
.
1

M-UR--91-4135 oa --
/

DE92 ()()7412

;..IS AIU?IOS Nalmd I.nnfmrory IS IIXMW bV Irm 11.mummuyIA IAnlormm forIWO‘Jnm Slmw Dapurmml 111Ennrqv tmiwr rmlmcl W- 145. ENG-341

TITLE RIIl)lll: ING TNE ENISS ION (N? () ZONE DEPLETING CHEFII(:ALS ‘:: .
..

w

TNROUGH USE OF A SELi~-CLEMING SOLDERING I?R(’)(:ESS - ~ ,
,.’- .-”

.
.“‘.:2

AIJT14[)H’!;) L . L [(:liTENlliHi(; , (; . MARTIN AND P . VAN DilREN M[)TOR[)i.A [N(: .
R. [MAN - SNIJi ANI) M. T . PAIWYCT - LAN]. (:7.S- 1

,;IIIIMITTI:[I n) I IICII ANNIII}J. I!l.E(:TRONTI:S

1’) - ~ I l?l~])~l]Al{y , I 1;1)::

N,\VAl, W?, WON!i I:lINTIH{
I:li rNA IAK1l . (:A

HANllFAM’ililIN(; SEMINAR

l)(2$CLAI~R

1, 11 ,.lll .11, ,. II ID, .. ,11,, II. II I,. ,,1111,. r,,., ow ,Mpfw Itnl ,Iua j .: , ,,wobtt, mmw IUIII II., I .MIIW.4 !BB.,WO .,BvIIII, Ifmw au wt.,,, II, III IIII,W .W WmIIrn MIMI m

,!, ,. ,,, ,1,1, ..l, nll ,,, .1., ,1 ,!, !. ,,,,,,,,,,1,,,,, 1. ,1, ,Il,ln IIIW,W, ,1, l,, .,, ,111 I i - mllVml VltllWlll .m,utfmam mm.

1,,, , ,1 ,,!.. ,. .1.,1, 891 ,1 .Illt,,.n,,,, ,,,,,,,,..,., II,,,, ,1,,, ,,,l,l,., I,NI ,!,,,,l ,1, ,1,,,. Iol,t MI II m,Ib ,n,trt,t ,mw I, Ittw ,rt,. II I*IIM rw II ,hm I ; 1]mllmrrmimnl 0 a .ImI,Ib

——. -—. —.. —. . . ..- .,. . , —-- .— ..,- ..— . .. ---- . . . . . . . ------- .. —- ..-. -— —-

.,, ,., ., -J:;. ” :l;Pl I ,1. ,11 -..1, .. ., 1,1,-,1(,11 -,.

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



REDUCING TEE EMISSION OF OZONE DEPLETING CHEMICALS
TEMXTGH USE OF A SELF-CLEANING SOLDERING PWXESS

by

L. Lichtmkrg, G. Martirt and P. V-anBuren
Motorola Inc., Government Electronics Group

Scottsdak, Az

R. Iman
.%.adia National Laboratories

Albuquerque. NM

hf. T. Paffert
Las A.kunos National bbomto~

L4XAlamos. NM

Motorola has jc” J with %@ia and Las Alum[Is Nmonal bbomtories to pmfor?rt
work under a Coo~aI .weResearch ad Devckpmcnt Agreement (CRADA ) to reduce [Ile
use of CFC’s and other ~zone drpleting printed wiring board (PWB Icleaning solvents, This
study evaiuated the w of a new soldering process that uses dilute adipic wd in lieu of rmm
flux. The procew conwrnes the adipic acid in lieu of mHin tlux. The process consumes the
uiipic acid during the soldetig -m and prcc!ude.~the need for w..tbsequentcleaning
wlch ozone depleting solvents,

This paper pnwents tmudts from a series of designed experiments thu evaluuted PWB
cleunlinetiri as a function of various Ievel,ti of muchme control pum.meters, The study
Included it comprehcnmve kclware reliubllity evduutmn. wkh included envlmnmcntal
conditmnmg, clean linesti resting, wrt”ace chermcd Mi,IJy\Is, w.u-ke lnwdatmn mslwunc~
resting, ulorlg with elecmcal. mechunul and lon~ mm wordge testing,

The results of this study mdicute thui the new process produces quidity, reliuhk
hurdware over J wide runge d’ processing pummeters, Adilpll{m t)t’IhIS pmucss, which
elimlnules [he need for wpplemerm.1 cleamng, WIII huve J pIMIIlVC Impuct on mmv
cnvlronmentw pmhlems, including d~plc!]lm of the tmmti luvcr



INmomJcnoN

The de9tmction of the Earth’s protective ozone layer is one of U3day’s largest
environmental concerns. %.nted wiring board (PWB ) cleaning solvent emissions have been

identified as a @rn.ary r.ontributor to this destmction. Industry has nssponded to this threat
by developing new self+ieaning soldering processes, which eliminate the need for
subsequent FWB chxming. However, these processes wave no~ yet been approved for
military h.at’dwam applications. This paper dewibes a ‘mk designed to evaluate a new
self<leaning soldering procr+s, and to prove that hardware produced by the pmccss is
acceptable for md.itary applications.

