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(ABSTRACT) 

The Generalized Emulation of Microcircuits (GEM) program is 

a DoD-sponsored R&D effort that has demonstrated the ability to 

manufacture drop-in replacements for thousands of obsolete 

integrated circuits (ICs) using a single, modern IC fabrication 

process. A technology transition strategy, however, is still 

required to enhance the GEM System’s chances for long term 

sustainability as an independent source of supply. 

Developing this strategy required a Systems approach, 

including determining Functional Requirements and Allocations, 

conducting Trade-off Analysis, and use of Causal Diagrams. A 

Sensitivity Analysis investigated the GEM System’s potential 

impact on reducing DoD’s controversial practice of making 

lifetime buys of ICs about to be discontinued. Future demand and 

revenue projections for the GEM System were then modeled to 

determine the optimum strategy for implementation of an 

independent GEM System. Detailed descriptions of the IC 

obsolescence problem, GEM’s value to the DoD, GEM cost and demand 

data, and future R&D requirements are also included.
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EXECUTIVE SUMMARY 

The GEM System has technically proven itself as a dependable 
logistical support tool for supplying arguably the most critical 
commodity used in DoD weapons systems; integrated circuits (ICs). 
The remaining challenge is to prove GEM’s commercial viability. 
Commercial viability hinges on achieving enough demand to 
maintain a profitable enterprise. 

The Advanced Research Projects Agency (ARPA) believes 
viability has already been achieved and that R&D funding is not 
needed beyond FY 94. I represent the Defense Logistics Agency 
(DLA) as GEM Program Manager and I questioned ARPA’s position, 
expressing concern that demand will not be sufficient by FY 95 to 
support an independent GEM entity. ARPA responded that if I 
(DLA) prepared a technology transition strategy, they would 
reconsider their position. Preparation of this strategy became 
the centerpiece of my Project and Report. 

This strategy included more than modeling the future GEM 
enterprise. I was concerned that all was not being done today to 
prepare GEM for a successful future transition, so I also 
performed a detailed analysis of GEM from a systems perspective. 
This analysis employed tools I gained during my graduate studies 
including; Causal Diagramming, Trade-off Analysis, Sensitivity 
Analysis, Functional Allocation and Requirements, and System 
Effectiveness Factors. 

Six primary functional elements comprise the GEM System; 
Respecification, Design and Simulation, Base Wafer Fabrication, 
Base Wafer Personalization, Packaging/Assembly, and Post- 
production Testing. Base wafer fabrication is the most 
independent of these steps, as they do not require specific IC 
design information, allowing them to be manufactured and stored 
for future use. The other elements are all critical path 
activities and require close integration to function efficiently. 
For example, the testing data derived during the GEM 
respecification phase drives GEM part designs and ultimately, the 
final testing phase. Future alternatives were identified from 
the current allocations as part of this project. 

A trade-off analysis of future allocation alternatives 
identified several areas for improvement. The labor-intensive 
respecification task should be delegated to technician-level 
employees to perform. A GEM design capability for PC-based CAD 
tools should be explored. Personalization of GEM base wafers 
should be second sourced to another foundry. Achieving a 
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Qualified Manufacturers Line (QML) certification for the GEM 
System will enhance quality and reduce cost and cycle time. 

I developed a Causal Diagram of the GEM System which led to 
the identification of a number of investment strategies. Making 
existing GEM base wafers available to first time potential users 
is a minor cost that will payoff in increased demand. Electron- 
beam personalization of GEM base wafers will eliminate the need 
to purchase photomasks for each GEM order. GEM System design 
training and other technology transfer activities will favorably 
impact. GEM demand. More marketing of GEM to DoD manufacturers 
and program managers is also essential to realizing more demand. 

A Sensitivity Analysis of the GEM System identified a viable 
alternative to the costly option of making lifetime buys of ICs 
before they go out of production. The Lifetime Buy formula of 
buying known and projected quantities is inherently flawed. 
Using GEM with a limited Lifetime Buy is usually more economical. 

After completing the GEM system-wide analysis, I then focused 
on determining the optimal timing and implementation of the 
transition by modeling the demand/revenue of the future GEM 
enterprise. Two basic transition options existed: Option A; 
Terminating the GEM R&D contract after FY 94, and Option B; 
Continuing the GEM R&D effort beyond FY 94. The key forecast in 
making this determination was 1995, 1996, and 1997 GEM demand. 

Transforming the GEM System into a viable commercial entity 
is achievable. Modeling of the future GEM enterprise showed that 
bridging the gap from 16 (1993) to 40 GEM IC orders per year 
would require funding beyond FY’94 (Option B). Specifically, I 
concluded that the third (FY 95) and possibly fourth (FY 96) 
years of the GEM R&D effort must be funded to ensure a successful 
transition. If an independent enterprise cannot be made viable, 
some form of a DoD-subsidized GEM System would be required. I 
identified four alternatives under this scenario, collected data, 
and discussed each of their merits. While not desired, even a 
subsidized GEM System may be worthy of investment when contrasted 
to the significantly higher cost of circuit board redesigns. 

The vast majority of this report is based upon actual project 
work that I performed during the second half of 1993. Much of 
the background I have written, however, (e.g., Appendixes C, D, 
and E), stems from knowledge I accumulated over my previous four 
years as Program Manager. I included this because the reader 
would have a difficult time understanding my technology transfer 
problem without first understanding the greater problem 
(microcircuit obsolescence) that the GEM technology was designed 
to address. All work not performed by myself has been footnoted. 
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I. PROBLEM STATEMENT 

A. INTRODUCTION 

I am a Research and Development program manager for the 
Defense Logistics Agency (DLA), responsible for identification 
and execution of all electronics-related manufacturing technology 
projects. The problem I am attempting to solve with this Project 
and Report is associated with my major contract, the Generalized 
Emulation of Microcircuits (GEM) Program. GEM is a program 
designed to develop the capability to provide form, fit, and 
function replacements for otherwise unavailable microcircuits. 

GEM has been successfully demonstrated and is now in the 
Validation phase, in which transition of this technology to an 
independent commercial source of supply ideally takes place. 
Therein lies the problem. The Advanced Research Projects Agency 
(ARPA), which is a gatekeeper for GEM funds, believes that the 
mature GEM system has met its milestones and should transition to 
a self-sustaining enterprise, not requiring any additional R&D 
funding. When I responded to ARPA that such a move may be 
premature, they challenged DLA (me) to prepare a technology 
transition strategy for GEM that they could review before making 
a final decision. This became the problem statement for this 
Project and Report. 

This action item occured in the Spring of 1993 while ARPA was 
in the process of releasing DLA’s 1993 GEM funds. I thought the 
subject and timing made it an excellent Systems Engineering 
Project and Report. Because such a strategy was mostly business 
related, I also decided to perform an analysis of GEM using 
Systems Engineering tools to leverage the remaining R&D funds in 
the most effective manner. I am grateful for the opportunity to 
accomplish my final degree requirement while simultaneously 
fulfilling a critical DLA action item. Perhaps readers of this 
report can take satisfaction in knowing that they are reviewing 
a document that will significantly impact a critical DoD progran. 

Before discussing the transition strategy problem this — 
Project and Report addresses, it is important to understand the 
overall problem that the GEM System was designed to solve. 

B. THE MICROCIRCUIT OBSOLESCENCE PROBLEM 

Although the microcircuit obsolescence problem was not the 
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subject of my project, it is the overall problem that the GEM 
System addresses. The GEM System technology was developed 
because of a growing threat to our national defense readiness; 
the inconsistent and diminishing supply of older microcircuit 
technologies no longer in production. The term "microcircuits", 
describes nothing less than the heart of the U.S. military’s 
technology edge. Microcircuits are necessary to the proper 
functioning of virtually all our military hardware. They are 
more commonly referred to as integrated circuits (ICs), and 
because of their wide usage, are assigned an entire federal 
supply catalog class. This class contains over 110,000 National 
Stock Numbers. 

Production cabability no longer exists for thousands of these 
older ICs because suppliers have migrated toward faster, smaller, 
and more complex manufacturing technologies. ICs built using 
modern processes are incompatible replacements for older devices 
because of their higher speeds and lower voltages. Spare parts 
demands for these older IC-types are insufficient to keep the 
product lines profitable, so they are simply discontinued. 

A Deputy Assistant Secretary of Defense (Logistics) Report On 
Diminishing Manufacturing Sources and Material Shortages (DMSMS) 
in FY 91 summarized the problem !: 

"Although its effect on operational equipment is most 
dramatic today, microcircuit obsolescence is far reaching. 
Today, over 37 percent of the microcircuits used in key Defense 
programs currently in production will experience significant 
sourcing problems in the next two to three years. The cost 
impact associated with this problem is staggering. There are 
currently over 40,000 microcircuit designs that are extremely 
vulnerable to obsolescence in the the next 24-60 months. Of 
these, 19,600 are sole source. A study conducted by the Joint 
Logistics Commanders concluded that the cost associated with a 
redesign effort on sole source items ranges between $150,000 and 
$200,000 per instance. Over the next two to five years, costs 
required to correct microcircuit nonavailability problems will 
account for over $2.9 billion in redesign costs." 

The same report identified the following weapons systems as 
being adversely affected by microcircuit obsolescence: 

  

Deputy Assistant Secretary of Defense (Logistics), Report 
on Diminishing Manufacturing Sources and Material Shortages, 
Fiscal Year 1991, pg. 1-5.



WEAPONS SYSTEMS ADVERSELY AFFECTED BY IC OBSOLESCENCE 

B-1B F-4 AH-64 _ CRUISE Missile 
B-52 F-14 CH~-47 ' PATRIOT Missile 

C-5 F-15 CH-53 HAWK Missile 

E-2C F-16 TRIDENT TITAN Missile 

E-3A F/A-18 M-1 ABRAMS Phoenix Missile 
P-3 F-111 MINUTEMAN Sidewinder Missile 
S-3A _AH-IG MX . Pershing Missile 

A more detailed discussion of the microcircuit obsolescence 
problem is provided in Appendix C. 

C. THE GEM TECHNOLOGY TRANSFER PROBLEM 

Success for the GEM program has been a "double-edged sword." 
The completion of the proof of concept phase together with 
substantial cost savings realized in a number of GEM success 
stories brought positive attention tothe program. Consequently, 
the Advance Research Projects Agency (ARPA) now believes that the 
GEM production capability is ready to transition to a self- 
sustaining enterprise. I am very concerned that the demand for 
GEM ICs has not grown to the level needed for a commercial entity 
to survive, and that pursuing this approach could jeopardize the 
$17 million GEM investment. 

Transfer of a technology is arguably the most difficult part 
of an R&D project. Despite the billions of dollars spent for new 
technologies and the military services long history of research 
and development, only a minute amount of technologies DoD 
develops are transferred to the private sector’. GEM is proving 
to be no different. For this reason, I included a systems-wide 
view of the program as part of this project to make sure we’re 
doing everything possible to ensure this transition is 
successful. 

A 1992 realignment of R&D oversight responsibility within DoD 
placed the Advanced Research Projects Agency (ARPA) in charge of 
oversight of all DLA Manufacturing Science and Technology 
programs, including GEM. Consequently, a DLA-ARPA Memorandum of 
Agreement was signed in 1993, making DLA the ARPA agent for 

  

*Daniel Meckstroth, PhD, "Improving Technology Transfer from 
Defense R&D", Contract Management, December 1991.



execution of the GEM Program. In the wording of this agreement, 
the following conditions were placed on the GEM Program: 

"Use FY 93 funds to accelerate the transition to production of 
current GEM capabilities. Phase in alternative funding 
mechanisms (beyond MS&T) to support production operations?’." 

"Production Operations" was translated by ARPA to mean GEM 
prototype demonstrations, the cornerstone of our strategy for 
generating sufficient demand. This statement effectively 
restricts the use of prototype GEM demonstrations beyond FY 94. 
As the principal marketing tool for GEM, this could be a 
devastating blow to DLA’s attempt to convince risk-averse weapons 
system program managers that utilizing the GEM System is a cost 
effective alternative to next higher assembly (circuit board or 
module) redesign due to IC obsolescence. 

D. SYSTEMS ENGINEERING TOOLS APPLIED 

Systems Engineering techniques were employed throughout this 
Project and Report. I analyzed several GEM System parameters 
including unit and life cycle cost impacts, functional allocation 
options, feedback loops, reliability, yields, and product cycle 
times. Because the GEM System also interacts with larger and 
more complex DoD Weapons Systems (e.g., weapons systems, 
procurement systems), I also needed to gain an understanding of 
those systems in order to optimize GEM’s contribution to DoD 
readiness. 

In this report, GEM System Functional Requirements are 
identified and fully described. A Functional Allocation is 
performed, along with a Tradeoff Analysis to evaluate alternative 
operations of the GEM System. A Causal Diagram is developed, 
highlighting the interactions that have an impact on GEM system 
cost and demand. From this diagram, recommendations for 
improvement are identified. A new approach to handling an IC. 
source discontinous notice; making a combined Lifetime Buy, with 
GEM as an “insurance policy", is explored. This is accomplished 
with a Sensitivity Analysis which estimated the cost of each 
alternative under various levels of demand. The GEM System in 
its current prototype configuration is modeled under different 
transition scenarios. Problems are identified that solutions can 

  

3VADM Straw (DLA), Dr Denman (ARPA), ARPA-DLA Memorandum of 
Agreement, May 3, 1993.



be engineered for in time to avert actual impacts. An analysis 
of manufacturing data is performed to estimate the "should cost" 
of an emulated IC. Interviews with potential users flushed out 
the level of reliability GEM must meet. Finally, the life cycle 
of a weapons system is evaluated to determine if GEM can reduce 
life cycle support costs. Further details on the methodology and 
approach I employed in this project are provided in Appendix A. 

E. ASSUMPTIONS 

Making certain assumptions was essential to forecasting 
future GEM demand and revenue. The assumptions used throughout 
this Project and Report are: 

a. That the DoD will:experience the $2.9 billion annual 
redesign costs due to obsolescence that the DoD has 
predicted. 

b. That the IC aftermarket will continue to buy in the 
future, only about 50% of the IC product lines that are 
offered to them.‘ 

c. That the volume of GEM orders from DESC will remain 
constant. 

dad. That GEM orders from Original Equipment Manufacturers 
(OEMS) will increase 2 to 3 fold from what they are 
today, as they continue to gain confidence in GEM. 

e. That the emulation quantity/order ratio will not change 
from its average during 1991-1993; 300 ICs per order. 

f. That Foreign Military Sales (FMS) will add demand to GEM 
equal to that of current Defense Electronics Supply 
Center (DESC) demand (1-2 orders per year). 

g. That GEM wafer yields at the David Sarnoff Research 
Center will continue to approximate the current figures 
of 70%. 

h. That the current high voltage and memory array 
development work ongoing at SRI/Sarnoff will be 
successful and in place by FY 94. 

  

‘Dale Lilliard, CEO, Lansdale Corporation, Diminishing 
Manufacturing Sources Conference, June 1993. 
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i. That the cost of circuit board redesign will remain at 
least 3-4 times higher than the cost of emulation. 

j. That Inventory Control Points (ICPs) and OEMs will not 
reduce lifetime buys significantly due to excess 
budgetary pressures. 

II. THE GEM SYSTEM 

A. TECHNICAL DESCRIPTION 

An IDEF model of the GEM System is shown in Figure 1. The 
GEM System receives as its input, an order for a nonprocurable 
Ic. The controls are 2-3 sample parts, cost limitations (e.g., 
after 3 unsuccessful design iterations, the order is dropped as 
being “ungemable"), and all available specifications and test 
vectors of the original IC. The mechanism is the David Sarnoff 
Research Center’s design and wafer fabrication facility in 
Princeton, NJ, and the Norsk electronic packaging facility in San 
Jose, CA. In some instances, Sarnoff does not perform the 
design, as satellite design centers at SRI Menlo Park, CA and 
various DoD sites also have this capability. The GEM System’s 
initial output is 25-50 emulated prototype microcircuits. After 
insertion testing and/or third party inspection, 200+ high 
reliability, military qualified ICs are delivered as the final 
output of the GEM System along with a GEM specification for the 
Ic. 

The following description, while in my own words, is based 
on accumulated knowledge over my tenure as program manager. It 
is presented here to give the reader background on the GEM 
technology. The GEM system consists of six major manufacturing 
components: 

1. Specification Verification 
2. Design (including simulation) 
3. Base Wafer Fabrication 
4. Wafer Personalization 
5. Packaging and Assembly 
6. Prototype and Qualification testing 

The integrated manufacturing flow of these components is 
described in Figure 2. 

The manufacture of a GEM IC does not differ greatly from 
that of a typical commercial Ic. In fact, the 1.5 micron feature 
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size and Bipolar Complimentary Metal Oxide Semiconductor (BiCMOS) 
process technology is well positioned in the center of mainstream 
commercial IC fabrication technologies. 

Unique technical features of the GEM System include the 
design of the GEM gate array core cells, the customized 
input/output cells, the building block design approach, and a 
semi-automated respecification procedures. 

GEM resembles the popular Application Specific Integrated 
Circuit (ASIC) IC manufacturing model in many ways. ASICs can be 
designed in multiple sites using a single set of design rules and 
the designs may be realized in silicon at a common foundry. 
Multiple design sites exist, funneling work into a central design 
agent (SRI/Sarnoff) that reviews the quality and completeness of 
each design. GEM design stations reside on commercially 
available SUN or HP APOLLO workstation with MENTOR GRAPHICS 
Computer Aided Design (CAD) software. A GEM design library has 
been created, which enables the designer to easily create, 
simulate, and store designs and design macros. 

The GEM Gate Array is depicted in Figure 3. The gate array 
core is 1.5 micron CMOS. It is in these core cells that the 
function of the old IC is emulated. GEM designers can tap 
capacitors within the GEM core to delay the propagation delay 
enough to mirror the slower speed of the original technology. 

The Input/Output (I/0) cells surrounding the gate array core 
are manufactured in BiCMOS technology. They contain NPN 
transistors as well as bleeding resistors that can be used to 
emulate the higher power consumption of the older devices. New 
GEM gate arrays will contain I/O cells with SCHOTTKY clamped 
Giodes. This will permit more accurate emulation of rise and 
fall profiles for Transistor Transistor Logic (TTL) technology 
microcircuits. 

The BiCMOS GEM fabrication process requires sixteen 
manufacturing steps. These steps as described by the David 
Sarnoff Research Center are provided in Figure 4. The first 
thirteen steps are used to manufacture the GEM base array. The 
final three steps customize the wafer to the IC being emulated. 
Four-inch diameter silicon wafers are used. Each wafer typically 
yields 50-200 good die, depending on the gate array size used, 
which are then when packaged, assembled, tested and screened. 

The GEM wafer manufacturing technology is readily extendable. 
The current 1.5 micron BiCMOS process is scalable (at least down 
‘to 1.2 micron) without sacrificing the existing design library or 
requiring significant new developmental work. This is an 
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STEP 

10 

11 

12 

13 

XXX 

14 

15 

16 

GEM WAFER 

DESCRIPTION 

N-Buried Mask 
N-buried pocket for collectors 
Grow epitaxial layer for all devices 

N-Well Mask 

N-well for the PMOS devices 

P-Well Mask 
P-well for the NMOS devices 

N-Collector Mask 

Collector for the NPN transistors 
Drive in for all well implants 

Active Area Mask 
Locos oxide and nitride deposition 
Field Oxidation: 

P-Field Mask 
Implant P-field 

P-Base Mask 
P base implant for the NPN transistors 

VIP Mask 
PMOS threshold implantation 

VTN Mask 
NMOS threshold implantation 
Gate oxide for NMOS and PMOS 

Polysilicon Mask 
Polysilicon gate for NMOS and PMOS 

P Mask 
Implant for P source/drain of PMOS devices 

N Mask 
Implant for N source/drain of NMOS devices 

Contact Mask 
Contact etch for all devices 
Metal-1 deposition for all devices 

This complete the base wafers. 

Metal-1 Mask 

Define metal-1 for all devices 

Via Mask 

REMARKS 

Sb+ 160keV,3.0E15 

5.5 microns with 1E15 Boron 

B+ 100keV,2.0E12 

P+ 100keV, 4.0512 

P+ 80keV, 3E15 
1200°C, lhr 

370A oxide, 2500A nitride 
1000°c, 8500A 

B+ 50keV, 7.0513 

B+ 30keV,1.0EH14 & 85keV,1.0E13 

P+ 180keV,8.0E11 & Bt30keV,9.0E11 

B+ 30keV,9.0E11 
800°C, 230A 

560°C, 5.0kA 

BF2 50keV,4.5E15 

Ast+ 140keV,7.0E15 & P+ 120keV,5.0E: 

AlSi 6.3kA 

Wafers are placed in inventory. 

