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1. ABSflRACT 
Commercial-off-the-shelf (COTS) plastic encapsulated 

microckits @EM) are candidate-packaging technologies for 
spacecraft due to their lower cost, lower weight, enhanced 
functionality and speed. PEMS can weigh half as much as the2 
m t e r  part ceramic packages. A lighter package results in a 
smaller overall payload for the same board functionality, a 
concern of critical importance f a  space missions because the 
payload mass dictates the launch vehicle requirements. 
Engineem within the co"erciaI and Berospace industries are 
using trade-off and risk aoalysis to aid in reducing spacecraft 
system cost while increasing performance and maintaining high 
reliability. Establishing and implementing a parts program that 
effectively and reliably makes use of these stateof-theart, but 
potentially less reliable, devices has become a significant 
portion of the job for the parts engineer. 

Assembling a reliable high performance electronic system, 
which includes COTS companents, requires that the end user 
assume a risk Companies have developed methodologies by 
which they use accelerated stress testing to assess the product 
and reduce the risk invdved to the total system. Currently, 
there are no industry standard proces3ures for accomplishing 
this risk mitigation for use of COTS in space. 

PEMs are a subset of commercial off the shelf parts. 
NASA programs are struggling with the profq~~3 of using 
PEMs in their respective projects. Most of the projects are 
considering the use of PEMs on a case-by-case basis. One of 
the issues facing the space industry is that most PEW are not 
screened by the manufadurer to their equivalat hermetic 
counterp~tt (if one exists). Therefixe, projects must screen and 
qualify PEMs for each of their applications. The main purpose 
of qualification and/or meening of any component is to 
mitigate risk to the end user. Commercial parts are not qualified 
or reammended by industry to stringent levels of reliability 
and quality required for NASA's space missions. Therefore, 
the COTS par#packages need to be assessed by each NASA 

programlproject to reduce the risk significantly for short and 
long duration NASA missions. Assembling a high p a f i a n c e  
electronic system with COTS PEMs components requires that 
the end user know the risk associated witb such 
implementation. To minimize the risk involved, users employ 
accelerated stress testing to assess the padrages and reduce the 
risk involved to the total system that depends on the duration of 
the mission. There are no standard risk mitigation techniques to 
accomplish this result. With the increased use of PEMs in 
NASA's Space applications there is an increased need to 
develop an 8ssessmeLlt and reliability strategy that can be 
versatile enough to be used in all NASA ProgramdProjects. 
This papa will discuss a proposed methodology intended for 
qualification of PEW by NASA. 

2. INTRODUCTION 
Plastic Encapsulated MicrocircUits (PEMs)(Spell out) are 

much more readily available than hermetic devices, mainly 
because market forces (cost and volume) encourage most 
designs to be developed first as plastieencapsulated [ 121. At 
any given time, more part functions are available in plastic than 
in ceramic [3]. The U.S. military and government, the major 
purciuwxs of hemetic parts, have became relatively small 
portions of the total electronics market. It is estimated that 
hermetic parts accounted for less than 0.25% by the year 2000 
[4]. With package technology moving to surface mount, 
development of ceramic packages has lagged further in the 
m i " n i c  market, making adaptation of plastic-packaged 
integrated circuits to government and military applicatiuns even 
more critical. With global competition, industriaI research in 
materials and manukturhg processes will continue to focus 
on PEMs. In general, PEMs weigh about half as much as 
ceramic packages [3]. A lighter package results in a smaller 
overall payload for the same board functionality, a concern of 
critical importance fbr space missions because the payload size 
dictates the launch vehicle reqUirernents. 
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The cost of a packaged electronic part is determined by 
several ttictors: die, package, volume, sue, hctional 
complexity, assembly cost, saeening yield, and the specified 
qualification-required tests. Hermetic packages usually have a 
higher material cost and are faljricated with more labor 
intensive, manual, processes due to smaller volume 
requirements. In addition, hametically packaged integrated 
circuits purchased to militaty specifications can have material 
costs up to ten times more than plastic packaged integrated 
circuits because of the rigorous testing and Screening included 
in the procurement costs [5] .  When both types were screened to 
customer requirements, it is estimated that purchased 
components for plastic packaging of integmted circuits cost 
12% less than their hermetic counteqmts, primarily due to the 
economics of high volume production [63. COTS do not 
necessarily cost a NASA project less to use than full US MfL 
spec. parts. [7l Appropriate reasons for projects to select COTS 
are for mission essential fkctionality or for availability if the 
build schedule is tightly constrained. 'There are a number of 
reliability related issues with using COTS PEMs fbr space, 
indqxndent of the device technology, including traceability, lot 
confmance, relevance of manubturer data, saeening, 
change control, radiation hardness and obsolescence. 

