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ABSTRACT

£ new solder fusion process has been developed for production of multi-layer cables
and multilayer printed wiring boards.

The multilayer process consists of three steps: (1) the photo-etching fabrication
of the basic flexcircuit, (2) the lamination bonding of several flexcircuit layers
together, and (3) solder fusion interjoining of the exposed lands to provide
electrical continuity.

Solder fusion is the unique feature of the process.

In the solder fusion process the multilayer assembly is never in contact with highly
reactive chemicals which, if entrapped, can lead to corrosion and dielectric break-
down of the assembly.

Lccurate layer to layer registration can be accomplished with the solder fusion
process.

£ multilayer assembly produced by solder fusion can be shaped into three-dimensionzal
configurations.

The repeatable electrical continuity of solder fused interconnections in multilayer
assemblies has been confirmed by microhm resistance testing.

The solder fused multilayer assembly can be used very advantageously in highly
sophisticated instruments and apparatus where portability, weight, bulk, environ-
mental stability, and high reliability are critical requirements.

'DISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED
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" INTRODUCTION

.Flexible cables and harnesses are widely used in weapon, missile and satellite
systems»and for data processing equipment, in aircraft and automobiles, and other
commercial applications. To enhance the uséfulness of such flexible interconnecting
aésemblies in miniaturization of components and solid state packaging, the séider
fusion prééess was deQeIOped to join éeveral layers simultéﬁeously together into a
more compact interconnec£ing systeﬁ{ |

This report describes the three éebaratg'é%éps used to'producé the'uitimate
solder fused multilayer assembly: e

1. Basie fIéXcircuits are fabricated’wiéﬁ'film type insulation materials

‘and interconnected with small diameter plated through holes "

2. The flexcircuiﬁs arrangea in an’orderly staék'areAﬁéxE laminated
into a‘layered structure bqhded'with fiim adﬁesivenahd |

3. All of the flexcircuits in the stack-aré simultansously solder fused
together at‘adjacéht crdés-o&erlpoints.' SolderAfusion is the salient
"step which mdkes this éroéess unique.

The resulting multilayer assembly produced b& this process is more reliable

because it is not immersed in plating solutions during ‘thé interdonnecting phase

v

of the processing.
Optical examination and microhm resistance tésts of thé final miltilayer
assemblywwére usad to confirm the mechanical integrity and éhe elecﬁricai conti-
miity of the solder fused interconnections.
The mﬁltiiajéffassembly prodiaced by the séider fusion process has the advan-
tage of reduced weight, lower cost, high mechanical strength, outstanding electrical

properties, exceptional thermal stability, and reproducible deéigﬂ;'



The solder fusion process can be automated to produce multilayer assemblies
by continuous roll-to-roll processing.

FABRICATION OF THE BASIC FLEXCIRCUITS

In the present design, the basic flexcircuit is fabricated from a thin com-
posite of copper on dielectric film. Intfa—coﬁnections betweeﬁ the conauctors on
the two sides of the flexciréuit consist of plated thfough holes. The conductors
and the plated through hole; Were,néxt overplated with tin-lead solder about 7.5 um
(0.0003 inch) in thickngss to facilitate subsequént fusion of the contacting cir-
cuits. (The solder had been fuged to minimize oxidation-duriné storage.and to
enhance subsequent'flow.) Thé,condugtors are produced by etching to the desiréd
configuration. The resulfing flexiﬁle cables are tranSparént and can be inspected

‘visually or can be tested er.continuity of the conductorslana the through con-
nections before proceeding with the“rest of thé procéssing;

The flexcircuits were.fgbricated from comnercial copper-Kapton¥*-copper (35 ur -
25 um - 35 um) (1.4 =mil - 1 mil - 1.4 mil) 1aminate.bqnded with a nylon epoxy ad-
hesive. The flexcircuits were pfoddcéd by‘the panel plating précéss in a production
facility.

