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Microprocessors are finding increased appli-
cation in space systems as components, replace-
ments, and as more sophisticated computational
subsystems. Some of these applications require
the development of new LS5[ circuits and technolo-
gies and some require the adaptation of commer-
cially available devices,

Usage for military space requires special
tesis to verify that they meet Space Standard Re-
quirements, and these special tests may require
specific hardware/software configurations.

This paper describes the methodology and
testing regquirements to standardize the paris, the
tests reguired at the part and system level, when
to tesl as a component or embedded system, apd
some of the current activities and igsusr in the
test and utilization of microprocessors.

I. Introdu ction

Progress in the development and application
of microprocessors (uPs) has been both rapid and
spectaculary. These devices are (inding increased
application in satellite, space communication and
space senior systems. These space-based
systems require extensive testing at the part,
subsystem and system level, because of the very
high cost of mission failure,

Test philasophy and procedures have heen
well establighed in the form of military standards,
specifications, regulations, procedures, and
guidelines. uwPs, because of their complexity,
becaise they are new devices, and because they
have characteristics of both & component and a
system, have raised the guestion as to whether
existing test procedures are acceptable, In
general, the answer is yes. but updating of
exiating procedures may beo required. All stan-
dards and procedures are under review t¢ lnsure
their applicability to WPs and detatled specifica-
tion and test procedures are being formulated for
the various LS[ devices.

Microcircuits" and its associated MIL-5TD-8E],
"Test Methods and Proceduras for Microcircuita, "

The Microprocessor as a Standard Part

The Microprocessor 85 a New Nonstandard Device

[ncorporation of new technologies and cir-
cuitg in space applications is a common ngour-
rence. [n fact, MIL.-STD-749B! eatablishes the
precedures for approval of nonatandard parts
prier to use in military equiprment. The termms
"standard' and "nonstandard' parts are defined
in the governing equipment specification or con-
tract. For military space applicationg, standagd
microelectronic parts are those that have been
obtained with the criferia and guidelines of
SAMSQ-5TD 73-2C. % This standar ? establishes
the standard control pregram for e._ctronic part
utilization in equipment used in space. For
microelectronics, this standard imposes MIL. . -
0038510, Class 5, * the "General Specification for
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Considerable effort is presently underway to
gualify 4Ps in accordance with MIL-M-0033510
and MIL-STD-883, Specific activities in uF space
qualification are discusesed in Section II, As stan-
dard devices, we can sxpect increased applica-
tions of uPs particularly in embedded configura-
tions, which will reguire special attention to test
requirements for acceptance, pre-launch, and on-
orbit operations.

Embedded Syatems Applications

AFR 800-14" entitled, "Management of Com-
puter Resources In Systerns’ has provided both
policy and guidelines for computer requirements
and software procurements for Space Applications.
However,u.Fs are being used as simple logic com-
ponents n some systems and a8 a resdnlt the
applicability of AFR 800-14 must be evaluated,
Zection Il covers the considerations of uP as a
part and as a system, and alao the pre-launch
testing activities, Test vecior generation and test
equipment considerations are also covered in this
aection.

Distributed Embedded Systems for Fault Tolerance

Space applications, by and large,are for long
life missions, much greater than one year. Tha
ability to test wPs embedded in systems and while
on-orbil is being investigated., Current practice
is to periorm functienal or diagnostic tests, To
achieve high reliability long duration missions,
faulr tolerant uFP configurations Are evolving.
Fault tolerant systems require fault diagnosis
capability and thus testing is a fundamental re-
gqu.rement. Fault tolerance concepts and their
impact on uP design are covered in Section IV,

Il, Microprocessor Qualification

A variety of uP families have become
available over the last three years, These dif-
fer widely in compleity and performance char-
actaristics, The technologies used for manu-
facturing uPs alsa vary widely; these include the
following: PMOS, NMOS, CMOS, TZL, 12L and
ECL.

