in the computer family, and moreove r , a lan guage w h i c h  sup-
ports modular structured program design . As a practical interim

measure however, proven and widely-used support softwa re of an

3-13
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existing computer offers significant cost savings in the softwa re

development cycle.

Mic roc~~~ ute r Mac r omod ul es

A t o t a l  of 14 m i c r o c o m p ut e r inacromodules  we re d e f i ne d  to
cove r the I ’ 1 ’ % t L r . ~ range of m i s s i l e  gu idance  and con t ro l  process ing
and inte rta ce requ i rements. Figure 3.8 is a pictorial illustration
of the rnoduh’ type s and thei r respective interfacing character-
is t:c!c.
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Fi gure 3.7 - Central versus Federated Computer

Throughput Requ i rements

Table 3.3 lists the significant features of each macro—

module and their corresponding applications in digital missile guid-

ance and control systems. These mod ules are compatible with the

Navy standard electronic module plug-in circuit boards in either

the SEM-1A or 2A configuration , (Figure 3.9).

Standard Microbus

The most significant factor in the macromodular micro-

compute r concept is the definition of a common parallel digital

‘ bus, termed a microbus (~ Bus), which enables various combinations
I of macromo dules , i.e., microprocessor , memory , inpu t-output and

high-speed arithmetic, to be read i ly combined to form a whole micro-

computer hav ing the desired performance to match a specific applica-

El
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Of the many d i f f e r e n t  types of mic rocompute r s  c u r r e n t l y
• ava i lable  on the market, most use a parallel digita l bus (sea) of

one form or anothe r to interface the microprocessor to the memory

and input-output circuits. However , although these bus config-

urations are similar, they all diffe r in small detail such that the

memory and I/O circuits of one type will not readily interface with

the microprocessor of another. This fact was recognized early in

the Phase II study and a standard microbus was recommended as the
crucial element in a modular microcompute r family , (Referenc e 2).

?urth3r, the inte rnal arch i tecture and circuit compo-

sition of the macromodules can vary to take advantage of new

nology and i nnova t ive  c o s t - s a v i n g/p er f o r mance improv i ng designs , as
and when these become availab le , on a module-by-mod u le basis pro-

vided that the standard interface is maintained . This obviates the

need to redes ign  the whole computer as is currently customary .
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j.Bus Design Rationale. 
- -

I The use of a standard ,1Bus is based upon a high degree of
func tiona l autonomy in the interfacing macromodules.

I. All macromodule s, with the exception of RAMs and (P)
ROMs, incorporate microprogram control to perform the

U. 

v a r i o u s  o p e r a t i n g  mode sequences and interface re-
sponse s without action on the part of the ~ CPU and op-
e ra t iona l sof tware , excepting the simple initializing

-. of the modules.

2. To minimize overhead (e.g., LOAD/STORE) instructions ,
optimize useful throughput and reduce frequent
access/use of the iBus, each ,~CPU uses a multiple/
general-registe r architecture .

3. All input-output data transfers are made via a di-
rec t-memory-access input-output (DM,AIO) module
incorp orating memory block add ressing registers and
l o g i c

j,~Bu s I n t e r f a c e  L in e s.

Si nce all a Ru s  modules are t re ated as memory modules by
the iCP U a p rac t ical memory interface drives the bus configuration.
With the adven t of 8-bit microprocessors , byte organized semi-
conductor RAMs and (P)ROM s have appeared on the m a r k et ,  and w i t h
these new memory-on-a-chip modules the provision of multiple chip

U select lines. Based upo n the above technology tre nd , the new
memory-on-a-chip LSI circuits were used to establish standard ~Bus

j li
1-19

I
-4

-

S 

~~~~~
— ---- -— •

~~~~~ ~~~~~~
—- -‘, - -—- - - - — - —~~~~~~~~ —~~~~~ -— ~~- - ,  - 



- 

I 

i n t e r f a c e  l i n e s .  F i g u r e  3.10 illustrate s the resulting interface

arrangement between jCPU, memory and I/O modules.

Adop ting the semiconductor memory interface as a standard

obviate s the need to repackage RAMs and (P)RCM s and allows modular
expansion of memory on a dual in-line package (DIP) balls. Fur-

ther , chip select lines become the equivalent of module select
l i n e s .

Microcompute r Configurations

Figure 3.11 shows four different microcompute r configura- .

tions us ing the macromodule building-block approach , rang ing from
a low-speed 8-bit , 8080A-based configura tion to a high-sp eed 16-bit
CMOS-SOS ~N/UYK-20 and AN/AYK-14 softwa re compatible microcomputer.
These microcompu te r configurations can be used eithe r singly, or as
a group in fe dera ted microcomputer systems using the MIL-STD-1553A
compati ble serial di gital input-output ( SDIO)  macromod u le as the
ir~tercompute r interface .

Figure 1.12 plots the respective gp throughputs of each

of the four basic microcompute r configurations with and without the

har dwa re mul t iply module , which are compatible with the throughput V

requirements determined in the i n i t i a l  study phases for the range
of air- to-air missiles. Radar signal processing e.g., fast Four ier
transform (FFT) process i.g is accommodated by eithe r iCPU-3

supported by a HMPY-1 ~Bus module for low performance semiactive
continuous wave (SA -CW) radar seekers , or jCPU-3/-4 and th. hard-
ware FFT module (p FV?-l) for multipl e rang. gate , pulse doppler

seekers.
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3.4 Federated Digital Missile System

As a resul t of the previous computer system analyses, a

I feasible federated compute r system for mis sile guidance and control
is of the form shown in Figure 3.13. Your microcomputers of varying

I confi gurations and performance capabilities , from the macromodular
compute r family, are matched to the respective , semiautonomous , mis-
sile func tions which in themse lves follow the physical par tit ioning
of major missile functions for design , manufac ture , test and maint.-
nance.

The body motion stabilizati on and control processors are

i colocated with their respective sensors and actuators and execute
I th. control loop functions in an uninterrupted cyclic manner.

I

I

I; ’

II
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A two-wire redundant , ser ial d ig i tal , command/response.
mul tiplex bus , as deUned in MlL-STD-lSS3A , forms the interface be-

tween all microcomputers and the carrier aircraft weapon control

system (AWCS) computer. This interface is an outcome of the criti-

ca.. evalu ation and development of avionics system integration over

the past few years through such programs as the Digital Avionics In-

forma tion System (DAIS).

Befor e launc h the AbCS computer con trols the m i ss i le
microcomputers via a bus control i n t e r f a c e  u n i t  (B CI U)  to subordi-
na te  microcomputer SDIO (RTU) modules. (The SDIO of the seeker iC

functions as an RTU during the prelaunch mode.)

Af ter launc h, the body notion stabilization and control
compu ters receive appropriate steering and g commands from the

see ker iiC asynchronously at the low-frequency , 10-40 Hz , update-

i • ~ r a t e .  I nput  of these pa r ameters  is by d i rec t -memory-access  ( DMA )

ri
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a f t e r ser ia l  to parallel convers ion  by t h e i r  respect ive SDIO
modules. The warhe ad fuzing compute r receives Its input data in a
similar manner.

Steering command gene ration is accomplished with a
mediia-sp.ed microcomputer p e r f o r m i n g  the PFT/PDI func t ions  through
the iFFT nodule on the ~Bus.

For missile fligh t tests , the warhead section and associ-
ated microcompute r ii replaced by a telemetry package and similar
dedicated microcomputer. The telemetry computer and its associated
RTU operate as a bus monitor for digital data gathering , with the
additional analog test data being input via an analog

mul.tiplezer/A-D conve r ter (M~~C) I/O module.

- Both the launch aircraft and test equipment have direct

access to each microcomputer via the common bus, (e.g. MIL-STD-
1553A), enabling fault isolation to the major subassembly level.
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3.5 Microcompute r Macromodule Specifications 
- 

-

As a fo l low-on e f f o r t  to the above described evolution of
• the microcomputer macromodules, alternative device technologies [

were explored . The results of the latter work is reflected in the 
-

cri tical item product function specifications contained in Section
8 of this report. I

ii
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4. 8 AND 16-BIT MICROCOMPUTER SOFTWARE
COMMONALITY

During the previous study phases the need was shown for

a f tly of microprocessors to cover the range of throughput re-

qu i renents In nodular digita l missile guidance arid control. For
hardware economy, particularly in federated computer systems, the
low-cost, 8-bit, CPU-on-a-chip microprocessor prov ided an efficient

watch of available throughput to low-performance missile seeker

head con t ro l , fuz ing and telemetry f u n c t i o n s . However , since
steering command generation i n v o l v i n g  s ta te  e s t ima t ion  and guidance
law configura tions required a highe r throughput 16-bit processing

capability , the question of support software compatibility was

raised . This task of the study addresses the problem of common
design support by investigating compatibility features in the fol-

lowing categories:

1. Object code

2. Source code

3. Hardware and software development aids

Give object code compatibility , the problem goes away .
Compatibility at the source code level, however , implies either a

common assembly language or high-order-language , wi th the burden

placed upon a suitable translator or code generator.

4.1 Object Code Compatibility

Object code compatibility implies the ability of both 8

and 16-bit microprocessors to execute programs written in the
mac h ine code of ei ther machine and hence demands a h igh  degree of
arch i tectural commonality between processors.

4—1
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4.1.1 D i r e c t Compatibility

In its simplest form , such compatibili ty would require

identical instruction sets or at least the embod iment of the 8-bit

microprocessors set within the 16-bit machine ’s repertoire i.e.

upward compatibility . Figure 4.1 illustrates this situation , which
essentially means a different packing arrangement of the 8-bit

f i e l d s  of the i n s t r u c t i o n .

7 0 15 0

OP CODE 1I~ OP CODE IA~ri-ORDER AIDDR.
1.0W-ORDER ADDR . HIGH-ORDER ADDR. I NOT USED
HIGH-ORDER ADDR .

F i g u r e  4.1 - 8 and 16-Bit Instruction Formats

4 . 1 .2  Code T r a n s l a t i o n

The alternate to using exactly the sane machine code for
each m a c h i n e  is to i n t e r f a c e  a t~~~nsla tor  between e i ther  the output
of the assembler and the main store of the microcomputer or between
the main store and the control section of the CPU. The first alter-

na ti ve, Figure 4.2, constitutes a software approach, whereas the
second is a hardware me thod using microprogramaing techniques

(Figure 4.3). Both of these alternatives are considerably more
costly than direc t compatibility and , as in the latter case , require

— tha t the architectural features are available in the pP to support
the translated instructions.

- 
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8-BIT 16-BIT
— ;- F OBJECT OBJECT

CODE CODE
I I

- 

I I

L _ _ _ _ _  
ASSEMBLER TI~~ TRANSLATO~

J 
M~~~ RY 

~~BU S

Figure 4.2 - Software Translation of Object Code
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Figure 4.3 - Hardware Translation of Object Code
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4.2 Source Code Compatibility

Source code compatibility of 8 and 16-bit processors
places the translational burden upon the assembler, as in the soft—

ware translator case, or the high-order-language compiler , namely
the code generator section.

A th i rd category should be mentioned in passing, and that
concerns assembly language translators or multi-purpose assemblers
of the kind described in Reference R-6. However, the latter would

resul t  in program l i s t i n g s  w r i t t e n  in d i f f e r e n t  assembly languages, [1
e.g.  I n t e l  8080 or AN/UYK-20 , w i t h  the loss of commonali ty at the
coding level.

4.2.1 Assemblers

Compatibility between 8 and 16-bit processors at this

leve l of coding requires a standard set of operation code

mnemonics .  Whereas h i g h  order  language st a n d a r d i z a t i o n  is a dis-
t i n c t  goal for the military, (Reference R-7), assembly language

standardization is in a completely uncontrolled state at the pres-
ent time and without any firm prospect of a change in the near fu-
ture.

In the commercial microcomputer world there is evidence
of a small number of 8-bit pP instruction mnemonics being adopted

in the later 16-bit models, e.g. Intel 8080 and 8086, Table 4.1.
Again , the solution to upward compatibility has been via transla- •1
tors coating approxima tely $3,500.
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TABLE 4.1

r 8080 TO 8086_ INSTRUCTI ON MNEMONI C CONPARISONS
mm mm -

~::: I ~~~~~~
OPI d11~~ 0$ Al. 011$

L OAI S SI CX  CPu 0s,~ C$.W AL 511
. - j iOOS IS~I Pot Al.STAX 0 MOli 3101 PAC POP AL
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4 . 2 . 2  HIgh-Order  Language C omp a t i b i l i ty

To date only two h igh-order - languages  have been used for
8-bit microprocessors viz: FORTRAN IV and a subset of PL/I i.e.

PLM (Intel 8080) and PL/M-6800 (Motorola M6800) .  Both languages
are sensi tive to the machine ’s word or byte length for arithmetic

precision and hence re- targeting of the cdaçconverter for longer

word length machines involves compensation fo~S%the precision

required . Neither of the laPter languages can be termed a real-
time language and efficiencies can very from 50% to 75%. Ideally,

a mili tary standard HOL such as the up and coming DOD— i would be

the preferred language for both 8 and 16-bit microprocessors.

4.3 Hardware and Software Development Aids

The 8-bit microprocessor could typically be a NIL-

qualified Inte l 8080, and the 16-bit machine an L.SI version of the

Navy AN/UYK-20 standard minicomputer using AMD 290D—Series 4-bit-

slice microprocessor build ing blocks, or alternatively the Navy

AN/UYK-30 microprocessor using the Intel 3000-Series 2-bit-slice

family. While machine ins truction sets could be expected to differ

widely in the above cases, the question of design support in terms
of a uni versa l microcomputer development syste. for both 8-bit and
16-bit microcomputer system/subsystem design , development, integra-
t i on  and test, poses several potential commonality features,

namely : -

1. Multi-assembler capability

o Macrocode

o Microcode

4—6
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2. Multi-high-order-language (HOL) compiler capability

o FORTRAN

o ~~1S-2
o JOVIAL J3 ~ J 7 3

A

3. Common operating system

o Sof tware developme nt aids
o Har dw are developme nt a id s

4.  8 and 16-Bit  microprocessor  r emoting capabi l i ty
o Any 8/16-bit microprocessor by replaceable module

(printed-circuit board )

o Umbilical to tac t ical ~jC subsystem

4.3.1 Multi-Assembler Capability —

In view of the si gn ificant decrease in compu ter hardware

cost, inc l ud i ng peripherals , the economies of time sharing cross-
assemblers resident in large-scale computers v~ rsus the personal,

stand-alone , microprocessor- based counterparts tilts in favor of

the latter. In turn , the selection of any of the several candidate

I’DSs currently on the market becomes weighted in favor of systems
which support a range of microprocessor types by providing the re-
spective assemblers, eithe r resident or hosted.

Furthe r , since the trend is to emulate existing micro and

minicomputers to meet hi gh speed microcomputer applications , viz-
a - v i z  the S igne t i c s  3000 and AMD 2900 8080 emula to r s , and the pot.n—

- - r tial missile-boone LSI ANIUYK-20 (L SI -20 ) microcomputer , to capture
L the support software , the need arise s for a microcode assembler Ca-

1 
pability in the MDS. Such a microcode assembler would also be

required for ongoing high-speed microprogrammed I/O controlle r

I; 4—7
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developme nt s , (e.g. DMAIO, ADAC and 5010 modules ) ,  u s ing  bit-slice
bipolar or CMOS-SOS microprocessor circuits. Examples of e x i s t i n g
commerical microc ode assemblers are: A MDASN and RAYASM (References

R-8 and R-9), which s u p por t  the AMD 2900-Series microprocessor cir-
cuit famil y.

4 .3 .2 ~~t_•i HOL Co~~~i le r C apab ilit1

At this level of programming language a greater degree of

m icr oprocessor independence is achieved in terms of software sensi-

tivity to the type of target mach ine , whether an 8 or 16-bit

pr ocessor. FORTRAN cross-compilers exist for several popular

single-chi p microprocessors, both 8 and 16-bit, (e.g. Intel 8080

and TI 9900). also the Navy AN/UYK-20 16-bit minicomputer.

The MDS is therefore a logical place to offer a choice of

HOL cross compilers , as these become available for the new microcom-

puters. However, HO!.. compilers have traditionall y been hos ted on
large/maxi computers, but w ith the advent of microcomputer develop-

ment systems as a comprehens i ve development tool , it is to be

expected that HOL compilers for microcomputers will eventually be

hosted on next generation MDSs.

4.3.3 Commo n O~er a t i n~ S1 stem

M i c r o c o m p u t e r  sys tem development  can be divided into at

least three distinc t phases (see Figure 4.4):

o Software desi gn and debug

o H a r d w a r e  desi gn and debug
o Hardware and software integration and test

Development aids should assist the efforts in all phases.

4-8 
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in the software phase requirements are specified and pro-

grams designed , coded , assembled , and debugged to the extent possi-

ble without the use of hardware .

In th. hardware phase (wh ich may occur simultaneously

with the software effort) the requirements are specified and hard-

ware is designed , breadboarded . fabricated and debugged to the ex-
tent possible without the use of software .

During the integration phase microcomputer modules are sys-
tem atically integrated and debugged until the whole system func-

tions properly and i ndepe ndent of the development a id .

M icrocomputer development systems typically consist of

the f o l l o w i n g  ma jor com ponents :

o MaInframe - Front panel lights and sw i tches
- Sys tem con trol
- System RAM
- Peripheral interfaces
- Trace hardware
- Bus con trol

o User 1/0 - keybo ard -

- CRT
— Printer
- Tape punch
- Tape reader
- 11Y (Teletype )
- Mass storage (diskett or cassette)

o Software - Editor
- Assem bler
- Compiler

4-10



I
- L i n ker
- Debugger
- Disa ssembler
- Operating System
- Fi l e  M a n i p u l a t ion
- User Prog r ams

o Hardware - Emulator Processor

In terface - Emulator Clock
- E m u l a t o r  I/O
- Emulator RAM , PROM , RON
- PROM Prog r amme r
- Hardware Probes
- Interface Cable

The mainframe is the system ’s cen tral node to which all

othe r subsystems are attached and through which othe r subsystems

are con trolled . It generally consists of a rack mountable box into

which various standard and optiona l circuit cards may be plugged .

User I/O provides the articulatory channels through which

the system under deve1o~ment can be internally manipulated and

observed .

The operating system is the so f tware ’s in terface between

the engineer/programmer , hardware and the functiona l software

com ponents. It performs peripheral control functions and command s

the use of the ed i tor , assem b ler , linker , etc..

Software deve lopment (uSer program design , coding and
debug) requires the use of th. editor (source file creation and

mod i f i ca t ion), assemble r (Assembly Language to Machine Language

4—il
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converter), compiler (Hid.. to Machine Language converter), linker
(concatenates Machine Language code segments), Pile Mani pulator
(maintains disc or tap. file library ), debugger (permits real-time

breakpoint, trace, trap, probe interrupt , execu tion control arid pro-

gram modification) and disassembler (reconverts machine language

code-such as generated by a trace-back to assembly language

syntax).

4.3.4 8 and 16-Bit Microprocessor Remoting Capabili~ y

The hardware interface is the umbilical link between the

development aid and the system under development. Typically the
CPU is removed and the interface cable plugs into the Cpu ’s socket.

Ini t ially, debugging commences while RAM, PROM, RON, clock, and I/O
ports are removed from the system under development. Using test J
sof tw are or the final sys tem sof tware , loca ted along w i t h  RAM,
PROM , RON, clock and I/O surrogates in the mainframe , the hardware
is checked Out and debugged. One by one th. clock, I/O and RAM are
inse r ted into the system and made to work p r o per l y .  Next  the debug-
ged p rog ram is placed into PROM or RON. Finally the development

aid’ s hardware interface is removed from the CPU socket and

replaced by the CPU itself the development process is complete.

An examination of Table 4.2 indicate s that development

ai ds are ava i lab le  for  almost all  microcompu ters (iCs). They are
a necessary mar keting tool without which users would find ~C use
d i f f i c u l t  to impossible .

Table 4 . 2  shows the commonality capabilities of two
‘universa l development aids for 2, 4, 0 and 16—bi t iC’s.
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TABLE 4.2

iC DEVE LOPM ENT AID COMMONALITY

Inte l MDS Tektronix 8002

Dev ice Mfg. Software ICE So ft wa re  ICE I Bits

3000 I n t e l  X X 2
2901 MiD X 4
80 80 I n t e l  X X X X 8
8085 I n t e l X I 8
:80 Z i log  R R K K 0
8048 I n t e l X K 8
8”4 ~ I n t e l  K I 8
80 35 I n t e l K I 8
6800 Mo torola (R) (R~ K K B
68000 Motorola 16
8086 Intel CX ) CX ) 16

‘ROOO ‘ilog 16

9~ 00 TI (R) CR) K K 16

iiNOVA DC 16
LSI-1l DEC 16

Hi gh-speed Emulators:

8080 Signe tics I X 8

9080 AMO K K S
AN/AYK-14 CDC 16

AN/UYX-30 Hughes 1 16

key: ICE - in—circuit emulator

K - ava i l able
R • available via RELMS

C ) • to be announced

— 4 1 3
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Unfor tunately ~C development tools are fairly costly -

to the extent that iC selection is greatly Influenced by the user ’s

cost of access to a compatible development aid.

Microcomputer manu facturers furnish development systems
wh ich are exclusively c~mpatib1e with their own microprocessors.

In this way a customer purchases a single development tool which
can service a product line of ~iC types.

0n major electronic laboratory instrument manufacturer ,

(Re fe rence  R - l O ) ,  has produced a universal development aid, wi th
the potential of being compatible with all popular pC’s. Cert~
other manufacturers , (Reference R-ll ), offer plug-tn modification
car ds wh ich enable the use of the Intel ~~S development aid with
other iCs.
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1 5. AN/UYK-30 PERFORMANCE AND COMMONALITY

Since no small (LSI) avionics of the Navy 16-bit AN/UYK-

20 and AN/AYX-14 minicom puters currently exists for missile applica—
tions, the Navy AN/UYK-30 bit-slice, microprocessor was evaluated

-

~ as a p ot e n t i a l  candidate for the high-speed microprocessor (pP) mod-
ule in the macromodular microcomputer family. The AN/UYX-30

- microprocessor was designed and developed under a NAVAIR contract
(Ref. R-l2) to provide a digital autopilot for the Phoenix missile .

