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P- new solder  fus ion process has been developed f o r  production of  mul t i - layer  cables  
and mul t i layer  p r i n t e d  wir ing  boards. 

The mul t i layer  process cons i s t s  of three  s t eps :  ( 1 )  the  photo-etching f a b r i c a t i o n  
of .the bas ic  f l e x c i r c u i t ,  ( 2 )  the  lamination bonding of seve ra l  f l e x c i r c u i t  l a y e r s  
together ,  and ( 3 )  s ~ l d e r  fus ion i n t e r j o i n i n g  o f  the  exposed lands t o  provide 
e l e c t r i c a l  cont inui ty .  

Solder fus ion i s  the  unique fea tu re  of  the  process.  

I n  the  so lde r  fus ion process the  mul t i layer  a s s e ~ b l y  i s  never i n  contact  with h igh ly  
r e a c t i v e  chemicals which, i f  entrapped, can lead  t o  corrosion and d i e l e c t r i c  bresk- 
down of  the  assembly. 

C-ccurate l aye r  t o  l aye r  r e g i s t r a t i o n  can be accomplished ?rith the  so lder  f i s i o n  
process.  

C. mul t i layer  assembly produced by solder  fus ion can be shaped i n t o  three-dimensions1 
configurat ions . 
The repeatable  e l e c t r i c a l  con t inu i ty  o f  so lde r  f'used i n t e r c ~ n n e c t i o n s  i n  mul t i lhyer  
assemblies has been confirmed by microhm r e s i s t a n c e  t e s t i n g .  

The solder  fused mul t i layer  assembly can be used very advantageously i n  h igk ly  
soph i s t i ca ted  instruments 2nd sppara tus  where p o r t a b i l i t y ,  weight,  bulk,  environ- 
mental s t a b i l i t y ,  and high r e l i a b i l i t y  tire c r i t i c a l  requirements. 

'DTSTRIBUT~ON OF THIS DOCUMENT IS UNL IM ITE~  
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, ... . .. 

.F lexible  cables and harnesses a r e  widely used i n  weapon, miss i l e  and s a t e l l i t e  

systems f o r  data processing equipment, i n  a i r c r a f t  and automobiles, a.nd other  

commercial appl icat ions .  To enhance the  usefhlness of  such f l ex ib l e  interconnecting 

assemblies i n  minia tur izat ion of c o m ~ ~ n e n t s  and so l i d  s t a t e  packaging, the  solder 

fusion process was developed t o  jo in  several  layers  simultaneously together i n to  a 
. . 

more com.pact intcrco,nnecti.ng system.' . 

'This *eport depckibes the three  separate &eps used t o  produce the' ul t imate 
. . 

. . . ? . : . .. . . . . 
solder f'used mu1 t i  layer assembly: 

' 

1. Basic f l exc i r cu i t s  a r e  fabr icated with f i lm type insu la t ion  materials  

.an& interconnected with small, diameter 'through holes  :' 

, . .. . 
. , 

2. The f l exc i r cu i t s  arranged i n  an order ly  stack a r e  next laminated 

in to  a layered s t ruc ture  bonded with f i l m  adhesive and 

3. A 1 1  of the  f l exc i r cu i t s  i n  the  s tack a r e  simultaneously solder fused 

,together a t '  adjacent cross-over, points .  ' Solder f'usion i s  t he  s a l i e n t  
. . 

. . 
s t ep  which makes t h i s  process unique'. 

.' 

- 
The resu l t ing  multi layer assembly produced by t h i s  process i s  more r e l i a b l e  

because it i s  not iblmersed i n  p la t ing  solut ions  during 'th6 interconnecting phase 
- L 

of the pi-oce'ssing. 

Optical  examination and micro'& res is tance '  t&i t s  of  the  f i n a l  muit i layer 

assembly"w&-e u&d t o  confirm the  mechanidal i n t e g r i t y  .and the  e l e c t r i c a l  cont i -  
' 

. . 
nllity af the  solder f?ked 'interconnections. 

. . 