Spuce applications have stringent reliability
and cualification specifications to 2efure mission
Buccess. SAMSO-STD 73-2C provides a standard
control program for parts to be used in missile
and space applications, The purpose of the control
program is to assure that uniform devices will be
produced, to give wniform responses to (thalr)
tests and/or screens. This Standard requires
that microcircuita conforming to MIL-M-38510,
JAN class A or with MIL-M-0038510, class 5 or
equivalent be used,
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A microcircuit qualified to class A or to
class 5 is required to be manufactured on a pro-
duction line which has been audited by NASA or
SAMSO/Aerospace and certified an conforming
to WHE 53040, 4{3C) "Line Certification Reguire-
ments for Mierocircuits” (Class A) or MIL=-5TC-
0038510 [USAF) "General Specification for Micro-
circuite” {Clams 5}, These line certification
specifications will be replaced by MIL-STD-9T6
“Military Standard Certification Reguirements
for JAMN Microcireuits” in the near future.
Crealified microcircuits ales meet the qualificas
tion requirements of MIL-5TD-883, METHQD
5005 "Qualification and Quality Conformance Pro-
cedures'. However, prior to gualification, a de-
tailed specification (slash shest) in accordance
with MIL-M=38510 is prepared, courdinaled and
igsues by the DESC (Defanse Electronic Supply
Center) at Dayton, Ohio. Each gqualified micro=
cireait must conform to ke elacirical, mechani-
cal and screening requirements of the detailed
specificarion, [t is, therefore, essential that all
af the applicibi; teates for these requlremenln BE®
included in the detailed specification. The device
screening requirements for Class A parts are
specifiad in MIL-5TD-RA3, METHOD 5004,
"Sereening Procedures”, however. these
screening reguirements may be modified by the
detailed specification which takes precedence over
the general spectilcation,

[{f a part i8 to be used in a high rellabilicy
application and detailed specifications and/or
military gqualifications are not available, the part
will be procured 1o the design. conalirvction,
gqualification, sereening. guality confarmance,
process control and failure snalyesia rec. rements
equivalent to Clasa A or 5. In this case, a con-
traclor prepares 4 dethiled dr-awing which con-
taing all of the essential ingredients of &
MIL-0M=-38510 slash shest. Thia drawing is
then approved by the appropriate procuring
activity,

Much of the testing and gualification inapec -
fions are standard, these include: operating life
tests for 1000 hours, hermetic package seal, tem-
perature cycling, acceleration, etc, Functional
tesfing is u‘fuull'r rrhrm:dgll' ambient tempera=
tares: =53 C, 25 C and 125 C to assure adeguate
gperating mar zina and improved r:'l.:i.;'l:.ilit':,r aB
compared to room termperatures testing alone,

As discugsed below, [(Section [}, complete
uF functional testing of all possible combinations
is not feasible; however, alternate approaches,
guch am use of: raliabkility test patrerns And use of
qualified technologies with associated CAD (Com -
puter Aided Deasign}, soitware and qualified stan=
dard cell libraries are under conpideration. The
Reliahility test patterns contain all of the struc-
tures of devices and cells contained within the
micruecireuit; however, testing is facilizated by
hring'mf out accessible contacts for test pur-
poses, © The Defense Department is Eurrenﬂy
evaluating some of these alternativesa® as well as
upe of custormn LSIC designas.

Use of qualified technologies, ete.. is not, at
this time, a generally accepted appreach to im-
proved reliability and microcireuit qualification,
However, with the proliferation of LSIC's {large
scale integrated circuits) and the need for custom
LSIC designe, qualified technologies may become
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viable for future procurements.

wP circuite can be designed with built-in test
structures at the ax se of additional lagic and
interconnects. To facilitar> testing, there should
be no non-accessible gtored states, i, s, avery
atate should be readable aor writable, and it should
be possible to always set all storage states to a
known initial state by means of an external signal.

An additional feature which would facilitate
functional tenting ia to design the P ina regular
matrix array guch that data travels one way
acrose the chip (. g. horizontally) and with con-
trol signals vertical. This type of design permits
more detalled functional testing and analysis, as
each data bit is locatable at & given instant of
tirme.

F‘rouiding new WP dcaign; im facilitated at the
wafer level {prior to cutting up at the dice and
packaging) by a technique known as microprobing.
[n this technigue, wvery sharp eloctrical probes
canirolled by precision miceromanipulaters are
used to contact the metallization directly within
the microcircuit in order to pick up dat. signals
or 10 melsurs MII‘.IE_E levels at varicus points in
a circuwit. This method i somewht lnllagn-n- tey
testing a breadboard circult uging hand probes;
however, correcting errors in a microcircuit
requirea: a redesign, new photolithographic
magks and production of testable walers fabricated
with the new masks., Microprobing e not usually
posaible to parform on previvusly packaged
devices as all the metal intraconnecis are covered
by an inculating layer called "glasaivation", which
is required for Classe A or Clags 5 parts an a pro=
tective layer to prevent ac ratches and to h-'l.p
protect againet internal shorts which may be
caused by loose particies.

