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Foreword 

Multichip modules are a major new trend in component packaging technology. MCM user's can take ad­
vantage of this technology to build more competitive products—products that use less power or are faster 
or smaller. MCM user's can optimize their product design and prociu-ement of various MCM technologies 
based on the information available in this study. 

The objective of the Multichip Modules: Issues and Trends study is to provide participants with comprehen­
sive information that is qualitative as well as quantitative on the critical trends and major opportunities 
for multichip module products in the global electronics market. 

The written analysis and data assembled in the study were accomplished by Howard Z. Bogert and Mary 
A. Olsson. The semiconductor component and application forecasts were provided by Jerry Banks, Gary 
Grandbois, Jim Handy, Brian Lewis, Ken Lowe, Lane Mason and Greg Sheppard of Dataquest. 
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Chapter 1 — Executive Simunaiy 

Multichip module (MCM) technology in production today offers reduced interconnect line width over 
traditional board technologies in density efficiencies and less area of silicon per package. The advantages 
of using MCM technology are that high lead count die, on a high interconnect density substrate, require 
less than 1 mil pitch, and offer 50% to 60% package efficiencies over single chip packages on a PCB which 
require 4 mil to 8 mil geometries. The disadvantages of MCM technology are that it is a new technology, 
it is in the prototyping stage for most suppliers to the merchant market, and there is a lack of general con­
sensus on how to handle MCM test issues. 

The types of MCM technology that will be covered in this study will be referenced by the acronyms MCM-
L (L = laminated), MCM-C (C = cofired), and MCM-D (D = deposited), as defmed by IPC-MC-790 clas­
sifications. Dataquest's market definition for a multichip module is as follows: 

A module interconnects two or more chips on a single substrate. 

A module achieves higher computation clock rates by reducing propagation delays between chips. 

A module has the potential to be less expensive than conventional technology for highly intercon­
nected digital circuits. 

It doesn't matter how the module is constructed so long as it fills the market need. 

The goal of this study is to answer the following questions: 

What performance improvements can be achieved now and in the future through MCM 
technology? 

What are the current and future MCM costs likely to be? 

What problems stand in the way of more complete MCM implementation? 

What are the capabilities and costs of the different MCM technologies? 

Who are the major MCM vendors and what services do they supply? 

Methodology 

To set the full business context of the MCM market fi-om 1990 through 2000, Dataquest provides the fol­
lowing: 

Estimated share of available bare die that could be configured in a MCM design. 

Estimated share of electronic equipment that has one or more MCMs. 

Estimated percentage of the semiconductors in that equipment that are designed in a MCM 
configuration. 

Estimated MCM value in electronic equipment. 
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Figure 1.4.1 
MCM Application Drivers 
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General Assumptions 

After surveying suppliers and users of MCM technology, Dataquest has concluded the following: 

MCMs will only be designed into new products. 

The majority of MCM designs will be consumed in the dataprocessing, consumer, and com­
munication application markets by 1995. 

The propensity for designers to switch to MCMs for various types of applications will be driven 
basically by the performance application segments, all other segments are cost driven. 

Captive share of the MCM market is approximately 80 percent of total MCM revenue in 1992. 
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Multichip Module Drivers 

As shown on Figure 1.4.1, the application drivers for MCM technology will continue to flow from the com­
puter sector. The premier metric of computer economics is price/performance, essentially, the dollar cost 
of one performance unit. As one of the fundamentals of buyer decision making, a low price/performance 
ratio has one compelling benefit: volume sales. 

In terms of price/compute performance, the average 1991 workstation will remain over six times superior 
to the average supercomputer and over thirty-one times that of the average mainframe. This gap will 
widen substantially over the next five years. By 1997, the average workstation price/performance should 
be thirteen times lower than that of a supercomputer and seventy-three times lower than for a mainframe. 
The primary drivers widening this gap for the workstation are shortened design cycles allowing rapidly 
accelerating performance improvements, coupled with rapidly accelerating shipment volumes, and hence, 
price declines. Significantly, Dataquest anticipates that workstation price/performance will even that of 
personal computers by 1993. 

However, in terms of absolute compute power, the highest performance product segment in the computer 
industry remains the supercomputer. Dataquest anticipates that the average mainframe will reach today's 
average supercomputer performance level in the 1994-1995 timeframe and the average workstation this 
same performance in the 1999-2000 timeframe. 

The workstation segment is progressing at a relatively fast rate compared to other segments because of 
the design time for systems development and hence new technology incorporation. Mainframes and su­
percomputers typically take 3-7 years for design compared to 9 months to two years for a workstation. 
While both supercomputers and workstations today often incorporate similar CPUs (eg. RISC), several 
key differences remain which add to the system design time for the larger systems. The most significant 
ones contributing to the complexity of the supercomputer and mainframe hardware and software design 
include the following: 

Prevalence of multiprocessor technology. 

SpeciaUzed vector processors. 

More advanced and complex I/O subsystem and communications requirements. 

In the 1995 timeframe, the dataprocessing segments are expected to represent 62 percent of MCM revenue 
worldwide. MCM-C and MCM-D will be the prevalent MCM technologies of this share of market. 

Overall, workstation performance and MCM market development are keyed to the continued market 
dominance of five chip technologies: HP PA, MIPs, Motorola 68000, IBM POWERchip, and SPARC. 
Within the workstation technology arena, the HP PA architecture provides the industry's leading RISC 
performance. This combined superscalar/superpipelined architecture is capable of up to 66 MHz in 
CMOS. In 1991, HP PA represented approximately 3.6 percent of the total workstations shipped. 
However, by 1995, PA RISC is expected to represent 11 percent of the total workstation shipments. 

Dataquest assumes that the MIPs RISC architecture will allow more agressive performance enhancements 
since the superpipeline design will allow comparable performance to a superscalar implementation with 
less siUcon. Moreover, we assume caches will initially be larger with such pipelined architectures. 

Our workstation forecast assumes an agressive increase in the IBM's RISC shipments, rising from 8.1 per­
cent of the 1990 workstation total units to 20 percent of the 1997 workstation shipment total. In the final 
analysis, we believe that it is more likely that architectures dependent on clock speed will achieve leading 
performance (eg. superpipelined) than those dependent on complex logic (eg. superscaliir). 
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Figure 1.4^ 
Worldwide MCM Revenue Share by Applications 
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Overall, due to intense marketshare competition among workstation participants, Dataquest forecasts 
that over 60 percent of the total systems shipped in the 1992 timeframe will be entry level systems, con­
sisting of 1 to 2 generation-mature RISC technology. In the 1993-1995 timeframe, the average desktop 
workstation performance will be fueled by the following key factors: 

Emergence of BICMOS technology. 

Superscalar floating point. 

Branch prediction. 

Full 64-bit RISC implementations. 

MCM packaging efficiences. 

Enhanced memory performance due to volume availabiUty of 4Mb SIMMs. 

Larger on-chip caches for superpipelined architectures. 

As shown on Figure 1.4.2, the consumer market will represent the second largest share of MCM revenue 
by 1995, while communications is expected to represent a 9 percent share. MCM-L will be the prevalent 
technology of these two markets. 
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Figure 1.43 
Emei^ng Package Trends 
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As part of the continuing review of emerging package trends as illustrated on Figure 1.4.3, other markets 
and technology drivers that will promote the MCM market will be analyzed extensively in Chapters 2 and 
3 of this study. 



Chapter 2 — Multichip Module Forecast 

Introduction 

The worldwide packaging forecast is an evaluation of the single-chip package production for active in­
tegrated circuit (IC) devices as well as the available bare die shipped from 1990 through 1996, with projec­
tions to 2000. The estimated share of available bare die that potentially could be absorbed into varying 
MCM configurations are projected by region. This data has been provided to illustrate the potential 
development of new interconnect technology as well as potential displacement or erosion of other com­
peting package technologies. 

Package Forecast 

The worldwide forecast shown in Table 2.2.1 represents the total number of single-chip packaged active 
ICs produced in the four major regions tracked by Dataquest. The forecast is based on the most recent 
Dataquest IC forecast. The number for bare die represents unpackaged ICs. 

Of the total ICs projected to be shipped in 1992, an estimated 40 percent will still be housed in through-
hole (TH) packages, as shown on Figure 2.2.1. TH share will continue its decline dropping to approximate­
ly 16 percent of the total share by 1995. 

Regionally, as shown in Tables 2.2.2 through 2.2.5, Japan is expected to remain the dominant suppUer of 
both SMT packages as well as bare die to the worldwide markets. 

Semiconducctor Component Forecasts 

Dining the last two years a major divergence in packaging and interconnect technologies has taken place 
within the Small Outline (SO) and QUAD. Driven by steady increases in microprocessor operating fre­
quencies and bus widths, and reduction in line width geometries, along with the evolution of 3.3 volt sys­
tems, whole newfamiUes of Thin Small Outline (TSOP), Thm Shrmk Small Outline (TSSOP), Thin Quad 
(TQFP) and Shrink QUAD (SQFP) packages have emerged. For the CMOS and advanced BICMOS 
logic circuits, as shown in Tables 2.3.1 through 2.3.5 the 25 mil fine pitch package offers the smallest 
footprint available. 

ASIC 

CMOS continues to be the mainstream technology accounting for over 72 percent of the total market 
revenue in 1992. The BICMOS gate array forecast has been downgraded from original estimates. Future 
robust growth is questionable as suppliers of CMOS continue to extend the limits of CMOS and intercon­
nect technology. Challenges for ASIC technology during the next five years will come from 100 MHz clock 
rates and 600 pin coimts. Table 2.4.1 shows the estimated worldwide gate array forecast by region and 
technology. Tables 2.4.2 through 2.4.5 show the collective gate array package production by region. 
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Table 22.1 
Estimated Worldwide Package Production 

Plastic DIP 
Ceramic DIP 
QUAD 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Chip 

Total 

iwn 

20575 
3169 
4068 

260 
431 

10602 
265 
147 

2878 

42395 

1221 

17549 
2801 
5169 

271 
579 

12053 
395 
248 

4153 

43218 

1222 

14264 
2616 
7024 

292 
724 

13576 
602 
512 

4905 

44515 

1222 

11056 
2304 

10140 
312 
834 

14809 
762 
744 

6604 

47565 

1994 

8120 
2142 

14399 
350 
767 

16860 
795 
865 

9409 

53707 

1995 

5818 
1922 

16781 
325 
663 

19058 
742 
850 

12011 

58170 

1226 

4350 
1770 

18550 
292 
613 

20811 
660 
801 

16053 

63900 

?nno 

1880 
1238 

24400 
140 
270 

32700 
458 
512 

39691 

79329 

Source: Dataquest, May, 1992 
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Figure 22.1 
Worldwide Package Share 

Source: Dataquest (May 1992) 02000693 
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Table 222 
North America-Estimated Paclmge Production 

(Millions of Units) 

Plastic DIP 
Ceramic DIP 
QUAD 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Die 

Total 

Percent of Total 

Plastic DIP 
Ceramic DIP 
QUAD 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Die 

1988 

9500 
1487 
181 
112 
166 

1100 
78 
22 

700 

13346 

1988 

71.2% 
11.1% 

1.4% 
.8% 

1.2% 
8.2% 

.6% 

.2% 

5.2% 

Total 100.0% 

1989 

9109 
1453 
450 
170 
222 

1219 
% 
50 

750 

13519 

1989 

67.4% 
10.7% 
3.3% 
1.3% 
1.6% 
9.0% 

.7% 

.4% 

55% 

100.0% 

1990 

8400 
1450 
844 
188 
240 

1600 
124 
65 

900 

13811 

1990 

60.8% 
10.5% 
6.1% 
1.4% 
1.7% 

11.6% 
.9% 
5% 

63% 

100.0% 

1991 

7500 
1322 
1355 
200 
400 

1595 
185 
115 

1029 

13701 

1991 

54.7% 
9.6% 
9.9% 
1.5% 
2.9% 

11.6% 
1.4% 
.8% 

7.5% 

100.0% 

1992 

6300 
1220 
2149 

221 
530 

1800 
285 
245 

1120 

13870 

1222 

45.4% 
8.8% 

15J% 
1.6% 
3.8% 

13.0% 
2.1% 
1.8% 

8.1% 

100.0% 

1993 

5100 
1040 
3340 
245 
645 

2100 
365 
340 

1461 

14636 

1993 

34.8% 
7.1% 

22.8% 
1.7% 
4.4% 

14.3% 
2.5% 
2.3% 

10.0% 

100.0% 

1994 

3700 
983 

4700 
288 
603 

2920 
335 
396 

2504 

16429 

1994 

22.5% 
6.0% 

28.6% 
1.8% 
3.7% 

17.8% 
2.0% 
2.4% 

15.2% 

100.0% 

1995 

2509 
872 

5300 
270 
511 

3738 
290 
380 

3800 

17670 

1995 

14.2% 
4.9% 

30.0% 
1S% 
2.9% 

21.2% 
1.6% 
2.2% 

213% 

100.0% 

1996 

1840 
818 

5600 
244 
470 

3727 
244 
360 

5867 

19170 

1996 

9.6% 
4.3% 

29.2% 
1.3% 
2.5% 

19.4% 
1.3% 
1.9% 

30.6% 

100.0% 

2000 

780 
638 

6700 
120 
220 

6800 
159 
210 

13600 

29227 

2000 

2.7% 
2.2% 

22.9% 
.4% 
.8% 

23.3% 
J% 
.7% 

463% 

100.0% 

Source: Dataquest, May, 1992 
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Table 223 
Japan-Estimated Package Production 

(Millions of Units) 

Plastic DIP 
Ceramic DIP 
Quad 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Die 

Total (Single Chip) 

Percent of Total 

Plastic DIP 
Ceramic DIP 
Quad 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Die 

Toul 

12SS 

7450 
1745 
1800 

42 
132 

3414 
44 

7 

894 

15528 

12SS 

48.0% 
11.2% 
11.6% 

.3% 

.9% 
22.0% 

.3% 

.0% 

5.8% 

100.0% 

1989 

6723 
1333 
2100 

38 
144 

3723 
59 
22 

1059 

15201 

1989 

44.2% 
8.8% 

13.8% 
.2% 
.9% 

24.5% 
.4% 
.1% 

7.0% 

100.0% 

1990 

6000 
980 

2402 
30 

122 
4334 

85 
60 

1550 

15563 

1990 

38.6% 
6.3% 

15.4% 
.2% 
.8% 

27.8% 
S% 
.4% 

10.0% 

100.0% 

1991 

4805 
840 

2700 
28 

100 
5013 

120 
90 

2620 

16316 

1991 

29.4% 
5.1% 

163% 
.2% 
.6% 

30.7% 
.7% 
.6% 

16.1% 

100.0% 

1992 

3650 
800 

3100 
26 
89 

5935 
195 
180 

3174 

17149 

1992 

21.3% 
4.7% 

18.1% 
.2% 
.5% 

34.6% 
1.1% 
1.0% 

18.5% 

100.0% 

1993 

2300 
705 

3800 
21 
70 

6290 
255 
300 

4226 

17967 

1993 

12.8% 
3.9% 

21.1% 
.1% 
.4% 

35.0% 
1.4% 
1.7% 

23J% 

100.0% 

1994 

1250 
645 

4900 
19 
54 

7140 
298 
365 

5492 

20163 

1994 

6.2% 
3.2% 

24.3% 
.1% 
.3% 

35.4% 
1.5% 
1.8% 

27.2% 

100.0% 

1995 

950 
588 

5500 
14 
32 

7920 
300 
370 

6051 

21725 

1995 

4.4% 
2.7% 

25.3% 
.1% 
.1% 

36.5% 
1.4% 
1.7% 

27.9% 

100.0% 

1996 

800 
500 

5840 
10 
27 

9060 
280 
342 

6912 

23771 

1996 

3.4% 
2.1% 

24.6% 
.0% 
.1% 

38.1% 
1.2% 
1.4% 

29.1% 

100.0% 

2000 

200 
265 

5600 
0 
0 

15900 
198 
220 

14726 

37109 

2000 

.5% 

.7% 
15.1% 

.0% 

.0% 
42.8% 

.5% 

.6% 

39.7% 

100.0% 

Source: Dataquest, May, 1992 
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Table 2^.4 
Europe-Estimated Package Production 

(Millions of Units) 

Plastic DIP 
Ceramic DIP 
QUAD 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Die 

Total 

Percent of Total 

Plastic DIP 
Ceramic DIP 
QUAD 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Die 

