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Abstract
Rigid/flex multilayer printed wiring boards are more senshive to thermal environ-
ment.al changes than conventional printed wiring boards. This is manifested because
of a composition of dissimilar materials used within the construction of this type of
product. During fabrication and assembly, stresses can develop within the plated-
through holes from differences in thermal properties of the rigid and flexible
materials, primarily thermal coefficient of expansion. Thermal shock and thermal
stress tests and rework simulation as defined in MIL-P-50884 have been performed in
this study as indicators of processing quality to detect faults and to verify improve-
ments in board reliability.
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Summary
Thermal shock testing, which has been devised to span, > 1000 cycles were run, with < 10_',, change in

evaluate resistance to aging, consists of c,'eVing a resistance.

printed wiring board between temperature limits for Weight-percent moisture absorption in MC3811
designated interval's until a given number of cycles is boards was obtained from measurements before and
reached or failure occurs. Failure is indicated when after they were subject.ed to different humidity envi-
the electrical resistance of a monitored circuit: rises ronments. The release of absorbed moisture as steam

above some designated level, frequently 10%. Ther- during soldering or other high-temperature excur-
mal stress testing, which is used to measure resistance sions can be very damaging to the physical state of a

to degradation in a soldering environment, consists of board or laminate. Steam pressure can be generated
floating a tesl, coupon or section of a board on a rapidly in the material surrounding the PTH and can
molten solder surface at 288°C (550°F) for 10 s. The lead to barrel cracking or inner-layer conductor sep-

specimens are cross sectioned and examined micro- aration.
scopically for defects generated by this treatment. The thermal stress and tl_e thermal shock were
Rework simulation, which is also related to soldering, proven to be discriminating tests to judge the reliabil-

consists oi' soldering and unsoldering a wire in a ity of a plated-through hole. The thermal stress
plated-through hole (PTH) five times and then exam- simulates the soldering operation, while the thermal
ining the hole visually and in cross section for any shock can be used to qualit.atively estimate the life-
damage, time of a board in its end-use environment. Both tests

Cross sections of board specimens taken after can be used to indicate quality for the materials and
thermal shock and thermal stress were examined at fabrication operations and to assess the effect of any

100 to 500X magnification for barrel cracks and for changes on board reliability. The pass or failure
inner-layer conductor separation. The most. impor- criterion for thermal stress is the presence or absence
tam variable affecting cycle life for any of the boards of barrel cracks or a separation gap between the
was found to be the high- and low-temperatare limits inner-layer copper conductors and the wall of the
or temperature span to which the board is exposed. PTH. For thermal shock, there is an additional re-
Higher failure rates are observed when cycled from quirement that one or more test circuits do not
--65°C to + 125°C than when cycled from -55°C to change in electrical resistance by some specified value

+ 105°C. The worst-case temperature span expected after 100 cycles between upper and lower temperature
for the MC3811 is only -20"C to +80°C. With this limits. This value is usually 10%.
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Thermal Tests of MC3811 Rigid/Flex
Printed Wiring Boards

Introduction 1988. Much additional work has since b,,en done and
will be reported in a separate document.

Printed wiring boards (PWBs) made with combi- The RF/PWBs were exposed to three different
nations of rigid and flexible materials offer possibili-, thermal environments: (1) thermal shock, (2) thermal
ties for lighter and smaller electronic assemblies that stress, and (3) rework simulation. The details of these
can cost less and have fewer wiring errors than tests are given in MIL-P-55110D, MIL-P-50884, and
conventional PWB assemblies. Problems can, how- SS379453. Thermal shock, which has been devised to

ever, arise when a rigid/flex (RF) PWB is subjected to evaluate resistance to aging, consists of cycling a
a change in thermal environment that could occur in board between temperature limits for designated in-
processing, testing, or field use. The problems are tervals until a given number of cycles is reached or
related to stresses that can develop from the differ- failure occurs. Failure is indicated when the electrical
ences in thermal properties of the rigid and flexible resistance of a monitored circuit rises above some

materials, primarily thermal coefficient of expansion designated level, frequently 10%. Thermal stress,
(TCE). which is used to measure resistance to a soldering

