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reshaping the ends of the mnductclrsi 
I 

,completed assably  and the needed mechan-' ,were used during assembly to ~el.fev& 

Signal conductors on some of the cable 
branches could not exceed widths of : 
0.38 mu became of  the very high con- , 'ductor density. This constraint was 

the completed cable assemblies. assembly during fabrication. 

A serious problem was encountered w i t h  

ers when the 'hap 
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.making within the case channels duqing Flat, flexible shielding 
.Installation. Intricate in.f;erconnections of 

cross-talk circuits 
Three principal objectives in designing , 
and in fabricating the precision-tiered I Precision-tiere& concept 
cable assembly yere: I I Systemized design 

1. 1Po provide harnesses that can 1 I I Precision mating of terminating 
be routed within very confined ; j connectors 

I envelopes within the weapon i I 
Sharp radius bends during in- 

case, stallation 

' I f 2. To construct a harness of suf- , Reliable adhesive bonding with- 
in the weapon system. 

, 3. To provide a cable assembly 

weapon system. !procedures for production of the tiered 
.cable assembly, a description of the 

the cable are as follows: I ations for product improvement. 

: Thin and flexible 

: Light in weight 

Volume restrictions' E 
' High conductor density 

I 

. , - -  

.. -..-- - -- - . . 



I 
Mgure 2. precision-~ibred Cable Assembly Number 2. 

I l l  
The Importance of Design I 
I f  the optimized cable designA is t o  1 
evolve and i f  problem free processing , 

* is t o  be developed, a l l  product fea- ! 
h r e s  must be critically analyzed be- ; 

forehand. A t  the ear l ies t  conceptual . 
i stages, it i s  not possible to  antici-  , 

p%te a l l  problems and their  resulting 
effects. Therefore, o n l y b y a c k a l  I 

! 
. :.-:assembly t o  prototypes w i l l  it be pos; , 

--"'sible ' to resolve such problems. In I 

these investigations, it was through ; 
mch an approach that the design de- 
f'iciencies were recognized and suitable, 
corrective action taken t o  resolve them. 
: ! !Carget Eyes. In the f i r s t  assem- 
blies, %he holco through the lands were: 
drtlled. The operation produced jagged i 
edges of the copper and a fraying of 
the Kapton insulation. In addition to  / 
eliminating th i s  condition, it wan alsoi 
important to  provide a targeting mech- 1 

.-, &nim .Tcpr the precision location of the 
r :.-&oles,. ;.F;4f p~oblems-'%;re resolved 
-.,; .bj f;hc . ~ ~ ~ ~ : n : . I : ~ ~ - ~ ; z . ~ c c  - 4 ~ ~ 0 8  : Fir s t ,  a 
. . :rtargeti&.,eyr. we 8 pladed i n  the center 

- =:tsf thc ''ir*?lii:; -oil 'the artwork. The - .Z 

etched target eye on the cable branches, 
precisely located a l l  holes as  well as  I 
outlined their  exact diameters. Second; 
.a 'pun..lr). T ng ?peration was developed which 

- ~ r n ~ \ t 4 . 4 3  ttZcy- . .. LC t.~';.on in  the hole cleanly 
.t and cbr:g,i~rr:,~..;cally.-. -- --- ,  ,. - - . i 

' Signal Conductors. Most of the ! 
lsignal conductors on these cables were I 

!only 0.38 mm i n  width because of the . 
space limitations mentioned previously. 
During soldering, these narrow con- 
ductors invariably were l i f t ed  from ' 
the ICapton base material. Three spec- 
, i f i c  changes were made t o  eliminate t'ne 
jproblem: (1) the power conductors were 
;necked down a t  their  terminations to  
allow a t  least  doubling the width of 
/the signal conductors, (2) the signal 
iconductors were staggered t o  prevent 
/solder bridging, and (3) the very ends 
,of the conductors were also cover- 
jcoated to provide added mechanical , 
Isupport against the possibility of 
Ilif'ting (see Figure 3). 
I i I Adhesive System. During chemical ' i !processing, the phenolic butyral ad- : 

hesive in i t i a l ly  used was swerely de- ' 
1 
graded, and the copper bond was dis- 1 
hp ted .  A & l  subsequent cable branches f 
bere constructed with a Kapton laminate! 
which employed the nylon epoxy adhesive. 
I 1 