The multila$dr.''assembly pro&lced by the  soider fusion process has t5e  advan- 

tage of reduced weight, lower cost ,  high mechanical s t rength ,  outstanding e lect r i .ca1 . .., . . , 
. . . . 

proper t i es ,  exceptional thermal s t a b i l i t y ,  and reproducible design: 



The so lde r  fus ion  process can be a u t o m t e d  t o  produce mul t i layer  assemblies 

by co.ntinuous r o l l - t o - r o l l  processing.  

FABRICATION OF T,Hl3 ElASIC FLEXCIRCUITS 

I n  the  present  des ign,  t h e  bas ic  f l e x c i r c u i t  i s  fabr ica ted  from a t h i n  com- 

p o s i t e  o f  copper on d i e 1 e c t r . i ~  f i l m .  Intra-connections between the  conductors on 

t h e  two s i d s s  of t h e  f l e x c i r c u i t  cons i s t  of  p la ted  through ho les .  The conducto:~ 

and t h e  p l a t e d  through ho les  were next overplated with t in - l ead  solder  about '7.5 pm 

(0.0033 inch)  i n  th ickness  t o  f a c i l i t a t e  subsequent fus ion of the contact ing.  c i r -  

cu i  t s  .  h he solder  had. been fused to  ,min.imize 3xidatio.n , d n i n g  s torage  .and t o  

e.nhance subsequent flow. ) The, co.nductors a r e  .produced by etching! t o  the  des i red  
i .  

conf igura t ion.  The r e s u l t i n g  f l e x i b l e  cables a r e  t ransparznt  and can be inspected 

v i s u a l l y  o r  can be t e s t e d  f o r .  con t inu i ty  of the  cgnductors and t h e  through con- 

nec t ions  before proceeding. with the  r e s t  of .the processing. 

Th.e f l e x c i r c u i t s  were . . .  fabr ica ted  . from. connercial  copper-Kaptons-copper (35 pz - 

25 p .- 35 vm) (1.4 a i l  - 1 m i l  - 1.4 m i l )  l a a i n j t e  bo,nded x i t h  a nylon epoxy ad- 

hes ive .  The f l e x c i r c u i t s  were proauced by .the panel p l a t i n g  pracess i n  a production 

f a c i l i t y .  . . .  

The t e s t  panels  consis ted  of  165 Fa x 240 fin (6$ x % inches) sheets. Each 

panel  contained 120 p la ted  t h r o u g ~  holes srranged i n  s i x  rows with 20 interconnects  

p e r  row. ( s e e  Figure 1). The diameter of' t h e  througn connections were C\. 33, 0.46, 

1.02, and 1.98 ma (0.013, 0.018, 0.040, and 3.078 inch, r e spec t ive ly ) .  The holes  

were d r i l l e d  by numerically control led  d r i l l . .  D r i l l i n g  was p e r f ~ r m e d  a t  a speed of  

25,000 rpm a t  a feed r a t e  o f  510 mi,llimeter/minute ( 2 0  inches/minute) . The holes 

"Trademark - DuPoqt Co., Inc,  ,, ,Wilmingto.n, DE, ,19898. 
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were d r i l l e d  while each f l e x i b l e  panel was ind iv idua l ly  supported between phenolic 

backup boards. Af te r  the  hole  and panel surfaces  were s e n s i t i z e d  and p la ted  with 

e l e c t r o l e s s  copper, t h e  panels  were e lec t rop la ted  a t  a  current  dens i ty  of 0.03 
. . 2  2  

~ / c m  (30  ~ / f t  ) f o r  a  per iod of  time s u f f i c i e n t  t o  bu i ld  up t h e  des i red  27 (an 

(0.001 inch)  th ickness  o f  copper i n  t h e  h o l e s ,  The cross  s e c t i o n  of the  PTH's 

0.33 mm and 0.46 mm i n  diameter a r e  shown i n  Figures 2 and 3 ,  r e spec t ive ly .  

The standard e l e c t r o l e s s  copper p la t ing . .process  .was m o i l i f i d  a s  out l ined below 

by - p r e t r e a t i n g  the  d r i l l e d  hole  with sh ip ley  1160 s e n s i t i z e r :  

Immerse p a r t  i n  Shipley 1160 Conditioner a t  71 t o  7 4 " ~  f o r  4 t o  5 rnioutes ;  

Immerse p a r t  i n  'a 240 g/l ( 2 . 0  1 b / ~ a 1 )  so lu t ion  of  ammonium p e ~ s u l f a t e  . .. f o r  
1 t o  3  minutes-; . 