5.1 AN/UYK-30 Major Charac te r i s t i c s

The central processing unit (CPU), is packaged on six

SEM-2A modules (Figure 5.1) in addition to other packaging

configura tions.
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Fi gure 5-1 A$/UYX-30 SEM-2A Packaging

A performance profile of the AN/UYX-30 is given in Table
5.] and its basic architecture is show n in Fiçure 5.2.
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TABLE 5.1

r AN/UY1 3 0 MIC~~PROCESSOR CHARACTERISTICS
i

- - L Parame te r Specification

Number System Binary , Fixed-point

Ari thmetic Mode 2’s compleme nt frac t ional

Wordleng th 16-b i ts

Operating temperature range Nil spec (-55° to +125CC)

Approx ima te throughput 300 - 600 FOPS

Technology Low-power Schottky bipolar (T2L)

System clock 4 MHz (50 nsec pu lse w i d t h )

Power supply voltage +5 vde

Logic levels T21. voltages

Powe r consumption 16W C typ)/24 W (max )

IC count 70

Card count (brassboard ) 3 (6.5 x 5.S x 0.5 cards )
(p roduc t iz ed  PC8) 2 (5.65’ x 6.3’ x 0.4’ car ds)
(produc tized SEN 2A) 6 (5.6’ x 1.95’ x 0.3 cards)

~
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Figure ~.2 - At4/UY~ -30 Microprocessor Block Diagram

5—4 

~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
- -



.~~~~~~~~~~~~~~~- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

5.1.1 CPU Reg isters

The AN/UYK-30 central processing unit (CPU) has ve ry few
regis ters available for general use . Since the PC and SP registers

- . are ded ica ted, only six reg is ters are ‘available’. However , two
are used for indexing which is somewha t of a d raw back , and the
other tour are assigned to arithmetic calculations . By comparison ,

the PDP-ll/34 has six registers availab le but all are multi—purp ose

and all can be used for indexing .

5.1.2 Instruction Set

The AN/UY~-30 ins truction set (Table 5.2) is adequate for
mis sile guidance computat ions however ,  a fe w points are wor th
noting . Certain ‘convenience’ instructions are available , such as
a double-precision ADD , while some others were missing , such as an
Increme nt Register and/or Increment Memory instruction .

Curiously, the shift registe r instructions are slow . In

most mach ines a shi ft left nineplaces’ instruction is significant-

ly faste r than multiplying by 512. On the AN/UYI-30, a shift of
n ine or g rea ter places can take longer than the correspond i ng mul t i -
plica t ion.
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5.2 ANJUYK-30 Evaluation

The evalua tion of the AN/UYX-30 as a suitable candidate
for the high-speed ~P module was performed in accordance with the
following sub-tasks:

1. Benchmar k prog ram performance.

2. Elec trical interface with ONR microbus (iiBus) and
associated macromodules.

3. Packag ing compatibility with ONR macromodules.

5.2.1 Benchmark Program Per formance

As in the Phase III study for the AN/UYX-20 and PDP-ll/34
computers , the Angle Track Error program module (SP-l6 ) was used as
the benchmark program to assess the AN/UYK-30 performance for mis-
s u e  steering command generation (SCG). Support softwa re for
coding the program on the AN/UYK-30 was limited to a sym bolic
assembler.

The AN/UY~-30 assembler , resi dent on a floppy-disc , was
obta i ned from the Naval Avionics Facility , Indiannapolis (NA?I), to-
gether with supporting documentation (Ref. R-l 3). An in-house
In tel Microprocessor Development System (MDS) was used to generate
ANfUYK- 30 object cod. from the benchmark program written in
AN/UYK-30 assembly language .

- r
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By comparison the PDP-11/34 has one clear advantage with

its assembly language , namely the ‘PC addressing mode’ which cre-
ates multiword instruc t ions with indirect add resses provided by the
assembler. On the M4/UTE-30, the programmer must create indirect
words as constants and keep track of them when coding . For com-

piler use , naturally this feature is transparent to the programmer ,
an d b e e s i ts advantage .

The benchmark was coded tetcez once using software float-
i ng-point arithmetic and again using fixed-point calculations.

Software Floating-Point Arithmetic - To perform float- - 
-

ing-point calculations on the M/UTX—30 , a number of software float-

ing-point routine s we re w r i t t e n . Formats  we re designed to be iden-
tical to PDP-ll/34 floating-point arithmetic with subroutine calls [
s~~ stituted for the non-existent floating—point instructions. A

comparison of execution times is shown in Table 5.3. In addition

to being more than ten times slower , th. lack of special f loat ing
point registers required extra instructions to load normal regis-

ters for inputs to th. f l o a t in g — p o i n t  subrout ines .  Tb. penalty is
approx ima tely fifty percent more storage requ i red for AN/UU-30
floa ting point calculations.

5-8
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TABLE 5.3

COMPARISON OF ~~~~~~~~~~ TIMES OF AN/UYE-30,
PDP-ll/34 AND AN/UYK-20.

Processor Execution Time (~~sec)

AN/UYK-30 (160 ns. memory cycle) 2250
(660 na. memory d d e ) 2956

PDp-1l/34 (assembler) 379

AN/UY~-20 (assembler) 460

NOTES:

* Execu t ion time of program SP14 , using a ‘typical pass’ in
which there was no jaims~ing, and targe t detection in one Doppler
Cell.
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TAB LE 5.4
FLOATING-POINT COMPARISON 0? AN/UTX-30 VS. PDP-ll/34 .

E XE CUTION TIME (use d)

Floating-Point AN/UTR-30 PDP-ll/34

Instruction Software Hardware

Memory: 160 nsec 660 nsec

Load and Convert 79.25 103 5.53

Intege r to

Floating-Point

Addition 152.75 209 9.87

Multiply 135.5 182.25 7.87

Divide 171.75 212.25 13.7

5-10
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Fixed-Point Arithmetic - The results shown in the —

r previous paragraph show the AN/UU-30, using software floating-

point calculations, to be approx imately six times slower than

the PDP-11/34 when executing a typical program section. ToL avoid unfairly penalizing the AN/UYK—30 for its lack of floating—

poin t har dwa re , the ‘typical program section’ was recoded using
sof tware fixed - p~ in t calcula tions and the resul ts are lis ted
In A ttachments Tables 5.6 and 5.7. The ‘typical program section’
execution time was roughly halved , using fixed-point making

the AN/UYX-30 about three t imes slowe r than the PDP-ll/34 .

Fixed-point arithmetic was performed using a fixed 16—bit

in teger and 16-bit fraction , correspond ing to the 32-b it  precision
used in the floating-point calculations .

In i ts favor , the ANIUTK-30 has three double-precision in-
s t r u c ti o n s  wh ich  we re u s e f u l  in both  the f i x e d — p o i n t  and f loa t ing -
poin t rou tines viz:

a. Double precision ADD

b. S h i f t  l e f t  double
c. S h i f t  r i g h t duble

- 
Table 5.5 gives the sizes of the ‘typical program sec-

t ion’ when coded for PDP-1l/34 and the AJhl/UYX_30 .
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1 ~~TABLE 5.5
P ROGRAM ‘SIZE OF ‘TYPICAL P ROGRAM SECTION’

Processor 16-bit words

PDP—ll/34 (assembler) 175

AN/UYI~-30 (assembler w i t h  f l o a t i n g -p o i n t)  276

AN/UYI~—30 (assembler with fixed—point) 265

NOTE

* Sizes do not include the software arithmetic routines.
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TABLE 5.6
COMPARISON OF •B~~CI4~44~

p
~ EXECUTION TIMES OF AN/UYX-30

(FIXED-POINT ?~ND FLOATING-POINT), PDP-ll/34 AND AN/UYR-20.

L.
Processor Execution Time (usecs)

~~JUYK-30 (u s i n g  s o f t w a r e
fixed-poin t calculations )

160 nsec memory cycle : 1145

660 nsec memory cycle: 1324

~4~/UYI~-30 (using software
floa ting-point calculations )

160 nsec memory cycle : 2250
660 neec memory cycle: 2956

PDP-ll/34 (with hardware

f l o a t i n g — po in t )  379

~~/UY1C-2O (with hardware

floating -point) 460

NOT

* Execution time of program SP14, using a ‘typical pass’ in
which there was no jamm ing , and wi th targe t de tection in one
Doppler Cell.
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TABLE 5.7
ARITHM ETIC COMPARISON 0? AN/UYR-30 VS. PDP-ll/34 ,

WITH AN/UYK-30 FIXED- POINT VS. FLOATING-POINT .

IN STR~X~TIOW’ EXECUTION TIPIE 2 (p secs)

AN/UYK-30 AN/TJYK-30

Floating-Point Fixed—Point PDP-ll/34

Sof tware Sof tware Bard wa re

Add 153(209 ) 2.25(2.75)~ 9.87

Multiply 136(182) 67(79) 7.87

Divide 172(212) 114(130) 13.7

NOTES

1) All instruction times are for 32—bit precision calculations.

2) AN/UYX-30 instruction times are given for two different memory

speeds , fast 160 nsec cycle time, and slow 660 ns.c cycle

time . The execution times using the slower memory are given

in paren theses.

3) The fixed-point 32-bit precision ADD is simply an AN/UYR-

30 double-precision addition instruction , DADD.
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5.2.2 Electrical Interface with ~Bus

The second aspect of the AN/UY1~-30’a suitability for adop-

tion as a high-speed central processing unit in the macro—modular

mi cro computer family lies in the electrical interface of the CPU

with the ONR 3Bus. Figure 5.3 shows the AN/UYX-30 interface line s

and Figure 5.4 shows the ONR ~Bus in terface requirements . The
chief difference between the two is in the line of partitioning cho-

sen between the simple semiconductor memory interface , wh ich has to
be met in any event , and the memory - sync hroniz ing timing and con-
trol circuits. Figure 5.5 illustrates the latter point.

The followin g paragraphs take into consideration both the

software and hardware implications of incorporating the A14/UYR-30
CPU within the macro-modular micro computer family .

A14114Yk 30
~~~~~~ ~ *

___________  

-.

____  ~~~~ I. -• 0,~~~~~~~ 0

-— ~~~‘~~~~7~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

\~~~
Fi gure 5.3 - AN/UY~-30 CPU Interface
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AN / UYX- 30  ONR ~aSUS
INTERFACE INTERFACE

MICROPROCESSOR

Fi gure 5.5 - AN/UYX-30/ONR MBus In terface/Partition ing
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DNA OPERATIONS - The AN/UYK-30 contains a single channe l direct

memory-access (DNA ) capability . The word count and address regis- — -
ters are contained within the unit. These registers are loaded and
controlled by the BLOC instruction . The BLOC Instruction specifies
the location of a two-vord semaphor specifying the block length and
word count to be used in the transfer. Upon completion of this in-
struction , a Block Start pulse is sent to the external device . The
ex terna l device , when ready , ra ises the B LOCX IN/cXJT request line .
Af ter the CPU acknowledges via a BLOCX IN/OUT ACX , the CPU places
the memory address on the eddrees bus and the ex ternal device

places/rece ives data from the data bus unde r control of the MEMR,
ME J44 s i g n a l s .  The d i f f i c u l t i e s  he re are : —

o CPU c o n t r o l s  address  l i n e s .
o Only one DNA channe l is provided .
o End of Data Interrupts are internal to the CPU.

o BLOC instruction operation assumes unique

dedicated DMA log ic.
o CPU maintains word count register.

o No DMA status monitoring is provided .

In order to mate the AN/UYX-30 to the ~Bus, the DNA por-

tion of the AN/UY~ -3O associated with Word Count, Memory Address
Regis ter , and 8LOC~ IN/~ JT interrupts must be deleted . The DNA
initiate command BLOC must also be removed .

All of this logic is conta ined in the OPIR DNAIO module.
Two DMA channels are required for the application , and all of the

normal DMA functions of load WC. MAR , etc., will be con tained in
these modules.

~~ 17
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The load ing, DNA starting , DNA status monitoring are then

accomplished by using direct memory operations of the form STA ,

MA ; L.DA, MA - where MA is the address of the DNAIO register.

The DNA start  co and , which is normally a result of the BLOC in-

struction , can be generated by a direct memory write to the DMA

start/stop register .

A DMA control signal multiplexer is required to translate

the DNAIO module lines of MEN REQ/ACX and direction to the AN/UYX-

30 lines of BLOCK IN REQ. BLOCK ~ JT REQ. BLOC K IN ACK , BLOCK (XJT

ACK. This assumes, of course , that after the deletion of the DMA

logic cited above , the external controls remain unalte red . In

order to ensure that the ex terna l OMAs have bus control , a DNA
CYCLE signal must be generated to inhibit the AN/UYK-30 address and

memory control lines. This requirement poses no difficulty for
BLOCK IN requests  but  i t  does f o r  BLOCK OUT requests. The differ-

ence here is for BLOCK IN , the ex ter nal DNAIO module knows when to
put the memory address on the bus via the BLOCK IN ACK . However ,

in the BLOCK OUT case , the ACK comes out after th. f a c t,  and the
DMAIO module does not know when to place the Memory Address on the
bus. (See timing diagrams, Fi gures 3.6 ~. 5 . 7 )

Only one desirable alternative is possible. The line

I nd I cat ing the beg i nn i ng of a B LOCK OUT cyc le, or a DMA CYCLE
begin, mus t b brought out from the ANIUYK-30. This line should

go active either at or slightly before MEMR. This will allow

the DMAIO module sufficient time to place the address of the
desired memory cell on the bus.

Anothe r solution would be for the DNAIO to route the ad-

d ress of the memory request through the ANIU’YX-30 . This approach
I. u n d e s i r a b l e  and fo re ign  to the building block technique .
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Logic  on the absence of a ‘New I n s t r u c t i o n ’ pulse a f t e r
a MEMR could  be done to deduce the c u r r e n t  MEMR is scheduled for

the  DMA and n~~t the CPU. T h i s  would  be cumbersome and modera te ly
complex .  The most s t r a i g h t - f o r w a rd s o l ut i o n  is to just  bring out
the DM A beg in  cyc le  s t robe .

I n s t r u c t i o n  Set U t i l i z a t i o n  - The instruction set peculiar to the
CPU o p e r a t ions  such as ADD , SUB , INDEX REGISTER mani p u l a t i o n s ,
e t c . ,  are  adap t able w i t h o u t  m o d i f i c a t i o n s . N e a r l y  all of the I/O
instruc tions t gethe r w i t h  the I n t e r r u p t  h a n d l i n g  i n s t r u ct i o n s  w i l l
either not be used or m o d i f i e d . The ‘not ueed mean s the fu n c t ions
are to be retained ; the difterence in implementation is substan-
t i a l l y ~i~~f t e r e n t .

~~u~/Out_put in struction s - A l l  of the I/O i n s t r u c t i o n s  have I/O
device address fields encoded in the instruction . The I/O devices
typi cally decode thi s specific field to de termin e the action
required . The M s c r o  Module  approach t r e a t s  a l l  I/O i d e n t i c a l l y  as
memory negating the need for any special I/O fields in the instruc-
tion word . An I/O dev ice ie assigned a bank or series of add ress
that it is responsive to. These addresses are specific memory

— addresses. When the programme r desires to execute a paralle l
input, for example , an LDA , MA is used . Since all I/O , i n c l u d i n g
memory , Is on the same UBuS , it appears to the programmer that the
data came from memory. This approach negate s the need for a spe-
cial class of I/O instructions.
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LNPUTLOUTPUT INSTRUCTION DI~~POS ITLON

Ins t ruc t ion

POUT , PIN These instructions may be

conveniently rep laced by direct
memory wri tes to the appropriate

POlO module .

SIN , SOUT The serial I/O unit, togethe r

w i t h  the SIN , SOUT instructions,

are to be replaced by the SOlO

module . The activation and con-

trol of the 5010 unit is

con trolled by direct memory read s

and w rites.

SKIP I/O Not Ready Th is func t ion is implemen ted by
execu t ing a d irec t memory read
fr om the addressed device . The

execution of a Branch A ~ 0 w i l l
cause the proper  s k i p .

fl LOC This  i n s t r u c t i o n  i~ to be de leted .

Interrup t Structure - The AN /UY K -3 O prov i des both i n t e r n a l and cx-
ternal interrupt s . Tb. internal ones include H a l t ,  Powe r F a i l ,  BLK
OUT , and BLK IN.  The re are four ex te r na l in te r rup t s  suppl i ed to
the user. The BLX OUT/IN interrupts are generated by the internal

DM A. Sinc, ex te r na l tIIAIO will be used, i t will be necessary to

de lete these i n t e r r u p t s  f rom the priority tree . The ra t ionale  here
is that t a u l t ip l e  DMA un i t s  are to be implemented , and ex ternal pri-
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o r i t y  logic w i l l  be used to cont ro l  the various End of Data process—
ing c o n d i t i o n s .  The DNAIO module supplies only one EOB and assumes

that normal prog ram housekeeping can determine the transfer direc-
t ion .

The In terrupt mask function cart be accomplished by

utilizi ng a register in the P010 module. Th, mask may be loaded by
a d irec t memory w r i t e . This  regis te r may also be use d to perform
the A r m / D i s a r m , Enable /Disable in ter rupt  funct ions . Th is op e ra t i n g
mode allow s for Interrupt pending operations to be performed.

Since the number of interrupts exceeds the machine capac-

ity, in terrupt vectoring will be required . This may easily be done
by using a POlO module where th. interrup t status can be readily

de te rmined. The AN/UYK-30 normall y acknowledges an interrupt by

generating the Interrup t Acknowledge si gnal with th. current inter-

rupt being processed encoded in data bits 14 and 15. This is ade-
quate for non-expanded interrupts~ however , the resetting of the
vector needs to be done . The IOCP instruction may be used to reset
each individua l Interrup t bit.

ry Timing - The basic memory t i m i n g  d i a g r a m  is shown in Figure

S.R. The CPU places the address of the memory all on line gated
wi h a MEP ~~ or ME *I command . Memories and devices (aste r than 500
-
~~~~ do not need logic on the device busy line. Since this will be

~he case for most memories used , no logic is necessary . For the un-
usua l case of slow memories, the Memory Interface module will con-
tain a counte r delay register. This delay will be used to maintain

a ‘not ready ’ status to the CPU for the durat ion of the m mory
cyc le. The case of a slower memory u.ed in conjunction wi th  a fast
Mac ro Module presen ts difficulties in delaying the cycle . The prob-
lem here is that although a delay for da ta to or from memory

5-22
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F i g u r e  5.8 - Timing Diagram for Store Indexed Instruction

is requ i red , da ta  to or f r o m  the module requires no delay or a dif-
‘øren t -is- lay . The p r o b l e m  is resolved by incorporating a ‘device
not busy signa l bus’ in all Macro Modules.

Now , when a MEMR/w is ge nera ted  to the slowe r memory, the
memory delay counter is activated . However , when a MEMR/W is
directed to a fast Macro Module , the delay is terminated by the
faster device.

In the ~ JR UBus , the memory access li nes are Add ress ,
Data , Read/Writ e . Generally, in a dedica ted system , the data read
is an open-ended read . Data is assumed v a l i d  fo r  sampl ing  a f t e r
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some arbitrary clock time . Data and address ripple s through the

system until the ‘nex t’ clock cycle. This approach works well for

a sing Le dedicated system. However , in a quasi general applica-
tions sense , memory operat ions  should be independent of CPU clocks

and hand shaking logic should be used. This is exactl y the ap-
proach used by the AN/UYK-30. The use of the direct lines of

M.EMR/W allow ex ternal devices to be designed independent of CPU

timi ng constraints and considerations.

M i s c e l l a n e o u s  Siqn a l s  - Since the thrust of this analysis has pri-

man ly been to determine final form operating conditions, some of
the ancillary functions have been de ferred . These include control

panel contro l, powe r con t i ngencies , halting and clock control.
These signals are unique to each particular CPU and as such have no

system module counterparts.

Conclusions - The modifications required for the AN/UYX-30 neces-

sary for inclusion in to ONR Macro Modules are moderate . The funda-

menta ’ CPU is retained while the I/O undergoes modification.

There Is i n s u f f i c i e n t  data  to measure  the full impact of
t ’— e p a r t i t i o n i n g  t h a t  has been recommended . Although superficially

I t  appears  m i n o r ,  only de ta i l ed  a n a l y s i s  can t r u l y  measure i t s  f u l l

~n p a C t .

The details not withst anding the AN/UYX-30 appear, to be
an excellent candidate for inclusion into the macro-modular micro

compu ter family.
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5.2.3 Navy SAM/SEN Macro-Module Packaging

To utilize the AN/UYR-30 CPU as a hi gh-speed 16-bit micro-

processor module in the macro-modular micro computer family re-

quires that the integrated-circuits (ICs) currently packaged on six

Navy SEM-2A mod u les be consol ida ted  in one Navy standard av ionics

module ( S A M )  or standard electronics module (SEM), using alternate

low-power device technology and very large scale integration (VLSI)

packaging techniques. Table 5.8 gives the IC counts and power dis-
sipa tion of the existing AN/UYX-30 modules using Schottky—bipolar

dev ice technology . By comparison complimentary metal-oxide semi-

conductor , sil icon-on-sapphire (CMOS-SOS ) circuit implementation

would achieve between 1/4 to 1/5 the powe r d i s i n f la t i o n .

Reducing the total dissipation of the CPU to between 3.5

to 4.5 watts. This lover power dissipa~- ion would enable the whole

CPU to be concentrated on one SAM or SEM-2A module using current

1000-gate array CMOS-SOS dev ices and h y b r i d  packag ing techniques.

The c o n f i g u r a t i o n  of the AN/UYK-30 CPU in macro-mod ule form is
shown in F i g u r e  5 .9 .