The program is a joint effort undertaken by Motorola Inc.. along with Sandia and Los
Alamos National Laboratories. This work is being accomplished as pan of a Cooperative
Reseatch and Development Agreement (CRADA) under the Department of Energy (DOE)
Industrial Waste Reduction Program (IWRP), The objective was co evaluate the new
process, solder hardware thereon, subject the hardwwe to environmental screening, and
@orm appropriate diability testing and analysis. The data from these tests WINbe used to
support approvals d’ the prtxess for tnditaty hardware applications.

The pqgram was approx.imatcly 75% complete in early December 1991. This puper
descfik the events that led to the undertaking of this program; the experimental approach
and testing methodologies emplnyti, the tcsults from the experimentation and analyws
thereo~ and the conclusions based on the msult+to-d.ate. Post test analysis and
wqplemental testing was still in-pnxesh, the resuks then tim will appear in a tired report at
the end of the ptugmm,

BACKGROUND

The imp~t of the em.imion of ozone depleting chemicals (ODC”s )on the ozone Iuyer IS
well dncumentml. [t has been estimated that one-fifth of these ODC etnmmns come tmm
cleaning processes for PWB”s and other electronic gear (Rcfetwwe 1). In mspon,se to fhis
environmental problem. industry has wined u~ing altemuw solvents with lower ozone
depletion potenmwi (ODP”Y): A veIopGti new. non-ozone depletlng solvents such A%
terpenes; installed cometwauon ~hniques to reduce the mmsslon of ODC’s where
altemute solution huve noi been discovered: and developed self+ leaning soldering
procesisw Cmmerwmon cechmques and the use of”lower ODP wlvenrs are only $hon rem
soiunons. as envmmmenttd Ieg]tduuon and coopemlive effomi, WWIIas the M(mtrcal
Protocol. are smvmg to eliminute all ODC usuge by the year 2000.

Alfcmutc cleamng wlvcnts are not the opi]mul +olutmn, as they WI]]huve neg:ltlve
cnvmtmrnen[d and ecmmruc Impacts, These negative !&tori ~nclude: I I rhe envlmnmen(d
Impucrs of”pmcunn~ mw mutenuis ?br cleunln~ cq.urmem fdmca[nm, 2) (he lur~c ium)un[



of enmgy consumption for conversion of these raw materials into fabrication materials,
cleaning machine fabrication, cleauing solvent production and cleaning eqmpment
operation; 3) the env u’on.mental impac~ of disposal or mchnation of these alternative
solvents; and 4) the economic impact cf equipment purchase and operation, and solvent
purchase, StO~ and handling.

There are several self+deaning sokkxing processes that have been developed over the
past &w years. The prcx~s utilized in this study ws a dilute adipic acid board preparation
solution, coupled with a formic acid vapor in a nitrogen cover blanket in the soldering zone.

Adipic tid is a white crystalline dictixyl.ic acid mm.erial that is dissolved in
anhydrous isopropy! alcohol for use as a flux. “f’betypical concentranon of the adipic acid
for u as a bourd preparation material ranges from 1to 3 percent. Adipic acid has been used

as a fluxing mat.uial for several years within the commercial electronics indusuy.

The physical and chemical proprties of adipic acid have been evaluated by a number
of mseamhers to chamcterizc the effects of the material after wave soldering (References 2,
3and4). Thetna.taial has bcenuwdin corrtmercial elcctnm.ics assembly for wveral years,
generally in modes that have not wed cleaning after wave soldering ~perations. These
applications range fium under-hod automotive applications to cellular radio
cmmm.n.ications.

The adipic =id tnatuial used in this study was applied to the PWE’s bv an ultrasomc
spray prmess. Much of the adipic acid is consunud during the suldcring process. At the end
of the process otdy a small ~entage of the ofiginal amount of inured remuins on the
circuit. During the preheat stage the adipic acid reacts tc Mute the ‘m and lead oxides on
the surface of the solder, like nod rosin fluxes. During chepreheut period a small unouni
of che adipic Kid is driven off aod condenses on the cooler :;urfaces of the muchme, Adiplc
acid is also tiven off tig the wave sohiering o~mtion.

Formic acid vapor is added to the prmesti by bubbling nitrogen though a Iiquld t’mmc
aad solution, The amount of formic wid vapor introduced to the much.meis governed by this
nitqen flow rate. The fomiir acid m the nitrogen cover blanket acts as an oxygen gerter,
thereby further taducing oxide fonrtadan in the soldering zmw, The thrtmc ud
decomposes into CO. and H@ due to the hear of the wkiering prwcwi, kn additmmd
knefit of the in~ atmosphere iti che rvductlon of drrm on tie solder ~.)f.