The traditional "shake, ratile, and roll” type
of gereening for microcircuits is not totally ade-
quate o weed out all mlrg'i.na.l devices, Emphasis
I'.u-da',' s I:::ing placed more on Froper d:-ig.n and
construction of microcireuits along with more
inprocess inepection and use of controlled or
monitored production lines. Military specilica-
tions are being upgraded to provide for these re-
liakility improvements,

AADME [Rorme Alr Development Center) has the
primary responsibility and 18 the preparing activ-
ity for MIL-M- 38510, They are currently
developing detailed apecifications for a large
variety of p Psa.

Tabla 1 indicates the status of RADC develop-
ment of detailed specifications for avallable, off
the shelf, «Ps.” When the uP numbers are fol-
lowed by & i, the numbar rﬂlﬂnﬂini the """ i the
MIL-M-38510 glash sheet number and indicates
that these devices are in process of huing qulli.f'i.td..

The wFs listed in Table 1 without slash mum-
beara have not, as yet, started through the quali-
fication cycle. Additional uFPa will be added to
the liat as the military need develops for their use.

1. Groand Te '“‘"‘E

The life cycle of space systema congists of
five phases: a) conceptual, b) validation,
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c) engineering development, d) production, and

e) deployment, A considerable number of systems
incorporating uPs are now in the sngineering de-
velopment phase. pPFs are boing applied to attitude
control systema, guidance sensors, signal pro-
cessors, commuanications equipment, telemetry
equip.aent, command and control squipment, and
general purpose computers,

Changing Computer Resource Management

Computers [with the associated soltware] have
been complex, expensive and critical components
in the overall system., As a result, they have been
treated as a Configuration Item (CI) where their
epecification, development, fabrication and test
are carefully controlled. In particalar, ag a CI,
the compater can be tested dirsctly, with GSE
{Ground Support Equipment) providing flexible
stimmulue operation and response mouitoring,

Fecent and near-tarm pP techuology develop-
ment will permit the uP-baged computer to be em-
bedded within other ayatems, 9}15':- Force Regula-
tion BO0=14, Vaolumes I and IT ¥ 0 p‘l‘n'rlde
guidelinga for the planning, development, acguisi-
tion, support and test of compuler resources
embedded in sydterns,

Hardware costs and technical risk factors
associated with pP applications, ae cﬂmpal.'tti wihth
PASt ASTOSpACE COMmputer developments, have been
reduced considerably, and there is some question
as to whaether they should be treated as Cla. The
ansgwer bn this q_u.aal:i.m iz not clear and will
probably depend on the specific situation; if the pP
is used as & uriversal logic element, or if it is
HEed 1n a |i.|'l'.|.p1|.- I:n-n.{igur:.lim where it can he
itested conclusively, then it need not be treated as
a CI, Omn the other hand, if the WP ir emledded in
an application that requires considerable support-
ing ITCI'. memory circuits along with extengive
software development, it .ﬁhnu'lid. be emphasined by
‘H.'El.l‘l'ni; it, aHll, as a I, In betwersn thege tero
extremes there will no doubt be a gray area which
will L 2ed to be resalved 'I:g,.' the prﬁ-r_:-.'ring AFENCY .

System Testing

Cmce pPa are incorporated into & system,
they undergo development, gualification, accep-
tance, and pre-launch validation testing, MIL=
STD 15404 {U.SAF‘II, "Fegt F‘.-aquirq:menta for S.F:.t:-a
Vehicles", provides the genaral reguirements for
ground testing. Specific projects augment thiz
specification as necessary, This specification de-
fises the functional and environmental tegts to be
performed. Typical tests performed include func=
tional, electricel, wvibration, acceleration, shock,
the:r mal=vacoum [altitude), temperature cyeling,
voltage-frequency margine, radiation, EMI, hua-
midity, and burn-in, For each test periormed,
the fﬂuﬂiﬂi ateps are included, a) identification
of what must be tested, b) formulation of test

cases and test set-up, o) execution of the tests,
d} wverilication of results obtained,