This report is concerned witt_ the effect of ther- environment, consists of floating a coupon or section
mal stresses on the electrical functionality of the of a board on a molten solder surface at 288°C

rigid/flex board in the MC3811 programmer. This (550°F) for 10 s. The specimens are cross sectioned
board is shown in Figure 1. A breakdown of the and examined microscopically for defects generated
material composition is seen in Figure 2. The details from this treatment. Rework simulation, which is also

of board fabrication have been reported by F.L. related to soldering, consists of soldering and
Gentry, Printed Circuit Division 7413.1 It should be unsoldering a wire in a plated-through hole (PTH)
noted, however, that ali this work was done before five times and then examining the hole visually and in

cross section for any damage.

•

Figure 1. MC3811 Rigid/Flex Printed Wiring Board



RIGID COPPER
CIRCUIT GLASS POLYIMIDECOPPER

"B" STAGE PREPREG m______-
KAPTON COVERLAY

ACRYLIC ADHESIVE __
COPPER

FLEX ACRYLIC ADHESIVE
CIRCUIT KAPTONACRYLIC ADHESIVE

COPPER

ACRYLIC ADHESIVE

KAPTON COVERLAY
"B" STAGE PREPREG

RIGID _[ COPPER ----'-'----"

CIRCUIT ! GLASSPOLYMIDECOPPER

Figure 2. Rigid/Flex Material Stackup

Most of the testing was carried out with thermal
shock, and to a lesser extent, thermal stress. Little
rework simulation testing was carried out because it is
a destructive test, and it is difficult to maintain the

desired degree of reproducibility. Thermal shock,
which is thought to be the most discriminating of the _:: ::_
tests, has been adopted as a general test to predict
potential fatigue and other problems on products that
are expected to have a long reliable life even in
adverse thermal environments. It is also being used as

an indicator of processing quality and as such has
been valuable in detecting faults and showing areas
for improvement in board reliability, especially with
respect to PTHs. Barrel cracks (BC) and inner-layer
conductor separation (CS) in PTHs (Figures 3 and 4)
have been observed in development boards that failed
after only a few thermal cycles. No direcL correlation
between thermal shock and thermal stress has been

reported.

Figure 3, Example of a Barrel Crack
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Results
rl_ } Ila )re 1 ,,-;h(_wsthe largest I,)ercentage resistance

Figure 4. Example ()f' C,(mductor Sel)arati(m change of the three circuits after 1()() cycles and the
cycles t,() failure for b()ards wit.h different materials
and pr()('essing. A breakd(_wn t)y cir¢'uits is sh()wn in

The I-IF/PWB sl)ecificati(m, SS379453, specifies Tat)le 2. Cr()ss secti(ms ()(' [)()ard sl)ecimer,,s taken after
thermal sh()ck testing in acc()rdance with MIl:-I )- thermal sh()ck and after thermal stress were examined
'2()2, Meth()d 1()7, t() the test c()nditi(ms (thermal at, 100 t.(),)0()X magnificati(m t'(_rbarrel ('racks and t'()r
limits) specified (m the pr(_duct drawing. The b()ards inner-layer c(mduct(_r separati(m. The l)resence (ff
or test specimens are subjected t,(_a high- and low- faults such as shown in Figures 3 and ,1 is n()te(! in
temperature extreme for a minimum dwell time ()f Table 3. Boards from the misdrilled l()t, A t,hr(mgh K,
15 rain (maximum of 17 rain). N()rmally this is d(me in sh(_w qualitative t)(mrd-t(_-board (,(_mparis(ms and the
a two-chamber test system. Transfer time between etTect of changes in testing w_rial)les.
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Table 1. Percentage Resistance Change and Number of Cycles to Failure

WI ('hange Mill N(). Thickness
Afler 10() ('ycles ('yc'les Avg Ht)le (:u Tolerance

