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A MCDULAR APFROACH TO OCEANOGRAFHIC INSTRUMENTATICN. —

"

- Packaging of Electronics systems for unfriemdly -
environments, in particular an undﬂrwatei- ‘enviromment requires a
different spproach for logic, ]inear and power systems for optimm
results, A moduler apprcach ahow:.ng the variation required by
these system types is deacribed for uze in ooeanog;raphic

‘ ingtrumentaticn,.

DESIGN REQUIREMENTS,
Most underwater. systems require special attention to be
paid to one or usually more of the following criteria,
Weight
Space l

Power, consumption
- Cost ’
Reliability
Repairablility.
. ‘ The relative importance of these 1tema will of -course
vary w:.th speo:.fic system requirements. As well as these ‘items
. there is implieit in the design,of underwater Byatema a hagardous
environment with a fairly high risk of exposure of the componsnts
to sea water,

With the exceptmn of repairability mi.cm—electmniaa can
g!.ve immediate advantagee on all other design nquhvmnta,nmver,
no matter which system of intercomnecting multileaded devices is
used, repairability is a major problem. For this reason a throw
eway principle has been adopted where a higher level moduls which
can be handled forms the throw-away wndt. '

. The basic building brick around which the modular system
hae been developed ia the silicon intégrated olrcuit thus meeting
the other design requirements, It ia the perfoamanos of these




devices that dictete the form of the module design.
To aupplement the improved reliability one hopea to achieve
by the use of integrated circuits it was decided to use a |
controlled Jointing technique and as space was a major
conalderation in the development of cur modular system it was |
dectded that a welded construction offered both ?;he control |
required snd occupied a minimum. of space. This censtructicn
finally encapsulated fulfills the remaining requiremsnta of
environmental ruggedness,
To ocaplete the system the sub-system modules sre welded or |
wire-wrappsd onto a mltilayer interconnect which is . |

manufactured using similar technigues,

LINEAR SYSTEMS,
Lineor ihtegrated circuits require the addition of

oonventional components to achieve a werking aystem, Until
recently, in addition tc gaih setting components considerable
frequency compenaation was required, This has meant that two
or three capacltors and four or five resistors are required to
realise a functiomal unit in eddition to the integrated

ampl:l.ﬁ.er itself.
To scoomodate these oamponents a modified type of Cordwood
construction is used, 'l'he basis of this "wrap round module” is a

floxible nickel printed d.rm:l.t
' . This ﬂe:ible circuit ccmpnses nickel track on a polyester

(mplar) tase in which the ai.gﬂ.l‘imt feature is that the -

dieleotiric haa an etd:ed pattem of holes with expoaed tabs of .
nickel overhanging the etched holes, The i.ntesrated amplifiers
are a.naenbled ‘anto the unfarmed nvlar £iln using the otcheﬂ
holen as acceas for tha 'ald electrodes, The film 18 than formed
apd the rem.i.n:l.ng nickel tabs bent through 90 tu facilitate
we:ld.ing of the oonventimal uomponents. Figare 1 shows tbe

module h\ﬂ.ld up.



After testing the module is plaoced in a plestic box which has a
plated metal screen on 1t and the box finally filled with an .
encapsulant, this being either a filled epoxy or a foam,

Typieally modules contain two linear integrated circuits
plus their associated conventional components, In special cases
where a completely discrete compenent circuit is required the syatem
is flexible enough to cope, but of ccmrse with.a decreaae in the_
complexity/space ratio, :

It is the interconnection of these modulqs that prenanta
s major problem, Presenting so meny outpuldin so small an area
requires a mltilayer interconnect to distribute the Bignala. This
is further complicated when diatribution of low level slgnals is .
:equired. The general appreach is to run low level algnals on a .
eeperate layer with inter-track screening. This layer is in turn
sandwiched between two screens which cen double as power
distribution layers, . -