/ Cross-Talk Circuits. Zhe 0.38 m I 
cross-talk circuits were widened to i 
'0.76 mm a t  a convenient location so in-I 
/terconnections to  the shield could be 
,accoreplished w i t h  miniature eyelets. 
,The cross-over points' were staggered 
'to prevent solder bridging between the I I 
eyelets. The shield was .then covercoated 



L 

I ; (  
Figure-. 3,-Rscision Location of, Flexcable Branches i n  Mold. 
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with Kdpton t o  prevent subsequent short; 

' i c i r cu i t s  with the weapon case. I ' 
I 

1 Precision Al.irr.nmcnt. Etched t a r -  I 
,ge t s  were used t o  provide holes through! 1 
:edge tabs  of  the cable branches f o r  pre- 
icision 'alignment of the branches r e l a t i v e  ! 

. !  

: t o  each other .  The punched holes  were I i 
I ' 

mounted over alignment pins a t tached to i  I the pott ing mold. Three f l e x  cables a 

mounted i n  such a manner a r e  shown i n  
,Figure 3.  
I . . ' I 

Radiused conductors. The conduc- I 

. t o r s  were radiused a t  the 90' t r a n s i -  j 

. t ion  t o  provide addi t iona l  mechanical 
s t rength t o  the cable. 

I ' I Trim Lines. T r i m  l i n e s  were em- 1 
plr,yed along a l l  cable edges t o  prc -lent! 
possible damage from t ea r s .  

. ,  I 
Punched Corners. Cable corners 1 1 

were radiused by punching rounded t ran- :  ! 

s t t i o n s  t o  prevent l o c a l  t e a r s .  i I 

(1 

i 
I I 

~ryl.on" Spray. It was possible t o  : 
double the t e a r  s t rength of  the  cover- i 
coated branches by spraying the  edges i : 

with "K.rylontt p a r t i c u l a r l y  a t  corners.  ! 
i I I 

Kapton Pre-Etch. The pee l  s t rength I 
of the Kapton covercoat t o  t h e . c a b l e  core ,  
can be increased by a fac tor  of  th ree  o r  
more i f  the Kapton swrface i s  pre t rea ted  
with N-Methyl-2-pyrrolidone. I I 
The Flexible Cable Branches I I 
The cable branches were produced with I 

I :  e i t h e r  3 4 ~ - 5 0 p - o P -  o r  with 34pm-50~-  i 

4 p n  copper clad Kapton laminate. The 1 construction used was determined by - 
whether the  cable was shielded o r  un- 
shielded. P r in t ing  of the conductors I !  

I was accomplished by the  photo-etching 
process. The cables were covercoated i with 50 pn th ick  Kapton which was bonded , 

$0 the core with nylon epoxy f i lm  ad- 
, hesive of  the same thickness.  The ex- 1 

posed terminations were immersion plated 
f o r  20 t o  30 seconds with br igh t  t i n  
apgrosimately 0.12 pm th ick  from a Cu- , 
pos i t  LT-26 bath maintained a t  a temperl . 

a ture  of 65-82°.~.. Tke-_t_i_l?.. coat ing 

-. . . - .  - .-- - . -.- ... - -- -. - - . .... . . ... . . . . 

