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Ms .
Packaging «Electronics systems fur unfriendly

environments, in partin an underwater environment requires a

different approach for 1631c, and pdwer systems for optimum

results. A modqu appsoach showing the variation required by

these system types is described for use in oceanographic

instmmentati‘mu ' ' '

DESIGN REQUIREMENTS.

.Most undefiatereayatems :eguim special attentian to be

paid to one or usually more of the followingfirlterh.

wags:
Space >

Faust. consumption

- Goat ’

Reliability

Repair-ability.

. The relative importance of these items will of,coum

vary with specific system mqsmssnts, As an as these items

V then? isnimplicit in the desimofundexute'r systems a Jamaican

enmssmt with sans-1y high risk of exposure a:sh. cdmponants

t9 sea water. v ' V

With the exception of "pan-ability fim—elsetrunies can

give inmdiate advantage on all other aesigs nquhemtsflawever,

no mtter which system of interconnecting manage devices is

used, xepeinbility is a major problem. For this reason a throw

new principle has been adopted where a Mylar level module which

an be handled farms the throw-any unit.
The basic building brick around which the modular system

has been developed is the silioon integ'ated cireuit thus mating

the other design remnants. It is the performance of these  



  

devices that dictate the form of the module design.

To supplement the improved reliability one hopes to achieve

by the use of integrated circuits it was decided to use a

controlled Jointing technique and as space was a major

consideration in the development of our modular system it was

leaded that a welded construction offered both the control

required and occupied a minimum of zones. This construction

finally encapsulated fulfills the renaming nquiremente of

environmental ruggedness.

To complete the system the sub-system modules are welded er

vire-Irspped onto a multilayer interconnect which is

manufactured using techmques.

1.1mm SISTEHS. V

Linear inteysted circuits require the addition of

omventicnal components to achieve a working system. until

recently, in addition to gain setting components considerable

frequency was required. This has meant that two

or three capacitors and four or five resistors, are required to

man-e a functional unit an addition to the intey‘ated

amplifier itself.

To acoomodate these components a modified type of Cordwood

oonstruotial is used. The basis of this "mp mnd'module" is a

f-ledble nickel ciralit.

. This man: drcuit ounprises nickel track on a polyester

(win) Hue in which thesis-111'th feature is that the

dielectric has an etched pattern of holes with exposed tabs of

nickel overhen‘ging'the etched holes. The integrated amfilifiers

_s_re assenbled mate the unforde mm film using the etched

holes as heeess for ,the weld electrodes. The'f'fln “then formed

and the m5 nickel tabs bsnt' mung: 90° to facilitate

welding of the conventional. component's. Figure 1 shows the

module bum up.

  



 

After testing the module is placed in a plastic box which has a

plated metal screen on it and the box finally filled with an.

encapsulant, this being either a filled epoxy or a foam.

Typically modules contain two linear integrated. circuits

plus their associated conventional components. In-special cases

where a completely discrete component circuit is required the system

is flexible enough to cope, but of course with; a decrease in the

complexity/space ratio. I -

It is the interconnection of these modules that presents

a under problem. Pnsenting so may outpufsin so will an area

requires a mltilayer interconnect to distribute the signals. This

is further complicated when distribution of low level signals is I

required. The general approach is to run low level signals on a

separate layer with inter—tuck screening. This layer is in turn

sandwiched between two screens which can double ’as power

distribution Wars.

Assembly if these interconnecting layers utilises the same

techniques as used in the module construction La. welding. Again

the flexible Nickel—Mylar circuit fume the hasis of the assenbly.

A baseboard of epozw glassfihre is prsassemhled with output and

module mounting pins. The layers are loaded singly and welded with

inspection taking place after each layer. Afi‘er assembly or $11
layers there is a continuity check, the unit is then encapsulated

and there is then a final continuity check.

These interconnects can become very complex, the m'

number of layers used in a sonar application to tte being 12. A

couputer utilising sinnlar intereonnects has more than 20 layers

and there is no forseable limit to the-number of layers.

The disadvantages of such s system are lat-ply cost‘

orientated. The module is encapsulated and hence 'unrepaira‘ble'f

there is therefore a throw away cost-limitation to he ’sonsidmd

for each module. A target limit'of £50 is applied and'usually modules

fall well below this. The exceptions to this being where space is

a premium lax-y quantities of small modules cannot be accommodated

and a large complex and therefore costly results. I

Also, there is implicit in this design a relatively

expensive manufacturing technique. Le. welding. The'trade aff‘for

this is the better control obtained dwing mamafactm and

consequently a better long tezm reliability.

These techniques have been used to produce a electronic

beam forming system. The system produces beams by sunning phase

comptments from a multi transducer array. Three main modules are ‘

  



 

used:

a) l preamplifier comprising 2 Linear 1.0. 5mm; 25 an em.

b) Thin film summing resistor mdules.‘

o) Summing amplifier oompzising 2 linear LC. giving 25 dB gain.

The total system occupies a cylinder ten inches dimter by V

0.6 inches thick giving eight discrete beans with an overall gain

of 50 dB.

DIGITAL SISTER,

It is “thin digital systems that the integrated circuit has

had the most impact. The integrated logic element has been

available for lunch longpr than its linear counterpart, it was

therefore used in the early stage in systems that had

conventional linear circuit peripheries.