The test panels consisted of 165 mn x 240 mm (65 x 9% inches) sheets. Each
panel contained 120 plated tﬁrough holes afranged in six rows ﬁith 20 interconnects
per row. (See Figuré 1). The diameter of the through'connections wére 0.33, 0.46,
1.02, and 1.98 mm (0.013, 0.018, 0.040, and 0.078 inch, respectively).. -The holes
were drilled by numerically controlled drill.. Drilling was performed at alspeed of

25,000 rpm at a feed rate of 510 millimeter/minute (20 inches/minute)._ The holes

*Trademark - DuPont Co., Inc., Wilmington, DE, 19898. .



1.98 mm Diameter’Hole's(éxcept ends)
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were drilled while each flexible panel was individually supported between phenolic
backup boards.‘ After the hole and panél surfaces were sensitized and plated with
electroless copper, the paneis weré e;ectrOplated at a curfept density of 0.03
A/cm? (30 A/ftQ) for a pefiod of'iime'sufficient to build up the desired 25 um
(0.001 inch) thickness of copper in the holes., The cross section of thé PTH's
0.33 mm and 0.46 mm in diameter are shown in Figures 2 and.3, respectively.

The standard elqctroléss copper plating process .was modified as outlined below
by pretreating thé drﬁlléd hole with'ahipley 1160 seﬁsitizerf

Immerse parp in Shipley 1160 Conditioner at 71 to‘TM”C for b to 5 minutes;

Immerse part in a 240 g/1 (2.0 1b/gal) solution of ammonium persulfate for
1 to 3 minutes; - , _ A T

Immerse part in a.iQ-percént‘sdiution of sulfuric acid for 1 ta‘é minutes;

Immerse part in{a 25-percent solution of ﬁydrochlbric acid forgl‘to 3
minutes ‘

Immerse part in a 7O-percent solution of Catalyst OF for 1 to 3 minutes;

' Immerse part.in a 16L g/l (22.oz/gal) solution of Accelerator 19 for 6
to 60 minutes; and ' o ’ : ) '

Immerse part in a 1O-percént solution of Cupusit abt Lb°C for 20 to 30
minutes ?the Cuposit consists of 90 g/l (12 oz/gal) Shipley 328A, 90 g/l
(12 vz/yal) ohipley 328D and 15.6 g/1 (1.98 oz/gol) Shipley 328C.

All operations except the'hydrochloric acid immersion were followed by a

thorough water rinse.

FVATUATTON OF PIATED THROUGH HOLES IN FLEXCIRCUITS

The results of tests conducted with these flexcircuits after a series of en-
vironmental exposures are described in Reference 1.
The exposure included flexure over 6.35 mm (0.250 inch) diameter mandrel to

simulate installation in next assembly; 150°C aging for 100 hours; temperature



Figure 2.

PTH 0.33 mm in Diameter.
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Figure 3.

PTH 0./16 mm in Diameter.
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shock from -55 to 150°C to determine effects'of thermal stresses; MIL-STD 202
humidity testihg to determine incidence of‘galvanic activity; and vibration and
mechanical shock and altitude testing to determine survival capability in weapon
-applications. The 0.33 mm plated through holes (PTH) éarried‘currents of 20 amperes
without exhibiting aﬁy deleterious“éf}ects.‘ Wire leaas were soldered and unsoldered
a total of 10 times in the 0.33 3; ?TH'S with ﬁo adverse effects.

Typical microhm resistance values of 0.33 and 0.46 mm diameter PTH's in the
flexcircuits are presented iﬁ'FiguréS & énd 5.\ Tﬁese §alues'did not - change upon
exposure of the flexcircuiﬁs to the conditions mentioned above. oy

Y

IAMINATION AND SOLDER FUSION OF MULTIIAYER ASSEMBLIES: '

Bécause éf their exceptional environmenﬁal stability deécribed above, several
layers of the flexcircuits were adhésively Bdnded_ﬁéééther to produée éither multi-
layer flexible cables.(Figure 6) or multiié§er p@intea wiring bogrds2 (Figure 7).
By this prqcess, it Was possible t§ fabricate reiiable and ecohomical multilayer
assemblies as shall be aéséribed later.