Asgerbly if these interconnecting layers utilisea the same
techniques as used #n the module consetruction i.e. welding. Agpin
the flexible Nickel-Mylar circuit forms the basle of the assembly,
A btaseboard of epoxy glassfibre is preassembled with output and
module mounting pins, The layers are loaded singly and welded with
inspecticn taking place after each layer. After assembly of all
layers there is a continulty ‘c.heck, the upit is then anc&psulnted
and there 18 then a Pinal contimuty check,

These interconnects cen becare very complex, the maximum
number of layers u=ed in a soner epplication to date being 12, A
_computer utilising similar interconnects has more than 20 layers
and there is no forseable limit to the number of layers,

The disadvantages of such a gystem are lax-giy cost ’
orientated, The module is encapsulated and hence unrepairable;,
there 1s themforg a throw away cost. 1imitation to be considered
for esch module. A target limit of £50 is applied and’usually modules
fall well below this, The exoeptions to this being where space is
8 premlum large quantities of small modules cannot be accmodated
and a large complex and therefore coatly moduls results,

Also, there is implicit in this deeign a relatively
expensive manufacturing technique, 1.&. welding, 'I'he'trade oﬁ'wf‘or
thia is the better coantrel cobtained during mamfacture and
consequently a better long term reliability.

These technigues have been used to produce a electronic
beam forwing system, The system produces beams by summing phn
¢components from a multi transducer array. Three basio modules are



uased: :
' @) A presmplifier comprising 2 linear I.C. glving 25 dB gin,
 b) Thin film summng resister modules,’ '

¢) Summing amplifier comprising 2 linesr I.C, giving 25 dB gain,

- The total ayatem occupies a cylinder ten inches diameter by '
0,6 inches thick giving eight discrete beams with an overall gain
of 50 4B,

DIGITAL SYSTEMS,

It 48 within digital syﬁtems that the integrated circuit has
had the most impact. The integrated logic element has been
available for mich longer than its linear counterpart, it was
therefore used in the early stages in systems that had
conventional linesr circuit peripheries,

' There are two spproaches in adopting digital I.Cs:

1) If space is not a premium and the reason for adeption is
besed solely cn cost and reliability then the dual in line
encapsulation offers a solution which utilises conventichal
renufacturing techniques, There is still & problem of repsir
with this approach btut the packages are more use orientated than
flat packs or T.0.5 and this problem can be overcome using ‘
soldering iroms fitted with suction attachments for removing
faulty devices, '

2} Where space and weight is a premiug the flat pack will be
used posing a more severe i:iterconnection problem usually
overcome by reflow soldering to a printed circuit or by welding.

In our modular system approoch we decided to use a welding
aaaemb]y method and gpining an 1mprcrved packing dsnsity by using
mltilayer interconnects, To decide on the optimum module size
.the follewing points were considered, .

1, Where axe the convenient sub syatem breaks,

2, How many I.C's in a sub system.

3. How many mput/output connections to the su'b system,

4. Total space avallable for the syotem,

5. Cost, .

Tha results obtained on a number of evaluation using D.T, L,
show subsystems of about 25-30 packages and 30 to 50 connecticns,
Te intercomnect these packages toﬁether we decided a multilayer
system was required to give better packing density and screening,
AB the cost of such  system is directly relateéd to the number of
layera ona has to balance the number of layers against the space
available, The standard arrsy finally chosen provides 30 I.C, 62
outputa and usually five layers including seperate power and




outputs and usually five layers inoluding seperats power and earth
planes are sufficient ‘to interconneot the subsystem,

There 1a flexibility, in that the array ia based on a
standard matrix and jts' size can be reduced or increassd by
stepping & single position pattern a number of times, The Btandard

- matrix also makes the use of computer aided design an attractlive
possibility,

The basic printed 3ircuit layer of the system reliea o the
etched nickelmylar approsch as used in the linear system modules.
Vhen the syatem firat evolved.the cost of :Lntegrated cirwita was
auch that we required the facility te replace 1ndividua1 elrcuits
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 I,C's were then mounted to the