B()ard Temp ('yclin_ Max __1{ to Thickness as (Sigma)
,%,urce l)esignation (o(,) (",) (",) Failure I_.ec'(I (rail) . (rail) Notes

t{( 'I ) A a ().6() ,5.l 1,16 2.5H I).29

( Mis(irilh,d 1_, a - 0.50 ,1.2 14G 2.25 ().17

l,_)i ) (' a 0.-)(_l{ ,l,0 1,16 2.:{7 (),14
I ) ;,_ .. ().551._ 3, ') 1,16 2.(;',i 0,29

I'2 t .... ().()2 .....I I()II 2,.12 (LE!)

c 4 d • 0,7713 -.. 1 I()II

F' c I ().()I ....1 I()II 2.236 (),El

c)d --0.(),I -.I I()II

(', a (),55 5,3 15() 2.,17 0,24 , (l.eads in h()les)
H a 0.56 K5 15() 2.42 0,27 (l,eads in h()les)

,I b _ 1.2,1H .. I 187 2,3;_ 0,29 _]-I ai. st,art)
tr) -().48

1( b )-1.23H -_ 1 45i) 2.51 ().14 (H at start)
l.(i -(L,18

l,ilr()nics 1,1 a 414 24

1,2 d .....().16 1,3 _;.I (11) 1.67 ' 0,08
d .-)-a i 73() 5()

I,;_ d -- O,(;TB :.. I > I()(1 1,82 0, I()
d 4 a ....().08 3,1 <. 154

SNI, (i,1 i) ....0,22 .< 1 > 1008 2,50 1,34'

(25 l) ....(),19 .-.iI i:>1008 2,50 0,91 *

(16 b -- 0.:17 ()pen 47 2.50 1,31

SN I, El I)" - (),21 <-l > 5()() 1.99 0.41 Barrel ('racks)

(El)()xy b" 4 a ---(),28 1.2 >5()0
Flex ) 22 b" --(), 18 < I -->5()() 2.39 0,29

h'qa -..().26 ,: 1 1-500
E3 l)" --(), 16 -. I "--500 2,:_8 ().32_ Barrel cracks )

24 l)' -- 0,16 -,. I :.- 500 0.83 0,22 Barrel cracks i

1(('I) N I b .....(),(;;_ -: I 654 3.49 ().26

MI2 b .....(),,12 1,6, ;.:-497 ;1.6() 0.31
M I,I I) - (),,IE 1.5 .:>,197 4,03 0,38

SNI. f;l() i) .,0.32 1,5 .-140 3.()8 (),19 (Ept)xy Flex)

( Ep()xy b-+-a -(;.221 2.4 >40
Flex ) (_11 t) 0.47 322 5() ?,,1)6 O.18 I ,aminati(m

l) + a -- ().,I ()l)en l)r()blems
(112 11 --0.35 < 1, .> l,l() 2.81 0, I(_

11+ a • 0.26 -<1,9 > 4()

(i l',i l) --().;_8 5,9 _.:-140 3.45 0,20 l,aminati(m

i) t-a -. (),:_1 37, -:4() l)r()l)lems

a ....65 t.() q-125°( ,̀ B = Baked ()ut (125°(; for minimum ()I' 16 hr)
b - 55 t() -1 I05°(? H =: I00",, RH
I)' --GS (() -+I05°( ' *N() solder ()r solder mask

c --.Bf) l() 4-25°(' _Solder fh)atat'ler cycling
d --2() t() +80°( '
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Table 2. Resistance Changes for Individual Circuits

Percent, Resistance Change

at 100 Cycles Cycles at Failure
Temperature Circuit Circuit

Cycle (°C) Board 1 2 3 1 2 3 Notes

-65 to + 125 A 0.4 5.1 2,6 >292 146 196
B 0.8 4,2 1,9 >292 196 146

C 0.2 4.0 1,2 >292 196 146

D 1.6 3.2 1,1 146 196 146 Baked

G 1.1 5.3 0,9 >320 150 150 Lead in holes; baked
H 1,4 8:5 3.5 >320 150 150 Lead in holes

-55 to +105 J 0,:t 0.1 0.4 187 450 187 100% RH

K 0,7 0.9 0,0 450 > 544 544 100 % RH; then
baked at 100°C for
16 hr before

testing

-20to +80 E 0.3 0.3 0.1 >1011 >1011 >1011

F 0.2 0.1 0.5 >1011 >1011 >1011 Baked at 120°C 24 hr

before testing

13



lO00 cycles to induce failure within some reasonable
Table 3. Thermal Stress Cross Sections interval of time.

