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integrating hardware and software.
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Because every tool has an effect on the system, knowing your tools is the best
defense.
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DAvID MALINIAK

any aspects of board de-
sign, such as timing, ther-
mal issues, and manufac-
turability, require innova-
tive thinking. But if
there’s one aspect of board
design that’s relatively predictable, it’s the
layout, which is done in the X and Y dimen-
sions. Chips are, almost without exception,
placed side by side in some arrangement,
even if the board is double-sided or flexible.

This constant of board design, however, is
the great limiter of a board’s packaging den-
sity. Andnowhereis this limitation more glar-
ing than in the layoul of system memory,
where row upon row of DRAMs sprawl
across vast expanses of pe board like some
silicon suburban development.

But the push is on to shrink systems, and
the traditional layout concepts are becoming
an extravagance. Over the years, there have
been a number of attempts at exploiting the
third dimension in board layout. Chips have
been stood on their edges and sandwiched to-
getherand there have been attempts atstack-
ing them vertieally. But until now, such
schemes have been either too expensive or
the yields have been poor. In some cases, the
density achieved wasn’t worth the effort,

With the development of its technology for
vertical integration of memory wafers, wafer
segments, and individual die, Cubic Memory
Inc. (CMI), Scotts Valley, Calif., has shat-
tered the density barrier (/4y. 7). Instead of
the 40-to-80-Mbyte/in." storage densities pos-
sible with conventional packaging—using 16-
Mbit memories in small-outline J-lead pack-
ages (50Js) or two-sided thin small-outline
packages (TSOPs)—CMI claims the ability to
achieve densities of a gigabyte or more per
cubic ineh.

ELECT®RONI

COVER FEATURE

VERTICAL INTEGRATION OF SILICON
ALLOWS PACKAGING OF EXTREMELY DENSE
SYSTEM MEMORY IN TINY VOLUMES.

MEMORY-CHIP STACKS
SEND DENSITY SKYWARD

A L DA I3

45 i PE hett i

Stacking memory ICs vertically has other
benefits besides the density gains. The close
physical proximity of the chips significantly
reduces the system delay associated with in-
terconnect capacitance and pe-board trace
length. Speed is increased while power re-
quirements and operating temperatures are
reduced compared with horizontal layouts.

CMI has leveraged its chip-stacking tech-
nology into an initial pair of product families.
c D ES 1 6 NG
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MEMORY-CHIP STACKS

One takes advantage

Pentium-based portables, {
while the other works with-
in the DRAM SIMM format.
Both merely hint at the tech-
nology’s potential, which is

. ' . (e
not necessarily limited to |

stacking of memory alone.

There are actually three §
separate technologies for f

vertical integration, each of

which is suitable for differ-
ent applications. The three |

processes are referred Lo as

the large-hole process, the |

small-hole process, and the

Vertical Interconnect Pro- §
cess (VIP). Common to each

process is a vertical silicon
interconnect and a patented
compliant interconnect
scheme.

The first two processes,
known as the large- and
small-hole processes, use a
patented, pyramid-shaped
via through the silicon (#ig.
2). The small opening on the
top of the pyramid pene-
trates on the circuit side and
the large opening comes
through the back side of the
silicon, where the intercon-
nect makes contact with a
number of circuit elements
on the silicon immediately
below. This interconnect
method takes up no space,
as all pins fan out under the
silicon stack instead of tak-
ing up large areas around
the perimeter of the active
silicon, as is done with con-
ventional packaging. In ad-
dition, this method allows
the individual circuit ele-
ments to be easily isolated
for testing up until the final
stack assembly.

The VIP process is a less
expensive extension of the
small-hole process and does
not require the pyramid-
shaped via through the sili-
con. Instead, gold intercon-
nect traces and vertical-in-
terconnect pads are deposit-
ed over insulating layers of
polyimide. The gold traces

CKET

of the
PCMCJA-card format for adding
workstation- quantltv memory to

provide horizontal interconnection
of the die on a single layer or seg-
ment, and the gold pads provide a

e Ok
l_;t\(j\\
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INSTEAD or THE o 80-Mbyte/m storage densmes

possnble with conventional packaging (nsing 16-Mbit memories in

80Js or two-sided TSOPs), Cubic Memory Inc. (CMI) claims the
ahility to achieve densities of a gigabyte or more per cubic inch.

i 2. BOTH THE small- and large-hole processes use & pyramid-

shaped via through the silicon to make the vertical

it interconnections. The small opening on the top of the pyramid
penetrates on the cireuit side and the Jarge opening comes through
the hack side of the silicon, where the interconnect makes coutact

with a2 number of circuit elementis on the silicon immediately below.
Y oo+ o o om0 oo w Y n.on_ o 1 0 N

non-oxidizing metal surface for the
layer-to-layer interconnections.
Whole wafers, segments of wa-

fers, or individual die can be
stacked. In addition, multi-
ple silicon technologies can
be mixed in the same stack
(Fig. 3). Other components
can be placed on top of the
silicon stack as well.

For the small-hole and
VIP processes, standard
wafers can be used without
need for any custom silicon.
Individual chips can be se-
lected by the control circuit-
ry. The vertical chip-to-chip
distance is variable from

i 0.003 to 0.010 in., depending

on the application and densi-
ty required.

The vertically integrated
stacks are attached directly
to pe boards. Tests on whole
wafers and wafer segments
have shown a 15% reduction
in power consumption and a
20°C lower continuous oper-
ating temperature when
compared to identical cir-
cuits operating in conven-
tional plastic packages.

