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Fig. 5 Schematic map of an eight module board mosaic structure, 
using the leaf spring, connector of Fig. 2, and four module boards 
on each face of the masterboard. Thickness without covers, about 

one-half inch. 
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the masterboard by about 0. 8125 ( 13 I 16) inch to allow for some 

external cabling requirements on the connector back. 

The plan area dimensions shown in the figures do not 

include edge covers for connectors, but do include all necessary 

internal structure. The leaf spring connectors, to be described 

in more detail shortly, include a structural supporting effect, 

so that each module board is supported and tied down to the 

masterboard along both of its long edges . The overall thickness 

of the two level mosaic structures, allowing 0. 1 inch thickness 

for each of the three circuit boards, and 0. 1 inch for each level 

of flat packs and leaf spring connectors, is about one- half inch. 

This does not include plan-area cover plates, whose thickness 

would depend on thermal design requirements, but a very gen­

erous allowance for them should result in a total thickness under 

one inch. 

In comparing Figures 4 and 5, it may be noted that the use 

of the connector of Fig. 2 (in the mosaic of Fig. 5) together with 

the increased module board aspect ratio which it allows, has 

resulted in a substantial increase of available connector points, 

both on the level of the module board, and that of the masterboard. 

This has been accomplished by the fact that the Fig. 2 connector 

design frees up the edge of the masterboard, and allows any or all 

of its edges for external connector use. In general, the use of the 

Fig. 2 connector will require one more layer of circuitry in the 

masterboard than is requirer 0y the Fig. 1 connector. This is 

true because the plated-through holes associated with module 

board contact pads on the masterboard cannot be located in a 

straight line on 0. 050 in .. centers, as the pads themselves must 

be. If they were, these holes, on 0. 050 inch centers, would 

block the passage of masterboard circuitry in all of its layers 

through the straight, unbroken line of plated-through holes on 

minimum centers. The extra layer, then, offsets the row of 

masterboard pads into an array of plated-through holes which is 

spaced to allow the passage of circuitry in all masterboard 
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Fig. 6 Illustration showing the need for an offset array of plated­
through holes of the pads on the masterboard, for mating with the 
module board connector of Fig. 2. The offset allows access of the 
circuit runs in the masterboard to external connector pads, or 

greater freedom in routing masterboard conductors. 
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layers. The situation is illustrated schematically in Fig. 6. 

Of course, this extra layer may frequently have room for per­

forming other interconnection functions as well, so that its 

presence in a finished design might not be recognized as a bona 

fide "extra 11 layer, except by the fact that its conductor runs 

are necessarily exposed, rather than imbedded in plastic. 

Obviously, there is infinite variety to the mosaic patterns 

which might be used, the illustrations of Figures 4 and 5 being 

merely examples of two which are based upon a standardized 

shape and size of module board. If circumstances warranted it, 

there is no reason why mosaics could not be designed based 

upon a variety of module board shapes and sizes within a single 

mosaic structure. 

Having indicated the general architectural features of 

typical mosaic structures, it is now appropriate to present the 

details of the structure, particularly insofar as the assembly 

involves the connector hardware and thermal/ structural hard­

ware. The important details are presented in the schematic 

section of Fig. 7, which indicates the mating of a pair of module 

boards to their associated masterboard. 

With the structure entirely assembled, as shown, the 

only points of electrical test available are the pins of the ex-

ternal connector, at the right hand edge of the Figure. With 

removal of the metal cover plates and their holding screws, a 

significantly greater degree of inspectability and testability 

develops, even though the structure is electrically fully assembled. 

With the cover plates removed, the inspector has access to the 

leaf spring butts as well as the leads of each flat pack. He may 

therefore test probe at the flat pack level, the module board 

connector level, and the external connector level. By using 

parallel-gap welding techniques, he may even effect removal 

and replacement of flat packs at this level of disassembly. If 

module board removal or replacement should be necessary, the 

structure may be disassembled completely by removing the 
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connector s tro ngbacks and their holding screws. 

In addition to th e extensive inspectability and repairability, 

the s tructure also has a m odest capability for rewiring at the 

m odule board level. This may b e accomplished by means of 

point-to-point wiring added at the component level on the module 

boards, or by m eans of point - to -point wiring added between the 

leaf spring butts on any module board connector. 