19R8 

3900 
777 
198 
36 
40 

1300 
14 
6 

172 

6443 

1988 

60J% 
12.1% 
3.1% 

.6% 

.6% 
20.2% 

.2% 

.1% 

2.7% 

Total 100.0% 

1989 

3780 
638 
278 
37 
42 

1600 
22 
11 

228 

6636 

1989 

57.0% 
9.6% 
4.2% 

.6% 

.6% 
24.1% 

.3% 

.2% 

3.4% 

100.0% 

1990 

3600 
588 
710 
41 
46 

2090 
52 
20 

306 

7453 

1990 

48.3% 
7.9% 
9.5% 

.6% 

.6% 
28.0% 

.7% 
.3% 

4.1% 

100.0% 

1991 

3100 
510 
880 
42 
48 

2180 
85 
40 

367 

7252 

1991 

42.7% 
7.0% 

12.1% 
.6% 
.7% 

30.1% 
1.2% 
.6% 

5.1% 

100.0% 

1992 

2600 
494 

1020 
44 
51 

2230 
115 

82 

451 

7087 

1992 

36.7% 
7.0% 

14.4% 
.6% 
.7% 

31.5% 
1.6% 
1.2% 

6.4% 

100.0% 

1993 

2245 
481 

1500 
45 
62 

2550 
132 
95 

703 

7813 

1993 

28.7% 
6.2% 

19.2% 
.6% 
.8% 

32.6% 
1.7% 
1.2% 

9.0% 

100.0% 

1994 

2070 
466 

2100 
42 
60 

2700 
150 
92 

1079 

8759 

1994 

23.6% 
5.3% 

24.0% 
5% 
.7% 

30.8% 
1.7% 
1.1% 

12.3% 

100.0% 

1995 

1570 
430 

2600 
40 
57 

2800 
140 
88 

1634 

9359 

1995 

16.8% 
4.6% 

27.8% 
.4% 
.6% 

29.9% 
\5% 

.9% 

17.5% 

100.0% 

1996 

1210 
424 

3100 
37 
54 

2774 
122 
85 

2405 

10211 

1996 

11.8% 
4.2% 

30.4% 
.4% 
.5% 

27.2% 
1.2% 

.8% 

23.6% 

100.0% 

2000 

800 
318 

5600 
19 
31 

3500 
90 
70 

5275 

15703 

?.nno 

5.1% 
2.0% 

35.7% 
.1% 
.2% 

22.3% 
.6% 
.4% 

33.6% 

100.0% 

Source: Dataquest, May, 1992 
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Table 22JS 
Asia Paciflc - Estimated Pacl̂ age Production 

(Millions of Units) 

Plastic DIP 
Ceramic DIP 
QUAD 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Chip 

Total 

Plastic DIP 
Ceramic DIP 
QUAD 
Ceramic Chip Carrier 
Plastic Chip Carrier 
SO 
Ceramic PGA 
Plastic PGA 

Bare Chip 

Total 

1988 

2790 
148 

4 
1 

14 
1285 

3 
1 

60 

4306 

64.8% 
3.4% 

.1% 

.0% 

.3% 
29.8% 

.1% 

.0% 

1.4% 

100.0% 

1989 

2654 
155 
18 
1 

17 
1559 

4 
2 

72 

4482 

59.2% 
3.5% 

.4% 

.0% 

.4% 
34.8% 

.1% 

.0% 

1.6% 

100.0% 

1990 

2575 
151 
112 

1 
23 

2578 
4 
2 

122 

5568 

46.2% 
2.7% 
2.0% 

.0% 

.4% 
46.3% 

.1% 

.0% 

2.2% 

100.0% 

1991 

2144 
129 
234 

1 
31 

3265 
5 
3 

137 

5949 

36.0% 
2.2% 
3.9% 

.0% 

.5% 
54.9% 

.1% 

.1% 

2.3% 

100.0% 

1222 

1714 
102 
755 

1 
54 

3611 
7 
5 

160 

6409 

26.7% 
1.6% 

11.8% 
.0% 
.8% 

56.3% 
.1% 
.1% 

25% 

100.0% 

1993 

1411 
78 

1500 
1 

57 
3869 

10 
9 

214 

7149 

19.7% 
1.1% 

21.0% 
.0% 
.8% 

54.1% 
.1% 
.1% 

3.0% 

100.0% 

1994 

1100 
48 

2699 
1 

50 
4100 

12 
12 

334 

8356 

13.2% 
.6% 

32.3% 
.0% 
.6% 

49.1% 
.1% 
.1% 

4.0% 

100.0% 

1995 

789 
32 

3381 
1 

63 
4600 

12 
12 

526 

9416 

8.4% 
.3% 

35.9% 
.0% 
.7% 

48.9% 
.1% 
.1% 

5.6% 

100.0% 

1996 

500 
28 

4010 
1 

62 
5250 

14 
14 

869 

10748 

4.7% 
.3% 

37.3% 
.0% 
.6% 

48.8% 
.1% 
.1% 

8.1% 

100.0% 

2000 

100 
17 

6500 
1 

19 
6500 

11 
12 

6090 

19250 

.5% 

.1% 
33.8% 

.0% 

.1% 
33.8% 

.1% 

.1% 

31.6% 

100.0% 

Source: Dataquest, May, 1992 
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Table 23.1 
Estimated Worldwide Standard Logic Package Production 

(Millions of Dollars) 

Worldwide Total 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

CMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Bipolar 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

1988 

3061.2 

578.3 
404.2 
147.8 
26.3 

46.4 
41.9 
4S 

23.0 
6.8 

16.2 

2413.4 

0.0 

844.5 

4.3 
3J 
0.6 
0.2 

3.3 
3.1 
0.2 

1.9 
1.0 
0.9 

835.0 

2203.6 

573.9 
400.7 
147.2 
26.0 

43.1 
38.8 
4.3 

12.1 
5.8 

> 6.3 

1574J 

1989 

3055.2 

547.7 
379.9 
142.5 
25.3 

45.0 
40.7 
4.3 

25.2 
6.7 

18.5 

2437.3 

0.0 

892.7 

4.6 
3.6 
0.7 
0.3 

3.5 
3.3 
0.2 

2.0 
1.1 
1.0 

882.6 

2131.3 

543.0 
376.1 
141.9 
25.0 

41.4 
37.2 
4.1 

11.7 
5.6 
6.1 

1535.3 

1990 

32423 

349.3 
215.3 
112.0 
22.0 

39.9 
36.1 
3.8 

29.3 
5.0 

24.3 

2404.2 

419.7 

694.2 

3.2 
2.4 
0.6 
0.2 

33 
3.2 
0.2 

1.8 
0.9 
0.9 

685.9 

1374.1 

345.7 
212.6 
111.4 
21.7 

36.4 
32.8 
3.6 

9.3 
4.1 
5.1 

982.6 

1991 

3530.4 

337.3 
205.6 
110.5 
21.2 

38.7 
35.0 
3.7 

48.3 
5.1 

43.2 

2561.9 

544.2 

715.0 

3.1 
2.2 
0.7 
0.3 

3.5 
3.3 
0.2 

1.9 
0.9 
1.0 

706J 

1316.1 

333.7 
203.0 
109.8 
20.9 

35.0 
31 i 
3J 

9.1 
4.1 
5.0 

938.3 

1992 

3739.9 

303.0 
186.1 
98.6 
18.3 

38.4 
34.8 
3.6 

62.8 
5.2 

57.6 

2736.1 

599.6 

709.1 

3.0 
2.1 
0.7 
0.3 

3.6 
3.4 
0.2 

2.0 
1.0 
1.0 

700.5 

1307.7 

299.3 
183.3 
97.9 
18.0 

34J 
31.1 
3.5 

9.3 
4.2 
5.1 

964.6 

1993 

3923.85 

247.7 
155.2 
78.9 
13.6 

36.6 
33.2 
3.4 

81.6 
5.2 

76.4 

2922.2 

635.8 

720.6 

3.0 
2.1 
0.7 
0.3 

3.7 
3 i 
0.2 

2.0 
1.0 
1.0 

711.8 

1277.2 

244.1 
152.6 
78.2 
13.3 

32.6 
29.3 

3.3 

9.3 
4.2 
5.1 

991.2 

1994 

4045.8 

237.3 
147.5 
763 
13.3 

36.4 
33.0 
3.4 

1013 
5.1 

96.4 

3036.7 

633.9 

737.4 

3.1 
2.1 
0.7 
0.3 

3.8 
3.6 
0.2 

2.1 
1.0 
1.0 

728.4 

1246.4 

233.9 
145.1 
75.8 
13.0 

32.2 
29.0 

3.2 

9.2 
4.1 
5.1 

971.1 

1995 

411735 

233.4 
142.8 
76.8 
13.8 

36.4 
33.0 
3.4 

1293 
5.1 

124.3 

3103.0 

615.3 

743.6 

3.1 
2.1 
0.7 
0.3 

3.9 
3.7 
0.2 

2.1 
1.0 
1.1 

7343 

12373 

230.0 
1403 
76.1 
133 

32.0 
28.8 

3.2 

9.4 
4.1 
5.3 

966.0 

1996 

4202 

229.3 
139.6 
76.1 
13.6 

35.7 
32.4 
3.3 

166.4 
5.2 

161.2 

31733 

597.1 

742.2 

3.1 
2.1 
0.7 
0.3 

3.9 
3.7 
0.2 

2.1 
1.0 
1.1 

733.1 

1238.9 

226.2 
1373 
75.4 
13.3 

31.0 
27.9 
3.1 

9.6 
4.1 
5.4 

972.1 

2000 

4148.9 

201.2 
117.3 
70.8 
13.2 

33.2 
30.3 
2.9 

422.4 
4.9 

4173 

3044.2 

447.9 

663.6 

2.8 
1.8 
0.7 
0.3 

3.6 
33 
0.2 

1.9 
0.9 
1.0 

655.3 

1122.9 

198.4 
115.4 
70.1 
12.9 

27.6 
24.9 

2.8 

9.4 
4.0 
5.4 

8873 

Source: Dataquest, May, 1992 
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Table 23.1 (cont.) 
Estimated Worldwide Standard Logic Package Production 

(Millions of Dollars) 

BICMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

GaAs 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Other MOS 

SO 

QUAD/SQFP 

1988 

4.0 

0.1 
0.1 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

3.9 

0.0 

9.1 

0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

9.0 
0.0 
9.0 

0.0 

0.0 

0.0 

0.0 

1989 

19.6 

0.2 
0.2 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

19.4 

0.0 

11.6 

0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

US 
0.0 

11.5 

0.0 

0.0 

0.0 

0.0 

1990 

36.8 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

36.1 

0.3 

18.4 

0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

18.3 
0.0 

18.3 

0.0 

1119.0 

699.6 

419.4 

1221 

60.8 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

59.8 

0.6 

37.5 

0.0 
0.0 
0.0 
0.0 

0.2 
0.2 
0.0 

37.3 
0.0 

37.3 

0.0 

1401.0 

857.4 

543.6 

1992 

111.3 

0.7 
0.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

109.6 

1.1 

51.8 

0.0 
0.0 
0.0 
0.0 

0.3 
0.3 
0.0 

5 1 i 
0.0 

51.5 

0.0 

1560.0 

961.4 

598.6 

1993 

196J 

0.6 
0.6 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

193.4 

2.5 

70.6 

0.0 
0.0 
0.0 
0.0 

0.3 
0.3 
0.0 

70.3 
0.0 

70.3 

0.0 

1659.0 

1025.7 

633.3 

1994 

298.4 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

293.8 

4.3 

90.6 

0.0 
0.0 
0.0 
0.0 

0.4 
0.4 
0.0 

90.2 
0.0 

90.2 

0.0 

1673.0 

1043.4 

629.6 

1995 

399.0 

0.2 
0.2 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

392.9 

5.8 

1183 

0.0 
0.0 
0.0 
0.0 

05 
05 
0.0 

118.0 
0.0 

118.0 

0.0 

1619.0 

1009.6 

609.4 

1996 

514.4 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

506.8 

7.6 

155J 

0.0 
0.0 
0.0 
0.0 

0.7 
0.7 
0.0 

154.8 
0.0 

154.8 

0.0 

1551.0 

961.6 

589J 

2000 

823.4 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

811.7 

11.7 

413.0 

0.0 
0.0 
0.0 
0.0 

2.0 
2.0 
0.0 

411.0 
0.0 

411.0 

0.0 

1126.0 

689.8 

436.2 

Source: Dataquest, May, 1992 
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Table 23 J 
North America-Estimated Standard Logic Package Production 

(Millions of Dollars) 

North America Total 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

CMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Bipolar 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

12SS 

1034J 

251.7 
125.8 
100.6 
25.2 

46.4 
41.9 
4.5 

16.2 
3.8 

12.4 

720.2 

0.0 

163.0 

1.6 
0.8 
0.6 
0.2 

3.3 
3.1 
0.2 

1.6 
0.7 
0.9 

156J 

862.0 

250.0 
125.0 
100.0 
25.0 

43.1 
38.8 
4.3 

8.6 
3.0 
5.6 

560.3 

12S2 

1029.7 

241.8 
121.0 
96.6 
24.2 

45.0 
40.7 
4.3 

18.3 
3.7 

14.6 

724.6 

0.0 

176.3 

1.8 
0.8 
0.7 
0.3 

3.5 
3.3 
0.2 

1.8 
0.8 
1.0 

169.2 

827.1 

239.9 
119.9 
95.9 
24.0 

41.4 
37.2 
4.1 

8.3 
2.9 
5.4 

537.6 

1990 

1264.9 

213.3 
106.8 
85.1 
21.4 

39.9 
36.1 
3.8 

21.1 
3.3 

17.8 

820.8 

169.8 

166.2 

1.7 
0.8 
0.6 
0.2 

3.3 
3.2 
0.2 

1.7 
0.7 
0.9 

159.6 

728.7 

211.3 
105.7 
845 
21.1 

36.4 
32.8 
3.6 

7.3 
2.6 
4.7 

473.7 

1991 

1294.2 

205.2 
102.8 
81.8 
20.6 

38.7 
35.0 
3.7 

28.1 
3.2 

24.8 

833.7 

188.6 

176.0 

1.8 
0.8 
0.7 
0.3 

3J 
3.3 
0.2 

1.8 
0.8 
1.0 

169.0 

699.9 

203.0 
101.5 
81.2 
20.3 

35.0 
3 1 i 
3.5 

7.0 
2.4 
43 

454.9 

1992 

1373.9 

176.6 
88.6 
70.3 
17.7 

38.4 
34.8 
3.6 

34.2 
3.3 

30.9 

917.7 

206.9 

180.3 

1.8 
0.9 
0.7 
0.3 

3.6 
3.4 
0.2 

1.8 
0.8 
1.0 

173.1 

719.6 

174.1 
87.1 
69.7 
17.4 

34.5 
31.1 
33 

7.2 
25 
4.7 

503.7 

1993 

1470.0 

129.1 
64.8 
51.3 
12.9 

36.6 
33.2 
3.4 

41.6 
3.4 

38.2 

1034.4 

228.3 

185.9 

1.9 
0.9 
0.7 
0.3 

3.7 
35 
0.2 

1.9 
0.8 
1.0 

178.5 

723.7 

126.6 
63.3 
50.7 
12.7 

32.6 
29.0 
3.3 

7.2 
25 
4.7 

557.2 

1994 

1510.6 

126.6 
63.4 
50.4 
12.7 

36.4 
33.0 
3.4 

48.4 
3.4 

45.0 

1085.6 

213.7 

190.8 

1.9 
0.9 
0.7 
0.3 

3.8 
3.6 
0.2 

1.9 
0.9 
1.0 

183.2 

731.2 

124.3 
62.2 
49.7 
12.4 

32.2 
28.8 
3.2 

7.3 
2.6 
4.8 

567.4 

1995 

1552.3 

131.7 
65.9 
525 
13.2 

36.4 
33.0 
3.4 

61.8 
3.5 

58.3 

1130.3 

192.1 

194.5 

1.9 
0.9 
0.7 
0.3 

3.9 
3.7 
0.2 

1.9 
0.9 
1.1 

186.7 

762.0 

129.5 
64.8 
51.8 
13.0 

32.0 
28.8 
3.2 

7.6 
2.7 
5.0 

592.8 

1996 

1595.6 

130.0 
64.9 
51.9 
13.1 

35.7 
32.4 
3.3 

81.0 
3.6 

77.4 

1170.9 

178.1 

195.4 

2.0 
0.9 
0.7 
0.3 

3.9 
3.7 
0.2 

2.0 
0.9 
1.1 

187.6 

775.8 

128.0 
64.0 
51.2 
12.8 

31.0 
27.9 
3.1 

7.8 
2.7 
5.0 

609.0 

2000 

1688.1 

126.5 
63.2 
50.6 
12.7 

33.2 
30.3 
2.9 

202.8 
3.6 

199.2 

1225.4 

100.2 

181.9 

1.8 
0.9 
0.7 
0.3 

3.6 
3..5 
0.2 

1.8 
0.8 
1.0 

174.6 

789.2 

124.7 
62.3 
49.9 
125 

27.6 
24.9 
2.8 

7.9 
2.8 
5.1 

629.0 
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Table 232. (cont.) 
North America-Estimated Standard Logic Package Production 

(Millions of Dollars) 

BICMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

GaAs 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Other MOS 

SO 

QUAD/SQFP 

19SR 

3^ 

0.1 
0.1 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

3.4 

0.0 

6.0 

0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

5.9 
0.0 
5.9 

0.0 

0.0 

0.0 

0.0 

1989 

18.0 

0.2 
0.2 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

17.8 

0.0 

8.3 

0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

8.2 
0.0 
8.2 

0.0 

0.0 

0.0 

0.0 

1990 

31.7 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

31.1 

0.3 

12.3 

0.0 
0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

12.2 
0.0 

12.2 

0.0 

326.0 

156.5 

169.5 

1991 

43.8 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

42.9 

0.4 

19.5 

0.0 
0.0 
0.0 
0.0 

0.2 
0.2 
0.0 

19.3 
0.0 

19.3 

0.0 

355.0 

166.9 

188.2 

1992 

66.5 

0.7 
0.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

65.2 

0.7 

25.5 

0.0 
0.0 
0.0 
0.0 

0.3 
0.3 
0.0 

25.2 
0.0 

25.2 

0.0 

382.0 

175.7 

206.3 

1993 

115.6 

0.6 
0.6 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

113.3 

1.7 

32.8 

0.0 
0.0 
0.0 
0.0 

0.3 
0.3 
0.0 

32.5 
0.0 

323 

0.0 

412.0 

185.4 

226.6 

1994 

173.0 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

1693 

3.1 

39.6 

0.0 
0.0 
0.0 
0.0 

0.4 
0.4 
0.0 

39.2 
0.0 

39.2 

0.0 

376.0 

165.4 

210.6 

1995 

219.0 

0.2 
0.2 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

214.6 

4.2 

52.8 

0.0 
0.0 
0.0 
0.0 

0 3 
03 
0.0 

52.3 
0.0 

52.3 

0.0 

324.0 

136.1 

187.9 

1996 

264.4 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

259.1 

5.3 

72.0 

0.0 
0.0 
0.0 
0.0 

0.7 
0.7 
0.0 

71.3 
0.0 

71.3 

0.0 

288.0 

115.2 

172.8 

2000 

390.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

382.2 

7.8 

195.0 

0.0 
0.0 
0.0 
0.0 

2.0 
2.0 
0.0 

193.1 
0.0 

193.1 

0.0 

132.0 

39.6 

92.4 

Source: Dataquest, May, 1992 
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Table 233 
Japan-Estimated Standard Logic Package Production 