After the two-s&ded flekiblé c}péﬁits areffabricated with the requiyed inter-
connecting pattern by the photo-etching-plating process described in the preceeding
section, they cén bé-inspected visuallyfénd:testéd electrically for conformance
with the drawing requirements. Aliéﬁﬁeht holééf;én beuﬁrqvided on the artwork and
during processing these can be located precisely to achieve the desired layer to
layer registration.

The initiai multilayer assembly was built in'stages. First, two layers were

- bonded together then the»third layer was bohded to the two-layer core, then the

fourth layer was bonded to the three-layer core, and so on. Nylon epoxy film ad-

hesive #1044k from American Cyanamid Co. was sandwiched between the aligned

11
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FIGURE 6
SOLDER FUSEL INTERCCNNECTIONS BETWEEN FLEXCIRCUITS

A —

— "FLEXCIRCUIT 1

INTER-FUSION AREA

SEE DETAIL AY\ | o

f:‘ﬁﬂ‘ffy "~ "FLEXCIRCUIT 2

] ' s
— —J]

FLEXCIRCUIT 3

. DETAIL A .

DIELECTRIC —

" FILM DHESIVE -

COPPER PLATING
~IN PTH's ‘

SOLDER FLATING'

St o

NOTE: INTER-FUSICN THROUGH RGWS OF PTH's AT ZD3E OR END OF JOINED FLEXCIECUITS.



FIGURE 7

CONSTRUCTION OF SOLDER FUSED MULTILAYER PRINTED WIRING BOARD
- (CROSS SECTION)

e | s ¥ s s |

| lr— "T—_—TL __ ll_ LAYER 2

INDIVIDUAL - PLATED / FILM ADHESIVE DIP & LEVELED SOLDER ON
FLEXCIRCUIT THROUGH' . (FOR INTERBONDING CU LANDS (FOR INTER=-FUSION

HOLE . OF LAYERS) "~ - OF CIRCUITS)

[

NOTE: ANY NUMBER OF FLEXCIRCUITS COULD BE STACKED TOGETHER.,
ADHESIVE APPLIED ONLY TO INTERMOST LAYERS OF STACK AS
SHOWN. ADHESIVE KEPT OFF LAND ARFAS TO ENSURE METAL TO
'METAL CONTACT. INTER-FUSION PROVIDES. POSITIVE
‘CONTINUITY RETWEEN LAYER VIA THE PTH's,
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flexcircuits. The adhesive was O.dY6lmm (6.003 inch) in thickness énd was pre-.
punched at the adjacent 1andAareas whére intercontinuity and fusion were reQuired.
During lamination, silicone rubber pads were used on thé top and bottom of the
assembly to distribute'the pressﬁre uniformly over the flexcircuits being bonded.
The bottom pad was 3.2 mm (0.125 irch) in thickness and had a Shore A durometer
of 50; the upper pad was composed to sponge 1.6 mm (OiO§2<inch) in thickness. The
adhesive was cured at 150°C for 26 minuﬁésuatAa-ﬁressuxe of 0.85 Mpa (125 pgi)g‘
At the cbmpietion"of the cpre,ftﬁe épeéimEn-was immediately removed ffom the
press. The additional ?lexcircuits were<sﬁcééss1v¢ly.bbndedvin the above ﬁannef
until the required'numﬁéf of iayef$iwéé éésembled:. Aftér‘each lemination, the
assembly was examiﬁed at 10X magnification to determine the physical condition
of the PTH's. When ;heladhesive iﬁ'éhé'fipalulayer~was éufed, thé'aésembiy wés .
subjected to a.ﬁemperatﬁré of 200°C (Withﬁpressﬁre maintained at 0.85 Mpa) for two
minutes to fuse the solder of the adjaceﬁt lands together.' Thué'metal bonding was
developed betweén all pf thehPTH's iHia gifén stéck('.Microhm resistance measure-
ments were made oh all'holésﬁusiﬁg,a'MICROHM”METER Dlﬁ3* to determine the consis-
tency of land-to-land continuity,"Foﬁr and six layer'aSsemblies were fébricaﬁed By
the successive bonding _procedulfés. The miéiohm tesf results 'are summarized in the
next section, |