Intermetal dielectric between metal-1 and metal-2 

Metal-2 Mask 

Metal-2 for all devices 

FIGURE 4 

AlSi 8.0kA 

GEM WAFER MANUFACTURING STEPS 
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important attribute, as future obsolete IC will be too fast and 
complex for the existing 1.5 micron process. 

There are four GEM System technical constraints: speed, pin 
count, complexity, and voltage. GEM arrays are fast enough to 
emulate any part with a propagation delay of 4-5 nanoseconds or 
more. The GEM envelope for pin counts is 48 or less. The 
complexity of GEM is limited by the largest GEM gate array, which 
contains 1218 logic cells. The voltage constraint for GEM is any 
digital IC with a breakdown voltage of 20 volts or less. 

GEM System cycle time is 12 weeks from placement of order to 
delivery of prototype parts. Production quantities take an 
additional 10 weeks, which is attributable to post-production IC 
qualification screening requirements. The reorder time for 
previously built GEM parts is 6-8 weeks. 

The GEM System currently maintains two similar BiCMOS 
fabrication processes, a 5 and 20 volt process. Together, these 
two processes can emulate virtually all ICs in the following 
obsolete technologies: 

RTL Resistor Transistor Logic 
DTL Diode Transistor Logic 
TTL Transistor Transistor Logic 
LSTTL Low power Schottky TTL 
HTTL High power TTL 
NMOS N-channel 
PMOS P-channel 
CMOS Complimentary Metal Oxide Semiconductor 
ECL Emitter Coupled Logic 

GEM’s coverage of the ECL family of ICs is interesting in 
that it is only partially within the GEM envelope. The simpler 
ECL devices are too fast for the GEM System to emulate. A system 
tradeoff existed in trying to broaden GEM to emulate these 
simpler ECL devices. Oxide thickness on the base wafer must be 
reduced to obtain the extra speed. Thinning the oxide, however, 
reduces the voltage capability of GEM ICs, resulting in a more 
than offsetting decline in the ability to emulate higher voltage 
technologies such as RTL. Additional information on the GEM 
System, including its benefits to the DoD, are provided in 
Appendix D. 

B. FUNCTIONAL REQUIREMENTS 

Expressing the functional requirements for the GEM System in 
a systems context is an effective tool for managing such a 
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complex effort. The functional requirements as originally 
established by the DoD were that a generic emulation system be 
developed to: 

a. Emulate multiple obsolete IC technologies using a single 
Ic fabrication process. 

b. Emulate these same ICs in a form, fit, and function mode 
(e.g., Gdrop-in replacements); both quickly and 

affordable. 

c. Utilize a mainstream IC fabrication process scalable to 
smaller dimensions without major system changes. 

dad. Partition wafers ina "reticle" configuration, thus 
permitting manufacture of multiple IC-types on a single 
wafer. 

e. Use Computer-Aided Design (CAD) tools that are widely 
available commercially. 

f. Minimize the nonrecurring engineering (NRE) costs to the 
maximum extent possible. 

The overall goal of the DoD in launching this emulation R&D 
effort was to "break the IC obsolescence cycle" by developing a 
flexible source for a wide variety of nonprocurable ICs. The 
DoD’s desire was that the aggregate demand generated by a 
flexible emulation system be sufficient to make a commercial 
enterprise viable. 

Taking these requirements a step further, I translated them 
into a systems engineering context. The following are various 
systems measurement criteria that would apply to the GEM System: 

SYSTEM EFFECTIVENESS FACTORS 

Operational Availability: Continuous manufacturing capability. 
Readiness: 6 month max turnaround on IC orders. 
Reliability: Average IC yields > 80%. 
Supportability: Fully transferable technology 

  

‘Defense Logistics Agency, Statement of Work, Microcircuit 
Emulation Program, Phase II, 1987. 
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SYSTEM PERFORMANCE PARAMETERS 

IC Technologies: STTL, TTL, CMOS, DTL, RTL, NMOS, ECL 
Size: Identical to original IC 
Power output: Identical to original IC 
Speed: Identical to original IC 
Logic function: Identical to original IC 

SYSTEM SUPPORT FACTORS 

Base Wafer Availability: Minimum 6 month supply 
Test Equipment: HP 82000 IC tester or equivalent 
Clean room: Minimum Class 100 
Documentation: VHDL structural specification 

LIFE CYCLE COST FACTORS 

R&D Cost: Not to exceed annual GEM budget 
Validation Cost: Each year should pay for itself in O&M savings 
O&M Support Cost: GEM System self sustaining by 1996 or 1997 
Life Cycle impact: Must favorably impact weapons system life 

cycle costs 

C. FUNCTIONAL ALLOCATION 

The GEM System has completed the initial Preliminary Design 
Phase, but the need for further design improvements has become 
evident based upon feedback received in the current pre- 
production phase. Most of this feedback is that the cost of GEM 
is still too high. Further efficiencies are thus required to 
give GEM its best chance for success as a commercial entity. 
Accordingly, a review of the GEM System functions was necessary. 

The purpose in performing a Functional Allocation is to 
",.. provide, as an input, some guidelines to the design engineer 
to assist him or her in developing a product that will be 
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compatible with system requirements."® In this section, I 
describe the current GEM System functional allocations, describe 
various allocation alternatives, and discuss trade off analysis 
is performed to determine the most optimum allocation of the GEM 
System functional elements. 

PRESENT ALLOCATIONS 

I have broken the GEM System into six functional steps as part of 
this project. The descriptions within each of these steps, 
however, is based upon knowledge I have gained over the course of 
my tenure as program manager: 

1. Specification Verification: This is the process of ensuring 
that all relevant information about the IC to be emulated has 
been obtained prior to proceeding with the design. This includes 
all available written specifications (e.g., Standard Military 
Drawings, Source Control Drawings), all.test vectors (both IC as 
well as circuit board application if possible), and 2 or 3 sample 
devices. The samples are not completely reversed engineered, but 
are probed to determine their "typical" (as opposed to maximum 
and minimum) values. This step is currently performed by 
SRI/Sarnoff and SRI/Menlo. ' , 

2. Design (and design simulation): This function encompasses 
the actual design of the IC to be emulated. Using HP Apollo CAD 
hardware and Mentor Graphics software, the GEM designer 
translates the information obtained in the Specification 
Verification step into a design of an emulated IC. The designer 
should first take advantage of any existing macros in the GEM 
design library that can be reused to minimize NRE costs. Any new 
macros that need to be developed are then created and added to 
the GEM design library. The design function is step is currently 
performed by both SRI/Sarnoff and SRI/Menlo. 

3. Base Wafer Production: This is the manufacture of four inch 
BiCMOS wafers starting from silicon through Metal One deposition 
(steps 1-13 of Figure 4). Wafers are then stored and the 
personalization step is performed when required. Base wafer 
processing is performed only at SRI/Sarnoff. They are 
manufactured using a 1.5 micron BiCMOS process technology under 
Class 100 clean room conditions. There are currently two types 

  

‘Benjamin S. Blanchard and Wolter J. Fabrycky, Systems 
Engineering and Analysis, 2nd edition, (Prentice Hall, Inc. 1990). 

15



of base wafers, Standard and High Voltage. The Standard base 
wafers come in three sizes; containing 120, 384 or 1218 cells. 
The High Voltage base wafers were developed to address obsolete 
digital ICs in the 12-20 operating voltage range, such as the 
now-obsolete 3000 and 4000 series (RCA) CMOS devices. High 
voltage arrays are currently only made in the 384 cell array. 

4. Personalization of Base Wafers: This represents the final 
three processing steps in fabricating a GEM IC (steps 14-16 of 
Figure 4). A double metal level 4 micron BiCMOS capability is 
required to perform this task. The three personalization steps 
are "Metal 1", "Via", and "Metal 2". The capability to 
personalize base GEM wafers currently exists only at SRI/Sarnoff. 

5. Packaging and Assembly: This function consists of a visual 
inspection of the wafer die, packaging of the IC die ina 
hermetic (ceramic) package, assembling the IC and performing 
limited electrical (AC) testing prior to delivery. Packaging and 
Assembly is currently performed by NORSK’ Inc. of Sunnyvale CA. 

6. Testing: Testing is actually intertwined with many of the 
previous steps, but is listed separately here to document post 
production GEM testing/screening in accordance with Military 
Standard 883, Test Methods 5004 and 5005, qualification 
requirements. Sample IC testing, simulation of designs, wafer 
probing, and visual packaging inspection are all testing-related 
functions. MIL QUAL 883 testing is generally the minimum level 
of testing/screening required for weapons systems approval. 
These tests must be performed by a third party DESC-approved 
source. The current testing company used by the GEM System is 
Qualified Parts Laboratory (QPL) in Milpitas, CA. 

The final step I performed in this GEM System functional 
allocation was to break the current GEM functions down by their 
respective performing activities. This grouping of the GEM 
System in its current configuration is described in the following 
table: . 

FUNCTIONAL ALLOCATION BY PERFORMING ACTIVITY 

CATEGORY STEPS | ACTIVITY 

12 SRI/Sarnoff and Menlo 
14 SRI/Sarnoff 
,6 . Vendors (Norsk, QPL) 

Respecification & Design 
Wafer processing 
Packaging and Testing U

W
 e

R 
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FUTURE ALLOCATION ALTERNATIVES 

Making GEM a self-sustaining enterprise requires on 
increasing demand and lowering costs. Each of the six GEM System 
functional units were analyzed in this light'to determine whether 
implementation of other alternatives would yield significant 
improvements. The following table summarizes future GEM System 
allocation alternatives I have identified as part of this 
project: 

FUTURE GEM SYSTEM ALLOCATION ALTERNATIVES 

  

PRESENT FUTURE 

FUNCTION ALLOCATION - ALTERNATIVE(S) 

Spec verification SRI/Sarnoff & Menlo NSWC Crane 
Design " HP Apollo/Mentor PC based 
Base wafer fab SRI/Sarnoff 2nd Source 
Personalization SRI/Sarnoff 2nd Source 
Package and Assy Norsk Inc Another source 
Testing MIL 883 5004/5005 QML certification 

The specific future alternatives identified are presented below 
in detail: 

1. Specification verification is a labor-intensive task, some of 
which could be delegated to a technician. Naval Surface Warfare 
Center (NSWC) Crane, Indiana is a GEM design center that has a 
large library of test vectors and a DESC certified testing 
capability. They also have as their mission, performing liaison 
with NAVSEA and NASA, which may provide better access and 
information on insertion testing possiblities. NSWC Crane’s 
overhead rate is also significantly less than Sarnoff’s. A 
secondary option would be to ensure SRI/Menlo and SRI/Sarnoff 
utilize technician labor to do this front-end task. 

2. GEM Designs are performed on commercially available CAD 
tools, but the acquisition and maintenance costs for the design 
hardware and software is excessive. The largest inhibitor to 
establishing and maintaining a larger number of GEM design 
centers is this high design tool cost. There have been some 
promising developments in the past few years in PC-based design 
workstations that is worthy of evaluation. 
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3. Base wafer fabrication is currently performed only at 
SRI/Sarnoff. Second sourcing of base wafer production may ensure 
continued availability of GEM wafers and reduce base wafer -unit 
costs through competition. 

4. Personalization of GEM .base wafers is currently performed 
only at SRI/Sarnoff. Alternatives for enhancing this function 
include: 

a. Second sourcing. This would entail the creation of a new 
source which would require close coordination with — 
Sarnoff. 

b. Investigate alternate personalization technologies such 
as electron beam and laser personalization. These are 
both technologies that appear well-suited for production 
of wafers containing multiple IC designs. 

5. Packaging and Assembly does not require a tradeoff analysis. 
The only decision is which vendor to use. There are several 
companiew suitable for GEM packaging. 

6. Testing of GEM ICs in accordance with MIL STD 883 adds $8-12K 
and 10 weeks to each GEM order. The testing alternative is for 
SRI/Sarnoff to attain a Qualified Manufacturers Line (QML) 
certification from DESC. This would qualify the manufacturing 
process, aS opposed to a part-by-part, post-production 
qualification. 

TRADE-OFF ANALYSIS 

I performed a trade-off analysis on the future GEM System 
allocation alternatives as part of this project. This trade-off 
analysis was helpful in determining system-wide allocation 
decisions that may result in a GEM System that is better 
positioned to become an independent entity. 

TRADE-OFF ANALYSIS OF FUTURE ALLOCATION ALTERNATIVES 

INITIAL VERIFICATION: 

ALTERNATIVE 1-1: STATUS QUO (Performed at SRI/Menlo and Sarnoff) 

Data: Specification Verification represents 26% ($13K) of the 
cost of a GEM order. This alternative, Initial Verification, 
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represents only the beginning portion of Specification 
Verification, or, 205 of this overall cost element. Initial 
Verification is defined as gathering all relevent IC information, 
reviewing IC specifications and entering data for use by the 
designer. Performance is at the engineer level. Initial 
Verification takes 2-3 mandays on average. At $1K per manday, 
this equals a $3K cost per GEM order. . 

Pros: (1) Minimal time to verify specification at SRI. 
(2) Both activities well up on learning curve. 

  

Cons: (1) High labor rate and overhead at both SRIs. 
(2) SRI personnel overqualified for much of this task. 

  

ALTERNATIVE 1-2: SRI/SARNOFF TECHNICIAN 

Data: Average cost of a technician is $500-700 per manday, based 
upon Sarnoff data. If trained well, technicians can perform this 
task with only limited supervision. If a mistake is made, 
however, recovery costs can be enormous. This is because one 
overlooked critical parameter can lead to IC failure in the 
application. 

Pros: (1) Availability of HP 82000 tester @ Sarnoff. 
(2) Availability of IC databases @ Sarnoff. 
(3) Face-to-face communication with designer. 

Cons: (1) New learning curve for a new technician. 
(2) Sarnoff overhead still applied. 

  

ALTERNATIVE 1-3: NSWC CRANE TECHNICIAN | 

Data: Average cost of a technician is $300 per manday, based 
upon NSWC Crane data. Technicians at NSWC Crane have more 
knowledge of application needs but less of an understanding of IC 
designers needs. Some experience exists already at NSWC with GEM 
(1-2 years), but not to the extent or in any volume compared to 
Sarnoff. Overhead rate is 100%. 

Pros: (1) Lower labor rate at NSWC. 
(2) . Lower overhead rate at NSWC. 
(3) Existing GEM design center. 
(4) Large test program library. 
(5) Better interface with Navy/NASA customers. 
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Cons: (1) Navy/NASA-only interface. 
(2) Not colocated with primary GEM designers. 
(3) Lack of IC design experience. 

  

RECOMMENDATION: Insist that SRI use technicians for the Initial 
Verification task. Begin outsourcing a portion of this work to 
NSWC Crane. Establish performance metrics and evaluate feedback 
from NSWC Crane. 

DESIGN PLATFORM 

ALTERNATIVE 2-1: STATUS QUO (HP Apollo & Sun/Mentor Graphics) 

Data: Hardware cost is approximately $30K. Software costs are 
about $120K. Maintenance costs are 10% of acquistion cost 
charged annually to users. 

Pros: (1) Proven CAD tools. 
(2) Minimal change to GEM design library. 
(3) Currently wide-user base. 

  

Cons: (1) Continuing high annual maintenance costs. 
(2) High hardware/software costs. 

ALTERNATIVE 2-2: TRANSITION TO PC-BASED DESIGN PLATFORM 

Data: Acquisition hardware ranges between $13-17K. Software 
costs are $5K. Maintenance cost is $1500/year. 

Pros: (1) Lower acquisition cost. 
(2) Lower maintenance cost. 
(3) Larger user base. 

  

Cons: (1) Reduced level of software support. 
(2) Satisfactory system does not yet exist. 

  

RECOMMENDATION: Utilize existing design platform for short-mid 
term and keep abreast of developments in PC based design. 
Eventually, as more designers begin using PC based CAD tools, the 
GEM System will be forced to switch in order to remain a 
mainstream technology. 

BASE WAFER FABRICATION 

ALTERNATIVE 3-1: STATUS QUO (SRI/Sarnoff Sole Source) 
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Data: Current cost of GEM base wafers is estimated to be $3500. 
Minimum base wafer lot is 20 wafers. Yields at Sarnoff average 
70%. 

  

Pros: (1) Fab resides where technology was developed. 
(2) Higher yields now being achieved. 
(3) Co-located with IC designers. 
(4) Statistical Process Control in place. 

  

Cons: (1) Sole Source situation. 
(2) Fab is currently not a cost center, making it. 

difficult to accurately determine base wafer costs. 
(3) Yields not as high as commercial IC foundries. 
(4) High SRI/Sarnoff overhead rate. 

  

ALTERNATIVE 3-2: SECOND SOURCE BASE WAFER FAB 

Data: Average cost of commercial CMOS wafers is $1500 when 
produced in volume. Yields average 80-90%. These figures based 
on data from Micrel, Orbit, and Ideal Semiconductor. Volume 
usually means more than 20 wafers per lot; so may not be "apples 
to apples" comparison. 

Pros: (1) Provides GEM users with insurance (2nd source). 
(2) GEM wafers would be less expensive. 
(3) Credibility gained with GEM wafer production at 

established foundries. 

  

Cons: (1) Low demand could make both GEM sources unprofitable 
(2) Reliability questionable over short term. 
(3) May cost DoD significant funds to transfer the GEM 

base wafer technology base on Micrel experience. 

  

RECOMMENDATION: Continue using Sarnoff as the sole source. 
Monitor Sarnoff fabrication facility performance as a separate 
cost center, to determine if wafer costs are being produced at 
reasonable prices. If GEM demand exceeds 20 wafers/month, 
consider second source. 

PERSONALIZATION 

ALTERNATIVE 4-1: STATUS QUO (SRI/Sarnoff sole source) 

Data: Personalization cost at Sarnoff is approximately $1500 per 
wafer. This data based on firm fixed price bids for GEM orders 
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(although until a Sarnoff wafer fabrication facility cost center 
is established, will not know true costs, only pricing 
structure). Two GEM wafers personalized at a time. 

Pros: (1) No chronic problems experienced with 
personalization at SRI/Sarnoff. 

(2) Process experise in abundance at SRI/Sarnoff for 
resolving GEM personalization problems. 

(3) Double level metal (DLM) personalization process 
well established at SRI/Sarnoff. 

Cons: (1) Stepper equipment did breakdown once~--could impact 
production again. 

(2) SRI/Sarnoff overhead rate is high. 
(3) No value-added opportunities for DLM capable OEMs. 

  

ALTERNATIVE 4-2: DEVELOP SECOND SOURCE FOR PERSONALIZATION 

Data: Personalization costs at Micrel (a representative 
commercial IC foundry) are $10,000 for 6 wafers. Micrel requires 
further technology transfer before they can personalize GEM 
wafers. Specifically, they required more metal 1 thickness, 
better intermetal dielectric, utilization of a purchased stepper, 
and experience in etching TiN/Ti/Al-Si metallization systems’. 

Pros: (1) Might be more cost-competitive than Sarnoff. 
(2) GEM technology transfer interest exists. 
(3) Tech transfer cost minimal (less than $50,000). 
(4) Reduces OEM concerns for second sources. 
(5) Surge capability would exist for GEM production. 

  

Cons: (1) Possible reliability problems in short-tern. 
(2) Lack of direct communication with process experts/ 

developers if problem exists. 
(3) Technical deficiencies at Micrel must be overcome. 

  

RECOMMENDATION: Proceed with personalization experiment as 
planned with Micrel Corp. Assuming success, proceed with next 
phase, which is to provide limited amount of personalization 
business to Micrel. If Micrel is ill-suited as a test case, 
evaluate other sources in FY 94 and perform new experiment. 
Meanwhile, investigate mask-less means of personalization such as 
electron-beam and laser technologies. 

  

"Larry K. White, Micrel DLM Assessment, David Sarnoff 
Research Center (internal correspondance), December 8, 1993. 
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PACKAGING AND ASSEMBLY 

ALTERNATIVE 5 

No trade-offs identified. 