Before (ground)] systam testing begins,
however, a substantial amount of teating at the
subsystem {computer) level has taken place, Em-
biedded uPs have the potential of eliminating same
of this testing, because the overall testing at the
wf part level {which has evolved primarily {rom
commercial considerations) provides a very high
level of confidence in the uP as a part., The con-
centration on a small group of parts {the uPs) by a
large number of users [tosters) provides assur-
ance of test gquality at the device level. The
question that remaing to be anewered fa: Can pP
based systema be built with well specified parts
which will periorm as intended, with only minimal
testing &' the subsyetern level, which can th- n be
installegd for I:c.ﬂf_'i.n._ at the ly’ﬁ‘l:ern'! Tavel, :.d can
the says+ m'a operation be verified adequately for
off-nominal and contingency conditions in addition
to ﬁ"..tl,'.-l:il‘ls the normial r:qq:iri:mmﬂl:l ?

- Based System Validation

Compuater scoftware programes have developed
extengive verification and validation [VEV] pro-
cedurga. This I becavse the combination of data
bit states, instructions, /O and interrupts have
been o extensive that specigl tests are required
to validate that there are no undesirable computa-
tional ]:I-l:l.l'jltl- The internal cormplexity of the wh,
along writh the unpredictable sequencing of the
inl‘.ﬂrruptu and of the inatroctions 'I;.-'!,r the waegr,
have regulted in problems similar to those faced
in software developmont.

Some of the technigues used in softwars V&V
lgach as structured testing and independent testing)
are finding application in uP testing. In some
cases, 4 replica is being constructed, which wil]
provide access as required for tu:ting: the replica
corresponds to the ICS (Interpretive Computer
Eimulatinn} used d.ur:ing software VRV,

The current approach i to make uge of lower
cost compenents to actoally construct a replica of
the hardware aysterm to be tested, This permits
an independent validation/ verification of both the
hardware and the operational software, and their
interaction. Alego, fany facets that cannot be
cagily tedted in the embedded configuration can be
ecasily “riven by appropriate software inputs,

Independont hardware/software validation will
become more important as more sophisticated
redundancy is designed into our systemas,
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Testcrs and Test Patterns

A majos problem has bean the greater com-
plexity involved in formulating the test patterns
required to validate the uP operation. On the
ayatem level, this problem is really not unique to
pPs. Discrete221/MSI implementations also re-
quired equivalent effort in formulating the tests,
but the accrssibility of internal test points {even
though not accessed 1o any exhaustive degree), and
the overdrive capability of the circuits, provided
a mare comiortable situation in the mimda of many
users.

Logistically it is easier to test cne component
type *= .1 than several that would be involved in
adis rete/551/MS] implementation, §.e., teniper-
atury, wvibration, electrical and other tests need
be dare opce rather chan several times on the in-
dividoal components, Alse. microcomputer devel-
opment systems are available that {acilitate proper
development and functivnal check-out,!2 In addi-
tion, automated test equipment has bean developed
that permits thorough [rﬂ'lf‘%ﬁnal. elactrical and

environmertal esting.

pPs exnobit both soft and hard failures. Out
of tolerance DC and AC measurements are uged 10
ferret out such problema. 1 "Shmoo' plols are
alun made to verify proper response within & range
of variables, 17 or excmple, ¥ pand Jpp are
varied over their limite and Ipp s measured to
vearify thar it does not exceed a certain limit, Fo
each P, &0 to 30 Shmoo plots may be needed,
Automanted 1ol equipment (8 needed 1o perinem all
these Tesis,

Az has hean pointed oul previocsly, exhaustive
1esting of all combinations |8 impossible. For
aysferm lavel testing the conceptl of siress lesting
perlormed during qualification testing is invoked:
that is, the sleciri- al and environmenial test
levels are raised and lowered 1o levels sxceeding
those Lo be encountered in normal operation, The
expeclation is that any weak polnts in the design
will show up during the qualification 1ests. Quali-
ficatlion testing i3 usupally parformed an a single
unit or a few. Acceplance [2sling is perlormed
uging test levels equivalent to thouse expecied to be
encounterad in operation and is performed on all
units to be delivered,