Qualification tests estimate expected life and design 
integrity of a device. They are destructive by nature. Most tests 
are not conducted at the application conditions, but intxn-porate 
accelerated levels of stress to accelerate failure mechanisms, 
often at known sites in a device. The main purpose of 
qualification and/or screening of any component is to mitigate 
risk to the end user. Many of the new NASA missions follow 
the 'Wet-, Mer, Cheaper'' philosophy which is intended to 
mitigate as much risk as prudently possible for a reasonable 
cost. 

3. RELIABILITY OF PEMs 
The reliability of plastic-encapsulated microelectronics has 

increased tremendously since the 1970% due largely to 
improved encapsulating materials, die passivation, and 
mmufhcturing processes. In particular, modem encapsulating 
materials have low ionic impurities, good adhesion to other 
packaging materials, a high glass transition tempgatuse, high 
thermal conductivity, and coefficients of thermal expansion 
matched to the l e a d h e .  Advances in passivation include 
fewer pinholes or cracks, low ionic impurity, tow moisture 
absorption, and thermal properties well matched to the 
substrate. 

The forces driving these improvements are the system 
manuhcturers that have placed inaeasingly stringent quality 
and reliability requirements on PEM suppliers. At the start of 
1995, an Average Outgoing Quality hctor of less than 20 ppm 
and bilure rates of less than I failure in 10' device hours were 
not unco"on [8]. It is expected that these numbers will 
continue to decrease. Perhaps the best endorsement for PEMs is 
from automotive manufacturer. For example, automotive 

qualification includes sample temperature cycling for 1000 
cycles, thermal shock (liquid-to-liquid) for 500 cycles, 85°C 
and 85%RH testing for 1000 hr, life testing for 1000 hr, high- 
temperature reverse bias for 1000 hr, intermittent operational 
life testing for 20,000 cycles, and autoclave (live steam) testing 
for 96 hr. The number of rejects allowed fw all these tests is 
zero. Most vendors pass these tests without problems, 
indicating a broad, industry-wide ability to meet or exceed 
harsh automotive standards 191. 

Even with modem improvements to PEMs reliability there 
are still uncertainties assoCiated with using PEW in space 
environments. Some missions require the electronics to operate 
in a relatively benign environment while other missions are 
more severe. Currently, users of electronics for space 
applications screen and derate all parts, plastic OT hermetic, for 
each application. When high-re1 hermetic packages are 
procured, the manuhturer has generally screened than (with 
the cost passed on to the end user). This is not the case for 
PEMs. The end used must decide on how best to screen and/or 
qualify parts for their particular application. Sometimes the 
screening is intended to assure that parts can be used outside of 
the manuficturer's specified limits. The University of 
Maryland CALCE Center has termed the process to use parts in 
this manner as 'uprating' [ 101. The choice to uprate can come 
with various legal consequences. Most manufadurers have 
advocated that using a part outside its intended temperature 
range will automatically invalidate any implied warranty. 

4. REQUIREMENTS FOR SPACE 
NASA has traditionally categorized space level EEE parts 

by reliability assurance level, with Grade 1 as the most reliable, 
intended for use in mission critical and life support 
applications, Grade 2, moderate reliability for general purpose 
applications and Grade 3 for non-mission essential, higher risk 
applications. Grade 1 parts are generally US MIL Class S, V or 
K parts, Grade 2, Class €3, Q or H and Grade 3 may be 
MILSTD- 883 compliant. These levels offer cost option 
traded& because the proawement cost for Grade 1 parts is 
typically higher than fm Grade 2, which in tum is high= than 
for Grade 3. 

