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Thermal fativac life testing of varions electy o pachaging: feclmaologics is being performed by the Reliabiity Teclnology
Grovp ai the Jei Propulsion Laborator v, These (SN CIIOorEs cre v progress 1o fngn ove wnder standings of the veliabilify

issues associated witly low volime prtckaging technolog

s Jor space applications and Lo develop qualification: and

aceeplanee approactes for these teclmologios. The work described Terc outlines fhe clectrical failune detection techmigas
used during testing by documonting the civcuits and Componenis wsed (o make these measa cosonts, the scrstlivily of tie

measurcmends, and the applicalnlity of cacti specific measa cmcnt These measm cnents have been applicd (o life testing
of varions SMT pachases and also vias i polvindde-heviar boards Dfermittent cusrent detection conbined witle iilliolon

resistance traching circuits were designcd and fabricated to explore e onset of clectiical failurc in gulhving
leadless s face mownd deviees and vias for avavicly of test conditions. I addition, time constan and frogucene

Jlead and
P ECSponse

measir crments were used Lo measure vesisiance fluctuations in prassive devices: This swas done to g ale fatisue daia for
cdpacitor, resistor and inducton pachages, whicl often fuve differcnt packase desivns than active St face wieonmit divices.

The following wor ke presents all of the circuirs desiged and do

atncrts prcliviva v fest resalts,
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hifroduction / Background:

The  Reliability  Assessinent Technology  Clesting
Faboratory at the Jet Propulsion Paboratory is dedicated
to the qualification and reliability assessiment of advimeed
techmologics and designs for spacellight apphcation. I
addition to other ongoing work, hie testing of sunfiee
mount techuology (SM1) and polyimide- hevin boards is
corrently i progacss. T both cases, stresses due (o
cocliicient of thermal expansion (CTE) mismatehes ae
induced by thenmal eyeling. Life testing of sun face mount
devices is not new, but the canent ellon explores the
relationship between reliability and vanious parameters for
thra dow vohnne applications, These  parameters
mclude: detailed workmansliip inspection and visoal
concltion of defeets to clectrical measmements, reworl.
difleient eyelic temperature ranges, dificient cyclic mean
twmpetato ‘actunvatimosplicie, and eullwing  lcad
height. "The Sutface Mount Toechnolopy Qualitication
tescarch elion (SMT RTOP) provides Tile testing results
o other aclated  RTOP and explores testing
methodologics and clectiieal failure definition.  Sources
e ditcratoie have ofien reporied  ihe potianee of
micoifient open detection as essential in assessing, the
clectical partonmanee ol solder joints under thermal
cyclic Toading 3,6, Nowever, this el combines
intermiticnt open detection with resistance tracking

meastrements inhopes of providing, gicater resolution
into the onset of fuilue of swrface mount devices,
Punthermore, koge vilue capacitors and inductors may
have non-taditional packagec styles whicl iy cloud
reliability predictions for these deviees. Therelore,
additional techmigues aie 1equired Lo clectiically assess
the life of these deviees under thernal cychic loadmg.

Asatpigey-back™ eftori for o 1M canih orbiting projec
which s anticipating o stienuons thermal cycling
covitonment, the resistanee tacking and intenmitien(
detecion meastnements were applicd to life testing of a
fhight-Hike polyimide-kevia bomd. The stiesses on these
Viasis somewhat exacerbated by the Tape z-axis CHE of
polyimide-kevlar,

Solder - joint - failee defmitions vy belween
mvestigators, exanmples inelude: 509, peak doad diop,

T0%a increase in clectical resistance, initiation of o
7 sequential
micimittents, cte. Theretore, this work will aticmpt o
cithauee electiical failue delenmination techuiques, and
provide fotwe wst engineas o resoutee oy butlding
simple test cirenits for technolopy qualification and life
testing,

visible cracl complete fiacture ol joint,
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Test Ardicles:

The SMT RTOP bomd as shown in Figme 1 was
desipned specitically for SMTLife testing, henee seveial
steps were tuken tosolate the solder joints as the driving
life parameter. These design steps include: all conneeton
pins we redundant, all signal teacees are on the top o
bottom Tayers, wire-bonds are all double-stitched, and all
vias used to o fiom the top to botiom Tayer are triply
redundant.  Pumihcnmore, the bomd backside  allows
clectiical probing to cach lead to determine exactly wihere
the solder joint failme occuned (1o one of (two solda
Joints).  The bowd is seven-layeis 1o ensure copyw
badancing and provide a realistic composite CTEL The
bourd e s polyimide. Bach board contains
nurncrous components as listed m Table 1o Thiviy-five
test boads  are being, subjected 1o various  (est
cvitotmends  as pwl of a complete design o

experiments. Figure 20is o schematic representation of

the SMT RTOP board shown in Pipgore 1. Bach resiston
represents the daisy  clhiained  component(s) 1o be
measted. Duoe to the Tage nmsber of components and
the aclatively small mmber of pin connections some
sicnfices i resolution were made. For instance, some o
the automated resisiance tracking, mcasurements weid
made onmultiple paris, although isolation to individual
Ieads can be achicved manually. Fowm intermitient open
mcasurcinents are made on the board, one per cacli chain,
The RC and REC cireuils for passive device failne
detection will be diseussed later.

Figure 3 s a polyimide-kevlar board vsed for via thernmal
fatipue characterization, This boawd is similar (o one
which is to be used by a JPL project in an carili-orbiting,
mission, whicl will, therefore, be subjected to extensive
thermal eyeling. Numcrous jumpers were placed on the
bomds to provide a series cireuit of vias; o fow gullwing
sucface mount devices were tested on these boads as
wello Four =4 point™ resistance measurcinents and (wo
intermiticnt detection meastements were used doting,
testing, of these boards,

Resictance Tracking Civenit Deseription:

As shown in Figuie 2, theie we 16 resistors in the
resistiance network. Actually, cach of these resislors s
composced of bowd traces, wirehonds, internal pati wire
framces, and solder joints. At a pariiculise temperature, the
esistance of all these components is constant, with the
exeeption of fatipuing, solder joints.

The findimmental equation Tor analyzing, the micasmed
dutais Vo PR The voltape is measured on opposile
sides of aoresistance (a daisy-chained paird), V1 oand V2,
Then, by dividing by o known cunent, the 1esistance i
quesiion s found, The 12 bit, 100 KNz data acquisition
chimmnels (DAQ) have vy high input impedance;
therctore, conent flow 1o the DAQ is neplhigible.
Furihcimore, sinee some testing, was done in vacuun,
and vacuum clecetrnical feedthroughs we extremely costly,
external multiplexers (with a buffered arplificn) were used

inside the vacumm system 1o incrcase the number of

mcaswcments possible (Figure 4). Anunswitched

mltiplexcr (MUX) Tine will deaw negligible conent from
the nput line and the switched  line is bufleed
Therclore, ald fead and interconnect resistances (those not
on the test bosad) are inclevant,

A voltage supply was used to power all of the test
wicles sumultancously. Therefore,  inorder 1o measuie
the cunrent going, through caclr chain, o cunent sensing

resistor was placed o series with the chain. By
mcwsuing, the voltage, VAill, acioss the corrent sensing
resistor, Rewr, the cunent can be caleulated. The

1esistanee of the daisy-chained component, Reomp, s
their calenlated according 1o the following:

o,
A

Vi,
Sinee it is hoped to use this resistance meastrenment (o
conclite resistance changes with fatipue, as a mcans of
predicting the onset ol farlure, estimating, the unceriainty
in the measaicent is ipaative. The thiee principal
soutees of measuement crror e the sectaey of the
ctirent sensing, 1esistor, the accwmacy of the A/D
convericr, and noise. In order to reduce noise, both
signal averaping and shiclded wires were implemented in
the system constraction. ‘The  sensitivity  of the
mcasurcment o developed by the very basic cna
propagation cguations, The overall error in the 1esistance
muasurement is calcolated by the folowing:
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Pabview® was nsed as the data acquisition sofiware
package. The front pancl Tor mcasuring, resistance is
shown i the botiom ol Figure 7. All - voltaee
meastrements e an average ol 1000 samples; all
average voltape teads and the nunber of reads i the 2
and 3 sigmatange are stored for future reference and will
be evaluated for onset of failure trends, The measared
resistanee crrors are on the order of milliohins,

Intcrmittent Current Detection:

The imteimiticnt canrent flow detection cireuit (Figue 5),
terfaces with the sesistance ttacking mcasuroments
without  diawing, exeessive  carrent (bafitied  lines).
Puasentially, when a larpe 1esistianee spike occurs i the
chain ol components, the voltage dillerence across the
corcent sensing pesistor will po to zara, sinee Titile
current can flow theougly the coeuit duc to the Tape chiain
resistance. When the voltage across the current sensing,
tesistor goes below LAV the optoisoltor cireuit will
topele its Togic ontpat state. When this togele occurs, it
Latches @ Scl-Reset (SRY datch cirent. This remiains
latched until the logie state s aead and then reset by the
computer.