The wave soldering ttwhine used du.nng th~ progmrn hus wvmal key features
mc!u,!ing three mdepdent conveyom (tlux. ptdwit and wider ~, J dwd wuve ( tur!wlenr

chip and Iam.inur). and an ultrasonic spiny hcud t’m the tx)urd prepwd[]t)n tlIIId, Thw
wldenng ptmcewihtui muny cmmollublc puranmers which mtlucncc vuwd wider quul]ty

and Iomc cletudines~. These purametem mclu~:

● flux conveyor Mpeed

● preheat conveyor qmed
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solder conveyor speed

solder pot temperature

wave angle

turbulent wave on/ofi

adipic acid Pementage

formic/mtrogen flow ram

Motorola uses several of these machines in their commemid divisions with very good
success. In addition to improved solder q~idity, they are seeing impmved prmkcr
Aiability. Figure 1 illustrates the rccktion in failures obsemed in accelerated life temng of
a commercial product.
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EXPERIMENTS

Recognizing that evety different ?W’B design may have a different combl~iAon of
soidering parameters to achieve optimal visua solder quality, experiments wem performed
to define a range of paramems that represented abroad process window The objective was
to understand how the combination of parameters wlthm this window affected solder
quality and ionic clemliness. Hardware was fabricated and tested to demonstrate that any
hardware soldered within the process window would be as mhabie as the existing rosin flux
process.

Specific trst objectives were to demonstrate that the promss could produce hardware
that:

1. Meets the military specification limits for ionic cleanliness and surface insulation
resistance:

2. Does not degrade during typical product environmental conditmning; and

3. Does not degrade with long term storage.

The multi-funcnonal Motorola Sandia and Los Aiarnos teium personnel designed a
series of experiments to meet these objectives. These experiments requued three difierent
PWE ‘s: a general purpme board, a comb pattern board, and a functmnal test board. Detads
of how these boards were used in their tespcctive experiments are described hereafier,

EXPERXNfENT 1- LONG TEIUM STORAGE Validation

This experiment tecp.red a functional board whose performance could be phywcally
measured, and vtsually mspectecL atlcr bcmg wtb]ected to s~mu!ated long-term storage
testing. % FIkfU-139 PWB was selected for t,ius purpose.

The FNfU-139 Mu general purpose bomb fuze. current.$ bcmg budt at a r~te m excess
of 500 fizcs per &y, for Navy and Air Fome apphcutlwvi, This IS an 0.[)93 mch thick
double-sded board, currently being soidcmd with a rosin tluxholvenr cleamng process.

AA]iniuai screening ex~rimcnt waa ~“mmmd to understimd ihe irnpud d procesti
pura.metet’son the solder quality and Iomc cleanliness of the 0093 mcb thick board. The tive
$oh.lertngprocess parameters evaluamd m the cxpertment .ue \hown m the t’ol]owmgruble.



Table 1. InitiaI Screening Experiment Parameters for 0.093 Inch Thick FWB

i Levels

Factors Low High

FIux conveyor speed 0.8
I

1.1 met.dmin.

b-~ 80 I 120 deg c
T- in solder pot 3 I 6 sec.
Adipic acid concentration 1 2 70
Presence of Formic acid none 7 Iiterhm.

Please note that the time in the solder pot ad preheat temperature are governed by
heir respeaive conveyor speeds. The wave angle, solder pot tmnperature arid turbulent
wave status were heki constam A half-fraction of a 25 factorial experiment was designed.
yielding a 16 ceil experiment (a ceil is a unique combination of process settings 1.One kmrd
per ceil was used to gather this preliminary data. The data from this experime.~t was
analyzed using several statistical sofware packages. The output tim these analyses
provided information that helped define the soldering parameters for the long term storage
test boards.

An analysis of variance (ANOVA) was cakulated for those factors influencing visual
and cleanliness of the boards after wave soldering. The most significant dfecx Muencing
cleanliness and visual Mkcts am reported in the order of them listing:

Single factor effects

. Preheat (high level)

~ Time on solder pot(lugh level’).

Two factor in~tion effects:

● Flux conveyor speed (low level) and preheat ~~t blgh level’)

● Preheat and adipIc aad concentrmon (both ‘tt Iugh level”),

● T’hne on wider pot (lugh level )

. Preheat (tugh level’)

. Ac!tipIcamd concentrauon fhqgh ievci ~.