In order to expediteifabrication of the multilayer assémbly; an_attempt wasg
made to‘éimultaneously bond all éf the layers tbgefher in a single opération.;
This_attémpt was successful. No detectéble misalignment.or damage_to the PTH's
occurred during the lamination as was éOnfirmed by the subsequeﬁt microhm test
results. A significant cost saving is achieved by the simultaneous bonding of all

layers in fhe stack.

*MICROHM PRODUCTS INC., ALB., NEW MEX,
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EVALUATION OF SOLDER FUSED INTERCONNECTIONS

.The resistanee of the PTH's in the single Laxer flexcircuits averaged about
50 microhms for the 0.46 mm.holes'and'aﬁout looﬁmiereﬁmS‘for the 0.33 mm ones.
The microhm measurements of thetl.OQ.and 1.98 mm holes were not obtained because
the meter probes shorted due to the extreme thinness of the specimen.

Since the solder fusion precess is'a new method for providing PTH's in
multilayeir assemblies as oppoeed to the coﬁventienal process inAwhich the holes
are plated after lamination, ﬁierohm‘reeistahce measurements were made te.ascer—
‘tain ‘the quality of the holes. - S

Microhm readinés were obtained after each eﬁecessive layer weas bonded to the
inner core. No attehpt was made during theee eXperimehtsﬁtb fuse the aajacent
lands together after«each'suCEeSSive’lamihﬁtionz}”Fuéidn waé aeeompliehed'Only
after the whole stack was bonded. | |

The resistance readlngs of the 1nterconnects in Panel #5 at the different
laminating stages are presented in Table 1. The mlcrohm values conflrmed that
there was electrical continuity betweea'all the interconnects in the four layers.
The readlpgs appeared unusually hlgh Solder fusion'of the land‘areae of this
panel d*d not lower thc resistance of the PIH's in the stack 'Apparently the mis-
allgned adhe51ve paxtlally covered the landslana prevented intimate metalllc con-
tact between the layers. The fus1on temperature appeared to spread the adhe81ve
even'more exten31vely between the lands and to 1mpede metalllc contlnulty eren more.

In fabrication of Panel #6 the separate layers of.the flexc1rcu1ts and the
adhesiVe;were superimposed more precisely over eachpotﬁer. ~Slight processing

.. B : - : A

changes were also made. At the inception of the bonding, a contact pressure was

applied for l% minutes after press loading of the assembly. The low pressure was

17



TABLE 1

MICROHM RESISTANCE READINGS OF PTH's IN PANEL #5

(2-LAYERS) .
Colum No. = 1 2 3
Row No. PTH Size
1  1.98mm 351 193 182
2 0.6 mm 331 364 b1g
3 0.33mm 475 L66 sk
L 0.33mm 334 448 L19
5 oh6mm 305 b 328
6 1.02mm 234 218 209
(4-LAYERS)
Column No. 1 2 3
Row No. PTH Sise -
1 1.98mm 28 1483 L8
2  obLsmm 748 827 855
3 0,33 mm 1170 .930 882
L 0.33mm 762 822 849
5 0M6mm 602 6h2 659
6

18

1.02 mm 158

526

(AFTER SUCCESSIVE LAYERS BONDED)

466

188
429

51

314

223“

457

877
896
869

731

655

189
L70

|

k76

3?7

22k

429
887
ook

97k
_7h0

552

Column No.
Row No, PTH Size

1 - 1.98m

2 0.46 i

3 '0.33mm

b 0.3 mm

:.5 : 0.46 mm

6 1,02 m
Column ﬁb.

Row No, PTH Size

L
.
3
K

5 .