Using Grade 1 parts or their equivalent should be the user's 
first choice when available, since reliability risk is minimal and 
acquisition cost is competitive. When Grade 1 parts are not 
available, and commercial grade is to be used, it is highly 
recommended that some upscreening be perfmed to ascertain 
reliability and radiation risk. Commercial jmts are higbly at 
risk when used in a high reliability application (e.g., space). In 
particular, plastic parts must be evaluated fbr package defects 
as well as electrical and radiition performance. Commercial 
parts are almost always manufkctured on multiple 
foundry/processes, assemblies, and saeened by different test 
hilities. Upscreening, and a qualification by the user, are 
expensive and can jeopardize parts due to mishandling. Great 
care is therefore taicen in its planning and execution. 
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Upscreening and qualification is only valid for the lot being 
tested and results cannot be extrapoIated to other lots. This is 
especially me for radiation results. Performing upscreening 
and qualification on a part does not make it equivalent to a 
Grade 1 part- It does however considerably reduce risk and 

by two mdepeyzdent groups, one an industrial consodum, 

$15,000 respectively for the cost of screening microcircuits. [7J 
Upgrading costs for microcircuits make COTS upgraded to 
Grade 2 almost as expensive as off-the-shelf Grade 1 parts. 
Again, COTS only makes sense for essential functionality or to 
meet size weight or availabiliry coI1sb;tints. The cost 
e f f e c t v m  of COTS becomes even more dubious when 
radiation is considered [73. 

q“Q its merit by the test results (fallout). Estimates made 

auother from the US Army arrived at estimates Of $13,%)0 aad 

It is reasoIlsble to assume that COTS active parts are not 
designed or manufactured to meet any particular level of 
radiation l“s, for Total IaniZing Dose (”ID) or Single 
Event Effects (SEE). Thdore, Radiation Hardness Assurance 
assessments have to be performed on every lot. This is true, 
even for follow-up buys of previously procured part types, 
because process improvements, die shrinks etc. occur almost 

about twice as much as Grade 2 parts and one and a halftimes 
as much as Grade 1. This reinforces the conclusion that COTS 
microcircuits are not a low cost alternative to inherently space 
level parts. 

con tin^ with COTS parts and such changes can mgatively 
impact radiation perfoi.ltmce. COTS screened to Grade 2 cost 

5. PEMS PRESENT A RISK FOR SPACE 
Using PEMs in space Bight applications raise concerns 

about traceability and lot conformity. Figure 1 illustrates an 
example of a label fiom a bag containing MIL-STD-883 
compliant “ i t s  from a major international supplier. 
The globalization of microelectronic man- has created 
major problems of traceability. Mixing of sub-lots with 
Merent histories is v i l e  for PEMs. h4anufkh” may 
mix sub lots together on the same reel without clearly 
identifyingthem. 

ELECTRONIC S E “ V E  DMCEG 
us€pcK)PEREgg 

 PROCEDURES 
S2X2A 

Figure 1: Lack 0fTmCeability for COTS 

Although mantIf i”  may claim traceability to raw 
material lots, wafer nms etc. if &lots are mixed together in 

bulk packaging or in the bowl feeders supplying tapeand- ml 

the precise make-up of lots received may be impossible for the 
small-scale space parts buyer so sample based evaluations such 
as DPA and radiation W e s s  assurance (RHA) may not be 
ef€ective. NASA has already had experiences w m  COTS lots 
have been found by DPA to contain multiple (up to 5 )  die lots 
or exhiit bimodal levels of Tobl Ionizing Dose (TID) 
sensitivity (centered on 5 and 20 kmds). [q 

machines this traoeability is difficult to mainlain Insight into 

It has been reported by one PEMs that their 
FIT data was organized by date code and that one date code 
usually rep” as many as 650 million mimckuits. This 
does illustrate the inherent risks of relying on “ifacturer 
data and clearly shows an intense effort is needed to gain 
confidence in the data. It is also clear that gaining the necessary 
insight requim a close relationship with a supplier willing to 
share intimrrte details oftheir processes. 