1 f a c i l i t a t e d  solder ing and minimized thk' 
heating e f f e c t s  on the  conductors and 
the lands. I f  the  t i n  p l a t e  becomes 

a t a rnished a f t e r  s torage and atmospheric 
!exposure, it i s  recommended t h a t  t h e  I 
lconductors be rep la ted  in orde'r.  to,-?e- 
1 s to re  t h e i r  i n i t i a l  so lde rab i l i t y :  
i 
! i 
l ~ h e  Tiered ~ a b i e  Assembly 
I 

i 
' I n  the  assembly of  t he  prec is ion- t ie red /  
cable,  it i s  necessary t o  s tack  the  in-'  
d ividual  f l e x i b l e  branches within f0.25' 
tmm of  each other  and of  the  surface of ; 
; the  concector (F'igure 4 ) .  These t o l e r - ,  
:ances a r e  important not  only fo r  main- ' 

t a in ing  the cable s t ack  wi th in  the pre-, 
scribed pot t ing  envelope, but a l s o  fo r  

Icontroll ing t h e  o v e r a l l  cable length.  j 
!If these dimensions a r e  no t  control led, :  
1 
; the  outermost branch w i l l  extend out  i 
ithrough the encapsulation.  Also,  the : 
iindividuzl branches may be e i t h e r  too ; 

! 
sho r t  and not rezch the  mating con- 

I 

nectors  a t  t h e i r  opposite ends o r  too 
:long and r e s u l t  i n  wrinkl ing o f  the  
cable when it i s  i n s t z l l e d  i n  the  case 
:channels. Likevise, i f  t he  cable branch 
:is misaligned longi tud ina l ly  because o f  
jbent connector p ins ,  it w i l l  not  f i t  
b i t h i n  the  case grooves and w i l l  be : 
'damaged during i n s t a l l a t i o n .  It i s  
a l s o  apparent t h a t  t h e  height  . o f  the  : 
:solder meniscus and t h e  length of  the  
lconnector pins  between t h e  cable s tacks  
!must be c a r e f i l l y  cont ro l led .  The over- 
a l l  dimensions of  t he  connector encapsu- 
l a t i o n -  must. l ikewise be maintained with- 
i n  t he  prescribed 20.25 mm tolerances;  
:otherwise upon mating the  component w i l l  
:not fit within the  a l l o t t e d  space wi th in  
ithe weapon case. 
! 
j ~ b r i c a t i o n  o f  the  t i e r e d  cable assembly 

8 

'presented a number o f  problems,because i 
iof the  f r a g i l i t y  o f  t h e  branches. There 
was r i s k  of  conductor and land separ- I 
:at ions during solder ing,  t h e  p o s s i b i l i t y  
:of cold solder  j o i n t s  because o f  poor 1 
:wetting, rupture o f  soldered connections 
:during improper handling,  and t e a r s  o f  ' 

ithe Kapton a t  almost any s tage of the  I 
jprocessing. The problems were bas i ca l ly  
icontrolled by requir ing the  cable a s -  1 
Isembl.crs to..,comply, with a s e t  o f  wr i t t en  
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BRANCH 
BRANCH 
BRANCH 

BRANCH 15 & 

CONNECTOR PINS ----I 

I . . i I 
Figure 4. Precis ion Stack of  Flexcables - 

! . ' 
I 

' i ns t ruc t ions .  Cautions were emphasized , 4. Examine branch terminations a t  ' 
. f o r  each s tep  i n  the process. Assemb- ! 1 10  t o  20X magnification t o  en- . 

' l e r s  were made cont inual ly  aware of the  1 j . sure  t he re  a r e  no breaks o r  
. do l l a r  loss  consequences o f  mishandling i j separat ion o f  lands o r  adjacent  : 

i :of the components.and the  assembly. The I conductor segments. i 
i 

,step-by-step inotruct ions  l i s t e d  below ; i 1 i 

:present  a r a the r  good in s igh t  t o  the  / 1 i 5 .  Printed conductors and land a reas  
.processing used i n  t he  assembly oper- must not  be overheated during i 
a t ions .  solder  attachment because they : 

w i l l  separa te  from the  Kapton 
I 1. Perform a l l  assembly operations . insu la t ion .  
i with g rea t  care.  