Sizing. ol the  corrent sensing resistor - (Rewr)  has
numcious factors which must be consideied, s, the
tesistor serves as a ceent limiter to the daisy-chiaiued
cotmponents. The power dissipation duc o large currents
will cause conresponding Lupe part to boad temperaduie



garadients, ‘L his was an boporiant fac tor for om
application, since one of the goals 18 to conclate the
results from viocau nand atmospheric thier mal eyeling
tests. 1ue 1( 1 the Jack of convection in vacoum, L upe
temperature pradionts would mahke it giviic(n 1 1 correlate
the results of the two tests. Vestin g showed the SM
board with 12 thermocouples had less than 30 (0 gradient
(across bomd and between paris and bowmd) du ing,
vacuum thermal eycling,

An additional Rear sizing requirenient is the voltage at
cither side of the difterential voltage outpul (resistance
tracking circuit) can not exceed 12 Volts 1o ensure prope
opcration of the data acquisition bowd.  Also, R-cw
sizing, dirives the sensitivity of the intermitient cutrent
delection cireuit. Rewr must be sized for a dificiential
vollage preatar than the 1.4V togele voltage for tliee
PLINY TCasons:  hoise margin, tesistance increases al
high tempoiatare, and for solder joint open resistance
thieshold control. I our condition, the voltage diop
across Reur at standind conditions was approximately 3.5
V.o lable 2 suminarizes the ofledds for various Rew
selection for pariiculan resistive component chains.

The minimmn period of solder joint open detection is
dependent on several pamamcters. The closer the voltage
across R-cur is to 1.4 at standand conditions, the faster it
will respond. Furthermore, the voltage across the oplo
isolator tust be below 1.4V for o period greater than
100 ns duc (o opto isolator and SR-tatch  delay.

However, the single driving factor for the sensitivity o

the cireuit is opr-amp slew rate. - When the aesistance
chanpe pocs above a particular threshold the voltage will
drop below 1.4 Ve however, the response of the op-amy
will lag. The constant op-anp slew rate model predicts
the worst case e response for a given cireuit with
patitcular op-anp (Figuie 6a).

However, the constant op-amp slew rate model s
extrentely conservative; inreality, op-amp slew rafes ae
not constant and - are dependent on bias voltage, input
voltage, intemal capacitance, and  external impedance,
Figure 6b displays the input and output voltape acioss a
741 op amp. ‘The inpot was provided using a Tektronix
pulse gencrator, The slew tate at the initial section of the
pulse is Lopern than the .5 Volt/naco-see as listed as a
typical slew rate. The slew rate then begins to “koee”
and it approaches the .5 Vnicro see value. However, in
the infermitient deteetion cireuit the opto-isolaton triggers
wound the “knee voltape.”  The actual op-amip 1esponse
for mterniticnt current detection cireuit is therefore faste
than that predicted by the typical slew 1ate caleolation
(duc to the nature of the cinenit and the event that s
being looked for). To test this, the pulse geuciator was
applicd dircetly to the intermitient detection cireuit. 1t
was verificd expermmentally that the cireuit would trigges
in 2.8 miciosec and 2.6 micro-see for a 446 ol and
1395 ol spike, 1espectively. “This is the worst case
response of any Rehain and Rewr combination.

Substituting @ 301 opampforthe 4 1 op-amp (duc toits
lper slew rate) weould yield resolutions into the () . 3
wicra seetane ¢ 1 he /4 10 was used duc to scheduleand
cost consttaints, Furilicimore, the cireoit containing, the
T4 E op anps was experimentally verified for minimum
pulse widths in the range of inteimitlent mcasuy cmenls
reprorted in literatuee [3,6].

Resistance Tracking in Passive Devices

The RC civcwit 38 simply  a yesistor and capacitor in
scries. A voltape will be applicd (o the cirenit and then
the voltape across the resistor will be mcasured until the
capacitor is fully charped. By monitoring vanviations of
the chrenit time constant, the resistance {and changes in
teststance due to solder joint fatiguc) may be calealated.
This  process is enabled by the high speed data
acquisition cquipment inouse, and a cunent amplificr
chenit used between the DAQ output and RC - chreuit
inpul. A sawuple mcaswement is shown in Figwe 7.