Today the use of PEMs in space knowing the 
outgassing properties of PEMS because of the various molding 
compounds used by merent “nrfirctuten in the fabricatron 

space could outgas volatile materials that could condense on 
sensitive optical sllrfaces. The plastic molding compound is a 
complex and typicaIly ProPrietaFy formulation of a specific 
encapdating resin d various types of additives, which 
provide the desired properties for the packaged device. 
Formulations can include epoxy resin, hardehg 
accelerators, fillers, flame retardants, couplers, stress relief 
additives, mold release addilives, coloring, and ion-getten 
among others. Ifany of the material outgases when exposed to 
a vacuum andor heat, it may cowmise  operation and 
reliability of sensitive optics or sensors. One way to implement 
PEMs in space craft is to selectively iden@ the most reliable 
devices in a lot (or even multiple lots) of part types. Screening 
and sualification are geaerally the method employed to 
eliminate rejects aad mitigate risk of certain types of mure 
mechanisms Below in Table 1 are examples of failure 
mechanisms and modes that exist in PEMs that can be detected 
with comprehensive screening and qualification. These 
mechanisms are not just found in PEW but are the 
predominant m e e w  that present a challenge to the space 
parts user. 

of PEMS. Historically, m m g  testing was developed to 
qualify any plastic and organic materials that in the vacuumof 

A commercial database Containing a record of 1483 on- 
orbit commercial and scientific satellite histories for the past 
twenty years was compiled.. 157 system failures from this 
population were atdyzed for the NEPAG (NASA EEE Parts 
Asswance Group) Program [7J. Time to failure, using launch 
date and failure date inf0rmatiOQ was estimated . Figure 2 
shows a box chart of this data by assigned parts level. In this 
chart, the error bars indicate the range between maximum and 
mini” values, the box the 25 to 75 percentile range, the line 
in the box is the 50 percede or medianvalue and the diamond 
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is the mean. Thae is a clear relationship between the part level 
ami the time to failure data. It is not intended to imply alI the 
system thilures analyzed or even the majority of them resulted 
from EEE part failure, the database used does not provide the 
necessary level of detail. What can be said is that EEE part 
failures undoubtedly contributed to the fbihues and that 
systems that had more reliable parts, probably had bigger 
budgets and greater attention to detail in all aspeds and as a 
fesult lasted longer without a system failure. Most alarming is 
Grade 3 where the mediau time to failure was only 2 months. 

This data suggests there is a strong b e e t  h m  uskg 

Tesearch and providing more details of the analysis and other 
results related to the tbi lu~~ incidence rates will be published in 
2003 1‘13. 

bigher-grade parts and plactices. A report describing this 

Table 1: predominant Failure Mechanisms that exist in PEMs 

InfmtMortality Failures in a device population which 
bcur early in thelife ofthepopula tion. 

Wire Sweep kenn used to describe the permanent 
ement or be 

ent to move metal ions 

loss of device functionality due to a 
event typically the malt of a 

SCR structure in an IC 

SEL (Single 
Event Latchup) 

an ion strike. 
SEU (Single lp. “soft e m f ,  change of logic state, or 
Event Upset) bit flip caused by alpba particles or 

rays as they pass through a 

TID Dose, accumulation of 
ionizinn radiation SDeCified at 

taperb. *culm dose kite expos& at 25C. 
TDDB tTimeDeoendentDielectricBreakdown 

160. 

t 
1 2 3 

EEE Parts Lewl 
Figure 2. Time To On-orbit System Failure vs. EEE Part Level 
[71 

6. MITIGATING THE RISKS 
OF USING PEMs IN SPACE 

Unfortunately, the space environment is not one of the 
intended applications currently targetecl by manufacturers for 
PEMs. As such, PEMs intended for space applications typically 
require additional screening and/or quahfication testing to be 
performed by the user. The purpose of this testing is to 
compliment what the ma” has aka@ awomplished. 

a. SCREENING TESTS 
The terminology “smxrhg traditionally implies 100% 

verification testing at the piece-pat level. CoIllPlimentary 
saqle-based tests such as mechanical inspection may be 
performed, as well. In some cases it may be possible to 

level. ESS is a process in which a populated printed circuit 
board is subjected to temperature cycling in a powered state. 
The intent of ESS is to culI any potentiai gross workmanship 
defects that may exist as a result ofthe fabrication (and to a 
limited extent design) process. Upon completion of the ESS 
testing, a visual irtspection by a quality assnrance engineer is 
performed [13f. Feedback from this inspection would then be 
given to the design engineer. The design engineer can then 

perform E n v i r o d  stress ?3c“g (ESS) at the board 
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detemine ifany changes are nquired. Inaddition to ESS of the 
boards, vibration and electrical verification tests could be 
performed at the box and system level. 

