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Abstract:

A common problem in many space applications is the need
for a reliable large memory capacity in a light weight, low
volume package. The Fairchild Space Company (FSC) is
developing a high density static RAM based on VHSIC Hybrid
Wafer Scale Integration (HWSI) technology for use in high
reliability applications. Advances in interconnect
technology and electronic packaging result in a bit density
of 2.1 x 10  bits per cu. in. Emphasis will be placed on the7

general benefits to the aerospace community of the device’s
high packing density and configurable 16, 32, and 64 bit
word width. A specific application of the 64 Megabit SRAM
module in the Fairchild Solid State Recorder  is discussed1

to illustrate the performance advantage over conventional
single chip and less conventional multi-chip package
technologies.

Introduction

The need for high density memory is widespread in
terrestrial, avionic and space applications. Although memory
technology continues to dynamically evolve, individually
packaged devices often do not satisfy demanding requirements
for weight and volume. To meet these challenges, multiple
chip modules (MCM) have been developed which range from
packaged devices mounted on DIP carriers to fully hybridized
structures with surface mounted die. An emerging alternative
to existing methods of hybridization is known as Hybrid
Wafer Scale Integration (HWSI).



This approach has been developed by the Very High Speed
Integrated Circuit (VHSIC) program and features silicon
substrates with face tip die attachment and laser patterned
thin film interconnections between the die and the
substrate. The HWSI technique offers many advantages over
traditional hybrids, including high power capability, high
density interconnections, and improved reliability. A
comparison of the HWSI approach using laser patterned
interconnections and other hybridization techniques is given
in Table 1.

Table 1. Performance of Chip-to-Substrate Interconnects

HWSI Wire Bond TAB Flip-chip

I/O Pitch 25 um 200 um 100 um 400 um

Pinout (1 cm  die) 1600 256 400 625+ (area)2

Lead Inductance 0.25 nH 1-2 nH 1 nH 0.05 nH

Heat Tansfer Very High High High Low
from IC

Approach

FSC memory development has been targeted for insertion
into the Solid State Recorder (SSR) with two alternative
packaging technologies; surface mount technology (SMT) and a
high density HWSI technology. This second technology is
being applied to products for commercial applications by
nCHIP, Inc., Livermore, CA. FSC and nCHIP, Inc., have worked
jointly to design a high-density, solid state memory module
that provides a factor of 3 improvement in packaging density
over SMT and is applicable to a number of memory intensive
systems currently proposed for the aerospace community.

The result of this effort was the MM80/256, a silicon
hybrid, incorporating 72 256 Kbit SRAMs on a single silicon
substrate. Four of these silicon modules can be packaged in
a double sided hermetic carrier. References 2-3 are
technical descriptions of the VHSIC HWSI technology used in
developing these modules. This technology will be briefly
summarized here and is illustrated in Figure 1. Pretested
silicon die are patterned by nCHIP with over-die routing to
bring all input/output (I/O) pads to one edge of the die,
where either wire bonding or laser routing will interconnect
the pads to the substrate. Wire bonding is used for rapid



prototyping with the laser routing optionally utilized in
high volume production for applications requiring high
reliability. The patterned die are then tested in wafer form
prior to diceing. The wafer is then diced and the die are
mounted face up on the prepatterned and tested silicon
substrate. The substrate contains power and ground planes
with integral decoupling and controlled impedance
interconnect. The die are butted together on three sides,
using nCHIP’s memory island interconnect technology to
provide maximum density. For laser patterning, the die edge
to be written is bevelled to provide a suitable surface for
the laser interconnect. The final step is to wire bond or
laser pattern interconnect from the die edge to contacts in
the substrate. The completed module is then tested prior to
final packaging and MIL-SPEC testing. Redundancy and repair
capability are provided by a laser fusible via interconnect
which allows interconnection of good die with laser
programming. These vias can be programmed after burn-in, so
that failures due to infant mortality can be minimized.
Failed die can be completely electrically removed from the
circuit by scribing open the die/substrate interconnect so
that buses are not loaded by failed die.

Design Rules

The MM80 was designed to nCHIP’s standard process,
compatible with all existing products. Substrate
interconnect is 15 micron wide copper lines with 25 micron
space, for a 1.5 mil line pitch. This provides lines which,
in combination with the compact module size, have low
resistance and capacitance. Capacitance per unit length is
reduced by a factor of 3 and the dense packaging reduces    
interconnect length by a factor of 3-4, for a total
interconnect capacitance reduction of 10 times. This reduces
the drive requirements for these large amounts of memory and
reduces interconnect delay.