I.
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TABt.E 5.8

AN/UY~-30 CPU PACRAGING REQUIREMENTS

Total Total Powe r
Module Name Qty . No. of I .Cs D i s i n f l a t i o n  (Watts)

8—Bit RALU 2 26 7.4

S lice

T i m i n g  and 1 22 2.0
C o n t r o l

Microprogram 1 16 4.1

Memory

Counte r 1 9 1.6

Decod er

z s~~~~ rn and 1 19 2 . 3
I n t e r r u p t

- ‘ r,trol

Totals: 6 92 17.4

i
-
I
iii
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Figure c •g - AN/UYK-30 CPU as a Single SEM- 2A Macro-Module

The two 8 - b i t  s l ice RALtJ s are conta i ned in one 2 in . x
1 in. hybrid LSI package , and t h ’-~ r e m a i n i n g  m i c r o p r o g r a m  memory and
associated timing and c o n t r o l  c i r c u i ts are packaged in a second 2
in. x I in. hybrid. This approach is simil ar to that propo sed in
the Phase I I I  Repo r t  ( R e f .  R - 4 ) .
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The propo sed Navy standard avionics module (SAM) Figure
5.10 1. large r than the SEM-2A but i~ still limited to 30-36
integrated circuits , therefor e , hybrid packaging of the CPU cir-
cui ts Is still required to achieve a single modu le configuration .
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Figure 5.10 - Conceptual Design of Navy Standard

A v ionics Module
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6. LOW•COST SERIAL DIGITAL INPUT-OUTPUT MODULE
(SDIO)

Serial digita l communication between microcomputers in

distributed microcom pute r systems can be costly in terms of the in-

terface hardware required to drive conventional electrical busses.

Nevertheless, the simplicity, r e l i a b i l i ty an d l i ghtweight attri-

butes of a redundant single-wire interface remain attractive tea-

tunes for missiles. Furthe rmore , the use of the mili tary s tandar d
serial digital multiplex interface (MIL- STD—lSS3A ) provides

compatibility with the aircraft av ionics and associated ground sup-
por t equipment.

To overcome the drawbacks of conventional electrical in-

te r f ace har dw are , the use of fiber-optic data links was explored .

It was found that presentl y available fiber-optic products , whi le
influe ncing the form of communication network, (e.g. party-line ,

star , round-robin), offered significant size , weight , powe r and
cost reductions compared to the electrical counterparts .

This task of the study was broken into the following

three sub- tasks:

1) Review of available electrical interface circuits.

2) Review of available fiber-optic interface components.

3) Practical fiber-optic communication system .

6.1 Available Electrical Interface Circui ts

I n v e s t i g a t i o n s  showed that available electrical interface

circu i ts we re originally developed by several manufacturers for the
Air Force 8-1 strategic bom be r program . To satisf y the conversion

6-1
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f r o m  paral lel  to s e r i a l  d i g i t a l  data and vice versa ,  the SDIO mod-
ule is typically divided into three main sections (Figure 6.1).

INTLR-SUSSYSTEu
ISS3 B BUS

~ < ~~~ _______  

. 1I
~~

I
~ 1 ~

~.1 ~~~~~~~~~~~~~~~~~~~~~ I DECODER —

~ 
j  INTERFACE ] ~

Figure 6.1 - Electrical Interface Circuits

Serial Djjjtal Bus Interface

Since  the MIL-STD— 1553A s pe c i f i c a t i o n  (Reference  R- l4 )
calls for transforme r coupling and f a u l t  i so la t ion  to a shielded—
tw isted-pair bus or stub for the serial-digital interface between
subsystems , this interface is offered as an entity by some manufac-

tuners (References R-15). Figure 6.2 illustrates one such avail-
able Interface prod uct. The power dissipation of the latter
devi ces is rela t ively high , and contributes 99 - 5% of the tota l
power dissipation of the entire SDIO module. Physically, these cir-

cu it s are large , (Figure 6.3), which in turn conflicts with the U -

size , weight and power limit ations of small missile applications.

6-2 U
‘I

_ _ _ _  

-



r - - . -
AD AO 7S SOS RAYTHEON CO BEDFORD MA MISSILE SYSTEMS DIV F/S 17/7MODULAR DISITAL MISSILE SUIDANCE.(uP

DCC 79 F ii LANSI.EY • A 4 MANNION • 1 D LAUBE N000t I—7Sce05*9
UNCLASSIFIED BR—113fl ONR—CR233—052—4 NI.

:tnnn~rou
‘~~c9c ~-~ rHE~- E ~’ biQ

- — r- - - 2 , -~~~~~~~_ • ‘!
“ P ’  ,- I- -

.4 ~~



1 1•0 L ~~L L I)
~~~~~~

2 2

111.1 
~~~~_____ 18

• 
~~ffJF25 iVt’?r~~~~Illn~~~ ~~~

NATIONAL ~~~~~ or STAI~~~ DS
.t~~~u’.~

_ ?f ~,



___________  
i z ~ ~-~-—-~---i a~TiI~~~~

I

:?~ 
:r~~~.. 

_ _ _ _ _ _

Si 
—

- I 0- - —~~--- --- -~~~ —. .— . —

I I.

-- ~~~~ . ~~~~~~~~— 
- 

- ~~~~~~~~~~ ‘5.

— .  — -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
- -c_ --

__ 
- —V ~~~~~~~~

— 
___

•.~~~~~~~- -

— —---——-. — 
_ .

no .

a

DATA~ -_____ -

Cylo?, OUT

_ _  _ _  

>
~~~~

CT1 71 ‘~ 
_—.----o_

msceTv1~ DATA
_ _ _ _ _ _ _  

~~~
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F i g u r e  6 .3  - E l e c t r i c a l  Se r ia l  D i g i ta l  Bus In t e r f a c e
Module - Physica l  D iaensions
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6.1.2 NRZJManchester II EncoderJDecoder

L
This section of the SDIO is on a par with co~~ercial UART 

-

I.SI devices, and certain manufacturers have produced a single-chip :J
NRZ/Manchester II Encoder/Decoder circuit in both CMOS-bulk
(Reference R-16) and 0409/SOS (Reference R-17) technology . Figure

6.4 illustrates the functiona l com position of a CMOS-bulk circuit.

Ii
IN~~ O(N OlcOO*N

is —~~~~-—------ -- -~ 
- 

~~‘ )_
~~. L( .

~a __________ 
,
~~~~

.m 
________ ______

_ _  _  

_ _ _  

_

-‘. 

~~~~~~~ >z L f J ~~~~fl~~Ji. ~~
-- ‘ I 

___ 
• I ~~~~~~~~~ ss

~~~
. —

—
~ 

‘I > I ~~~~~
~. 

~~ 
j

,

.
, 

• .
~~~~~ >-.- —

~
9
~i~

;r• 
~~~~ 

‘

~

‘° 

-
sn ~ is ii

Figure 6.4 - NRZ/Manchester II Encoder/Decoder
1.9! Circuit Functiona l Block Diagram

These circui ts are small, dissipate very low power and A
are potentially volume production devices. In essence , they re-
quite, as an input for transmission , a clocked serial NRZ bit I
stream conforming with the message formats of MIL-STD-1553A, and
then this is converted into an equivalent serial Manchester II j
output waveform. In reverse , a serial Manchester II message se-
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quence is accepted from the line interface module and transformed

in to an equivalent NRZ bit stream with a reconstruc ted synchronous

cloc k derived from the wave form . All interface levels are T2L

logic vol tages. In addition parity error checking is performed on

chi p and the status indicated slong with the serial NRZ output. As

such , these single chip devices constitute the remaining portion of

the RTU described in MIL-STD-l553A . Figure 6.5 shows the physical

dimensions of a typical encoder/decoder.

40 PIN D.I P.

~~~-~ tY~
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_____ 
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A 070 - 325.,wis I ss~~~~ ~~~~~~~~~~~~~ WI~~~fl

Fi gure 6.5 - NRZ/Mancheste r II Encoder/Decoder

iSI Circuit, Physical Charac teristics

6.1.3 Parallel Digital Interface

T?~ compu ter interface constitute s the only non—1553A
standard portion of the serial digital input—output module and

therefore few manu facturers prov ide this since it can vary accord-

ing to the specific computer being used in the subsystem . At best,

6—5
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tLis can be ~t generalized form of 16—bit parallel digital

irterf ace with the necessary contrcl lines to transfer data to!

~~~ a computer I/O channel. A review cf av~tilable products showed

this interface to be provided as p a r t  of a ccn-posite serial I/O

~- ‘: --~~:lo by one sv st c~r hcuse (Figure 6.7), while another provides a

se~ i~ l NRZ data interface (Fi~:u r -  € .6). The fcriration of message
wc~~ds is assured tc be made exterr~~ to the rcd-~le , i.e., within

the computer.

S

I.

Fi gure 6.6 - Com posite Serial I/O Module , (Harris) 
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Figure ~~~~.
‘ - Composite Serial I/O Module , (SC!)

Conclusions

Table 6.1 su~m~arizes the electrical and cost aspects of

H available ~S53A inte rface products. It can be seen that the line
- interface gectior~ is the chle~ problem in terms of size , weight ,

-
- - 

power and cost for small federated mi croc~~ pute r systems. The

remal~~ing circuits could oe fabricated as two separate low—power

L.SI chips , one of these be i ng already available , and the parallel

digita l interfac e could become standard when desi gned to matc’~ the

ONR ~Rus .

- Based upon the latter observations , fiber-optic interface

components we re explored to achieve a mo re pract ical interface for
1 m issile microcom pute r systems.
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TABLE 6. 1
M IL.-STD-1553A E LECTRICAL I NI’ERFACE PROD~~ T CHARACTERIS TI CS

weight  Powe r kppr-~z. Cost

Com ponent Size (oz s .)  (Wat ts )  ($) —

Bus Transfot *e t - - - -

Bus D r i v e r  1.25 in I — 3.6 180.00

- 
- 1.25 in I

0 . 2  In
H y b r i d

Bus Rece i ver 1 in X 1.5 120.00
l i n X
0.15 in
Hy b r id

~R2/Menchester I I
Encoder/Decoder 24-Pin - 0.025

DIP 165.00

Serial/Parallel

Convertor and - - - Part of complete module - - -
Compu te r In t e r f a c e  (see below)

Totals z 4 in X 4 .5 1,500 .00

(Comple te Module ) 3 in X max .
0.4 in (transmit)

- 
- 
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6.2 Available Fiber-Optic Interface Components

To reduce the size , weight, power and cost of the serial
d igital interface , a survey of available fiber-optic data link

components was made . During the course of this investigation it
became apparent that the modest performance requirements of short

digital links with 1 mega bit per second (IMb/sec) data rates could
be satisfied with simple fiber-optic , wire- bu~dle type cables termi-
na ted with PIN diode receivers and LED drivers. The najor thrust

in f iber-optic communications development was found to be in common
carrier teleconssunications systems (Reference R-l8) where 2GHz
bandwidths for low distortion analog data transmission was being

achieved . Such developments provided higher density (no. of

channels) over existing routes thereby offsetting the ever increas-

ing demand for more voice and video channels.

In con trast, the simple terminals required for short-

leng th , medium-speed , (DC-2Mb/sec), d i gi t a l  data l i nks  has g iven
rise to the availability of DIP-packaged T2L/fiber-optic coupler.
The l a t t e r  enables the s e r i a l - d i g it a l  (Manchester  II encoder)  inpu t
and outpu t parts of the encoder/decoder [.SI c i r c u i t ,  desc r i b e d  in
the prev ious  su bsec t ion , to be coupled directly with there fiber
optic terminals. Figure 6.7 illuatratea the substitution of the
electrical transformer-coupled bus interface with the fiber-optic
c o u n t e r p a r t .
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Figur e 6.8 - Available Fiber—Optic/T2L Term i nal Units (Mere t)
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The s ize , w e i g h t ,  power and cost of the se DIP-packaged
dev ices is given in Table 6.2.

TABLE 6 .2
T2 L/yIBER~~pjSIC TE~~ INkL UNITS

Size Weight Power Disa. eCost
Terminal (tnt.) (oza.) (~~~) (IL

Transmitte r 14—pin DIP - - 54.00
(l i n X
0.5 in I
0.4 in)

Receiver 14—pin DIP - — 180.00

(1 m x
0.5 in I

0.4 in)

Qty : 10—24

From the above data it can be seen that significant reduc-
tions in the values of the parameters listed are possible compared
to the former electrical interface .

There is one drawback , however, in term s of the use of
T-couplers for a party—line bus. ¶-couplers are currently unavaila-
ble as standard products. Further, they have a typical Insertion
loss of 3dB, such that signals are heavily attenuated in a multi-
tap system .
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Alternatively , the Air Force has sponsored the develop-
ment and f a b r ic a t i o n  of an 8-port star coupler (Reference R-l9. but
t h i s  au tomat i ca l ly  changes the typ. of co~~ uni cat ion  system from a
party-l in,  bus to a star mechanizat ion . The la t te r  item requires
one subsystem to be the centra l  control  point or ‘telephone
exchange’ of the system .

Figures  6.9 , 6.10 , and 6.11 show the three forms of
co unication systems discussed above. In th is  respect, the avail-
able fiber-optic components influence the type of communication sys-
tem pract icable  fo r  f ede rat ed  microcomputer guidance and control,
namely: ring (round-robin protocol) or star w i t h  central  control.
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1 7. LOW-COST, CHARGE-COUPLED DEVICE (CCD)

SPECTRUM ANALYZER MODULE

7.1 Introductionr
1.

While missile radar sensor si~gnal processing constitutes

the worst case processing load compared to angle-only electro-
- optical sensors , the throughput  r e q u i r e m e n t s  of the forme r are low

compared to a v i o n i c  and ground-based tac t ica l  rada r s , (F i g u r e  7.1).
Despi te  the r e l a t i v e  s ize  of the m i s s i l e  si gna l  processing task ,
the i n teg ra ted c i r cu i t requ i r emen ts f o r  such a m i c r o bus si gnal pro-
cess ing module exceed those of the host microprocessor by an orde r

of magnitude with proportionate size , weight and power penalties.

W ith this top-heavy situation in the context of today ’s small micr o-
pr ocesso r wo r l d , alternative L.SI device technolog ies were explored

to shrink the size of the signal processing module without

sac rificing performa nce. This section reviews the radar si gn al pro-
ceasing requ i reme nt s in terms of func ti ons to be execu ted and
overall timing constraints to meet the performance of the missile ,

and then relates state-of-the-art device technologies to the latter
requirements to determine their respective merits and demerits.
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F i g u r e  7.1 - M issi ls versus Av ionic and Ground -Based ~kadar
Spectrum Analysis Requirement.
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7.2 Radar Signal Processing

Radar  targe t seeker signal processing requirements for

a i r - t o - a i r  mis s i l e s  are summarize d in Tab le 7.1. The high-
• pe r formance  d r i v e r s  of s igna l processing are the pulse- doppler

radars used In the medium and long-range Class I I  and I I I  missiles,

due to the multi-range doppler matri ces formed during target acqu t-
s i t i o n  and the shor t  time (dwell time ) allowed for  the processing
of the radar r e t u r n s , ( i . e.,  S m a ) .  Of the seven ma jo r  f u n c t i o n a l
components  of the s igna l  processing cha in  shown , the most ti~ie

consuming  In d igi tal technology a re the Cooley-Tukey f a s t  F o u r i e r
t r a n s f o r m  ~FFT ),  R e f .  R-20 , s pec t r u m  ana lys i s  and poet de tection in-
tegration (PDI ) functions , since these are performed on all data
sampl es du r i n g the a c q u i s i t ion phase an d , in the case of the FF1,
2N log 2N multiply operations are involved for each monopulse channel
processed in each range b i n  (N being the number of complex samples

per channel). Thus , the latte r functions present an excessive load
for softwa re implementation by a medium-speed microcompute r ,
‘orcing a hardware/firmwa re mechanization of these functions.
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TABLE 7.1
MISSILE RADAR SIGNAL PROCESSING FUNCTIONS AND

ASSOCIATED DATA PROCESSING OPERATIONS

(CLASS I I I  MISSILE )

S 

ADD/SUB
FUNCTION LOGICAL MPY/DIV CON4ENTS

1. Corne r  T u r n i n g  - - Data Reordering
2. Cos2 Weighting 0 128 Per ch. and range bin
3. FF1 (64-complex) 1152 768(apye) Per ch . and range b in
•4. PD! 2560 640(divs) Per dwell (5 me)
*5 Threshold and

Detection Sliding

threshold detect 4500 500 Every 10 dwells
Main lobe  c lu t t er 1320 0 Every 10 dwells
Jamme r to no i se
r a t i o  501 3 Every 10 dwells

~~6 . Threshold  and
De tec t ion  S l i d i n g
threshold detect 450 50 Per dwell (E c h .)
Jarnme r to noise 501 3 Per dwell

Theta blanking 13 8 Per dwell
R a d i a l  angle gating 6 4 Per dwell
Trac I~ q u a l i t y
i n d i c a t i o n  2 12 Per dwell
Ang l e,  range and
doppler e r r o r s  34 28 Per dwell

•~ 7. Targe t Selection 48 0 Per dwell
Notes
•Acquis ition only

•~Track only
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7.3 Digital Signal Processing

Since the FFT constitutes the major task in digital sig—
j . nal processing, attention has been focussed on efficient ways to iis~

plement this function as a first consideration with PD! and other
second orde r throughpu t drivers add ressed as ad*ptations to the FF1
processor eithe r by adding more arithmetic elements or control
micro prog rams , or both.

‘.3.! FF1’ Processing

To recapi tulate briefly on the mechanism of the Cooley-
Tukey algori thm, it fundamentally involves executing a two—point
transform. (Figure 7.2), N/2 log2N time s where N, a binary number,
is the number of complex input samples. The complete FF1’ a lgor i thm
is of the form shown in FI gure 7.3. The primary design goal for
FF1’ processors is to execu te N/ 2 log2N basic two-point transforms
w ithin the time allowed for the complete N-point FF1, whic h , in the
case of Class I I  a i r - t o — a i r  m i s s i l e s  ranges from 300 to 800 LIe , and
for Class III types l~ O to 400 us, based on the 64-point benchmark

value .

- 
~c~~~d) 

-

C 1 d -Ø ~
’

~~

’ 

~~~~t~~~~
__ [lo ib

~~ 
(c’j d)J [X .j\j

Figure 7 .2 - Basic Two-Point T rans fo rm Ar ithmet i c  and Data Flow
5~~~
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7.3.2 iTT Processor A r c h i t e c t u r e s

Four types of FF1 processor arch i tecture are significant
from a throughput viewpoint , Ref. R-2l , and these are charac terized
by the numbe r of two-point transform arithmetic units (AUa~ used,
(Figure 7.4). The performance obtainable from these is summarized

in Table 7.2. Selecting the single sequential arch itecture as the
minimum hardwar’~ confi guration for missiles means that the

processor must be capable of executing a two-point complex trans-
form in 1,6 s max and 0.8 s max for Class II and Class III mis-

siles respectively. These speeds are qu i te practicable in current
bi polar and cMOS/SOS semi-conductor technology using multiple
arithmetic elements pipelined within the AU together with parallel
addressing techniques to simultaneously access and return pairs of

operands from/to memory at each clock intervsi.
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TABLE 7.2

FFT PROCESSOR PERFORMANCE

ARCHITECTURE TWO-POINT AUs FF1 TIME

Single Sequential 1 N/2 log2N x B

Pipeline Log2N N/2 x B

Parallel Iterative N/2 Log2N x B

A r r a y  N/ 2 log2N 8

Notes:

B - Time to execute the basic two-point transform

7 . 4  Single Sequential Digital Signal Processors (D$Ps)

The architecture of sing le sequential DSPS is similar in
m any respects to conventional microprogrammed general-purpose
processo r s exce pt for the provision of ex tensive internal da ta
bufferi n g and pip lined hardware arithmetic elements to achieve
higher throughput, as will be apparent from the processors
described in the following paragraphs.

Bi t-Slice Microprocessor-Based Signal Processors

Fi gure 7.5 illustr ate s th. arch itecture of a bit—slice
microprocessor-based FiT processor using two random-access memories
(RAMs) to store the sequence of complex data pairs used in the cxc-
cu tion of N/2 log2N iterations of the basic two—point transform .
The ari thmetic unit consists of a hi gh-speed, (220 ne), hardi~are

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ -

~~~~~~~~~~~~~~~~~~~~~~~



__________________ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

multiplier followed by three 4-bit slice (Am2901) microprocessor el-
ements which provide the add ~nd sebstract functions. A coeffi-
cient read-only memory (RON) furnishes the complex multiplier terms
and a micro program control unit (IIPCU) contains the sequence of
microinst ruction s necessary to control the fetching of operands via 

f

the memory controller , the execution of the appropriate arithmetic
operations and the storage of results back into the RAMs in the
correct order for subsequent iter a tions of the basic operation.
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Figure 7.5 - Bit-Slice Microprocessor-Based F?? Processor
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Such an architecture has been shown , Ref. R-4, to execu te —

I ~ two-point complex transform in 1.6 gts , and a 64-point complex FFT
in approx imately 300 ~z i ;  requ i r e s  approxima tely 150 LSI /MSI/SSI c i r-

r cults to mechanize , and dissipa tes approx imately SO W. While this
4 mee ts the speed requ i rements of Class II  missi les , the physical pa r-

ameters are unacceptable for small missile applications .

One alternative low-power semiconductor device technology
is CMOS/SOS, Ref. 11-22 wh ich although comparable to Schottky-
bipolar in circuit density and parts count, nonetheless provides at
least an order of magnitude reduction in dynamic power d i s s ipa t ion,
without sacrificing speed . Hence, very-large-scale-in tegration
(VL.SI) hybrid packag i ng of the F?? module could be w~hieved w i t h
CMOS/SOS, e.g., two 2 in. x 1 in. hybrid-L.SI packages for the
arithmetic and control sections respectively.

The othe r alternative circuit implementation would be in
d i g i tal CCDs , to be discussed in a subsequent section of this
paper.

To accomm oda te PD! in the above processor architecture
would require duplicate RAM space to store the spectral values re-
sul ting from the in’ of the previous radar dwell. Additiona l
micropro grams would also be required to control the a r i th m et ic  ele-
men ts in orde r to compu te the modules/magni tude of each complex
value and to avera:4e each filter magnitude with successive dwell
values in accordan e with the PD! algorithm. The latte r process
would require more sophisticated control than that of a system
tailored to do just the FiT algorith m . In othe r words the trade-
off for a more general-purpose capability is complex ity.

11
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‘.4.2 Higher-Speed Two-Point AU

For the longer range Class I I I  miss ilee  w i t h  typically 10
ra nge bins for  the acqu isi t ion mode, the speed of the sing le sequen-
tial DSP can be increased by progressively add ing more discrete
arit hmetic elements in the Ml until a 1:1 hardware correspondence
vith ~he two-point transform arithmetic operations is achieved , - 

-

(Figure 7.6).