Immerse p a r t  i n  a  . l o - p e r c e n t ' s o l g t i o n  o f  s u l f u r i c  a c i d  f o r  1 to; 3  minutes; 
' , . . 

Immerse p a r t  i ,n .a  25-percent soluti-on of  hydrpchl.6ric a c i d  f o r .  ., 1'  . t o  3  . . .  
minutes 

. . . . 

Immerse p a r t  in a  70-percent so lu t ion  of  Catalyst  gF fyr 1 t o  3  minutes; 
. . 

Immerse p a r t .  i n  a  164 g/l (22 oz/gal )  so lu t ion  of Acce.lerat.or 1.9 f o r  6 
t o  60, minutes ; and . . . : 

a r t  i n  a  1 0 - ~ e r c & n l  so lu t ioq  of  Cuposil; aL 44'~ f o r  20 t o  30 
the  Cuposit cons i s t s  of 30 g/l (12 oz /ga l )  Shipley 328A, 90 g / l  

(12 oe /&al )  3tlipley 3 P 8 ~  and 15.6 g / l  (1.78 oc /ga l )  Chiplcy 3 2 8 ~ .  

A l l  opera t ions  except the  hydrochloric a'cid immersion were followed by a  

thorough water  r i n s e .  

WAT,T.TATJON OF PLATED THROUGH HOLES JN FLEXCIRCUITS 

The r e s u l t s  of  t e s t s  conducted with these  f l e x c i r c u i t s  a f t e r  a s e r i e s  of eu- 

vironrnental exposures a r e  described i n  Reference 1. 

The exposure included f l exure  over 6.35 mm (0.250 inch) diameter mandrel t o  

simulate i n s t a l l a t i o n  i n  next assembly; 1 5 0 ' ~  aging f o r  100 hours; temperature 







shock from -55 t o  150°C t o  determine e f fec t s  of thermal s t r e s se s ;  MIL-STD 202 

humidity t e s t i n g  t o  determine incidence of galvanic a c t i v i t y ;  and vibrat ion and 

mechanical shock and a l t i t u d e  t e s t i n g  t o  determine survival  capab i l i ty  i n  weapon 

.applications.  The 0.33 mm plated through holes (PTH) ca r r ied  currents  of 20 amperes 
#..i ' 

without exhibi t ing any dele ter ious  e f f e c t s  .. Wire leads were soldered and unsoldered 
.d! 4. ' 

a t o t a l  of  10 times i n  the  0.33 mm =H'S with no adverse e f f ec t s .  

Typical microhm res is tance values of 0.33 and 0.46 rnm diameter PTH' s i n  the  
. . . . 

f l exc i r cu i t s  a r e  presented i n  F'igures 4 and 5 . '  These values did not -change upon 

exposure of  the  f l exc i r cu i t s  t o  the  conditions mentioned above. 

I 

LAMINATION AND SOLDER FI,TSION OF MULTTLAYER ASSEMBLIES. ' I 

.'. : 

Because of t h e i r  exceptional environmental s t a b i l i t y  described above, several  

layers  of the f l exc i r cu i t s  were adhesively bonded together t o  produce e i t h e r  mult i-  

layer f l ex ib l e  cables (Figure 6) o r  mult i layer pr inted wiring boards (Figure 7 ) .  

By t h i s  process, it was possible t o  f ab r i ca t e  r e l i a b l e  and economical mult i layer 
.. . 

. . assemblies a s  s h a l l  be described l a t e r .  
.,. . . - 

After  the  two-sided f lexi'ble c i rcu i t s  are . '  fabr icated with the  required in tes -  

connecting pa t te rn  by the  photo-etching-plqting process described i n  the  preceeding 

sect ion,  they can be inspected vigual ly  and t e s t ed  e l e c t r i c a l l y  fo r  conformance 
\ 4 

with the  drawing requirements. Alignment hples can be provided on the  artwork and 

during processing thcse can be located prec i se ly  t o  achieve the  desi red layer  t o  

layer  r eg i s t r a t i on .  