> _ There are two approaches in adopting digital Les;

1) If space is not 'a premium and the reason for adoptb'an is

bases solely an' cost and reliability then the dual in line

encapsulation offers a solution which utilises conventional

manufacturing techniques. There is still a problem of repair

Ilth_th1s approach but thepackage are more use orientated than

flat packs or 1.0. 5 and this problem can be overcome using

soldering irons fitted with suction attachments for removing

faulty devices.

2) Where space and Ieight is a premium the flat pack will be

used posing a more severe interconnection problem usually

overcome by 11le soldering to a printed circuit or by welding.

In our modular system approach we decided to use a welding

assembly method and 91111113 an improved packing density by using

multilayer interconnects. To decide on the optimum module size

the following points were considered.

1. Where are the convenient sub system breaks.

2. no! may I.C's in a sub system.

3. How many input/output-connsctisns to the sub system.

B. .Totel space available for the system. I

5. Cost. .

The results obtained on shumb'er of evaluation using 11m.
show subsystems of about25—}O'paakags and 50 to 50 connections.

To interconnect these packages together we decideda nultilayer

system was required to give better packing density and screening.

As the cost of such a system is directly related to the number of

layers one has to balance the number of layers against the space

available. The standard array finally chosen provides )0 I. G. 62

outputs and usually five layers including separate power and

 



outputs and usually five layers including separate power and earth

planes are sufficient to interconnect the subsystem.

Then is flexibility, in that the array is based on a.

standard matrix and its' size can be reduced or increased by

stepping a single position pattem a number of times. The stendsrd

matrix also-makes the use of computer aided design an attractive

possibility. _

The basic printed circuit layer of the system relies on the

etched nickelnwlsr approach as used inthe linear system modules.

when the system first etched the cost of integ'ated cirwits was

such that we required the facility to “apnea individual circuits

on such a large array. The assembly of the packages did not

therefore take place until the multilayer interconnect had been

welded and encapsulated. The LC's were then mounted to the

projecting posts using opposed electrodes 113.2. _

With costs of I.C's at their present level as can bags to

consider an assembly of this size as throw-away item, memt the

packages direct to the nickel interconnecting layers and I '

encapsulate the whole. This approach gives an obvidus

manufacturing saving andincrease in reliability due to the

reduction in total number of joints. _ .

The impact of integrated circuits can be seen by the

reduction size achieved on the timing logic of e remte acoustic

transfitter ever a number of" years. The first attempt using

silicun transistors and conventional eompcnents ocwpieu tire

fifteen inch diameter semicircular beards.

i The second' attempt two years later used nulticfiip digital

intey’eted circuits in 120.5 cane, this issulted in an array of

_ about 100'1‘. o. 5 cans packaged into m1: of a 10 inch diameter

boardf _ .

' The third attempt using the technique described viausly

give an army of 1.0 flat packs mounted on a six layer in ruminant.

three and a half inches by four anda half inches. - : I : m

The progression of this system not only gave size and digit

reduction but an increase in reliability and in the, tinelyinstance

s 2% increase in complexity. '

min; max AND Pom swam _
By far the main impact on power circuitry has been the

development of high voltage, my. current transistors and not

micro-electmnics.

The effect of unto-electronics is limited to the lull level

circuitry where in our modular approach the linear system type of

   



desiga is adopted.

A module systemis adopted, however, for the higher power

stages for caupleteness should be mentioned.

In many cases the nickel nwlar flexible cirmitry is too

resistive to handle the currents required and two alternative

techniques are adopted.

1. A Conlwood mdule in which the end films are nnde using a

matrix of solid nickel wires. .

2. A flexible interconnect film comprising copper tracks on

an 9pm fihmglnss base. As in the nickel—wk: circuit tabs are

etched to lie over etched holes in the dielectric. To aid
welding the copper is plated with about 100 micro inches of gold.

The choice of technique depends on the component types

used, stud diodes, for example, would use discrete wires and '1‘.0._5

transistors the flexible film interconnect.

' Finished nodules are encapsulated in loaded resins but

the encepsulents have tobe better controlled than those used in

other parts of the system. '

Experience has showed 'thst if the‘mimes'sre not controlled

excess hardener forms s surface run which is hymscapic giving

possible high voltage bxenkdown.

TIE FUTURE.

The experience yinsd so far on complete systems fives

confidence in the system breaks adopted. It would therefore be
“issuable to carry this concept forward into new systems,

in the future the sub-system modules can he further

reduced in sine and weight by the further npplimtion of micro—

electronics. Rather than an increase in integrated circuit

complexit‘yvthe change is likely to be hrouylt about by the as
of hybrid circuitry, ' . _

The linear system, because of the tolerance and matching

of resistors, would comprise an evaporated thin film substrate

nith‘ active devicesand chip capacitors momted on it.

Where interccmectim of devices only is required win.

the logic modules a multilayer thick film, Le. screened inks,

system yould be used. This film technique would also he used for
lowlevel power modules where tolerance of resistors is not

critical, It is also possible that power transistor chips could be
mounted directly on the substrate together with this low level

driver circuitry.

These techniques do not offer any advantage for the sub-

- system interconnects and these interconnects would take their
existing welded tom.

  



Adopting this approach a. further reduction 111 spam;

and weight m‘ about three could be achieved.

6010111510“.

I 1. The modular approach adopted meets

of an undgx'watar system.

2. With few exceptions the throw away

llesa £50-

iha denim mgfirennhta

cost of moduies is

.3... In‘futun Eyszema the same system Risk-ghiloawpw

wuuld in :ndnpted.
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