Such a fully parallel, pipelined arithmetic unit with ap-

propriate data buffering , supported by the two RAMs, memory

addressing unit, coefficient RON and microprogram control unit , is

capable of outputting a complete two-point complex transform every

clock interval, i.e., 150 ns with bipolar circuits. The corre—

sponding F4-point complex FFT time is less than 30 us. To satisfy

the worst  case Class III missile requirements of 150 Us, a one-

fo~ r t h  r educ t ion  in p ar a l l e l i s m  and t ime sharing of the arithmetic

elements increases the be nchmark FF1’ t ime to approximately  115 Us.
Hardware cost is approx imate ly  450 L.SI /MSI/SSI c i r c u i t s  w i t h  powe r
dissipation in the hundreds of watts for bipolar circuit..

In sunm~ary, the high parts count of the above minimum con-
fig urat ion , single sequential DSP arch itectures, compared to the

- single-chip , 16-bit, host microprocessor (F igure  7 . 7 ) ,  prompted the -

f o l l o w in g  review and assessment of CCD a l te rna t ives .
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‘.5 CCD Signal Processors

A nalog CCDs have been in use in one form or anothe r over

the past five years in applications where data s torage is requi red
f o r  shor t  i n t e r v a l s ,  e . g . ,  photo-optical imag i ng , display
refreshing. Ref resh  Int .rvals of 30 ma are common in the photo-
optica l field, which I. similar to mis sile radar sensor applica-
tions where dwell or looking periods of between 5 and 20 ma are ther norm. In the context of other existing semiconductor technologies ,

(Table 7.3), Ref. R-23 , when projected to 1980, CCD5 can be
expected to prov ide the speed of CMOS/SOS for up to one-half the
powe r and one- t en th  the ch ip  area , notwithstanding liberal allow-

- ances fo r  power and s ize  reduct ions  in the l a t t e r and othe r cand i-
• da tes  ove r the nex t  two y ea r s .  Hence , f o r  p i pel i n e - t y pe  s ignal  pr o-

cessing tasks, at least , CCDs p ot e n t i a l l y  have the necessary charac-
teristics for single-chip, very-large -scale-integration (VLSI), to

ma tch th. density of the random-processing, microcomputer counte r-
par t.

TABLE 7.3
CCD VERSUS OTHER CANDI DATE SEMICONDUCTOR TECHNOLOGIES

GATES SHIFT REGI STERS
CIRCUIT TYPE (PJ) Mi 12 N/b i t M i l 2/b i t ~ 1z

CCD 0.2 2 1 0.S 50

Bipolar (Triple-Diffused) 3.0 5 100 8 100

12L 0.2 2 20 3 5
- CMOS/SOS 0.2 3 2 5 50

- Notes: Projected 1980 Charac teristics , All Technologies
I 
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Three CCD signal processor mechanizations are reviewed in

the following paragraphs, based on developments in the f i e l d  to
date , viz: analog chirp 2-transform (CZT) using surface acoustic

wave (SAW ) delay line filters , CZT with CCD transversal filters ,

and an all-digital FF1’ processor. The CZT algorithm , Ref. 11—24,
being the practical analog counterpart to the digital F?? algorithm.

Wh ile dark current is a limiting factor in  the dynamic
range of analog CZT processors at the upper end of the MIL tempera-

ture range , (typically 100 ma saturation time at room temperature ,

decreas ing by a factor of two for every 8°C r ise ) ,  recent improve-
ments  in proto type  s u r f a c e  channe l CCDs at Raytheon have achieved
room temperature saturation t imes of 1 a , and periods as h igh  as
20 s have been recently reported by Belgian researchers , Ref. 11-25.

7.5.1 CZTJSAW Line Signa l Processor

A fully operational version of this form of analog ,

sampled-data , sig nal processor has been recently developed at
Raytheon (Figure 7.8). This processor employs 148 Com ponents to
perform multi-channe l spectrum analysis, target detection and

output data buffering . Six of the total parts count are standard

comae rci~~1, buried-channel, CCDs, used for the sampling, and tempo-
r a r y  s torage (5-20  m s ) ,  of r adar  receive r video ou tpu t s,  and the se-
l e c t i o n  and t i m e  compression of sa~ples to match the d u r a t i o n  of a
SAW l i n e  generated c h i r p  pulse . Wh i le not a viable candidate for
l o w - c h i p - c o u n t ,  m o n o l i t h i c  VLS I , w i t h  5 and 10 in .  long SAW lines,
the processor executes  the equ iva l en t  of a 6 4 - po i n t  complex F?? in
30 ~g, for  a modest 24 N . Dynamic r ange  at  room tem pera ture  is lie-
ited  to 30 dB, compared to the 72 dB of d i gi t a l  processor. , but a
10 dB improvement is ant i c ipa ted w i t h  f u t u r e  CCD5 .

11
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7.5.2 CZT/CCD Transversal Filte r Signal Processor L

Apar t from the present but temporary dynamic range limita-

tion of analog CCDs for missile radar signal processing , the speed ,

pack i ng density and power dissipation of CCD CZT spectrum analyzers
are a t t r a c t i v e  f o r  f i x e d  function processing . Based on the work

c u r r e n t l y  b e i n g  p er fo rmed  by Texas I n s t r u m e n t s  unde r NASA and Army
ECOM c o n t r a c t s , a s i n g l e - c hi p ,  6 4 - po i n t  CZT processor can be
r e a l i s t i c a l l y  p red ic ted  in the near future . Hence a two-chip,
multi-channe l spectrum analyze r of the f o r m  show n in F igur e  7.9 be-
comes feasible for missile applications. The equivalent 64—point
execu tion time of existing CCD/CzT devices far exceeds present mis-

sile requ i rements, (i.e., 13 us approx.) with a power dissipation

of under 5 W. The 150 us/64-point requirement of Class III mis-

sil es would permit the time-multiplexing of up to 10 input

channels , there by el im i na ti ng channe l m i sma tch e r r o r sources in the
filtering process.

[
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7.5.3 Digital CCD Signal Processors

By using only two charge states and maintaining the
clocked shift-register mechanization of analog CCDs, the digital do-

main offers vir tual freedom from the dynamic range limitations of

ana log systems. Further , the pipeline architecture of bipolar/

CMOS-SOS F?? processors lends itself to conversion to digital CCDs,

and , through microprog ramming . the desirable multi-function !

algori thm feature becomes a possibility. To date several component

parts of the FF1’ butterfl y have been developed by industry, i.e.,

regis ters and arithmetic elements.

Us ing surface-channe l digita l CCDs, TRW , under contrac t
to NRL , has developed large 8*8 • 16-bit mul t ip l i e r  and 16+16
16-bit  adder a r r a y s ,  desi gned to operate in the 2 to 5 p4Hz clock
frequency range . 10 to 20 MHz c locking  rates are ant ic ipated  wi th
buried-channe l devices. Pure logical functions (AND, OR EX—OR ) are

achieved through the use of control structures placed between shift
register stages. Compared to G4OS, charge—coupled logic (CCL) re-

quires fewer processing steps (12 versus 20) and masks (5 versus

8). Power dissipation of the above CCD arithmetic circuit, ranges

between 14 to 15 mW per circuit. Ninety- seven percent of the total

power dissipated is in the clock drivers. Based upon the foregoing

deve lopment work , a two-chip F?? processor was postulated by TRW,
Ref. R-23, (Figure 7.10), with the complete butterfly on one chip

and the da ta memory/ sequencer on the second chip. A microprogram
c o n t r o l  u n i t  with appropriate butterfly interfaces would be

requ i red  to execute addi t ional processing algorithms subject to the
— degree of f l e x i b i l i t y  b u i l t  in to  the AU.

7-20
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Figure 7.10 - Two-Chip VLSI CCD/FFT Processor

One significant fac t emerges from this VLSI butterfly-
on-a-chip, namely the number of input-output connections. Two 8+j8
data inputs grow ing to a pair of 12+j12 outputs would requ i re 80
p ins  alone , w i t h o u t  microprogram con t ro l  and c o e f f i c i e n t  i n p u t s .  As
in the case of microprocessors , the solut ion to the p i n  l i m i t a t i o n
problem is the t i m e - m u l t i p l e x i n g  of i nput / ou tpu t  da ta  paths w h i c h
could be tolerable for missile radar signal processing using

b u r i e d - c h a n n e l c lock ing  r a t e s .  For h ighe r p er f o r m a n c e  a v i o n ic  and
a i r  defense appl ica t ions ,  m u l t i p l e , two-chip CCI) AU a r c h i t e c t u r e s
(F i g u r e  1.10) could be utilized without a significant hardware pen-
alty.
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7.6 Microcompute r Configurations

Of the four signal processor configurations reviewed, the

CCD/CZT and CCD/FFT mechan iza t i ons  appear to be the best cand idates
for low-chip-count monolithic VLSI packaging , thereby prov iding ap-

propr ia te  support circuit(s) for present VLSI microcomputers
(Fi gure 7.11).

The CCD/CZT module I. in e f f e c t  a f i x e d - f u n c t i o n,  f r o n t -
end processor, outputting the spectral components of radar returns
for en try m t ’  microcom puter RAM via an A-D convertor and DMA I/O

channel.

ANALOG CSZ T DIGI TAL FIT

I LM1 I RAM 1 I MFF T

~ 
(I6 lCi~ ~ ~~(l6 *Ca) 

~ _______

_ _ _ _ _ _ _  1 J M M ~

I °‘~“~° Li ‘~~~~ 1_I ~‘~~~O I I WM*O Li CPU L J  DM&1O
~~OO ICi~j  L~’~~J I (1OICaJ J OO IC.I
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~~~‘‘~~~~~~~~F~~~]_

(%O IC.)

_  _  _  1
*~f ADAc I I so4o l I A ~~ -U~DAc 1 F so.o
.usq (l2 lCs~~~ I (I lCi)~~ ticv*—.i4 (~2K.)( ~
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-.4 ~‘~~I

Figure 7.11 - CCD/C ZT and CCD/FFT Microcomputer Configurations
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By comparison , the CCD/FFT i~i an alternate mechanization

of the origina l bipolar/CMOS-SOS ~FFT module , connec ted to the
~.l Bus , with t~~e po ten t ial  of execu t ing the PDI a lgori thm us ing  the

1. same butterfly AU.

‘.7 Conclusions

A nalog and d ig i tal CCD technology for  m i l i tary rad ar sig-
nal processing applications is still in the developmental stage.

The need exists to reduce the physical size of existing high-
performance real-time spectrum analyzers to fit into the new genera-

tion of imbedded microcomputer-based systems. Analog CCD/CZT and
digital CCD/FFT mechanizations appear to have the potential for
achiev i ng two-chip monolithic VLSI with the necessary speed
required for medium to high-performance radars. Digital CCD/FFT
processors wi th microprogram control could conceivably execute al-
ternate pipelineable, algorithms to furthe r unburden the host

microcomputer.
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APPENDIX A
MACROMODULAR MICROCOMPUTER SPECIFICATIONS

As a result of the additional device technology investiga-
tions performed during this phase of the study coupled with the
earli er system analysis and module simulation work , a realis tic set
of seven m i c r ocompu ter module sp ecif ica t ions has been prepared .

The total num ber of in d iv i dual module types has been
reduced from fourteen (Section 3, Table 3.3) to eleven, based upon
prototype s recently bui1t~ the advent of single chip commercial
16-bit microprocessors; and the elimination of the II4AIO module in
favor of a more simple memory-mapped I/O scheme .

A listing of the seven module sp e c i f i c a t i o n s  cover ing  the
eleven module types i s as follows:

1. Medium-Speed and High-Speed Microprocessors ( i~CPU-l

~‘ ~CPU—2 )

2. Medium-Speed and Hi gh-Speed Read/Write and
(Programmable ) Read-Only Mmmories (RAN-l/(P)RON-l &

RAM-2/(P)ROM-2)

3. High-Speed Frequency Spectrum Analyzer (FSA )

4. HIgh-Speed Multiplier (EIIPY)

5. Analog-to-Digital and Digital-to-Ana log Convertor
(A DAC)

A-i
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6. Serial Digital Input-Output (SDIO)

7. Parallel Digital Input—Output (PDIO)

These specifications have been prepared in accordance

with the r equ i r emen t s  of military specification MIL-STD—490 for
Critical Item Produc t Function Specifications Type C2a. Their pur-
pose is to d e f i n e  only the performance interface , and acceptance re-
q u i r em e n t s  in order tP’at multi-source , pr ocurem en t of the modules
can be exercised for a specific missil e application . While the
Navy SEN-lA and SEM-2A are the preferred plug-in module designs for
each of the modules , ~specific missile form-fac tored modules are ac-
ceptable where space is limited , provided that the functional
boundaries and MBu* interface are maintained .

The chief objective of these specifications is , there-
f ore , to control the f unctiona l boundaries and interface of micro-
computer modules to achieve a variety of microcomputer configura-

tions which cover the range of missile guidance and control system
performance requirements. Further , the modules can be built using

standard-industry microcomputer components and i nnova t ive  cost-
reduction design techniques , again , provided that the performance ,
interface and f unc t iona l boundar ies  ar .~ main tained .
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1.0 SCOPE

This specification establishes the performance , design ,
test, manufactur e , and acceptance requirements for the medium-speed
and high -speed microprocessors , two very large-scale integrated-
circuit (VLSIC) modules of the Navy Macromod ular Microcomp uter Faa-
ily her einafter referred to as UCPU-l and uCPU-2 respectively, or
the modules. 1 -
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2.0 APPLICABLE DOCUMENTS

L.

2.1 Government Documents

The following documents of the issue in effect on the
date of invitation for bid or request for proposal form a part of
this specification to the extent specified herein.

specifications
Military

MIL-E-5400 Electronic Equipment Airborne Gen-
eral Specifications for

Standards
M i l i tary
MIL-STD-883 Test Method s and Procedures for

Microelectronics

D r a w i n g s

2.2 Order of Precedence

Conflicting requirements arising between this specifica-

t ion , or any specification, standard drawing or publication listed
he re in , shall be referred in writing to the contractor for interpre-

tation , clarifica tion , resolution or correction. In general, docu-

ments shall rank in the following order of precedence.

a. This specification

b. All other referenced documents

A1— 3
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3.0 REQUIRD ENTS

3.1 Item Definition

The medium-speed and high-speed microprocessor modules

(uCPU-1 ~ ijCPU-2) form two of the set of VLSIC modules in the Navy
Macromodular Microcomputer Family for digital missile guidance and
control applications.

Table 1 ii a listing of the modules in the Family. Fig- L

ure  1 shows va r ious  comb ina t ions of the modules to form complete
microcomputers with varying performance capabilities , in a
f ede ra ted  microcoaputer system for  on-board m i s s i l e  guidance and
control. From this data the need for both a med ium and high speed ..

microprocessor haa been identified to cover the range of throughput

requirements with minimum hardware. Both processors shall use the
- - same support software and the same instruction repertoire.

3.1 .1 Item Dia grams

The microcomputer modules which shall interface with the

UCPUs via a standard microbus (UBus) are: read-write and

(programmable) read-only memory (RAM/(P)RCM); analog-to-digital and
digital-to-analog (ADAC) convertors; serial digital input-output
(SDIO) module; parallel digital input-output module , (PDIO); high-

speed f r e quency spectrum analyzer or fast Fourier transform module ,
( FSA ) and a high-speed m u l t i p l y  module (EMP!), (Figure 2).
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TABLE 1

MICROCOMPUTER I4ACROMODULES

MICROPROCESSORS

Module Description VSLI Circuit Technology Application

~1PU-1 Med i um-Speed N-MOS, CPU-on a Chip, a Telemetry
Microprocessor/ o Fuzing
Central Processing a Head Con-
Uni t , 16—Bit trol
General- Register o Autopilot
600 nsec 9-9 Add

Max .

~~PU-2 High-Speed CMOS-SOS, Bit-Sl ice  o Autopi lo t
Microprocessor/ RALU and 1~PCU Hybrids (Adaptive )
Central Processing (2900/3000 Series or a Signal Pro-
Unit, 16-Bit Word , Equiv.) or Multi CPU—l cessing
Fixed-Poin t, Processor. o Estimation
General-Regiater, a Guidance
1 50 nsec R-R Add

Max.
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HIGH-SPEED AR ITHMETIC AND MEMORIES 
-

Module Description VSLI Circuit Technology Application

RMPY High Speed Multi- CMOS-SOS Single Chip o Throughpu t
plier, Memory- or Hybrid Enhance- I
Mapped 200 nsec , meat for I
Max . 16x16-bit ~iCPU E. G. I
Multiply Class I I

Sig. Proc.

FSA High-Speed Frequency CMOS-SOS or CCD FPT/CZT o Throughput -1
Spec t rum Ana lyze r  M.D and ~PCU H y b r i d s  Enhance- I
Memory-Mapped , 150 (2900 Series or Equiv.) ment for

~,asec Max. for 64- iCPU5 5. G. I
pts, 8 + J8. Pre- Class U
Programmable for III Sig.
128, 256 or 512 pts. Proc .

RAM- i Random-Access , Read/ N-MOS Single Chi p or Da ta
Write Memory, Mediu~ Hybrid o Telemetry I
Speed , 128-2kxl6-Bits a Fuzing I
500 nsec Max . Access o Head Con- I
Time trol I

a Au topilo t I
P/ROM- l Programmable (Mask/ N-MOS Single Chip or Programs 1

Electrically) Read- Hybrid
Only Memory,  Med ium
Speed , IX-16Kxl6-Bits , -

500 nsec Max. Access
Time -

_  
~~~~~~~~~~~~--



HIGH-SPEED ARITHMETIC AND MEMORIES

Module Description VSLI Circuit Technology Application

RAM- 2 Random-Access, Read! CMOS-SOS Single Chip Data
Write Memory, High- or Hybrid a Sfg. Proc.
Speed 256-lKxl6-bits o Estimation

100 asec Max . Access o Guidance
Time a Head Con-

trol
o Autopilot
o Fuzing

P/RON-2 Programmable (Nask/ CMOS/SOS Sing le Chip Programs
Electr ically) Read - or Hybrid
Only Memory , High-
Speed ,  lK—4Ex16—bits
100 nsec Max . Access
Time

ii ~~~~~~~~~~~ - -~~~~~~~~~~~~~~~~~ --5-5---5 — 5 - ~~~~~~ - - -.- --.~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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_______________ INPUT-OUTPUT 
_________________

Module Description VSLI Circuit Technology Application

PD IO Par allel Di g ital CMOS-SOS/Bipolar Single a Telemetry
Inpu t-Outpu t Chan- Chip or Hybr i d
n d .  Memory-Mapped .

Par allel Wor d and
Disc re te T r a n s f e r s

ADAC Analog to Digital! CMOS-SOS Single Chip o Head Con-
Digital to Analog or Hybrid trol
Input-Output Chan- a Autopilot
n d .  Memory-Mapped. a Telemetry 

-A-D: 8 Chs., Mux. 0 Radar
8/12 Bl t , Rece iver
A-D 3/8 ~a sec
Max/Ch.

D-A: 4 Chs.,
12—bit

D-A , 5 ~jsec

Max/Ch.

SDIO Serial Digita l cMOS-SOS Single Chip a Avionics
Input-Outpu t. or Hybrid o Inter Micro-
Channel. Memory- compu ter
Mapped. Word i Bit

Serial Data!
Command Transfers ,
iMbit/sec Max.
MIL-STD-lSS3A,/B



____ - 5-~~~~~~~~. 
__ .urI-i_ 

- ~~ ‘ - ~~~~~~~~~ 
~~~~~~ 5 

—S

I 
_

I _ _

I 
_

_ _  

—

~~~

__ _ _

~~~t 

—

~~~~~~~

— 
_ _ _ _

-

LI~F i ~

—

~~~

- , 
- 

F _ _
‘

~~ ~~~~
~~ •~1 [._

_I • I
__________ — . —

IaJ

I-

Figure 1 - Macro-Modular Microcomputer System for On~Board
M issi le Guidance and Control
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I CPU-i and iiCPU-2 shall interface with the microbus

I (UBus) of t~e microcompu ter via tn -state drivers and receivers.

Fi gure 2 shc’ws the individual ~Bus in terface lines and their use by

j  the memory and input-output interface modules of the microcomputer.

£ A microbus interface module (MIM) shall be used to pro-

vi de the flexibility to translate the interface lines of various
standard-industry components into the common microbus interface.

Figure 3 indicates the major functional elements of the
- L ~CPU-l module and their interrelationsh ip wi th one another. CPU-

2 shall be either a high-speed (CMOS-SOS) em~].ator of uCPU-1 or a
mul tiprocessor using the same CPU-on-a-chip VLSI microprocessor as
CPU-i.

3.2 Characteristica

pCPU-1 and i~CPU-2 shall meet or exceed the following

ma jor functional requirements. These specifications are intended

to satisfy the minimum performance requirements for medium-speed

and h igh-speed microprocessors in federated microcomputer systems.
Only the significant architectural characteristics are specified to
permit the choice of any suitable standard-industry microprocessor
and combination of thereof to achieve th. required performance.

3.2.1 Performance

~CPU-l and iCPU-2 shall provide the performance specified
herein when subjected to the extreme s and any combination of the
func tional and physica l interfaces specified herein. Whichever

method is used to achieve the higher performance iCPU-2, (i.e.

Al—li
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bit-slice or multiprocessor arch i tecture), ~jCPU-2 shall be program-
mable as a single processor , the same as pCPU-l. —

[
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Figur e 3 - General Block Diagram of ~CPU-l/~CP U 2
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3.2.1.1 Operation Speed

The 1~CPU-1 shall be capable of performing a memory-to-
register (M-R) add operation in 2.75 psecs maximum , and a regis-
ter-to-reg ister (R-R) add in 600 nsecs maximum . These times shall
i nc lu de the ins truc t ion fe tch , a full 16-bit word operand fetch and
a full word ari thmetic operation , using direct memory addressing.