Soldering leads into the circuit holes did not
As Solder Solder Float appear to affect cycling life, nor did subjecting the

Board Received Float After Cycling boards to 100% relative humidity before the start of
A * cycling. Substituting Rogers Flexible epoxy (R/Flex
B * 8970) for Pyralux in the flex section had a positive
C * effect in that it lowered resistance changes and in-
D * creased cycle life. The four boards, El, E2, E3, and
E CS E4, had resist.'_.nce changes of <:1% for 500 cycles
F CS between-65 and +105°C (Figure 5)and <3% for
G , E1 and E2 after an additional 500 cycles of -65 to
H , +125°C (Figure 6). However, barrel cracking was
j * observed in cross sections of some of the circuit holes
K * of these boards.

L1 BC

L2 BC BC a.o . , , , , ....--r----
m

04 * * BC om
05 * CS * "' <

_2.0 -<

Itr
oZ

E1 BC mm E1 e2 Ea E4
,a.( _ 1.Omoo /

E4 BC ] l
o loo aoo 3oo 400 aoo

INITIAL CYCLES
Ml2
Ml4 Figure 5. Average Resistance Change for Three

Circuits From Boards E1 Through E4 (-65°C to
G10 + _.05°C)
Gll

G12 CS
G13

4,O I I I i I
BC = Barrel Crack

ICS = Conductor Separation

• No BC or CS _ a.o -

The most important variable affecting cycle life _ _ El _/_

for any of the boards is the high- and low-temperature _2.0 ____

limit or temperature span to which a board is ex- _ ._

posed. Compare for example the cycle life of boards A, _. __ .. / ...___
B, C, D, G, and H with that of J and K. The former _ 1.o
were cycled from -65 to + 125°C and the latter, from

-55 to +105°C. The worst-case temperature span

expected for the MC3811 is -20 to + 80°C. With this aoq eoo _'oo aoo Qoo looo
span, > 1000 cycles were run, with < 10% change in ADDITIONALCYCLES
resistance (Boards E and F). Because of the long cycle

life with the smaller temperature spans, the temper- Figure 6. Additional Average Resistance Change for

ature limits were frequently increased after 500 or Boards E1 and E2 (-65°C to +125°C)
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Weight-percent moisture absorption in MC3811 1.6 _ , _w t , , _ , _,,,,, , , _ ,1_1_
boards was obtained from measurements before and 1.4 -

after they were subjected to different humidity envi- 1.2 -
ronments. The changes from cycling are given in w

1.o-

Table 1. Typical board weights ranged from 50 to z,_ 0.8-
60 g with solder mask coating. Based upon thermal 0 o.6-
gravimetric analysis (TGA) measurements (Figure 7), _.
it is estimated that the laminate weight is -_60% of z o.4 -iu

¢_ 0.2-

the board weight. ,m o -""'__ -
n_

I I I I , I v I I" -0.2 -
X

10o.0 -- _ -0.4 - -
tC/

oo.o _ -o.8 - -
_eo.o -o.g - -
e

a. -1.0 - -
4.170.0

, I I I I i I I I I I II,II i I 1 11111
I--ao.o 1 2 3 45 7 10 20 30 50 100 200 500 1000
"" TIME (hr)

80.0

Figure 8. Equilibration of Polyimide-Glass tc) 100%40.0

RH and 100°C

100_0 200.0 300,0 400,0 500,0 600,0 700.0 800.0 900,0
AIR TEMPERATURE (°C)