6

1.98 mm |

0.46 m
0,33 m
0.33 mm

0.i6 mm

(3-LAYERS)

1 2

627 267
87 HUT7

765 689,
628 657

463 503
393 293

378 499
150 832

272

Bl

653

512

297

k7
868

316
657
706
657
597
328

423
o0k

242

578

707
685
515

1331

3%
811

1550 1500 1011 1035 1081

1230 1248 1061 977 969
1134 908 72 768 766
1.2 m 525 534 551 926 592

* 2 minutes at 200-210°C and 0.85 MPa (125 psi) to fuse lands to each other



to allow the escape of entrapped or absorbed volatiles from between the polyimide
layers so as to.ensure 1nterbond1ng of the c1rcurts over: the entire areas where
adhesive was present. Thelcure temperature was ralsed to 160°C.

The microhm resistance readings of the holes in Panel #6 after each of the
laminating stages are reported io_ﬂabie 2.. The'veiues on eech of the holes of the
different sizes increased uniformly in resistance from layer to layer until the
sixth f;excircuif was:edded.r The res;lts are;presentedlin Teble 3. The unusual
rise in resistance oftholeSain Rows #3, #h,jand #5‘may.be attributed to the mis-

‘ allgnment of the last adhesive layer which may have partlally overlapped the land
areas. With sophlstlcated productlon punchlng dlesvand 1ocat1ng fixtures, this
condition can<be corrected by more. prec1se locatlon of the holes in the adhesive
and more precise allgnment of the flexc1rcu1t layers with respect to each other.

Panel #7 conS1sted of four flexc1rcu1t layers all of which were bonded simul-
taneously. The bas1c steps of the process were slmller to those used in the
febrication-of'Panel #6. Inspectlon of the lamlnated assembly at 30X confirmed
that no damage had occorred to the PTH's ang no qetecoable layerumlsallgnment
resulted from the singie stage bOnding.< | |

The microhm test results of ﬁhe PTH's in Panel #/ are reported in Table L.
These results show the excellent agreeméﬁﬁ}of valﬁes in Rows 3 and 4 (0.33 mm PTH's)
and Rows 2 and 5'(0:&6 mm PTH's). .fhe detadconfirm the feasibility of indexing
and bonding of a stack of clrcults s1mu1taneously On the basis of these results,
it is indicated that the single stage lamlnatlng process is adaptable for the mass
production of multilayer cables and multilayer printed wiring boards.

Samples of Panels #6 and #7 were plastlc-mounted and cross-sectioned to deter-

mine the 1nter1ayer allgnment and the 1nterfu31on of the solder plating between the

adgacent circuits. Figure 8 shows the almost perfect alignment of the six layers.

19



TABLE 2

. MICROHM RESISTANCE LEADINGS OF PTH's IN. PANEL #6
(AFTER. SUCCESSIVE LAYFRS BONDED) :

(2-LAYERS) S ' (3-LAYERS)
Column Mo, 1 2 3 .4 5 {Colum No. 1 2 3 4 5
Row No, PTH Size . :  ||Row No. PmH size _—
1 1.9 mm 161 172 161 164 165 1  1.98mm 218 198 169 170 168
2 046 mm 2uk 264 263 258 270| 2 - 046 mm 364 415 Lo7 392 LoS
3 0.33mm 209 363 353 3% 36R|| 3 0.33mm L8B3 503 557 566 530
L 0,33 mm 275 363 366: 357 363| 4 0.33mm 465 506 519 STL 523
5  0.46 mm 226 227 240 232 24k 5 0,46 mm 376 361 L27 362 LO3
6 1.02mm 142 146 147 16 148| 6 1.02om 305 251 239 267 256
(4-LAYERS) " (5-ILAYERG) -
Column No. 1 2 .3 4% '5°|iColumn No. 1 2 3 4% 5
Row No, PTH Size | - ¢ "llRow No. PTH Size |
1 1.98mm 306 261 246 240. 264| 1 1,98 mm 465 380 340 370 387
2 046 mm 523 516 541 550 557| 2 O0.M46wm 681 666 665 679 T29
3 0,33mm 69% T17 721 709 732| 3  0.33 mm - 803 1020 859 869 907
b 0.33mm 6% T3 725 725 694 4 0.33mm 873 862 846 859 888
5 046 mm 504 Lg7 498 536 528 5 046 mm 629 569 643 617 684
6 1.02mm 393 374 351 356 378 6 1,02 mm U437 356 363 379 528
. - (b-LAYERS)
Column No. 12 3 4 5

Row No. PTH Size’ .