An exhaustive lest of a pP device would in-
volve elecirical and environmenta! testing of all
combinathons of the combinstional and seqguential
slates than can occur on the external and internal
rodes of the device., Exhaustive testing not only
tests for normal operation but chechs for coupling
efferts between the various data paths, and active
and passive elements, The number of combina-
tions is the number two to some power, Just lak-
ing the nurnber of instructions as N and the number
of bits ag M, the number of cornbinations  is
C=2MN For a 4P with 8 data_hits and 30 in-
structions, C « 2240 = | 7 x 10" -~ a very large
number! [f one asasumes that sach combinatior
can be tested in one microsecond, it would reouire
many thousands of centuries to test the device,
Since each device is actually only tested for a few
seconds to a few minutes, it can be sesn that tesd
coverage of the combinations is minuscule, But
experitnce shows that reliability wise the devices
work well in spite of the lack of exhaustive testing.
The reason for this is that the devices are designed
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{by understanding and control of electrical, ma-
terial, processing and geometry parameters) so
that cross coupling effects are not extensive, and,
therefore, testing all combinations is not neces-
sary. The key effort in uP testing is to identify
what combinations should be tested and to formu-
late tost patterns, electrical and environmental
tests to provide maximuom test coverage with min-
imum test time. Toa large extent, accepiable
togts are obtained after several iterations.

Metheds for testing wPe include & combination
of, a) sell testing, b} comparison testing, &) ziored
pattern testing, and d) algorithry aided pattern tes-
ting. 16 All of these methodn require that the
internal blocks of the P be identified and appro-
priate test patterns or test vectors be formulated,
Each test vector in turn may involve several clock
cycles. For example, checking a 65K program
countér may require executing repeatedl; a test
vector (such as the "ADD" instruction te=i pattern)
65K tlmes, Current uPs, ﬂtp-tndin% on caéif eom-
plexity, require between 3, 0C0 and 20, JUD test
vectors, It is estimAated that a one man year of
effort ip required to design a good teat.

Several LS] testers are available for testing
+Pa, These testers have the capability wo apply
teatl patierns and to monitor, record and analyze
responses. These testers are costly, i, e.. up to
about 5400, 000, and, therefore, independent con-
tract tes'ing is commonly used, Some of the older
testers are becoming capability limited for such
reasona as inability to generate the proper timing
and lesl patterns, orf pin limitationa,

1V, Operational Testing and Fault Tolerant uPs

The purpose of testing is to uncover failures,
While in space, the normal functioning of & com-
ponent provides the most practical means of
checking its health status. Telemetry signals of
key teat points, along with mission data, allow
the detection of any abnormal conditions. [n some
ingtances, diagnostics, self tests and command-
rFespongs lests are executed to perform a more
exhaustive chechout. [f upacceptable performance
in detected, redundant designs permit the turn=off
of » failed systern and the turn-on of & standby.

In the past, standby redundancy with ground re-
configuration control hae been used extensively
with accoeptable results,

During the past several years. fault tolerant
computer designs have been investigated. 19, 19
Fault tolerant designs permit uninterrupted pro-
-essing, sven when fallures have occurred, uPs,
because of their low weight and power character-
istics, are particularly attractive for fault toler-
ant designe, Fault tolerant designs reguire the
abiltiy to detect failures, and to invoke correc=
tive actions, [n a senge. the real time testing and
{ailure detection capability performas continuous
tegting of the system, with the fault monitoring
circuits serving as the teat equipment,

In a fault tolerart configuration, the system
muat be able to detect all types of failure that
can occur. Failures can result internal to the pP
or from exterral sources such as faulty inputs,
failed power supn:, and failed clock pources,
Various technigues have Leen developed to detect
wnd magk the varicus faylts that can ogecur., The



pasic operation ol SoIMe Of Lthese Lachniques are
described in the following paragraphs.

1n order to detect internal y#P faults, one
technique used is to operate one P as the active
processor and a second as a monitor, Both pro-
cesnors operate independently and the results are
compared continuously. If a discrepancy is indi-
cated, an error signal is sent to a multiredundant
reconfiguration unit which turns off one yP, turns
on another. Each of the two pPs now active, roll
back their program and re-execute the program.
If a fault persists another pair of uPs is selected
until the failure is circumvented. For long mis-
sion duration guidance applications, this technique
has been found to be of particular interest, mainly
because it can handle a series of single failures
and it minkmizes the number of spare pP modules
required, There are other fechnigques that can be
used, sach with its own advantages and disadvan-
lages.