Figure 7. Perkin-Elmer TGA 7 Series Thermal 1.6 I 1'" I I I I I' I I I III-

Analysis System 1.4

In addition to the weight changes listed in Table 1.2
1 for boards that were thermal cycled, weight changes ILl

were also obtained in specimens of materials making _ 1.0

up the boards following their insertion into wet and
dry environments. These changes expressed in weight 0.8
percent are: epoxy glass, 0.8 to 1.0; polyimide glass, ¢_ 0.6
1.6 to 1.8; Pyralux, 5 to 6; and flexible epoxy, 2.0 to s..
2.4. The moisture capacity of a material is determined Z 0.4

from the weight change at room temperature between 0 _ 2

a specimen equilibrated at 100% RH and then equil-
v

_e
ibrated to <1% RH (Drierite desiccant) or from u_ 0
bakeout. J. W. Lula of KCD is studying the time- n_

temperature relationship for moisture removal for
-0.2

rigid/flex materials. '_Typical equilibration curves are ¢__ -0.4
shown in Figures 8 and 9. Weight gains of Pyralux and tu |

epoxy adhesive in 100% RH are shown in Figure 10. _ -0.6 f-

The release of absorbed moisture as steam during -0.8
soldering or other high-temperature excursions can
be very damaging to the physical state of a board or -1.0
laminate. Steam pressure can be generated rapidly in i I I I I I I I I | I lt
"he material surrounding the PTH with a soldering 1 2 3 4 5 10 20 30 50 100

heat pulse. If there are voids in the hole wall, the TIME (hr)
steam could escape through the void, causing bubbles

to form in the solder. If the dwell is short and the Figure 9. Equilibration of Polyimide-Glass With
cooling rate sufficiently rapid, bubbles could be fro- 100°C Bakeout
zen in the solder. J. Balde and G. Messner have

reported that absorbed moisture in a laminate can
als() affect its dielectric :onstant. :_

15



e.o __ Caviderm measurements made on the same holes
before and after thermal shock showed some boards

r.o " to have an increase in hole resistance corresponding

_<e.o to thinner wall thickness, e.g., <I mil. These changes/I _'r were related to barrel cracking seen at higher magni-
fication in hole cross sections. This suggests that a

z_- 5.0[ /// ,,/ . thickness scan to inspect for barrel cracks could be

I //,,, / PYRALUXCURED made for a set of PTHs in much less time than is

4.o / ,i,<.......

_3.o required for microsection examinations./ A barrel crack or inner-layer conductor separa-

I / ,_/ tion can extend over part or ali of a hole wall. For a

2.o 360 ° crack, as intimated in Figure 12, an open circuitor high resistance is expected. A partial crack or
1.o incipient crack, as suggested in Figures 13 and 14,

o may not always be detected by cross section because
1 2 3 45 7 lO 2o 40 lOO2oo 400 1ooo sooo one sees only a limited fraction of the hole wall. There

TiME (hr) is probably a threshold circuit resistance change cor-

Figure 10. Water Absorption of Pyralux Film and responding to crack formation, but this has not as yet
Flexible Epoxy at 25°C and 100% RH been obtained. It is not the 10% change given in the

MIL-P-55110.

A crack at a wall to inner-layer conductor inter-
In early testing, boards having PTH walls with

face does not always show up in a continuity test, and
:> 1.5-mil-thick copper had longer cycle lives in ther- sometimes there is intermittent continuity that prob-

mal shock than those with thinner copper• In subse- ably corresponds to the faces of the crack making
quent board fabrication, copper plating thickness ,,as

touching contact. When the current is increased on
adjusted to produce hole walls with 2 or more mils of
copper. Average hole wall thicknesses were measured the board circuits, at some value hot spots begin to
at specified hole locations with a Caviderm CD8. appear at high-resistance connections such as acracked PTH connection. These can be detected with

Figure 11 shows variations in thickness with different liquid crystal papers or by finger touch. An infra-redhole location for KCD- and SNL-fabricated boards.
camera or other heat-sensing equipment would be

Table 1 lists the average of nine thickness measure-
needed to better locate the hot spots.

ments taken at specified locations on each board.