Correspo nd in g ~CPU-2 execu t ion  t imes shall be M -R add : 600 nsecs
mar .; R-R add: 150 nsecs max.

pCPU 1 and uCPU-2 shall be capable of performing a mini-

mum of 500,000 and 2 million whole word operations per second re-
spectively with fixed-point arithmetic and with the following in-

struction mix:

Percentage of

Total

Add I Subtract: 17

Multiply I Divide : 12

Other: 71
100

3..’.1.2 General Registers

In addition to dedicated control registers , uCPU-l and
uCPU-2 shall each provide a minimum of eight 16-bit general-purpose

registers. These registers shall be capable of being used by the

programme r as accumulators, temporary storage regis ters and index
registers.
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- 3 .2 .1 .3  Memory Addre ssing Modes 
-
:

MCPU-1 and UCPU-2 shall provide th. following four memory

• .  addressing modes as a minimum requiremen t.

a. Immediate - Operand contained in the current in-
struction word .

b. Direct/Absolute - Operand contained In a register or
main memory location designated by

an a bsolute address contained in

the current instruction word.

C. Re la t ive/Indexed - Operand located in main memory at
the address obtained by adding !
combining specific bits contained

in the current instruction to the
contents of a base/page register
on the program counter .

d. Indirect - Operan d loca ted in main  memory at
an address contained in  a regis ter
or main memory accessed by an ad-
dress contained in the current
instruction.

3 . 2 . 1 . 4  in t e r n a l  Clock

An in ternal clock shall be provided in both ~CPU-l and

uCPU-2 with sufficient output drive for th. microprocessor and up

to six  othe r modules in a microcomputer configurati on .
5

,
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3.2.1.5 Fault Time r

~CPU-1 and pCPU-2 shall each contain a time r that must be —

reset by the microprocessor under program control at least once per

second. If the time r is not reset at the prescribed time an exter-

nal f a i l u r e  s t a t u s  l in e  shall  be enabled .

3.2.1.6 Program Interrupts

UCPU-1 and ~CPU-2 shall provide a minimum of four program

interrupts. Each interrupt shall cause the microprocessor to take
its next instruction from a dedicated memory location associated

with the interrupt .

Memory addresses that specify the dedicated location [
shall be permanently assigned . The interrupts if honored shall be

taken upon completion of a current instruction. The program [
counter shall not be altered by the interrupt itself.

Eac h of the interrupts is individually saskable except as

specified. Masked interrupts remain pending until unmasked and -

taken. The unmasking operation shall be structured such that the

equipment is capable of handling multiple interrupts without the
lo ss of re turn  add ress linkages: i.e., an interrupt shall not be

taken until the i n s t r u c t i o n  fo l l owing  the unmasking instruction is

execu ted .

The interrupt commands shall be capable of being con-

figured in a priority structure. A higher priority interrupt shall

not be i n h i b i t e d  w h i l e  a love r p r i o r i t y  i n t e r r u p t  is being honored .
When an interrupt reques t ii honored , i t  shall be automatically
rese t. The honored interrupt and all lover or equal priority inter-

Al—1 6 
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rupts shall be automatically masked . They will remain masked until
they are unmasked by an unmasking instruction and then a lower pn i-

r ority unmasked pending interrupt shall be honored .

3.2 .1 .7 Auto -Reset

Upon applying power to UCPU-l and ~CPU-2 the contents of
all registers shall be cleared to zero and the program counter
shall commence incremen ting through the program sequence .

3.2.2 Phy sical Ch ar ac ten is tics

3.2.2.1 Overall Dimensions

The overall physic al shape and dimensions of the module
shal l  conform with the packaging constr aints and form factor of the
missi le application . Wherever practicable the Navy S~ 4-lA or S~~4-
2A module shall be used as the plug -in module , subject to missile
environmental qualifications.

3.2.2.2 Weight

The overall weight of the module shall be in accordance
with th. weight restrictions of the specific missile spplicstion .
Wherever practicable the Navy SDI-1A or SD~-2A module shall be used
as the plug-in module, subject to missile environmental
qualifications .

3.2.2 .3 Nealth and -Safet y

N/A
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3.2.3 Reliability

Max imum equipment reliability shall be designed in
through the application of reliability design techniques with NIL-
E-5400 used as a design guide . 

-

3.2.4 Maintainability

The module shall be designed to be repair able at an
appropriately equipped facility. U

3.2.5 Environmenta l Requirements U

The module shall meet all the requirements specified
herein during and after exposure to any or all the environments
spec i f i e d below .

3.2.5.1 Temperature

The module shall meet the performance requirements of par-
agraph 3.2.1 during exposure to temperatures rang ing from -28°C to

~-71 °C

3.2.5.1.1 Nonoperating Storage Temperature

The module shall  withs tand  exposures to t empera tu res
rang i ng from -62°C to +710C.

Ii
4 

ii
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3.2.5.1.2 Thermal Shock

‘The module shall operate as specified he re in  when the
IL temperature varies over the range specified in 3.2.5.1 at a rate of

change of 10 per second .

3.2.5.2 Shock

The odule shall Operate as specified herein after being
subjected to +15 g peak shock impulse of 11 mIlliseconds duration
along 3 mutually perpendicular axes.

3.2.5.3 Acceleration

The module shall opera te as specified here in  while  being
subjected to the linear acceleration of 17 gs In any direction.

3 .2 . 5 . 4  V ib r a t i o n

The module shall operate as specified herein when
subjected to vibrations associated with missil e launch effects.

3.2.5.5 Altitude

The module shall operate at altitudes from sea level to
70,000 feet.

Al—l9
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3.2.5.6 Humidity

The module shall be capable of meeting the performance re-

q u i r e m e n t s  spec i f i ed  in paragraph 3. 2.1 during and after exposure
to a relative humidity of 95% at temperatures to +1200F.

3.2.6 Transportability

~~1The nodule shall be transportable by highway , rail or air
when properly packaged . [1
3.3 Design and Construction

The design and construction requirements contained h e r e i n
are considered a minimum standard and shall ensure that all require—
men ts in this specification can be net. 

S

3.3.1 Materials Processes and Parts 
-

Parts, materials and processes shall be appropriately

selected to meet the requirements of paragraph 3.2.

3.3.2 Electromagnetic R a d i a t i o n

3 .3 .2 . 1 E l e c t r o m a g n e t i c  In t e r f e r e n c e  (EMI)

The module shall be designed to meet the appropriate EMI
r e q u i r e m e n t s  s pec i f i e d  in  MIL-STD-46 1.

Al.— 20
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1 3.3.3 identificat Ion-and Marking

r The module shall be legibly and permanently marked in ac-
— cordance with MIL-STD-130.

N.

3.3.4 Wor kmanship

All, details of workmanship shall be of the highest grade
consistent with the intention of this specification. In addition ,

the equipment shall be constructed in accordance with Requirements
S and 9 of MIL—STD-454, as applicable.

3.3.5 Interchangeability

All modules manufac tured to this specification shall be

electrically and mechanically Interchangeable .

3.3.6

The optimum degree of safety within the constraints of op-

era t ional e f f e c t i v e n e s s, time and cost shall be attained through
the application of safety principles in accordance with MIL -S-
38130.

3.3.7 Human Performance/Human Engineering

All test points and electrical connectors shall be
permanently labeled to provide clearest description in terms of leg-
i bility and identification.

~ 1~ A l— 2l
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4.0 QUALITY ASSURANCE PROVISIONS

4.1 General

Test examinations and inspections shall be performed on

the module to verify that the requirements of Section 3 have been

met.

4.1.1 Responsibility for Inspection

Unless otherwise specified , the supplier is responsible
for the performance of all inspection requirements as specified

h e r e i n .  Except as o the rw i se  specif ied , the supplier  may use h i s
own or any facilities suitable for the performance of the test re-

quirements specified herein , unless disapproved by the Government. 
-

-

The Governme nt reserves the r i ght to perform and/or witness any of
the tests set forth In this document where such tests are deemed

necessary to assure that supplies and services conform to pre-

scribed requirements.

4 .1.2 Special Tests and - Examinations

TBDL

4 .2 Quality Conformance tr.spections

TBDL

Al— 22
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CRITICAL I TEM
~ L PRODUCT FUNCTION SPEC I FICATI ON
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MED I UM ~ HI GH SPEED READ/WR I TE AND
(PROG RAI’V4ABLE) READ-ONLY MEMORIES

(RAM—1/(P)ROM—l RAM— 2/(P)ROM—2)
- - - OP THE

NAVY MACRO-MODU LAR MICROC OMPUTER
FAM I LY



1.0 SCOPE

This specification establishes the performance, design,
test, m a n u f a c tu re , and acceptance requirements for the medium and

hi gh-speed Read/Write and (Programmable) Read-Only Memory modules

of the Navy Macromodular Microcomputer Family-hereinafter referred

to as RAN-l/(P)RON-l and RAN-2/(P)RCtl-2 respectively, or the

modules.
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2.0 APPLICABLE DOCUMENTS

2.1 Government Documents

T The following documents of the issue in effect on the

date of invitation for bid or request for proposal form a part of
this specification to the extent specified herein.

Specifications

Military

MIL-E-5400 Electronic Equipment Airbo rne Gen-

eral Specifications for

Standards

M i l i tary
MIL-STD-883 Test Methods and Procedures for

Microelec tronics

Dra w ings

Or der of Prece dence

Conflicting requirements arising between this specifica-
t ion , or any specifica tion, standard drawing or publication listed
he r e i n , shall be referred in writing to the contractor for interpre-
tation , cla r i f ica t ion , resolu tion or correction. In general, docu-
ments shall rank in the follow ing order of precederce.

a. This specification

(
~I

b. All oth r referenced documents

El
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3. 0 RE~~~~REMEMTS

3.1 I tem_ Def inition

The medium—speed and high-speed Read/Write and
(Programmable) Read-Only Memory modules , RAM-1/(P)ROM-l and RAM-
2/(P)RON-2 respectively , are four of the set of VLSIC modules in

the Navy Macromodular Microcomputer Family for digital missile quid-

ance and control applications.

Table 1 is a listing of the nodules in the Family . Fig-

ure 1 shows various combinations of the modules to form complete m l -
crocomputers with varying performance capabilities , in a federa ted
microcomputer system for on-board missile guidance and control.

3.1.1 Item Diagram s

The microcomputer modules which shall interface with the

RAMs/(P)ROtls via a standard microbus (I~Bus) are: microprocessors

UCPU-1 and ~i C P U - 2 ;  analog t o - d i g i t a l  and d i g i t a l - t o - a n a l o g  ( ADAC )
conve r t o r s ;  s e r i a l  d i g i t a l  input-output (SDIO) nodule; parallel dig-

ital input-output module , (PDIO); high-speed frequency spectrum

analyzer or fast Fourier transform module, (PSA ) and a high-speed

multiply module (HMPY), Figure 2.
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TABLE 1

MICROCOMPUTER MACROMODU LES

MICROPROCESSORS

Module Description VSLI Circuit Technology Application

~CPU-l Medium-Speed N-MOS. CPU-on a Chip, o Telemetry

Microprocessor! o Fuzing

Cen tral Processing o Head Con-

Unit, 16—Bit trol

G e n e r a l - R e g i s t e r  o Autopilo t
2 I~sec R-R Add

Max .

iCPU-2 High-Speed cMOS-SOS , Bit-Slice o Au topilot -

Microprocessor/ RALU and I’PCU Hybrids (Adaptive )
Central Processing (2900/3000 Series or o Si gnal Pro-
Unit , 16-Bit Word , Equiv.) or Multi iaCPU-l cessi~ g -

Fixed -Point, Processor. o Estimation
General-Register , o Guidance
400 nsec R-R Add
Max. 
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_______ HIGH-SPEED ARITHMETIC AND MEMORIES 
____

Module Description VSLI Circuit Technology Application

HMPY H i g h  Speed Multi- cMOS—SOS Single Chip o Throughput

p]ier , Memory- or Hybrid Enhance-

Mappe d 200 nsec , ment for
Max . 16*16-bit UCPU E. C.
Multiply Class I

Sig.  Proc .

PSA High-speed Frequency cMOS-SOS or CCD FFT/CZT o Throughput
Spectrum Analyzer ALt) and PPCU Hybrids Enhance-

Memo ry-Mapped , 150 (2900 Series or Equiv.) ment for

~isec M a x .  f o r  64- 1iCPU5 B. C.
pts , 8 + 38. Pre— Class II ~
Programmable for III Sig.

128, 256 or 512 pts.  Proc.

RAM- i Random-Access , Read/ N-MOS Sing le Chip or Data
Write Memory, Medium Hybrid o Telemetry

Speed , l28-2K~ 16-Bits o Fuzing

500 nsec Max . Access o Head Con-
Time trol

o Au topilo t 
-

P/RON-i Programmable (Mask! N-MOS Single Chip or Programs
Electrically ) Read — Hybrid

Only  Memory,  Med ium
Speed ,, 1K-l6Kxi6-Bit .,

500 neec Max . Access

Time

A2—6
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HIGH-SPEED AR ITHMETIC AND_MEMORIE S

Module D script ion 
- 

VSLI Circui t Technology Application

RAM -2 Random-Access , Read! cMOS-SOS Single Chip Data

Write Memory , High- or Hybri d 0 Sig. Proc. -

Speed 2 56 - lKz l6 -b i t s  a Estimation
or 256-2K By tes , 0 Guidance
100 nsec Max . Access 0 Head Con-
Tine trol

0 Autopilot

F 0 Puz ing
P/ROM- 2 PrOgrammable (Mask! cMOS/SOS Single Chip Programs

Electrically ) Read - or Hybrid

Only Memory, High-
Speed , 1K-4Kzl6-blts

or lK-8k Bytes
100 nsec Max . Access

Time

A2—7
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_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
INPUT-OUTPUT

Module Description VSLI Circuit TechnoloQy Application

POlO Parallel Digital cMOS—SOS!Bipolar Single o Telemetry
Input—Output Chan- Chip or Hybrid

nel. Memory-Mapped.

Parallel Word and
Discrete Transfers

ADAC Analog to Digi tal!  cMOS-SOS Sing le Chip o Head Con-

D i g i t a l  tO Analog or Hybr id  trol
Input—Output Chan- a Autopilot

nel. Memory-Mapped . 0 Telemetry
A-D : 8 Cb s.,  Mux . 0 Radar

8/12-Bit, Receiver
A-D 3/8 P 5cc

Maz!Ch .
D-A : 4 Cbs.,

12—bit

D-A , 5 P5cc

Mu/Ch.

SDIO Serial Digital cMOS-SOS Single Chip o Avion ics
Input-Output or Hybrid 0 Inter Micro -
Channel. Memory - computer
Mapped Word S Bit

Serial Data!

Command Transfers ,

iMb i t/sec Max .
M I L - S T D- l 5 5 3A/B
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Figure 1 - Macro-Nodular Microcomputer System for  On-Board
Missile Guidance and Control
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RAM and RON , or alternatively programmable read-only
memory, (PROM), modules shall interface with the microbus (PBus)

via tri state drivers and rece i vers and provide programmable chip

and word decod ing for flexible memory mapping . Two speeds of
memory shall be provided . RAM- i and (P)R0t4-l shall be high -density
medium-speed memories and RAM-2 and (P)RON-2 shall be high-speed
memo r i e s , (see performance requirements).

A micro bus interface module (MIM) shall be used to pro-

vide the flexibility to translate the interface lines of various

standard-industry components into the common microbus interface ,
and to provide prog r ammable memory mapping of RAMs and (P )R ON s .

Figure 3 indicates the major functional elements of the

RAMS/ (P ) ROM s and their interrelationship with one another.

3.2 Characteristics

RAM5/(P)ROMs shall meet or exceed the following major

func tional requirements. These specifications are intended to sat-

isfy the minimum performance requirements for the RAN/ (P)RON

modules in federated mxcrocomputer systems. Only the significant

cha racteristics are specified to p ermit the choice of any suitable

standard-industry components and combination of thereo f to achieve

the required performance .

3 .2 .1  P e r f o r m a n c e

RAM!(P)ROM modules shall provide the performance specif i-

ed herein when subjected to the extremes and any combination of the

func tional and physical Interfaces specified herein.

A 2 -1 ] ,
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RAM-i Access Time (nsecs): 500 max.

Capac i ty (words) : 2048 max .
I.

( P ) R O M - l  Access Time (nsecs ): 500 max .
Capac i ty (words) z 16384 max .

RAM-2 Access Time (nsecs): 100 max.

Capac i ty (words) : 1024 max .

( P ) R0 t 4 -2  Access Time (naecs): 100 max .

Capacity (words) : 4096 max

3 . 2. 2  ~~ysical_Charaçte istics

3.2.1.1 Overal l  Di v~ensions

The overa ll, physical shape and dimensions of the modules

shall conform with the packag ing constraints and form factor of the

mi ssile application. Whereve r practicable the Navy SEN-lA or SEM-

2A module shall be used as the plug-in module.

3 . 2 . 2 . 2  Weight

The overall wei ght of the modules shall be in accordance
with the weight restrictions of the specific missile application.

Whereve r practicable the Navy SEN-lA or SEM-2A module shall be used

as the plug-in module.

3.2.2.3 Health and Safety

N/A
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3 . 2 . 3  R e l ia b i l  i~~

Max imum equipment reliabili ty shall be designed in

through the application of reliability design techniques with NIL-

E-5400 used as a design guide .

3 . 2 . 4 Ma inta inabi 1. i ty

The modules shall be designed to be repairable at an

appropriately equ i pped facility.

3.2 .5  Env i ronme ntal Requ i r eme nts

The modules shall meet all the requirements specified

herein during and after exposure to any or all the environments

specified below .

3 . 2 . 5 . 1  Tempera ture

The modules shall meet the performance requirements of

paragraph 3 . 2 . 1  during exposure to temperature ranging from -28°C

to +71°C.

3.2.5.1.1 Nonoperating Storage Temperature

The module shall withstand exposures to temperatures

rang i ng from -62°C to +71°C.

A2-l4
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3.2.5.1.2 Thermal Shock

The module shall operate as specified herein when the tern-
perature varies over that range specified in 3.2.5.1 at a rate of

change of 10 per second.

1. 3.2.5.2 Shock

The module shall operate as specified herein after being

- 
subjected to +15g peak shock impulse of 11 milliseconds duration

i 

- 
along 3 mu tually perpendicular axes.

3.2.5.3 Acceleration

The module shall operate as specified herein while being
subjected to the linear acceleration of l7gs in any direction.

3.2.5.4 Vibration

The module shall opera te as specified herein when
subjected to vibration associated with missile launch effects.

3.2.5.5 Altitude

The module shall operate at altitudes from sea level to

1’ 70,000 fe e t .

3 . 2 . 5 . 6  H u m i d i t y

[‘i
The module shall be capable of meeting the performance re-

El quiremen ts specified in paragraph 3.2.1 during and after exposure
to a relative humidity of 95% at temperatures to +1200? .

I

I
‘7:
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3.2 - 6 Transportability

The module shall be transportable by highway , rail or air
when properly packaged . 

- 
-

3.3 Design and Construction

1.The design and construction requirements contained herein
ar e considered a minim um standard and shall ensure that all require-
men ts in this specification can be met . I_i

3.3.1 Materials Processes and - Parts

Parts , ma terials and processes shall be selected to meet
the requirements of paragraph 3.2.

Electromagnetic Radiation

3.3.2 .1 Electromagnetic Interference (EN!)

The modules shall be designed to meet the appropriate EMI
requirements specified in MIL-STD-461.

3.3.3 Identification and Marking

The modules shall be legibly and permanently marked in ac-
cordance with MIL-STD-130.

3.3.4 Workmanship

All details of workmanship shall be of the highest grade
consistent with the i nt e n t i o n  of this specification. In addition ,

F
A2— 16
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the equipment shall be constructed in accordance with Req uire ments
S and 9 of MIL-STD-454, as appropria te.

3.3.5 !nterchangesbilit~

All modules manufactured to this specification shall be

I electrically and mechanically interchangeable .

1 3.3.6 Safetl

The op t imum degree of safety within the constraints

I of operational effective ness, time and cost shall be attained
through the application of safety principles in accordance with

j  M I L - S - 3 8 l 3 0 .

j 3 . 3 . 7  Human Performance/Human Eng ineering

I All test points and electrical connectors shall be
permanen t ly labeled to provide cleares t descrip t ion in terms of leg-
i bility and identification.

1
I
I
I
I
I A2— 17
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4 . 0  ~~ALITT ASSURANCE PROVISIONS

4 .1  General

Test e x a m i n a t i o n s  and inspections shall be performed on
the module to verify that the requirements of SectIon 3 have been
met.

4.1.1 Resp~onsibility for Inspection

Unless otherwise specified , the supplier is responsible
for the performance of all inspection requirements as specified

herein. Except as otherwise specified , the supplier may use his

own or any facilities suitable for the performance of the test re-
quirements specified herein , unless disapproved by the Government.

The Government reserves the right to perform and/or witness any of
the tests set forth in this document where such tests are deemed
necessary to assure  tha t supplies and services conform to pre-
scribed requir ,ments.

4.1.2 ~pecia1 Tests and Examinations

TBDL

4.2 Quality Conformance Inspections

TB DI.

A2 —18
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1.0 SCOPE 1
This specification establishes the performance, design,

test , manufac ture , and acceptance require ments for the High-Speed -

Frequency Spectrum Ana lyzer (PSA ) module of the Navy Mscromodular 1
Microcomputer Family hereinaf ter referred to as the module .
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2.0 APPLICABLE DOCUMD~TS

L 2.1 Government Documents

- The following documents of the issue in effec t on the
date of invitation for bid or request for proposal form a part of
this specification to the extent specified herein.

Specifications

Military
— 

MIL-E-5400 Electronic Equipment Airborne Gen—
eral Specifications for

Standards

M i l it a r y
MIL-STD-$83 Test Method s and Procedures for

Mi cr oe 1cc t ron ic s

Drawings

2.2 Order of Precedence

Conflicting requirements ari sing between this specifica—
t ion , or any specif ication , standard drawing or publication listed
herein , shall be referred in writing to the contractor for interpre-
ta tion , clar ification , resolution or correction. In general , docu-
ments shall rank In the follow i ng order of precedence.

a. This  specification

b . All other referenced documents

-
-
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3.0 REQUIREM ~~4TS

3.1 I tem Definition

The High-Speed Frequency Spectrum Analyzer (PSA ) module
i s one of the set of VI.SIC modules in the Navy Nacromodular

Microcomputer Family for digital missil e guidance ~nd control
applica tions.