(Millions of Dollars) 

Japan Total 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

CMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Bipolar 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

19S8 

1084.0 

114.0 
114.0 

0.0 
0.0 

0.0 
0.0 
0.0 

3.0 
0.0 
3.0 

966.9 

0.0 

322.6 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

322.3 

757.9 

113.7 
113.7 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

644.2 

19S9 

1083.6 

111.1 
111.1 

0.0 
0.0 

0.0 
0.0 
0.0 

3.2 
0.0 
3.2 

969.3 

0.0 

341.0 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

340.7 

738.1 

110.7 
110.7 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

627.3 

1990 

1341.9 

62.6 
62.6 

0.0 
0.0 

0.0 
0.0 
0.0 

6.0 
0.0 
6.0 

1045.6 

227.6 

347.0 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

346.7 

4153 

62.3 
62.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

353.0 

1221 

1520.8 

57.1 
57.1 

0.0 
0.0 

0.0 
0.0 
0.0 

14.7 
0.0 

14.7 

1117.2 

331.8 

376.0 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

375.6 

378.1 

56.7 
56.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

321.4 

1992 

1607.7 

53.9 
53.9 

0.0 
0.0 

0.0 
0.0 
0.0 

21.8 
0.0 

21.8 

1163.5 

368.5 

371.8 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

371.4 

356.6 

53.5 
53J 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

303.1 

1223 

1657.4 

50.5 
50.5 

0.0 
0.0 

0.0 
0.0 
0.0 

28.5 
0.0 

28.5 

1196.1 

382.3 

379.7 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

379.3 

334.3 

50.1 
50.1 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

284.2 

1994 

1708.2 

46.7 
46.7 

0.0 
0.0 

0.0 
0.0 
0.0 

35.9 
0.0 

35.9 

1231.2 

394.3 

387J 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

387.1 

308.8 

46.3 
46.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

262i 

1995 

1745.9 

43.4 
43.4 

0.0 
0.0 

0.0 
0.0 
0.0 

48.0 
0.0 

48.0 

1257.1 

397.4 

393.1 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

392.7 

286.8 

43.0 
43.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

243.8 

1996 

1769.7 

41.9 
41.9 

0.0 
0.0 

0.0 
0.0 
0.0 

63.3 
0.0 

63.3 

1270.9 

393.5 

395.0 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

394.6 

276.4 

41J 
41.5 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

234.9 

2000 

1697.5 

27.2 
27.2 
0.0 
0.0 

0.0 
0.0 
0.0 

187.3 
0.0 

187.3 

1155.6 

327.4 

363.7 

0.4 
0.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

363.3 

179.1 

26.9 
26.9 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

152.2 
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Table 23.4 
Europe-Estimated Standard Logic Package Production 

(Millions of Dollars) 

Europe Total 

DIP 
Plastic 
Ceramic 
Side Btazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

CMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Bipolar 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

isaa 

592.7 

106.0 
57.8 
47.2 

1.0 

0.0 
0.0 
0.0 

3.8 
3.0 
0.8 

482.8 

0.0 

243.2 

1.2 
1.2 
0.0 
0.0 

0.0 
0.0 
0.0 

0.2 
0.2 
0.0 

241.7 

349.4 

104.8 
56.6 
47.2 

1.0 

0.0 
0.0 
0.0 

35 
2.8 
0.7 

241.1 

1989 

597.6 

103.4 
56.4 
46.0 

1.0 

0.0 
0.0 
0.0 

3.8 
3.0 
0.8 

490.5 

0.0 

257.1 

1.3 
1.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.3 
0.3 
0.0 

255.6 

340.3 

102.1 
55.1 
45.9 

1.0 

0.0 
0.0 
0.0 

3.4 
2.7 
0.7 

234.8 

1990 

539.4 

60.3 
32.8 
26.9 
0.6 

0.0 
0.0 
0.0 

2.2 
1.7 
0.5 

454.6 

22.3 

117.0 

0.6 
0.6 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

1163 

199.1 

59.7 
32.3 
26.9 
0.6 

0.0 
0.0 
0.0 

2.0 
1.6 
0.4 

137.4 

1991 

590.2 

64.3 
35.0 
28.6 
0.6 

0.0 
0.0 
0.0 

5.5 
1.8 
3.6 

496.7 

23.8 

136.0 

0.7 
0.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

135.2 

212.0 

63.6 
34.3 
28.6 

0.6 

0.0 
0.0 
0.0 

2.1 
1.7 
0.4 

146.3 

1992 

606.7 

63.5 
34.6 
28.3 

0.6 

0,0 
0.0 
0.0 

6.6 
1.8 
4.8 

512.3 

24.2 

148.0 

0.7 
0.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

147.1 

209.3 

62.8 
33.9 
28.3 

0.6 

0.0 
0.0 
0.0 

2.1 
1.7 
0.4 

144.4 

1993 

621.5 

61.9 
33.8 
27J 
0.6 

0.0 
0.0 
0.0 

9.3 
1.8 
7.5 

525.1 

25.1 

151.0 

0.8 
0.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.2 
0.2 
0.0 

150.1 

203.9 

61.2 
33.0 
27.5 
0.6 

0.0 
0.0 
0.0 

2.0 
1.6 
0.4 

140.7 

mA 
632.9 

58.7 
32.1 
26.1 
0.6 

0.0 
0.0 
0.0 

13.9 
1.7 

12.2 

534.5 

25.8 

157.0 

0.8 
0.8 
0.0 
0.0 

0.0 
0.0 
0.0 

0.2 
0.2 
0.0 

156.1 

193.1 

57.9 
31.3 
26.1 
0.6 

0.0 
0.0 
0.0 

1.9 
1.5 
0.4 

133.2 

1995 

626.9 

54.7 
29.9 
24.3 
OS 

0.0 
0.0 
0.0 

15.0 
1.6 

13.4 

5313 

25.6 

155.0 

0.8 
0.8 
0.0 
0.0 

0.0 
0.0 
0.0 

0.2 
0.2 
0.0 

154.1 

179.8 

53.9 
29.1 
24.3 
05 

0.0 
0.0 
0.0 

1.8 
1.4 
0.4 

124.1 

1996 

624.0 

545 
29.8 
24.2 
0.5 

0.0 
0.0 
0.0 

17.1 
1.6 

15.5 

5275 

24.9 

151.5 

0.8 
0.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.2 
0.2 
0.0 

150.6 

179.3 

53.8 
29.0 
24.2 

0.5 

0.0 
0.0 
0.0 

1.8 
1.4 
0.4 

123.7 

2000 

569.6 

455 
24.8 
20.2 
0.4 

0.0 
0.0 
0.0 

24.6 
1.3 

23.3 

480.2 

19.4 

118.0 

0.6 
0.6 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.1 
0.0 

117.3 

149.6 

44.9 
242 
20.2 
0.4 

0.0 
0.0 
0.0 

15 
12 
0.3 

103.2 
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Table 23.4 (cont.) 
Europe-Estimated Standard Logic Pacliage Production 

(Millions of Dollars) 

BICMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

GaAs 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Other MOS 

SO 

QUAD/SQFP 

1988 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 

0.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.0 
0.1 

0.0 

0.0 

0.0 

0.0 

1989 

0.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 

0.0 

0.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.0 
0.1 

0.0 

0.0 

0.0 

0.0 

1990 

0.2 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.2 

0.0 

0.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.0 
0.1 

0.0 

223.0 

200.7 

22.3 

1991 

1.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

1.0 

0.0 

3.2 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

3.2 
0.0 
3.2 

0.0 

238.0 

214.2 

23.8 

1992 

3.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

3.0 

0.0 

4.4 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

4.4 
0.0 
4.4 

0.0 

242.0 

217.8 

24.2 

1993 

8.5 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

8.5 

0.0 

7.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

7.1 
0.0 
7.1 

0.0 

251.0 

225.9 

25.1 

1994 

14.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

13.9 

0.1 

11.8 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

11.8 
0.0 

11.8 

0.0 

257.0 

231.3 

25.7 

1995 

24.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

23.9 

0.1 

13.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

13.1 
0.0 

13.1 

0.0 

255.0 

2293 

2SS 

1996 

31.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

30.8 

0.2 

15.2 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

15.2 
0.0 

15.2 

0.0 

247.0 

222.3 

24.7 

2000 

90.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

89.6 

05 

23.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

23.0 
0.0 

23.0 

0.0 

189.0 

170.1 

18.9 

Source: Dataquest, May, 1992 
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Table 23^ 
Asia/Pacific-Estimated Standard Logic Package Production 

(Millions of Dollars) 

Asia/Pacific Toul 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

CMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Bipolar 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

IM 
350.0 

106.6 
106.6 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

243.4 

0.0 

115.7 

1.2 
1.2 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

114.5 

234.3 

105.4 
105.4 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

128.9 

1989 

344.3 

913 
9 U 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

252.8 

0.0 

118.3 

1.2 
1.2 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

117.1 

225.8 

903 
90.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

135.5 

1990 

%.3 

13.0 
13.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

83.3 

0.0 

64.0 

0.6 
0.6 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

63.4 

31.0 

12.4 
12.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

18.6 

1991 

125.2 

10.7 
10.7 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.0 
0.1 

114.4 

0.0 

27.0 

0.3 
0.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

26.7 

26.1 

10.4 
10.4 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

15.7 

1992 

151.6 

9.0 
9.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.0 
0.1 

1423 

0.0 

9.0 

0.1 
0.1 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

8.9 

22.2 

8.9 
8.9 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

13.3 

1993 

175.0 

6.1 
6.1 
0.0 
0.0 

0.0 
0.0 
0.0 

2.2 
0.0 
2.2 

166.6 

0.1 

4.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

4.0 

15.3 

6.1 
6.1 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

9.2 

1994 

194.1 

5.3 
5.3 
0.0 
0.0 

0.0 
0.0 
0.0 

3.3 
0.0 
3.3 

185.4 

0.1 

2.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

2.1 

13.3 

5.3 
5.3 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

8.0 

1995 

1923 

3.6 
3.6 
0.0 
0.0 

0.0 
0.0 
0.0 

4.6 
0.0 
4.6 

184.1 

0.2 

1.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

1.0 

8.9 

33 
33 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

5.3 

1996 

212.7 

3.0 
3.0 
0.0 
0.0 

0.0 
0.0 
0.0 

5.0 
0.0 
5.0 

204.2 

0.6 

0.3 

0.0 
0.0 

. 0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.3 

7.4 

3.0 
3.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

4.4 

2000 

193.7 

2.0 
2.0 
0.0 
0.0 

0.0 
0.0 
0.0 

7.7 
0.0 
7.7 

183.0 

1.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0,0 
0.0 
0.0 

0.0 

5.0 

2.0 
2.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

3.0 
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Table 23.5 (cont.) 
Asia/Pacific-Estimated Standard Logic Package Production 

(Millions of Dollars) 

BICMOS 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

QUAD/SQFP 

GaAs 

DIP 
Plastic 
Ceramic 
Side Brazed 

Flatpack 
Ceramic 
Side Brazed 

Chip Carrier 
Plastic 
Ceramic 

SO 

Other MOS 

SO 

QUAD/SQFP 

1988 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

1989 

0.2 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.2 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

1990 

0.3 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.3 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

1.0 

1.0 

0.0 

1991 

1.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

1.0 

0.0 

0.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.0 
0.1 

0.0 

71.0 

71.0 

0.0 

1992 

2.3 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

2.3 

0.0 

0.1 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.1 
0.0 
0.1 

0.0 

118.0 

118.0 

0.0 

1993 

5.5 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

5.4 

0.1 

2.2 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

2.2 
0.0 
2.2 

0.0 

148.0 

148.0 

0.0 

1994 

9.4 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

9 3 

0.1 

3.3 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

3.3 
0.0 
3.3 

0.0 

166.0 

166.0 

0.0 

1995 

18.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

17.8 

0.2 

4.6 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

4.6 
0.0 
4.6 

0.00 

160.0 

160.0 

0.0 

1996 

55.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

54.5 

0.6 

5.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

5.0 
0.0 
5.0 

0.0 

145.0 

145.0 

0.0 

2QQQ 

98.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

97.0 

1.0 

7.7 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

7.7 
0.0 
7.7 

0.0 

83.0 

83.0 

0.0 



2-18 Multichip Module Forecast Chapter 2 

Table 2.4.1 
Estimated Worldwide Gate Array Pin Count Production 

Percent of Units 

Technology 
MOS 
Bipolar 
BICMOS 

Package Type 
DIP 
QUAD 
Chip Carrier 
PGA 
TAB 
Flip Chip 
Bare Die 

Pin Count 
<44 
44-83 
84-132 
133-195 
196-244 
244-360 
361-524 
525-600 
600 

DIP 
Plastic 

<44 
44-83 

Ceramic 
<44 
44-83 

1988 

100.0% 
64.9% 
32.3% 

2.8% 

100.0% 
12.2% 
28.0% 
39.2% 
18.7% 

,4% 
1J% 

m 
10,6% 
36.2% 
44.0% 

4.9% 
2.2% 

.6% 

.0% 

.0% 

.0% 

12.2% 
8.1% 
7.0% 
1.1% 

4.1% 
3.5% 

.6% 

1989 

100.0% 
6SJ% 
31.8% 
2.7% 

100.0% 
9.4% 

313% 
34.1% 
22.3% 

1.4% 
U % 
.0% 

6.0% 
33.8% 
41,8% 
10.1% 
4.8% 
1.7% 

.3%' 

.0% 
,0% 

9.4% 
7.0% 
4.0% 
3.0% 

2.4% 
2.0% 

.4% 

1990 

100.0% 
66.2% 
30.4% 

3.5% 

100.0% 
6.2% 

31.8% 
33.0% 
23.5% 

2.4% 
2.6% 

i % 

3.0% 
25.7% 
43.1% 
15.9% 
6.3% 
2,3% 

.6% 

.0% 

.0% 

6.2% 
5.0% 
2.0% 
3.0% 

1.2% 
1.0% 

.2% 

1991 

100.0% 
69.7% 
26.3% 
4.0% 

100.0% 
3.6% 

35.7% 
28.3% 
22.2% 
5 i % 
3.7% 
1.0% 

1.0% 
18,0% 
4QS% 
22.8% 

7.8% 
3.8% 
1.2% 
2% 
.0% 

3.6% 
3.5% 
1.0% 
2.5% 

.1% 

.0% 

.1% 

1992 

100.0% 
72.1% 
22.6% 
5.2% 

100.0%. 
2.0% 

39.3% 
24.8% 
20.2% 

7.2% 
4J% 
2.0% 

,0% 
103% 
35,9% 
2S.7% 
10.8% 
5.4% 
2,0% 

.2% 

.0% 

2.0% 
2.0% 

.0% 
2.0% 

.0% 

.0% 

.0% 

1993 

100.0% 
74.6% 
18.6% 
6.8% 

100,0% 
1,0% 

44,5% 
20,1% 
17,6% 
7,8% 
6,0% 
3.0% 

.0% 
5,0% 

33,6% 
31J% 
12.1% 
5.9% 
2i% 

,3% 
.1% 

1.0% 
1.0% 
.0% 

1.0% 

.0% 

.0% 

.0% 

1994 

100.0% 
75.9% 
14.8% 
9.3% 

100.0% 
.0% 

44.4% 
15.9% 
19:2% 
9.2% 
7.3% 
4.0% 

.0% 
13% 

30.0% 
30.6% 
14,3% 
73% 
4.0% 

.6% 
,2% 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 

1995 

100.0% 
75.6% 
11.7% 
12.8% 

100.0% 
,0% 

40.8% 
133% 
20.6% 
11.1% 
9,0% 
5,0% 

,0% 
.6% 

27.2% 
27.2% 
15.5% 
8.6% 
5.2% 
1.2% 
3 % 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 

.cm 

1996 

100.0% 
73.8% 
9.2% 

16.9% 

100.0% 
.0% 

37.0% 
9,9% 

21.6% 
14.0% 
103% 
7.0% 

.0% 

.0% 
22,4% 
23.7% 
17,0% 
103% 
6.2% 
1.7% 
1.0% 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 

2000 

100.0% 
60.0% 
6.4% 

333% 

100.0% 
.0% 

23.7% 
3 % 

20,0% 
233% 
19,0% 
133% 

.0% 

.0% 
7.3% 

11,7% 
19.3% 
13.1% 
9.7% 
3.7% 
2.9% 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 
.0% 
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Table 2.4.1 (cont.) 
Estimated Worldwide Gate Array Pin Count Production 

Percent of Units 

Q U A D 
Plastic 

<44 
44-83 
84-132 
133-195 
196-244 
244-360 
361-524 

Ceramic 
<44 

44-83 
84-132 
133-195 
196-244 
244-360 
361-524 

Metal Q U A D 
84-132 
133-195 
196-244 

Chip Carrier 
Plastic 

44-83 

84-132 

Ceramic 
44-83 

84-132 

1988 

23.8% 
.1% 

8-5% 
12.8% 

i.m 
1.1% 
.2% 
.0% 

4.2% 
,0% 

15% 
1.3% 
1.0% 

.3% 

.1% 

.0% 

.0% 

.0% 

.0% 

.0% 

36.6% 
13.6% 
23.0% 

2.6% 
2.1% 

5% 

1989 

27.0% 
.0% 

8,0% 
13.0% 
3J% 
1.8% 

.7% 

.0% 

4.3% 
.0% 

1.1% 
1J% 
1.1% 

3 % 
.1% 
.0% 

.0% 

.0% 

.0% 

.0% 

31.5% 
1 1 3 % 
20.0% 

2.6% 
2.0% 

.6% 

1990 

27.7% 
.0% 

4.8% 
13.0% 
7.0% 
2.2% 

.7% 

.0% 

3.9% 
.0% 

1.0% 
1.0% 
1.0% 

.8% 

.1% 

.0% 

.2% 

.1% 

.1% 

.0% 

30.4% 
11.0% 
19.4% 

2.6% 
1.8% 

.8% 

1991 

31.3% 
.0% 

3.0% 
11.0% 
1 3 3 % 

2.8% 
,9% 
.1% 

3.3% 
.0% 
.8% 
3 % 

1.0% 
.9% 
.1% 
.0% 

1.1% 
3 % 
3 % 
.1% 

25.9% 
8.8% 

17.1% 

2.4% 
1.0% 
1.4% 

1992 

34.1% 
.0% 

1.0% 
10.0% 
17.4% 
4.0% 
13% 
.2% 

2.6% 
.0% 
.0%' 
3 % 

1.0% 
1.0% 

.1% 

.0% 

2.6% 
1.0% 
1.1% 

3 % 

22.4% 
6.0%. 