The i n i t i a l  mult i layer assembly was b u i l t  i n  stages.  F i r s t ,  two layers  were 

bonded together then the  t h i r d  layer  was bonded t o  the  two-layer core,  then the 

fourth l ayer  was bonded *o the  three-laycr eosre, and su on. Nylon epoxy f i lm ad- 

hesive #lo44 from American Cyanamid Co , was sandwiched between the  al igned 
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COMPAHTSON OF CROSS SECTION T H I C K h i  O F  PTH1s WITH 
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FIGWE 5 

COMPARISON O F  CROSS SECTION T H I C W E S S  O F  PTH1s WITH 

MICROHM RESISTANCE MEASURDIENTS (TEST PANEMLl-ROW2 ) 9 
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FIGURE 6 

SEE D 

SOLDR FUSE I N T E R C C I ~ T I O N S  BEThlEEN FLEXCIRCUITS 

-1 

FLEXCIRCUIT 1 

DIELECTRIC - 

FILM DHESIVE 

NOTE: INTER-FUSIC-N THROGGH R M  OF F T H ' s  AT ZD3E OR END OF JOINED FLEXCIF.CUITS. 
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, 
C 

'IND IVIDUAL DIP & LEVELEn SOLDEH ON 
FLEXC IRCUIT CU LAWS (FOR INTFB-FUSION 

a .HOLE . OF LAYERS) OF CIRCUITS) 

NOTE: ANY NUMBER OF FLEXCIRCUITS COULD BE STACKE3 TOGETHER. 

ADHESIVE APPLIED ONLY TO INTERMOST LAMS OF STACK A S  

SHOWN* ADHESIVE KEPT OFF LAND AREAS'TO ENSURE METAL TO 



f lexcircuits. The adhesive was 0.0'16 mm (0.003 inch) in thickness and was pre-. ' 

punched at the adjacent land areas where intercontinuity and fusion were required. 

During lamination, silicone rubber pads were used on the top and bottom of the 

assembly to distribute'the pressure uniforinly'over'the flexcircuits being bonded. 

The bottom pad was 3.2 (0.'125 inch) in thicknes? and. had a Shore A durometer 

of 50; the upper pad was composed to sponge 1.6 rnm (0.062 inch) in thickness. The 

adhesive was cured at 1 5 0 ~ ~  for 20 minutes at a pressure of 0.85 MPa (125 psi). 
: .  

At the completion of the c.ore.,'-%he spe.&men.was immediatelf 'r.6moved from the 
, . 

press. The additional flexcircuits were successively bonded in the above manner 
! . . . .  . 

until the required number of layeis was.'assemblcd. ~fter' each lamination, the 

assembly was examined at 10X magnification to determine the physical condition 

of the PTH's. When the adhesive in the final layer was cured, the assembly was 

subjected to a temperature of 200°C (with'.pressure maintained at 0.85 m a )  fir two 

minutes to ruse the solder of the ad,jacent lands together. Thus metal bonding was 

developed between all of the PTH' s in a &riven stack. Microhm resistance measlirp- 
) 

ments were made on all holes using a MICPOHM METER ~143" to determine the consis- 

tency of land-to-land continuity. '  our and six layer assemblies were fabricated by 
. . 

the successive bonding procedures. The mlcrohrn test res111 t,s are si~,mrna.ki.~ed. In the 

next sectgoq, 

In order to expedite fabrication of t h e  multilayer assembly, an attempt was 

made to simultaneously bond all of the layers tbgether in a single operation. 

This attempt was successf'ul. No detectable misalignment or damage to the PTH's 

occurred during the lamination as was confjrrned hy the subsequent microhi test 

results. A significant cost saving is achieved by. the simultaneous bogding of all 

layers in the stack. 

*mCROHM PRODUCTS INC . , ALB ., NEW 



EVALUATION OF SOLDER FUSED INTERCONNECTIONS 

The res i s t ance  of  the  PTH's i n  t h e  s ing le  l ayer  f l e x c i r c u i t s  averaged about 
_:: _ . . - ii . . .  

50 microhms f o r  the  0.46 holes a n d  'about 1 0 0 " r n i c ~ ~ h m s  f o r  t h e  0.33 mm ones. 