Likewise, following a screening flow (which can include 
bumin) a final check could be performed on a smaU subset of 
parts (destnrctive test). This extra test is utilizsdtoverify that 
the screen was adequate to e l i ” t e  the weak devices and 
there was enough life lefi to be reliable during a mission. The 
sample of parts (that have gone though a screening flow) would 
have an additional bum-in performed on them (these devices 
are not iotended to be used on the mission). The ideal result 
would be that al l  of the samples pass 1Wh indicating that the 
screen was successhl at eliminating the weak devices and still 
left enough life for the mission. The passiiilities for screenin& 
flows 8 f e  virtually endless depending on mission requirenaents. 
Below is a list of rvpical screening tests that should be 
performed prior to a qualification flow. 

Electrical Ve&tion 
Most PEMs do not meet standard military temperature 

range (i.e., -55OC to +125OC). This should not be viewed as an 
immMate cause for concer~, but a risk to be mitigated. What is 
most important is for the PEM in question to meet the 
appropriate mission tempera” profile. In most instances the 
most severe tempemme extremes OCCUT cturing ground based 
testhg, not during actual fight. However, if no alternative part 
can serve, it becomes necess~ty to assure that part can fimction 
at the temperature profile required. To assure a part will 
function reliably in the intended flight application it is 
recommended that 1m0 electrid verification at the mission 
tempemtureprafileextremesbeperformed. 

VisuaIBiMedumicalInspeetion 
Visual inspection should be performed, on a 100% basis, in 

accordance to the nearest applicable standard (i.e., “y, 
JFDEC, best commercial’practices, etc.). Mechanical 
inspection should be Mormed, on a Sample basis, in 
accordance to the same. The intent ofthese inspections is to 
ensure device compliance to purchase order requirements. 

RadiognrpbkE 
Radiographic examination (X-ray) should be pe~rmed, 

on a 1Wh basis, in accordance with MIL-STD-883, Method 
2012, ‘Xadiography.” Unlike film, real-time X-ray provides 
high-resolution images in various planes by rotating the devices 
inside the chamber. This enables the PEM user to develop a 
ti”ensional abstraction of the device internal 
co”ction Performance of X-ray should not be viewed in the 
context of pasdfhd criteria attributed to lot rejection. While 
individual nonconforming parts should be rejected, the true 
benefit derived from perhrming the examination is to gain 
knowledge regtmling overall device c m  ‘on. -Depending 
on machine characteristics, care may have to be taken to avoid 
subjecting pam to damaging levels of radiation. 

c-SAM 
AcouStic microscopy imaging is a powerful tool and there 

are numerous refemces that cite the importawe of Scanning 
Acoustic Mi- utilizing different modes such a “C”, 
(CSAM), in assessin& the reWi of PEMs. However, there 
does not exist today an indus@y stamlafd for amsing the 
awqtance or rejection of PEMs based upon C-SAM resuits. 
There is evidence that &lamination at these surfaces can be a 
reliability concem [ 121. 

Studies have shown that deb" at the mold 
CompMlILdjdie inmface canbe the primary cause of elecbical 
failure during cycling [12]. Mold c o w d i e  
delamination bas been shown to initiate at the die comers and 
produce stress-induoed passivation damage over a large ana of 
the die as the debmination spreads. After delamimion, shear 
displacement in the debhami regions causes wildxmd 
degdation. Also, metal corrosion is accehated in the 
delamiMtion regions. c-SAM has been shown to be an 
important tool for the detection of delamination in three 
dimensions within a package. C-SAM iaspection is 
nondeamaive and package damage can be tracked through 
successivestagesofreliabilitytesting. 