TESTING: 

ALTERNATIVE 6-1: STATUS QUO (883 screening of each GEM order) 

Data: The cost to qualify a new GEM emulation is $8-12K. This 
range is dependent on the window of time within which the lots 
were submitted for qualification. If for example, wafer lots are 
produced within 6 months of the qualification date, there is only 
the $8K initial qualification charge. If on the other hand a 
wafer lot is submitted after the 6 month window, a partial 
rescreening cost of $4K is incurred. 

Pros: (1) MIL STD 883 is minimum required by most customers. 
(2) Good IC screening methodology for those who insist. 
(3) Insures packaging integrity. 

Cons: (1) Very expensive (as much as 20% of GEM cost). 
(2) Screening ICs can cause more harm than good. 
(3) Does not follow "in-process" TQM/Deming philosophy. 
(4) Adds 10-12 weeks to GEM delivery schedule. 
(5) Does not meet highest reliability (JAN) 

requirements. 

  

ALTERNATIVE 6-2: GAIN QUALIFIED MANUFACTURING LINE (QML) STATUS 

Data: A QML proposal was requested from Sarnoff in 1992. They 
estimated the one-time cost to qualify their GEM process to be $1 
million. Further discussions revealed a willingness to cost- 
share some of this effort, as it may lead to ISO 9000 
certification. The incremental costs of QML per IC order is 
approximately 20%, or $2K per order. This covers: the cost of 
running a Standard Evalutation Circuit through the fabrication 
line quarterly, the added cost of additional statistical process 
control, and the administration of a Technology Review Board. 
These cost estimates are based upon discussions held with current 
QML suppliers, such as AT&T. 

The current MILSTD 883 test/screening requirement has been the 
subject of increased criticism. Major DoD IC suppliers are 
beginning to criticize this MIL STD as being more harmful than 
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good, stating ® that their commercial non-screened ICs fail less 
frequently than screened ICs. This statement is based on 
concerns about electro-static discharge and coplanarity damage 
associated with screening. 

Pros: (1) Adds a degree of credibility to the GEM System 
(2) Can be less expensive 
(3) Conforms to "Best Commercial Practices" 
(4) Reduces GEM cycle time by 10-12 weeks 
(5) Avoids unnecessary screening of ICs 

  

Cons: (1) Takes time and funding ($1 million) to obtain 
(2) Risk of not achieving QML status 
(3) Some users still prefer 883 screening 
(4) May discourage tech transfer to non-QML entitities 

  

RECOMMENDATION: The benefits of a QML line appear to far exceed 
the risks. Accordingly, I believe the GEM program should 
allocate funding to proceed in FY 94 with a QML initiative. 
First step is achieving MILSTD 883 1.2.1 certification from DESC. 
883 1.2.1. qualifies the process to 883 compliant levels. 
SRI/Sarnoff should cost share at least 50% of the QML effort. 

IIIT. CAUSAL DIAGRAM OF THE GEM SYSTEM 

The future GEM System can be enhanced when cause and effect 
relationships are understood in a system-wide concept. The 
Systems Engineering technique I employed in this project to 
analyze these relationships was the Causal Diagram methodology 
developed by Dr. Drew of the Virginia Polytechnic Institute’. 
The critical parameter chosen in this analysis was GEM Demand. 
Figure 5 is a Causal Diagram depicting interrelationships of 
various factors influencing GEM Demand. 

  

§ 1993 Advance Microelectronics Qualification/Reliability 
Workshop, August 24-26, 1993, Denver, CO, statements made by 
representatives from TI, National, Intel, and Motorola. 

> Dr. Drew, Applied Systems Engineering, "Causal Diagrams", 
Virginia Polytechnic Institute, 1991. 
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A. CAUSE-EFFECT RELATIONSHIPS 

The cause and effect factors relating to the GEM System are 
defined along with a notation indicating their net effect on GEM 
demand: 

- GEM COST: As the cost of GEM ICs increases, the demand for 
future GEM orders decreases. . 

- GEM PRODUCTION LEADTIME: As leadtime for GEM ICs increases, 
the demand for GEM decreases. 

+ SAMPLE ICs AVAILABILITY: As the availability of sample ICs 
for specification verification increases, GEM production 
leadtime decreases, which improves demand for GEM. 

+ DESC/GEM INTERFACE: As the GEM System becomes more 
integrated with the buying practices of the largest DoD 
commodity manager for ICs (DESC), the current cumbersome 
process of obtaining sample ICs via DESC should improve. 
This in turn will reduce production leadtime which increases 
demand. 

+ GEM MARKETING: As GEM marketing is increased, GEM awareness 
is increased, which usually leads to a demand increase. 

+ GEM AWARENESS: As awareness of GEM’s capabilities 
increases, demand for GEM increases. This demand increase 
is primarily from the OEM and FMS sectors. 

+ DESC AWARDS: As the number of awards made by the DoD’s 
commodity manager/buyer (DESC) increases, demand for GEM 
increases. 

+ GEM PROTOTYPE DEMONSTRATIONS: As the number of GEM 
prototype demonstrations increases, funded demand for GEM 
increases. The more visible GEM is to the weapons system 
Program Manager, the more likely he/she will be to place a 
GEM purchase order. This awareness is attained primarily 
through prototype demonstrations that are funded by the GEM 
Validation program for. insertion into weapons systems. 
Prototype demonstrations also increase base wafer 
consumption. 

+ OEM ORDERS: As the number of orders placed by Original 
Equipment Manufacturers and DoD weapons system program 
offices (e.g., Hughes-F-15, Boeing-AWACS, Martin Marietta- 
AEGIS) increases, demand for GEM increases. 
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FOREIGN MILITARY SALES (FMS) ORDERS; As FMS orders 

increase, overall GEM demand increases. FMS orders increase 
as OEM-GEM teaming increases because much of the support for 
FMS is provided by OEMs.. 

GEM TECHNOLOGY TRANSFER: As GEM System technology transfer 
increases, opportunities for OEM-GEM teaming increase, which 
leads to more OEM-driven GEM demand. This is due to the 
prescence of a profit-incentive for the OEMs if they do 
value added work associated with the emulation effort. This 
could include insertion testing, documentation gathering, 
design, packaging and/or assembly. 

GEM DESIGN TRAINING: As the number of circuit designers 
familiar with GEM increases, GEM demand increases. This is 
true even if the designers don’t ultimately design a GEM Ic. 

NUMBER OF GEM SOURCES: As the number of GEM souces 
increases, the perceived risk associated with using a sole 
source decreases, thereby increasing GEM’s attractiveness 
and consequently its demand. . 

NONRECURRING ENGINEERING (NRE) COST: As NRE costs 

associated with each GEM order increase, the cost of GEM 
increases, and the demand decreases. 

GEM DESIGN MACROS: As the number of macros in the GEM 
System design library increases, the NRE associated with 
each design decreases. This lowers the cost of GEM which 
increases demand. 

PERSONALIZATION MASKS: As the number of personalization 
masks required per GEM order increases, the cost of each GEM 
Ic increases, thus lowering the demand for GEM. 

USE OF E=BEAM PERSONALIZATION: The use of Electron Beam 

personalization eliminates the need for ordering photomasks 
(at a cost of $4500/design) which should reduce the cost of 
GEM. E-beam personalization also reduces GEM production 
leadtime. 

TESTING COSTS: As testing costs for GEM ICs increase, 
overall cost increases which lowers demand. Post- 
fabrication MIL STD 883 5004/5005 screeening constitutes the 
largest element of the testing costs. The added cost to each 
GEM order is approximately $8-12K, depending on production 
volume. 
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+ GENERIC QUALIFICATION (of the GEM arrays): If the GEM 

System receives Qualified Manufacturers List certification 
from DESC, the MIL STD 883 screening requirement is waived 
in lieu of a satisfactory in-process quality program. This 
elimination of the 883 requirement will lower per order GEM 
costs which increases demand. . 

+ DLA CORE FUNDING (for GEM): As DLA core funding for GEM 
increases, demand increases. This is due to the ability to 
subsidize base wafer production and to perform the R&D 
necessary to develop greater parts coverage. 

+ GEM BASE WAFER PRODUCTION: As DLA core funding increases, 

GEM base wafer production increases. 

+ GREATER IC COVERAGE: As a larger portion of the DoD IC 
"universe" falls within the GEM envelope, GEM demand 
increases. DLA core funding permits this R&D to happen. 

- BASE WAFER USER COST: As the cost of base wafers increases 

for the user, the demand for GEM decreases. DLA core 
funding can reduce the cost of base wafers. 

+ GEM BASE WAFER CONSUMPTION: As the consumption of GEM base 
wafers increases the base wafer inventory decreases. 

~ BASE WAFER INVENTORY: As GEM base wafer inventory 
increases, GEM costs increase due to wafer holding costs. 

B. FEEDBACK LOOPS 

GEM DEMAND AND GEM COST: 

As the cost of a GEM IC order increases, demand for GEM 
decreases. This lower demand feeds-back. to increase cost. The 
cost per order increases as a result of this lower demand because 
of; fewer design macros available, the inability to group 
designs, and less efficient utilization of base wafers and GEM 
design personnel. 

GEM BASE WAFER INVENTORY AND GEM WAFER PRODUCTION: 

As GEM Base Wafer Production increases, GEM Base Wafer Inventory 
increases. This inventory feeds-back to drive a lower level of 
production. This feedback loop has the negative effect of making 
it more difficult to achieve a steadily running fabrication line. 
Batch processing of GEM wafers may be necessary at this point. 
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C. CAUSAL DIAGRAM-DRIVEN INVESTMENT STRATEGIES 

Analysis of the GEM System Causal Diagram led to a number of 
investment strategies that could payoff in an increase in GEM 
demand. These include: . 

1. Make GEM base wafers freely available where appropriate. 
This will reduce base wafer inventories and increase GEM 

demand, which in turn. lowers the cost for all GEM users. 
It is assumed that these are base wafers owned by the 
DLA, not set aside for any particular customer. 

2. Continue R&D on elimination of personalization masks. 
Personalization masks represent 6% of the cost of an 
emulation order. E-beam machine time shows potential for 
being significantly cheaper than photomask purchases for 
every GEM order. . 

3. Attain Qualified Manufacturers List Certification for the 
GEM System. This will eliminate $8K in screening costs 
per order. Savings will be offset somewhat by the need 
to qualify a Standard Evaluation Circuit every quarter. 
An added advantage is the higher reliability level QML 
provides as well as faster cycle times. 

4. Increase GEM Awareness. More GEM marketing will increase 
demand eventually, provided the GEM System maintains its 
reliability record and continues to position itself as a 
valid solution to microcircuit obsolescence problems. 

5. Increase Technology Transfer. The more entities that 

have a value-added role with GEM, the more they will 
recommend its use. One recent successful demonstration 

for the AEGIS program resulted in widespread publicity 
for the GEM program [Figure 6]. 

6. Provide GEM Design Training. An increase in the number 
of designers or design-capable personnel with knowledge 
of the advantages of GEM, will inevitably lead to an 
increase in GEM demand. 

IV. SENSITIVITY ANALYSIS OF GEM VS LIFETIME BUY OPTION 

INTRODUCTION 

During my tenure as program manager, I often stated that GEM 

29



"GEM; JEWEL OF THE NILE" ARTICLE BY THE AEGIS PROGRAM MANAGER 

The GEM (Generalized 
Emulation of Microcircuits) 
program is rapidly emerging as 
the premier high tech, cost 
competitive solution to DOD's 
obsolete parts dilemma, and 
the AEGIS program is poised to 
take full advantage of this 
new technology and is a 
participating member in this 
Defense Logistics Agency (DLA) 
program. 

Because Integrated 
Circuits (IC's) lifespans are 
short and weapon systems 
careers are long, weapon 
systems can easily outlive 
their electronic components. 
The high-tech AEGIS system 
design was pushing the state 
of the art back in the mid- 
seventies, and the design is 
beginning to experience parts 
obsolescence problems. The 
AEGIS program (PMS 400G) is 
actively solving existing IC 
procurement problems as well 
as managing a proactive DMS 
(Diminishing Manufacturing 
Sources) program that 

aggressively predicts and 
plans for the time when IC 
sources for the AEGIS weapon 
system will be scarce. 

Various strategies have 
been developed for parts 
obsolescence. GEM is one of 
these, and is based on 

emulation or high tech coping 
of the obsolete part. It isa 
viable, cost effective 
strategy because it takes 
advantage of recent technology 
leaps in computing and high 
density gate array 
manufacturing techniques. The 
GEM technique treats the 
obsolete IC as if it were a 
"black box" where performance 
parameters are known but 
design details are unknown. 
Using state of the art 
Computer Aided Engineering 
(CAE) and Computer Aided 
Design and Manufacturing 
(CAD/CAM) tools a skilled 
designer is able to take an 
obsolete IC specification and 
develop a logic simulation. 
This is transformed into a 
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detailed design, a layout, and 
a mask that produces a 
finished microcircuit which 
matches the original part in 
fit, form and function. This 
process takes an amazingly 
short 10 weeks! 

The GEM approach appears 
to be a promising, cost- 
effective parts obsolescence 
strategy because it is a 
readily transferable 
technology that utilized 
commercially available design 
tools and a generic 
manufacturing process. From 
its inception, the GEM program 
was designed to be hosted on 
commercially available CAD 
tools. 

The AEGIS program — 
recently completed functional 
testing of a part (54LS192 
up/dn counter) emulated by the 
GEM program. Testing was 
performed at the component, 
circuit card, and cabinet 
levels. Its technical 
performance proved to be 
identical to the original, 
demonstrating its suitability 
as a replacement part. The 
AEGIS program plans to fully 
utilize this new technology as 
an effective solution to the 
DMS problem. For additional 
information, contact Ms. 
Gretchen P. Kozub, PMS 400G33. 

FIGURE 6 
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could favorably impact the lifetime buy problem. Unfortunately, 
I ran into resistance at DESC because. of a lack of quantitative 
data. As part of my GEM system-wide analysis in this project, I 
decided to calculate the potential savings (if any) of using GEM 
in conjunction with a limited lifetime buy. 

BACKGROUND 

The Director of the Defense Electronics Supply Center 
(DESC), Brigadier General Jeffrey Oster, gave the keynote address 
at the 1990 Government/Industry Parts Nonavailability Symposium 
in Sacramento, CA. During his speech, he highlighted DESC’s 
continued struggle with the problem of Diminished Manufacturing 
Sources (DMS), noting a recent lifetime buy for $90,000 made for 
a single IC device type. 

I researched this particular device to obtain more data. 
The subject device was a digital microcircuit called a single 
decade counter. It was manufactured by National Semiconductor 
using Transistor Transistor Logic (TTL) technology. TTL is an 
obsolete process technology which reached peak production in the 
1970’s. National had found it unprofitable to keep the product 
line open due to low demand-.as this part was no longer being 
supplied to any weapons systems under production. National 
notified DESC of their intent to discontinue and offered to make 
one final production run at $5.86 per part. . DESC, the DoD 
inventory manger for this device, proceeded to notify the 
military services of National’s intent. -They simultaneously 
evaluated internal 10 year demand data to assist in calculating 
the requirement. Ultimately, 15,350 of these parts were bought 
at a total cost of $90,000. This represented a 10 year demand. 

The General Accounting Office (GAO) has reviewed DESC’s 
lifetime buy procedures and criticized their practice of buying 
too many spares. They estimated over 20% of DESC’s inventory was 
made up of parts that provided as much as 100 years worth of 
DoD’s projected needs. A further sampling found that on average, 
when a lifetime buy is made, it stands a 30% chance of being in 
excess of future demands!®. DoD echoed this finding ina 
subsequent report, admitting that when a lifetime buy is 
executed; 

  

"General Accounting Office, Excess Inventory in the DoD, 

1990. 
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"... A variety of complications often occur. The manufacturer 
does not always know all of the weapon systems that use his part 
and he misses alerting the appropriate program managers. [In 
addition, there is no mechanism within DoD to accumulate accurate 
multi-Service requirements and feed the information back to the 
manufacturer. Therefore, lifetime buys are made based upon 
incomplete data." 

Subsequent to both reports, legislation was inacted that 
severely restricted DoD’s ability to make lifetime buys in the 
future.'? This placed DLA in the difficult position of having to 
refuse requests to make large lifetime buys on the military 
services behalf. To investigate a means of providing the same 
level of customer support without resorting to large lifetime 
buys, the option of utilizing the GEM System as an “insurance" 
policy was explored. The data from the case presented earlier 
was used in this effort along with "Economy" software provided by 
Virginia Polytechnic Institute. 

METHODOLOGY AND ASSUMPTIONS 

The Sensitivity Analysis was performed using an initial 
(negative) cash outlay of $90,000 to procure the 15,350 ICs at 
$5.86 apiece. Income from the sale of these ICs to the military 
services is the means by which DESC recoups its investment. DESC 
marks up its stock 40% to cover costs such as procuring, testing, 
receiving, storing, issuing and the overhead associated with 
managing the parts they buy. In this instance, the 40% markup 
means the ICs were sold to the military services at $7.03 apiece. 
Approximately 2% of DESC purchased parts are either destructively 
tested or lost by inventory. Subtracting this from the total 
leaves approximately 15,000 parts available for sale to the 
miliary services. 

  

‘Deputy Assistant Secretary of Defense (Logistics), Report 
on Diminishing Manufacturing Sources and Material Shortages, 
page 1-4. 

2 US Congress, FY 92 and 93 National Defense Authorization 
Act, "Limitation on DMS Procurements," November 1991. 

8 Wolter J. Fabrycky, ECONOMY, software developed at 
Virginia Polytechnic Institute, 1990. 
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The following assumptions were made: 

(1) The use of Defense Stock: fund dollars to make this buy is 
equivalent to borrowing funds from the U. S. Treasury. 
The interest rate used.was 8%. 

(2) That revenue from the sale of these ICs to the military 
services is spread evenly over the 10 year life supply. 
For example, if all 15,000 parts are sold, they are sold 
at a rate of 1500 per year over 10 years. 

(3) That the cost for emulating this relatively simple 
digital IC is $30,000. This is significantly less than 
the average emulation cost of $50,000 because a similar 
device had been previously emulated. 

(4) That the first three years of the 10 year lifetime buy 
(4500 parts) were "hard requirements." In other words, 
the military services funded these parts, ensuring that 
DESC sold at least 4500. 

(5) That when making a limited lifetime buy followed by 
emulation if needed, the unit price charged to the 
military services remained the same ($7.03) for the 
follow-on emulated IC purchase. This assumption had to 
be made despite the fact that DESC can charge a higher 
price for the same IC if a-follow-on source costs more. 
This is a conservative approach (favors the lifetime buy 
option) that cannot be avoided because the "Economy" 
software does not handle multiple cash flows (e.g., $7.03 
per part in years 1-3 and $10 per part for years 4-10). 

Two specific options were evaluated. Option A is the lifetime 
buy-only option. Option B involves buying only the three-year 
(4500 ICs) firm requirement from National Semiconductor, and 
using the GEM System to emulate the device if demands reocccur. 

RESULTS 

I performed the sensitivity analysis around the parameter 
"additional ICs sold." The results are tabulated in Figure 7. 

The first cash flow analysis was done for Option A, the 10 
year lifetime buy. Under this option, the cash outlay (in 1990 
dollars) ranged from $72,305 if no additional ICs were sold to 
$31,018 if the entire 10 year supply was depleted. 
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The second cash flow analysis was performed for Option B, in 
which any follow-on demand was met by the GEM System. The linear 
demand assumption (1500 ICs ordered by the military services each 
year for 10 years) yields the following demand profile: 

DEMAND PROFILE FOR ADDITIONAL STRAIGHT-LINE DEMAND 

Year 4 (1993) - 1500 additional ICs 
Year 5 (1994) - 3000 
Year 6 (1995) - 4500 . 
Year 7 (1996) - 6000 

Year 8 (1997) - 7500 
Year 9 (1998) - 9000 
Year 10 (1999) - 10500 additional ICs 

The 1990 present worth of NRE costs to emulate the device in 1993 
is $27,000. When recurring incremental wafer, packaging and 
testing costs are added, the total Option B cash outlay ranges 
from $30,962 if only 1500 ICs are needed, to $67,247 if 10,500 
(7 years worth of demand) ICs are eventually sold. 