The microhm measurements of  the  1.02 and 1.98 mrn holes  were not  obtained because 

the  meter probes shorted due t o  the  extreme.thinness of  t h e  specimen. 
. >. 

Since the  so lde r  f'us'ion prac6ss i s a  new method f o r  providing ~ H ' S  i n  
. . 

multi-laye? assemblies a s  opposed t o  t h e  conventional process i n  which the  holes 

a r e  prateki a f t e r  lamination, miirohm res i s t ance  nieasurelnents were made t o  aster- 

..'. . . . . 

' t a i n '  the  qu&li t$  of ,the holes .  3 . " 

. .. 

Mfcrohm readin'& wefk obtained i f t e r .  &ch ~ b c c e s s i v e  l ayer  was bonded t o  t h e  
. ., 

inn&? core.  No attempt waS ha&, during the;. e i p e r i m e k t s . ' ~  fuse  the  adjacent  

lands together  a f t e r  each success ive  lgmihdtion~. ' I?u&6n vras accomplished only 

a f t e r  the  whole s t ack  was bonded. 

The res i s t ance  readings of the  in terconnects  i n  ~anel."#5 a t  ' the  d i f f e r e n t  

laminating s tages  a r e  presented i n  Table I. The microhm values confirmed t h a t  

the re  was e l e c t r i c a l  cont inui ty  bet wee^ a l l  the  interconnects  i n  t h e  four l ayers .  

The readings appeared unusual ly  high. so lde r  f'usion of  t h e  land a reas  of  t h i s  

pane i 'd id ,no t  lower the  res i s t ance  o f  the: P H ' s  i n  t h e  s tack.  Apparently the  mis- 
. .  . ' a  i .., 

al igned adhesive ' p a r t i a l l y  'covered t h e  lands and prevented in t imate  m e t a l l i c  con- 
. . . . . i 

t a c t  between t'lle l aye rs .  The fus ion temperature appdared t o  spread the  adhesive 
. . .  . . . . , .  . . 

even more extens ively  between t h e  lands and t o  impede m e t a l l i c  con t inu i ty  even more 
, ' _ * '  . 

I n  f a b r i c a t i o n  of Panel #6 the  separa te  l ayers  of the  f l e x c i r c u i t s  and the  

adhesive were superimposed more p rec i se ly  over each. o the r .  , S l i g h t  proce.ss1ng 
. . . . . , ' .  

r 1, . . .' 

changes were a l s o  made. A t  the  inception of the  bonding, a contact  pressure was 

appl ied  f o r  1-$ minutes a f t e r  press  loading of' the  assembly. The low pressure was 



TABLE 1 

MICROHM -- RESISTANCE R E m I N G S  O F  PTH* s I N  PANEL #5 
(AFTER SUCCESSIVE LAYERS BONDED) 

C o l u m n  No. 1 2 . 3  4 ,5 
R o w  No. PTH Size R o w  No'. PTH Size 

ROW No. PTH S i ~ c  
- .  

* 2 minutes a t  2 0 0 - 2 1 0 ° C  and 0.85 MPa (125 psi) to fuse lands -t;a each other 



t o  allow the  escape o f  entrapped or  absorbed v o l a t i l e s  from .between the polyimide 

layers  so a s  to..ensure inte'rbonding o?. t he  c i r d ~ t k  .over: the  e n t i r e  a reas  where 
. . %  . r , .  

> .  

adhesive was present.  The cure temperature was ra i sed  t o  1 6 0 " ~ .  

The microhm res is tance readings of the holes i n  Panel #6 a f t e r  each of t he  

laminating stages a r e  reported in ,Table  2. The values on each o f  t he  holes of the  

&if fe ren t  s i z e s  increased uniformly i n  resis ' tance 'from 'layer t o  layer  u n t i l  t h e  

s ix th  f l exc i r cu i t  was added. The r e s u l t s  a r e  . % ,presented n Table 3. The unusual 
! 

r i s e  i n  res.?,stance of h o l e s  i n  Rows #3, #4, .:and ##5 may.11e a t t r i b u t e d  t o  the mis- 

alignment of .the l a s t  adhesive layer  'which may havZ p a r t i a l l y  overlapped the land 
C ', . 

areas .  with sophis t ica ted p i e s  and locat ing f i x tu r e s ,  t h i s  
,.. 