The thermal gro unding circuit of the structure is unusually 

straightforward. The first conductor in this circuit is a perfor­

ated metal sheet, laminated to the module board, which underlies 

all of the flat packs except in the area of weld pins or weld pads. 

Two edges of this sheet are fayed to the metal strongbacks, 

which are, in turn, fayed to the metal cover plates. The outside 

surface of the latter may in some cases be the area of application 

of an external cooling effect, or the cover plates may otherwise 

be used as conductors to convey heat to some more locally con­

centrated cooling effect. Their thickness, proportioning, and 

material are subject to design alteration, based upon the details 

of their thermal function . It is important to note, however, that 

major changes could be made in this aspect of the thermal circuit, 

without any changes whatever in the more internal features of the 

structure. 

It may also be noted that the proposed leaf spring connector 

permits a reasonable degree of flexibility in the design of the 

module boards, in that it does not require a standardization of 

the module board thickness. Thus, depending on wiring density 

requirements, the different module boards of a given mosaic 

could each have different numbers of conductor layers in them, 

with different resulting thicknes ses, the differences being ac­

commodated by grinding corresponding thickness dimensions 

on the metal strongbacks, and on the metal ridges of the external 

connector. 
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For the external connector design shown, it is necessary 

to standardize the design thickness of the masterboard. It is 

possible, however, to design an external connector which would 

accommodate design changes in the masterboard thickness, as 

shown schematically in Fig. 8. This arrangement uses leaf 

spring connectors fayed between strongbacks and the master­

board pads, wherein the strongbacks must be of insulating 

material, or have an insulated faying surface. Design changes 

in the module board and masterboard thicknesses are here 

aocommodated entirely by tailored grinding to thickness of the 

module board strongbacks and the metal ridges of the feed­

through. Although this external connector scheme is more 

bulky than that of Fig. 7, it adds another possibility for wiring 

modification, by means of point-to-point wiring at the interface 

between the external connector leaf spring butts and the feed­

through pins. 

It will be noted that the connector designs advocated 

for use with the mosaic structure are somewhat unusual, in 

that they derive their structural integrity in large measure 

from the parts which mate to them, and the associated hard­

ware. Thus, the connector structure must in fact include the 

leaf spring assembly, the mating module and masterboards, 

and the associated strongbacks and screws which hold them to­

gether, before the whole can be considered an existing circuit 

closure, or connector. Therefore, one does not promiscuously 

assemble and disassemble the connector structure, as might 

be the case with more conventional designs. It is expected that 

the high degree of inspectability and repairability of the mosaic 

structure with cover plates removed will make the disassembly 

of connectors an infrequent event. There are, of course, 

advantages anticipated from the use of this unusual connector 

design. First, it will be noted that the faying together of a 

number of boards, strongbacks, and leaf springs makes possible 

the multiple purpose usage of the same materials, or parts. 
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EXTERNAL CONN ECTOR 
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Fig. 8 Schematic illustration, in edge view section, of an 
external connector and feed through arrangement alternative 
to that of Fig. 7. The device above allows for using master-

boards of differe nt thicknesses. 
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Thus, the connector assembly may simultaneously function as 

a circuit closure, a structural tie-down between one edge of a 

module board and the masterboard, and an element of the thermal 

circuit by thermally connecting the module board to the external 

cover plates. All three functions can be accomplished with a 

total usage of material, or bulk, that would ordinarily be used 

just to provide circuit closure by means of conventional con­

nector designs. Second, it may be noted that the design does 

not use leaf spring deflection as a primary means of establishing 

electrical contact pressure. Although an originally curved leaf 

spring is indeed deflected to flatness on assembly, the final 

cor.i.tact pressure is developed by the more substantial strongbacks 

and screws, which apply compressive force to elastically deform 

the multilayer glass-epoxy boards, and compress the springs 

between them. Thus, contact pressures are expected to be sub­

stantially higher than those available from connector spring 

elements alone, with a corresponding prospect of higher electrical 

contact reliability. · The elastic deflection mechanism is built into 

the leaf springs simply to provide a small amount of wiping action 

on assembly, and to give a reserve of residual contact pressure, 

in the event of a substantial amount of loosening of the assembly. 

A third advantage, that these special connectors can be used with 

circuit boards of any and all thicknesses, has already been dis­

cussed. A fourth advantage is that the leaf spring and insulator 

bar is inherently susceptible to design standardization, and to 

inexpensive manufacturing techniques. 