Layout

Figure 2 is a bus level layout of the MM80, showing
routing of the major data and address/control buses on the
module. There are four memory islands on the module, each
done containing 20 die. The module is symmetrical about the
center with the routing for the top 40 chips being largely
the same as the routing for the bottom 40 chips. The module
contained two address buses in order to minimize the amount 



of memory which might be potentially lost due to a failure
of the address bus or chip on the bus.

The physical routing was performed manually using the
MAGIC physical layout program developed at UC, Berkeley. A
design rules check file specific to nCHIP’s technology was
developed and the route was processed to the closest
tolerances based on this file.

Organization

The numbers on each chip site in Figure 2 indicate the
bits contained in each die, where 0 is the LSB and 63 is is
the MSB. Bits 64 through 71 are ECC. The letter suffixes    
indicate chips with common chip selects. The design contains
one chip select for every die, allowing for variable word
widths of 16, 32, 48, 64 or 72 bits. Figure 3 illustrates
the architecture of the modules.

Sparing

There is one spare for every nine chips, so ten percent
of the parts are spares. Utilization of spares is restricted
by the distribution of chip selects and address buses. Two
spares can be used to spare any of 18 nominally connected
chips. Yield analyses have been performed for this
distribution and been found to provide economical members,
even for initial manufacturing yields.

Specifications

Each MM80 module provides 2 Mbytes of memory data
storage. Four modules in a double sided carrier provide a
total of 64 Mbits of memory plus 8 Mbits error check coding
for a density of 2.1 X 10  bits per cu.in. Access times of7

150 nanoseconds are provided. The active power consumption
is 750 mW, with data retention mode under I mWatt. The
double sided package is estimated at under 0.3 lb and less
than 0.2" height.

Technology Comparison

The advantages of the high packing density of the HWSI
approach can be seen in Table 2 below where a comparison is
made between an already efficient surface mount technology
(SMT) and the HWSI packaging approaches using the Fairchild 



Solid State Recorder mass storage system as the application
target using 256 kbit memory technology.

Table 2. SSR Packaging Comparison

Example   1 Gbit    5 Gbit  10 Gbit
SMT HWSI  SMT HWSI  SMT HWSI

Volume (cu. in.) 815  512 2717 1165 5097 1990
Weight (lbs.)  39   20  156   56  302  103

As can be seen above, the HWSI packaging technology can
improve the volume of this product by 2.5 times and the
weight by 3 times. These benefits approach the improved
density of the next generation of static RAM memory, the
1 Mbit devices while using technology available today.

Memory Technology Selection

The MM80 currently uses 256 Kbit CMOS SRAM to meet the
immediate needs of FSC’s spacecraft telemetry and command
systems as well as the FSC Solid State Recorder mass storage
system. This technology was selected to provide the highest
density module with an available technology which through
radiation testing has been shown to be suitable for the
natural space environment.

Static RAM technology is not the only memory technology
which can be used in the MM80. In other applications, the
HWSI technique can tailor the MM8O for different types of
memory technologies. For applications requiring higher
density and could afford the higher power consumption, DRAM
technologies can be employed. Similarly, if nonvolatility is
needed and slow write cycles are acceptable, flash EPROM
technologies can be accomodated.

System Applications

The MM80 has many features such as rapid access time and
flexible memory organization which have been designed to
give wide flexibility for many applications. The use of dual
address buses allows a measure of fault isolation within the
module. The ability to configure the MM80 for 16, 32, 64 and
72 bit words allows this one module to be applied in many
different systems. For example, the 16 bit configuration is
amenable to many current systems such as those that use the
1750A processor. The 32 bit configuration is appropriate for
many RISC machines and other advanced processors. Perhaps



the most demanding configuration is in the 64 bit word width
which is useful for many vector processors and high speed
mass memory systems such is the Fairchild Solid State
Recorder.

Future Applications

The HWSI technique is an effective approach to packaging
today’s memory technologies but is not constrained to just
these processes. The emerging technologies of 1 Mbit SRAMs
and ferro electric devices can be effectively packaged to
provide high density systems. Of particular interest is the
use of HWSI packaging with the nascent 64 Kbit and 256 Kbit
radiation hardened technologies. Often large amounts of
hardened memory are necessary of meet system needs. HWSI
technology with its 2 to 3 times advantage in weight and
volume over conventional packaging techniques would allow
higher density hardened systems to become available sooner
or be more effectively packaged. Finally, the combination of
types of devices such as high speed processors with their
cache memories may be a natural application of HWSI
technology.
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FIGURE 1.  NCHIP HWSI Packaging



FIGURE 2.  MM80 Bus Layout



FIGURE 3.  MM80 Architecture