Table I is a l i s t i n g  of the modules in  the Fami ly .  F i g —
ur e 1 shows various combinations of the modules to form complete mi-
crocomputers t#ith varying performance capabilities In a federated
m icrocomputer system for on-board missile guidance and control.

The FSA module shall provide a high-speed fast Fourier

tra nsform ( PFT ) or equivalent capability where a software implemen-

tation of the algorithm is too slow for certain missile signal pro-
cessing applications. Access to the FSA shall be via the ~Bus , in
the  same m a n n e r  as the  o t h e r  modules in the Family, Figure 2.

3.1 .1 Item Diagrams

Figure 3 shows the main functional components of the FSA

and their interrelationship with one another. Two RAMs shall form

the interface between the aritheetric and control circuits of the

FSA and the HIM. Complete data samples shall be loaded into the se
RAMs by the micropro cessor in  any des i red  order  fo r  rapid process-
ing by the FSA .

A 3— 4
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TABLE 1

I MICROCOMPUTER MACROMODtJ LES

MICROPROCESSORS

MODULE Description VS!.! Circuit Technology Application

liCPU-l Medium-Speed N-MOS , CPU-on a Ch ip ,  o Te lemetry
- 

Microprocessor ! o Fusing
- - 

Central Processing o Head Con-
Unit, 16—Bit trol

General-Register o Autopilot

600 nsec R-R Add

Max.

uCPU-2 High-Speed CMOS-SOS, Bit-Slice o Autopilot

Microprocessor ! RALU and IiPCU Hybrids (Adaptive)

Central Processing (2900/3000 Series or o Signal Pro-

U n i t , 16-Bit  Word , E q u i v . )  or Multi UCPU-l ceasing

Fixed-Point, Processor. o Estimation
General-Register , o Guidance

150 nsec R-R Add
1. Max.

I
I A3-5
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____  
HIGH-SPEED AR ITHMETIC AND MEMORIES

MODULE Description VS!..! Circuit Technology Application

HMP Y Hi gh Speed Multi- CMOS-SOS Single Chip o Throughput I
plier , Memory- or Hybrid Enhance- -

Mapped 200 nsec , ment for [
Max. l6x16-bit ~CPU E. G.
Mul tip ly Class I

sig. Proc .

FSA High-Speed Frequency CMOS-SOS or CCD PFT/CZ-T o Throughput I
Spectrum Analyzer ALU and PPCU Hybrids Enhance-

Memory-Mapped , 150 (2900 Series or Bquiv.) ‘sent for I
~sec Max . for 64- PCPU s E. G.
pts , 8 + J8. Pre- Class II & IP rogra~~able for III Sig.
128 , 256 or 512 pts. Proc. I

RAM-i Random-Access , Read! N-MOS Single Chip or Data

W r it e Memory, Medi um Hybrid o Telemetry
Speed , 128-2Kx16-Bits o Fusing

~OO nsec Max. Access o Head Con-
Time trol

o Autopi lo t
P/RON-i Programmable (Mask! N-MOS Single Chip or Prog rams

Electrically) Read- Hybrid

Only Memory . Medium
Speed, l~ -16Kx16-Bits,

500 nsec Max. Access

Time

II
A3-6
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r HIGH-SPEED ARITHMETIC AND MEMORIES
‘S

MODULE Description VSLI Circuit Technology Application

RAfl-2 Random-Access, Read! cMOS-SOS Single Chip Data
Wri te Memory, High- or Hybrid o Sig. Proc.
Speed 256-lKxl6-bits o Estimation
100 nsec Max. Access o Guidance
Time o Head Con-

trol
- - o Autopilot

0 Fusing
P./RON- 2 Programmable (Mask! CMOS/SOS Single Chip  Programs

Elec trically ) Read- or Hybri ’i

Only Memory, High-

Speed , lK-4Kx16-b t t s
100 nsec Max . Access

Time

1:
11
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INPUT-OUTPUT

MODULE Description - VS!.! Circuit Technology Application

PD IO Parallel Digital CMOS-SOS/Bipolar Single o Telemetry
Input-Output Chan- Chip or Hybrid
n d .  Memory-Mapped.

Parallel Word and t
Discrete Transfers

ADAC Analog to Digi ta l!  CMOS-SOS Single Chip o Head Con-
Digi tal to Analog or Hybrid trol
Input-Output Chan- 0 Autopilot

nel. Memory-Mapped . 
- o Telemetry

A-D: 8 Chs. , Mux . 0 Radar
8/12-Bit , Receive r
A-D 3/8 us.c [
PIax~’Ch.

D-A: 4 Cbs., [
12—bit

D-A , S 4scc
Nax/Ch.

SDIO Serial Digita l cMOS-SOS Single Chip o Avtonic~
Input—Output or Hybrid o Inter Micro-
Channel. Memory - computer [
Napped . Word & B i t
Serial Data! {
Command Transfers ,
lMbit/sec Max .
MIL-STD-1553A/B

A3—8
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Figure 1 - Macro-Modular Microcomputer System for On-Board
Miss i l e  Guidance and Con trol
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Upon completion of the FFT operation the complex spectral Iva lues shall replace the orig inal unprocessed data points in each
RAM and the interrupt request-line shall be set to indicate comple-
tion of the algorithm . 1.

The module shall interface with the microbus (IJBus) of
the microcomputer via tn -state drivers and receivers . Figure 2
shows the individual uBua interface lines and their use by the II
othe r modules of th. microcomputer family . [

A microbus interface module (MXMj shall be used to pro-
vide the flexibility to translate the interface lines of various Istandard-industry components into the common microbus interface and
t~ map the location of the RAMs within any desired area of the -

~ctal memory space.

3.2 Characteristics I
The module shall meet or exceed the following major func-

tLnal requirements. These specifications are intended to satisfy
the minimum performance requirements for th. module. Only the sig- [
nifican t characteristics are specified to permit the choice of any
su~table standard-industry components and combination thereof to
achieve the required performance .

L2.1 Performance [
The module shall provid, the performance •pecifi3d herein [

when subjected to the extreme s and any combination of the func-
tional and physical interfaces specified herein. j J

1.1
A3-l2 I
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No. of complex points: 64, 128 and 256, (preset,

by ex ternal pin linkage). —

Magni tude : 8 + j8, input

12 + jl2 , output

FFT execu tion time : 150, 350, 800, for 64, 128 and
(~i secs. max.) 256 cplx , points respectively.

3.2.2 Pl~ysical Characteristics

3.2.2.1 Overall C aensions

The overal l physical shape and dimensions of the module

shall conform with the packag ing constraints and form factor of the

missile appl ication. Wherever practicable the Navy SEN-lA or SEll-
2A module shall be used as the plug-in module , subject to missile

environm ental qualifications.

3.2.2.2 Weight

The overall weight of the module shall be in accordance

with the weight restrictions of the specific missile application .

Wherever prac ticable the Navy S!ll-lA or SEM-2A module shall be used

as the plug-in module , subject to missile environmen tA l

qualifications.

3.2.2.3 Health and Safety

N/A

A3—13
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3.2.3 Re1iabi1i~i

Max imum equipmen t re l ia b i l i t y  shall be designed in
through the application of reliability design techniques with NIL-

E-5400 used as a design guide .

3.2.4 Maintaina bility - :

The module shall be designed to be repairable at an
appropriately equ ipped facility .

3.2.5 Environmenta l Requirements 
-

~~

The module shall meet all the requirements specified

herei n during and after exposure to any or all the environments

spec i f ied  below.

3.2.5.1 Temperature 
- -

The module shall meet the performance requirements of par-

agraph 3.2.1 durIng exposure to temperature rang ing from -28°C to 
—

oc.

3.2.5.1.1 Nonoperating Storage Temperature

The module shall withstand exposures to temperatures

r ang ing from -62°C to -71°C.

ti
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3.2.5.1.2 Thermal Shock

fi The module shall operate as specified herein when the tem-
perature varies over the range specified in 3.2.5.1 at a rate of
change of 10 per second .

3.2.5.2 Shock

Th, module shall operate as specified herein after being
subjected to +lsg peak shock impulse of 11 milliseconds duration
along 3 mutually perpendicular axes.

3.2.5.3 Acceleration

The module shall operate as specified herein wh ile being
subjected to the linear acceleration of l7ga in any direction.

3.2.5.4 Vibration

The module shall operate as specified herein when
subjected to vibration associated with missile launch effects.

3 . 2 . 5 . 5  A l t i t u d e

The module shall operate at altitudes f r o m  sea leve l to
70,000 feet.

3.2.5.6 Humidity

The module shall be capable of meeting the performance re-
quinemen ts specified in paragraph 3.2.1 during and after exposure
to a relative humidity of 95% at temperatures to +1200?.
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3.2.6 Transportability

The module shall be transp ortable by highw ay , rail or
air when properly packaged .

3.3 DesIgn and Construction [
The design and construction requirements contained herein

are considered a minimum standard and shall ensure that all require-
ments in this specification can be met.

3.3.1 Materials Processes and Parts

Par ts, ma terials and processes shall be appropriately
selected to meet the requirements of paragraph 3.2. -

3.3.2 Electromagnetic Radiation 
S

3.3.2.1 Electromagnetic Interference (EM !)

The module shall be designed to meet the appropriate EM!
requirements specified in MIL-STD—461.

3 .3.3 Identification and Marking

The module shall be legibly and permanently marked in ac-
cordance  w i t h  MIL -STD—1 30.

3.3.4 Workmanship -

I
All details of workmanship shall be of the highest grade - -

consistent with the intention of this specification . In addition ,

A3-16 
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the equipment shall be constructed in accordance with Requirements

I S and 9 of MIL-STD--454, as applicable.

~

. 3.3.5 Interchangeability

1.

All modules manufactured to this specification shall be

electrically and mechanically interchangeable.

3.3.6 Safety

The optimum degree of safety within the constraints of op-
— L era tiona l effectiveness, time and cost shall be attained through

r the application of safety principles in accordance with MIL-S-
38130.

3 .3 . 7  Human Performance/Human Engineerin~

All test points and electrical connectors shall be
permanently labeled to provide clearest description in terms of leg-
ibility and identification .

k- -. I!
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4.0 Q~~~LITY ASSURANCE PROVISI ONS

4.1 General

Test examinations and inspections shall be performed on

the module to verify that the requirements of Section 3 have been

met.

4.1.1 Responsibility for Inspection

Unless otherwise specified , the supplier is responsible

for the performance of all inspection requirements as specified

he rein. Except as otherwise specified , the supplier may use his

own or any facilities suitable for the performance of the test re- 
-

quirem ents specified herein , unless disapproved by the Government.

The Government reserves the right P~~ pe r fo rm and/or w i tness any of
the tests set forth in this document where euch tests are deemed

necess ary to assure  that supplies and services confor m to pre-
scribed requirements .

4.1.2 Special Tests and Examinations

TBDL

4 . 2  Quali ty Conformance Inspections

TBD L
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1.0 SCOPE

This specification establishes th. performance , design ,
test 1 manufacture , and acceptance requirements for the High Speed
Multiply Module (HMPY) module of the Navy Macromodular Microcompu-

S 

ter Family hereinafter referred to as the module.
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2.0 APP~~~A~~LDOCU$ENTS

2. 1 Gove rnme r~~_D~~umen~a

Th. following documents of the issue in effect on th~
da.. of invitation for bid or request for prop osal form a part of

this .p ctfication to the extent specified herein.

Sp e c i f i c a t i o n s
M~ l t t a i y
MI L -E-54 00 Electronic Equipment Airborne G.n-

era l specifications for

Standard .

~ it ar y

MIL-STD-8B~ Teat Method s and Procedure . for
MIcr oe lect r onics

Drawings

Ord.: of Preceden~’e

ConUiS~t 1ng r e q u i r eme nt s a r i s i n g  be tween this sp.citlca-
tt on , or any specification , standard diawing or publication listed

h e rein , shall be referred in writing to the contracto: for Interpre-
t a t i o n , clar if icati on , resolution or correction. In general , docu-
ment~ shall rank in th. follow i ng order of prec.denc..

a. This specif ication

b. All other referenced documents

A4-3
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3.0 ~~~ 9UIREMElI~ TS

3.1 I tem Definition

The Hig h Speed Multiply Module (BlIP?) forms one of the
se t of VL SI C modules in the Navy Macromodular Microcomputer Family
for digital missile guidance and contrcl appli-cations.

Table I is a l is t ing of the modules in the Fam i ly . Fig-
ure 1 shows various combinations of the modules to form complete mi-
crocompu ters w it h v a r y i n g  performanc . capabilities , in a federa ted
microcompi~ter system for on-board missile guidance and control.

3.1.1 I tem Diagrams

The micr ocomputer modules which shall interface with the
liMP? via a standard microbus (ii8us) ares microprocessors i~CPU—l
and ~CPU-2 read-write and (programmable) read-only m mory (RAM!
(P)RCN); ana log-to-digital and digital-to-analog (AD~C) convertors;
seri al dig ital input-output (SDIO) module; parallel digital inpu t-
output module , (POlO); and a high-speed frequency spectrum analyzer
or fast Fourier transform module, (FSA), (Figure 2).

BlIP? shall interface with th. microbus (p Bus) of the ci-
crocompu ter via tn -state driver s and rece ivers. Figure 2 shows
the ind iv idua l ~Bus interface lines and their use by the memory and
inpu t-output interface modules of the microcomputer.

*4—4
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I TABLE t

— MICROCOMPUTER MACROMODULES

11 
- 

M ICROP-ROC ESSOR~~ — --________________

Module Description VSL.I Circuit Technology Applicat ion

I. MCPU-l Medium-Speed N-MOS, CPU-on a Chip, o Telemetry

Micropr oceeson/ o Fus ing

- 
Central Processing o Head Con-

Uni t , 16—Bit trol

General-Registe r o hutopilot

600 nsec R-R Add

Max .

S 

UCPU-2 High-Speed cMOS-SOS, Bi t-Slice a Autopilot

Microprocessor ! RALU and ii PCU Hy b r id s  (Adap t ive )
Central Processing (2900/3000 Series or o Signal Pro-

Uni t , 16-Bit Word , Equiv.) or Mul ti ~CPU-1 cessing

Fixed-Point , Processor. o Estimation

General-Register , o Guidance
150 nsec R-R Add

Max .

*4—5
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__________ H I G H - SPEED AR I THMETIC AND MEMORIES L
Module D e s c r ip t i o n  VSLI C i r c u i t  Technology Application

liMP? H i g h  Speed M u l t i -  CMOS-SOS Single  Chip o Throughpu t
p l i e r , Memory- or Hybr id  Enhance-
Mapped 200 nsec , meat for
Max . 16x1 6-b it  UCPU B. G. J

Multi ply Class I
Sig. Proc.

FSA High-Speed Frequency cMOS-SOS or CCD F1’T/CZT o Throughput

Spectrum Analyzer ALE) and ~PCU Hybrids Enhance- t

Memory-Mapped , 150 (2900 Series on Equiv.) meat for

~sec Max. for 64- iiCPUS B. G.

pts , 8 + .38. Pre— Class II &

Programmable for III Sig.

128, 256 or 512 pts. Proc.

RAM-I Random-Access, Read! N-MOS Single Chip or Data

S Wr i te Memory, Medium Hybrid o Telemetry [1
Speed , 128-2Kxl6-Bits o Fusing

-

- 
500 nsec Max . Access o Head Con-

Time trol.

o Autopilot r
P/RON-I Programmable (Mask/ N-MOS Single Chip or Programs

Electrically) Read- Hybrid

Only Memory, Med i um ii
Speed , 1K— l6Kxl 6—Bits ,
500 nsec Max. Access

Time

A4-6
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I ____________ __________________________

HIGH-SPEED ARITHMETIC AND MEMORIES 
____  ______ — ___ —5

L.
Module Description VSLI Circuit Technology Application

RAM- 2 Random-Access, Read! cMOS-SOS Single Chip Data

W r i te Memory, High- or Hybrid o Sig. Proc.

Speed 256-lXxl6-bits o Estimation

100 nsec Max. Access a Guidance
Time 0 Head Con-

trol
o Au topilo t

o Fusing
S 

P/RON-2 Programmable (Mask! CMOS/SOS Single Chip Programs

Electrically) Read- or Hybrid

Only Memory,  High-

Speed , 1K-4Xx16-bits

100 neec Max. Access

Time

A4-7
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INPUT -OU?PUT

Module Desc r ip t ion  VSLI Circuit Technology Application

POlO Parallel Digital CMOS-SOS/Bipolar Single a Telemetry
Input-Output Chan- Chip or Hybrid

net. Memory-Mapped.

Parallel Word and

Discre te Transfers

ADAC Analog to Digital! CMOS-SOS Single Chip o Head Con-
Digital to Analog or Hybrid trot

Inpu t—Output Chan- o Autopilot

n d .  Memory-Mapped . o Telemetry

A-D: 8 Chs., Mux. o Radar
8/ 12-Bit , Receiver
A-D 3/8 usec
Max/Ch.

D-A : 4 Cbs.,
12—bit

D-A , 5 i sec

Max/Ch.

SDIO Serial Digital CMOS-SOS Single Chip o Avionics

Input-Output or Hybrid o Inter Micro—

Channel. Memory- computer

Mapped . Word & Bit

Serial Data!

Command Trans fe r s ,
lMb it/sec Max.

MIL-STD-1553A/B
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Figure 1 - Macro-Modular Microcomputer System for On-Board

- 
- . Missile Guidance and Con trol
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A micro bus interface stodule (MIM) shall be used to pro-
-L vi de the flexibility to translate the interface lines of various

standard-industry components into the common microbus interface . S

The BlIP? module shall provide storage for a 16-bit multi-
plier , 16—bit multiplicand and the 16 most si gn i f i c a n t b i ts of
their product. All the latter data words shall be in 2’s comple-
men t form. The storage of all data words shall be addressable as
par t of the total memory map of the microcomputer. The location of
these words in the total memory map shall be programmable within

the MIM.

Figure 3 indica tes the major functional elements of the
BlIP! module and their interrelationship with one another.

3.2 Characteristics

BlIP? shall meet or exceed the following major functional

requireme nts. These specifications are intended to satisfy the min-
imum performance requiremen ts for the BlIP? module. Only the signif-

ican t characteristics are specified to permit the choice of any
sui table standard-industry components and combination thereof to
achieve the required performance.

3.2.1 Performance

The BlIP? module shall provide the performance specified
hereir when subjected to the extremes and any combination of the

func tional and physical interfaces specified herein.

*4—il
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Figure 3 - General Block Diagram of High Speed Multiply Module
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3.2.1.1 ExecutionjCycle Time

The BlIP! module shall perform a 16-bit x 16—bit multiply
in  100 neecs , max.

3.2.1.2 Storage

S 
Capac ity: 3 x 16 Bits (Multiplier , Multiplicand , and 16

I NSB of Product).

3.2.2 Physical Characteristics

r 3.2.2.1 Overall Dimensions

The overall physical shape and d imensions of the module
shall conform with the packag ing constraints and form factor of the

m issile application. Wherever practicable the Navy SEM-lA or SEM-
2* module shalt be used as the plug-in module , subject to miss i le
environmental qualifications.

3.2.2.2 Weight

I. The overall weigh t of the modu le shall be in accor dance
S w i t h  the we i ght r e s t r i c t i o n s  of the specific missile application.

[j Wherever practicable the Navy SEM-lA or SEM-2A module shall be used
L

~~
S• the plug-in module , subject to missile environmental qualifica—

Ii
S - p 3.2.2.3 Health and Safety

N/A

*4—13
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3.2.3 Reliability

Max imum equ ipment reliability shall be designed in through
the application of reliabil ity design techniques with MIL-E-5400

used as a design guide .

3.2.4 Maintainability

The module shall be designed to be repairable at an
appropriately equipped facility.

3.2.5 Environmental Requirements

The module shall meet all the requirements specified

herein during and after exposure to any or all the environments

specified below . [
3.2.5.1 Temperature E

The module shall meet the performance requirements of par-

agraph 3.2.1 during exposure to temperatures rang ing from -28°C to
+710 C.

3.2.5.1.1 Nonoperating Stcraqe Temperature

The module shall withstand exposures to temperatures

ranging from -62°C to +71°C. E

*4—14
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3.2.5.1.2 Thermal Shock

The module shall operate as specified herein when the tern-
pera ture varies over the range specified in 3.2.5.1 at a rate of1. change of 10 per second .

3.2.5.1 Shock

The module shall operate as specified herein after being
subjected to +15 g peak shock impulse of 11 milliseconds duration
al.~ng 3 mutually perpendicular axes.

3.2.5.3 Acceleration

The module shall operate as specified herein wh ile being
subjected to the linear acceleration of 17 gs in any direction.

3.2.5.4 Vibration

The module shall Operate as specified herein when
subjected to vibrations associated with missile launch effects.

3.2.5.5 Altitude

The module shall operate at altitudes from sea level to
70,000 feet.

3.2.5.6 Humid~~y

The module shall be capable of mee ting the performance re-
qu i rement s specified in paragraph 3.2.1 d u r i n g  and a f t e r  exposure
to a relative humidity of 95% at temperatures to +1200?.

*4—15 5
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3.2.6 Transportab ii~~~ 
ft

The module shall be t r anspo r t ab l e  by highway , r a i l  or a i r
when properly packaged . - -

3.3 Design and Construction
L

The des ign  and c o n s t r u c t i o n  requi rements  contained here in

are considered a minimum standard and shall ensure  that  all require-
ments in this specification can be met.

3.3.1 Material s Processes and Parts - S

Par ts , ma terials and processes shall be appropriately d
selected to meet the requirements of paragraph 3.2.1. 

- 
-

3 . 3 . 2  E1ec tr om~~~ etlc Radiation 
S

3.3. 2.1 Electromagnetic Interference (EMI)

The module shall be designed to meet the appropriatf EMI

requirements specified in MIL.-STD—461.

3.3.3 Identification and Marking

The module shall be leg ibly and permanently marked in ac-

cordance wi th MIL-STD-130.

ii
*4—16
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3.3.4 Workmanship

Al l  d e t a i l s  of w o r k m a n s h i p  sha l l  be of the highest grade

consistent with the intention of this specification . In addition ,

I the equipsent shall be construc ted in accordance with Requirements
S and 9 of MIL-STD-454, as applicable.