Two factor mtmwaon effectx:

● l%x conveyor (low level I and adipIc acd (hkgh level)



● Rheat (high level) and adipic acid (high level)

s llirne on scolderPO!(high level) and Formic acid (high level)

On the basis of this analysis, three different pmurxter combinations (three ce{lsl were
selected to produce three sets of boards: one with good solder quality and ionically clean;
one ionicaily dirty (ckmliness >20 p.gfin~) with marginal solder quality; and one with
in-between cbnliness aud solder quality. Tbe three factors varied were flux conveyor

m-~ and time in the wider pot. The adipic acid and formic flow rate
were held at the high levels. In addition to soldering three cells in the self-dean mode, a
control sample of boards was soldered using the existing optimized rosin flux
soiderin@oivcnt cleaning process. Sample boards from each cell. including the rosin
boards, were measured m the ionograph.

The FMIJ- 139 Fuze was designed for 10 yearn of storage. However, the long term
storage test was designed to simuiate 20 years of storage to examine the process margin. A
modified Arrhenius rate equation as shown below was used to cdcuiate the test acceleration
factors.

where: Q =
Cl =

@ =

K=
T2=
T1 =

B =
RH2 =
~; =
A=
@. =
EC] =

accekratd testtime
simulated time (20 years )
Activation Energy (cV)
Boltzrnann’s Constant (8.63x10-~ cV/”K)
Accelerated Aging Temperature (“K)
!Uormid Temperature (‘K)
Humidity Acceleration Constant
Accelerated Aging Relative Humidity (~i J
Normal Relative Humidity (%)
VOiUgC Acceier3Qon Constant
Accelerated Electric Field (n Corrosmn Region (V’)
NormaJ Electric Field h Corrcmon Regmn fV)

Although tcrnpcrature, humidity and voltages can be used as accelermon factors. only
temperature was selected for tl’ustest. Tlus is because the product Ma one shot devwe. that
sits do-t in an ammo can with desicc~t for storage thr[;ugh~ut motit of its hfe.

The boards were suspended vertically on a rack. which was phccd In a tempemture
hunudity chamber The bourds wem wb]ected m an accelerwon temperature of 80 de:’ C,
and a reiatlvc h.urudity ot’40% for 2522 hours. wh]ch was designed to slmul~te 20 yew-i of
worage. The boards underamt a producuon hne elcctrrcul wccptance test Jr rime = 0, 1. I0.
133 and 20 years (wnuiated’).



EXPERIMENT 2- RELIABILITY EVALUATION:

This experiment required a ~’B with through-hole componenw. The boards were
subjected to ionograph testing, visual examination, and electrical and mechanical solder
joint testing after environmental conditioning. FQure 2 shows a Motorola test board (M’lTl )
thal was selected for this e“iperimen[. This board contains axial, DIP, and TO-99
components, along with a comector. The MTB was desiW.ed to support soldering process
optimization studies, and contains numero us features inciudiag various hole-to-lead ratios,
and difkrcnt ground plane-to-solder pad combinations.

FIGL’RE 2. Motorola Test Board L’sed For RehJbdIty Evaluat]tm TesrIng



An inilid screming cqmriment was #ormed to u.ndemr.and the impacr of process

pammetm on the soider quality and ionic cleanliness of the 0.062 mch tick M’TB PW%.
The five sokkriag process PWametm evaluated in the experiment are shown in Table 2.
The adipic tid was held constant at 2% and ndmlent wave was le2 on.

Table 2. Initial Scrm.iq Ex@mm t Pammeters for 0.062 LnchThick PWB

F~

Flux conveyor qmed

~~
Time m Soider pot
Pm’senm of FoKnlc d
Wave Angle

soider pot &mpaame

Levels

Low

0.8
93
1.5

none
5

245

High

1,2 meter.’m.m.
130 degc

4 sec.
7 Liter/min.
9 &g

260 deg c

A2h~f~~e X@.mmrt was &ignecL yielding a 64 ceU experiment (a cell is a
uniquecombination of process ,settiqs). Two boards ~ cell were used to gather
V-* m hh ~- visuaily examined for solder joint quality and had their
contaminant levels measurd in an ionograpk The data fhm d is experiment were analyzed
using several sta.tkical so-am packages. The output from these analyses provided
info~cn that helpd dcfmc the soldcrin.g parameters for the Reliabihry Evaluation test
boards.

An analysis of variamx (ANOVA) was calculatml for rho= factom influencing visual
and cleanliness of the boards after wave sokiering. The most significant effects influencing
cleatdiness and visual dckts are reprted in rhe order of tieu king:

Single factor effects:

● Time on wider pt (high level)

. ~h~ (high Iewl)

. Flux conveyot ~ped (lugh level)

Two factor interaxion effects:

. Flux conveyor speed and preheat [buti at high level ~

. Reheat and tune on solder pot (both at tugh Ieve[I.