16.4% 

2.4% 
3%> 

1.9% 

1993 

38.4%. 
.0% 
3 % 

93% 
21.9% 
4.4% 
1.8% 

.3%. 

23% 
.0% 
.0% 
3 % 
3 % 

1,2% 
.1% 
.0% 

3.8% 
1.3% 

13% 
1.0% 

18.0% 
3.0% 

15.0% 

2.1% 
.2% 

1.9% 

1994 

36.6% 
.0% 
3%. 

83% 
2 0 3 % 
43% 
2.1% 

3 % 

1.8% 
.0% 
.0% 
.2% 
,3% 

1.3% 
,0% 
.0% 

6.0% 
2.0%> 
2.3% 
1.7% 

14.0% 
1.0% 

13.0% 

1.9% 
.0% 

1.9% 

1995 

323 
.0% 
.1% 

7.3% 
17.4% 
43% 
23% 
.7% 

13% 
.0% 
.0% 
.0% 
.1% 

1.2% 
.0% 
.0% 

7.0%. 
2.3%. 
2.7%> 
2.0% 

123%. 
5% 

12.0% 

1.0% 
.0% 

1.0% 

1996 

27.7% 
.0% 
.0% 

5.0% 
14.0% 
5.0% 
2.7% 
1.0% 

1.0% 
.0% 
.0% 
.0% 
.0% 

1.0% 

.0% 

.0% 

8.3% 
3.0% 
3.2% 
2.1% 

9.0% 
.0%> 

9.0% 

.9% 

.0%. 

.9% 

2000 

15.6% 

.0% 

.0% 

.3% 
2.6% 
6.1% 
4.1% 
23% 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 
.0% 
.0% 

8.1% 
23%) 
3 .1% 
23%. 

3 % 
.0% 
3 % 

.0% 

.0% 

.0% 
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Table 2.4.1 (cont.) 
Estimated Worldwide Gate Array Pin Count Production 

Percent of Units 

PGA 
Plastic 

<44 
44-83 
84-132 
133-195 
196-244 
244-360 
361-524 
525-600 

Ceramic 
<44 
44-83 
84-132 
133-195 
196-244 
244-360 
361-524 
524 

Land Grid Array 
84-132 
133-195 
196-244 

TAB 
<44 
44-83 
84-132 
133-195 
196-244 
244-360 
361-524 
525-600 
>600 

12SS 

3.1% 
.0% 
.6% 

2.0% 
.3% 
.1% 
.1% 
.0% 
.0% 

15.6% 
.0% 

8.2% 
4.3% 
2.4% 

.6% 

.1% 

.0% 

.0% 

.0% 

.0% 

.0% 

.0% 

.4% 

.0% 

.0% 

.1% 

.1% 

.1% 

.1% 

.0% 

.0% 

.0% 

12S2 

5.7% 
.0% 
.2% 

2.5% 
1.1% 
1.5% 

.3% 

.1% 

.0% 

16.6% 
.0% 

7.6% 
4.0% 
4.0% 

.6% 

.3% 
1% 

.0% 

.0% 

.0% 

.0% 

.0% 

1.4% 
.0% 
.0% 
.2% 
.4% 
.4% 
.3% 
.1% 
.0% 
.0% 

122£2 

8.2% 
.0% 
.1% 

3.2% 
2.0% 
2.1% 

.5% 

.3% 

.0% 

15.1% 
.0% 

3.8% 
5.0% 
5.0% 

.6% 

.5% 

.2% 

.0% 

.2% 

.1% 

.1% 

.0% 

2.4% 
.0% 
.0% 
S% 
.7% 
.6% 
S% 
.1% 
.0% 
.0% 

1991 

10.2% 
.0% 
.0% 

3.5% 
3.0% 
2.5% 

.8% 

.3% 

.1% 

11.1% 
.0% 

1.8% 
4.0% 
3.2% 

.6% 
1.0% 
S% 
.0% 

.9% 
5% 
.3% 
.1% 

5 3 % 
.0% 
.0% 

imc 
13% 

.8% 
1.0% 

.3% 

.1% 

.0% 

1222 

9.5% 
.0% 
.0% 

1.0% 
4.0% 
3.0% 
1.0% 

.4% 

.1% 

8.8% 
.0% 

1.0% 
2.0% 
2.7% 

.5% 
1.5% 
1.1% 

.0% 

1.9% 
.8% 
.8% 
.3% 

7.2% 
.0% 
.0% 

2.3% 
1.7% 
\5% 
1.3% 

.3% 

.1% 

.0% 

1222 

9.0% 
.0% 
.0% 

1.0% 
3.3% 
3.0% 
1.0% 
.5% 
.2% 

6.1% 
.0% 
.3% 

1.0% 
1.6% 
5% 

\5% 
1.2% 
.0% 

15% 
1.0% 
1.0% 

.5% 

7.8% 
.0% 
.0% 

2.4% 
1.7% 
l i % 
\3% 
5% 
.1% 
.1% 

1994 

9.8% 
.0% 
.0% 
.8% 

3.1% 
3J% 
1.4% 

.7% 

.3% 

6.1% 
.0% 
.0% 
.3% 

1.2% 
.4% 

2.1% 
2.1% 

.0% 

3.3% 
1.1% 
1.2% 
1.0% 

9.2% 
.0% 
.0% 

2.2% 
2.0% 
1.9% 
1.9% 

.7% 

.3% 

.2% 

1995 

9.8% 
.0% 
.0% 
.6% 

2.3% 
3.8% 
1.7% 

.9% 
5% 

5.9% 
.0% 
.0% 
.1% 
.6% 
.3% 

2.3% 
2.6% 

.0% 

4.9% 
1.7% 
1.8% 
1.4% 

11.1% 
.0% 
.0% 

2.2% 
2.3% 
2.3% 
2.1% 
1.0% 
.7% 
J% 

1996 

9.4% 
.0% 
.0% 
.4% 

1.3% 
4.0% 
2.0% 
1.0% 

.7% 

5.6% 
.0% 
.0% 
.0% 
.1% 
.2% 

2.3% 
3.0% 

.0% 

6.6% 
2.0% 
2.4% 
2.2% 

14.0% 
.0% 
.0% 

2.1% 
2.7% 
15% 
3.5% 
1.2% 
1.0% 
1.0% 

2000 

8.1% 
.0% 
.0% 
.0% 
.0% 

3.3% 
2.5% 
1.6% 
.7% 

3.9% 
.0% 
.0% 
.0% 
.0% 
.1% 

1.5% 
2.3% 

.0% 

8.0% 
2.0% 
3.0% 
3.0% 

23 i% 
.0% 
.0% 

2.0% 
3.0% 
4.3% 
5.0% 
3.3% 
3.0% 
2.9% 

Source: Dataquest, May, 1992 
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Table 2.42 
North America-Estimated Gate Array Pacliage Production 

(Percent of Units) 

North America 
Share of Production 

12S£ 

38.4% 

Share by Package Type 
DIP 
QUAD 

Ceramic 
Plastic 
Metal QUAD 

Chip Carrier 
Ceramic 
Plastic 

PGA 
Ceramic 
Plastic 
Land Grid Array 

TAB 
Flip Chip 
Bare Die 

18.0% 
21.0% 

4.0% 
17.0% 

.0% 
44.0% 

4.0% 
40.0% 
15.4% 
11.1% 
4.3% 

.0% 

.1% 
13% 
.0% 

1989 

37.0% 

13.0% 
26.0% 

3.0% 
23.0% 

.0% 
43.7% 

4.4% 
39.3% 
15.4% 
10.9% 
4 3 % 

.0% 

.4% 
13% 
.0% 

122Q 

353% 

5.0% 
36.1% 
2.0% 

34.0% 
.1% 

393% 
4.2% 

35.3% 
15.4% 
103% 
4.8% 

.1% 
3 % 

3.0% 
3 % 

1991 

33.3% 

1.0% 
46.1% 

1.7% 
44.0% 

.4% 
30.0% 

33% 
263% 
15.4% 
10.1% 
5.0% 

.3% 
1.0% 
53% 
1.0% 

1992 

323% 

.0% 
50.7% 

1.0% 
49.0% 

.7% 
24.6% 

3.0% 
21.6% 
15.2% 
93% 
5.2% 

3 % 
13% 
6.3% 
1.7% 

1993 

31.6% 

.0% 
54.9% 

.7% 
523% 

1.7% 
173% 
23% 

15.0% 
14.8% 
83% 
5.4% 

.9% 
2.1% 
7.8%) 
2.9% 

1994 

30.8% 

.0% 
58.8% 

.3% 
56.0% 

23% 
9.6% 
13% 
8.1% 

16.0% 
8.1% 
6.6% 
1.3% 
2.6% 
8.3% 
4.7% 

1995 

30.2% 

.0% 
59.2% 

.0%> 

56.2% 
3.0% 
3.0% 

3 % 
23% 

17.3% 
6.3% 

8.0% 
3.0% 
3.7% 
9.7% 
7.1% 

1996 

29.7% 

.0% 
543% 

.0% 
50.0% 

4 3 % 
.0% 
.0% 
.0% 

16.9% 
5.0% 
7.8% 
4.1% 
5.6% 

12.0% 
11.0% 

2000 

30.0% 

.0% 
39.4% 

.0% 
28.4% 
11.0% 

.0% 

.0% 

.0% 
93% 

.0% 
13% 
8.0% 
9.0% 

23.0% 
19.1% 

Source: Dataquest, May, 1992 

Table 2.43 
Japan-Estimated Gate Array Package Production 

(Percent of Units) 

Japan 
Share of Production 

1988 

45.0% 

Share by Package Type 
DIP 
QUAD 

Ceramic 
Plastic 
Metal QUAD 

Chip Carrier 
Ceramic 
Plastic 

PGA 
Ceramic 
Plastic 
Land Grid Array 

TAB 
Flip Chip 
Bare Die 

16.0% 
39.2% 

.0% 
39.2% 

.0% 
333% 

.0% 
333% 
10.6% 
8.2% 
2.4% 

.0% 

.7% 

.0% 

.0% 

1989 

47.7% 

8.0% 
49.0% 

.0% 
49.0% 

.0% 
30.7%> 

.0% 
30.7% 
10.9% 
7.1% 
3.8% 

.0% 
1.4%-
.0% 
.0% 

1990 

483% 

5.0% 
53.7% 

.0% 
53.6% 

.1% 
27.0% 

.0% 
27.0% 
113% 
5.8% 
5.7% 

.0% 
2.6% 

.1% 

.1% 

1991 

503% 

1.0% 
59.9% 

.0% 
59.6% 

.3% 
23.0% 

.0% 
23.0% 
12.1% 
4.6% 
7.4% 

.1% 
33% 

.3% 

.2% 

1222 

50.2% 

.0% 
63.7% 

.0% 
63.2% 

3 % 
19.0% 

.0% 
19.0% 
12.3% 
3.0% 
9.0% 

.3% 
4.1% 

3 % 
.4% 

1993 

50.4% 

.0% 
67.0% 

.0% 
66.0% 

1.0% 
10.0% 

.0% 
10.0% 
14.3% 
1.0% 

12.3% 
1.0% 
5.7% 
1.6% 
1.4% 

1994 

51.0% 

.0% 
65.9%> 

.0% 
64.4% 

13% 
3.0% 

.0% 
3.0% 

16.0% 
3%> 

14.0% 
13% 
6.6% 
4 3 % 
4.0% 

1995 

51.7% 

.0% 
633% 

.0% 
61.0% 

2 3 % 
3 % 
.0% 
3 % 

15.0% 
.0% 

13.0% 
2.0% 
8.0% 
6.0% 
7.0% 

1996 

523% 

.0%) 
58.3% 

.0% 
55.3% 

3.0% 
.0% 
.0% 
.0% 

14.0% 
.0% 

11.0% 
3.0% 

10.0% 
7.7% 

10.0% 

2000 

49.0% 

.0% 
45.0% 

.0% 
393% 
5 3 % 

.0% 

.0% 

.0% 
7.0% 

.0%> 
1.0% 
6.0% 

16.0% 
15.0% 
17.0% 

Source: Dataquest, May, 1992 
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Table 2.4.4 
Europe-Estimated Gate Array Package Production 

(Percent of Units) 

European 

I M 

Share of Producticie.7% 

Share by Package Type 
DIP 
QUAD 

Ceramic 
Plastic 
Metal Quad 

Chip Carrier 
Ceramic 
Plastic 

PGA 
Ceramic 
Plastic 
Land Grid Array 

TAB 
Flip Chip 
Bare Die 

13.0% 
17.6% 
8.1% 
95% 
.0% 

43.8% 
.0% 

43.8% 
25.6% 
20.6% 
5.0% 

.0% 

.0% 

.0% 

.0% 

12S2 

11.8% 

8.6% 
26.9% 
7.4% 

19J% 
.0% 

38.4% 
.0% 

38.4% 
26.0% 
17.0% 
9.0% 

.0% 

.1% 

.0% 

.0% 

1990 

12.3% 

3.7% 
36.0% 
6.1% 

29.9% 
.0% 

35.0% 
.0% 

35.0% 
24.8% 
12.8% 
12.0% 

.0% 

.3% 

.1% 

.1% 

1991 

11.9% 

1.5% 
42.5% 
5.3% 

37.2% 
.0% 

30.0% 
.0% 

30.0% 
25.0% 
10.0% 
15.0% 

.0% 

.5% 

.3% 

.2% 

1992 

12.2% 

.0% 
49.3% 
4.0% 

45.2% 
.1% 

24.0% 
.0% 

24.0% 
24.8% 
8.8% 

16.0% 
.0% 
.8% 
.6% 
.5% 

1993 

12.3% 

.0% 
52.2% 

3.0% 
49.1% 

.1% 
18.0% 

.0% 
18.0% 
25.8% 
6.5% 

19.2% 
.1% 

1.4% 
1.1% 
1.5% 

1994 

12.1% 

.0% 
52.9% 

1.0% 
51.6% 

.3% 
13.0% 

.0% 
13.0% 
28.0% 
5.0% 

22.8% 
.2% 

3.3% 
1.4% 
1.4% 

1995 

11.7% 

.0% 
62.2% 

.0% 
61.7% 

5% 
9.0% 

.0% 
9.0% 

19.2% 
4.1% 

14.8% 
.3% 

4 3 % 
2.1% 
3.0% 

1996 

11.2% 

.0% 
65.9% 

.0% 
65.2% 

.7% 

.0% 

.0% 
6.0% 

13.6% 
3.2% 
9.8% 

.6% 
6.0% 
3.5% 
5.0% 

22QQ 

12.0% 

.0% 
60.8% 

.0% 
57.8% 

3.0% 
.1% 
.0% 
.1% 

4.1% 
3% 

1.0% 
2.6% 

12.0% 
11.0% 
12.0% 

Source: Dataquest, May, 1992 

Table 2.4 J 
Asia/Pacific-Estimated Gate Array Package Production 

(Percent of Units) 