3.3.5 Interchangeability

All modules manufactured to this specification shall be

electrically and mechanically in terchangeable.

— 3.3.6 Safety

S 
The optimum degree of safety within the constraints of op-

1. er ational effectiveness , time and cost shall be attained through

the application of safety principles in accordance with MIL-S-
18130.

3 . 3 . 7  Human PerforaanceJfluaan EnQineerij~g

S 
All test points and electrical connectors shall be per-

anently labeled to provide clearest description in terms of legi—
‘i lity and identification.

I
I
I
1 *4—17
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4.0 Q~ALITY ASSURANCE PROVISIONS

4.1 General

Test examinations and inspections shall be performed on
the module to verif y that the requirements of Section 3 have been
met.

E
4 . 1 . 1  Responsibil Ity for Inspection

Unless otherwise specified , the supplier is responsible
f~ r the performance of all inspection requ i rements as specified
here in. Except as otherwise specified , the supplier may use his
own or any facilities suitable for the performance of the test re-
qu i r e m e n ts spec i f ied h e r e i n , unless disapproved by the Government.
The Government reserves the right to perform and/or witness any of
the tests set forth in this document where such tests are deemed
necessary to assure that supplies and services conform to pre-
scribed requirements.

4.1.2 Special Tests and E x a m i n a t i o n s

TBDL

4.2 Quality Conformance Inspections

TPDL

ii
*4—18
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ANALOG TO DIGITAL/DIGITAL TO
ANALOG CONVERTOR (ADAC )

OF THE
NAVY MACRO-MODU LAR MICROCOMpUTER FAMILY

*5— 1.

‘S

S I  

_ _ _  

-~
~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~



_____________________ - - - ————-—-—S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -SS
~—.-.S- - S-—SS- 

S ii

1.0 SCOPE

This specification establishes the performance, design ,
test, manufacture, and acceptance requirements for the Analog to
Dig ital/Digital to Analog convertor (ADAC ) module of the Navy 

S

Macromodul.ar Microcompu ter Family herein after referr ed to as the L
ADA C or the module .

L~5
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2.0 APPLICABLE DOCUMENTS

2.1 Government Documents

The following documents of the issue in effect on the

date of invitation for bid or request for proposal form a part of
this specification to the extent specified herein.

Specifications

Mil i tary

F MIL-E-5400 Electronic Equipment Airborne Gen-
eral  S pec i f i c a t i o n s  for

Standards

Mil i tary
MIL-STD-883 Test Methods and Procedures for

Microelec t ronics

Dra w ings

2.2 Order of Precedence

Conflic ting requ i rements arising between this specifica-

t ion , or any specification , standard drawing or publication listed
herein , shall be referred in writing to the contractor for interpre-

tation , clarifica tion , resolu t ion  or co r rec t ion .  In general , docu-
ments  shall rank in the following order of precedence.

a. This specification

b. All other referenced documents

*5—3
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3 . 0  REQUIRZMEMTS

3.1 Item Definition

The Analog to D ig i t a l  and Digit-al  to Analog Convertor
( ADAC ) forms one of the set of VLSIC modules in the Navy
Macromodular Microcomputer Family for digital missile guidance and
control applications .

Table 1 is a listing of the modules in the Family and Fig-
ure 1 shows various combinations of the modules to form complete ml-
cr ocomputers with varying performance capabilities for on-board mis-
sile guidance and control. The ADAC module shalt provide the inter-
face between a microcomputer and various missi le analog sensors
and actuators.

3 .1.1 I tem Dia grams

F i g u r e  2 shows the ADA C module as part  of several corn-
plete microcomputer configurations. The microcomputer modules
which shall interface with the ADAC via a standard microbus (liBus)
ar e: medium and high-speed ~CPU-l and si CPU-2 modules; read-write
an d (progra~~able) read-only memory (RAM/(P)RON)p serial digi tal
input-outpu t (SDIO) module; parallel digital input-output module ,
(PDIO); high-speed frequency spectrum analyzer or fast Fourier
transform module , (?SA ) and a high-speed multiply module (HMPY).

- - - .5-S ~~~~~~~~~~~~~~~ 555-~~~~~~~~~~~~~~~~~~~~~~ ~~~~5- S-
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TABLE 1

S 
MICROCOMPUTER MACROMODULES

MICROPROCESSORS

L Module Descri pt ion VSLI C i r c u i t Teçhno1o~y Application

~
iCPU-l Med ium-Speed N-MOS, CPU-on a Chip, o Telemetry

Microprocessor/  o P u z i n g
Cen tra l  Processin g o Head Con-

S Uni t, l6’~~i t trol
G e n e r a l - R e g i s t e r  o Autopi lot
600 nsec R-R Add

Max. S

~CPU-2 Hi gh-Speed CMOS-SOS, Bit-Slice o Autopilot

Microprocessor/ RALU and ~PCU Hybr ids  (Adap t ive )
Central Processing (2900/3000 Series or o Signal Pro-
Uni t, 16-Bit Word, Equiv.) or Multi PCPU—l cessing
Fixed-Point, Processor. o Estimation
General-Register , o Guidance
150 nsec R-R Add

Max.

*5—5
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HIGH-SPEED_AR I THMET IC_AND_MEMORIES 

- __________ I
Module Description VSLI C i r c u i t  Technology Appl icat ion

HMPY Hi gh Speed Multi- CMOS-SOS Single Chip o Throughput
plier , Memory- or Hybrid Enhance-
Mapped 200 nsec , ment for
Max. l6xlC—bit IACPU E. G.

Multiply Class I

Sig. Proc. -

FSA High-Speed Frequency CMOS-SOS or CCD FFT/CZT o Throughput
Spectrum Analyzer ALU and IIPCU Hybrids Enhance- 11
Memory-Napped , 150 (2900 Series or E q u i v . )  ment for
p sec Max . for 64- I~CPUs E. C.
pts, 8 + 38. Pre— Class II &
Progra~~ able fo r  I I I  Sig.
128, 256 or 512 pts. Proc.

RAM- i Random-Access, Read/ N-MOS Single Chip or Data
W r i t e  Memory, Medium Hybr id  o Telemetry
Speed , 128-2~ x16-Bite o Fuzing fl
500 nsec Max. Access o Head Con- S

Time trol
o Autopi lo t  S

P/RON-i Prograir~ able (Mask/ N-MOS Single Chip or Programs 
[Electrically ) Read- Hybrid

Only Memory, Med ium S

Speed , lX — l 6 R x l 6 — B i t s , ii
500 nsec Max. A ccess
Time -1

*5-6 1
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HIGH-SPEED ARITHMETZC AND MEMORIES

Module Description VSLI Circuit Technology Application

RAM-2 Random-Access, Read/ CMOS-SOS Single Chip Data

Write Memory, High- or Hybrid o Sig. Proc.

Speed 256-lExl6-bits o Estimation

100 nsec Max. Access o Guidance
Time o Head Con-

t rol
o Au topilot

o Fuz ing
P/RON-2 Prog r amrn~ ble (Mask/ CMOS/SOS Single Chip Programs

Electrically) Read- or Hybrid

Only Memory,  Hig h-
Speed , 1R-4Kxl6 -b it s
100 nsec Max . Access

Time

F’
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_____________- INPUT-OUTPUT
Module Description VSLI Circuit Technology Application

PDIO Parallel Digital 0105-SOS/Bipolar Single o Telemetry
Inpu t-Output Chan- Chip or Hybrid
n d .  Memory-Mapped.
Parallei Word and
Discre te Trans fe r s

ADAC Analog to Digital ! cMOS-SOS Single Chip o Head Con-
Digi tal to Analog or Hybrid trot
Inpu t-Output Chan- o Autopilo t
n d .  Memory-Mapped . o Telemetry
A-D: 8 Chs., Mux . 

~ Radar
8/12-Bi t, Receiver
A-D 3/8 ‘sec
Maz/Ch.

D-A: 4 Ch s . ,
12—bit

D-A , 5 i~sec
Max/Ch.

SOlO Serial Dig i tal cMOS-SOS Single Chip o Avionics
Inpu t-Output or Hybrid o Inter Micro-
Channel. Memory- computer
Mapped . Word & Bit

Serial Data!
Command Transfers ,

iMbit/sec Max.

M1t-STD-1553~’/B
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Figure 1 - Mac rornodular Microcomputer System for On-Board
S Missile Guidance and Control
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The ADAC interfaces with the microbus (~ Bus) of the micro- 
S

computer via tn -state drivers and receivers and is addressed as A

part of the total memory space accessible by the microprocessor mod -
ule (II CPU) (Figure 2). A microbus interface module (MIM) shall be

used to provide the flexibility to translate the interface lines of
various standard-industry components into the common microbus
in terface.

Figure 3 shows the external interface of the ADAC module

and ind icates the major internal functional components of the ADAC

and their interrelationship with one another.

To achieve this memory-mapped input-outpu t (I/O ) mode
of operation , read-write , random-access memories ( RAMs ) are
i n c orp or a t e d  w i t h i n  the module to i n t e r f a c e  w i t h  the *Bus, A-D and
0-A convertors. A control section of the MIM shall perform the si-
mul taneous sampling and holding (S/H) of all inpu t channels and the
cycl ic  selection and quantizing of each S/H amplifier output via
the m u l t i p l e x e r  A-D conver to r  section.  Conversely the MIN shall
con trol the transfer of digital data words to the D-A convertors.

A basic ADAC module shall provide continuous sampling and

conversion of up to 8 bipolar , analog channels to equivalent 12-bit
di gital values in binary 2’s complement form and digital to analog

convers ion  and demul t i p l ex in g for  up to four  (4 ) 12 b i t parallel
di gital words in binary 2 ’ s complement. Analog voltage ranges, sam-

pl ing rates and quantization magnitude shall be determin ed by exter-
nal patching of module connections and clock frequency .

-
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3.2 Characteristi cs

The ADAC module shall meet or exceed the following
ma jor functional requirements. These specifications are intended 

S

to sa t isf y the minimum performance requirements for the ADAC.
Only the significant characteristics are specified to permit
the choice of any suitable standard-industry components and
combination of thereof to achieve the required performance .

3.2,1 Performance

The ADAC module shall provide the performance specified
herein when subjected to the extrem es and any combination of
the functional and physical interfaces specified herein.

3.2.1.1 Multiplex er A-D Converter

Resolution: 12 bits; 8 bite short cycle
No. of Channels: 8 (16 single-ended/S differentials )

S expandable in increments of

8, up to 24 chs.
Analog Inpu t

Voltage Ranges: 0 to +SV , +SV and ±1OV , preset by
external pin connections.

Throughput: 8/3 u sec aax.p.rch for 12 on

8-bit quantizing respectively.
S 

Accuracy : +0.024% Full-Scale Range (FSR)
Linea rity: ±0.012% TSR
Aper ture Time: 100 nsec