CONCLUSIONS 

This sensitivity analysis demonstrated that using the GEM 
System in conjunction with a lifetime buy (Option B) becomes more 
advantageous when only 4,400 (10,500-6,100) or more of the 10,500 
extra ICs DESC bought remain in the bins [Figure 8]. Other 
factors favor this option even further. If DESC sells all 10,500 
and later receives additional demand, emulation is the only 
option. This adds a GEM NRE cost. ($30K) to Option A, making 
Option B even more attractive in retrospect. Although the 
"Economy" software could not increase the unit price for the GEM 
ICs sold, DESC would in fact do this, allowing a recovery of 
their costs much earlier. 

SUMMARY 

I believe that DESC should change their lifetime buy policy, 
requiring that an emulation determination be made before 
calculating the lifetime buy quantity. There is no cost to DESC 
to receive such an assessment from the GEM program. If the IC 
can be emulated, DESC should only buy the firm requirement, using 
GEM as an insurance policy if further demand for that IC ever 
materializes. 
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V. MODELING OF GEM TECHNOLOGY TRANSITION ALTERNATIVES 

This is the primary problem I attempted to address in this 
project. There are two primary transition options that exist, 
given the current views of ARPA and DLA regarding transition of 
the GEM System technology: 

OPTION 1: Terminate the GEM Validation Program (FY 95) 

OPTION 2: Complete GEM Validation to Transition (FY 96 or 97) 

I have defined and modeled each option as a "future GEM System." 
This model provides the feedback necessary to make an informed 
decision on the best way to transition this $17 million 
investment to a long-term, reliable source of supply for the DLA. 

THE GEM TRANSITION ALTERNATIVES MODEL 

Figure 9 illustrates the process that was followed in 
modeling the various transition alternatives. The first step was 
to established limits on a future independent GEM System for both 
demand and revenue. These limits were arrived from data obtained 
at SRI/Sarnoff and other industry sources. The first step was to 
establish limits for demand and revenuvue.. 

Demand limits were set at 20 wafers per month. When the GEM 
Demonstration contract was realizing its first successes, DLA was 
advised by Sarnoff that a future successful GEM production 
capability would necessitate a minimum sustaining rate of 20 
wafers/month. 20 wafers is the smallest economical wafer 
processing quantity, representing the volume contained ina 
"boat" of wafers passing through the 13 base wafer processing 
steps. Twenty wafers per month would not sustain any commercial 
enterprise, however, the demand limits were set under the 
assumption that a GEM source would produce other IC product lines 
as well. 

Revenue limits were set at $2 million per year in 1993 
dollars. The $2 million revenue limit was based on the 
assumption that a GEM source would require as a minimum, the same 
facilities and manloading that currently exist at Sarnoff for 
GEM. The. Sarnoff GEM team receives $2 million of the funding 
available on the GEM R&D contract. While a volume-based IC 
foundry may be able to survive with less revenue, I do not 
believe this is a fair comparison. Users of GEM require a 
tremendous amount of insertion testing assistance and there is a 
much larger R&D component associated with even the mature GEM 
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arrays as opposed to the producer of hundreds of thousands of ICs 
of a single type. 

Existing GEM System demand and revenue data were then 
reviewed. Based on past data and near-term future demand 
projections, I calculated FY 94 and FY 95 demand and revenue 
forecasts for an independent GEM System. Future demand was 
estimated based upon the perceived degree of interest in GEM from 
weapons systems manufacturers and their DoD program manager 
counterparts who had received one or more prototype 
demonstrations. 

GEM demand and revenue forecasts were then compared with the 
limits, and a determination was made whether an independent GEM 
System would be viable in FY 95. If this was the case, Option 1 
would be recommended. If not, the GEM. Validation contract would 
require at least one more year (Option 2). of funding before 
projected demand/revenue was sufficient to transition the 
technology. 

Option 2 had two possible variations and a total of five 
potential configurations. Because a commercially viable source 
was always preferred, the first step in Option 2 was to forecast 
FY 96 and 97 demand/revenue to determine if the GEM System would 
become independently viabile by that time. The two: possible 
configurations under this scenario were an independent GEM entity 
(like Option 1) and a "brokered". GEM source. In the event 
demand/revenue projections pointed to the need for a continued 
DoD subsidy beyond FY 96, three DoD-subsidized GEM System. 
configurations were explored: placing a GEM source within the 
network of DoD labs/depots, continuing to use Sarnoff under a 
GEM-like subsidy, and transferring GEM to another commercial 
source but continuing to subsidize production. -What follows are 
the results of my analysis:.. 

A. TERMINATE THE GEM VALIDATION PROGRAM (OPTION 1) 

Both options assume FY 94 funding for the GEM System. FY 94 
core GEM funding is expected to be in the amount of $3 million, 
based on the House and Senate Appropriations Conference Report 
dated 9 November 1993. This funding is sufficient to maintain a 
robust GEM System in FY 1994. The critical question in 
determining GEM’s commercial viability for Option 1 was: 

WHAT IS THE DEMAND GEM WILL SEE IN FISCAL YEAR 1995? 

To answer this question, past demand history was added to future 
projections based on the best available data. (Additional 
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information on some of the customers from whom I am predicting 
future GEM demand is contained in Appendix E.) The following 
table lists the past funded orders that GEM has received and the 
projections for future GEM orders: 

PAST GEM ORDERS 

YEAR ACTUAL ORDERS CUSTOMER 

1991 5 awards Army CECOM (3), DESC (2) 
1992 2 awards Navy UYK 44 (1), DESC (1) 
1993 16 awards F-15 (14), DESC (1), Loral (1) 

FUTURE GEM ORDERS 

YEAR ORDERS CUSTOMER 

1994 22 awards 1993(16) + FMS (2), AEGIS (2), F-15 (2) 
1995 30 awards 1994(22) + 8 additional from AEGIS 

The predicted increase from 22 to 30 orders in FY 95 has a 
relatively high confidence level associated with it based on the 
strong interest the Navy’s AEGIS program has shown in GEM. 

_ Given a FY 95 demand of 30 funded orders, GEM base wafer 
usage must then be calculated. The average quantity of ICs per 
GEM order averages 300. This quantity was determined by actual 
data on both Sarnoff awards and quotes contained in Appendix B. 
Allowing for wafer and packaging yields, qualification testing 
requirements, and assuming the use of the middle-sized 384 cell 
GEM gate array, an average of 3 wafers are consumed per order. 
Achieving 30 GEM orders in 1995 would therefore, require the 
production of 90 wafers. This equals 8 wafers per month. From 
a throughput view, Sarnoff would not have come close to the 
minimum sustainment rate of 20 wafers per month. 

The revenue the GEM System must generate is based upon the 
current average quote/award price of $50,000 per GEM order. This 
price is based upon actual quotes made by Sarnoff in 1993 and is 
detailed in Appendix B. The FY 95 revenue is estimated therefore 
to be 30 orders X $50,000 or $1.5 million/year. As stated 
earlier, the current cost to keep a minimum level of effort for 
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the Sarnoff GEM production facility/team is $2.0 million/year.™ 
This $500,000 shortfall could lead to a drastic downsizing of the 
SRI/Sarnoff resources in FY 95. In addition, no funding would be 
available to enhance the GEM System technology (e.g., added parts 
coverage and major cost reduction initiatives). The probability 
would be high that the entire GEM investment would be lost. 

Programs such as Air Force’s F-15, that have opted to use 
GEM in lieu of other opportunities such as lifetime buys, would 
be adversely impacted by the loss of this critical logistics 
support capability. The F-15’s reliance on the GEM System is 
substantial. In order to maintain an acceptable Mission Capable 
Rate [Figure 10], they utilize GEM extensively in their existing 
obsolete APG-63 radar until a new one can be fielded in 1999. 

OPTION 1 SUMMARY 

My model found that terminating the GEM program after FY 94 will 
not result in a viable GEM source. Even with the most optimistic 
assumptions, 40 orders per year is unachievable for FY 95. 
Accordingly, I recommend that this option be rejected. 

B. COMPLETE GEM VALIDATION TO TRANSITION (OPTION 2) 

Option 2 assumes GEM Validation contract funding through 
FY 95, FY 96 or beyond. Modeling of GEM demand in FY 96 and 
FY 97 was performed to determine when and if future viability of 
the GEM System would occur. In other words, Option 2 required an 
answer to the following question: 

WHAT IS THE DEMAND GEM WILL SEE IN FISCAL YEAR 1996 AND 1997? 

The demand estimates used in this model naturally have a 
lower confidence level associated with them than the FY 94 and 
FY 95 projections because they are added to these previous 
forecasts. The following assumptions I made with respect to 
FY 96 and FY 97 demand: 

a. The F-15 utilization of the GEM program will continue 
until 1999 at an average requirement of 14 ICs per year. 
This is dictated by funding constraints and the ability 
of Warner Robins Air Logistics Center to perform 

  

MSRI International, Option Year 1 GEM Validation Cost and 
Technical Proposal, (submittal to the DLA), March 1993. 
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insertion testing of only a maximum of 18 IC-types per 
year. 

b. The AEGIS program will require emulations through the 
year 1999 at a rate of 10 per year. This is based on 
NSWC Crane having identified 197 problem ICs that GEM can 
emulate. It is assumed that only 50-100 will require 
emulation (others may be solved by previous GEM 
emulations or aftermarket/substitution). Allowing for a 
robust insertion testing schedule of 10 GEM ICs per year, 
this creates a level demand of 50 GEM ICs over 5 years." 

c. A third major weapons system or a combination of several 
weapons system will create GEM demand in quantities 
similar to that of the F-15 and AEGIS. This demand could 
arise from any one or a combination of the sources 
listed in the following table: 

OPTION 2 DEMAND 

PROJECTED FY 96-97 GEM DEMAND FROM WEAPONS SYSTEMS 

  

  

SOURCE PROJECTED DEMAND BASIS 

Rockwell Intl 3 emulations/year NASA, other programs 
Hughes Aircraft 3 emulations/year APG-63, APG-70 radars 
Army Missile Cmd 1 emulation/year Patriot, MLRS, ATACMS 
NAVAIR 3 emulations/year S-3, A-6 
Lockheed 1 emulation/year F-16 
FMS 3 emulations/year Navy FMS customers 
FY 95 customers 30 emulations/year DESC, Loral, F-15, AEGIS 

TOTAL DEMAND 44 emulations/yr 

  

“Joseph Cothron, WRALC/LFEFA, F-15 Avionics, interview of 
20 December 1993. 

‘Richard Easter, Chief, Component Obsolescence Management 
Branch (Code 6025), NSWC Crane, interview of 16 November 1993. 
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Explanation of Projections 

Rockwell is working with NASA to insert GEM-devices in the 
Space Shuttle. They have secured NASA funding for the first 
insertion test and anticipate a small but constant need for 
emulation throughout the next 10-15 years. A Rockwell quality 
control inspector has scheduled a visit for March 1993 to Sarnoff 
to evaluate the GEM foundry. 

Hughes Aircraft is the support contractor for a number of US 
and foreign military sales (FMS) weapons systems. They have 
inserted one GEM device successfully and have requested quotes on 
8 others. 

The Army Missile Command is inserting three different GEM 
devices in the MLRS, Patriot, and ATACMs missiles. The 
insertions should be complete in FY 94 and orders of about one 
per year are anticipated based on continuing discussions with 
MICOM personnel. 

NAVAIR has witnessed succesful insertions on their S-3 and 
A-6 aircraft. A first order for the S-3 program is anticipated 
in early 1994. GEM is now providing quotes to NAVAIR systems. 

Lockheed (F-16) recently expressed an interest in having a 
GEM prototype built for insertion. Continued production of the 
F-16 with its aged avionics suite will probably lead to some 
level of GEM demand. 

The additional FMS demand is projection is based on meetings 
held with FASTLINE, the Navy’s FMS buyer. Orders were not placed 
earlier because FASTLINE did not have authority to make purchases 
greater than $25K. A modification to the FASTLINE contract (W&W 
Logistics) enabling them to do so is anticipated in early 1994. 

Neither the FY 95 or FY 96/97 initial projections include GEM 
reorders. While some reorders can be expected to occur, there 
has been only one to date (UYK 44-NAVSEA) and this was part of an 
unusual weapons systems production run. The prospect of reorders 
should offset any forecasts for continuation of parts orders from 
steady customers such as F-15 and AEGIS. Beyond FY 96/97, I 
anticipate reorders for GEM devices will represent a small but 
significant volume for the future GEM entity. 

OPTION 2 REVENUE 

Assuming $50k per emulation (Appendix B), $50K * 14 = $700K in 
new GEM demand above and beyond FY 94 orders. Therefore; 
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Total new GEM customer revenue: $ 700,000 
Continuation of FY 95 GEM demand (30/yr) 1,500,000 

GRAND TOTAL FY 96 (and baseline 97) GEM revenue: $ 2,200,000 

OPTION 2 SUMMARY 

Based on the Option 2 assumptions, my model does predict in 
enough demand for a self sustaining effort by FY 96. 
Accordingly, funding of at least the fourth year (FY 95) of GEM 
Validation is necesary. This approach has much less risk than 
Option 1 because it allows an extra year or two to develop 
(through prototype demonstrations) the critical relationships 
with the OEMs/Weapons Systems Managers who will ultimately 
comprise 90% or more of total GEM System demand." Completing GEM 
Validation to transition is only a $3-$7 million investment that 
provides the DoD with a strong chance of establishing a long 
term, stand-alone GEM source. 

VARIATIONS ON OPTION 2 

I envision that a mature GEM enterprise upon completion of 
Option 2 would exist as one of five possible configurations. 
These configurations would be established within either an 
independent or DoD-subsidized framework: 

ALTERNATIVE 1. GEM AS COMMERCIAL ENTITY 

CONFIGURATION 1A: GEM as an Independent Commercial Entity 

CONFIGURATION 1B: GEM as a DoD-brokered Commercial Entity 

ALTERNATIVE 2. GEM AS A DoD SUPPORTED ENTITY 

CONFIGURATION 2A: Transfer GEM to Organic DoD Activity 

CONFIGURATION 2B: Retain Current GEM Supplier 

CONFIGURATION 2C: Transfer GEM to a new Industry Source 

  

"Darrel Hill, Defense Electronics Supply Center, Engineering 
Qualifications Division Chief, interview of 17 November 1993. 
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I collected data and analyzed each of these configurations of the 
future GEM System as part of this project. The following is a 
detailed description of each: 

ALTERNATIVE 1: GEM AS A COMMERCIAL ENTITY 

This alternative would entail transferring the GEM System 
technology to an independent, non-subsidized enterprise that 
would furnish emulated ICs to DoD through individual firm-fixed 
price contracts. I envisioned two possible configurations within 
this alternative; one with no DoD involvement and the other with 
DoD acting as a broker to increase demand: 

CONFIGURATION 1A: GEM AS AN INDEPENDENT COMMERCIAL ENTITY 

This is the most desirable configuration, provided there is 
little or no risk the GEM System would fail due to low demand. 
Under this scenario, completion of the GEM System Validation 
phase would be followed by the existence of a purely commercial 
GEM enterprise that provides ICs no different than current DoD Ic 
suppliers do. This source would have to be a reliable supplier 
of high quality emulated microcircuits. In effect, this 
configuration may not operate much differently than SRI/Sarnoff 
does when quoting and delivering on firm fixed price contracts 
for GEM ICs. The revenue from GEM orders would have to be enough 
to sustain a GEM design team, fabrication line, and customer 
interface staff similar to what is in place at Sarnoff today. 
The enterprise should also be able to invest a percentage of its 
profits back into sustaining emulation R&D. The big difference 
here would be risk. SRI/Sarnoff, or whoever the GEM supplier 
was, may not be able to fall back on an R&D contract to augment 
their GEM revenue during periods of slow demand. 

RECOMMENDATION: Pursue this configuration, but have a second 
alternative planned in the event the entity fails. 

CONFIGURATION 1B: A DOD-BROKERED GEM SYSTEM 

This configuration would exist as a quasi-independent 
commercial enterprise with DoD acting as a "broker" in the 
transaction when needed, helping to coordinate demand from DoD 
users. The largest hurdle for potential users of GEM is the NRE 
costs, especially when the customer is the first and only one to 
place an order for a particular emulation. Under this scenario, 
DoD would consolidate orders from.all known users of the IC and 
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pool the funding together so no user would bear the NRE alone. 
For example, the process would start with an order from one user, 
at which time DoD (DLA) would step in and canvass the 
Services/FMS community/OEMs for any other users, hoping to 
convince them to order additional quantities of that Ic. The 
pooling of resources would be performed by DoD. SRI Menlo has 
advocated this configuration in informal discussions. 

Another option under this configuration would to establish a 
pool of NRE funds in advance. This pool could then be drawn from 
and the NRE costs apportioned equally among users of the 
nonprocurable IC. The Navy has expressed interest in trying this 
option by "pretaxing" their FMS customers to form the NRE pool, 
and then allocating the charges accordingly after the fact.” 
This method has the added advantages of reducing procurement 
administrative lead time which could take an excessive amount of. 
time given the number of countries and their need to query 
specific program offices within their jurisdiction. 

RECOMMENDATION: Study the feasibility of this configuration 
further. Monitor success of Navy FMS-GEM NRE pool arrangement if 
it is ever established. A Government-industry interface on every 
GEM order could become a contractually quagmire unless the roles 
and responsibilities were explicitly understood in advance. DoD 
manpower resources at a minimum would be required under this 
scenario. 

ALTERNATIVE 2: GEM AS A DoD SUPPORTED ENTITY 

This alternative assumes that demand for the GEM system will 
never be sufficient to sustain a commercially viable enterprise 
but that the redesign savings would still make some form of an 
emulation capability justifiable. A subsidy from DoD would be 
required under this alternative to ensure a continued source for 
GEM parts. Given this scenario, I have identified three 
configurations would exist for DoD in transitioning the mature 
GEM System, a purely DoD source, retaining/subsidizing 
SRI/Sarnoff, and finding/subsidizing a new GEM source. Each of 
these configurations are detailed below: 

  

“John Marini, Navy International Programs Office, interview 
of July 14, 1993. 
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CONFIGURATION 2A: TRANSFER THE GEM SYSTEM TO A DOD ENTITY 

There are three IC foundries I am aware of that are in 
existence among the DoD depots and laboratory network: 

(1) Sacramento Air Logistics Center (SMALC), CA 
(2) Naval Oceans Systems Center, San Diego (NOSC), CA 
(3) Army Laboratory Command (ARL), Ft Monmouth, NJ 

No single DoD activity stands out above the other in terms of 
overall GEM IC production capability. They are all significantly 
lacking in one or more key areas. 

Sacramento ALC has the largest IC design and processing 
equipment investment but I believe they are short on personnel 
expertise. They contract-out all but some basic prototype work 
and may have a conflict of interest in that they are one of the 
principle circuit board redesign sites within the DoD. 

NOSC has a dedicated IC foundry (the "Battery" in Point Loma, 
San Diego) but product produced here has had a spotty track 
record. DESC funded them in the 1980’s to acquire the 
Fairchild/Motorola MECL line but NOSC was never able to duplicate 
the process and produce production parts. They ended up simply 
storing partially processed wafers and photomasks that they had 
received from Fairchild and Motorola. 

ARL is a prototyping lab with some design and post-wafer 
packaging, assembly and test capability, but they possess little 
in the way of fabrication equipment. A joint ARL/Sarnoff project 
to provide 500 each of 3 device types to CECOM, in which ARL had 
the job of some design and all packaging, assembling, and 
testing, is still not complete. 

The overhead cost structure at these labs is very high, 
approximating or even exceeding that of a commercial research 
facility. IC processing expertise simply does not exist to the 
extent required to troubleshoot or make future enhancements to 
GEM System. DESC would have to certify the quality level of the 
lab in order to ship 883 compliant product. GEM’s credibility in 
the eyes of the OEMs would also be hurt. OEMs, knowing the ICs 
were produced at a Government facility (assuming it was even 
possible) would question the reliability of the ICs, further 
holding back growth of GEM demand. 

RECOMMENDATION: ‘Reject this alternative. 
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CONFIGURATION 2B: RETAIN THE CURRENT GEM SUPPLIER (SRI/SARNOFF) 

This option would place SRI/Sarnoff.in the position as the 
GEM supplier for the future, much as they are the supplier of 
today. I believe DoD would most likely have to guarantee 
SRI/Sarnoff a minimum level of revenue, covering the difference 
if the minimum was not achieved. Additional incremental R&D to 
enhance the current GEM System would also DoD’s responsibility. 
This configuration would provide the military services continuity 
with the current GEM supplier whom they are familiar with. It 
may also give Sarnoff the incentive to make some of the capital 
improvements necessary to support GEM production operations over 
the long tern. 