: projecting poéta using opposed electrodea fig.2,

| With costs of I, C's at their present leveél we can begin to
consider an assemblj of this sizge as throw-away item, mount the
packages direct to the nickel interconnecting layers and .
encapsulate the whole. This approach gives an obvicus
manufacturing saving and increase in reliability due to the
reduction in total number of joints,

The impact of integrated circuits aan be seen b_v the

reduction in aize achieved on the tiging 10510 of a remte acoustie

transmitter over a number of years. The first attempt uaing

sillcan transistors and conventional components ouuu'pi_eﬂ two

fifteen inch diameter semicircular boards,

P The aecond attempt two years later used multichip digi.tal

integrated cireuits in T, 0,5 cans, this resulted in an array of
_about 100 T,0,5 cans packaged into half of a 10 inch diameter -

board. . R . j
' The third attempt using the tecl'_lnique descr_iliad V:l.ausly
gave an array of 40 flat packs mounted on a six layer in mﬁnect;_

three and a half inchesbyf‘ourandahalf inches R T T

The progressicn of this syatem not. only gave slze and weight
reduction but an increase in reliability an\i in the. final instance
a 207 increase in complexity,

PER AMPLIFIER AND POWER SUPPLIER
By far the main impact on power c:i.rcuitry has been the
deyelopment of high voltage, high current trapnsistors and not
micro-electroniecs, ‘ .
The effect of micro-electronics is limited to the low level
circuitry where in ow modular approach the linear system type of




deaign is adcpted.

A module system is adopted, however, for the higher power
atages for completeness should be mentioned,

In many cases the nickel mylar flexible circuitry is too
resistive to handle the currents required a.mi'tWQ alternative
techniques are edopted, '

1. A Cordwood module in which the end ﬁlms are made using 2
mtrix of s0lid nickel wires, :

2, A flexible interconnect film compriaing copper iracks on
an epoxy fibreglass base, As in the m.cl'el-nnrlar eircuit tabs sre
etched to lie over etched holes in the dielectric, To aid
welding the oopj:er is plated with about 100 micro inches of gold..

The cholce 61’ technique depends on the component types
“used, stud diodes, for example, would use discrete wires and T. O. 5
transistors the flexible film intercornect,

* Finished mndulea are encapsulated in loaded resins but
the epcapsulents have to be better controlled than those used in
other parts of the system, ' ‘

Experience has showed ‘that if the mixes.are not controlled
excess hardener forms a surface film which is lu'rg;rosco]:.-ic giv‘.l.ng
possible high voltage breakdown,

THE_FUTURE, . ‘

The experience gpined so far on complete systems gives
confidence in the system breaks adopted.. It would therefore be
mascma'bla to carry this concept forward into new systems,

En the future the Bub-system modules can be further
reduced in size and weight by the further application of micro-
electronics, Rather than an increase in integrnted circuit
cmnple:ity the change 1s likely to be broug:ht about by the use
of hybrid circuitry, .

The linesr system, because of the tolernnce and mtching
of resistors, would compnse an eveporated thin film substmte
with active devices and chip canacitors mmted on it,

. Where interconnection of devices c:nly is required as “in .

the loch modules a wultilayer thick film, i.e. screened inka,
system would be used, This film technique would also be used for
low level power modules where tolerance of resistors i3 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-

- aystem interconnects and these interconnects would take their
exioting welded form,




Adopting this approach a further reduction in space
and weizjht of mbout three could be achieved. '

CONCLUSICN,
1. The modular approach. adopted meets t.he desigl reqlnranenta
of sn underwater aystem. -
2, With few except:.ons the throw avay cost of' modules is
lesa than £50,

3 1In f'uture systema the same system break ph:.losopl\y
would be adopted. :
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