~

Sixlgiefactor effects:

● Formic acid presence (high level)

. Wave angle (high ievei)

Two factor imemction effti:

● Formic acid (low) and solder @Xlp(high)

● Wave @e (high) and formic tid (either level)

● ~ (1OW) and sOhier kmp (high)

. Preheat (low) and %rmic acid (kYw)

-Illefillx corIveyor~ preheat tPmpmme and time m the sohder pot were sekmed
as the variable pametrn for the rehabi.li~ evaluation ‘a hardware on the basis of the

~e~~~P~ were fii at their respective high levels.
A lower aiipic acid ~entage, lower formic acid flow rates, alternate wave angies or
solder pot ~ should not adversely impact board cleanliness. The selectd
combit@iorl of Varkbk” ad fixed paramems were thought to best &fme an overall process
window th2t would produce diable hardware. The statistical analysis of the screening
experhcm data suggestd that a wider range of the seiected variable parameters levels
should lx US ~ new kweis of the varied parameters are shown in the following tabie.

Table 3. Rel,iabitity Ewt.iuation Eqmriment Sol&ring Parameters

I Levels

Factors Low High

F!ux conveyor speed 0.7 1.4 meterhm.
pt-e~at ~ 83 130 &g c
Time in solder pot 1.0 4 sec.

A 23 factoriai experiment was design~ utilizing the three varied soldering
parameters, this yiehied an eight cell experiment. An additional ~t of boards was soldered
using the traditional rosin flux process, foilowed by a soivent clearu.ng opem*iou The
performance of the self-cieaning process boards was compared to the rosin fh, t boards
throughout aE kste. Sampie boarch from both processes had their Ionic cleanliness
measured on a Model 500 Ionogrqh.

An attempt to measure free adiplc and fonmc aad rmdues on the bids was made
using the PC Honeywell Procedure 3S5 for KPLC analysis for conventional solder residue



component determinations (e.g.. abieric acid. neoabietic amds. Pb and Sn salts of these
acids ). AMmugh this procedure works well for conventional solder fiu..es. the uncomplexcd
formic and adipic acids are only sparingly soluble in the acetonitrile solvent used for
elution. Regardless of this iim.itadom modifications to the IPC Honeywell 355 procedure
were developed tbt slkmued an analytical detection limit of # yg cm-~ for adipic acid to
be achieved. An .4STNf procedure for hydrocarbon greases and oils was followed for
de:lmmimticfns of residual contamimms on an identical set of boards. This procedure
entailed washing the solder side of the board with 113 Freon and monitoring the absorbance
of the CH stretch region in a long (0.3-2.0 mm) path length liquid IR ceil.

A suite of pre and post-rnorasrn surface analytical techniques have also been utihzed to
examine the state of initial surface cleanliness and corrosion producs foiiowing long term
storage. These methods have inciuded optical microscopy, electron microprobe analysis
(EMPA). scanning Auger m.xcroscopy (SAM), imaging secondary ion mass spectroscopy
(SIMS)* and small area Fourier transform itlfrad spectroscopy (F’TIR).

The effects of corrosion on the soldered PWB’s and soider joint eiecuical and
mechanical integrity were evaluated by subjecting boards to temperature-humidity and

m~ cycie *g. ~ ImqmMwe-humidityteslingfollowed the specification
MIL-STD-33 IB, Table C1-2. T& ~ cyc~g exet w= a custom designed
test with a Iow temperature of-54&g C, and a high temperamre of +71 de,gC. The boards
were subjected to over 40 cycles, with 2 hour dwell times at temperamre exuemes. and a 2
hour ramp rate betveen extremes.

The corrosion evaluation inciuded visual inspection. followed by surface analysis of
any noted residues. The PWB’s had the electrical resistance measured through tlve different
soider joints per board. The rew.stance was measured by probing the joint using a four point
Kelvin measurement technique. TWQprobes were piaced on the bottom of the joint. and two
on the iead on the tq sde of the join~ and the measured resistance was recorded.
Mechanical joint s~gth was measured by pulling on seiect component leads and special
pull t=t pins until failure.

Eiecmcai and mechantcai parameters were measured before and after envuonxnentd
condmorung, and on cunuoi sample boards.

EXPFRI!WENT 3- SLWACE IWA,L%TION RESISTANCE EV.ALL ATION:

The PC B-24 printed wumg board was used as the test veh~cle for surface msulatlon.
res~stnce (SIR J testing. This board was selected over the PC B-M board. which has J
surt”ace mounted [C thereon. The B-M was not used because soldering of the [C on che
bourd could umroduce another contarmnant. even d the board was clea -Ixtafter soh.hwmgof
the pm.. Figure 2 shows a soldered PC B-24 board. The unsddemd :ard IS bu~ copper,
except fur tie gold plated connector tingers