Asia/Pacific 
Share of Production 

I28& 

3.9% 

Share by Package Type 
DIP 
QUAD 

Ceramic 
Plastic 
Metal QUAD 

Chip Carrier 
Ceramic 
Plastic 

PGA 
Ceramic 
Plastic 
Land Grid Array 

TAB 
Flip Chip 
Bare Die 

85.0% 
5.0% 

.0% 
5.0% 

.0% 
5.0% 

.0% 
5.0% 
5.0% 

.0% 
5.0% 

.0% 

.0% 

.0% 

.0% 

1989 

33% 

63.0% 
15.0% 

.0% 
15.0% 

.0% 
12.0% 

.0% 
12.0% 
10.0% 

.0% 
10.0% 

.0% 

.0% 

.0% 

.0% 

1990 

3.7% 

42.0% 
28.0% 

.0% 
28.0% 

.0% 
10.0% 

.0% 
10.0% 
20.0% 

.0% 
20.0% 

.0% 

.0% 

.0% 

.0% 

1991 

4.3% 

28.9% 
41.0% 

.0% 
41.0% 

.0% 
10.0% 

.0% 
10.0% 
20.0% 

.0% 
20.0% 

.0% 

.0% 

.0% 

.1% 

1992 

5.0% 

9.7% 
58.0% 

.0% 
58.0% 

.0% 
8.0% 

.0% 
8.0% 

24.0% 
.0% 

24.0% 
.0% 
.1% 
.0% 
.2% 

1993 

5.7% 

1.0% 
64.0% 

.0% 
64.0% 

.0% 
8.0% 

.0% 
8.0% 

26.0% 
.0% 

26.0% 
.0% 
.6% 
.0% 
.4% 

1994 

6.1% 

.0% 
68.6% 

.0% 
67.6% 

1.0% 
7.0% 

.0% 
7.0% 

22.0% 
.0% 

22.0% 
.0% 

1.7% 
.0% 
.7% 

122S 

6.3% 

.0% 
69.0% 

.0% 
64.0% 
5.0% 
6.0% 

.0% 
6.0% 

21.0% 
.0% 

21.0% 
.0% 

3.0% 
.0% 

1.0% 

1996 

65% 

.0% 
73.0% 

.0% 
62.0% 
11.0% 
2.0% 

.0% 
2.0% 

18.0% 
.0% 

18.0% 
.0% 

5.0% 
.0% 

2.0% 

2000 

9.0% 

.0% 
69.0% 

.0% 
53.0% 
16.0% 

.0% 

.0% 
.0% 

12.0% 
.0% 

12.0% 
.0% 

9.0% 
.0% 

10.0% 

Source: Dataquest, May, 1992 
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Figure 2 J.1 
1991 Worldwide Microcomponent Shipments 

(Percent by Bit) 

Source: Dataquest (May 1992) Q20DOe94 

Microprocessors 

The activity level in the 32-bit MPU products represented the largest revenue base in 1991, while the 8-
bit market continued to control the unit share as shown in Figure 2.5.1. Table 2.5.1 presents the collective 
regional data for packaged Microprocessors, and Tables 2.5.2 through 2.5.5 contain the regional 
microprocessor forecasts. 
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Table 232 
Nortli America-Estimated Microprocessor Pacltage Production 

(Millions of Units) 

North America Total 

Package Total 
DIP 
QUAD 
Chip Carrier 
PGA 
Other 

im. 
78.6 

78.6 
39.5 

1.0 
16.4 
21.7 
0.0 

1989 

86.2 

86.2 
33.7 

1.5 
19.1 
31.9 
0.0 

122Q 

102.4 

102.4 
19.8 
2.4 

23.7 
56.4 
0.1 

1991 

115.2 

115.2 
10.9 
3.6 

23.9 
75.8 
1.0 

1992 

124.9 

124.9 
4.9 
4.4 

21.8 
92.5 

1.3 

1993 

134.3 

134.3 
3.0 
4.7 

16.4 
108.6 

1.6 

1994 

151.9 

151.9 
2.0 
5.1 

14.3 
127.1 

3.4 

1995 

154.3 

154.3 
0.7 
5.2 
7.8 

131.7 
8.9 

1996 

1593 

159.5 
0.3 
6.0 
5.2 

134.4 
13.6 

2000 

168.4 

168.4 
0.0 
3.7 
1.3 

115.0 
48.4 

Source: Dataquest, May, 1992 

Table 2S3 
Japan-Estimated Microprocessor Paclmge Production 

(Millions of Units) 

Japan Total 

Package Total 
DIP 
QUAD 
Chip Carrier 
PGA 
Other 

1988 

14.7 

14.7 
0.0 
0.5 
2.5 

11.7 
0.0 

1282 

17.7 

17.7 
0.0 
OS 
2S 

14.7 
0.0 

1990 

18.0 

18.0 
0.0 
0.4 
1.7 

15.9 
0.0 

1991 

18.3 

183 
0.0 
0.4 
1.5 

16.3 
0.1 

1992 

20.9 

20.9 
0.0 
1.0 
05 

18.9 
03 

1993 

24.2 

24.2 
0.0 
1.0 
0.4 

21.2 
1.6 

1994 

23.8 

23.8 
0.0 
1.0 
0.1 

19.2 
35 

1995 

29.0 

29.1 
0.0 
1.0 
0.0 

18.7 
9.4 

1996 

32.8 

32.8 
0.0 
1.0 
0.0 

15.4 
16.4 

2000 

34.8 

34.8 
0.0 
1.0 
0.0 
9.8 

24.0 

Source: Dataquest, May, 1992 
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Table 23.4 
Europe-Estimated Microprocessor Package Production 

(Millions of Units) 

Europe Total 

Package Total 
DIP 
QUAD 
Chip Carrier 
PGA 
Other 

i2sa 
4 3 

4.4 
1.9 
0.0 
1.0 
1.5 
0.0 

1989 

6.8 

6.8 
2.1 
0.0 
1.8 
2.9 
0.0 

1990 

6.8 

6.8 
2.1 
0.0 
1.8 
2.9 
0.0 

1991 

7.1 

7.1 
1.0 
0.0 
1.7 
4.4 
0.0 

1992 

8.0 

8.0 
1.0 
0.0 
1.6 
5.3 
0.1 

1993 

9.2 

9.2 
1.0 
0.0 
U 
6.2 
OJ 

1994 

7.4 

7.4 
0.4 
0.0 
0.5 
6.0 
0.5 

1995 

9.9 

9.9 
0.3 
0.0 
05 
75 
1.6 

1996 

12.1 

12.1 
0.0 
0.0 
0.0 
9.8 
2.3 

2000 

11.9 

11.9 
0.0 
0.0 
0.0 
9.3 
2.6 

Source: Dataquest, May, 1992 

Table 2JJ 
Asia/Pacific-Estimated Microprocessor Package Production 

(Millions of Units) 

Asia/Pacific Total 

Package Total 
DIP 
QUAD 
Chip Carrier 
PGA 

1988 

0.2 

0.2 
0.2 
0.0 
0.0 
0.0 

1989 

0.3 

0.3 
0.2 
0.0 
0.0 
0.1 

1990 

0.2 

0.2 
0.1 
0.0 
0.0 
0.1 

1991 

0.4 

0.4 
0.1 
0.0 
0.2 
0.1 

1992 

0.4 

0.4 
0.1 
0.0 
0.2 
0.1 

1993 

05 

05 
0.0 
0.0 
0.2 
0.3 

1994 

0.3 

0.3 
0.0 
0.0 
0.1 
0.2 

1995 

0.4 

0.4 
0.0 
0.0 
0.1 
0.3 

1996 

0.6 

0.6 
0.0 
0.0 
0.1 
0.5 

2000 

0.9 

0.9 
0.0 
0.0 
0.1 
0.8 

Source: Dataquest, May, 1992 
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Memory 

Increased demands for high density memory chips in systems designed for miniaturization such as the lap­
top, notebook and palmtop PCs have resulted in a multitude of memory package and module develop­
ments. Although most memory modules continue to be produced by the same semiconductor 
manufacturer that produces the memory device, the repackaging share for the custom memory module 
market has grown from 20 percent in 1990, to over 30 percent in 1992. The MOS DRAM, which is the 
largest product in revenue and unit share of memory products has also continued to m^tain the largest 
growth in memory modules. 

Tables 2.6.1 and 2.6.2 Ust the MOS DRAM package production by density and regions. Table 2.6.3 lists 
the DRAM module organization and Table 2.6.4 forecasts the development of the emerging DRAM pack­
age technologies. Two of the most innovative DRAM packages will be the stackabie memory package and 
the Lead-On-Chip (LOC) package. An example of a stackabie memory module is that produced by Ir-
vme Sensors of Costa Mesa, California. Irvine Sensor's product is a thin package of stacked memory chips 
which are connected at the top by a "cap chip" which allows a variety of conventional manufacturing tech­
niques such as wire bonding, tape automated bonding or solder bumps to be used to interconnect the stack 
with higher levels of assembly. IBM introduced a stackabie memory technology called the Caribou into 
their systems diuing the 1980s. Mitsui High Tech Imxirporated has designed and assembled a stackabie 
memory TSOP package for memory card applications. The LOC package was patented by IBM (Patent 
4,862,2451989). IBM is currently Ucensing their LOC design. The package was invented to effectively dis­
sipate heat and improve the performance of higher density devices. Hitachi and Texas Instruments have 
hcensed the LOC package from IBM for their higher density DRAM products. Hitachi tested the pack­
age with their 4M DRAM device family. The packaged chip has a plurality of lead frame conductors ex­
tending through the encapsulating material which are adhesively joined to the chip. The conductors cover 
a substantial portion of the chip and thereby serve as conduits for the dissipation of beat from the chip. 
Wires are bonded to the conductors and extend from the conductors to the terminals on the chip. The 
chip terminals are designed along the center line of the chip, allowing for short connecting whes which in 
turn contributes to faster chip response. 

The worldwide SRAM package development is summarized in Tables 2.6.5 through Tables 2.6.7. Tables 
2.6.8 through Tables 2.6.10 summarize the package data for the EPROM, ROM, and EEPROM families. 

Analog 

Linear and mixed signal drcuits continue to be a fast growing segment of the semiconductor market. A 
large portion of this growth is driven by microcontroller driven end-use m the consumer and automotive 
segments. The analog product has been the largest market for SMT. In 1991, demand for SMD outstripped 
supply in most cases. The linear and mixed-signal products are expected to experience increased growth 
from compact disk, automotive engme control, air-bag systems, anti-lock brake systems, graphics worksta­
tions, electronic test equipment and data acquisition systems. The worldwide and regional data by pack­
age types are listed in Table 2.7.1. 
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Table 2.6.1 (cont.) 
Estimated Worldwide MOS DRAM Package Production 

(Millions of Units) 

16M Units 
DRAM 

DIP 
ZIP 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

64M Units 
DRAM 

DIP 
ZIP 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

256M Units 
DRAM 

DIP 
ZIP 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

1232 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

OJO 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1989 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1990 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1991 

0.3 

0.0 
0.0 
0.2 
0.1 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1992 

5.0 

0.0 
0.0 
4.0 
1.0 
0.1 

0.8 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1222 

35.0 

0.0 
0.0 

27J 
7.0 
OS 

13.7 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1994 

165.0 

0.0 
0.0 

120.5 
41.3 

3.3 

72.3 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1222 

475.0 

0.0 
0.0 

344.4 
118.8 
11.9 

206.6 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

1996 

750.0 

0.0 
0.0 

502.5 
225.0 
22S 

326.6 

3.0 

0.0 
0.0 
2.7 
0.3 
0.0 

0.0 

1.7 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

2000 

600.0 

0.0 
0.0 

360.0 
210.0 
30.0 

252.0 

425.0 

0.0 
0.0 

307.7 
106.3 
11.1 

21.0 

230.8 

60.0 
0.0 
0.0 

36.6 
2.4 

25.4 

Source: Dataquest, April, 1992 
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Table 2.6 J 
Estimated Regional MOS DRAM Package Production 

(Millions of Units) 

Worldwide Total 

Package Type 
DIP 
ZIP 
PLCC 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

Japan 

Package Type 
DIP 
ZIP 
PLCC 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

United States 

Package Type 
DIP 
ZIP 
PLCC 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

Western Europe 

Package Type 
DIP 
ZIP 
PLCC 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

Asia Paciflc 

Package Type 
DIP 
ZIP 
PLCC 
SOJ/SOP 
Others 
Die 

SIP/SIMM 

1988 

1158.9 

1158.9 
818.1 
99.1 

113.7 
95.2 
17.3 
15.6 

109.2 

852.0 

564J 
99.1 
78.9 
83.5 
13J 
US 

92.7 

196.0 

163.6 
0.0 

16.3 
11.0 
3.5 
1.6 

9.1 

38.7 

32.7 
0.0 
5.5 
0.1 
0.1 
0.3 

2.0 

72.3 

57.3 
0.0 

13.0 
0.6 
0.2 
1.2 

5.4 

19R9 

1292.6 

1292.6 
768.6 
139.1 
102.8 
247.8 
20.1 
14.2 

187.7 

934.5 

507.3 
139.1 
64.7 

196.0 
16.1 
11.4 

145.9 

216.1 

146.0 
0.0 

21.0 
44.0 

3.6 
1.4 

29.6 

56.6 

46.1 
0.0 
7.1 
3.0 
0.1 
0.3 

5.0 

85.4 

69.2 
0.0 

10.0 
4.8 
0.3 
1.1 

7.2 

1990 

1329.0 

1329.0 
611.3 
157.2 
76.8 

446.0 
23.2 
14.5 

306.0 

955.1 

372.9 
157.2 
38.1 

356.8 
18.6 
11.6 

219.6 

227J 

122.3 
0.0 

25.5 
74.1 
4.2 
IJ 

45.0 

59.8 

48.9 
0.0 
5.5 
5.0 
0.1 
0.3 

10.3 

86.6 

67.2 
0.0 
7.7 

10.1 
0.4 
1.2 

31.1 

1991 

1264.4 

1264.4 
326.1 
167.2 
38.6 

691.2 
25.0 
16.3 

433.8 

931.2 

176.1 
167.2 

12.0 
542.8 

20.0 
13.1 

315.0 

209.8 

68J 
0.0 

18.6 
116.8 

43 
1.6 

55.0 

47.7 

32.6 
0.0 
4.0 

10.6 
0.2 
0.3 

15.0 

75.7 

48.9 
0.0 
4.0 

21.0 
0.5 
1.3 

48.8 

1992 

1262.0 

1262.0 
192.9 
161.5 
26.8 

827.7 
33.9 
19.2 

508.5 

907.2 

86.8 
161.5 

5.0 
611.9 

26.6 
15.4 

342.9 

205.7 

44.4 
0.0 

16.9 
137.4 

5.1 
1.9 

82.5 

53.2 

23.1 
0.0 
1.9 

27.4 
0.4 
0.4 

18.0 

95.9 

38.6 
0.0 
3.0 

51.0 
1.8 
13 

65.1 

1993 

1335.0 

1335.0 
111.1 
130.6 
19.4 

1008J 
46.2 
19.1 

661.1 

934.1 

35.6 
130.6 

1.9 
717.9 
32.8 
15.3 

389.0 

2183 

27.8 
0.0 

14.0 
167.4 

7.4 
1.9 

124.6 

59.9 

17.8 
0.0 
13 

39.2 
l.O 
0.4 

22.0 

1223 

30.0 
0.0 
2.0 

84.0 
5.0 
1.5 

1253 

1994 

1391.0 

1391.0 
55.8 

107.2 
13.0 

1112.1 
78.7 
24.3 

723.3 

974.4 

11.2 
107.2 

0.1 
778.1 
58.4 
19.4 

407J 

222.7 

15.1 
0.0 
9.9 

183.5 
11.8 
2.4 

139.8 

57.6 

10.6 
0.0 
1.0 

44.0 
1.5 
03 

31.0 

136.4 

19.0 
0.0 
2.0 

106.5 
7.0 
1.9 

145.0 

1995 

1410.0 

1410.0 
21.6 
74.0 
10.8 

1122.3 
149.5 
31.9 

751.8 

994.9 

2.2 
74.0 
0.0 

782.2 
111.0 
25.5 

411.8 

230.4 

63 
0.0 
9.8 

1883 
22.4 
3.2 

148.0 

59.9 

5.4 
0.0 
1.0 

50.0 
2.9 
0.6 

37.0 

124.9 

7.6 
0.0 
0.0 

101.6 
13.2 
23 

155.0 

1996 

1383.0 

1383.0 
7.1 

49.5 
6.0 

1035.1 
246.1 

39.3 

698.8 

963.2 

0.0 
493 

0.0 
694.0 
188.3 
31.4 

363.8 

239.3 

23 
0.0 
6.0 

190.0 
36.9 
3.9 

144.0 

65.8 

2.1 
0.0 
0.0 

58.0 
4.9 
0.8 

41.0 

114.7 

23 
0.0 
0.0 

93.1 
16.0 
3.1 

150.0 

2DQQ 

1157.0 

1157.0 
0.0 
5.4 
0.9 

764.7 
339.1 

46.9 

554.3 

737.4 

0.0 
5.4 
0.0 

457.6 
236.4 

38.0 

277.0 

231.2 

0.0 
0.0 
0.9 

175.0 
50.9 

4.4 

121.0 

54.7 

0.0 
0.0 
0.0 

47.1 
6.8 
0.8 

27.6 

133.7 

0.0 
0.0 
0.0 

85.0 
45.0 

3.7 

128.7 

Source: Dataquest, April, 1992 
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Table 2.63 
Estimated MOS DRAM Module Organization 