3.60 3.36

2.68 2 93 2.87, ' / 3.23
/ _3, 2.72 / 2.el

2.92 ,.,,r._ _.L --

I

_ go

• o. .'... . "x_---',-'_..._ '_
o_ '_'_ F_-----_ o _o°/.,o°°%°_°_

o o., o Nvo • o_oo oo\4) :- I
3., \

3 08 _ 2.72 / 2.87
2.73 3.2g 2.79 3.56 2.57

- 2.95 2.87 2.96

NOTE: FIRST NUMBEROF PAIR= KCD
SECOND.UMSER0_=P*,R: SN'

Figure 1 I. Copper PTH Thickness Distribution Over Figure 12. Indication of Possible 360 ° Cracks
Board Surface (in mils)
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Thermal Stress
Be('aus,, this test is destructive, m(_sl cd' the

testing was (terne wilh spe(-imen_ i'r(ml },,,,qf,,!,-,after
thermal cycling. ('r(_ss secti,,ns _,f specimens taken
ir,m_ lhc sanle ],_catit_11 (_11 each })(_ard were exam_rle(i

fi,r barrel cracks and c()ndtl('t(_r separati(m. The re-
,_;',l]',sare _i\en in Table :.;. A direct c(_rrelaiicm be-
Iwee]_ lhern_,a] stress and iherma] sh(wk v,a_ n(_l

(,})rained and sh_,uld n(_t be expected, with the p(,ssi-

hie excet)ti(m ()._'}nmrds with i)(_(,rlv made PTHs.
In the lherma] stress test, the ])uard receives a r/

sudden heal pulse as the specimen is placed _m the
m(dlen s(,lder. The PTH heals up rapidly 't(_ the
sol?er lernt:_eralure and transfers heat at a h)wer rate
t(_ the surr(mnding laminate, c,'eal.ing temperature
g,,n _;(mis lr., i he laminate surr(mndirlg the hole. When
the :pecimen is rem(,','ed from the solder surt'a('e, the
PTH is co(_led in air at a rale corresl)(mding t(} the
release (_t'heat t'r(ml the solder in the PTH and from

the la_.eral conducli(m of heat to the }:)()dy of the

Figure 13. Indication of Innor-Imyer Separation laminate. Thermal shock involves slower temperature
changes and includes a h_w-temperature interval ar,d
mull ip]e heating and cooling. The temperature gradi-
ents are not as severe as in the Ihermal stress, but

with a longer time at the high-temperature limit,
" fatigue stresses can be present.

The thermal stress test is an overtesl with respect
_....... t(_ the s(,ldering tilne and temperature il is t,(_simu-

late; i.e., the s(_lder temperature for thermal stress ix
:288°(?, while thai for the drag soldering 'teml)erature
i,_--21.5_a('. Exp(_sure Ii.me ix slightly higher, li.) versus
8 s for thermal stress.

The degree _i' (_x'ertest is I)eing investigated by
using a tesi set (d' the temt)erature and time. Tiffs
w(,rk will be rel)(_rted in a t'(,llow-.ul) d(,('unlent. Sim-
ilarly, an invest igati(m is being planned 1(_determine
the extent that the present thermal sh(wk tesi limits
are an overtest t'(_r pr(,cluct acceptance. In this inves-
tigation, the --65 to + 125°C sl)an was used l)rimarily
to learn more of the effect of material and pr(_cess

•) ._

changes (m the t _lHs.
, ('ondu('t(_r set)arali(m at the interface of the PTH

wall and an inner-layer c(mductor is usually deter-
mined by micr(_s('(q:)i(' examination (d ('r(_ss sections.
The inst)e('t(_r must decide in viewing the cr(_ss sec-

tion whether there is a dark line (;r(lark regi(m at this
interface and whether ii is greater than the n(_rmal
etch line caused by the difference in etch rate (_I the

two t)lated (',)l:)permi('r()stru('tures (Figures 1:'7)ancl
161. The decisi(m is (,t'len a gray, rather than |)lack ()r