Apprnxlmuwlv one-htdf of the UK bmuds were prc cltaIM hef(M’c Mdimng, in m
Mi)fi m mrnovc potemml wyqjlier conuumnunts. The I14mrrkwmc soldered al ~%s;urw Imw
as ihe Motornlu :esi hmmls. with as-rccelved ctmdimm und prv -CIIXUM bI)I~ls MIIU

wddercd m c;tch ~)t’the eight CCIIS,Similurlv. ;Igroup [)1’M+recclved imd preclv:mw! lIINIrr!s
wcm wddcrcd wllh the rnsm flux pmccss. thllowcd in’ ii solvent clcmnng, III ;Ldditl{m.
un!ddered PWB ‘$.m the ;Ls-m:tnvcdcondhml wm! supplhd ti)rs~ leslln~. ~M!sr IMNIX1:

hud PWB supplier conmmmunts ~mlv



IX test method 2.6.3.3. defines two diffmcnt test conditions for SXRtcstmg: 85 deg C,
8S% RI+;and 50 &g C, 90% KH. The standard test period IS7 days, with measummertts at 4
and 7 diys being cvaiuatcd. Both test conditions were u.scd,with eiectnca.i measurcmer,ts of
the boa.txi’spattern A being taken at time = O, 1,4, 7, 14, and21 days. Mea.summents were
also taken at time O outside of the chamber, and ~er completion of the testing.

Additional boards wem conftwrrmi coatsd and subjected to SIR testing at 65 deg C.
90% RI-Ifcr 14 days, with measurements at time = (), 8 hrs, 1, 2, 4, 7, and 14 days. These
additional cnvimnmentai test conditions am defined by MIL-I-46058C, as referenced in
Appendix A to MIL-STD-2000A.

REWJLTS AND IWCUSSXON

The results through early December 1991 have shown that the new self-chxumtg
soldering process IS cap~ble of producing miiable hardware, with VISUUIsokler qutiity
equwaient to that achieved with exuiting soldering systems. Each of the three experiments
supported these conclusions wwh very few anonudies noted.

LONG-TERM STC)RAGE ‘ITJ5T RESULTS

The long term storage testing compared hardware soldered with the exuiting rosin
flutisoivent cleaning process to the new scifdeaning soldering process over u simulated 20
years of storage. ~ diff~mnt co~hbilititiontiof soidering parameters were used br the
new pmccss, in an effort to demonstrate that acceptable hardwart reliability could be
obtained when pmcesscd over a wide range of soidering conditions, Ceii 1 PWB’s hud iI
soklcr visuai quality sim.ilur to that experienced in pmductmn, and an average iomc
cicaniiness of 39 micrograms pcr squcre inch. as merasuredon art iormgraph, Ce{l 2 pWB’s
had an average cieanlincw of 3.7 micrograms ~r squum inch and murgmul soider qutdity
Cell 3 was deiibcratciy soidercd with conditions known to produce h~gher mnw
contamination Ievcls, anti averaged 27 micmgrams pcr squum inch, This Ievci ISm excess
on the MIL-STD-XXX)A ionogmph machme acccptatwe limit.

Ten PWB’s tim each cdl. and 10rmnn flux soidenxl boards, were functmnuliy tested
periodicid]y durtng the iong term storage testing. Ali 40 boards pussed I product Ion line
eicctncai timchon acceptance test after t= (), 1, 10 UIUi1.).3 yew-s Inote: the product was

dcslgred for a iO-year sheif life ). However after 20 years {Ifslmulatmi stomgc t2522 hours ~,
three umts hud eiecmca.i performance anomalies.

The unmi with clectrwai anmmtiics were vIsuuiiy exammwi ;md found to cxhIbII
phywcai dumuge to a patmcuiar type of ceratmc hndv ditxie, ,md lncuiizcd msIduc (m the
bmmi, The mmummg tloardx were exatmned, and a Fewwere tbuml [[)exhlhll ‘iIlllliilr vlsuul
unomaiies. despNe hemg thiiy eiectrmdiy t’unctmnai. Figure 4~4S}N)WS;l(iumuged ~iimic(m



a board fxam ceil 1, which failed the elecrncal function test in one mode. Figure 4B shows
similar damage to the same diode on a board soldered with msm flux. followed by a solvent

cleaning process. Ftgum 4C shows an undamaged diode of the same type. The diode

damage phenomena appeared to be independent of the soldering conditions.

A

FIGLRE 4.
soldered Bmirds A)

c

Eroded Diode Phenomenu Wats Mm Obsemed On Rusln Flux
Self Cleaning %idermg Process; 3 ) Rosin Flux/Solvent Clcunmi

proces~; C’JLJrtdamugc(iDiode

~bti rcwiue on the !murd hhown in Figutt 4,4 appears w hwie run down (he rtght wdt of
[he hIJurd. 1[appeam [hut water dripped WI [he bourd when It w:ui wspended vcrtlc:tily In the
envu’onmentid chumbrr. A wibsequent exammutl{m of the chumber reveukd [hut water

condensed on the wales and msdc ceding, and w:lter W:ISdnpplng down (NW side. The

c!’tumber W:L$ dhia!s,%cr,tbied and fou-d to huve a bud tluul In IIS $tcam gcm!rmor [1 is.
suspected rhu[ [he tlout th]ed wmetlme between 13,.1 and 20 slmulutcd ve;m, [i’ v), this
would Incrcusc tht chumber Ilumdity Ud could cauw w:iter [o dtlp ;Ilong (h{:cdyc ()( wmw
{)t”the bourds, These cnndit]lms wotdd dr:unut]c;d]v c!mnge the cnvlronmenl:d s!russ (m [he

I(W Wmplts,



The damaged diodes and tesidues am being subjected to a post test amdvsis to verify
the respected cause of the failutes. This analysis will not be completed until early 1992, and
therefore is not discussed in this paper.