Funding the GEM System may under this configuration would 
probably occur outside of the R&D umbrella. A program called 
Title III is specifically chartered by the DoD to ensure the 
continued availability of critical materials and other logistics 
capabilities. Title III, however, receives only sporadic funding 
from the Congress and competition for these dollars can be 
fierce. The only other mechanism would be DLA internal funding 
which would be a tremendously hard sell given the already high 
surcharge placed on parts DLA sells to the services and DLA’s 
commitment to reduce their overhead rate. 

The principle disadvantage of this configuration is the 
possibility that DoD could get equivalent capability elsewhere 
from a more established parts manufacturer at significantly less 
cost (Configuration 2C). SRI/Menlo recently stated that ina 
memo to ARPA that "The overcapacity in the IC industry has 
resulted in increasingly lower costs that in turn have caused 
even major companies (such as IBM and Hewlett Packard) to 
outsource and/or consolidate production. SRI/Sarnoff cannot 
compete with industry in terms of cost and reliability of 
delivery when the parts volume is high." While this may in part 
be true, the parts volume for GEM will likely never be high by 
industry standards. Furthermore, SRI/Sarnoff provides a 
Significant amount of customer support, particularly during 
specification gathering and insertion testing. This is not 
priced into typical commercial quotes for ICs. 

RECOMMENDATION: Worthy of consideration if Configuration 1A is 
not viable because of low demand and further investigation of 
Configuration 2C finds Sarnoff to be the best GEM source. 

  

MSRI International, Five Year Business Plan for the GEM 
Program, 4 April 1993, pg 2. 

50



CONFIGURATION 2C: TRANSFER. TO OTHER INDUSTRY SOURCE 

This configuration would involve technology transfer of the 
existing GEM technology to a different IC producer that is 
determined to have a greater chance of keeping the GEM System 
viable. An additional DoD cost would be required to transfer 
this technology from Sarnoff to the new source. The subsidy 
required to maintain such a capability may be less than with 
SRI/Sarnoff if the new source would has a lower labor and 
overhead structure. The disadvantages of this option are the 
$500K minimum *” one-time cost to transition the technology, and 
the possibility that an additional contract and undetermined 
amount of funding would be required for a research-oriented 
entity like SRI/Sarnoff to continue enhancing the GEM System. 
Also, SRI/Sarnoff has demonstrated a strong commitment to GEM at 
the highest levels of their organization throughout the program. 
Measuring such a commitment from a new source is hard to do as 
actions speak louder than words. DoD would be assuming a greater 
risk under this configuration that the new source would not do 
all it could to ensure the success of GEM. 

RECOMMENDATION: ‘Worthy of consideration, but only if the new 
source has a strong history as a DoD supplier and a cost benefit 
analysis (with reliable estimates) shows that this configuration 
is deemed better than configuration 2B. 

VII. THE PROPOSED DLA TRANSITION STRATEGY 

This represents the culmination of my project and report. I 
will recommend to my management that they insist there be no 
restriction on using R&D funds for prototype demonstrations to 
potential users in the remaining years (FY 94 through FY 95 or FY 
96). This will provide the GEM System with its best chance for 
success during this critical transition stage. 

My project has shown the the need for the third option year 
of the GEM Validation contract (1994) to continue with the same 
focus of 1993, to increase demand through prototype GEM 
demonstrations, showing OEMs and Government program offices that 
GEM is an effective obsolescence tool. GEM orders increased more 
than threefold in 1993 from previous years and the vast majority 

  

*SRI International, Five Year Business Plan for the GEM 
Program, 4 April 1993, pg 5. 
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of this increase was demand from weapons systems producers and 
program offices, the very recipients of these demonstrations. 

Transition of the GEM technology should be driven first by 
achieving a sustainable level of demand that insures against the 
elimination of this critical capability. DLA should reject the 
argument that an accelerated attempt to identify and transition 
to a cheaper source for producing GEM ICs will achieve the. 
additional demand required for a successful enterprise. 

My research has indicated that weapons system: program 
managers are primarily concerned with system reliability and 
availability. The F-15 program for example, is ordering parts 
that are available in some cases from aftermarket manufacturers. 
They would rather have them made using a modern process and 
design tools, however, to eliminate the wide tolerances that 
exist with older ICs that have been kept in storage for years. 

Interviews with potential users during the course of this 
project has convinced me that GEM demand will increase as the 
user’s perception of risk decreases. This perception is based on 
not having had GEM ever solve a problem for them and the 
probability that there are no current GEM parts in their systems. 
As GEM personnel work with the program offices, OEMs, and depots 
that manage and monitor these systems, a strong relationship for 
future support is-established. The F-15 program took 3 years to 
gain confidence in GEM. The AEGIS program is proving to be no 
different as is Rockwell and MICOM. "Changing horses in the 
middle of the stream" could undermine the credibility that GEM 
has fought so long and hard to achieve. 

Cost reduction will continue to be a primary emphasis in the 
remaining years of the GEM Validation program as it reflects 
directly on demand. This project has crystallized the need to 
reduce the average cost of a GEM order as much as possible. The 
Specification Verification function should move to the technician 
level. QML must be a part of the strategy in order to eliminate 
unnecessary and costly post-production testing. Cheaper design 
platforms and software should be explored. Decreasing GEM’s 
current cost drivers will be necessary simply to offset the 
naturally occurring increases in GEM’s cost due to the migration 
toward more complex parts requiring larger gate arrays (thus 
fewer die per wafer and lower yields) in the near future. 

The Causal Diagram highlighted a number of other areas 
worthy of emphasis to place GEM in the best possible position for 
executing the transition strategy successful. Continued 
marketing of GEM’s capabilities is essential to increasing 
demand. Making non-committed base wafers freely available to 
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firms such as Hughes Aircraft IC division and the British wafer 
finishing company QUDOS should. pay demand dividends many times 
over. The negative feedback loop that shows that increasing GEM 
costs decreases demand and in turn increases costs further by 
allowing fewer demands to amortize costs over provided an 
invaluable insight into the importance of cost reduction. 

The Sensitivity Analysis I performed to measure the 
effectiveness of GEM in conjunction with lifetime buys should go 
a long way toward convincing DESC that there is a better way to 
handle IC discontinuance notices. The taxpayer benefits with a 
combined approach as does GEM demand, since some followon. orders 
are inevitable. This in turn will increase the prospects of a 
successful GEM transition by adding additional customers for GEM 
parts; those whose lifetime supply has run out. 

The transition modeling I performed indicates that at least 
one more year (FY 95) of GEM funding is required in order to 
reach out to weapons systems users who have not inserted GEM into 
their platforms. The steadily increasing demand for GEM, while 
not enough to transition the technolgy in FY 95, should result in 
an independent entity by FY 96. At most, the DLA may have to act 
as a broker to ensure all users of a particular IC that an 
emlation effort is about to get underway, hopefully convincing 
them to share in the upfront NRE costs. In the unlikely event 
GEM demand flattens out and never reaches the 40 order threshold, 
I believe DLA should actively pursue Title III funding to keep 
the mature GEM system intact. This cost would be several orders 
of magnitude less than the $2.9 billion in redesign costs DoD has 
predicted without such a capability. I also found that Title III 
funding for either SRI/Sarnoff or another commercial source is 
preferable to an organic DoD GEM capability due to the spotty Ic 
production record DoD sites have demonstrated over the years. 

In summary, my project points to two major points that I 
will take forward to our director, VADM Straw: 

(1) That the President should support and the Congress should 
appropriate, funding in the amount of $3.5 million for a FY 95 
continuation of the GEM Validation program. This will enable 
one more critical year of prototype demonstrations. 

(2) That the current GEM System should be refocused to 
reflect the many changes and new initiatives that have been 
mentioned throughout this report. The overall focus should be 
one of decreasing cost and increasing demand, while limiting 
long term R&D to a minimum in order to successfully transition 
the mature GEM technology. 
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Vil. CONCLUSIONS AND RECOMMENDATIONS 

In this Project and Report for the GEM System I have learned a 
number of important findings. These have been consolidated into 
the following set of conclusions and recommendations that I 
intend to act on in the future: 

CONCLUSIONS . 

1. MORE DEMAND MUST BE CREATED TO HAVE A CHANCE FOR A SELF- 
SUSTAINING GEM ENTERPRISE. 

The GEM System needs to be manufacturing on the order of 20 
wafers per month to make a profit. Current demand is only for 
about 8 wafers per month. The 1993 funded GEM order total of 16 
needs to increase to approximately 40 per year to be profitable. 

2. THE POTENTIAL FOR ACHIEVING THIS DEMAND EXISTS. 

Based on the GEM transition model produced and evaluated in this 
project, demand for at least 40 GEM IC orders/year is an 
achievable goal by FY 96. 

3. GEM MUST KEEP LOWERING COSTS IN ORDER TO MAINTAIN THE CURRENT 
AVERAGE OF $50K PER ORDER. 

Despite the overwhelming savings GEM provides compared to the 
redesign alternative, there exists a "threshold" among weapons 
systems managers of $25K, above which other alternatives become 
more attractive.”! While $25K may only be attainable for IC 
orders that are nearly identical to previous emulations, an 
increased emphasis in cost reduction is nevertheless essential to 
at least try and bridge this threshold. The larger problem is 
maintaining the costs at $50K. As the use of larger GEM arrays 
with their lower yields become the rule rather than the 
exception, fabrication costs will rise forcing downward cost 
pressure in the other functional elements of the GEM Systen. 

  

"Gary Voget, President, Qualified Parts Laboratory, 
interview of 23 July 1993. 
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4. THE GEM SYSTEM CANNOT RETAIN ITS CURRENT 70% PARTS COVERAGE 
WITHOUT FURTHER RESEARCH AND DEVELOPMENT EFFORT. 

The obsolete parts of the late-1990s will be different from those 
of today. Microprocessors, ASICs, and complex memory devices 
currently not addressable by GEM will be the future nonprocurable 
ICs that DLA must have emulated in order to fill requisitions. 

5. THE GEM SYSTEM PROVIDES ICs OF EQUAL OR BETTER RELIABILITY 
THAN THE ORIGINAL PART. 

Insertion tests and qualification screening results have proven 
that GEM devices, by virtue of the stable process and modern 
design and processing tools they are manufactured under, perform 
equal to or better than their original counterparts. 

6. THE FUNCTIONAL ALLOCATION OF THE GEM SYSTEM WILL REQUIRE 
CONTINUED REVISION. 

There are a number of allocation changes that could result ina 
more effective GEM System. NSWC Crane or SRI/Sarnoff technicians 
should be doing some of the Specification Verification task. The 
MIL-STD 883 screening requirement is a GEM System function that 
can be abolished with QML attainment. The personalization of 
base wafers should be second sourced to alleviate the concerns of 
OEMs and ensure a continues supply of GEM ICs should anything 
interrupt or overwhelm Sarnoff’s production capability. 

7. ‘GEM WILL BE A NET COST-SAVER TO THE DOD. 

Data exists from enough sources to conclude that the GEM System 
has at leat initially proven its effectiveness as a logistical 
support tool. The few GEM orders received in 1992 and 1993 
resulted in enough circuit board redesign avoidance savings to 
pay for the entire GEM R&D program in those two years.” 

  

~Rick Easter, NSWC Crane, "GEM Review 1-93", January 1993, 
and Bob Heuner, US Army LABCOM (ARL-EPS), "GEM Review 4-92" 
November 1992. GEM cost savings statements made during these 
conferences. 
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8. QML CERTIFICATION IS THE SINGLE, MOST SIGNIFICANT SHORT-TERM 
IMPROVEMENT THAT CAN BE MADE TO THE GEM SYSTEM. 

The current post-production screening process, most of which is 
entirely redundant, adds $8,000 and 10 weeks to every GEM order. 
The DoD should strongly encourage SRI/Sarnoff to pursue QML. ICs 
produced on a GEM-QML line would be available weeks earlier and 
cost less. The credibility a QML certification carries with it 
is also significant; especially in light of the natural 
skepticism any new technology and source has and Sarnoff’s past 
and current reputation among many as being only a prototype 
foundry. 

9. THE “LIFETIME BUY" PARADIGM HAS SHIFTED. 

The DoD can no longer afford to buy its way out of obsolescence. 
Concern over excessive inventories, the flawed lifetime buy 
quantity determination process, and lower procurement budgets 
have all contributed to the demise of this once popular approach. 
The GEM System provides a superior option for the vast majority 
of lifetime buy opportunities. The sensitivity analysis I 
performed concluded that, if the IC can be emulated, the DoD 
should only buy the firm requirement and let the GEM System 
handle any reorders if they occur. The paradigm shift, 
therefore, is to buy response time vice inventory. It is a shift 
from DoD stocking future needs to putting in place a flexible 
manufacturing system that can make the parts when they need them. 

10. THE GEM SYSTEM DOES NOT SIMPLY IMPACT UNAVAILABLE ICs. 

GEM is also valuable in solving problems with unsuitable ICs. 
The GEM System’s use of modern design and fabrication equipment 
allows custom design of any parameter to énsure it works at the 
system level. The unsuitable IC problem is in part the result of 
DoD’s efforts in recent years to reduce National Stock Number 
proliferation by standardizing as many ICs as possible. A 
particular IC may fall within the new "generic" specification, 
but this specification has been broadened to such a degree (in 
order to incorporate as many similar suppliers data sheets as 
possible) that the part may no longer work in sensitive 
applications such as a radar. Interviews with the F-15 and AEGIS 
programs as. part of this project have borne this out. 
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RECOMMENDATIONS 

1. CONTINUE TO FUND GEM VALIDATION THROUGH FY 95 

The effort to create enough demand to transition the GEM System 
technology is achieving progress, but not at a rate that would 
permit at termination of funding after FY 94. The transition 
demand/revenue model indicates that demand will be sufficient for 
transition of the mature GEM system as early as FY 96. 

2. CONTINUE SECOND SOURCING GEM DESIGN CENTERS AND BEGIN SECOND 
SOURCING PERSONALIZATION OF BASE WAFERS 

The GEM Causal Diagram clearly indicates the benefit of having 
more design centers on GEM demand. Accordingly, transfer GEM 
design libraries to Rockwell, Hughes, Loral and any other OEMs 
who might be interested. An in-house capability for these OEMs 
to do value-added GEM work will further provide an incentive to 
use GEM. Upon successful completion of the personalization 
experiment in 1993, begin sending base wafers for occasional 
processing. If demand picks up, use a second personalization 
source regularly. The current lack of a second source is the 
biggest argument within the AEGIS program not to use GEM. 

3. FOCUS ON PROTOTYPE DEMONSTRATIONS IN THE REMAINING YEARS OF 
THE GEM VALIDATION EFFORT 

A primary obstacle to acceptance of GEM is its perceived 
reliability. The more Program Managers and their OEM 
counterparts have an opportunity to test the GEM System 
firsthand, the more likely they are to fund GEM orders in the 
future. GEM prototype demonstrations have proven to be the most 
effective way to get GEM ICs into the hands of weapons system 
managers. The Causal Diagram for GEM clearly points out the win- 
win impact prototype demonstrations provide. The GEM Validation 
Contract is the only vehicle available to fund this work. 

4. DIRECT DESC TO USE A MIXED GEM-LIFETIME BUY STRATEGY 

The Sensitivity Analysis showed that it is less costly on average 
to buy only firm demand and emulate when needed rather than buy 
10 years worth of every IC about to be discontinued. The easiest 
way to accomplish this is to have a quick response to DESC-GEM 
requests. Procedures need to be established to ensure a GEM 
representative is promptly responding to each request from DESC. 
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5. IDENTIFY AN OUTYEAR EMULATION PROGRAM FOR FY 96/97 FUNDING 

As stated in Conclusion #4, the GEM System must grow to keep pace 
with the faster, more complex devices that are soon to be 
obsolete. A next generation emulation system must be developed 
and put into place by the late 1990’s to ensure that >70% Ic 
coverage continues into the next century. Appendix F details 
these R&D needs. 

6. INCREASE THE EMPHASIS ON GEM SYSTEM COST REDUCTION 

GEM is still considered too expensive to many, but the larger 
problem is keeping the cost at its current level in the face of 
increasingly more complex parts to be emulated in the near 
future. Potential orders requiring the use of the 1218 cell gate 
array will not be bid for $50K because of fewer die/wafer unless 
offsetting cost reductions are made in some or all of the five 
other functional elements of the GEM manufacturing process. Cost 
drivers have been identified (Appendix B) in these areas and 
efforts will be initiated to make progress on several fronts. 
Increased pressure should be place on the GEM System contractor 
to realize these projected savings. The best metric for 
evaluating progress is a continuous review of Sarnoff quotes. 
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PROJECT AND REPORT METHODOLOGY 

APPENDIX A 
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PROJECT AND REPORT METHODOLOGY 

A. GEM DEMAND HISTORY 

The data analyzed for this project represents all GEM demand 
data taken from 1991 through September 1993 from the following 
sources: 

a. Raytheon/AEGIS Program (Navy) 
b. Tartar Missile Program Office (Navy) 
c. Fastline/Foreign Military Sales (Navy) 
ad. DESC Requests for Quote (DLA-all services) 
e. Boeing/AWACS Program (Air Force) 
f. F-15 Program (Air Force) 
g. Patriot Missile (Army) 
h. MLRS Missile (Army) 
i. Various OEM Requests for Quote 
j.- A-6 parts list (Navy) 
k. Westinghouse-Trident 

Of the above list, only sources (d), (f) and (i) represent funded 
demand. The other sources provided lists of obsolete parts they 
wanted reviewed to determine if they were "GEMable", but they 
also had other options available that they were evaluating. 

B. GEM COST DATA 

GEM cost data comes in two forms, external cost data on the 
cost of filling an entire GEM order and internal cost data that 
relates to specific functinal components of the GEM Systen. 
External cost data was primarily based upon firm fixed price 
quotes provided to interested buyers. Internal cost data has 
been generated over the life of the R&D effort. The firm fixed 
price quotes by SRI/Sarnoff are assigned the greatest level of 
confidence, as David Sarnoff Research Center assumes total risk. 
GEM cost data was obtained from the following information 
sources: 
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a. GEM Parts Cost Reduction Plan, SRI, March 1993 
b. GEM Parts Business briefing, SARNOFF, January 1993 
c. GEM Cost Reduction Plan, SARNOFF, January 1992 
dad. GEM Cost Model, SARNOFF, September 1993 
e. Final Report, F-15/APG-63 Radar, SARNOFF, June 1993 

C. INTERVIEWS AND LITERATURE SEARCH 

Data was collected from interviews and i meetings with the 
following entities: 

COMMERCIAL ORGANIZATIONS CONTACTED 

a. LSI Logic....... . An industry IC supplier 
b. Norsk Inc........ An IC packaging and assembly vendor 
c. QPL Inc.......... An IC testing vendor 
ad. Austin Semi..... . An aftermarket IC supplier 
e. Micrel..... -eeee.- An industry IC supplier 
f. Hughes........... An industry user/supplier 
g. Rockwell Intl.... A potential industry user (DoD/NASA) 
h. Westinghouse..... A potential industry user 
i. VTI.............. An industry IC supplier 
j.- lLoral............ Manufacturer of DoD systems/subsystems 
k. Raytheon......... Manufacturer of DoD systems/subsystems 
1. W&W Logistics.... A Navy foreign military sales buyer 
m. NIPARS........... An AF foreign military sales buyer 

MILITARY ORGANIZATIONS CONTACTED 

a. Defense Electronics Supply Center....DoD manager of ICs 
b. Advanced Research Projects Agency....DoD manager of R&D 
c. Warner Robins Air Logistics Center...Air Force F-15 mgr 
qd. NSWC Crane, IN.......cseceeseveeeeeee-Navy AEGIS support 
e. Naval Sea Systems Command............AEGIS/TARTAR manager 
f. Naval Air Systems Command............ A-6, S-3 managers 
g.- Naval Supply Systems Command.........Navy DMS/FMS manager 
h. Naval International Programs Office..Navy FMS manager 
i. Army Research Lab (ARL-EPS).......... Army GEM design ctr 
j}- US Army Missile Command.............. Army GEM user 
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The literature search included a review of papers at electronics 
trade industry conferences, readings of articles on evolving IC 
technologies and replacement strategies, technology transfer 
publications, DoD policy instructions, assessment studies for 
various weapons systems, and newsletters from vendors who track 
diminishing manufacturing sources. The literature search was 
particularly helpful in determining whether the BiCMOS technology 
employed by the GEM System is a mainstream IC technology. A 
number of trade journal articles reporting new BiCMOS product 
lines subseguently validated this choice. Literature sources 
also provided key information on new CAD interfaces, companies 
supplying/stopping supply of ICs to the DoD, and an idea of the 
technologies that are in the process of going obsolete. 
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GENERALIZED EMULATION OF MICROCIRCUITS (GEM) SYSTEM 

COST ANALYSIS 

APPENDIX B 

63



GENERALIZED EMULATION OF MICROCIRCUITS SYSTEM 

COST ANALYSIS 

A. INTRODUCTION 

Various cost data has been provided to me over the last 2-3 
years on the GEM program. This data, however, has been 
unreliable at best and based largely on unrealistic and 
constantly changing assumptions. Early on in the program for 
example, GEM was being touted as being able to supply ICs at as 
little as $10 apiece. I quickly dismissed such talk and the 
program suffered some loss in credibility in the process. SRI 
Menlo attempted to produce a GEM cost model in 1990 and 1991. 
This model was also a failure, as Sarnoff disagreed with much of 
it and never used it in their GEM quotes. Sarnoff also had a 
spotty record when it came to understanding GEM costs, due in 
part because of the wide uncertainty in the specification 
verification and customer testing expectations, but also due to 
elements under there control such as fabrication costs. Only 
recently did Sarnoff establish a seperate cost center for their 
foundry. Clearly, an element of my project work had to get a 
handle on the real GEM costs in order to for DLA to have a 
credible technology transition strategy. 