'.,2 

'? 
condition can .be corrkcted by m ~ r e ~ p r e c i s e  locat ion of the  holes  i n  the  adhesive 

,,,' 
and more precise  a l i k h e n t  of t he  'flexcii.cui:$, layers  with respect  t o  each o ther .  

. . . . 
, 

Panel #% consisted' of four flegr&c.uit layers, a l l  of which were bonded simul- 
. . 

.. . 
' ' ,;: .: .. . . . .  . > . '. 

tan,eously. The .ba:sic s teps  .pf the  process were. s jmi la r  t o  those used i n  the  

fabr icat ion 'of. Panel $6. Inspectiog of the  lflamina.tkd assem6iy a t  30X confirmed 
' $  , . ,  I , 

t h a t  no damage had, occurred t o  th.e PTH' s and no detectable  l aye r ,  misalignment 

resu l ted  from the  s ing le  s tage bCsnding. . . 

The microhm t e s t  r e s u l t s  of the  PTH's i n  Fanel #( a r e  reported i n  Table 4 .  
" .  
i .  . - 

These r e s u l t s  show the  excel lent  agreement of values i n  Rows 3 and 4 (0.33 mm PTH' s )  

and Rows 2 and 5 ' (0.46 mm PTH' s j . The data ,.confirm the  f e a s i b i l i t y  of indexing - .. 

and bonding of a s t i c k  of circuit$'  simultaneously. On the  basis  of these  r e s u l t s ,  
. .  1 ', 

it i s  indicated t h a t  . . t&e s ingle  ,stage laminatin@; process i s  adaptable fo r  the  mass . . . . 
, ... . . 

productiolz of mult i layer cables and multilaye-r p r in ted  wiring boards. 

. ,. . ., ' 

Samples of panels #6and  #7 irere plastic-mounted a i d  cross-sectioned t o  de te r -  
. . 

: .: i.... .. . .  . . ,  . , , .  

mine the  in te r layer  alignment and the  interf 'usion of the  solder p l a t i ng  between the  

adjacent c i r c u i t s .  Figure 8 shows the  almost perfect  alignment of the  s i x  l ayers .  



TABLE 2 

MICROHM RES STANCE LEADINGS OF PM ' s IN PANEL ##6 
(m. SUCCESSIVE urns  BONDED) 

Column No. 1 2 3 " 4  5 

Row No. PTH S i z e  -- --- 
1 1.98mm 161 172 161 164 165 
2 0.46 mm 244 264 263 258 270 

3 0,33 mm 299 363 353 369 368 

Column No. 1 2 3 4 5  
Row No. FTH S ize  

I. 1.98 rn 218 198 169 170 168 

2 0.46 mm 364 415 407 392 405 
3 0.33 mm 48% 503 557 566 530 
4 0.33 mm 465 506 51.9 571- 523 

(11 :..LAYERS ) 

Column No. 1. 2 . 3 4 . 3  
Row No. PTH S i z e  . . --- 

1 1.98 mm 306 261. ' 246 '240 \ 264, 
2 0,46 ITRU 523 516 . 54i '  ,550,. 557 

Row No. PTH Size  

1 1.98mm 465 380 340 370 387 
2 0.46 urn1 681 666 GG5 G79 729 

. . . . 
(6-LAYEHS ) 

cblwim NO. 1 . 2  3 ' 4  5 



TABLE 3 ' 

mm 

Mff. 

- - 
118 

6 

43 

108 

AVERAGE MICROHM READINGS OF PTH1 s I N  PANEL 1516 

Row No. 1 2 3 4 

Each Value An Average of 5 Readings. 

FTH Diameter 

No. of Layers 

2 

3 

4 

5 388 125 084 147 

6 148 

1.98 mm 

Micmhm 

165 

185 

263 

0.46 m 

892 
- I 

1154 

I 0.33 

D i f f .  

-- 
20 

78 

Microhm 

260 

397 

537 

156 

i 8 

Microhrn 

35 0 

530 . 

0.33 mm 

D i f f .  

-- 

137 

140 

Mff.  