Two extra boards nom each cell, and two resin flux scldered boards wem conforrmd
coated and subjected to 14 days of 65 C and 90% Ml conditioning. NOvisual damage to the
suspect diud~~ was note~ and no visible residues wcm obsemed.

XULLIABXLITYEVALUATION TESYl?INGRESULTS

The Motorola test boards (MTB’s) wem soideswd under eight different soldering
parametix conditions. None of these boards exhibited any significant problems during
subsequent evacuation testing. F@re 5 shows the average results fkom ionograph testing ot’
five boards per ceil, along with five rosin flux soldered boards, An average of 24.5 p.g/inJ for
cell 1 boards exceeds the
m.icmgratndi.rd.
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FIGURE S. Ionic Cleanliness Ww Fumxmn of !hchmc Soldering P~arametcrs

Addiuonid ionograph te!itm~ W,W pErhYrmEt!hv !!w Nuvy”; E.MPF fw:lity m
[ndiunupoliw ‘Iky used an [onogrqh Modc~500 SM which e~nph)y%u hcuted wlutl(m. ml
therdk shmdd remove more t“wmtmmunt,~,Titblc 4 cnmpures thmr wcragc IWUIIIS,per
cell, [o thow mnographeti at Mommlu,



Table 4. Compw’ison of Motorola and EMPF Ionograph Readings

INMN123v5 678

MOTOROLA 5.12 24.45 3.7 a.o~ 6.78 8.04 11.60 7,7 13.64
ENfPF 3.53 30.91 4.52 7.55 6,97 7,94 11.04 795 ~~~

NOTES: Motorola used Ionograph Model 500
EMIT used Ionograph Model 500SM (heated solutmn)
Vaks are cefl averages

Several MTE boards we= set aside prior to environmental conditioning for antilvticai
determinations for uncompiexed adipic and formic acid residues. AL of the test lmurds
examined showed that the adipic acid determimuions were below detection limits (4)
pglcm~) for KPLC testing. Additional boards were setaside for total residuai hydrocarbon
content. Fme hydrocai ~m contamination was ba.rdy detected (<2 ygkm~k on only 2
bourds. [t should be pointed out that the resin flux soldered bourds underwent a solvent
cleaning after soldmng, and that b formucand adipic acids are insoluble m the 113 Freon
chant used in this testing. Further tests using more appropriate clution solvents were
in-process, in December 1991.

Figure 6 shows pornons of the MT’6boards that wem soidmmi with resin flux and with
~$eself cieaning soldering process. Figure 6A shows a rosin flux .wl&ed bmrd at 7X, and
Figure 6B the same board at 20X. Figures 6C and D show conesponding Iocmlons on a
board sokiemd with the new process. The resin flbx soldemd/soivent chned bourds
possess bright, cleun soider joints, as expected using u well refined technology The bourds
soidered with the new pmccs~ exhibit some wlute depmts at the buse of the solder ]mnts,
and in certain depressed tqymtti of the WE itself. Small arm FTtR exmmmmon dent:fied
the presence of very low levels of adiplc and formx acids m certain reg]ons of J few bourcis.
In other mgiotm, the presence of very low levels of puruully decomposed ikiipw and fornuc
acds, and nxidues from the respective acds, huve been sputlidly rouged uwng \mull area
tCfktiUICC ~ and SIMS,

ITIR analysis wus ah performed by the Electromcs Paclc.qyng Technology Branch d
!he Product .Awmtnce Chwwon, u the !Wwd Weupons Center at ChIrtiI Lake Cdifwnm
They mnchied thut there appeared to be no wgm~iwrtt Iwthm, ml thut the little or m
contammutxm M very encmuagmg,

Additmnui board km cuch cell, anti mwt tlux Yoldtmd bourdti, were vlbpxtwi N)
!cmpwure-hurrudity or temperattm cycling crmditmnlng, Inan ctfim 10eva]uute potent lid

cmrmuon or mtemul Whler print mtcgtmy prohlemN. ,4 wdwequent vwuul cx~mlnut ion
$howed no copper corrmmn, umi Iim]tcd muunts ~)t’resll!uvs M pITv I~)IAv dIscussLM,

These bourdNwere ahw tuh]ecrcd to elcctru,i imd rnechumc:d Icst]ng,





“IW eleariui testing of internal solder jmm rewsrmces before and af~erenvi.rcmmentxd
conditiomng differed by less than 250 micro-ohms. There appeared to be no Qgni15cant
difference between boards soldered with the new adip@kmic acid processor the exixing
rosin flux process. Aim, there 3ppeared to be no sqgn.iiiunt differences between boards
subjected to the ternperimure-humidity and those subjected to temperature qcle testing, or
the conmd smple boards which had no cmxiinoning.