Some Space Assembly facilities assume that at least one 
l ead-me element exbiiits 1W/o del- on the topside 
in all product and themfore use conformal ooating as a 
mitigation technique. [13] 

Matelwschurdera *atiim 
Not ail manufacturers and assemblers of PEW are the 

same: they use Wereat encaprmlants, additives, lead-frame, 
die passivation "his, assembly processes, and materials. 
Manufacturers of PEMS must implemenl qualification 
procedures ta i lod  to evaluate and monitor the capability of 
their product to meet desired service life in the expected 
applications to assure that products made with PEMS are 
reliable. One ofthe key materials involved in PEW is the mold 
compound. Is is important to qualitatively and qwmhtively 
umlerstand the mold compound used in the PEMS for a Space 
Applicaton as it could have serious repercusSions for moisture 
sensitivity, adhesion to leadtbme materials, mobile ionics, 
bw-in etc. 

A study of glass transition temperature (Tg) of the 
encapsutating materials was pe&& using Themo- 
Mechanical Analysis (TMA) for each of the five patts and the 
&ts &owed a wide spread with one value as low as 117OC, 
see Figure 3. A study of this type is destructive to a device 
(although tests could be run on prrrts and not damage the 
functionality of the device, it is not recommended as a 
” b t n d v e  method). A recommendab. ‘on f” the work 
would be to measure Tg for evezy lot until confidence in a 
manufacturer’s process has been established. Even then, 
periodic testing for Tg would be advisable f7J. 

5 



DRAFT 

b. QUALIFICATION TESTS 
Objectives of qualification testing can be to evaluate the 

routine informstion on the quality of a product; to develop 
information on the integrity of a device and its structure; and to 
estimaae its expected service life. Qualification tests are 
destruczive by nature. Most tests are no5 CMlQLCted at the 
application conditions, but incowrate accelerated levels of 
stresstoacl%leratewuremechaaisms,oh at known sites 
in a device [14]. Unlike the dewice ma” who must 
balaace device reliability and product yield, the space-user is 
strictly concerned with assuring device survival during 
integration, test, launch, ope” and (if necessary) storage. 
In application conditions where the environment is not 
controlled, the load profiles of te-, humidity, 
vilmtion, contamination, 
and radiation, as a function oftime, must be predicted based on 
past experim. Past experience for space applications is not 
always available. C h m d y ,  many compauies are building 
databasestorecordsuGhdata. 

&ectiveIless of new material% processes, and design; to supply 

‘1 /--- 
I --- 44 3- ann m 

7-m 

Fipre3. Glass Transitian T- of Molding 
Compounds used in For Five Merent  
Ma” of PEMs [7] 

Destnrcthrie Physical Analysis @PA) 
The purpose of conducting DPA is to build a knowledge 

base of component comtrudion technology. It is hoped that 
observations and made during DPA wil l  aid in 
the establishment ofwsiform pass/fatl criteria associated with 
C-SAM results (delamidons). DPAs can be performed by 

Destructive Physical Amlysis for Electronic, Ekctromagnetic, 
and Electro~hanical F%r&s,” where applicable. 

following the guide he^ established in MTLSTD-1580, 
“ 

JSgh Temperature Operating Life (HTOL) or Life Test 
HTOL is concerned with infant mortality and the long-term 

reliability of devices to withstand temperature extremes. when 
peaforming HTOL, the guidelines established in JEDEC 
Standard JESD-22-AlO8, “Bias Life” can be followed. 
Dynamic bias is PreferreQ but not mandatory. It is 
recommended tbat electrical ”ents at the mission 

t e m p ”  extmnes (e.g., cold, room, & hot) be pedormed 
prior to the start and at the completion of the test. In addition, it 
is also recommended to take electrical “ents, at room 
tempmtwe, at the 16&hour and 5OO-haur marks. T b e  
additional m e a m “ &  avoid wasting precious schedule time. 
Due to the long lime periodbetween pllrchase cycles, the space 
user can anticipate performing HTOL on every lot of PEMs. 
However, to reduce testing costs, parts purchased at the same 
time may be able to be qualified as a [13], 

TemperptareCyding(”/C) 
The purpose of performing TIC is to cull potential 

coefficient of thermal expaasion (CTE) mismatch corns. 
TIC testing can induce or exacerbate delamination, aiding 
corrosion by creating pathways for mistUte ingtes. When TIC 
testing is performed, the guidelines established in Joint 
Electron Device Eogineering council (JEDEC) Standard JESD- 
22-A104 or Mii-std%83 method 1010 Cod C, ‘‘Tempemhue 
Cycling” cau be followed. After the completion of TIC testing, 
final electrical m e a s ” &  at the mission temperature 
extremes (e.g., cold, mom, & hot) shauld be perhrmed. 

