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A COST-EFFECTIVE APPROACH

TO 3-D INTERCONNECTION

by Mike Anstey, ICDC Ltd.
Traditionally, semiconductor pro-

ducts have been packaged in the Lo

dual-in-line (DIL) style of package.
The package provides for the
mounting of the semiconductor, and
for the interconnection between the
semiconductor and the major inter-
connecting network — the printed
circuit board. The DIL package was
designed to enable interconnection
to an essentially two-dimensional
major interconnecting network. The
demands of very large scale in-
tegration (VLSI) are forcing the re-
consideration of the DIL package as
the acceptable industry standard
and for certain products requiring a
large number of signal connections,
the DIL package is already un-
acceptable.

The heir apparent is the chip car-
rier style of package. Here, the use
of all four sides of the package and
th: reduction in contact pitch, mean
that the size of the package can be
reduced and the larger number of
ccntact points accommodated.

Chip carriers are at present being
interconnected in a similar manner
te the DIL package in that the car-
riers provide interconnection to an
essentially two-dimensional major
interconnecting network — again
the printed circuit board. If a grea-
ter complexity of interconnection
than that which is obtainable from
a single-layer printed circuit is re-
quired, then the current solution is
to provide a multilayer printed cir-
cuit board with vias running be-
tween the layers.

The costings of printed circuit
boads increase rapidly when the
two-dimensional interconnection of
a single printed circuit board is ex-
tended into three dimensions by the
vertical interconnections between
the layers of a multilayer board.

This article considers a simpler
and much cheaper method of three-
dimensional interconnection, which
stems from the re-examination of
the basic integrated-circuit package,
and the requirements of automated
assembly related to an appropriate-
ly modified integrated-circuit
package.

The currently available chip car-
riers allow two-dimensional inter-
connection between the semiconduc-

tor die and the major interconnect-
ing network. However, if a carrier
is constructed which has connecting
pads on both upper and lower sur-
faces (see photograph), then the
number of available contacts per
carrier is doubled and the carrier
itself can become a functional part
of a three-dimensional interconnec-
tion system. The semiconductor die
can be connected to pads on upper
or lower surfaces, and signals can
enter on one surface of a carrier at
a particular point and then emerge
or continue from the other surface
at another appropriate point. Some
signals can enter or leave from one
surface while the other surface may
be committed to a separate set of
signals.

The ability to re-route power, or

signal, within a carrier structure
(Fig. 1) can be considered as the
‘modularising’ of the complexity of a
printed circuit board (i.e. the re-
routing of power, or signal, now im-
plemented by means of a printed
circuit board, is effectively incorpo-
rated into the basic semiconductor
package).

It now becomes feasible to consid-
er much simpler, more regular
methods of interconnection between
component packages than the custo-
mised circuit board. The degree of
re-routing necessary depends on the
pin-outs of the semiconductor die to
be employed in the system. In some
structures (e.g. memory arrays or
systems employing die designed
specifically) there may be little or
no re-routing required.

At present, the mounting of such
carriers into a standardised inter-
connecting rack or interconnection
by means of standardised intercon-
necting spacers is considered to be
the best of the alternatives — no
longer do the interconsecting struc-
tures have to be cuvstomised, and,
therefore, they can te mass pro
duced in volume 'with resulting
economies of scale.

Commercial electronics assembly
methods are largely cost driven.
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Fig. 1: Power and signal pass be-
tween carriers by means of standard
parallel interconnections. Re-routing
of power and signal is carried out
within the component package.

New Electronies, 21 February 1984

75

i..a-..a.- B2 ARUE it Tia v w o f .
Pl o R el -¢i-{---



COMPOREnTDE

v Hrtiei
¢

e L e T —

Very sophisticated and expensive
‘pick and place’ machines have been

eveloped to enable the automated
assembly of both DIL and chip car-
rier styles of package onto printed
circuit boards. These machines can
reduce assembly times and resul-
tant costs, and it is therefore to be
expected that they will play an in-
creasingly important role within
the industry.

Severe limifations
There are, however, problems which
place severe limitations on ‘pick
and place’ automated assembly. The
custom design of the printed circuit
board requires that such machines
are software driven so that they can
cope with the varying layout of
different circuit boards, and a
change in the design of a board ne-
cessitates the re-programming of
the machine. Few machines have
more than a single placement head
operational at any one time, and re-
ductions in assembly time are res-
tricted by the head travel time to
pick and place each component
separately.

It is suggested that in order to
simplify and reduce the costs of

automated assembly, a semiconduc-
tor package and the interconnection
system between packages should ex-
hibit the following characteristics:

® The package should be of such a
shape and form to be supplied to
an assembling machine by an
automated feed — the package
should be robust enough to with-
stand mechanical handling and
fairly rapid travel during move-
ment and orientation.

@ The package and the intercon-
necting structure should be ‘seen’
by an assembling machine as a
‘constant form' (i.e. the structure
that the machine has to assemble
remains constant whatever the
nature of the electronics).

@ The interconnecting structure
should be czpable of ensuring the
positive location of the semicon-
ductor packages and the control-
led flow, or reflow, of solder.

The ‘double-sided’ carrier design
and the associated interconnecting
structures meet these requirements,
The leadless carrier style of pack-
age is suited to mechanical hand-
ling — the packaging is robust and
cannot easily be physically distorted

during automated feed operations.

The ‘complexity of interconnec-
tion’ between components is now
effectively contained within the
basic component package, and
therefore simple regular intercon-
necting structures can be employed
permitting the use of hard-tooled
automated assembly equipment.
The assembling machine has only
to assemble one known form (e.g. to
insert the ‘double-sided’ carriers
into the standard racking struc-
tures), and it is therefore possible to
insert all carriers simultaneously.

Racking structures or intercon-
necting spacers can be designed to
ensure highly-positive registration
of carriers, and solder preforms in
conjunction with this design can
permit controlled reflow under
vapour phase.

In conclusion, the technique
offers a viable alternative to tradi-
tional printed circuit board assem-
bly, particularly for digital assemb-
lies consisting of relatively few
VLSI components requiring inter-
connection to each other and to the
external world.O
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