- - 

180 

715 - 

!Microhm 

1 345 
I 
1 

/ 515 

185 710 195 

Mff 

- - 

170 



TABLE 4 

MICROHM READINGS O F  PTH' s I N  PANEL #7 

Column 

R o t r N o .  h H  Diameter 

1 1.98 mm 

Average ! 
I 



1.02 mm PTH 

0.46 mrn PTH 
4 ox 

Figure 8. Six Layer Assembly. Multi-Stage Lamination 



This i s  evident from the appearance of +he different  s i ze  holes. Wen tke r) .33 rm 

holes were perfect ly  matched. I n  a l l  three holes, Pusion of the solder between 

the contacting c i r c u i t  surfaces appeared Co f o m  continuous bridges. 

Figure 9 shows the holes i n  Panel #7 i n  cross section. The layers were 

per fec t ly  matched. Excellent solder fusion was evident i n  the 0.33 mm hole. Eo>r- 

ever, there  was evidence of only p a r t i a l  fusion a t  the c i r cu i t  interfaces of the 

3.46 and 1.02 m holes. No sui table  explanation can be offared for this condi %+or,. 

It may be possible to  provide more posit ive solder f i s ion  by using infrared 

heating, a solder leveling technique, the vapor condensation heatin@, or a su i t -  

able  modification of these te&niques. 

AiATAl'?TAG3S OF T E  SOLDER FcTSED ASSZMBL'K 

The basic solder f i s ion  process described i n  t h i s  report i s  considered very 

valu.xble t o  the f lexlble  cable and the printed wiring industries because o f  t ke  

uniqueness of the  metkzad for  inter2nining of  multilayer assemblie~.  

Specific advantages of t h i s  process a re  l i s t e d  as follows: 

.The process Ls afiaptable f o r  automated prod-action. 

*muble-sided f lexc i rcu i t s  with plated througk cannectians nan he 

produced by a ro l l - to- ro l l  process, 

*The basic f lexc i rcu i t  can be inspected visuall:; an& e lec t r i ca l ly  

t o  screen out r e j ec t s  before proceeding with the lamination/fusion 

process. 

*Multilayer f lex ib le  cables and harnesses and lnultilayer printed 

wiring boards mde  by the process a re  r e l i ab le  tind economical. 

+"~ luor ine r t "  - Trademark - Commercial Chemicals Zivision, 3M, S t ,  Yaul, h2J, 55131. 





*The plated through layers are interjoined by a solder fusion process 

and the finished assembly at no time is exposed to electrolyte 

solutions which could subsequently result in corrosion and dielectric 

breakdown of the assembly. 

*The multilayer assemblies can have built-in mechanical flexibility. 

*The multilayer assemblies can be constructed with variety of flexible 

dielectric subotrate~. 

.The solder f'used multilayer assemblies could be shaped into three- 

dimensional configurations. 

*The solder fused multilayer assemblies are sufficiently rugged to 

support mounted components or can be adapted for attachment of 

miniaturized packages. 

*Use of the solder fusion process to bond the multilayer sections 

together provides good Payer-to-layer registration. 

*iQplication of the multilayer assembly can provide a reliable 

transition between flex and rig;id aircuits, 

OTHER SOLDER FITS3D INTERCONNECTING CONCEPTS 

The solder fusion process described in this report is only one of many similar 

approaches that could be used to interjoin several layers of circuits together 

electrically. 

As a matter of fact the plated through connections could be eliminated alto- 

gether in a multi1ra;yer assembly. 

In Figure 10 are illustrated several different variations of the solder fusion 

concept. In Figure lob, for example, are shown single-sided flexcircuits that 

could be produced with the desired etched conductors. The insulation on the 



FIGURE 10 
DIFFERENT SOLDER F u s m  INTERCONNECTING S C H ~  

( cRosS SECTION 

a. SOLDER FUSION JOINING OF PTH 

b e  COUNTERBORE IBULATIONSOLDER FUSION OF LANDS 

C. SOLDER FUSION AT CROSS-OVEd OF CONDUCMRS 

d e  FOLD&= C I R C U I T 4 O L S m  FUSION OF LAMIS 
AND CONDUCMRS 

~ I I  I I I I ~  1 s . 4  BASE DIELECTRIC 

CLAD COPPER - smm - ADHESIVE 



back-side QT the conductors could be removed by counter-boring, lazer stripping, 

chemical dissolution, o r  other sui table  means. The conductors could then be d r i l -  

l ed  o r  punched t o  provide lead holes of a desired size.  The exposed copper con- 

ductors could next be solder coated on both s ides  a t  these "window" areas .so tha t  ,- -;:y* . <.- 