Millions of Units 

256K SIP/SIMM 
DRAM Units 

x8 
x9 
x32 
x36 
x40 

IM SIP/SIMM 
DRAM Units 

x8 
x9 
x32 
x36 
x40 

4M SIP/SIMM 
DRAM Units 

x8 
x9 
x32 
x36 
x40 

16M SIP/SIMM 

DRAM Units 
x8 
x9 
x32 
x36 
x40 

64M SIP/SIMM 
DRAM Units 

x8 
x9 
x32 
x36 
x40 

256M SIP/SIMM 
DRAM Units 

x8 
x9 
x32 
x36 
x40 

1990 

38.4 

254.4 

13.2 

1991 

19.3 

340.1 

74.4 

1992 

13.4 

1993 

9.7 

1994 

6.5 

1995 

5.4 

289.1 180.4 104.0 62.3 

205.2 457.3 5403 477.4 

1996 

3.0 

45.9 

321.6 

2000 

0.5 

8.4 
30.0 
0.0 
0.0 
0.0 

4.0 
15.2 
00 
0 0 
00 

2.7 
10.7 
0.0 
0.0 
0.0 

1.7 
7.9 
0.0 
0.0 
0.0 

1.0 
5.4 
0.0 
0.0 
0.0 

0.8 
4.6 
0.0 
0.0 
0.0 

05 
2.6 
0.0 
0.0 
0.0 

0.1 
0.4 
0.0 
0.0 
0.0 

11.5 

109.4 
127.2 

2.5 
10.2 
5.1 

139.5 
176.9 

3.4 
13.6 
6.8 

109.9 
159.0 

2.9 
11.6 
5.8 

63.1 
104.6 

1.8 
7.2 
3.6 

31.2 
65J 

1.0 
4.2 
2.1 

18.7 
39.3 
0.6 
23 
1.2 

13.8 
28.9 
0.5 
1.8 
0.9 

3.4 
7.2 
0.1 
0.5 
0.2 

34.2 

2.1 
9.2 
0.1 
1.1 
0.7 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

11.9 
52.8 
0.7 
6.0 
3.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0 0 
00 
0 0 
00 
0 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

30.8 
143.6 

2.1 
18J 
10.3 

0.8 
0.3 
0.4 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

68.6 
311.0 

4.6 
50.3 
22.9 

13.7 
5.5 
8.0 
0.0 
0.3 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

81.1 
351.4 

5.4 
70.3 
32.4 

72.3 
28.2 
41.2 

0.7 
2.2 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

71.6 
296.0 

4.8 
71.6 
33.4 

206.6 
78.5 

115.7 
2.1 

10.3 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

48.2 
192.9 

3.2 
51.5 
25.7 

326.6 
117.6 
173.1 

3.3 
32.7 

0.0 

1.7 
0.5 
0.6 
0.0 
0.1 
0.4 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.1 
2 0 i 
0.3 
5.5 
2.7 

252.0 
90.7 

1235 
25 

35.3 
0.0 

230.8 
76.2 
80.8 
4.6 

115 

sri 

25.4 
7.6 

12.7 
0.8 
1.3 
3.0 

Source: Dataquest, April, 1992 
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Table 2.6.4 
MOS DRAM Emerging Package Technologies 

(Millions of Units) 

Worldwide Total 
SO 

SOJ 
TSOP 

Others 
L O C 
TAB 
Stacked LOC 

Die 

*LOC=Lead on chip 

198R 

95.2 
95.2 

17.3 

15.6 

1989 

247.8 
247.8 

20.1 

14.2 

1990 

446.0 
437.1 

8.9 
23.2 
0.7 
0.2 
0.0 

14J 

1991 

691.2 
622.0 

69.1 
25.0 

1.8 
0.3 
0.0 

16.3 

1992 

827.7 
662.2 
165.5 
33.9 
5.1 
0.7 
0.3 

19.2 

1993 

1008J 
706.0 
302.6 
46.2 

9.2 
0.9 
0.9 

19.1 

1994 

1112.1 
667.2 
444.8 

78.7 
19.7 
2.4 
3.9 

24.3 

1225 

1122.3 
448.9 
673.4 
149.5 
44.8 
4S 
15 

31.9 

1996 

1035.1 
414.0 
724.6 
246.1 
98.4 

7.4 
17.2 
39.3 

2000 

764.7 
229.4 
535.3 
339.1 
203.4 

10.2 
33.9 
46.9 

Source: Dataquest, April, 1992 

Table 2.6.5 
Estimated Slow SRAM Packaging Forecast 

(Millions of Units) 

16K DIP 
SOG/SOP 
Bare Die 

Total 

64K DIP 
SOG/SOP 
Bare Die 

Total 

256KDIP 
SOG/SOP 
Bare Die 

Total 

1Mb DIP 
SOG/SOP 
Bare Die 

Total 

4Mb DIP 
SOG/SOP 
Bare Die 

Total 

1988 

107.5 
46.4 
0.8 

154.7 

80.7 
82.3 

1.6 
164.6 

33.8 
53.4 

1.8 
89.0 

0.0 
0.1 
0.0 
0.1 

1989 

102.9 
55.8 
0.8 

1593 

70.8 
88.6 

1.6 
161.0 

42.2 
83.1 

2.6 
127.9 

0.5 
1.4 
0.1 
2.0 

1990 

53.8 
36.1 
0.5 

90.4 

66.2 
121.0 

1.9 
189.0 

55.8 
146.6 

4.1 
206i 

3.3 
12.7 
0.7 

16.7 

1991 

47.7 
39.4 
0.4 

87.6 

63.7 
127.4 

1.9 
193.0 

57.4 
158.9 

4.4 
220.7 

6.4 
27.9 

1.4 
35.8 

0.0 
0.6 
0.1 
0.7 

1222 

20.8 
21.0 
0.2 

42.0 

34.1 
74.8 

1.1 
110.0 

50.4 
164.3 

4.4 
219.0 

15.7 
78.4 

3.9 
98.0 

0.0 
1.8 
0.2 
2.1 

Note: At the 1Mb and 4Mb densities the Pseudo-Static RAMs are 

1993 

9.3 
11.6 
0.1 

21.0 

23.8 
60.4 
0.9 

85.0 

32.0 
160.0 

8.0 
200.0 

21.1 
146.1 

8.8 
176.0 

0.1 
10.1 

1.8 
12.0 

1994 

5.9 
9.0 
0.2 

15.0 

16.8 
51.8 

1.4 
70.0 

12.8 
137.6 

9.6 
160.0 

18.9 
174.3 
16.8 

210.0 

0.4 
33.2 

8.4 
42.0 

not included 

1995 

2.1 
4.8 
0.1 
7.0 

9.5 
39J 

1.0 
50.0 

1.8 
75.7 
10.6 
88.0 

4.2 
172.6 
31.2 

208.0 

0.0 
75.8 
253 

101.0 

1996 

0.6 
2.1 
0.0 
3.0 

4.9 
29.4 
0.7 

35.0 

0.0 
35.0 
15.0 
50.0 

0.0 
149.4 

14.4 
180.0 

0.0 
108.5 
465 

155.0 

2000 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
4.0 

20.0 
26.0 

0.0 
60.0 
40.0 

100.0 

0.0 
146.4 
97.6 

244.0 

Source: Dataquest, May, 1992 
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Table 2.6.6 
Estimated Fast SRAM Packaging Forecast 

(Millions of Units) 

16K DIP 
CLCC 
BaieDie 

Total 

64K DIP 
CLCC 
SOJ 
Bate Die 

Total 

256K DIP 
SOJ 
Ban Die 

Towl 

1Mb DIP 
SOJ 
Bare Die 

Totel 

4Mb DIP 
SOJ 
Bare Die 

Total 

198S 

38.9 
6.6 
2.7 

48.2 

31S 
3.7 
0.3 
4.2 

39.8 

2.0 
1.4 
0.4 
3.7 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

1989 

35.6 
5.5 
2.7 

43.8 

49.2 
3.3 
1.0 
6.6 

60.1 

6.8 
5.2 
13 

133 

0.0 
0.0 
0.0 
0.1 

0.0 
0.0 
0.0 
0.0 

1990 

27.4 
3.8 
2.3 

333 

51.4 
2.2 
9.4 
9.4 

72.4 

10.4 
11.4 
3.0 

24.9 

0.8 
1.1 
0.3 
2.2 

0.0 
0.0 
0.0 
0.0 

1991 

21.7 
2.8 
2.0 

26.4 

47.1 
3.1 

333 
20.9 

104.7 

16.2 
203 
6.0 

42.7 

1.9 
33 
1.0 
63 

0.0 
0.0 
0.0 
0.0 

1992 

173 
2.0 
1.7 

21.3 

26.1 
2.1 

293 
21.3 
79.0 

25.9 
37.0 
11.1 
74.0 

4.8 
9.2 
3.0 

17.0 

0.0 
0.1 
0.0 
0.1 

1993 

15.6 
1.7 
1.7 

19.0 

18.1 
13 

25.3 
22.1 
67.0 

24.8 
52.0 
15.2 
92.0 

11.8 
26.8 
8.7 

47.3 

0.1 
0.4 
0.1 
03 

1994 

13.1 
1.3 
1.6 

16.0 

12.4 
1.2 

24.8 
23.6 
62.0 

24.2 
58.6 
18.2 
101.0 

14.1 
39.8 
13.1 
67.0 

0.3 
2.4 
0.7 
3.4 

1995 

9.8 
1.0 
1.2 

12.0 

5.4 
0.8 

27.9 
20.0 
54.0 

19.8 
58.4 
20.8 
99.0 

13.6 
53.6 
17.9 
85.0 

0.8 
7.2 
3.1 

11.0 

19% 

7.4 
0.7 
0.9 
9.0 

2.1 
0.4 

24.2 
14.4 
41.0 

12.3 
623 
13.2 
88.0 

9.4 
63.0 
21.6 
94.0 

1.3 
19.8 
11.9 
33.0 

2000 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

18.9 
8.1 

27.0 

0.0 
44.0 
11.0 
55.0 

0.0 
60.6 
40.4 

101.0 

0.0 
56.7 
48.3 

105.0 

Source: Dataquest, May, 1992 
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Table 2.6.7 
Estimated Worldwide MOS SRAM Package Production 

(Millions of Units) 

Worldwide Total 

Package Type 
DIP 
SOG 
SOJ 
CLCC 
Bare Die 

Pin Count 
20-pin 
22-pin 
24-pin 
28-pin 
32-pin 
BaieDie 

Japan 

Package Type 
DIP 
SOG 
SOJ 
CLCC 
Other 

United States 

Package Type 
DIP 
SOG 
SOJ 
CLCC 
Other 

Western Europe 

Package Type 
DIP 
SOG 
SOJ 
CLCC 
Other 

Asia Pacific 

Package Type 
DIP 
SOG 
SOJ 
CLCC 
Other 

19S8 

500.1 

182.2 
182.2 

1.7 
10.3 
11.4 

500.1 
42.1 
70.0 
97.0 

279.6 
0.0 

11.4 

401.0 

401.0 
223.6 
171.6 

0.7 
0.1 
5.0 

46.3 

46.3 
22.7 
9.0 
0.7 
9.0 
4.9 

19.3 

19.3 
14.8 
1.5 
0.3 
1.2 
1.5 

33J 

333 
33.4 
0.1 
0.0 
0.0 
0.0 

12S2 

567.9 

228.9 
228.9 

6.3 
8.8 

15.8 

567.9 
35.0 
96.1 

115.0 
305.0 

1.0 
15.8 

432.7 

432.7 
211.6 
211.7 

2.3 
0.1 
7.0 

56.9 

56.9 
26.3 
14.0 
2.7 
7.0 
6.9 

24.1 

24.1 
1 6 i 
3.0 
1.3 
1.5 
1.8 

54.2 

54.2 
53.6 

03 
0.0 
0.2 
0.1 

1990 

635.5 

316.4 
316.4 
21.9 
6.0 

22.1 

6353 
30.0 
92.0 

110.0 
369.4 

12.0 
22.1 

472.4 

472.4 
170.1 
276.9 

15.2 
0.0 

10.2 

64.7 

64.7 
23.7 
23.0 
4.8 
4.8 
8.4 

27.2 

27.2 
16.1 
5.4 
IS 
1.0 
3.2 

71.1 

71.1 
59.1 
11.1 
0.4 
0.2 
0.3 

1221 

718.0 

354.2 
354.4 
5 7 i 
5.9 

38.2 

718.0 
27.0 
81.0 

101.0 
439.8 

31.0 
38.2 

515.1 

515.1 
1603 
290.6 
39.3 
0.0 

24.9 

833 

833 
21.0 
32.9 
16.0 
4.8 
8.8 

34.9 

34.9 
14.8 
13.2 
2.0 
0.9 
4.0 

84.4 

84.4 
65.9 
173 
0.2 
0.2 
0.6 

1992 

662.5 

340.3 
340.3 
75.8 
4.2 

47.0 

6623 
20.3 
64.0 
91.0 

372.2 
68.0 
47.0 

465.8 

465.8 
128.0 
262.8 
44.9 

0.0 
30.1 

853 

853 
10.0 
353 
25.6 
3.3 

11.1 

35.3 

35.3 
10.0 
14.6 
5.0 
0.7 
5.0 

76.0 

76.0 
47.3 
27.4 
0.3 
0.2 
0.8 

1222 

719.8 

388.1 
388.1 
104.4 

3.1 
67.4 

719.8 
15.0 
35.0 
84.0 

370.0 
148.4 
67.4 

495.4 

495.4 
113.8 
288.8 
47.0 

0.0 
45.7 

98.8 

98.8 
9.0 

25.0 
48.8 

2.2 
13.8 

403 

403 
9.0 

15.8 
8.0 
0.7 
7.0 

85.2 

85.2 
25.0 
583 

0.6 
0.2 
0.9 

1994 

746.4 

405.9 
405.9 
125.6 

23 
933 

746.4 
12.0 
30.0 
64.0 

368.9 
178.0 
933 

505.2 

505.2 
84.9 

299.8 
553 

0.0 
65.0 

108.1 

108.1 
7.0 

20.0 
58.9 

1.7 
203 

43.9 

43.9 
7.0 

19.4 
10.0 
0 3 
7.0 

89.2 

89.2 
20.0 
66.7 

1.2 
0.3 
1.0 

1995 

715.0 

368.4 
368.4 
147.0 

1.7 
131.0 

715.0 
9 

26 
35 

326 
188 

131.0 

470.0 

470.0 
46.4 

265.2 
74.2 
0.0 

84.2 

110.1 

110.1 
3 

18 
56 
1.3 

31.8 

44.7 

44.7 
3 

18 
123 
0.2 

11.0 

90.2 

90.2 
143 
67.2 
4 3 
0.2 

4 

1996 

6713 

38.0 
324.4 
1693 

1.1 
138.6 

6713 
7.0 

22.0 
18.0 

287.9 
198.0 
138.6 

433.4 

433.4 
24.4 

237.3 
94.6 

0.0 
77.2 

109.6 

109.6 
1.4 

16.0 
54.0 
0.8 

37.4 

44.4 

44.4 
13 

13.8 
13.0 
0.1 

16.0 

84.1 

84.1 
10.7 
57.3 

7.9 
0.2 
8.0 

2000 

656.0 

0.0 
210.4 
180.2 

0.0 
265.4 

656.0 
0.0 
9.0 
0.0 

144.6 
237.0 
265.4 

4103 

4103 
0.0 

159.3 
85.2 

0.0 
166.0 

116.0 

116.0 
0.0 

10.0 
54.0 

0.0 
52.0 

46.9 

46.9 
0.0 
9.0 

17.0 
0.0 

20.9 

82.6 

82.6 
0.0 

32.1 
24.0 
0.0 

263 

Source: Dataquest, May, 1992 
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Table 2.6^ 
Estimated Worldwide MOS EPROM Package Production 

(Millions of Units) 