6. If solder  does not flow, r e - t i n  / 
! 2. If there  i s  any confusion about i I f t he  conductor and land a reas  bet  

t h e  i n s t ruc t ions  o r  any d e t a i l s  i I fore  proceeding with  soldering.  
o f  t he  process, s top  

j 
I 

c l a r i f i c a t i o n  before 7. Avoid mechanical s t r a i n  o f  any 1 
kind on the  conductors and the  

: , 3. "BU& out" each cable lands during solder ing.  
ensure cont inui ty  o f  a l l  c i r cu i t s . !  

. . .  . .  ( ! 1 8 .  ml n l i  rn~-o,r cups of eon- 
. . ... .. . _ _ _ I - -- - . .. . . .. . . nectors  with so.lder ,..... . -. . . 
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Attach eol id  wire leads 
cups. 

I n s e r t  cable branches over wire 1 
leads c a r e f i l l y  so lands a r e  noti 
l i f t e d  from Kapton. 

~ o n n e c t 5 r s  and cable branches 
s h a l l  be f ix tured  o r  taped t o  a 
support board during assembly to! 
prevent movement .of the solder 
jo in t .  i 
Solid lead wires s h a l l  be clipped 
i n  a manner t o  prevent a s t r a i n  1 
,on the solder j o i n t  during the 
process. I 
During spacing of cable layers  i over each other ,  spacers s h a l l  ; 
not  be placed over the solder i 
meniscus but w i l l  be i n  contact i 
only with the  cable surfaces.  j 
Clean a l l  solder jo in t s  with iso-  
propyl alcohol t o  remove a l l  i 
t r aces  of f lux.  I 

I 
Examine a t  LOX t o  ensure c leanl i -  
ness and t o  ensure i n t e g r i t y  of : 

solder jo in ts .  

L . - T- . . , .. - . . --- . . .- - - .. . - . . --- .- .. - . - - - - . . - .- . . . . .. - . , - .. .. - .- - . . , . 

i 21. Molds sllnl.1 be F i l l ed  i eve l .  i! 
not "mound" the  pot t ing  compound 

I alongside the cable. Excess , 
compound causes wj.clting and pre-: 

I vents the f in ished  cast ing from ; 
f i t t i n g  i n t o  the  connector cavitjr 

I i n  the case. 

1 I 22. Wicked EN-7 polyurethane r e s in  i 

between branches s h a l l  be so f t -  I 

i ened by swabbing with toluene or: 
xylene and then removed with i 
tweezers. 

, . i 
! 23. Conduct dc r e s i s t ance  measure- , 

ments on a l l  c i r c u i t s  and record 
values. A permanent record 'shall  
bc kept of .  these r e s u l t s .  i 

! 
24. Ser i a l i ze  and date  code the  cable 

assemblies of  each s e t .  . I 

i i 
1 25.. Tugging, pul l ing ,  twist ing,  and . . 

I - .. excess f lexing of the  cable 1 ; ' branches s h a l l  be avoided. Do ' 

I I . ,' not .apply excess tension a t  the 
90' bends i n  order t o  prevent 1 1  t e a r s .  

I i 26. Finished cables s h a l l  be mounted 
and t ransported on support boards. 

I 

Test c i r c u i t s  f o r  meticulous v i sua l ,  i 
Rework " oped1 o r  miswired and e l e c t r i c a l  inspection 
cu i t s .  f ab r i ca t ion  was . 

physical integ- 
Mount assembly i n  mold cha rac te r i s t i c s  of  j 
so t h a t  soldered 
damaged i n  the  process. 

Preheat assembly (on support /connections and the  individual  branches: 
board) a t  75'C fo r  a t  l e a s t  2 
hours p r i o r  t o  encapsulation. 