1.98 mm . 571 U4B2 U473 Lhg L8B3
0.46 mm 7864'823 799 881 869

0.33 mm 992 1363 1123 1169 1127

0.33 mm - 963 1482 1077 1147 1118

0.46 mm 836 858 908 977 948

1.02 nm 648 539 486 437 L99

oWV o Fw

20
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Row .No,
PTH Diameter

No. of Layers

2

- TABLE 3 °

AVERAGE MICROHM READINGS OF PTH's IN PANEL #6

1

1,98 mm
Microhm | Diff,

165 -

185 20

263 | ‘ 78

388 1 125

kg3 105

2
0. 4k6 mm '
Microhm | Diff.
260 | --
97 137
537 140
€84 147
g2 | w8l

Each Value An Averege of 5 Readings

<3
0.33 mm
Microhm Diff';
350 | --
530 180 |
T15 185
~ 892 | 177
15k | 262

N

0.33 mm
'Microhm Diff.
- 345, -

515 - 170 »
‘Mo | 19
é 866 156
i o
1157+ 291

5
0.46 m

Microhm | Diff,

23 | -

385 151

523 138

629 106

905 | 276

6

1,02 mm
Microhm | Diff,

146 -

364 118

370 6

413 43

521 108




Row No,

22

1

N +F W n

Column

PTH Diameter
1.98 mm
0.46 mm
0.33 nm
0.33 mm
0,46 mm

1.02 mm

MICROHM READINGS OF PTH's IN PANEL #7

" TABLE 4

238
496
© 627
602
L&
278

620
hoe

192 - |
523
648

273 |

181
s5h7
648
651
hoe

. 253

173

540

278

197
483

6l

f06

- 4o3'

299 - ;

Average

1%
518
6u7
62k
Lo
276

|
i




Figure 8.

Six

1.02 mm PTH

Layer Assembly.

Multi-Stage Lamination
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This is evident from the appearance cf the different size holes. TFven the (.33 mm
holes were perfectly matched. In all three holes, fusion of the solder between
the contacting circuit surfaces appeared to form continuous bridges.

Figure 9 shows the holes in Panel #7 in cross section. The layers were
perfectly matched. Excellent solder fusion was evident in the 0.33 mm hole. Eow-
ever, there was evidence of only partial fusion at the circuit interfaces of the
O.4¢ and 1.02 mm holes. No suitable explanation can be offered for this condition.

It may be pcssible to provide more positive solder fusion by using infrared
heating, a solder leveling technique, the vapor condensation heating¥, or & suit-

able modification of these techniques.

ADVANTAGES OF THE SOLDER FUSED ASSEMBLY

The basic solder fusion process described in this report is considered very
valuable to the flexible cable and the pfinted wiring industries because of tre
unigueness of the method for interjoining of multilayer assemblies.

Specific advantages of this process are listed as follows:

*The process is adaptable for automated production.

* Double-sided flexecircuits with plated through connections can bhe

produced by a roll-to-roll process.,

*The basic flexcircuit can be inspected visually and electrically

i

TO screen out rejects before proceeding with the lamination/fusion
process.
*Multilayer flexible cables and harnesses and multilayer printed

wiring boards made by the process are reliable and =conomical.

Al -

*'Fluorinert - Trademark - Commercial Chemicals livision, 3M, St. Paul, M,

\J1
un
B
(]
’—l



0.33 mm PTH

0.46 mm PTH
- 4ox

—_—

1.02 mm P
Lhox

fasi

Figure 9. Four Layer Assembly, Single Stage Lamination
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eThe plated through layers are interjoined b& 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 substrates.

eThe solder fused 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 layer-to-layer registration.

eApplication of the multilayer assembly can provide a reliable

transition between flex and rigid circuits.