It is important to note that implementation of the cost 
reduction initiative discussed in this appendix will not 
significantly reduce the $50,000 typical cost of a GEM order in 
the long term. This is because future orders will on average, 
become more costly to emulate. This is due to the gravitation of 
complex devices into the obsolescence arena, forcing the use of 
larger arrays (with their lower yields) and the additional 
specification verification, initial testing, and design time 
needed to ensure a successful emulation. The importance of this 
Appendix is in offsetting these known future costs with 
reductions in other areas to keep the cost at its current $50,000 
average. 

The cost of a GEM order is dependent on a number of factors. 
The GEM System can control many but not all of these parameters. 
This appendix discusses in detail all costs drivers in the GEM 
System. It also addresses life cycle cost impacts that the GEM 
System can effect upon DoD weapons systems, but not life cycle 
costs for the GEM System itself. Finally, recommendations to 
reduce the cost of GEM devices are provided. 
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B. COST BREAKDOWN STRUCTURE 

I have prepared a Cost Breakdown Structure in order to give 
the reader an understanding of GEM costs analyzed in this 
in relation to the overall costs associated with a system.” 

roject 
The 

following table details the GEM costs evaluated in this project: 

GEM COST BREAKDOWN STRUCTURE (CBS) 

TOTAL GEM SYSTEM COST (C) 

R&D COST (Cr) 

GEM PROOF OF CONCEPT PHASE 

GEM VALIDATION 

GEM VALIDATION 

GEM VALIDATION 

GEM VALIDATION 

GEM VALIDATION 

PHASE, 

PHASE, 

PHASE, 

PHASE, 

PHASE, 

PRODUCTION COST (Cp) 

1992 

1993 

1994 

1995 

1996 

SPECIFICATION VERIFICATION. 

DESIGN AND SIMULATION 

BASE WAFER FABRICATION 

WAFER PERSONALIZATION 

PACKAGING & ASSEMBLY 

QUALIFICATION TESTING 

  

(Crpc) 

(Crv1) 

(Crv2) 

(Crv3) 

(Crv4) 

(Crv5) 

(Cpsv) 

(Cpds) 

(Cpbw) 

(Cpwp ) 

(Cppa) 

(Cpqt) 

3Benjamin S. Blanchard and Wolter Fabrycky, Systems 
Engineering and Analysis, 2nd edition, Prentice Hall, 
578-579. 
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OPERATION & SUPPORT COST (Co) [Not addressed separately in 
this project, but I assume (Co) are indirect costs factored in 
to each GEM bid as part of Sarnoff’s overhead]. 

RETIREMENT AND DISPOSAL COST (Cd) [Not addressed in this 

project but believed to be negligible; as a GEM foundry would 
always be producing other IC products, design software could 
be used for other design activities, and used photomasks and 
excess wafers are always fully charged to each order. 

Research and Development Costs (Cr) 

The six components of this element (Cr) have or will result in 
the following costs: 

GEM 
GEM 
GEM 
GEM 
GEM 
GEM 

  

PROOF OF CONCEPT PHASE (Crpc).........-$11.2 million 
VALIDATION PHASE, 1992 (Crvl1)............ 2.8 million 

VALIDATION PHASE, 1993 (Crv2).........-.-3-0 million 

VALIDATION PHASE, 1994 (Crv3)......2.+-+-.23.2 million 

VALIDATION PHASE, 1995 (Crv4)..........-.3.4 million (est) 
VALIDATION PHASE, 1996 (Crv5)...........-3.6 million (est) 

TOTAL RESEARCH & DEVELOPMENT COSTS..... $27.2 million* 

* May be $23.6 million if no R&D required in FY 96 per model 

GEM program R&D funds were suballocated in the following manner 
in 1993: 

GEM R&D FUNDS ALLOCATION IN 1993 (OPTION YEAR 2) 

ALLOCATION 

Wafer Processing 
Processing R&D 
Design & Simulation 
Design R&D 
Program Mgmt 
Testing costs/other 

PER CENT OF EFFORT DOLLAR VALUE* 

28% $850,000 
10% 300,000 
20% 600,000 
12% 350,000 
20% 600,000 
10% 300,000 

TOTAL COST IN 1993: $3,000, 000 

* Based on 1993 SRI Cost Schedule Status Report submittal to the 
DLA 
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GEM Production Costs 

The production costs for GEM are expressed as a "per order" cost 
and are based on an average quantity of 300 devices. Costs vary 
significantly by the array size chosen, which impacts not only 
base wafer costs but the other cost elements too, because use of 
larger arrays means a more complex device is being emulated. For 
this reason, the middle-sized array (384 cell) is used in 
calculating average GEM production costs. The following table 
provides cost data for the GEM production costs CBS: 

GEM PRODUCTION COSTS (Cp) FOR 300 ICs, USING THE 384 CELL ARRAY 

    

CBS STEP % OF COST COST 

Csv Specification Verification 26% $13,000 

Cds Design and Simulation 26% 13,000 

Cbw Base Wafer Fabrication 14% 7,000 

Cwp Wafer Personalization 6% 3,000 

Cpa Packaging & Assembly 4% 2,000 

Cqt Qualification Testing 24% 12,000 

TOTAL AVERAGE PRODUCTION COSTS PER ORDER: $50,000 

Specification Verification costs are highly dependent on how 
complete and readily obtainable information is on the part to be 
emulated. The availablility of design macros significantly 
influences the design cost. Wafer yields and gate array size are 
the primary cost drivers in fabrication. Testing costs include 
post fabrication screening, wafer probe testing, and generation 
of required test programs and vectors. 

The total GEM production cost figure is based on 1993 GEM 
cost data. As part of this project, I requested actual pricing 
data from the David Sarnoff Research Center on firm fixed price 
quotes they had made in 1993, some of which resulted in awards. 
This data was then summed and averaged to attain a representative 
cost figure for a typical emulation order. The costs for each of 
the six functional elements was derived from a GEM Cost Reduction 
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session I chaired at Sarnoff in September of 1993 to identify 
individual cost drivers. The actual pricing data of Sarnoff 
quotes in 1993 is provided in the following table”: 

GEM PART ORDERS/QUOTES IN 1993 

CLIENT/PROGRAM GENERIC NUMBER QUANTITY VALUE 

F-15 14 parts 200 each $793 ,000* 
Loral 574027 2900 109,000* 
DESC 54192 130 18,730* 

Microlithics 25LS2513 333 19,000 

Loral 574023 980 77,400 

Loral 574013 305 52,000 

Loral 54LS465 755 68,500 

Loral 54LS466I 305 51,500 
DESC Buffer/Line Drvr 410 60,500 

NUWC, Keyport AM25518 410 48,000 

AVERAGE QUANTITY (9328/23) 406 

AVERAGE COST ($1,249,630/23) $ 54,331 

* contract awarded 

I used 300 vice 400 as the typical quantity and $50K vice $54K as 
the typical cost for GEM in the Cost Breakdown Structure because 
I believed the 1993 data was atypical in two instances: 

(1) QUANTITY: The Loral award for 2900 devices is an anomaly 
that has never occured before. An order of this size 
would normally be met by an aftermarket manufacture. 

(2) cCoST: The F-15 order was an initial award that carried 
with it design iteration uncertainties due to the 
unavailability of sample ICs. This contributed to 
Sarnoff quoting an average of $56K per order. DESC has 
since remedied the sample IC availability problem and I 
anticipate that future quotes to the F-15 program will be 
reduced by approximately 10% or more. 

  

*4Ms. Justine Corby, David Sarnoff Research Center, GEM Part 
Orders as of 1/94, January 19, 1994 (unpublished). 
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Overall GEM Yields: Wafer yields at Sarnoff are dependent on the 
array size used. The following tables illustrates the 
differences in yield realized between a 120 cell array and a 384 
cell array: 

120 CELL GEM ARRAY 

  

Yield Adjustments ' #£ of die 

Gross die per 120 array GEM wafer: 896 
Less wafer probe yield of 80%: 717 
Less prototype delivery of 25 ICs: 687 
Less visual test yield of 90%: 618 
Less packaging yield of 90%: . 556 
Less Qual testing of 125 ICs/3 wafers: 514 
Less Qualification yield of 96%: 493 good die/wafer 

OVERALL YIELD (493/896) = 55%. 

REMARKS: If the initial test yield could be improved to 90%, this 
would produce an average of 567 good die/wafer, increasing the 
overall yield to 63%. For an order of 3 wafers, 231 additional 
good die are realized. A QML capability raises overall yields 
even higher, because 125 more die are available for production. 

384 CELL GEM ARRAY 

  

Yield Adjustments . # of die 

Gross die per 120 array GEM wafer: 416 
Less test yield of 80%: 312 
Less prototype delivery of 25 ICs: 287 
Less visual test yield of 903: 258 
Less packaging yield of 90%: 232 
Less Qual testing of 125 ICs/3 wafers: 190 
Less Qualification yield of 96%: 182 good die/wafer 

OVERALL YIELD (182/416) = 43% 

REMARKS: A typical order of 300 production ICs would require at 
3 wafers to satisfy the prototype and qualification requirements. 

C. RECURRING AND NON-RECURRING COSTS 

GEM System costs can also be classified into either recurring 
or non-recurring costs. In analyzing the steps performed in the 

GEM process, I believe that the following specific functions 
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could be characterized as non-recurring costs: 

Specification Verification 
Measurement of Sample and emulated Ics 
Test Program Generation 
Design 
Purchase of Process Development Masks for new GEM arrays 
Test Fixtures 

Non-recurring costs: Non-recurring costs associated with a GEM 
order are. believed by Sarnoff to range from $19,000 to $84,000, 
depending on the complexity of the device to be emulated and the 
condition and availability of sample ICs, specifications, and 
test vectors. The following table provides the various NRE costs 
the David Sarnoff Research Center uses to bid the non-recurring 
costs for an emulation”: 

GEM NON-RECURRING ENGINEERING .COSTS (1993) 

ARRAY SIZE EASY AVERAGE HARD 

120 Array $19,500 $32,000 $56,500 

384 Array $22,000 $40,000 $65,500 

1218 Array $29,500 $48,000 $84,000 

RAM $29,500 $48,000 $84,000 

This table underscores the need to limit design iterations to one 
as much as possible. Unfortunately, many of the extra design 
iterations incurred today are more a result of insufficient 
application data (e.g., an unknown circuit board specification 
for that particular weapons system application) rather than a 
designer error. 

Recurring Costs: Recurring costs are incurred while performing 
these GEM-related functions: 

Base wafer fabrication 
Personalization of base wafers 
Packaging and assembly 
Prototype testing 
Qualification testing 

  

>Ron Zwizanski, David Sarnoff Research Center, GEM NRE 
COSTS, September 1993 (unpublished). 

70



To reduce the cost of GEM, cost reduction must be realized in 
both the Recurring and Non-recurring areas. This can best be 
achieved by viewing GEM in a. system-wide context, with special 
emphasis placed on those cost drivers that yield the biggest 
potential savings. The following two segments (D&E) will discuss 
opportunities in cost reduction that were uncovered during the 
GEM Cost Reduction session r chaired at Sarnoff in September 
1993. 

D. GEM MANUFACTURING STEPS WITH COST REDUCTION OPPORTUNITIES 

In convening the GEM Cost Reduction meeting as part of this 
effort, it became clear early in the process that a "bottoms up" 
approach was necessary in order to accurately address GEM cost 
drivers. At the beginning of the sesssion, whenever discussions 
were brought up on a general cost element (such as design), 
inevitably the question was asked; "What part of the (design) 
process are you talking about?" I decided that they best way to 
make progress on this front was to break out a deliverable 
submitted by SRI in March of 1993 entitled "GEM Cost Reduction 
Annex" that, while incomplete in my view because it had not 
included any Sarnoff input, it at least contained the specific 
GEM manufacturing steps. We then procedded to identify those 
steps which had significant potential for cost reduction. The 
meeting was productive from that point on. 

The GEM System is described below in 40 manufacturing steps.” 
I reviewed each step in the manufacturing process along with SRI 
Menlo and SRI/Sarnoff representatives to determine the potential 
for cost reduction. Those GEM System manufacturing steps where 
substantial cost reductions opportunities were identified are 
highlighted in bold: 

GEM SYSTEM MANUFACTURING STEPS 

SPECIFICATION VERIFICATION 

1. Acquisition of Part specification Data 
2. Acquisition of Sample Parts 

  

*SRI International, GEM Cost Reduction Annex, (with minor 
changes I made to conform with the six functional GEM 
manufacturing steps), March 1993. 
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3. 
4. 
5. 
6. 
7 

8. 
9. 

Unification of Specification Information 
Identification of Device Critical characteristics 
Generation/Mapping of Test Vectors 
Generate Part Test Program 
Part Characterization testing 
Generation of Test Results Documents 
Documentation of Emulation Specification Design 

DESIGN AND SIMULATION 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

BASE 

22. 

Establish Design Approach 
Conduct Design Review 
Select Logic Macros from Library 
Select I/O Macros from Library 
Develop Macros (as required) 
Develop Netlist Representation 
Simluate Design 
Iterate on design (as required) 
Verify Design vs. Sample Part Characterization 
Layout Design in GEM array 
Verify Layout 
Generate Mask Tape 

WAFER FABRICATION 

Manufacture and inventory base wafers 

WAFER PERSONALIZATION 

23. 
24. 
25. 
26. 
27. 

Purchase Personalization Mask 
Personalize Wafers 
Set-up Probe station and Test system 
Probe and mark (ink) wafers 
Prepare wafers, document and ship to Packaging house 

PACKAGING AND ASSEMBLY. 

28. 
29. 
30. 
31. 
32. 

Receiving Wafer visual scan 
Obtain (purchase) packages 
Packaging set-up, wafer dicing, die picking 
Package Assembly and Marking 
Package tests (Thermal Shock, Leak, Centrifuge) 
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QUALIFICATION TESTING 

33. Test parts using characterization test program 
34. Latch testing and other Proof tests 
35. Generate Part Comparison documents 
36. Pre-screen test parts @ 25 degrees C 
37. Burn-in parts a 
38. Post burn-in electrical tests (-55, 25, 125 C) 
39. Record test data by part. serial. number 
40. Qualification testing per -Mil-Std 883D 

E. PARETO ANALYSIS OF MANUFACTURING COST DRIVERS 

The next step was to prioritize the cost reductions actions 
that should take place. To help achieve this objective, I used 
the Nominal Group. Technique?’ to perform a Pareto analysis on the 
18 GEM System manufacturing steps identified as prime candidates 
for cost reductions. This approach was selected in view of the 
recognition that I have finite GEM R&D resources at my disposal. 

Our Pareto analysis revealed that the following problems, if 
solved, represented the greatest potential for cost reduction to 
the GEM System: 

GEM PARETO ANALYSIS RESULTS 

MANUF 

PRI STEPS... PROBLEM 

1 39,40 Qualfication testing is $8-12K per GEM order 
2 12,13,16 Design non-recurring engineering is too high 
3 1,2,3 Respecification is manpower intensive 
4 5,6,16,32 Test plan simulation efficiencies are needed 
5 23,23 Base wafer "real estate" not optimized 

Specific cost reductions were then estimated. The following 
table summarizes the results of the Pareto Analysis on the GEM 
System: 

  

*7,,.K. Harmon, Productivity and Performance Measurement, 
Graduate School Course, Virginia Polytechnic Institute, 1991. 
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GEM SYSTEM COST SAVING GOALS 

    

POTENTIAL 

PRI DESCRIPTION REFERENCE STEP(S) SAVINGS /ORDER 

1 Generic Qualification 39,40 $ 8,000 
2 Design efficiencies 12,13 7,000 
3 Spec Verification improv 1,2,3 3,000 
4 Better Test Plan simul 5,6,16,32 3,000 
5 Base Wafer improvements 23,24 2,000 

TOTAL POTENTIAL SAVINGS: $23,000 

Each of the five areas identified have the potential for 
significant short-mid term savings. Discussion of these specific 
GEM System cost reduction priorities is given below: 

GENERIC QUALIFICATION: Attain DoD Qualified Manufacturing Line 
(QML) certification from the Defense Electrical Supply Center. 
This will eliminate the need for paying a third party to screen 
as much as 200 completed GEM ICs, adding $12K per order and an 
additional 10-12 weeks lead time. The entire savings is not 
realized, however, because a QML vendor does experience some 
offsetting costs, such as the quarterly qualification of Standard 
Evaluation Circuits. This is why a savings of only $8K is 
forecast with QML. 

DESIGN EFFICIENCIES: The costs for respecification, design, and 
design verification are a function of the array size used, 
availability of existing macros, and number of design iterations 
required. GEM currently employs 120, 384 or 1218 cell arrays: 

There are several initiatives that can be taken to lower the 
typical design cost for a GEM IC. Design NRE costs are the 
biggest driver, however, so emphasis must be heavily weighted in 
this area. Achieving the objective of lower design NRE will 
require; 

(1) more design training at the satellite GEM design centers 

(2) a larger design library, including improved transistor and 
macro models. This requires measurement of macro 
parameters, verification of simulated and measured 
results, and correlation between Wafer Acceptance Test 
(WAT) and design macro parameters 

(3) greater availability of test programs and vectors 
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(4) reliable sample ICs and insertion test data 

(5) identification of needed designs in advance to permit 
efficient planning of macro development and/or grouping of 
designs 

Another major savings in design costs is not having a new design 
in the first place. SRI/Sarnoff estimated that in 1993, as much 
as 15% of GEM orders were either identical or very close to being 
a technical match to an IC that had previously been emulated. 
Raising that percentage to a higher level is achievable by 
agressively adding more designs to the GEM library and using the 
library consistently. 

SPECIFICATION VERIFICATION IMPROVEMENTS:. Developing better 
procedures for obtaining specification documents and samples, and 
using less skilled personnel for the respecification task are 
both ideas worth pursuing. The capability to scan printed test 
vectors into a computer readable format needs further 
investigation. Improved ASCI vector translation is required. A 
better capability to translate a computer readable test program 
is also desired. A test program is required that flows easily 
and error free from data contained in the specification 
documents. Making maximum use of software tools, such as a menu- 
driven front end to transfer design specifications to test 
programs, would also be useful. 

BETTER TEST PLAN SIMULATION: Test vectors developed for the 
specification verification function should be reusable during the 
testing phase. Maximum use of automated test systems will 
further reduce testing costs. Developing reusable test fixtures 
and documenting procedures so that a technician could perform the 
necessary testing should also be explored. 