5

5 Digital Output Code: Binary, 2 ’ s Complement.

*5—13

_ _  5 ~~~~~~~~ -—~~~~~ S—- , S S S S  ~~ S -
~~~~~~~~~~

-. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



5 5 S S SS.~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5—- ~—5-5 -~5- —-S S-S~~~~~~-S5 5 5-5- ~~5-5- S - - - -~~~~~

3.2.1.2 0-A Convertors

Digital Input: 12 bits, binary 2’s Cplt.
L i n e a r i ty E r r o r :  ±½ LSB
Gain Error: +0.1% TSR adjus table
Offset Error: ±0.05% TSR to zero
S e t t l i n g  Time 1.5 max.  ( 1 LSB change )
to ~ 0.1% TSR 0.3 max . (P/S change)

S (usecs):

Analog Output
(Volts): +10, ±~

, ±2.5, 0 to +10 or 0 to 5,
(externally patched).

Analog D.C. Output
Impedance (ohms): 0.05 max.

Analog Output ±5M m m .
(Current):

*5 14
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3.2.2 Physical Characteristics

3.2.2.1 Overall Dimensions

The overall physical shape and dimensions of the module
shall conform wi th the packaging constraints and form factor of the
missile application . Wherever practicable the Navy SEN-lA or SE?4-
2* module shall be used as the plug-in module , subject to missile
environme ntal qualifications .

3.2.2.2 weight

The overall weig ht of the module shall be in accordance
with the weight restrictions of the specific missile application .
Wheneve r practicable the Navy SEN-lA or SEM-2A module shall be used
as the plug-in module, subject to missile environmental
qualifications.

3.2.2.3 Health and Safety

N/A

3.2.3 Reliabilit_y

- 

Maximum equipment reliability shall be designed in
through the application of reliability design techniques with NIL-
E-5400 used as a design guide .

3.2.4 Maintainabiliti

The module shall be designed to be repairable at an
appropria tely equ ipped facility.

AS—is
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3.2.5 Environmental Requirements .-~

The module shall meet all the requirements specified
herein during and after exposure to any or all the environments L
specified below. - 

I

3.2.5.1 Temperature

The module shall meet the performance requirements of par-
agraph 3.2.1 du~ tng exposure to temperature rang ing from —28°C to [
+ 710C.

3.2.5.1.1 Nonoperating Storage Temperature

The module shall withstand exposures to temperatures
ranging from -62°C to +71°C. -

3.2.5.1.2 Thermal Shock

The module shall operate as specified herein when the tern-

penature varies over the range specifi ed in 3.2.5.1 at a rate of

S 
change of 10 per second .

3.2.5.2 Shock [

The module shall operate as specified herein after being [
subjected to +15g peak shock impuls. of 11 milliseconds duration
along 3 mutually perpendicular axes. I

S 
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‘ I
3.2.5.3 Acceleration

The module shall operate as specified herein wh ile being
subjected to the linear acceleration of l7gs in any direction.

5- Ii
S 

3.2.5.4 Vibration

‘the module shall operate as specified herein when

subjected to vibration associated with missile launch effects. 
S

3.2.5.5 Altitude

The module shall operate at altitudes from sea level to
70,000 feet.

3.2.5.6 Humidity

The module shall be capa b le of meet ing the p er fo rmance  re-
quirements specified in paragraph 3.2.1 during and after exposure
to a relative humidity of 95% at temperatures to +1200?.

3.2.6 Transportability

The module shall be transportable by highway , rail or a i r
• when properly packaged .

- 3.3 Design and Constructiona

The design and construction requirements conta i ned herein
are considered a minimum standard and shall ensure that all require-
men ts in this specification can be met.

*5—17
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3.3.1 Materials Processes and Parts -

Par t s , m a t e r i a l s  and processes shall be appropriately
selected to meet the requirements of paragraph 3.2. ii

3.3.2 Electromagnetic Radiation I S

3.3.2.1 Electromagnetic Interference (ENI )

The module shall b designed to meet the appropriate ENI
requirements specified in MIL-STD-46l.

3.3.3 Identification and Marking -~

The module shall be legibly and permanently marked in ac- h
cordance with MIL-STD-l30.

3 . 3 . 4  Wo r kmanship

All details of workmanship shall be of the highest grade
conbistent with the intention of this specification. In addition, -

the equ ipment shall be constructed in accordance with Require ments S
S and 9 of MIL-STD-454, as applicable.

3.3.5 Interchangeability
r
ii

All modules manufactured to this specification shall be
electrically and mechanically interchangeable.

5- 

4 
S

~j
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3.3.6 Saf~ ty

I The optimum degree of safety within the constraints of op-
era tional effectiveness, time and cost shall be attained through

I the application of safety principles in accordance with MIL-S-
38130.

- 

3.3.7 Human Performance/Human Engineering

All test points and electrical connectors shall be--
-
~ j I.-

~ 
permanently labeled to provide clearest description in terms of leg-

!. ibility and identification .

~~S

5

*5—19

_ _ _ _ _  - -- - 5- 5-
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~— - -~~_ _ _ _ _ _



—5- 
-- 

—5-.’

1!-
4 • 0 Q~~I4 ASSURANCE PROV IS I OtIS I
4.1 General

Test examinations and inspections shall be performed on
the module to verify that the requirements of Section 3 have been S

met .

4.1.1 Respons ib i l i ty  f o r  Inspection S

S Unless otherwise specified , the supplier is responsible
for the performance of all inspection requirements as specified
herein. Except as otherwise specified , the supplier may use h i s
own or any facilities suitable for the performance of the test re- Uquireme nts specified herein , unless disapproved by the Government. -
The Government reserves the right to perform and/or witness any of p
the tests set forth in this document where such tests are deemed LI

S necessary to assure that supplies and services conform to pre- -

scri bed requirements.

4.1.2 Special Tests and Examinations U
S TBDIJ [1

4.2 Quality Conformance Inspections

TBDL
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1 5.0 PREPARATION FOR DELIVERY

I TBDL

[5.

I

ii
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I Issue: Preliminary S

li- S

CRITICAL I TEM
PRODUCT FUNCTI ON SPECIFICATION

FOR
SERIAL DIGITA L S

INPUT OUTPUT
(SOlO) 

S

OF TEE

NAVY MACRO-MODULAR MICROCOMPUTER FAMILY
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1.0 SCOPE

This specification establishes the performance, design,

- 5- 
test , manufacture, and acceptance requirements for the Serial
Digital Input Output (SOlO) module of the N avy Macromodular
Microcomputer Family herei nafter referred to as the module.

*6-2
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2.0 APP L ICABLE DOCUMENTS

[ L 2.1 Government Documents

‘the following documents of the issue in effect on the
date of invitation for bid or reques t for proposal form a part of

this specification to the extent specified herein.

Spec i ficat ions

Military

MIL-E-5400 Electronic Equipment Airborne Gen-

eral Specifica tions for

Standards
Military

M IL-STD- 883 Test Methods and Procedures for
Microelec tronics

MIL-STD-1553 Mili tary Standard Aircraft Internal

Time Division Command/Response

Mul tiplex Data Bus
Drawings

2.2 Order of Precedence

Confl icting requirements arising between this specifica-

t i on , or any s p e c i f i c a t i o n , s tandard  draw i ng or pub l ica t ion  l is ted
herein , shall be referred in writing to the contractor for interpre-

tation , clarifica tion , resolution or correction . In general, docu-

:
5- aents shall rank in the following order of precedence .

a. This speci f ica t ion
b. *11 other referenced documents ~S 

-
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3.0 REQUIREM EN TS

3.1 I t em D e f i n i t i o n

The Serial Digi tal Input Output module forms one of the

set of VLSIC modules in the Navy Macromodular Microcomputer Family
for digital missile guidance and control applications. S

Table 1 is a listing of the modules in the Family . Fig-

u re 1 shows various combinations of the modules to form complete ~ i-
croc om puters w i t h  vary i ng p er f o r m a n c e  capabi l i t ies  in a federated
microcomputer system for on-board missile guidance and control.

The SDIO module p er f o r m s  the conversion of 16-bit paral-
id data words into a serial digital bit stream and vice versa . The
paralle l d i g i tal interface shall comply wi th the ~Bus interf ace re-
quirements and the serial digit al input - outpu t shall comply with

the requirements of military standard specification MIL-STD—1553B,

h e r e i n  a f t e r  r e f e r r e d  to as 15538. However , the use of a fiber-
optic co unicatio n link between SOlO modules shall be acceptable ,
prov ided  t h a t  th~ in tegrity of the link complies with the perfor- (
mance r e q u i r e m e n t s  of ISS3B.

I n t e r f a c e  w i t h  the U BUS shal l  be v i a  a progra able micro-
bus i n t e r f a c e  module (KIM). Two RAMs, for  inpu t and output data
s torage  respec t ive ly ,  shall f o r m  p a r t  of the microcomputer memory- L

mapped I/O scheme . -

Each SOlO module shal l  be capable of o per a t i n g  as a ma s-
ter or a slave on the 15538 multiplexed bus sy stem . Sensing of
ei ther mode of operation shall be determined from control words
plac d in the transmit RAM under microprocessor program control.

A 6—4 I
I
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The SDIO shall receive 16-bit data words via the ~Bus and
translate them into appropriate message formats comply ing with the

requirements of MIL-STD-l5538.

The covtuaunication protocol required to establish a link

and to transfer data between two SDIO modules shall be performed
L internally by the 5010, i.e. wi thin the KIM. S

Conversely , when not transmitting lS53B messages, the
SDIO shall monitor the bus continuously and , upon recognition of an
address code correlating with a pre-progra .d unique device ad-
dress code stored in the SDIO, the SDIO shall extract the 16-bit
data words from the incoming serial digital messages and store
these data in the receive RAM. Only valid data , i.e. data satis-
fying pari ty checks, shall be stored in the RAM for access by the 

S

microprocessor module (~ CPU-l/2).

3.1.1 I tem Diagrams

The microcomputer modules which shall interface with the
SDIO v i a  a standard microbus (ijBu.) arez microprocessors ~CPU-1 and

~CPU-2~ read-write and (progra able) read-only memory ( RAM/ (P )R OM ;
analog- to-digital and digital-to-analog (ADAC) convertors; parallel

digita l input-outpu t module, (PDIO)~ high-speed frequency spectrum
analyzer or fas t F o u r i e r  t r a n s f o r m  module , ( PSA ) and a high-speed
mul tiply module (HMPY), Figure 2.

S A G-S

r 
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TABLE 1
S 

MICROCOMPUTER MACRONOIXJLES

MICROPROC ESSORS

Module Description VSLI Circuit Technology Application

~CPU-1 Medium-Speed N-MOS, CPU-on a Chip, o Te lemet ry
Microprocessor/ o Fusing

Central Processing o Head Con-

Uni t , 16—Bi t

General-Register o Autopilot

600 nsec R-R Add
Max.

~CPU-2 High-Speed cMOS-SOS , Bit-Slice o Autopilot

Microprocessor/ RALU and ~PCU Hybrids (Adaptive )

Central Processing (2900/3000 Series or o Signal Pro

Uni t , 16-Bit Word , Equiv.) or Multi ~CPU—l ceasing

Fixed -Point, Processor. o Estimation

General-Register , o Guidance
150 nsec R-R Add

Max .

A6-6
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_________ HI GH-SPEED ARITHMETIC AND MEMORIES
‘S

- 

Module Description VSL.I Circuit Technology Application

HMPY Hi gh Speed Multi- cMOS-SOS Single Chip o Throughput
S p l i e r ,  Memory- or Hybrid Enhance-

Mapped 200 nsec , men t
S Max . 16xl6-bit ~*CPU E. G.

Mul ti ply Class I
Sig. Proc.

PSA High-Speed Frequency CMOS-SOS or CCO FFT/CZT o Throughput

Spectrum Analyser ALU and i*PCU Hybrids Enhance-
Memory-Mapped , 150 (2900 Series or Equiv.) aent for

asec Max. for 64- CPUs E. G.

pta, 8 + J8. Pre- Class II ~
Pro g ra~~ able for III Sig.

128, 256 or 512 pts . Proc .

RAM-i Random-Access, Read/ N-MOS Sing le Chip or Data
W r i te Memory,  Medium Hybrid o Telemetry

Speed , l28-2Kxl6—Bits o Fusing
500 nsec Max. Access o Head Con
Time trol

0 Au topilo t

P/RON-i Progranmtable (Mask! N-MOB Single Chip or Prog rams
S Electrically) Read- Hybrid

S 
Only Memory, Medium

S Speed , lk-l6Kxl6-Bits,
500 nsec Max. Access

ii Time

II
TI 
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HIGH-SPEED ARITHMET iC AND MENORIES

Module Description VSLI Circuit Technology Application

RAM-2 Random-Access , Read! cMOS-SOS Sing le Chip Data

Write Memory, High- or Hybrid o Sig. Proc.

S Speed 256-lEzl6-bits o Estimation

100 nsec Max. Access o Guidance

S 
Time 0 Head Con-

tro]
0 Autopilot

o Fus ing
P/RON-2 Progra able (Mssk/ CMOS/SOS Single Chip Programs

Electrically) Read- or Hybrid

Only M.mory, High - {
Speed , lE—4Ez16—bits
100 nsec Max. Access
Time

C
$

S 
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INPUT-OUTPUT S

Module Description VSLI Circuit Technology Application

POlO Parallel Digital cMOS-SOS/Bipolar Single o Telemetry

Input-Output Chan- Chip or Hybrid

nel. Memory-Mapped.
Paralle l Word and
Disc re te  T rans fe r s

ADAC Analog to Digital! cMOS-SOS Single Chip o Head Con-

Digital to Analog or Hybrid trol

Input-Output Chan- o Autopilot

nel. Memory-Mapped . o Telemetry

A-D : 8 Chs., Mux . o Radar
8/12-Bit , Receiver

A-D 3/8 ~sec
Max/C h.

D-A~ 4 Cbs .,
12—bit

D-A , 5 U sec
Ma x/Ch.

SDIO Serial Digital CMOS-SOS Sing le Chip o Avionics
Input-Output or Hybrid o Inter Micro-

Channel. Memory- computer
Mapped . Word ~ Bit

Ser i a l  Data/
Co~~and Transfers,

lMbit/sec Max.
MI L-STD- 1 553A/8

*6-9
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Figure 1 - Macro Modular Microcomputer System for On-Board
Missile Guidance and Control
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I
The SOlO shall interface with the microbus (ABUS) of the

microcompu ter via tri-statci drivers and receivers. Figure 2 shows

the i n d i v i d u a l  aBus i n t e r f a c e  lines and their use by other modules
of the microcomputer family .

A programmable microbus interface module (MIM) shall be

used: to provide the flexibility to translate the interface lines

of various standard-industry components into the common microbus

i n t e r f a c e ; to map the two RAMs at any desired location within the
total memory space of the microcomputer; and to perform the data

link co unica tion protocol. Figure 3 indicates the major func-

tional elements of the SDIO and their interrelationship with one an-

other .

3.2 Characteristics

The SOlO shall meet or exceed the fol low ing major func-
tional requirements. These specifications are intended to satisfy

the minimum performance requirements for the SOlO. Only the signif-

icant characteristics are specified to perm it the choice of any

su itable standard-industry components and a combination thereof to

achieve the required performance.

3.2.1 Performance

The SDIO shall provide the performance specified herein

when subjected to the extreme s and any combination of the func-

t i o n a l  and phys ica l  i n t e r f a c e s  specif ied herein.

The performance of the SOlO shall be in compliance with

the requirements of MIL.-STD-1553B.

S~

. 
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3.2.2 Physical Characteristics

3.2.2.1 Overall Dimensions

The overall physical shape and dimensions of the module 
5

shall conform wi th the packag ing constraints and form factor of the

missile application. Wherever practicable the Navy SEN-lA or SEll-

2A module shall be used as the plug-in module, subject to missile
S environmen tal qualifications.

3.2.2.2 Weight

The overall weight of the module shall be in accordance
with the we ight restrictions of the specific missile application . • 1
Wherever practicable the Navy SEll-lA or SEM-2A module shall be used 

5-

as the plug-in module, subjec t to miss i le  environmen tal fl
qualifica tions.

3.2.2.3 Health and Safety

N/A

3.2.3 Reliability

Max imum equipment reliability shall be designed in

through the application of reliability design techniques with NIL-

E-5400 used as a design guide . .- -
~

3.2.4 Maintainability

The module shall be designed to be repairable at an
appropriately equipped facility . j

A6—1 4 j
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3.2.5 Environmental Requirements

.

. The module shall mee t all the requirements specified
herein during and after exposure to any or all the environments

specified below.

3.2.5.1 Temperature

The module shall meet the performance requirements of par-
I s  agraph 3.2.1 during exposure to temperature ranging from -28°C to

5 +71°C.

I I
3.2.5.1.1 Nonoperating Storage Temperature

The module shall withstand exposures to temperatures
ranging from -620C to +71°C.

3.2.5.1.2 Thermal Shock

The module shall operate as specified herein when the tem-
perature varies over the range specified in 3.2.5.1 at a rate of S

change of 10 per second .

3.2.5.2 Shock

- The module shall operate as specified herein after being
subjected to +15g peak shock impulse of 11 millisecond s duration
along 3 mu tually perpendicular axes.

11
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I3.2.5.3 Accelera tion

The module shall operate as specified herein wh ile being
subjected to the linear acceleration of l7gs in any direction . 

S

3.2.5.4 Vibration S

The module shall operate as specified herein when
subjected to vibration associated with missile launch effects. ii
3.2.5.5 Altitude

The module shall operate at altitudes from sea level to
70 ,000 feet. 1J
3.2.5.6 Humidity I-]

The module shall be capable of meeting the performance re-
quirements specified in paragraph 3.2.1 during and after exposure
tc a relative humidity of 95% at temperatures to +1200?.

3.2.6 Transportabi1it 4~y

The module shall be transportable by highway , rail or air
when properly packaged.

3.3 Design and Construction El
S 

The design and construction requirements contained herein
are considered a minimum standard and shall ensure that all require-
men ts in this specification can be met.

*6—16 (1
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3.3.1 Materials Processes and Parts

I Parts , materials and processes shall be appropria tely
selected to meet the requirements of paragraph 3.2.r
3.3.2 Electromagnetic Radiation

3.3.2.1 Electromagnetic Interference (El I)

• The module shall be designed to meet the appropriate ElI
requir.m utts specified in MIL-STD—46l.

3.3.3 Identification and Marking

The module shall be legibly and permanently marked in ac-
cordance with MIL-STD-l30.

3.3.4 Workmanship

All details of workmanship shall be of the highest grade
consistent with the intention of this specification. In addition ,
the equ ipment shall be constructed in accordance with Requirements
5 and 9 of MIL-STD-454, as applicable .

[ 3.3.5 Interchangeability

1’ All modules manufactured to this specification shall be
electrically and mechanically interchangeable .

~ 
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3.3.6 Safe~~

The optimum degree of safety within the constraints of op-
era tional effectiveness , time and cost shall be attained through
the application of safety principles in accordance with NIL-S- J
38130.

3.3.7 Human Performance/H uman Eng ineering

All test points and electrical connectors shall be
permanen tly labeled to prov ide clearest description in terms of leg- -~~

S ibility and identification.

~S1
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4 .0  QUALITY ASSURANCE PROVISIONS

4.1 General

Test examinations and inspections shall be performed on
the module to verify that the require~aents of Section 3 have been
met.

4.1.1 Responsibility for Inspection 
S

Unless othe rwise specified , the supplier is responsible
for th. performance of all inspection requirements as specified
herein. Excep t as otherwise specified , the supplier may use his
own or any f ac i l i t ie s  sui table fo r  th. performance of the test re-
quirements specified herein, unless disapproved by the Government.
The Government reserves the right to perform and/or witness any of

the tests Set forth in this document where such tests are deemed

necessary to assure that supplies and services conform to pre-
scri bed requirements.

4.1.2 ~p .cial Tests and_ Examin ations

TBDL

4 . 2  Qual i ty  Conformance Insp ections

TB DL

I: 
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1 6.0 NOTES

I
a.

¶
~ I.

I
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Issue: Prelim inary

CRITICAL I TEM
PRODUCT FUNCTI ON SPECIFI CATION
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1.0 SCOPE

This specification establishes the performance , design ,

tes t,  m a n u f a c t u r e,  and acceptance requirements  for the Parallel

Digital Input Output (PDIO) module of the Navy Macromodular

S 
Microcompu ter Family hereinafter referred to as the module.

t - I~
— Ii-

i]
11
11
1~

I
I
1
I
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2.0 APPLICABLE_DOCUMENTS

I 
—_________

2.1 Government Documents

t- r

The follow in g docume n ts of the issue in effect on the
- date of invitation for bid or request for proposal form a part of

this specification to the extent specified herein.

Specifications

Mil it a ry
MI~.-E-5400 Electronic Equipment Airborne Gen-

er al Specif ica t ions for

S t and a rd s

Military

MIL-STD-883 Test Methods and Procedures for

Mi6roelectronics

Dra w ings

2.2 Order of Precedence

S C o n f l i c t i n g  requi r ements  a r i s i n g  between this specifica-
t ion , or any specifica tion , standard drawing or publication listed
herein , shall be referred in writing to the contractor for interpre-
tation , clarifica tion , resolu tion or correction. In general, docu-
ments shall rank in the follow ing order of precedence. S

S a. This  s pec i f i c a t i o n  
S

fl b. All othe r referenced documents

‘.7
t ‘
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3.0 REQUIREMENTS

3 .1 Item Defini t ion

The PDIO module fo rms  one of the set of VLSIC modules in [
the Navy Macromodular Microcomputer Family for digital missile guid-

ance and control applicat ions.

Table 1 is a listing of the modules in the Family. Fig-

ur e 1 shows various combinations of the modules to form complete mi-
c~ocompu ters with varying performance capabilities in a federated

m icrocomputer system for on-board missile g ldance and control.

3.1.1 I tem Diagram s

The microcomputer modules which shall interface with the

PDIO via a standard microbus (pHus) are : microprocessors ~CPU-l
and M CPU-2; read-write and (programmable ) read-only memory

S (RAM/ (P)RCM); analog-to-digital and digital-to-analog (ADAC) t

convert ors ; serial digital input-output (SDIO) module; high—speed

frequency spectrum analyzer or fast Fourier transform module , (FSA )
and a h i g h - s pee d  m u l t i p l y  module (H I P Y ) ,  (F igu re  2 ) .

The PDIO module shall provide input output storage for

two parallel 16-bit data words, (one input, one output resp.c-
tively), as part of the memory mapped I/O scheme. As such , the
PDIO appears as a two-word read/write memory on the iBus and shall

5
5 

have the same i n t e r f a c e  as a RAN or (P)RON module .

A7-4
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TABLE 1

MICROCOMPUTER MACROMODULES

— MICRO PROCESSORS

Module Description VSLI Circuit Technology Application

iCPU-l Medium-Speed N-MOS, CPU-on a Chip, o Telemetry

Microprocessor ! o Fuzing
Central Processing o Head Con-
U n i t , l6 Bi t trol
General-Regis ter o Autopilot

600 nsec R-R Add

Max .

1iCPU-2 High-Speed cMOS-SOS , Bit-Slice o Autopilot

Microprocessor ! RALU and ~PCU Hybrids (Adaptive )
Central Processing (2900/3000 Series or o Signal Pro-

Unit, 16-Bit Word , Equiv.) or Multi *CPU-l cessing

Fixed-Point, Processor. o Estimation

Genera l -Reg i s t e r , o Guidance
150 nsec R-R Add

Max .

5- 

- 
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—_____________ HIGH-SPEED ARITHMETIC AND MEMORIES

Module Description VSLI Circuit Technology Application

lIMP? High Speed Multi- CMOS-SOS Single Chip o Throughput
p l ie r , Memory- or Hybrid Enhance-
Mapped 200 nsec, ment for
Max . l6zl6—bit ACPU E. G.
Multi ply Class I

Sig. Proc .

FSA High-Speed Frequency CMOS-SOS or CCD fl’T/CZT o Throughput
Spectrum Analyzer ALU and UPCU Hybrids Enhance-
Memory-Mapped , 150 (2900 Series or Equiv.) ment for
p sec Max . for 64- jCPU5 E. C.
pts , 8 + J8. Pre- Class II &
Programmable for III Sig.
128, 256 or 512 pts. Proc.

RAM -i Rand om-Access , Read! N-MOS Single Chip or Data
Wr ite Memory, Medium Hybrid o Telemetry
Speed , l28—2~ xl6-Bi ts o Fusing
500 nsec Max . Access o Head Con-
Time trol

o Autopi lot
P/R011-1 Programmable (Mask,’ N-MOS Single Chip or Programs

Electrically ) Read- Hybrid
Only Memory , Medium

S Speed , 1E-16I’~xl6-Bits, LI
500 nsec Max . Access
Time S

A7—6
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HIGH-SPEED ARITHMETIC AND MEMORIES

L Module Description VSLI Circuit Technology Application

LI RAM-2 Random-Access, Read! CMOS-SOS Single Chip Data

Wr i te Memory , High- or Hybrid o Sig. Proc.

Speed 256—lXxl6—bits o Estimation
L. 100 nsec Max . Access o Guidance

T ime o Head Con-
5 tro]

0 Autopilot

o Fusing
P/RON-2 Programmable (Mask/ CMOS/SOS Single Chip Programs

Electrically) Read- or Hybrid
Only Memory , High-

Speed, lK—4 ~~z l 6 — b i t s
100 nsec Max . Access
T ime

1.1
!1
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INPUT-OUTPUT

Module Description VSLI Circuit Technology Application

PDIO Parallel Digital cMOS-SOS/Bipolar Single o Telemetry S

Input-Output Chan- Chip or Hybrid In d .  Memory-Mapped.

Parallel Word and

Disc re te T r a n s f e r s

ADAC Analog to Digital,’ CMOS-SOS Single Chip 0 Head Con- [
Digital to Analog or Hybrid trol.
Input-Output Chan- o Autopilot [
ne]. Memory-Mapped . o Telemetry
A-D: 8 Chs., Mux . o Radar 1-8/l2 Bit, Receiver

A D  3/8 * sec
Max/Cn.

D-A: 4 Cbs .,
12—bit 

I

D-A , 5 M sec -

Max/Ch. {
SDIO Serial Digital CMOS-SOS Single Chip o Avionics [

Inpu t-Output or Hybrid 0 Inter Micro-
Channel. Memory- computer
Mapped. Word & Bit

Ser ia l  Data,’
Command Transfers , -
lMbit/sec Max .

S 
MIL.-STD-1553A/B I

*7-8 ]
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Figure 1 - Macro-Modular Microcom~uter System for On-Board -

Missi le  Guidance and Control
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Figure 2 - Standard Microbus (ijBus) Interface Lines
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The PDIO shall interface with the microbus (~jBus) of theI ~icrocomputer via tn -state drivers and receivers. Figure 2 shows

the individual ~Bus in terface lines and their use by the memory and

inpul -output interface modules of the microcomputer.

A micro bus interface module (MIM) shall be used to pro-
vide the flexibility to translate the interface lines of various
standard-industry components into the common microbus interface ,
and to provide programmable mapp ing of the two registers in any lo-
cation within the total memory map/space of the microcomputer.

On the system side of the module , 16 di~~rete output
li nes and 16 discrete input lines shall be provided for use as
ei ther whole computer word or digital discrete I/O. The latter I/O
interface shall be at transistor-transistor logic (T2L) levels wi th
the capability to drive one input and load not less than one T2L
gate at the output.

Fi gure 3 indicates the major functional elements of the
PDIO module and their interrelation ship with one another .

3.2 Characterist Ics

- The PDIO module shall mee t or exceed the following major
func tional requirements. These specifications are intended to sat-
isfy the minimum pert~ormance requirements for the PDIO. Only the

significant characteristics are specified to permit the choice of
any siitable standard -industry components and combination of

I thereof to achieve the required performance.

1 *7-11
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1~BUS
_ _ _ __ _ _ _ _  S-‘D \T - \ R / W  CLK ADDR

MIM 

_
~~~~~~~

SYST EM 
_ _ _ _ _ _ _ _ _ _  ALL REGS I

RESET ( R )  I
DC PWR I D A T A  LO L D DAT A I

GND lb 1 1 5- 1 6 ,  I
I I

R~ 

1 S CLK

L 

1 1

~~~ PUT- OUTPUT INTERFACE
] 

it  
1.16 

- 

S

-v

DICI TAL DISCRETES
INPUTS £ OUTPUTS

Figure 3 - Genera l  Block Diagram of Parallel Digital
Input—Ouput Module
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3.2.1 Performance

1 
— -5 —

The PDIO shall provide the performance specified herein

I when subjected to the extremes and any combination of the func-
t ional  and physica l in te r faces  specif ied here in .

3.2.1.1 cycle Time

The P010 read/write cyc~.e time shall be 100 nsecs max .

3.2.2 !j~~~~sal Characteristics

3.2.2.1 Overall Dimensions

The overa l l  physical shape and d imensions of the module
shell conform with the packag i ng constraints and form fac to r of the
missile application. Whereve r practicable the Navy SEN-lA or gEM-
2A module shall be used as the plug-in module, subject to missile

S qualifications.

3.2.2.2 Weight

S The overall weight of the module shall be in accordance
with the weight restri ctions of the specific missile application .
Whereve r practicable the Navy SEN-lA or SEM-2A module shall be used
as th. plug-in module, subject to missile environmental

L qualifications. S

3.2.2.3 Health and Safety

N/A
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3.2.3

Max imum equipment reliability shall be designed in

through the application of reliability design techniques with  NIL-
E-5400 used as a design guide.

3.2.4 Main taina bili ty

The module shall be designed to be repairable at an

appropriately equipped facility.

3.2.5 Environmental Requirements

The module shall  meet all the requirements  spec i f ied
herein during and after exposure to any or all the environments

sp .clfied below .

3.2.5.1 Temperature

The *odule shall meet the performance requirement of para-

graph 3.2.1 during exposure to temperatures rang ing from —28°C to

+ 710C.

3.2.5 .1.1 Nonoperating Storage Temperature

The module shall withstand exposures to temperatures
rang ing from -620C to +71°C .

E
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I
3.2.5.1.2 Therma l Shock

S The module shall operate as specified herein when the tem-
perature varies over the range specified in 3.2.5.1 at a rate of

I change of 10 per second .

f 3.2.5.2 Shock

I The module shall operat. as specified herein after being
subjected to +l5g peak shock impulse of 11 miesiseconds duration

along 3 mutually perpendicular axes.

5 3.2.5.3 Accele ration

The module shall operate as specified herein while being

- *  
subjected to the linear acceleration of llgs in any direction.

3 .2 . 5 . 4  Vib r a t i o n

- 
The module shal l  opera te  as specified herein when

S 
subjected to vibrations associated with missile launch effects.

-‘ 3.2.5.5 Altitude

The module shall operate at altitudes from sea level to
70 ,000 f eet.

3.2.5.6 ~~~~~~~

The module shall be capable of meeting the p erformance re-
S quirements specified in paragraph 3.2.1 during and after exposure
S 

to a relative humidity of 95% at temperatures to +120°?.

r S

*7—15
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3.2.6 Traneportabi1it~

The module shal l be transportable by highway, ra i l
or a i r  whe n proper ly  pac kaged .

3 .3 Design and Construction

The design and construction requirements contained herein
are considered a minimum atandard and shall ensure that all require-
ments in th is specification can be met.

3 .3.1 Materials Processes and Parts

Parts , materials and processes shall be appropriately
selected to meet the requirements of paragraph 3.2.

3 .3.2 Electromagnetic Radiation -

3 .1.2.1 Electromagnetic Interference (5P41)

The module shall be designed to meet the appropriate EM !
requirements specified in MIL-STD-461.

3 .3.3 Ident 1fication and Markf~~

S 
The module shall be legibly and permanently marked In ac-

cordance with MIL-STD-130.

3.3.4 Workaansh~p

All details of workmanship shall be of the highest grade
consistent with the Intention of this specification . In addition,

*7—16
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the equipment shall be constructed in accordance with Requirements

I S and 9 of MIL-STD-454, as applicable .

1 3.3.5 Interchan geability

All modules manufactured to this specification shall be
electrically and mechanically interchangeabl e .

1. 3.3.6

The optimum degree of safety within the constraints of op-
S erationia]. effectiveness , t ime and cost shall be attained through

the application of safety principles in accordance with MIL-S-
- .  38130.

3.3.7 N uaa n Performance/N~~an 1ngIneering

All test points and electrical connectors shall be
permanently labeled to provide clearest description in terms of leg-
i bility and identification.

*7—17

- - S

I. - S S -—’- -—S --~~-—- ---- —-5 S_ _-5___ _-’_5-____
~~~~~
____’-

~~~~
____ •_____ __ - - 5 - - 



7, — —-5-- ..~~~~— - .~‘.--~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ - S - S

— 4.0 QUALITY ASSURANCE PROVISIONS 1.1

4.1 General

Test examinations and inspections shall be performed on

the module to verify that the requirements of Section 3 have been

me t .

4.1.1 Responsibiliti for Inspection

Unless otherwise specified, the supplier is responsible

for the performance of all inspection requirements as specified
herein. Except as otherwise specified , the supplier may use his
own or any facili ties suitable for the performance of the tes t re-
quirements specified herein , unless disapproved by the Government.
The Government reserves the right to perform and/or witness any of 1]
the tests set forth In this document where such tests are deemed

necessary to assure that supplies and services conform to pre-

scribed requirements.

4.1.2 Special Tests and Examinations

TBDL

4.2 Quality Conforaance,j~~~~~~ ions

TBDL
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