Steady-State Temperature Humidity 
B h  Life Test 

85/85 testing is cmduded to assure that parts can survive 
inthe~controlledmoisture ladeneminwment prior to launch 
specifically, varianca in moisture and temperature dvoing 
integration, test, transportation and storage of the spacerraft. 
Once in the vacuum of space, moisture becomes a non-issue; 
moisture is h”te . ly depleted upon entering the vacuum 
envhnment. When 85/85 testing is performed, the guidelines 
established in JEDEC Standard JESD-22-AIO1, “Steady-State 
T e m p e ”  Humidity Bias Life Test” should be followed. 
After completion of testin& find electrical measurements at the 
mission tempemlure actremes (e.g., cold, mom, & hot) should 
beperformixi. 

owww 
outgassing testing is used to identi@ and Quantify volatila 

being emitted from PEM samples according to an accepted 
stsmdard such as ASTM E595 The parameters measured for 
this stambxd are the total mass loss (TML), collected volatile 
condensable materials ( C V O ,  and the water vapor regained 
(WVR). Since molding formulations are continually changing 
the ou tpshg  test should be used to monitor and or qua@ 
packages to insure their suitability in critical space applications. 

RadiationIlrudnessAssurance(REA) 
All parts, commercial and/or military must be evaluated for 

RHA. When required total dose evaluation is conducted in 

and Quality Conformance procebures,” Group E, or equivalent. 
BecausePEMs are not required tobe decapsulated, conducting 
a total dose test is not a cause for concern [13]. For PEMs, 
Single Event Effects (SEE) testing can be of great cause for 
mncern, It is hoped with the advent of higher energy charged 

accordaDcc with MIL-sl”D-883, Method 5005, “Quatitication 
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Temp Cycle 
Post T Cycle 
Electrids 

ion accelerators that it will be no longer be necessary to 
decapsulate every PEM to perform SEE testing. In the mean 
time, the process involves much trial and error. 

Qual Ta = 45C to +15W 

data sheet @+25C, +70C, OC, 
Interim test every 100 cycles to 

+125C- -55C 

c. THE DERATING PROCESS 
The derating process is a prudent practice to follow, 

whetha or not a device has a military or commercial pedigree. 
It involves reducing device voltage, current and power by a 
certain percentage to extend longevity. 

Building high reliability spaawait used to be a relatively 
straight forward process that involved the selection, purchase, 
and use of military qualified Class ‘S’ anaor Class ‘B’ parts 
for all of the cumponents. The spacecraft was built accotding to 
customer dictated requirements Historically, the customer 
would expend considerable resources (e.g., time and money) 
being personally involved in the manufacturer’s design process 
and overall program management. In today’s perfwmanw 
based paradigm the space customer outlines the mission 
requirements and holds the manufhhrrer responsible for 
meeting the requirements. The only degree of customer 
oversight is in the area of cost and schedule. ‘Ibe attradiveness 
and increased use of COTS and PEW are a direct response 
toward attempting to meet these constraints. 

Post HAST Electrids 

7. METHODOLOGY AND APPROACH TO QUALIFY 
PEMS FOR SPACE 

Most manufacturers of space flight hardware have very 
conservative manufictming practices. When using new 
packaging technologies, such as PEMs, even more 
conservatism is warranted. It is considered important to test any 
PEM to the mmukturer’s data sheet first, and then to any 
special requirements for space applications, particularly if the 
end use is near the extreme of the manuhctmer’s specification. 