BASE WAFER IMPROVEMENTS: The two major areas identified for 
improvement are process proficiency and the use of dedicated 
arrays. Process proficiency is related to increasing overall 
yields on GEM wafers. Statistical Process Control monitoring of 
critical parameters will help.generate higher yields. Wafer 
probe test costs can be reduced by utilizing more automated 
testers, improved wafer handling and registration, implementation 
of fixed probe power pads, reducing test program execution times, 
and a flexible interface for probing die across a wafer with 
multiple part types per reticle. Dedicated arrays, in which a 
wafer would contain only the 120, 384, or 1218 cell array as 
opposed to elements of each, would make more efficient use of the 
wafers on production orders. 
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F. THE GEM SYSTEM IMPACT ON WEAPONS SYSTEM LIFE CYCLE costs 

While my project aid not address life cycle costs for the GEM 
System, I felt it was important to evaluate GEM’s impact on life 
cycle costs of weapons systems. Time did not permit me to 
quantify data in this regard, but I conducted lengthly interviews 
with representatives of the F-15 and AEGIS programs to ascertain 
the general impact of GEM on. the life cylce costs of these 
weapons systems. 

The GEM System enhances the supportability component of 
weapons system. Once production of a weapons system has ceased, 
the market for many of the ICs used on that platform may decline 
to the point of forcing the supplier to terminate the product 
line. If the supplier sells his inventory, rights, or both to an 
aftermarket supplier, the DoD does normally experience a problem 
other than a moderate increase in unit price. 

If the IC becomes nonprocurable, however, the weapons system 
must redesign around the unavailable IC at substantial cost. 
This cost may be multiplied if more than one circuit card carries 
the problem IC in the weapons system. .The GEM System clearly 
impacts this major cost by avoiding at least one redesign. 

F-15 Life. Cycle Cost Impacts 

The original life cycle for the F-15 APG 63 radar was 
supposed to end in 1989.% This lifecycle "stretchout" has 
brought with it a number of IC obsolescence problems that are 
causing operational impacts. A major management challenge for 
the F-15 program is the continuing reduction in the Mission 
Capable Rate (MTR). If the MTR trend continues to go downward, 
F-15 operations could become adversely impacted in the near 
future. The GEM devices are being closely measured over 
temperature to ensure functionality across the -55 to +125 C 
spectrum. GEM ICs are not as sensitive to loading over 
temperature as the old TTL parts that made up the original radar. 

In summary, the F-15 program is using GEM to reduce life 
cycle costs. The overhead associated with trouble-shooting 
malfunctioning cirucit cards could be reduced as more GEM ICs, 
designed to tight tolerances to ensure system functionality, 
replace existing ICs that are’marginal performers. 

  

277 Kevin Barry, AEGIS Vertical Launching System, ENGR 5004, 
Virgina Polytechnic Institute, Project, November 20, 1991. 
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AEGIS Life Cycle Cost Impacts 

The AEGIS weapons systems was designed to protect the U.S. 
Fleet from cruise missile attacks launched by subsurface, 
surface, or air threats. The central core of AEGIS is a powerful, 
computer controlled 3-D phased array radar which observes at 
distances exceeding several hundred miles away from a ship. 
Computer Controlled Command and Decision systems, Display 
systems, and Weapons Control systems communicate with 
surveillance and fire control radars to give a ship’s senior 
officers a clear tactical picture. This facilitates making 
informed decisions regarding weapon emptoyment against enemy 
aircraft and missiles.” 

AEGIS has an active working group composed of both contractor 
and NAVSEA personnel that have identified 200 potential problem 
ICs. Raytheon and Martin Marietta are the two major contractors 
building this system. Raytheon is responsible for delivering 
AEGIS systems to the fleet and meeting the requisite quality 
levels. Lifetime buys have been contemplated, but there are 
concerns over buying too many, too few, or receiving ICs that 
are not suitable for the intended application are all concerns. 

The AEGIS program is considering emulating problem ICs in the 
preproduction phase to avoid problems during the production and 
post production cycle. The AEGIS system is supposed to remain 
operational through the year 2020. The cost of emulating 200 ICs 
is approximately $10 million (200 X $50K). The estimated cost of 
redesigning each circuit card when obsolescence occurs is $19.5 
million, according to the Naval Weapons Support Center Crane, 
(Mr. Rick Easter). The latter figure is of special concern to 
Raytheon because they are likely to absorb this cost in a post- 
production, firm fixed price .support contract scenario. 

In summary, the GEM System can significantly reduce life 
cycle support costs for the AEGIS weapons system. Serious 
discussions will continue through 1994 on a potential major GEM 
role in keeping this critical system operational. 

  

*._T Kevin Barry, USN, AEGIS Vertical Launching System, ENGR 
5004, Virginia Polytechnic Institute, Final Project, November 20, 
1991. 
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MICROCIRCUIT OBSOLESCENCE 

The problem of obsolescence affects virtually everything that 
is manufactured. What makes microcircuit obsolescence of 
particular concern is the rapid turnover of product lines the Ic 
industry is experiencing. The Defense Electronics Supply Center 
(DESC) manages the majority of ICs for the DoD. They have 
responsibility for coordinating requirements data and making 
lifetime buys against supplier discontinuous notices. The 
microcircuit federal supply class is by far the leading commodity 
with obsolescence problems, representing 55% of all 
discontinuance notices. 

The technologies developed to manufacture ICs typically 
replace themselves every five years. This contrasts with the 
average life cycle of a weapons system from design to 
decommissioning of 20-40 years or more. When the DoD constituted 
a significant percentage of the total IC market, they generated 
enough volume to keep suppliers profitable and older product 
lines open. The downsizing of the defense budget together with 
the exploding commercial IC market has hampered this close 
relationship, relegating the DoD to a small customer. 

The commercial market for ICs is not as heavily impacted by 
obsolescence as the DoD for the following reasons: 

a. The commercial market is driving new IC design. 

b. Commercial technology is developing faster than DoD 
technology. 

c. Commercial demands are dictating industry production 
as DoD shrinks to approximately 2% of IC market share. 

dad. The commercial sector is not bound by the stringent IC 
usage criteria DoD employs which tends to favor more 
mature (obsolete) ICs with a proven track record. 

There are several alternatives to addressing the microcircuit 
obsolescence problem, some of which are highly effective. Their 
combined effects, however, still do not impact the next higher 
assembly redesign costs incurred every year. These circuit 
card/module redesign costs are end-item specific and are 

  

*TACTech, On-Line Briefs, Volume III, Number 2, copywright 
1993, TACTech Inc., pg. 4. 
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principally made up of nonrecurring engineering and documentation 
costs. Redesigns exhaust limited funds that could be better 
directed toward performance-enhancing upgrades. 

The DoD estimated in 1991 that potential redesign costs could 
reach $2.9 billion within 3-5 years. They identified over 40,000 
designs that are vulnerable to obsolescence within the same 
timeframe. The average cost of redesign was said at the time to 
be between $150,000-200,000.*) The F-15 program recently stated 
that redesigns are costing as much as $1 million per circuit 
card.” 

With $2.9 billion being approximately one percent of the 
defense budget, an investment to remedy this problem was 
warranted. The Microcircuit Emulation Program in 1985 was the 
DoD’s first effort toward a generic emulation capability. This 
initial attempt proved to be a partial success. It was followed 
by the award of the initial GEM contract in 1988 to SRI 
International. In 1992, the current GEM Validation contract was 
awarded and is currently in the first of four option years. 

GEM is now recognized as one of several solutions to the 
problems caused by obsolete microcircuits. The most common used 
solutions are jisted below in the order of preference according 
to DoD policy:” 

a. Encourage continued production from the original 
manufacturer (s). 

b. Find new sources for production. 

c. Obtain an existing form, fit, and function substitute. 

d. Obtain a form, fit and function substitute for as many 
applications as possible. 

  

Deputy Assistant Secretary of Defense (Logistics), Report 
on Diminishing Manufacturing Sources and Material Shortages, 
Fiscal Year 1991, pgs. 1-5. © 

Joe Cothron (USAF), "ARPA/DLA Workshop on Next Generation 
Technology for Management of Electronic Parts Obsolescence", F-15 
Avionics (LFEFE), Warner Robins AFB, 9 November 1993. 

DoD Regulation 4140.1-R, Diminishing Manufacturing Sources 
and Materiel Shortages(DMSMS), paragraph 1.D, change effective 
January 1993. 
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e. Redefine or waive the military specification to permit 
use of a commercial source for the generic part. 

f. Use current manufacturing processes, such as emulation 
technology, to produce a form, fit, and functionally 
equivalent item. 

g. Make a Life-of-Type (LOT) buy. 

h. If applicable, reuse abandoned Government-Furnished 
Equipment (GFE) to set up a new source. 

i. Cannibalize, redesign, replacement, etc. 

Some of the most common of the aforementioned alternatives are 

defined and discussed below: 

LIFETIME BUYS: A Lifetime Buy is a final purchase, upon 
notification from the last supplier of an intent to discontinue, 
of as many parts (ICs) as the commodity item manager determines 
is necessary to cover the remaining operational lifetime demand. 
The typical lifetime buy timeframe is 10 years. Lifetime buys 
have historically been a favorite tool for DoD managed Inventory 
Control Points (ICPs). When faced with a discontinuance notice, 
ICPs could continue to meet future demands simply be spending 
appropriated funds and stocking the parts. The military services 
were pleased because they were not required to pay for the parts 
in advance or justify their projected requirements. [In fact, it 
is not uncommon for the weapons system to also purchase their own 
dedicated lifetime supply of the IC. The suppliers also liked 
the lifetime buy arrangement, for it presented an opportunity to 
open up more profitable IC lines as well as help their cash flow. 

This scenario all changed in recent years as the Defense 
Logistics Agency came under scrutiny by Congress and others for 
excessive inventories. DoD followed with an Inventory Reduction 
Plan listing its’ specific objectives:” 

a. Minimize quantity of new items entering the supply system 

b. Reduce the number of items currently in the system 

c. Reduce quantities of material stocked 

  

“Diane Morales, Deputy Assistant Secretary of Defense 
(Logistics), DoD Inventory Reduction Plan, 1991. 
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d. Pursue commercial alternatives to material stockage, and 

e. Improve material control and asset visibility 

These objectives are in direct contradiction with current DoD 
lifetime buy policies. When DLA shifted to a reimbursable stock 
fund accounting system, these inventories posed an additional 
burden on the agency and their overhead structure, forcing a 
reevaluation of among other things, lifetime buys. Finally, the 
Congress in 1992 passed legislation that restricted the use of 
Lifetime Buys altogether, limiting buys to two years in certain 
emergencies.* Original Equipment Manufacturers (OEMs), who saw 
their follow-on production orders shrink, also began to cease 
this practice. 

SUBSTITUTION: Substitution is the process of finding an 
equivalent IC from a different source that still works in the 
application. It will always be a preferred alternative, provided 
it can be determined in advance that the substitute IC will 
indeed function properly in its original application. 
Substititution usually occurs as a result of a standardization 
action by DESC. DESC has a large division that records hundreds 
of standardization actions each month. In cases where service 
concurrence is required, DESC does not standardize without the 
consent of each military service using the part. Unfortunately, 
it appears that standardization actions often take place without 
knowing whether the substitute part will actually work in all 
applications. The table below, from an F-15 specification, 
illustrates this point: 

PART NUMBER: 6&N54186 

PARAMETER M38510 TEXAS INSTRUMENTS NATIONAL SEMI 

TPHL 1 105ns max 21 nanoseconds 60 nanoseconds 

TPHL 2 - 50ns max 25 ns - 35 ns 
TPLH 1 115ns max 35 ns 75 ns 

TPLH 2 7Ons max 37 ns 50 ns 

The GEM System was tasked to emulate this IC because DESC- 
procured substitutes did not work in the APG-63 radar. Review of 
the specification revealed why: the military specification which 

  

*U.S. Congress, FY 92 and 93 National Defense Authorization 
Act, “Limitation on DMS Procurements", November 1992. 
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the IC was standardized to, provides too broad a range of 
propogation delay when contrasted with two earlier versions of 
that part. 

AFTERMARKET: Another alternative commonly used is to purchase 
the original IC from a follow-on source. An aftermarket has 
developed since the mid-1980s to fill this important niche. The 
aftermarket buys the rights to manufacture the IC or purchases 
their inventory for future resale to the DoD. For example, 
Lansdale Corporation buys many of the discontinued product lines 
from National Semiconductor and Motorola. Rochester Electronics 
does not have a manufacturing capability, but buys excess ICs, 
stores and resells them. Despite some concerns about product 
quality and overcharging, the IC aftermarket is an invaluable 
resource that is largely responsible for the microcircuit 
obsolescence problem still being one of manageable dimensions. 
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THE GEM SYSTEM SOLUTION 

INTRODUCTION 

A system is "an assemblage or combination of elements or 
parts forming a complex or unitary whole."*! GEM is a system, 
although not in the traditional sense of a DoD weapons system. 
This is because an IC rarely functions as an end item itself, but 
is instead an integral part of larger systems. The structural 
components of the GEM System (those which are static) include the 
BiCMOS foundry facility, CAD hardware, ceramic IC packages, and 
various test fixtures. The operating components (those which 
perform the processing) include personalization photomasks, ion 
implantation equipment, oxide furnaces, IC steppers, GEM 
designers, CAD software, and GEM testing personnel. The flow 
components (that material, energy, or information which is 
altered) are the raw silicon wafers, the original IC 
specification, the GEM System design library, and the ceramic IC 
packages and leadframes. This study of GEM is a system study 
vice a relational study” for the following reasons: 

a. There is more than two components involved. 

b. There are indirect connections between the components. 

c. The spatial distribution of components are considered. 

BACKGROUND 

The GEM System is a "safety net" that is capable of 
emulating over 75% of the 110,000+ microcircuits in the federal 
catalog. Not all of these ICs will ever require emulation, 
however, as the aftermarket suppliers purchase many of these 
designs and process data from the original suppliers. They only 
purchase these rights about 50% of the time. Further, the 
aftermarket only maintains inventory for only a small percentage 
of the parts contained in the federal catalog. 

  

313. Stein, ed., The Random House Dictionary of the English 
Language, New York: Random House, Inc. 1966. 

2Benjamin S. Blanchard and Wolter Fabrycky, Systems 
Engineering and Analsysis, 2nd edition, Prentice Hall, 1990. 
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When the Statement of Work for a "GEM-like" effort was 
written, the DoD emphasis was on developing a single, leading 
edge fabrication technology capable of addressing multiple 
obsolete IC families with a reusable design system that minimized 
nonrecurring engineering costs. The SOW.called for emulating 13 
device types from 11 different IC technologies by developing and 
proving a single, state-of-the-art manufacturing process. Todays 
GEM system is the successful outcome of this initial concept. 

The GEM System has both common and unique features. The CAD 
tools it utilizes (Mentor Graphics) are one of the industry 
standards. The Gate Array technology that GEM is built around is 
also common practice. The BiCMOS manufacturing technology that 
GEM has chosen is found throughout the IC industry. Even the 
reticle configuration allowing for a single wafer to yield many 
part types was championed by the MOSIS program. GEM is unique in 
the design of its emulation approach by utilizing core and 
input/output cells, and the reusability facets of the design 
methodology. 

GEM has progressed through most of the milestones in the 
System Acquisition Process. The initial GEM R&D contract 
represented the Conceptual Design, Advance Planning, and 
Preliminary System Design Phases. The current GEM Validation 
contract is in the Detail System Design and Development Phase. 
As GEM Validation progresses, it will transition into the 
Production Phase. In summary, the GEM System today is a 
transitional system, still in need of further technology 
deployment before it can fulfill its original DoD objectives. 

DoD BENEFITS DERIVED FROM GEM 

The GEM System enables the DoD to extend the life cycle of 
its weapons systems by providing replacement ICs which would 
otherwise by nonprocurable. Redesign-avoidance savings are 
realized by the Operations and Maintenance (O&M) accounts of the 
military services. Each weapons system program has system 
support funding. A portion of this funding is earmarked for 
redesigns/upgrades. These can be either performance-enhancing or 
obsolescence-avoidance redesigns. System support funding has 
historically been at high enough levels for program managers to 
use this funding for both types of redesigns. In austere funding 
climates, however, upgrade funds are limited. The GEM System 
therefore, provides a key benefit by allowing program managers to 
put a higher percentage of these reduced upgrade funds toward 
performance enhancing redesigns. 

86



There are other benefits the GEM System provides to the DoD. 
These include: . . : 

a. Lower Inventory Levels. A reliable GEM capability 
obviates the need to purchase a lifetime supply before the 
last source goes out of production. A query to determine 
whether the subject IC can be emulated is easily performed. 
If GEM can emulate the IC, only the firm quantities need be 
purchased as an “insurance policy" exists in the event stock 
runs out. 

b. Improved Readiness. The F-15 program office is using GEM 
aS a means to at maintain its Mission Capable Rate (MTR) on 
its APG-63 fire control radar until a new radar is installed 
in 1999 [Appendix B]. 

c. Increase Foreign Military Sales (FMS). With the 
downsizing of the DoD, many older weapons systems are being 
retired and offered for sale to FMS customers. The largest 
cost of an Excess Defense Article (EDA) weapons system is 
refurbishment and support costs. For example, in a recent 
sale of F-4 Skyhawks to Argentina, the "as-is, where-is" cost 
represented only 6% of the total cost.* Refurbishment and 
support costs made up the remainder. These costs can be 
reduced when the OEMs/DoD depots that support EDA systems 
utilize emulation over redesign where appropriate. This in 
turn allows a lower price structure, helping US FMS sales. 

  

3John Marini, Navy International Programs Office, interview 
of May 7, 1993. 
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GEM DEMAND 

A. GEM CAPABILITY VS THE FEDERAL CATALOG 

There are 111,310 National Stock Numbers assigned to 
microcircuits in the federal catalog.* To be effective, the GEM 
System must be able to address the majority of these device 
types. The commodity of microcircuits is subdivided and 
apportioned in the following functional classifications: 

Digital: 63% 

Linear: 17% 

Memory: 14% 

Other: 6% 

The GEM System can emulate virtually all of the digital parts, 
some of the memory devices, a few of the linear ICs (drivers, 
comparators) and an estimated 70% of the "Other" category. This 
equates to approximately 70% of the entire federal catalog for 
microcircuits being GEMable.»* In summary, the GEM System is 
well-positioned to address the majority of nonprocurable ICs. 
Further strengthening GEMs capability is the fact that the one 
major area that GEM does not address, linear ICs, does not 
experience the rapid turnover of product lines that the digital 
Ic industry does. Development and deployment of a digital high 
voltage GEM array and a 1-4K bit memory array is the largest near 
term development that will improve this picture. 

These digital IC technologies (63% of federal catalog) can be 
further divided by specific technology family. The following Ic 
process technologies makeup the digital portion of the federal 
catalog: 

  

“Defense Logistics Services Center, Total Item Record, 
FEDLOG CD-ROM database, Battle Creek, MI, October 1993. 

SSRI International, GEM Review 4-93, presented in 
Indianapolis, November 1993. 
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Transistor Transistor Logic (TTL).........70.0% 
TTL MEMOLY.. ccc swerve svccvccvccsceseevee4le 2h 
-CMOS. ccc wcrc ccc ccc ccc cnc c ccc rece snveseesell. 6% 

NMOS... ccc cece ccc ccc cress cece secsccsceses 46.9% 

DTL. wc ec ccc ccc ccc cece cece cee cece sense seses 326% 

ECL. ccc cc cc cece cee cece rence cece secs ececees Seat 

PMOS. cca ccc crc r ccc cnc cc crc cesececseseseses LQ 

RTL. occ ccc cc ccc cee cece ee eeecewececcee 28% 

Additional information contained in the federal catalog revealed 
that 42% of all digital parts are memory devices. Of these, 
89.7% are Read Only Memories (ROMs). Further analysis determined 
that 95% of all digital parts have 30 pins or less (GEM is 
capable up to 48 pins) and the voltage of 98% of the digital 
parts is less than 20 volts. 

There is little data on the relative distribution of 
technology categories of ICs that are no longer procurable. The 
only true data point is the SRI/Sarnoff responses to DESC 
Requests For Quote (RFQs). 55% of DESC requisitions have been 
no-bid by SRI/Sarnoff. Based on this data, a conservative 
estimate is that GEM addresses 50% of current nonprocurable 
microcircuits. 

B. GEM DEMAND FROM DOD INVENTORY CONTROL POINTS 

Inventory Control Points (ICPs) are central item managers for 
specific consumable commodities used in the DoD. The Defense 
Electronics Supply Center (DESC) is DLA ICP for electronics. 
They currently manage over 70% of the microcircuits. ICPs in the 
Navy include Ships Parts Control Center (NAVSEA ICP) and Aviation 
Supply Office (NAVAIR ICP). The Air Force has five Air Logistics 
Centers and the Army has CECOM, MICOM, TANKCOM and AVSCOM. CECOM 
and MICOM are the main Army ICPs for microcircuits. ICPs are the 
backbone of the DoD Parts Procurement System. They receive 
requisitions from several sources, validate them, combine them 
with others when appropriate, and issue an RFQ to all known 
suppliers of the IC. Upon receiving satisfactory quotes, they 
award a contract, inventory and/or issue the stock, and repeat 
the cylce as necessary. In recent years the Defense Logistics 
Agency has assumed ICP responsibility for almost the entire 
microcircuit class. 