*-4 - >A' 

upon lamination the adjacent c i r cu i t s  Sy s6l(ler f i s lon  a s  

described above. I n  t h i s  scheme, the etched c i r cu i t ry  (except for the  land areas) 

could be completely sealed by the coverlag insulg , t i~n ,  

In another scheme shown in:F-igwe 10c., the required two-sided c i rcu i t ry  i s  

again produced by photo-etching. m e  adhesive/coverlay insulatian is punched out; 

a t  the desired cross-over areas and i s  bonded t o  the f lexc i rcu i t .  The expssed 

cross-over areas a r e  next solder coated. Upon lmina t ion  the c i r cu i t s  are sclder 

f'used together a t  the contacting points and completely seaLed withis the  insulation. 
' A ;  + . 

Another extention of the  .solder fusion process i s  shown i,n .P$gure 10d. In  

t h i s  case the conauctora on the two sides of the f lexc i rcu i t  a r e  inter?;ofned by 

folding the  c i r cu i t  over Qn i t s e l f  and solder fiaing the conductors throu& Llle 

matched windows. 

Combinaibions of" tllase iuLe~-eur~necting schemes or similar c i rcu i t ry  arrange- 

ments can be interjoined by the solder niqion techniqile. .The variations of such 
4 .  . . 

schemes a r e  a s  p r o l i f i c  a s  the I~as i r ,a t fon  of the designer u t i l i z ing  them. 

AT:PTJ.CATION OF THE F7rVTRT,F: MNT;LTIjAyE!R ~ B L E  

The solder fused multilayer assembly can be used very advantageously i n  highly 

sophisticated instruments and apparatus where por tab i l i ty ,  weight, bulk, environ- 

mental s t a b i l i t y ,  and high r e l i a b i l i t y  a re  c r i t i c a l  requirements. 



CONCLUSION 

A new solder  fusion process has been developed f o r  production o f  mul t i layer  
. .: . . 

. . . .. . . 
. . 

c a b l e s  and mul'tilay& pr in ted  w i r i i g  boards. 

The mul t i layer  .process cons i s t s  of  th ree  s t eps  : ( 1 )  the  photo-etching f a b r i -  

ca t ion  of the  bas ic  f l e x c i r c u i t ,  ( 2 )  the  laminatzon bonding of severa l  f l e x c i r c u i t  

l aye rs  together ,  and (3 )  solder  f'usion i n t e r j o i n i n g  of  t h e  exposed' lands t o  provide 

e l e c t r i c a l  con.kirluity. 

Solder fus ion i s  t h e  unique fea tu re  of the  process. 

The solder  fus ion l a p  j o i n t  i s  very r e l i a b l e  and can withstand severe environ- 

mental exposures. 

I n  the  solder  fus ion process t h e  mul t i layer  assembly i s  never i n  contact  w i t h  

highly reac t ive  chemicals which, i f  entrapped, can .lead t o  corrosion and d i e l e c t r i c  

breakdown of t h e  assembly. 

Accurate layer- to- layer  r e g i s t r a t i o n  can be accomplished w i t h  t h e  solder  

fusion process. 

The solder  fus ion process can p r o v i d e . r e l i a b l e  t r a n s i t i o n s  between f l e x i b l e  

and r i g i d  c i r c u i t s .  

A mul t i layer  assembly produced by solder  fus ion can be shaped i n t o  three-  

dimensional configurat ions.  

The repeatable  e l e c t r i c a l  c o n t i n u i t y , o f  solder  fused interconnections i n  mul t i -  

layer  ~asemhl;i.es has been, confirmed by microhm resi 'stance t e s t i n g .  

The solder  fused mul t i layer  assembly can be used very advantageously i n  h ighly  

soph i s t i ca ted  instruments and apparatus where p o r t a b i l i t y ,  weight, bulk,  environ- 

mental s t a b i l i t y ,  and high r e l i a b i l i t y  a r e  c r i t i c a l  requirements. 
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