Interim test every 168 hrs. to 
data sheet @+25C, +7W, OC, 

There are a number of reliability related issues with using 
COTS PEMs for space, independent of the device technology, 
including traceability, lot conformance, relevance of 
manufacturer data, screening, change control, radiation 
hardness and obsolescence. An evaluation taken on by NEPAG 
and NEPP (NASA Electronic Parts and Packaging Project) is 
designed to investigate these issues. To minimize the risk to a 
mission, the following criteria were used to select PEMs for 
evaluation 171: 

ModeratecompleXity 

Reasonably testable, 

Technology should be firly mature, 

Of interest to current NASA projects, 

Would not require exotic test fkturing 
Parts that successfully passed testing could be used on 
flight projects 
Robustness of design and process 
Reliability of device vs package type 

The subtlety of each step is what makes this plan eEective. 
As stated in the qualification test section the DPA performed 

7 

can assess the materials wed, the overall assembly quality and 
the glass transition temperature (Tg). It is neceSSary to measure 
Tg to determine the correct burn-in temperature. A burn-in 
temperature of 25OC below the Tg was decided as acceptable 
due to material propaties and variations of the molding 
compounds. ‘Ihe high theimal expansion above the Tg value 
raises reliability concerns such as: excessive stress on wire 
bonds, delamination between encapsulant and lead frame a die 
paddle, excessiYe stress on the die, and the release of bromine 
or red phosphotous (flame retardants) which has been shm to 
cause corrosion. The 1‘ electrical test is designed to 
calculate/mpare the vendors AOQL from rejects, while the 
FIT verification step is designed to cumpare with the 
manutbctura reported FIT rates. In the above flow all electrical 
data is full DC and parametric (no p d f i l  from the data sheet) 
so that any shifts (degradation) can be followed throughout the 
qualification. 

Table 2: Recommmded Screening/Qualifiastion Flow for 
PEW 13 

1 Electricals 

FITS Verificatian 
Sample Static Bum-in 
Temp Cycle 
x-Ray 

c-SAM 

Electricals 

Codition 
SEM 2.Tg 
Laser Serialization or other 
means fix traceability 
Test to data sheet @ +25C, 70C, 
oc 
BI@125Cwithreadouts@ 
168hrs., 5OOhrs. and 10oOhrs 
Ta = -65C to +15W 
Mil-Std-883 method 20-12, 
Inspect for wire sweep 
Inspect for delamination and or 
cracks 
Test to data &e@ +125C, - 

Electrids 

Dynamic Lifk Test 
@I) 
End Point Electrids 

Post screening DPA 

Lead solder heat 

+125C,Vcc%ax rating 
Test to data sheet @ +25C, 
+7oc, oc’ +125c, -55c 
Circuit used is per application 
(at +125C) 
Test to data sheet @ +25C, 

Die visual inspectioniBonding 
inspection 
Simulates board solder. Per 

+7OC, OC, +125C, -55C 

HAST Oual I 140185% I 



DRAFT 

Cold Startup 
(mtional) 

I +125C,-55C 
Vibration (optional) I Mil-Std-883 m&od 2007 cond 

A 
Per application requirements 

a SUMMARY 
COTS devices, including PEMs, have found their way into 

spacecraft designs and the trend is likely to continue. 
Advantages of plastic packages over their cenunic counterparts 
include lighter weight, enhanced fimctionality, including access 

availability. Lower operational temperature profiles, 
traceability, moisture susceptabilty, corrosion, inspectability as 
well as issues with radiation tolerance have been significant 
detriments toward greater acceptance of these devices by the 
spaoe co”unity.1 

to stateof-theart te&dOgy, and inaeased product 

Developing a successful and reliable mitigation strategy is 
the challeuge facing the space user that wants to take advantage 
of the benefits PEMs can provide. Each space mission is mique 
and a universal solution fbr mitigating risk does not exist. 
Screenings and qualifications must be tailored to specific 
mission requirements. These steps address known failure 
mechanisms for plastic parts and mechanisms that are a 
potential risk given the right circumstances. The sample sizes 
used for the various steps are dependent an the sensitivity of 
the test to screen out rejects. Critical steps are always 1W/o of 
the lot tested and not based on sampling. Radiation testing 
(very important) is not 1Wh since it is a destnrctive test and 
expensive to perform. 

Where missions in the past were well specified and utilized 
Hi-Re1 parts, new missions require creative solutions for 
upscreening and qualifying COTS and PEW. As space 
hardware manuhturers become more knowledgeable with 
usmg PEMs, other screening and qualification methods will 
undoubtedly be developed. The goal is to develop more cost 
effective screening and qualification methods. 
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