I 
'The typica l  mold used ( ~ i ~ u r e  5) fo r  en- I ' 
lcapsulation was machined from s o l i d  606: 

Molds, while hot ( 7 5 ' ~ ) ,  'aluminurn stock. In t e rna l  dimensj.ons ; 

f i l l e d  from one end br I kere  control led t o  tolerances of  t0.13 
t h i s  .manner the pot t ing compound i mm, and the cavi ty surfaces were pol- 
will f i l l  the cavi ty by  sweepi in^' i Iished t o  f a c i l i t a t e  removal of the  c:nst- 
t h e  a i r  ou t  and thus prevent a i r ;  ! jing. Since the  cable branches i n  the j 
entrapment. and. yoids  ... i n ,  t.hc? cnst,l.ng. 'present design were required t o  e x i t  a t ,  

i 
7 
I "' 

t!l' 



DR & TAP FOR 
640 SCREW, 2 plcs. 

MATERIAL = STK. ALUMINUM 
ALL DIMENSIONS k .13 mm EXCEPT AS NOTED 
POLISH SURFACES OF CAVITY INTERIOR 

I 1 - 1  
Mgure 5. Single Exit Potting Mold . 

I I 

a 90' angle Prom the back of the con- i nector, theconnector body provided a 
I resin-tight closure against the mold, . I 

These molds were designed t o  accommo- 1 / 
-date the subminiature rack and panel I 
type connectors shown i n  Figure 6. This 
.particular mold provided emergence of I I 
the cable branches i n  one direcal;ion only.' 

I I ' 
'A more complicated mold is  shown i n  
Figure 7. In t h i s  design the cable ! I branches ex i t  i n  both directions. On , 
:the l e f t  side of the mold, the 2 mm i 1 - .high shelf positions the cable branches ' 

ver t ical ly  with respect t o  the back o f ,  
, -  --. - - - *  ,-*-.-. ..--.--...-- - . " .  

1 the  connector. Along the shelf surface, 
f a  resin seal  was developed by placing , 
lsuitable Teflon shims on e i ther  side o r  
/ t h e  emerging cable branches. The I 
:stack of f lex cables and shims was the4 
I securely clamped between the  mold and i 
; t he  hat-shaped plug shown i n  the figure. 
 he attached connector fomns the closure 

I along the open face of the mold, a s  
described above. The mold cavity i s  

jthen f i l l e d  from the  remaining open 

I face of the mold. 
I I 
9 The most complex mold ( ~ i ~ u r e  8) was , 
I constructed of four separate sections , 1. -"- - -  . . , . -  .- .--.. . . .- -..- . 



I , !  

Figure 6. Subminiature Rack and Panel Connectors 

I i 
'which were bolted together during the 
.potting operation. The mold cavity was 
completely enclosed except for the f i l l  

'hole and the connector port. A s lo t  
'was madlined along the arc of the back 
/section to  provide a resin-tight seal 
'at the surfaces of the flex cables 
1 
:emerging from the mold a t  that  area. 
,The front circular opening was sealed , 

;by bolting the connector against the i 

ilp~ld. The mold and cable assembly be- I 
1 fir6 and af te r  encapsulation are  shown 
/ in Figures 9 and 10. 
I 
f!i!he finished casting from the l a t t e r  I 
'mold was in  the shape of a quarter moon 
! !(see Figure 11) in order to  provide a i 
perfect f i t  i n  the cavity of the weapod. 
The casting also provides the necessary 
lmcehanical support for  the f lex cables 
iand their  terminations. The casting 1 ireoin i n  all, mldings was clear so visq 
iual bspection could be conducted of 
/ the soldered connections and of the 
:workmanship quality. 
I 

t I 

I I ??roduct Improvement 

1 i jcompound, t o  repair them, and then to  ' 

! :re-seal them. This rework option i s  
I ' 
i :very important since, otherwise, a very 