Figure 14. Crack lnitiatti_m at H(,le Wall/lnner.I_aver white, situati(,n and ('an be influenced by magnii'k'a-
Conductor Inleria,.'_- li(m u._;ed in the examinati(m, degree ()f et('hing, and

rn(_unt pret)arali(:,n. Inasmuch as l(_t at'cel)tan('e mav

17



depend on the inspector's decision, we need to learn Organization 1822 for analysis. From scanning elec-
more about the dark region at this interface, its tron microscopy (SEM}, back-scattered electrons

composition, and how it could be f:_rmed. Is it caused (BSE), elementary '3istribution photomicrography
by the copper inner layer pulling away from a _,eil- (EDP), and energy-dispersion spectrum analyses, we
bonded interface as a result, of excessive radial stress, concluded that, the black material did not contain

or is it the result of lower radial stress at a poorly calcium, aluminum, carbon, tin, or lead but, that it did
bonded interface? contain silicon and oxygen. Microlaser Raman spec-

Ex :essive radial st_ess could be generated from troscopy identified the silicon and oxygen as alpha
the difference in thermal coefficients of' expansion of quartz. We thought a colloidal suspension that is used
the materials or from escaping steam in the region for final polishing of cross sections explained the
near the hole wall. A poorly bc,nded interface could be silicon and oxygen; however, Raman spectroscopy
the result, of smear from drilling or other non- identified this material as amorphous silica, which
conduct, ing contaminant on the face of the inner-layer leaves unres !ved the source of material or lack of it in
conductor so that it is not, completely removed, pre- the dark interface region.
venting t,he formation of a metal bonded to metal
interface. If there is a crack or incipient crack at this
interface, :such as shown in Figure 16, we dc) not know
whether the crack would propagate in its end-use
environment or during the assembly and testing op-
erations (the Appendix show_ the temperatures the
MC3811 RF/PWB is expected to experience). An
indlcation of a crack or incipient, crack, even with
accelerated testing, gives little comfort to a reliability
engineer.

Becau,'_e of the difficulties in assuring that, all the ,_ .., . .... :
interconnections to PTHs are crack free, another

approach to achieve higher interconnection reliability
is being pursued. This is to reduce the radial and
other stresses on the PTH-inner-layer conductor in- _ " :...................... , :'+,_
terface, lt involves knowing what, if anything, is in
this i_terface, what the role of moisture is in this
region, what. type of material substitutions would be
most beneficial, and how the copper strength affects
crack formation and propagation. Since only a frac-
tion of the holes show BCs or CSs, there must be lower
stresses or stronger copper in the noncracked holes, lt
would also be helpful to know why barrel cracks form
in some boards and conductor separation in others.
With proper cont_,Jl of' processing parameters and
more realistic overtest requirements for acceptance,
WR-quality RF/PWBs should be achievable.

Cross sections of PTHs showing a dark region at Flgure 15. Etch Line Between Two Plated Copper
the wall-conductor interface were submitted to SNL Microstructures
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Conclusions and seems to be a genera] consensus within the rigid/flex
industry that, the military requirements imposed by

Recommendations MIL-P-50884 may have been arbitrarily chosen and
may not actually represent true product require-

In this investigation, two thermal tests were ments.

run--thermal stress to simulate the soldering opera- The adequacy of the acceptance requirements is
tion and thermal shock to qualitatively estimate the also questionable in that, a minimum gap separation
lifetime of a board in its end-use environment. Both or sufficient differentiation between gap and an etch
tests are used as quality indicators for the materials line is not always clearly defined. The acceptance of a
and fabrication operations and to assess the effect of board or lot, of boards, may depend on the judgment of
any changes on board reliability. Pass or failure an inspector. The resistance requirement also needs
criteria are the presence or absence of barrel cracks investigation in that barrel cracks were found in cross
(BC) or a separation gap between the inner-layer sections of' board circuits having a resistance change
copper conductor and the wall of a PTH (CS), as seen of <<10 %. Ascertaining the absence of cracks at, the
in micr()scopic examination ()f' a cross section of a inner-layer conductor/hole wall interface for a lot of
PTH. For thermal shock, there is an additional re- RF/PWBs is not a simple matter; it, involves a degree
quirement that one or more test circuits do not of sampling used in testing, process control checks,
change in electrical resistance by some specified value and test circuits that, can be monitored.

after 100cycles between upperand lower temperature The test pattern shown in Figure 17 was not
limits. For MIL-P-55110 this value is 10%. available in the first part of this study but will be used