At present, there are a number of unexplored questions 

which might legitimately be asked about this special connector 

type. However, it is thought to be sufficiently promising to 

warrant a follow-on study which will consider such items as 

manufacturing techniques, stress-deflection studies, contact 

metallurgy, and configuration details. It is known, for example, 

that the requirement for an occasional location pin, as well as 

for a regular array of strongback screws, will affect the 

23 



maximum density of connector contacts which can be attained. 

In the estimates of packaging sizes given earlier (figures 4 and 5 ) 

this effect was taken as a ninety percent effectiveness on the 

total connector length, although a more accurate value will have 

to await a stress-deflection analysis of the structure. 

IV. CONCLUSION 

It is proposed that the mosaic structure, based on multi­

layer circuit boards, affords a reasonable basis for the develop­

ment of a computer logic assembly, or subassembly, which offers 

substantial promise in terms of the essential and desirable 

characteristics enumerated in Section II of this report. It is 

apparent, however, that the success of such a development 

depends critically on the availability both of reliable multilayer 

boards and of the reliable connector devices of the leaf spring 

type . The development and initial sales of weldable multilayer 

boards is currently underway in at least three industrial com­

panies, and our laboratory is engaged in a program to evaluate 

their product. At present, it seems quite likely that a product 

of this type will be available in time for incorporation into a 

mosaic structure development. It would seem necessary, however, 

to initiate a connector development program, if the connector that 

is most appropriate to the mosaic structure is to be made avail­

able when needed. Therefore, the Advanced Study Laboratory, 

Digital Development Group, is presently mapping out a feasibility 

study of the leaf spring type of connector. The findings of this 

study will be the subject of a follow-on report. 
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V. APPENDIX 

Our experiences to date with the environmental testing 

of multilayer circuit boards has exposed two failure modes 

which can occur in structures of this type . The two possible 

failure modes are illustrated in schematic section in Fig. 9, 

and are both the result of faulty manufacturing procedures . 

The epoxy smear type of failure is a result of the smearing of 

epoxy material over the inner surface of a conductor land, 

when the latter is drilled prior to the generation of the plated ­

through hole body. In proper manufacturing, an etching process 

which attacks epoxy at a greater rate than copper is used to 

clean off such smeared material prior to plating of the hole 

body. If this etching is omitted, or is insufficient in extent, 

then epoxy may be present in a portion of the conductor land 

to hole body interface, as illustrated in the upper half of Fig. 9. 

Subsequently, the small amount of copper- to - copper bond area 

may be overstressed and fractured, due to the fact that the 

epoxy is present in a wedging position between the copper parts, 

and due to the fact that the epoxy has so much larger a coefficient 

of thermal expansion than does the copper. Thus, the first 

symptoms of this class of fault have been detected in the course 

of thermal cycling, either as an increasing resistance between 

a circuit run and a hole body, or as an open circuit. One might 

wonder at the fact that such a thermal 'expansion mechanism 

could fracture a piece of copper, when the latter is a metal of 

such great ductility. A possible explanation is that the copper 

is a coarse - grained electrodeposit, and the contact can be, in 

severely smeared cases, very small in area. Thus, the entire 

area of the copper- to - copper bond can consist of the boundary 

between a pair of adjacent grains. Ductility values based on the 

stress - strain study of macroscopic samples obviously do not 

apply to the situation described . 

The second type of failure is illustrated in schematic 

section in the lower half of Fig. 9. This failure consists of a 
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cracking of the plated-through hole body, which is probably also 

caused by the differential thermal expansion between that copper 

body and the surrounding mass of glass-epoxy in which it is 

imbedded. Here again, the grain structure of the copper is 

probably important. It has been found that the use of hole body 

wall thicknesses on the order of 0. 002 inch and greater eliminates 

this problem, whereas it can occur at thicknesses on the order 

of 0. 001 inch. The failure is electrically manifest as a high 

resistance, or open circuit between the upper and lower lands 

of the plated-through hole. 

There are, of course, other possible ways in which a 

multilayer circuit board might fail in service, or be found 

defective at incoming inspection. The two described above 

are presented only as examples which have been encountered 

to date, for which the manufacturing remedy is believed to have 

been found. 
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