Another technigue, the "pair and spare' con-
cept, utilizes three uPs, each performing the
idortical computaticns. The outputs fram two of
the uPs are sent to a comparator., If a failure
occurs, the outputs from the third yP are used.

Another concept is to use two uFe and com-
pare their outputs. 1If a failure oceura, both pwPs
are forced into 2 diagnoetic mode, with the one
which passes lts diagnostic taking control of the
outputs. This technique nas slow recovery re-
sponse time, but at lower hardwars penalties,

A uP may indicate false outputs because it
has received faulty inputs. The technique used to
defect such failures is io encode the data and per-
form error detection and perhaps correction upon
its receipt, The P must also cacode ity ocutputs
prior to its placement in the output bus. This is
to allow the receiving unit to detect line fallures,

Data, address and control buses are used ax-
tengively in yP-based systems., A short on &ny
device coupled to the bus results in correlated
faults in all devices using the bus. Reduyndant
buses can be used to circumvent bus failures, but
gince buses conaist of many lines, such as a 16
bit data bus, and since devices are pin limited,
gpare lines are used rather than complete redun-
dant buses, This technigue reguires switching
electronics to remove the faulty line and to re-
place it with & failure free line.

Voltage and frequency monitors are used to
detect out of tolerance conditions and appropriate
switching to unfa led units I8 periorme ..

Fault tolerant compulers are being designed
so that specific hardware and soltware faults can
be injected into the system in order to check out
the operation of the faul: detectors and the recon-
figuration units, Alsgo, the circuits required for
[ault tolerance are designed to be testable. Faor
example, a data encoder can be forced to place
improperly coded data on the line so that the
operation of the error detecticn decode - can bhe
checked out.

Fault tolerant yP-based systems have been
demonstrated. Viewing such systems, one is
struck with the fact that the circuits required for
fault tolerance such as for data comparison, wvol-
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tage data switching, da a encoding, erzor detec-
thion and correction, and voltage frequency monl-
toring far outnumber the bagic WP circuits. The
reagon f[or thia is that these funclions are now
being performed by discrete and MSI1 circuits.
Considerable parts count reduction can be achieved
if many of the fault detection and correction cir-
cuits were built inte the LSI, uP and other eircuite.
Some trend in this direction has been achieved in
the commercial market. For example, an LS
device for a microcomputer already has ROM,
A, LfO ports and a time out counter on a single
die. A monolithic L5I analog voltage regulator
device exists which in addition to its voltage
gwitching, pulse width modulation and voltage reg-
ulation functions has an input that can switch off
its outputs. All of these capabilities can be used
to simplify conaiderably the deslgn of fault tolerant
systerns. Military projects are also underway to
degign uP and LS] eircuits suitable for high relia-
bility fault tolerant systems. Considerable acti-
vity and progress is expected in the developiment
of LS] devices with built-in fault tolerant capability.

V. Con:ilusions

Teating of uPs in space applications is contin=
uing 2t an acceleraled rate. The methedology for
testing wPs and other L3l devicesa from the pro-
cesslng level to an on-orbit checkout has been well
eslablished in previous military and commuercial
sysiems. Specilic uPs are being qualified to mili-
tary specif.cations, and more will be added to the
list, Experience to date has nol uncovered any
generic weak 1inks within the 4P,

The general environmental and electrical lest
conditions are well established in previous space
projecia. However, the specific applicability 1o
uH's is beirg investigated, (improvements ars
evalving and detailed test procedures and reguire-
ments are being formulated, Specific devices are
in various stages of gualification to space environ-
ments, Testing to date nas shown that P can
meel the environmental and functioni] require-
ments for space applications. The formulation of
worst case functional and electrical testing has
not been solved. The ‘unctiunal tests now per-
formed incorporate worst case postulated condi-
tions. Preparation of good tests required inti-
mate knowledge with the internal structure and
processing of the P along with intimate know-
ledge of electrical ceupling effects, and the
fatlure mnodes uncovered by exparience.

The high cosat of [ailure [or space applications
requitres high reliability designs. High reliability
mandates extensive testing and in many instances
fault tnlerant and redundant d(-:ig:n:. Fault tol-
erant features built into yPs and other LSI cir-
cuits are expected to receive considerable atien=
tion in the future. Such activity will benefit not
only space sysiemg but many ground based eivi-
lian applications.
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