The same boards were s~bj~~td to mecharucai puU tests, which were designed to
verify solder joint mechanical mregrity. Component leads axd sicidly des~gned pull test
pins wem pulled with ail fai.h.res cornmg at bputer than 40 pounds.

SLRFACE INS~~ATIOFi RESISTA?WE TEST RESULTS

ceil X ~s.recemed

cell ~ pre-dcand
ceil H pre-clcard
ms m pre -chxlned
cdl 1 I iis-rccclwd

meters ti>r I.tlw SIR Y’aiu

Env u amdition

8.5deg (:. ti.5’%Rff
85 (kg C. 85’%)R-H
5(?(kg (:. W% RH
5{)deg C. W)% RH
50 deg C. W% RH
50 deg C, q)% RH

Bourds

cdl iive mnogmph
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FIGURE 7. SIR Vaiues Lacked God Except for a Few Bad Apples

Figure 8 is a cotnposit.c photo of the ceil 1,low SIR value board. Figure 8A is an optwd
unage of L* of the fingers comprising the test comb pattern. The region outiined in Figure
8A was further examined using ENf.PAand SAM. The secondar electron image M shown
with X-ray maps of%, Sn, aml &. Other elements were also analyzed. but wem onutted ~or
brcvi,ty. The data indicate that this portion of the bourd gTCWcomos~on rewdue I 10-50
tmcmns thick), over the 21 days of the tc:Kia factor of three over the requued seven day
test ). ThIS residue was &tcrrruned to be pmnarily Pb and Sn oxides, mterm.ixed w!th low
levels I<z wt. %) of Cl, S, and F. The twnduc is evdent m nearly all of the SIR boards with
low values,

Figure 9 shows the rchmonship between cell wumgc Ionograph rcw.iings and the cell
iivcragc SIR values. These bourds were soldered m the as-nxclved com.litmn. and were
sub]cctcd to the 5(I I-IegC. W% RH testing condit.mn, The SJR va!ucs were tuken on day
wvcn.

MIL-STD-2~]A. Appendix A hus ii testmethod for q~uhfimg alternate tluxcs.
Additmud bmurh WCR contimrtuu coutcd and wb!ccted to the ~pprcprt~re test condltltms.

There wef? mJ low SIR values itt ths group, Figura 10 $hows the reltit]oc+hlp between wI]
averdge SIR value3 and the tempcrmmdhunudity test ,:(>nd]t]{]ns.on duv four The
tcmperwum Of the ~~t chumbcr ~~~d [1)huve ;m lm;j~ti[ (m WS[ VUIIMS,
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CONCLUSIONS

The test results and atdyses through early December 1991 indicate the self-cieaning
soldering process will produce rehable hardwate The testing methodologies employed on
this program proved sound widl testing parameters generally in excess af specification
requirements. The response variiles were measured in many ways beyond the usual
ionograph and SIR testing. Long term storage, electicaL mechanical and surface analysis
testing conaibutcd m verifying the reliability of hardware soldered with the self-cleaning
process.

~~US COtlChlSiOUS WCtt based UpOn th prO@lIII’ S t’CSUk.S, iUChldiil&

1. Visual solder quality equivalent to the exx5Mg, optmm.zed rasm flux soldemg proc-
ess could be achieved with the new self+ dearunq sokienng process. Additionally,
tie extra control f~ of tie ttew process offer the potent.ml of better results
when the process is optimized.

2. The process produced Akbie hardware over a wide range of process parameters.
Boards with ionic cleanliness values in excess of the Milmwy Specification linuts
still proved to be reliable.

3. Minimal mdues were observed on hardware. and were judged to have no mqmct
on hardware reliability.

4. F&cleaning of PWB’s, prior to sokiertng, gencra&y led to lower+nmal SIR values.

5. The new process will not degrade product shelf life.

6. The chemistry of the adipic acid solution is straight fonvard. conslstmg at’a s~mpie
fmrmkuion of adipic acid and isopropyl alcuhol, T?USprcvdes a consment rnme-
rml fkom lot-to-lo~ with excellent reproducibdlty m properties, The adwntage to
the user is the eiimimtion of dependency upon the addition of other activating
agents typical of resin fluxes,

In Wnmary, this new seif+eaning soldering process appe.m capable of producing
qw.hty. rdiabie hardw”at’e, over a wude range of procc!ismg puaxneters. Adopuon of ths
new process, which eliminates the need for uqpiemental cleaning, WII1have a pos~tlve
unpuct on many cumnt envuonmentai problems, including depleuon of the ozone luyer
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