The  REC (esistor-indoctor-capacitor)  cirenit s
cssentially three series REC cireoits in parallel, with s
sized o provide three sepatated micasurements. The
tesistance is the real resistance of tiaces,  inductor
windings, and solder joints, while the 1ooand ¢ ae
primatily passive devices. Atiesonance the impedance of
the circnit drops signihicantly, drawing wote cutrent from
the powear supply.  This cuntent poes through a
transformer, which then enables the detector circuit. A
“superdiode”™ cirenit was used to enhance the performance
of this detector [8,9]. With Larger current, more voltage
will be seen acioss the load resistor in the detecton
cireuit. From this, meastrements ol the quality factor,
Q. and the max peak at the resonant ficquency give
sulticient information to caleulate cireait resistance and
monitor 1esistance fluctvations. The thice peaks seen ae
al the resonmant ficqueney for cach of the RELC cireuits in
patallel. A sample of the measmement s shown in
Pipure 7.

Preliminary Resolts:

Forreference, the typical hienmal eycles for the SMT hie
testing ave depicted in Figure 8 Figures 9,10, 11, 12,
and 14 display  combined intermittent detection and
reststinice measorements. Al “Time™  scales are in
minutes and we in efoence 1o a particolar test numba
not the total amount of exposure ina test envitonment.
Intermitients are plotted using, a time vs, chain nunber
scheme (where chiin nunber is superimposed on the y-
axis, ohms). Figares 11 and 14 have the intetmitient
markers cireled. Figare 9 displays the evolution for a 28
leadless component fiom a steady resistance eyele with
temperatuie  cyceling 1o aelatively  Luge  resistance
Muctuations. At e = 5000 in Figiie 9, the 28 Jeadless
components inquestion had undergone 727 thermal
cyceles (+5510 25°CY and 764 by time = 8500, which is
atthe end of test 51,0 Afler some time in test number 52,
shown in Figare 1), the fust intermitient occuned in
cycle namber 787, which then begins to repeat somewhat
sporadically until intcimitients ocemr multiple times per
cycle as shown in Figure 12 (eycles 823 - 836).  The




Lnpest resistance Nuctvations (from the steady eycle) ae
at the hot pottion of the temperatie eyele (25°C), and
pinticularly at the points of fusl reaching 25°C and then
the initial tamp back down (o cold.

The small resistance spikes at the botiom of the
resistance oycles (Figure 10) are due 1o the temperature
fluctaations (Figwe 8) associated with o 2 stage
atmosphiere chamber duting the =55 to 258°C cyele.
However, at the top of the resistance cycle (Figure 10), at
time = - 5400, a slight shift in the high end resistance is
seen. ‘The high end temperatares were measured to be
caual at the sunounding, eycles;  thacfore, for a 28
Icadless component, a resistance tracking, measurenient
was able to detect damage related resistance fluctuations
57 eyceles before an intenmitient was detected for a -55 to
25 °C eycle.

Contrasting 1o this, for a lager temperatae eycle of =25
1o V5°C (Figure 12), a resistance tracking measurement
found resistance  fluctuations  approximately 4 cycles
before intermitient opens were detected.

Conclusions:

In tracking, icesistances Nucteations, measurements musi
be compited at like temperatures only. Preliminary test
results have shown ncasurable resistance fluctuations a
nmber ol eycles before an intermittent open cireuil was
trigpered. Only a sample of results available are shown
for reference; o cotuplete set of results will be presented
at the conclusion of the testing program. — However,
cutrent cumulative life plots are using 7 intenmitient
opens as the failure cniteria, - As data continues 1o be
pencrated, the  statistical  significance  of the 1esolts
presented here will be nvestigated and reported. The
advantages associated with 1esistence tracking, techniques
may prove to be more benelicial for difterent package
types, Tor instance, fine pitch gallwing components,
wheie Jocal CTE ismatch s a primay diiver, the
damage may be measmed over o omuch larpe time
mtcrval.  Furthcumore, in future work, the life data
ecncrated will be conetated 1o manufacturing, defects and
a number of reliability models (both internal and external
to IPL). The resistance at particular teipeiatures will
also be plotted over the life of the component, and the 3
sigma voltage reads (from the 1000 data points) will be
cxamined for trends in identifying, failie onsct. The
work presented here demonstiates relatively  simiple
circuits that can be built with standard DAQ havdware
and external circuits with under 2 dollars in component
costs. Preliminary 1esults have also shown a relatively
close  compwison  between  intenmittent  open and
resistance tracking civenits for leadless devices.,
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