Originally, the large-hole
process was developed to al-
low stacking of complete 6-
in. DRAM wafers. The pyra-
mid-shaped holes are filled
with a mesh of fine gold-
plated wire. The wires form
a mushroom shape on the
circuitside of the wafer, and
the other ends of the wire
are compressed and con-
tained in the pyramid base.
When the wire-filled base of
the pyramid of one wafer is
brought into contact with
the top of another wafer, the
mushroom-shaped “fuzz
button” is captured by the
base of the pyramid. All of
the wires are then contained
and a compressive gold-to-
gold contact is formed be-
tween the circuit elements
of both wafers, The result is
a very reliable, fully compli-
ant, reworkable intercon-
nect that supports intercon-
nections in both the horizon-
tal and vertical directions.
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The “fuzz-button” inter-
connect does, however, re-
quire a custom mask set,
And the heles are large by
semiconductor standards:
150 wm at the top and 1000
um at the base. This inter-
connect technology is still
used in some applications.

The small-hole process

was developed as a refine-
ment of the large-hole,
“fuzz-button” technology to

allow interconnects on stan-

dard semiconductor-die [

on bottom) so that the verti-
cal interconnect is accom-
plished within a bond-pad
area and on conventional
bond-pad pitehes.

The small-hole process in-
corporates one level of dis-
cretionary wiring for every
layer of silicon in the stack.
Each die also has the neces-
sary control  signals
brought out so that the con-
trol circuitry can address
each chip uniquely.

Silver-filled epoxies are

3. WHOLE WAFERS, segments of wafers, or individual

s ¥or . abotinlzed st die can he stacked. In addition, multiple silicon technologies can be
:5"; ]:\l;;]?i: E;?Zl‘;;ﬁb; lf’f’ t}l:; 4 mixed in the same stack. Other components can be placed on top of
re. 3 Cl, oLi-the- (e

i o
shelf memory wafers can be W the slicon stack a8 well
used without the need for the semi-
conductor manufacturer o run a
custom mask set.

used for the compliant con-
duetive material. These
proven materials are the
same ones that have been
used for years by semiconductor
manufacturers as a die-attach medi-
um. CM1 has developed a proprietary

bonding pads without the Fi

cess is similar to the fuzz-button pro-
cess, but the dimensions change. The
wafers are thinned and the holes are
small enough (25 pm on top, 120 pm

3
Al

In this case, the hole-making pro-

" anufacturers of lap-
fR8 top/notebook comput-
B ers are forever facing
J.the challenge of
squeezing desktop performance
into an easy-to-transport pack:
age. In the RISC-workstation are-
na, the problem intensifies, be-
cause many of the Unix-based ap-
plications demand tremendous
amounts of memory to execute
quickly.

Just such a problem was faced
by designers of the SPARChook
[I1 at Tadpole Technology ple,
Cambridge, U.K., explains
George Grey, the group chief/ ex-
ecutive officer. The need for an al-
ternative to the standard DRAM
single-in-line memory module
(SIMM), which peaks in eapacity
at 32 Mbytes, led Tadpole to team
with Cubic Memory Inc. (CMI) to
develop higher-density SIMMs.

By taking advantage of CMI's
vertical interconnect process
(VIP), designers at Tadpole and
CMI defined an extension to the
standard DRAM SIMM that will
initially provide 64 Mbytes of stor-
age (organized as 16 Mwords by
36 bits, which includes byte-parity

Mbytes per SIMM by late 1994,
and still keep the STMM height: to
just 1in.

One of the first steps designers
had to take to enhance the SIMMs
was to expand the address range.
They added one more address linc
and two additional row-address-
strobe (RAS) lines by using sever-
al pins that were previously no-
connect pins on the SIMM. Some
of the key issues that designers
had to deal with, explains Dave
Pedersen, V.P. of engineering at
CMI, included the banking archi-
tecture and capacitive loading ef-
fects in highly-configured sys-
tems. Fortunately, because the
memory chips are mounted on top
of each other, there are no pack-
age loading effects. Also, typical-
ly, only one bank of memory is
turned on at a time, which mini-
mizes thermal problems.

Once the interface was defined,
the memory structure was imple-
mented using “stacks” of memo-
ry layers. The memory stacks con-
sist of eight-segment layers (each
segment can be thought of as a 2-
Mword bank of DRAM). The VIP
scheme employs pyramid-shaped

application method for the dispens-

stacked, the contact edges are ex-
posed so that conductive epoxy
easily fills the recesses and real-
izes the connections.

Bach segment layer in the mem-
ory stack consists of a monolithic
piece of silicon that contains four
2-Mword-by-8-bit DRAMs, thus
forming a 32-bit-wide memory
block. Complementing the 32-bit-
wide stack is 4 second stack that
provides the four parity bits for
each word.

After the stacks are assembled,
they are mounted in the SIMM
substrate. The substrate actually
has a hole the size of a stack cut
into it and the stack is then insert-
ed into the substrate. The stack
protrudes out of one side of the
substrate by the amount of the
difference in their thicknesses. In
the case of the 128-Mbyte stacks,
which stand 0.160 in. tall, they pro-
trude 0.098 in. from the 0.062-in.-
thick substrate, That’s less than
the height of a thin small-outline
package. When coated with the
sealing epoxy, the mechanical du-
rability of the SIMMs is as good as
previous-generation SIMMs that
were populated with surface-

R AR L RS Y

hits). Furthermore, CMI expects | recesses on the outer edge of the mounted components.
to double the capacity to 128 | chips. Then, when the chips are BY DAVE BURSKY
N “i‘ﬂ:\ I |zn'runwlu;‘.w n_E_S§ 1 G N
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