"Technology does not exist in an independent world. There 
are powerful factors that encourage technological change and that 
influence its direction, degree of advance, timing, and rate of 
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diffusion." Integrating the GEM System into DESC has certainly 
proven the above statement to be true. Part of the "slow rate of 
diffusion" at DESC is their cultural resistance to change. DESC 
has a tendency to compare the GEM cost to the cost of the old IC 
which is no longer available. This is the wrong comparison, but 
DESC does not see redesign engineering change proposals so they 
have nothing else to go on. -DESC also has a natural resistance 
toward emulation that stems from failed (non-GEM) attempts in the 
past that cost them dearly, both in dollars and credibility with 
their service customers. Nevertheless, progress has been made in 
getting DESC to use the GEM System. | 

DESC has awarded a total of three GEM contracts, two in 1992 
and another in 1993. They send an average of 3 GEM Requests for 
Quote every 2 months to SRI/Sarnoff.*’ ‘The Aviation Supply Office 
is preparing to ask DESC to make another award for a device that 
was successfully insertion tested into an S-3 aircraft. 

In 1991, SRI/Sarnoff received 14 RFQs from DESC, of which 
they could emulate 6 (46%). No awards were made, as DESC 
ultimately found aftermarket sources for the requirements. A 
review of the DESC buyers and SRI/Sarnoff bidders data for the 
first 9.5 months of 1993 produced the following information: 

Total number of RFQs: 25 

Cancelled RFQs: 4 

No specs with RFQ: 1 
Biddable RFQs: 20 

Number of bids: 11 (55%) 
Award pending: 7 (35%) 
Awards lost: 1 ( 5%) 
Awards won: 1 ( 5%) 

The discrepancy between the small number of awards for GEM 
compared to the larger number of quotes SRI/Sarnoff provides is 
attributed to the following factors: . 

  

*James R. Bright, Richard D. Irwin, Research, Development 
and Technological Innovation, 1964, pg 12. 

Defense Electronics Supply Center and David Sarnoff 
Research Center data, 1993. 
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a. An existing source was eventually found. 

b. The quantity requested was very small, making the cost of 
the emulation prohibitive in the view of the item 
manager. 

c. The time it took for DESC to find the GEM source was so 
long that the end user proceeded with a redesign 
solution. 

d. The services were unable to get visibility into the end 
user to determine if emulation was appropriate when 
queried by DESC. 

Continued integration of GEM into the ICP procurement system 
is required for higher demand to be achieved in the future. This 
integration includes establishment of effective communication 
links between the ICP and the program management office of each 
weapons system. It also requires the elimination of any 
unnecessary Procurement Administrative Lead Time (PALT) steps on 
GEM orders. 

The traditional means of addressing obsolescence in ICs was 
for DESC to make lifetime buys. There is increasing pressure for 
IcPs not to make lifetime buys. The Congressional oversight on 
this issue is very strong. Inventories are many years in excess 
of projected demands. Lifetime buy stock worth over 100 years of 
demand is not uncommon as the CBS program "60 Minutes" has been 
quick to point out.** This occurs because the IC estimating 
process is flawed. Services do not have to pay in advance for 
the lifetime buy quantity they provide DESC, so they typically 
give DESC an input to buy a large number of the IC. Because DESC 
does not "fence" stock for users in the quantities requested but 
rather issues it on a first-come first-serve basis, an 
unacceptable element of risk is felt by many program offices. To 
minimize this risk, a parallel effort to redesign the obsolete IC 
out of the weapons system is pursued. Consequently, demand for 
these ICs typically falls off significantly as soon as the 
lifetime buy is executed. . 

To address this serious problem, the GEM System must build an 
effective interface to the larger DoD Parts Procurement System. 
One interface investigated in this project is whether using GEM 
in conjunction with a lifetime buy can reduce inventories and 

  

*Diane Sawyer, 60 Minutes, "Excess Inventory in the DoD", 
CBS, 1991. 
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take much of the guesswork out of this process. A Sensitivity 
Analysis I performed concluded that it was more cost effective to 
order only the firm requirement if it can be determined quickly 
that the part can be emulated. 

C. GEM DEMAND FROM DOD WEAPONS SYSTEMS: | 

Demand for GEM from the DoD weapons systems offices and 
original equipment manufacturers (OEMs) of these weapons systems 
is growing. The extent to which demand is growing, however, 
remains unclear. What is clear is that OEMs must ultimately 
represent the vast majority of demand for GEM as they are by far 
the largest consumer of DoD microcircuits. ICPs such as DESC buy 
only 5% of the total DoD quantity purchased from IC suppliers 
while OEMs and program offices buy the rest. An analysis of all 
available weapons system data has been accomplished to ascertain 
the potential future demand for GEM from this critical sector. 
This analysis is subdivided: into two categories; GEM Assessments 
and GEM Funded Orders. 

GEM ASSESSMENTS 

A GEM assessment is a review-of all problem ICs ona 
particular weapons system for the purpose of determining specific 
GEM solutions that can be implemented. GEM assessments have been 
performed at least in part on the following weapons systems: 

AEGIS 
A-6 
F-15 
TARTAR 

The AEGIS and F-15 assessments were detailed studies, while the 
A-6 and TARTAR assessments were limited in scope. The AEGIS 
Program requested a GEM review of 344 unique generic ICs in 
September 1993. The results are as follows: 

Total Number of IC types: 344 
# ICs with data available: 297 
Gemable: 206 (69%) 
Gemable ICs also on F-15 list: | 52 
Cannot emulate: " 91 

Cannot emulate also on F-15 list: 11 

Raytheon Corporation (an AEGIS contractor) is pleased with the 
GEM System coverage on the AEGIS modules they build and support. 
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They have initiated discussions with NAVSEA to start a major 
emulation effort in the near future. 

The A-6 aircraft is managed by Naval Air Systems Command. 
The Navy’s Aviation Supply Office has specific item management 
responsibility for ICs used on this weapons system. In 1991, the 
A-6 program office requested a GEM assessment of 131 of their 
obsolete ICs. Only 27 of the ICs had enough documentation for a 
determination. 19 IC types, or 70% of these ICs were within the 
GEM envelope. No ICs have been ordered from the A-6 program to 
date, but they remain in communication with the GEM Program and 
continue to query for emulation candidates. 

The F-15 is an Air Force tactical aircraft that is supported 
by the Warner Robins Air Logistics Center (WRALC). In 1992, 
Hughes Aircraft proposed a $1.5 billion replacement of the APG-63 
fire control radar. This figure was far above the projected 
budget for supporting the F-15, causing the Air Force to explore 
other alternatives. Microcircuit obsolescence had been cited as 
one of the primary reasons for.this upgrade, however, the F-15 
radar’s performance was also impacted by a lack of sufficient 
memory and throughput capacity. The two other alternatives the 
Air Force studied were: 

(1) A limited redesign effort led by the Sacramento Air 
Logistics Command with contractor support. 

(2) GEM emulation of the obsolete ICs with a third party 
contractor performing systems integration tasks. 

The GEM F-15 study was personally initiated by the Deputy Air 
Force Chief of Staff. Briefings were given to several senior Air 
Force officials, including the Secretary of the Air Force. 

A list of 295 obsolete ICs was provided for assessment. Of 
these, 253 could be emulated with an existing GEM array or a near 
term extension. This represented 86% coverage.” 

The Air Force ultimately opted to proceed with a limited 
radar upgrade finishing in 1999, with GEM planned for short-term 
obsolescence fixes in the interim. The final figure in the Air 
Force input to the President’s Fiscal Year 1994-1999 budget was 
$550 million. Credit for the almost $1 billion reduction can in 
part be attributed to using GEM to solve IC-related problems. 

  

David Sarnoff Research Center, APG-63 Supportability: 
Application of GEM Technology, Final Briefing, July 29, 1993. 
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Further interviews with the F-15 office revealed another 
underlying reason for their use of GEM. The Mission Capable Rate 
on the F-15 is decreasing to the point that the operational 
readiness of the squadrons could be jeopardized if this trend is 
not halted or reversed. A related concern for WRALC was the 
Cannot Duplicate (CND) failures experienced during F-15 flights. 
"Cannot Duplicate" means that trouble shooters on the ground 
cannot repeat the failure experienced onboard the aircraft. 
CNDs are labor intensive to the Air Force maintenance 
infrastructure. When a CND occurs at the flight line, the 
procedure must be repeated at the intermediate maintenance 
facility. If the CND occurs at that level, a repeat test is 
required at the depot level. 

Much of the CND problem is attributed to microcircuits 
failing in their application due to environmental stresses such 
as shock, vibration, and temperature extremes. This in turn is 
believed caused by substitute ICs that aré marginal performers. 
The original ICs were unique enough in some parameter(s) to cause 
a failure when a slightly different substitute part was 
introduced into the weapons system. The ability of the GEM 
System to custom design-in precise tolerances identical to the 
original IC convinced WRALC to use GEM. It also helped that two 
GEM prototypes had previously been successfully inserted into the 
F-15. In FY 93, the Air Force funded emulation of 14 obsolete 
Ics on the F-15. For FY 94, a similar effort is anticipated with 
the probability that 18 devices will required emulation. 

The TARTAR Missile program office requested a review of 12 
circuit card assemblies in 1992. 100% of the obsolete ICs 
reviewed fell within the GEM envelope. 

GEM ASSESSMENTS SUMMARY 

The GEM System has received a total of 631 obsolete Ic 
specifications for assessment, representing four weapons systems. 
Of this total, GEM could emulate 496, or 78.6% coverage. 

GEM FUNDED ORDERS? 

True demand from the Weapons Systems community is measured 
in funded orders. The following table lists funded GEM orders by 
Weapons System Offices or OEMs: 
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FUNDED GEM ORDERS FROM WEAPONS SYSTEM PROGRAMS /OEMS 

    

YEAR WEAPONS SYSTEM . # OF Ic-types 

1991 PRC-70 radio; US Army CECOM 3 
1992 - UYK-44 Computer; NAVSEASYSCOM 1 
1993* F-15,APG-63 radar . 14 
1993* Loral Corporation) - 1 

1994%* | F-15 APG-63 radar 18 

* A total of 16 new GEM awards occured in 1993 (DESC awarded 1) 

** Projection based on Warner Robins ALC input of December 1993. 

If the AEGIS program also adds a number of GEM orders for 1994 as 
expected, the overall upward trend in GEM-OEM demand will 
continue. 

Another factor influencing OEM demand is the lengthening of 
weapons systems life cycles. Replacement part inventories for 
these weapons systems may become depleted before the system is 
retired. This trend will create additional GEM demand, although 
it may be offset by the cannibalization of excess equipment made 
available in the current DoD drawdown. 

D. GEM DEMAND FROM FOREIGN MILITARY SALES 

Based upon the fact that most FMS sales are for older weapons 
systems, microcircuit obsolescence should be an even greater 
problem in this community. A large percentage of the emulation 
business base should theoretically originate from this sector. 
The GEM System has been briefed to both the Air Force and Navy 
foreign military sales (FMS) offices. The Army was present at a 
briefing the author gave at a Defense Security Assistance Agency 
meeting in June 1993, but followup meetings have not been 
arranged. 

The Air Force has not utilized GEM for FMS support to date. 
The Air Force-designated spare parts purchasing contractor for 
non-standard FMS parts is not incentivized to use GEM. Small 
purchase thresholds of $25K, conflicting redesign opportunities 
for the subcontractors, and an emphasis .on maximizing requisition 
fill rates, at the expense of dealing with NRE-intensive problem 
requisitions, are all potential causes for GEM’s failure to break 
into this market. 
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Conversely, the Navy is committed to using GEM, even as a key 
FMS selling point. They want to reduce "sticker shock" on the 
support cost element of the ships and aircraft they market. The 
Navy International Program Office believes GEM will make a major 
impact in this area. The Navy recently began restructuring the 
Statement of Work with their spare parts purchasing contractor, 
creating an incentive for employing GEM by establishing a higher 
fee structure for GEM-like problem IC requisitions and raising 
the purchasing threshold above $25K for use in GEM instances. . 

The Navy FMS spare parts purchasing contractor, W&W 
Logistics Inc, recently asked for a GEM assessment of 25 problem 
Ics. Of these, 68% were within the GEM envelope. 

To date, there have been no GEM orders from the FMS 
community. A reasonable goal of full GEM exposure within the FMS 
community would lead to an estimated demand of 1-2 IC emulation 
orders per year by 1995. This estimate is based on the stated 
asssumption that FMS demand will rival DESC demand which is 
currently 1-2 orders/year. 

E. FUTURE GEM DEMAND 

The future demand for emulation will be the determining 
factor in the quest for long-term viability of the GEM Systen. 
To ascertain what GEM demand can be expected, interviews were 
conducted with both major IC suppliers and aftermarket 
distributors as part of this project. The following section 
discusses the results of these interviews. 

SUPPLIER PROJECTIONS 

A number of suppliers were contacted and interviewed to 
gather feedback on the future demand for GEM. National 
Semiconductor, LSI Logic, and VTI were all interviewed in 1993 on 
future IC obsolescence trends within their companies. 

LSI Logic was interviewed in July 1993. They said that they 
were currently obsoleting 1983 (10 year old) technology. They 
remarked that the very nature of the current ASIC market (maximum 
designer flexibility) would lead to a deeper obsolescence 
problem. They stated that there are more specialized IC designs 
today than in the past, and these lines. will be discontinued 
almost immediately upon receiving the final production orders. 

National Semiconductor was the largest volume supplier of ICs 
to the DoD in 1992. They currently provide the DoD a one year 
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notice before obsoleting their product lines. They believe GEM 
demand could easily exceed its current pace due to escalation in 
cycle times. One mitigating factor on the obsolescence problem 
that National offered is the DoD’s recent decision to allow 
offshore packaging and assembly of high reliability (JAN) ICs. 
If the previous DoD restriction on offshore JAN production had 
continued, there would have been an increase in product line 
discontinuance by the major IC. ‘suppliers that would have made 
today’s problems small by comparison.” | 

VLSI Technology Incorporated (VTI) stated that they are 
currently keeping their early 80’s technology (2 micron) 
available upon government request. Their leading edge in 1993 is 
-6 micron with plans to move to .5 micron in 1994. They 
currently keep design and test information available for five 
years after the last order before disposing of it. They also 
expect the impact of the discontinuance of processes and arrays 
to increase the obsolescence problem in the future. 

Austin Semiconductor performs custom assembly and test of 
microcircuits and semiconductors. Some of their work has 
included finding sources for non-available microcircuits 
(locating die and then screening them per Mil-Std-883, Mil-M- 
38510, etc). Austin Semiconductor business niche is in filling 
small quantities IC orders to OEMs. Their typical quantitie per 
order is only 50 at an average cost of $150 per part. Austin 
Semiconductor recently purchased and is operating a specialized 
fabrication line that produces memory products for military 
consumption. Austin Semiconductor did not have any unique views 
on future obsolescence trends, but indicated they will continue 
to operate in the military market for the foreseeable future. 

AFTERMARKET COVERAGE 

An aftermarket has developed in recent years that-has solved 
a large part of the IC obsolescence problem for the DoD. The 
aftermarket comes in two forms. There exist "die houses"; 
companies that purchase the remains of a production run from the 
original supplier, package and assemble if necessary, and resell 
them for a profit. There also are aftermarket companies that 
actually buy the photomasks and the manufacturing rights from the 
original supplier and fabricate the IC themselves or via an 

  

oT .sS. Edwards, ARPA/DLA Workshop on Next Generation 
Technology for Management of Electronics Parts Obsolescence, 
November 10, 1993. 
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outside foundry. Examples of aftermarket companies include 
Rochester Inc., Lansdale, and Austin Semiconductor Inc. 

An aftermarket company will only buy the rights to product 
lines projected as having enough future demand to be profitable. 
It is the product lines that they don’t pick up that creates the 
bulk of the GEM System’s demand. Once the aftermarket option has 
been exhausted, usually only redesign and emulation remain as 
viable alternatives. . 

In summary, the aftermarket will continue to play the lead 
role in providing sources for obsolete ICs. The rapid 
proliferation of unique, low-demand ICs, however, will cause a 
greater percentage of these part-types to be ignored by the 
aftermarket, thus increasing the number of nonprocurable ICs in 
the future. This is expected to be particularly true for 
Application Specific Integrated Circuits. . 
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FUTURE GEM RESEARCH AND DEVELOPMENT REQUIREMENTS 

APPENDIX F 
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FUTURE GEM RESEARCH AND DEVELOPMENT REQUIREMENTS 

The GEM System is a dynamic system, and in order to meet ever 
changing requirements, it must also change. Future obsolete ICs 
will be faster, more complex, and have smaller feature sizes 
than today’s obsolete technologies. Complexities such as mixed 
mode (analog and digital) features on the same IC will pose an 
immense challenge to arriving at a generic emulation approach. 

To address these requirements, the Advanced Research Projects 
Agency (ARPA) and DLA *! recently co-hosted a workshop to identify 
future R&D needs to combat microcircuit obsolescence in the mid 
to late 1990’s. Consensus was obtained that the following areas 
receive the most research emphasis in the next 1-3 years: 

a. Scale down the GEM process from 1.5 micron to 1.2 micron 
BiCMOS. This will enable emulation of faster IC types and 
will ensure that GEM remains a mainstream process. 

b. Extend the current 20V voltage range of GEM to 50 volts. 
This will broaden GEM System coverage to virtually all 
high voltage digital devices. | 

c. Reconfigure the GEM RAM/ROM array to enable emulation of 
up to 4K bit RAMs. According to the Air Force, there are 
a large number of memories in the 2-4K range that are 
obsolete but which GEM cannot currently emulate. 

d. Provide VHSIC Hardware Description Language (VHDL) 
specifications for each GEM IC emulated. The DoD has 
mandated that all new ICs being developed for weapons 
systems have a VHDL description. VHDL is the "preventive 
medicine" for future IC obsolescence. It is a digital 
description of both the structural and behavioral 
characteristics of an IC. This description is complete 
enough to allow remanufacture of the device by another 

  

ARPA/DLA Workshop on Next Generation Technology for 

Management of Electronic Parts Obsolescence, November 9-10, 1993. 
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source if ever required. The GEM System, as a pseudo 
VHDL beta test site, should provide feedback to the VHDL 
program office. This will assist them in identifying and 
solving the many problems that still exist with VHDL. 

e. Emulate Ic families in software. To reduce NRE even 
further, obsolete ICs could be grouped as families and 
proactively designed in advance. A determination of the 
target obsolete ICs must first be accomplished. It is 
anticipated that the size of this "scrubbed" list would 
be no more than a thousand generic IC types. These ICs 
would than be grouped by function and designed as a 
family. Future emulations of these parts should have 
lower NRE costs due to efficiencies gained by designing 
ICs aS a group rather than singularly. 

f. Attain Qualified Manufacturing List (QML) status on the 
SRI/Sarnoff fabrication line. This will reduce lead 
time, eliminate unnecessary parts screening, and raise 
the quality level of GEM devices, allowing weapons 
systems with high reliability requirements to use GEM. 

Beyond the 1-3 year timeframe, emulation R&D will need to 
not only focus on GEM extensions, but development of a new system 
may be required to facilitate emulation of ICs that are not 
practicle or possible within the GEM envelopes. These 
technologies include custom and semi-custom cell approaches. A 
CMOS~-based process technology will likely be required (as opposed 
to BiCMOS) to address some of the future IC types such as 
microprocessors and larger memory devices. 

Full implementation of the VHSIC Hardware Description 
Language (VHDL) will hopefully make this effort unnecessary. A 
VHDL specification is required for all new Application Specific 
Ics (ASICs) introduced into DoD weapons systems. VHDL 
specifications contain both a structural and behavioral 
description that permits future emulation of the ASIC using a 
different technology, but without an inordinate amount of reverse 
engineering. A silicon compilor should be capable of easily 
transforming an old VHDL design into a new equivalent design 
manufactured in a completely different process technology. 
Unfortunately, much work remains to be done before VHDL becomes a 
reality. 
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