Worldwide Total 

Total by Package Type 
DIP 
Chip Carrier 
SO 
TSOP 

Total by Pin Count 
24-ptn 
28-piii 
32-piii 
4Q-pin 
44-pin 

Japanese Total 

Package Type 
DIP 
Chip Carrier 
SO 
TSOP 

19RS 

350.7 

350.7 
315.9 
31.4 
3-5 
0.0 

350.7 
24.5 

305.8 

ns 
1& 
1.1 

115.0 

115.0 
107.0 

4.6 
3.5 
0.0 

North American Total 180.3 

Package Type 
DIP 
Chip Carrier 
SO 

TSOP 

European Total 

Package T^pe 
DIP 
Chip Carrier 
SO 
TSOP 

Asia/Pacific Total 

Package T^pe 
DIP 
Chip Carrier 
SO 
TSOP 

180.3 
162.2 
18.0 
0.0 
0.0 

54.7 

54.7 
46.0 

8.8 
0.0 
0.0 

0.7 

0.7 
0.7 
0.0 
0.0 
0.0 

1989 

402.1 

402.1 
352.3 
42.5 

7.2 
0.0 

402.1 
20.1 

357.9 
20.1 
2.0 
2.0 

120.6 

120.6 
106.2 

7.2 
7.2 
0.0 

217.1 

217.1 
191.1 
26.1 

0.0 
0.0 

61.5 

613 
52.3 

9.2 
0.0 
0.0 

2.8 

2.8 
2.8 
0.0 
0.0 
0.0 

1990 

424.0 

424.0 
345.8 
6SS 
11.4 

13 

424.0 
17.0 

379,0 
21.2 
2S 
4.2 

127.2 

127.2 
105.6 

8.9 
11.4 
1.3 

227.7 

227.7 
182.1 
4 5 i 

0.0 
0.0 

64.9 

64.9 
53.8 
11.0 
0.0 
0.0 

4.2 

4.2 
4.2 
0.0 
0.0 
0.0 

1991 

425.2 

425.2 
332.2 
Its 
12.8 
3.8 

425.2 
12.8 

37B.9 
21.3 

3.8 
8.5 

127.6 

127.6 
102.1 

8.9 
12.8 
3.8 

225.4 

225.4 
169.0 
56.3 

0.0 
0.0 

65.9 

65.9 
54.7 
11.2 
0.0 
0.0 

6.4 

6.4 
6.4 
0.0 
0.0 
0.0 

1992 

396.9 

396.9 
297.5 

753 
IS.2 
5.7 

396.9 
11.9 

351.2 
19.8 
4.0 
9.9 

116.7 

116.7 
92.2 

8.2 
11.7 
4.7 

210.4 

210.4 
147.2 
56.8 

5.3 
1.1 

61.9 

61.9 
50.2 
103 

1.2 
0.0 

7.9 

7.9 
7.9 
0.0 
0.0 
0.0 

1993 

391.2 

391.2 
2753 
73,7 
31.0 
10.9 

391.2 
7.8 

346.2 
19.6 
7.8 
9.8 

113.4 

113.4 
87.4 

7.9 
11.3 
6.8 

205.4 

205.4 
127.3 
553 
183 
4.1 

60.6 

60.6 
49.1 
10.3 

1.2 
0.0 

11.7 

11.7 
11.7 
0.0 
0.0 
0.0 

1994 

363.0 

363.0 
244.3 
69.0 
32.6 
17.1 

363.0 
3.6 

321.2 
18.1 
10.9 
9.1 

101.6 

101.6 
76.2 

7.1 
11.2 
7.1 

199.7 

199.7 
115.8 
53.9 
20.0 
10.0 

47.2 

47.2 
37.8 
8.0 
1.4 
0.0 

143 

143 
143 
0.0 
0.0 
0.0 

1995 

3523 

3523 
221,8 
65.2 
41.0 
24.4 

3523 
1.8 

310.2 
17.6 
14.1 
8.8 

102.2 

102.2 
74.6 
6.1 

11.2 
10.2 

183.3 

183.3 
91.7 
5 U 
273 
12.8 

45.8 

45.8 
34.4 

7.8 
2.3 
1.4 

2 U 

21.2 
21.2 
0.0 
0.0 
0.0 

1996 

3293 

3293 
202.3 
60.1 
37.9 
29.3 

3293 
0.3 

2913 
163 
13.2 
8.2 

95.6 

95.6 
66.9 
5.7 

103 
12.4 

168.0 

168.0 
823 
47.1 
25.2 
13.4 

42.8 

42.8 
30.0 

7.3 
2.1 
3.4 

23.1 

23.1 
23.1 
0.0 
0.0 
0.0 

2000 

226.0 

226.0 
83.7 
32.4 
30.6 
79.2 

226.0 
0.0 

200.0 
11.3 
9.0 
5.6 

653 

653 
6.6 
0.0 
7.2 

51.8 

106.2 

106.2 
34.0 
29.7 
22.3 
20.2 

15.8 

15.8 
4.7 
2.7 
1.1 
7 3 

38.4 

38.4 
38.4 
0.0 
0.0 
0.0 

Source: Dataquest, May, 1992 
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Table 2.6.9 
Estimated Worldwide MOS ROM Package Production 

(Millions of Units) 

Worldwide 

Package Type 
DIP 
SO 
QUAD 
Bare Die 

Pin Count 
24-pin 
28-pin 
32-pin 
40-pin 
44-pin 
Bare Die 

Japan 

Package Type 
DIP 
SO 
QUAD 
Bare Die 

United States 

Package Type 
DIP 
SO 
QUAD 
Bare Die 

Europe 

Package Type 
DIP 
SO 
QUAD 
Bare Die 

Asia Pacific 

Package Type 
DIP 
SO 
QUAD 
Bare Die 

198S 

250.3 

248.9 
167.0 
76.7 
0.0 
6.6 

2S0.3 
S3 

225.3 
10.0 
0.0 
0.0 
6.6 

140.2 

140.2 
70.1 
65.9 

0.0 
4.2 

92.6 

92.6 
83.3 
8.3 
0.0 
0.9 

3.8 

3.8 
2.6 
1.1 
0.0 
0.1 

13.8 

13.8 
11.0 
1.4 
0.0 
1.4 

1989 

259.3 

259.3 
138.1 
108.9 

0.2 
12.1 

259.3 
3.5 

227.9 
15.6 
0.3 
0.0 

12.1 

168.5 

168.5 
67.4 
92.5 

0.2 
8.4 

72.6 

72.6 
58.1 
12.3 
0.0 
2.2 

3.9 

3.9 
2.6 
1.2 
0.0 
0.1 

14.3 

14.3 
10.0 
2.9 
0.0 
1.4 

1990 

399.0 

399.0 
128.4 
237.9 

0.3 
32J 

399.0 
3.4 

330.4 
31.9 
0.4 
0.4 

32J 

279.3 

279.3 
55.9 

198.0 
0.3 

25.1 

91.8 

91.8 
55.1 
32.1 
0.0 
4.6 

6.0 

6.0 
3.8 
2.1 
0.0 
0.1 

21.9 

21.9 
13.6 
5.7 
0.0 
2.6 

1991 

481.9 

481.9 
97.3 

335.1 
0.4 

49.0 

481.9 
1.2 

382.6 
48.2 
0.5 
0.5 

49.0 

361.4 

361.4 
36.1 

288.7 
0.4 

36.1 

84.3 

84.3 
42.2 
33.7 
0.0 
8.4 

7.2 

7.2 
4.6 
2S 
0.0 
0.1 

28.9 

28.9 
143 
10.1 
0.0 
4.3 

1992 

446.2 

446.2 
54.6 

326.0 
0.4 

65.2 

446.2 
0.0 

325.9 
53.1 

1.3 
0.7 

65.2 

357.0 

357.0 
17.8 

288.8 
0.4 

50.0 

53.5 

53.5 
21.4 
21.4 
0.0 

10.7 

6.7 

6.7 
4.0 
2.5 
0.0 
0.1 

29.0 

29.0 
11.3 
13.3 
0.0 
4.4 

1222 

371.3 

371.3 
26.5 

269.6 
0.3 

74.9 

371.3 
0.0 

241.6 
52.0 

1.9 
0.9 

74.9 

297.0 

297.0 
3.0 

234.4 
0.3 

59.4 

42.7 

42.7 
12.8 
19.2 
0.0 

10.7 

5.6 

5.6 
2.9 
2 3 
0.0 
0.2 

26.0 

26.0 
7.8 

13.6 
0.0 
4.7 

1994 

319.6 

319.6 
113 

224.7 
0.3 

83.1 

319.6 
0.0 

168.7 
63.9 
2.9 
1.0 

83.1 

255.7 

255.7 
0.0 

1913 
0.3 

63.9 

35.2 

35.2 
5.3 

15.8 
0.0 

14.1 

4.8 

4.8 
1.9 
2 3 
0.0 
0.4 

24.0 

24.0 
4.3 

14.9 
0.0 
4.8 

1995 

3033 

3033 
5.8 

209.9 
0.2 

87.6 

3033 
0.0 

143.7 
66.8 
3.0 
2.4 

87.6 

242.8 

242.8 
0.0 

177.0 
0.2 

65.6 

30.4 

30.4 
1.8 

13.4 
0.0 

15.2 

4.6 

4.6 
1.4 
2.7 
0.0 
0 3 

25.8 

25.8 
2.6 

16.8 
0.0 
6.4 

1996 

285.0 

285.0 
2 3 

199.8 
0.2 

823 

285.0 
0.0 

125.6 
68.4 
5.7 
2.9 

823 

228.0 

228.0 
0.0 

166.2 
0.2 

61.6 

283 

283 
0.9 

13.4 
0.0 

14.3 

4.3 

4.3 
0.4 
3.2 
0.0 
0.6 

24.2 

24.2 
1.2 

17.0 
0.0 
6.0 

2000 

240.0 

240.0 
0.2 

171.0 
0.2 

68.6 

240.0 
0.0 

89.9 
62.4 
12.0 
7.2 

68.6 

192.0 

192.0 
0.0 

141.9 
0.2 

49.9 

24.0 

24.0 
0.0 

12.0 
0.0 

12.0 

3.6 

3.6 
0.0 
2.9 
0.0 
0.7 

20.4 

20.4 
0.2 

14.3 
0.0 
5.9 

Source: Dataquest, May, 1992 
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Table 2.6.10 
Estimated Worldwide MOS EEPROM Package Production 

(Millions of Units) 

Worldwide 

Package Type 
DIP 
Chip Carrier 
SO 
PGA 
Bare Die 

Pin Count 
8-pin 
14-pin 
24-pin 
28-pin 
32-pin 
Bare Die 

United States 

Package Type 
IP 
Chip Carrier 
SO 
PGA 
Bare Die 

Japan 

Package Type 
DIP 
Chip Carrier 
SO 
PGA 
Bare Die 

Western Europe 

Package Type 
DIP 
Chip Carrier 
SO 
PGA 
Bare Die 

Asia Pacific 

Package Type 
DIP 
Chip Carrier 
SO 
PGA 
Bare Die 

1988 

1003 

1003 
903 
6.0 
3.8 
0.1 
0.1 

1003 
65.9 
5.0 
5 3 

14.0 
10.0 
0.1 

58.3 

58.3 
51.9 
5.4 
0.8 
0.1 
0.1 

37.2 

37.2 
34.2 
0.0 
3.0 
0.0 
0.0 

4.9 

4.9 
4.3 
0.6 
0.0 
0.0 
0.0 

0.1 

0.1 
0.1 
0.0 
0.0 
0.0 
0.0 

12S2 

118.3 

118.3 
91.6 
16.1 
9.8 
0.1 
0.6 

118.3 
64.0 
73 

11.1 
24.0 
11.0 
0.7 

693 

693 
52.6 
143 
2.0 
0.1 
0.3 

42.6 

42.6 
343 
0.0 
7.8 
0.0 
0.3 

5.9 

5.9 
4.3 
1.6 
0.0 
0.0 
0.0 

0.2 

0.2 
0.2 
0.0 
0.0 
0.0 
0.0 

1990 

143.0 

143.0 
913 
24.9 
23.6 
0.1 
2.9 

143.0 
61.0 
11.0 
203 
35.0 
14.0 
13 

82.3 

82.3 
53.4 
22.7 
5.4 
0.1 
0.7 

53.4 

53.4 
333 
0.0 

17.9 
0.0 
2.2 

7.0 

7.0 
4 3 
2.2 
0.3 
0.0 
0.0 

0.2 

0.2 
0.2 
0.0 
0.0 
0.0 
0.0 

1991 

184.0 

184.0 
88.3 
42.3 
44.0 
0.2 
9.2 

184.0 
61.0 
19.0 
31.0 
46.0 
22.0 
5.0 

1023 

1023 
53.0 
38.7 
8.0 
0.2 
2.6 

72.1 

72.1 
30.0 
0.0 

35.6 
0.0 
6 3 

9.2 

9.2 
5.2 
3 3 
0.4 
0.0 
0.1 

0.2 

0.2 
0.1 
0.1 
0.0 
0.0 
0.0 

1992 

188.6 

188.6 
75.4 
45.1 
49.0 
0.2 

18.9 

188.6 
56.6 
21.0 
32.0 
44.0 
27.0 
8.0 

103.4 

103.4 
48.1 
403 
10.4 
0.2 
4.2 

75.6 

75.6 
23.0 
0.0 

38.0 
0.0 

14.6 

9.4 

9.4 
4.2 
4 3 
0.6 
0.0 
0.1 

0.2 

0.2 
0.1 
0.1 
0.0 
0.0 
0.0 

1993 

169.1 

169.1 
50.7 
38.9 
55.6 
0.2 
23.7 

169.1 
51.0 
14.0 
28.0 
35.0 
30.1 
11.0 

872 

87.2 
32.1 
34.9 
14.0 
0.2 
6.0 

73.2 

73.2 
15.0 
0.0 

40.7 
0.0 

173 

83 

83 
3 3 
3.9 
0.9 
0.0 
0.2 

0.2 

0.2 
0.1 
0.1 
0.0 
0.0 
0.0 

1994 

167.6 

167.6 
333 
37.7 
67.0 
0.2 

29.2 

167.6 
49.0 
13.2 
26.0 
32.0 
31.4 
16.0 

83.0 

83.0 
233 
33.3 
18.0 
0.2 
8.0 

743 

743 
7.0 
0.0 

46.9 
0.0 

20.6 

8.4 

8.4 
2.9 
3.8 
1.4 
0.0 
0.3 

1.7 

1.7 
0.1 
0.6 
0.7 
0.0 
0.3 

1995 

170.6 

170.6 
18.8 
35.8 
80.0 
0.2 

35.8 

170.6 
49.0 
123 
26.0 
29.0 
32.0 
22.1 

81.9 

81.9 
13.2 
313 
24.0 
0.2 

13.0 

76.6 

76.6 
3.0 
0.0 

51.7 
0.0 

21.9 

10.2 

10.2 
2.6 
3.6 
33 
0.0 
0 3 

1.9 

1.9 
0.0 
0.7 
0.8 
0.0 
0.4 

1996 

174.1 

174.1 
8.7 

33.1 
87.1 
0.2 

45.1 

174.1 
47.0 
12.0 
24.0 
28.1 
33.0 
30.0 

86.3 

86.3 
6.0 

29.1 
30.0 
0.2 

21.0 

75.6 

75.6 
0 3 
0.0 

51.8 
0.0 

23.3 

10.4 

10.4 
2.2 
3.3 
4 3 
0.0 
0.4 

1.9 

1.9 
0.0 
0.7 
0.8 
0.0 
0.4 

2000 

160.0 

160.0 
1.6 

28.8 
87.8 
0.2 

41.6 

160.0 
35.0 
4.3 

16.0 
21.7 
28.0 
55.0 

94.4 

94.4 
1.6 

253 
47.1 

0.2 
20.0 

57.6 

57.6 
0.0 
0.0 

37.0 
0.0 

20.6 

6.4 

6.4 
0.0 
2.9 
3.0 
0.0 
0 3 

1.6 

1.6 
0.0 
0.4 
0.7 
0.0 
0 3 

Source: Dataquest, May, 1992 
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Table 2.7.1 
Estimated Regional Analog Market Package Production 

(Millions of Units) 

Worl<lwide 
Mixed-Signal 
Linear 

Total 

Plastic DIP 
Ceramic DIP 

QUAD 
Plastic Chip Carrier 

19SR 

1490 
9010 

10500 

5849 
260 
242 
265 

Ceramic Chip Carrier 40 
SO 
Other 
Bare Die 

North America 
Mixed Signal 
Linear 

Total 

Plastic DIP 
Ceramic DIP 
QUAD 
Plastic Chip Carrier 

3126 
354 
364 

580 
1838 

2418 

1572 
133 
12 
48 

Ceramic Chip Carrier 24 
SO 
Other 
Bare Die 

Totel 

Japan 
Mixed Signal 
Linear 

Total 

Plastic DIP 
Ceramic DIP 
QUAD 
Plastic Chip Carrier 

484 
48 
97 

2418 

298 
3441 

3739 

1671 
4 

187 
75 

Ceramic Chip Carrier 4 
SO 
Other 
Bare Die 

Total 

1499 
75 
224 

3739 

1989 

1780 
9660 

11440 

5582 
198 
342 
291 
37 

4119 
388 
483 

670 
1961 

2631 

1434 
105 
26 
66 
26 
789 
53 
132 

2631 

370 
3622 

3992 

1557 
4 

240 
40 
0 

1796 
80 
275 

3992 

1990 

2100 
10930 

13030 

5049 
123 
552 
315 
23 

5637 
524 
807 

760 
2202 

2962 

1185 
59 
89 
77 
15 

1271 
59 
207 

2962 

453 
3993 

4446 

1334 
0 

311 
22 
0 

2223 
133 
422 

4446 

1991 

2450 
12050 

14500 

4272 
65 
807 
324 
9 

7161 
609 
1253 

865 
2325 

3190 

1021 
32 
128 
64 
6 

1557 
64 
319 

3190 

570 
4487 

5057 

1011 
0 

455 
20 
0 

2837 
177 
556 

5057 

1992 

2900 
13600 

16500 

3447 
46 

1151 
347 
4 

9055 
669 
1783 

998 
2700 

3698 

1017 
30 
185 
55 
4 

1853 
74 
481 

3698 

714 
4724 

5438 

544 
0 

598 
5 
0 

3317 
196 
778 

5438 

1222 

3400 
15700 

19100 

2773 
26 

1556 
377 
0 

11259 
788 

2322 

1155 
3100 

4255 

1021 
21 
255 
51 
0 

2183 
85 
638 

4255 

835 
5289 

6124 

306 
0 

735 
0 
0 

3938 
227 
919 

6124 

1221 

4000 
17700 

21700 

2476 
14 

1937 
355 
0 

13232 
806 
2880 

1355 
3294 

4649 

1000 
14 
325 
46 
0 

2380 
93 
790 

4649 

965 
5901 

6866 

69 
0 

893 
0 
0 

4532 
247 
1126 

6866 

1995 

4580 
18920 

23500 

1887 
5 

2227 
272 
0 

14686 
753 
3670 

1560 
3595 

5155 

1005 
5 

412 
26 
0 

2624 
103 
979 

5155 

1060 
6181 

7241 

0 
0 

941 
0 
0 

4844 
253 
1202 

7241 

1996 

5170 
19487 

24657 

1528 
0 

2524 
195 
0 

15721 
689 
3999 

1740 
3664 

5404 

1000 
0 

540 
16 
0 

2659 
108 
1081 

5404 

1220 
6236 

7456 

0 
0 

969 
0 
0 

4988 
246 
1253 

7456 

2000 

8400 
17800 

26200 

838 
0 

3055 
7 
0 

16963 
260 

5078 

2680 
3204 

5890 

825 
0 

942 
0 
0 

2533 
118 
1473 

5890 

1920 
5319 

7239 

0 
0 

869 
0 
0 

4989 
109 
1267 

7233 
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Table 2.7.1 (cont.) 
Estimated Regional Analog Market Package Production 