Rigid/flex multilayer printed wiring boards are for all future thermal tests for product evaluations. It
ml)re sensitive to thermal environmental changes provides five holes for cross-section examination and
than c()nventional rigid printed wiring products made has a known number of interconnecting inner layers.
fr,)m common material c()mpositions. This is mani- Additional testing is planned t,o correlate tests made
rested because of dissimilar materials used within the with this pattern to those made on board specimens.
construction ()f"this type of product. Because of that., Use of a common test pattern will als() facilitate data
they must be treated with more care; however, this is comparisons among RF/PWB users.
not to imply that they are less reliable. It has been
proven that pr()perly prepared RF boards can exceed

rance change, lllliel0a.__,llll!O.' 'During fabricati(m and assembly, stresses can ilIII_,_,_T_,_,IIII|
develop within the plated-thr(mgh holes from differ-
ences in thermal properties ()f the rigid and flexible
materials, primarily thermal coefficient of expansion.
The temperature of the solder in the thermal stress

and the temperalure cycling limits in the thermal a 1 2 3 4 5 6 7 a 9 10 11121314 15

she)ck test were found to be the most important a
variable affecting defect occurrence or circuit resis- C
rance c.hange. O

" The most important variable affecting eye,le life E

- f'(,r any of the b(,ards tested was found to be the high- F
and low-lemperaiure limits or temperature span to

CROSS-SECTION OF CONTINUITY PATHS IN TEST PATTERN
" which the board is exp(,,,;ed. Higher failure rates are SCALE: NONE
= observed when cycled from --65°C to +125°C than

when cycled t'r(_m -55°(; to .+ 105°C. The worst-case Figure 17. Serpentine Test Pattern (six layers)
temperature span expected for the MC3811 is only

{" O _- 2{_°C to + 8 ) (.. With this span > 1.000 cycles were Rigid/flex multilayers offer many advantages over
- run, with _ 10", change in resistance, conventional printed wiring asse mblies. This includes

lt can also be concluded tha_ the thermal stress error-free assembly because (f the elimination of
-

lest is an overtest with respect t() the s()ldering time interconnecting wiring between boards, reduced num-

2 and temperatare it is to simulate; i.e., the solder ber (,f solder joints, ease of assembly testing, smaller
temperature for thermal stress is 288°C, whereas that packaging, and lighter weight,, lt is our c(mclusion
f()r machine soldering temperature is---215°C. There that, for the thermal requirements of the MC3811,



rigid/flex boards are very reliable. However, for ap- References
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APPENDIX

MC3811 Programmer Processing Temperatures

Temperature
Level Operation (oC) Time

PWB Before Soldermask 120 0.5 hr

(After Soldermask Curing 148 1.0 hr

Plating) Before Soldering 135 8.0 hr

Soldering Dipping/Leveling 232 (4.0 s)
Final Drying 112 2.0 hr

PWA Before Soldering 93 12.0 hr

Drag Soldering 246 (5.0 s)
Component Burn-In 100 168.0 hr

Acceptance Testing 5 1.5 hr

Acceptance Testing 80 1.5 hr
Stabilization 100 24.0 hr

Polystyrene Bead Encapsulation 96 1.5 hr

Encapsulation Acceptance Testing 5 1.5 hr
Acceptance Testing 80 1.5 hr

Stress Temperature Cycling 25 to 80 25 min (2.25°C/min)

Screening (4 cycles) 80 1.0 hr
80 to -55 1.0 hr (2.25°C/min)

- 55 1.0 hr

-55 to 25 35 min (2.25°C/min)

Acceptance Testing 5 1.5 hr

Acceptance Testing 80 1.5 hr

E-Test Temperature Cycling 25 to 80 25 min (2.25°C/min)

(Sampling Plan) (10 cycles) 80 1.0 hr

80 to 95 1.0 hr (2.25°C/min)

- 55 1.0 hr

-55 to 25 35 min (2.25°C/min)

Encapsulation
(Cerrolow-117) 71 2.0 hr

Decapsulation 71 2.0 hr
Acceptance Testing 5 1.5 hr

Acceptance Testing 80 1.5 hr
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