Because of .the complexity of the tiered- 
cable assemblies, specific controls : 
shall  be maintained over a l l  manuf'act- . 
wing phases of the products. Addit- ! 

ional controls not previously mentioned 
in  the sections on design and assembly' 
are  high-lighted here to  reemphasize 
the i r  impoktance in achieving the ex- 
pected quality. I 

I 

I 
/ 

expensive assembly might be a reject. 
Emphasis throughout the assembly oper- 
ations, however, should be placed on . 
quality workmanship so there is  no 
necessity for repair. i 

wele t s  or plated through holes 
for a l l  interconnections 

I Materials control (clad laminates I 
film adhesives, covercoats) 1 

When the casting is clear, it i s  pos- I 
/ s ib le  to lorate faulty soldered joints; 1 
: to  penetrate to  them by removing the i 

Support and alignment fixtures 
during fabrication 

- -- - -----...- .... - 1  I -. ....... - - - - - - -  - - 1 
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DR & TAP FOR 12.70 STK. 
640 SCREW. 6 plcs. 

MATERIAL = STK. ALUMINUM 
ALL DIMENSIONS 50.13 mm EXCEPT AS NOTED 
POLISH SURFACES OF CAVITY INTERIOR 

- l - l  
figure 7. l~oub:.e %it Potting Mold 

I 
I 

-------. .- .-. -.. - - -'..----A*&.--- 



I I 
Figure 8. Rmr-wrt Potting Mold 

1 Temperature controlled soldering ;and environmental requirements of an 
irons operating weapon system. i 

I 

. Support attachments on molds 

In-process monitoring and in- 
spection 

Manufacturing procedures 

Final product testing 

I 1 

To achieve an almost optimized cable 
design, a number of unique design 
features were incorporated in the pro- ' 

I I Product quality history I 
I . Training program for' assemblers I 

duct, and a systemized process for fab- I rication of the tiered cable assembly 
was developed. Visual and electrical 

I 
j!Cwo important objectives shall be 

I 

I tach5merl hy j n s t i  h~ti ng these controls :i 
!(I) the evolving systemized process 1 
,shall be problem-free and (2) a high I :quality product shall be produced at a , 

!lower cost because the reject rate shall 
/be virtually nil. 

CONCLUSIONS 
L 

'!&e precision-tiered flat, flexible 
/cable assembly was successPully de- 
signed .and fabricated to meet the 
;exacting physical constraints of a 
 weapon system. Early flight tests in- 
jdicate that the cable assembly success, ' fully passed the electrical, mechani ca2 

inspection during processing was used 
to monitor product quality. Variables . 
electrical data were used to determine i 
process consistency and final product 
quality. I 

The author gratefilly thanks R; T. 
Sylvester for useful discussions and 
fabrication of the flex cables, G. A. 
Lisotto for providing the engineering 
drafting, and B. P. Neumon, R. R. S. 
Everett, and Ann R. Hawk for producing 
and testing the cable assemblies. 
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Figure 9. Cable Assembly, Number 1 Before Encapsulation 



Figure 11. Close-Up of Form Fit Potting on Cable Number 1 

BIOGRAPHY 

George Voida is a Staff Member of the 
Interconnections Division at Sandia 
Laboratories. In this position, he is 
responsible for design, development, 
and evaluation of cable assemblies for 
weapon applications. 

Mr. Voida also has a specialty assign- 
ment for evaluating new flat, flexible 
cables with specific emphasis on min- 
iaturization. 

During his twenty-two years at Smdia, 
Mr. Voida has been engaged in research 
and development of printed circuits, 

electronic packaging, molecular sieve 
dessicants, and organic materials. 

I@. Voida has recently written and has 
had published journal articles and con- 
ference papers on solder fused inter- 
connections in flexible circuit s, 
micro-size plated through connections 
in flexible cables, silicone elastomers 
for cable Jackets, and non-destructive 
evaluation of interconnections in 
printed wiring boards. 