OTHER SOLDER FUSED INTERCONNECTING CONCEPTS

The solder fusion process described in this report is only one of many similar
approaches that could be used te interjoin several layers of circuits together
electrically-

As a matter of fact the plated through connections could be eliminated alto-
gether in a multilayer assembly.

In Figure 10 are illustrated several different variations cf the solder fusion
concept. In Figure 10b, for example, are shown single-sided flexcircuits that

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



FIGURE 10

DIFFERENT SOLDER FUSED INTERCONNECTING SCHEMES
( CROSS SECTION

AVAvaTaATATE~S
SPOOIOI)S

b. COUNTERBORE INSULATION-SOLDER FUSION OF LANDS

//[/,/'!’///////r/////////uz_// FHETS

/L//l 5!2/////1/7/’ 777//[///;!/////

co SOLDER FUSION AT CROSS-OVEi OF CONDUCTORS

d. FOLD-OVER CIRCUIT-SOLDER FUSION OF LANDS
AND CONDUCTORS

IITIITITZTZ] BASE DIELECTRIC

s CLAD COPPER

SOLDER

SRR T XX %y ADHESIVE
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back-side of the conductors could be removed by counter-boring, lazer stripping,
chemical dissolution, or other suitable means. The conductors could then be dril-
led or punched to provide lead holes of a desired size. The exposed copper con-
ductors could next be solder coated on both sides at these "window' areas so that
upon lamination the adjacent circuits could be interjoined by solder fusion as
described above. In this scheme, the etched circuitry (except for the land areas)
could be completely sealed by the coverlay insulation,

In another scheme shown in Figure 10c, the required two-sided circuitry is
again produced by photo-etching. The adhesive/coverlay insulation is punched out
at the desired cross-over areas and is bonded to the flexcircuit. The exposed
cross-over areas are next solder coated. Upon lamination the circuits are sclder
fused together at the contacting points and completely sealed within the insulation.

Another extention of the solder fusion process is shown in Figure 10d. In
this case the conductors on the two sides of the flexcircuit are interjioined by
folding the circuit over on itself and sonlder fusing the conductors througl: Lle
matched windows.

Combinations of tliese lulercontiecting schemes or similar circuitry arrange-
ments camn be interjoined by the solder fusion technique. .The variations of such

schemes are as prolific as the imagiration of the designer utilizing them.

APPTL.ICATION OF THE FLEYTRL.E MULTILAYER CABLE

The solder tfused multilayer assembly can be used very advantageously in highly
sophisticated instruments and apparatus where portability, weight, bulk, environ-

mental stability, and high reliability are critical reguirements.
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CONCLUSION

A new solder fusion process.has been.Q¢velQped for prbductipn of multilayer
cables'énd‘muitiléyér priﬁted-wifing boafés.': |

The‘muitilayer,process consists of three steps: (1) the photo-etching fabri-
cation of the basic flexcircuit, (2) the lamination bonding of several flexcircuit
layers together, and (3) solder fusion interjoining of the exposed lands to provide
electrical countirmity.

Solder fusion is the unique feature of the‘process.

The solder fusion 1ap joint is'very reliable and can withstand severe environ-
mental exposures.

In the solder fusion.process'the multilayer assembly is never in contact with
highly reactive chemicals which, if entrapped, can lead to corrosion and dielectric
bfeakdown of the assembly.

Accurate layer-to-layer reéistration can be accompliéhed with the solder
fusion pfocess. |

The soldef fusion process can provide:reliable transitions between flexible
and rigid,circuits.

A multilayer assembly produced by solder fusion can be shéped into three- -
dimensional configurations.

The repeétable electrical continuity of solder fused interconnections in multi-
layer assemhlies has been confirmed by hicrohm.resistance testiné.

The solder fused hultilayer assembly can be used very advantageously in highly
sophisticated instruments and apparatus where portability, weight, bulk, environ-

mental stability, and high reliability are critical requirements.
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