(Millions of Units) 

Europe 
Mixed Signal 
Linear 

Total 

Plastic DIP 
Ceramic DIP 
QUAD 
Plastic Chip Carrier 

198S 

408 
2109 

2517 

1510 
50 
25 
50 

Ceramic Chip Carrier 3 
SO 
Other 
Bare Die 

Total 

Asia/Pacific 
Mixed Signal 
Linear 

Total 

Plastic DIP 
Ceramic DIP 
QUAD 
Plastic Chip Carrier 

778 
76 
25 

2517 

204 
1622 

1826 

1096 
73 
18 
91 

Ceramic Chip Carrier 9 
SO 
Other 
Bare Die 

Total 

365 
155 
18 

1826 

1989 

490 
2300 

2790 

1476 
28 
56 
84 
3 

1004 
84 
56 

2790 

250 
1777 

2027 

1115 
61 
20 
101 
8 

529 
172 
20 

2027 

1990 

570 
2678 

3248 

1462 
16 
97 
97 
3 

1312 
130 
130 

3248 

317 
2057 

2374 

1068 
47 
55 
119 
5 

831 
202 
47 

2374 

1991 

640 
3000 

3640 

1456 
7 

146 
109 
0 

1529 
146 
248 

3640 

375 
2238 

2613 

784 
26 
78 
131 
3 

1239 
222 
131 

2613 

1992 

710 
3420 

4130 

1239 
0 

207 
124 
0 

2106 
124 
330 

4130 

478 
2756 

3234 

647 
16 
162 
162 
0 

1779 
275 
194 

3234 

1993 

820 
3591 

4411 

1015 
0 

221 
110 
0 

2492 
110 
463 

4411 

590 
3720 

4310 

431 
4 

345 
216 
0 

2646 
366 
302 

4310 

1994 

945 
4000 

4945 

989 
0 

247 
99 
0 

2967 
99 
544 

4945 

735 
4505 

5240 

419 
0 

472 
210 
0 

3354 
367 
419 

5240 

1995 

1100 
4300 

5400 

540 
0 

302 
76 
0 

3510 
54 
918 

5400 

860 
4844 

5704 

342 
0 

570 
171 
0 

3708 
342 
570 

5704 

1996 

1244 
4424 

5668 

283 
0 

340 
57 
0 

3968 
28 
992 

5668 

966 
5164 

6130 

245 
0 

674 
123 
0 

4107 
307 
674 

6130 

2000 

2100 
4400 

6500 

7 
0 

455 
7 
0 

4745 
1 

1286 

6500 

1700 
4877 

6577 

7 
0 

789 
0 
0 

4696 
33 

1052 

6577 

Source: Dataquest, May, 1992 
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Introduction 

The electronic equipment forecast shown in Table 3.1.1 provides detailed information on the total 
worldwide production, both captive and merchant, of electronic equipment by region and by appUcation 
from 1990 through 1996, with a projected forecast out to 2000. This overview presents a condensed ver­
sion of the six appUcation segments covered by Dataquest's Worldwide Application Services. Electromc 
equipment revenue is assigned to the region in which the equipment is manufactured. The major equip­
ment and appUcation categories are defined in Appendix B. 

Regional Overview 

In reviewing the worldwide market demand for MCM technology, Dataquest has concluded that electronic 
equipment companies wiU most likely favor the MCM manufacturers that have estabUshed themselves as 
volume producers, whether they are captive or merchant. Thus suppUers of MCMs will have to be suc­
cessful in the largest MCM markets which wUl be computer, communications, and consumer, as shown 
on Figure 3.2.1. 

The major assumptions behind this forecast and that of each region to substantiate Dataquest's con­
clusions are as foUows: 

Dataprocessing 

Dataprocessing will continue to consume the largest share of MCM technology. MCM technol­
ogy is key to further advances in dataprocessing clock rates. 

The conversion to MCM will be greater in the high performance equipment segments that are 
not cost driven. 

The dataprocessing market wiU offer the captive suppUers of MCM technology, their greatest 
opportunity to enter as a merchant supplier. 

Communications 

Few products containing MCMs are now in the communications sector. 

Most telecommunication segments are cost and size driven and not performance driven. 

MCMs will penetrate the modem market at 9600bps and above. 

MCMs wiU make smaU inroads to the PBX and caU accounting segments in the 1995 through 2000 
time frame. 

The highest growth rates for MCM in the communications segments will commence after 1995. 
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Table 3.1.1 
Electronic Equipment Production Forecast 

(Factory Revenue in Millions of Dollars) 

North America 
Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Toul 

Japan 
Dataprocessing 
Communications 
Industrial 
Consumer 
Miiitaiy 
Transportation 

Total 

Europe 
Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

Asia/Pacific 
Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

Worldwide 
Dataprocessing 
Communications 
Industrial 
Consumer 
Miiitaiy 
Transportation 

Grand Total 

1990 

83028 
30188 
33690 
17005 
60569 
4115 

228595 

46625 
20826 
22507 
54007 

1356 
5596 

150917 

28151 
34515 
33920 
37282 
22112 
4061 

160041 

27356 
10455 
2920 

27773 
3583 
1852 

73939 

185160 
95984 
93037 

136067 
87620 
15624 

613492 

1991 

84112 
32520 
35233 
17396 
56476 
4024 

229761 

54197 
24070 
25459 
60202 

1468 
5900 

171296 

32959 
38074 
36282 
40341 
21847 
4747 

174250 

31934 
11813 
3369 

29992 
3907 
2124 

83139 

203202 
106477 
100343 
147931 
83698 
16795 

658446 

1992 

87654 
35408 
37834 
18370 
59934 
4535 

243735 

59485 
25952 
27954 
63854 

1616 
6407 

185268 

38167 
41587 
38874 
43661 
22327 
5523 

190139 

36428 
13535 
3855 

35413 
4318 
2451 

96000 

221734 
116482 
108517 
161298 
88195 
18916 

715142 

1993 

92167 
37972 
40704 
19236 
62275 
4996 

257350 

64817 
27894 
30351 
64249 

1785 
6768 

195864 

43055 
45366 
41717 
47327 
22863 
6670 

206998 

41155 
15371 
4313 

39349 
5000 
2856 

108044 

241194 
126603 
117085 
170161 
91923 
21290 

768256 

1221 

96089 
40184 
43254 
20145 
64419 
5424 

269515 

68021 
29186 
32076 
64824 

1971 
7061 

203139 

48029 
48607 
44125 
51707 
23549 
8219 

224236 

46424 
17111 
4800 

43196 
5507 
32% 

120334 

258563 
135088 
124255 
179872 
95446 
24000 

817224 

1995 

99749 
42614 
46062 
20974 
67195 
5721 

282315 

72913 
31232 
34235 
66736 

2169 
7429 

214714 

54182 
53490 
47184 
57355 
24350 
9551 

246112 

52122 
19417 
5236 

47649 
5989 
3780 

134193 

278966 
146753 
132717 
192714 
99703 
26481 

877334 

2000 

136665 
60048 
63109 
25888 
74553 
7949 

368212 

114259 
46746 
52193 
82372 

3462 
9848 

308881 

104323 
83059 
65562 
88248 
26753 
22506 

390450 

99479 
36092 
9394 

81748 
10001 
7703 

244417 

454726 
225945 
190258 
278257 
114769 
48006 

1311961 

CAGR 
90-95 

6.5% 
7.1% 
6.5% 
4.3% 
2.1% 
6.8% 

5.3% 

9.4% 
8.4% 
8.8% 
4.3% 
9.8% 
5.8% 

7.3% 

14.0% 
9.2% 
6.8% 
9.0% 
1.9% 

18.7% 

9.0% 

13.8% 
13.2% 
12.4% 
11.4% 
10.8% 
15.3% 

12.7% 

9.6% 
8.9% 
7.4% 
7.2% 
2.6% 

11.1% 

7.8% 

Source: Dataquest, May, 1992 
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Figure 32.1 
Worldwide MCM Revenue by Application 

(Millions of Dollars) 
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Source: Dataquest (May 1992) Ga00O7B9 

Industrial 

Industrial consumption of MCM technology is expected to be slightly half that of the communica­
tions market since it is typically a slow growth market and served by many small companies. 
Revenue from MCMs will be small and competition will be fierce. 

Consumer 

Consumer penetration of MCM technology is expected to be the second largest market behind 
dataprocessing. 

The MCM-L technology and other COB configurations will represent the largest MCM technol­
ogy used in the consumer segment. Since COB and MCM-L capacity has already been put in 
place for production in 1992, in Japan, it is assumed that Japan wiU maintain control of this market. 
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Military/Aerospace 

The military/aerospace market caters to the most expensive MCM technology. Since its demand 
is custom and not based on volume, consumption of MCM technology will not be extensive. 

Commercial aerospace applications are performance sensitive, but the design cycles of new tech­
nology do not indicate a near future acceptance of MCM technology in volumes. 

In the wake of economic spending cuts, the U.S. mihtary/commercial aerospace R&D base is 
shrinking, while Europe's financially subsidized military/commercial aerospace Airbus Industrie 
consortia continues to expand. European companies that have designed MCM-C and MCM-D 
technologies for their advanced miUtary programs, are transfering their technology into the com­
mercial apphcation side, posing definite threats to U.S. companies such as Boeing, McDonnell 
Douglas, and Hughes, that are in a continuous stage of downsizing. 

Transportation 

TH is currently the dominant technology in automotive appUcations. MCM technology is imder 
very close scrutiny in automotive R&D houses, in Europe, Japan and the United States, but there 
is no detectable use of any form in automotive applications. 

Automotive represents the largest consumer of hybrid interconnect. Most of the hybrid applica­
tions are analog and have low interconnect density. 

Interest in low temperature cofired ceremiic (LTCC) modules is due to the abihty of this technol­
ogy to fabricate passive components between interconnect layers. 

The passenger compartment area will offer the largest opportunity for multilayer ceramic MCM's 
and COB configurations. A very small portion of the passenger compartment functions will 
migrate to under the hood as ceramic MCMs become less expensive. 

Regionally, North America remains the largest and most influential electronic equipment market for con­
sumption of electronic devices. Since the level of MCM-C and MCM-D is expected to maintain a higher 
level of usage and represent a higher level of revenue in the North American region than MCM-L, the 
level of detail for MCM penetration will be analyzed to a greater extent than for Japan, Europe, and 
Asia/Pacific. 

Tables 3.2.1 through 3.2.6 reflect the value of the equipment in each segment in North America which are 
expected to contain one or more high density modules. Table 3.2.7 is the roll-up of these tables. 

Table 3.2.8 lists the value of semiconductors used in MCM's in the equipment segment for this region. By 
multiplying an estimated ratio of MCM value to semiconductor value in each system Dataquest has ar­
rived at a total estimated value for MCM revenue in North America in Table 3.2.9. 

Tables 3.2.10 through 3.2.21 provide the collective value of electronic equipment using MCM, the value 
of semiconductors used in MCM for each equipment segment, as well as the total MCM revenue by equip­
ment segment for Japan, Europe and Asia/Pacific regions. 
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Table3J.l 
Computers and Data Storage 

North America Electronics Equipment Using MCM 
(Millions of Dollars) 

Dataprocessing 
Supercomputers 
Mainframe 
Midrange 
Workstation 
Personal Computer 

Computers 

Rigid Disk Drives 
Optical Drives 
Tape Drives 
Flexible Drives 

Data Storage/Subsystems 

Graphics Terminals 
Printers 
Copiers and Duplicators 
Other Dedicated Systems 

Terminals/Dedicated Systems 

1990 

185 
1239 
608 
91 
8 

2131 

9 
0 
0 
0 

9 

25 
13 
0 
0 

38 

1991 

225 
1253 
1102 
172 
34 

2786 

32 
1 
0 
0 

33 

57 
44 

3 
3 

107 

1992 

267 
1332 
1616 
344 
81 

3639 

63 
1 
0 
0 

64 

132 
83 
5 

10 

230 

1993 

342 
1320 
2145 
859 
182 

4848 

133 
4 
0 
0 

137 

278 
205 

10 
18 

511 

1994 

459 
1692 
3045 
1871 
439 

7506 

281 
11 
0 
0 

292 

487 
429 

23 
42 

981 

1995 

590 
2738 
4477 
3082 
924 

11810 

688 
24 
0 
1 

714 

779 
925 

68 
126 

1898 

2000 

1890 
8190 

10517 
11929 
2299 

44824 

3960 
133 

0 
14 

4107 

3596 
10551 

745 
1403 

16296 

Source: Dataquest, May, 1992 

Table 32^ 
Communications 

North America Electronics Equipment Using MCM 
(Millions of Dollars) 

Communications 
Image & Text Equipment 
Data Communication Equipment 
Premise Switching Equipment 
Call Processing Equipment 
Desktop Terminal 
Transmission Equipment 
Central Office 
Mobile Communications 
Broadcast & Studio Telecom 
Other Telecom 

Communications 

1990 

0 
9 
0 
2 
0 
5 
0 
3 
0 
0 

19 

1991 

1 
19 
3 
5 
0 
5 
2 
6 
0 
0 

41 

1992 

1 
33 

6 
9 
0 

23 
5 
9 
0 
0 

86 

1993 

3 
83 

9 
17 
0 

32 
8 

17 
0 
0 

168 

1994 

6 
110 
21 
46 

0 
98 
16 
49 

0 
0 

346 

1995 

14 
383 
41 

104 
0 

227 
37 

124 
0 
0 

930 

2000 

200 
6884 

605 
2069 

0 
4671 

603 
2173 

0 
0 

17204 

Source: Dataquest, May, 1992 
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Table 323 
Industrial 

North America Electronics Equipment Using MCM 
(Millions of Dollars) 

Industrial 
Manufacturing Systems 
Instrumentation 
Diagnostics 
Therapeut 
Other 

Total 

1990 

0 
8 
0 
0 
0 

8 

1991 

16 
9 
0 
0 
4 

28 

1992 

17 
19 
4 
0 
8 

48 

1993 

55 
30 
9 
0 

13 

107 

1994 

97 
53 
15 
0 

19 

184 

1995 

143 
79 
38 
0 

35 

295 

2000 

4986 
3840 
863 

0 
807 

10495 

Source: Dataquest, May, 1992 

Table 3^.4 
Consumer 

North America Electronics Equipment Using MCM 
(Millions of Dollars) 

Consumer 
Audio 
Video 
Personal Electronics 
Appliances 
Other Consumer 

Total 

1990 

1 
3 
0 
0 
0 

5 

1991 

1 
10 

1 
0 
0 

13 

1992 

3 
18 
2 
0 
0 

23 

1993 

4 
26 
3 
0 
0 

33 

1994 

5 
39 
4 
0 
0 

48 

1995 

7 
60 

6 
0 
0 

73 

2000 

86 
611 

97 
0 
0 

794 

Source: Dataquest, May, 1992 

Table 323 
Military/Aerospace 

North America Electronics Equipment Using MCM 
(Millions of Dollars) 

Militaiy/Aerospace 
Militaiy 
Civilian 

Total 

122Q 

15 
9 

25 

1991 

37 
11 

47 

1992 

96 
24 

120 

1993 

244 
41 

284 

1994 

491 
123 

614 

1995 

999 
259 

1258 

2000 

11227 
3525 

14752 

Source: Dataquest, May, 1992 
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Table 32.6 
Transportation 

North America Electronics Equipment Using MCM 
(Millions of Dollars) 

Transportation 
Entertainment 
Vehicle Controls 
Body Controls 
Driver Information 
Powertrain 
Safety & Convenience 

Total 

1990 

0 

:6; 
S: 

•jii.: 
•0 

:t 
CK 

1991 

0 
0 
0 
0 
0 
0 

0 

1992 

0 
0 
0 
0 
0 
0 

0 

1993 

0 
0 
0 
8 
2 
0 

10 

1994 

1 
1 
0 

25 
4 
0 

31 

1995 

2 
1 
0 

60 
11 
0 

74 

2000 

69 
150 
13 

233 
613 

0 

1078 

Source: Dataquest, May, 1992 

Table 32.7 
North America-Electronics Equipment Using MCM 

(Millions of Dollars) 

North America 
Dataprocessing 
Communications 
Industrial 
Consumer 
Militaiy 
Transportation 

Total 

1990 

2178 
19 
8 
5 

25 
0 

2234 

1991 

2926 
41 
28 
13 
47 

0 

3055 

1992 

3933 
86 
48 
23 

120 
0 

4210 

1993 

5496 
168 
107 
33 

284 
10 

6099 

1994 

8779 
346 
184 
48 

614 
31 

10001 

1995 

14422 
930 
295 

73 
1258 

74 

17052 

2000 

65226 
17204 
10495 

794 
14752 

1078 

109550 

Source: Dataquest, May, 1992 
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Table 3 J.8 
North America-Value of Semiconductors Used in MCMs 

(Millions of Dollars) 

North America 
Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

122Q 

33 
0 
0 
0 
0 
0 

34 

1221 

50 
1 
1 
0 
1 
0 

53 

1222 

79 
2 
1 
1 
2 
0 

85 

1222 

126 
5 
3 
1 
7 
0 

143 

1994 

219 
11 
6 
2 

15 
1 

254 

1995 

433 
28 
9 
2 

33 
2 

507 

2000 

5218 
516 
315 
40 

708 
52 

6849 

Source: Dataquest, May, 1992 

Table 32.9 
Estimated MCM Revenue in North America 

(Millions of Dollars) 

North America 
Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

1990 

145 
2 
1 
0 
2 
0 

149 

1991 

178 
4 
2 
1 
3 
0 

187 

1222 

236 
7 
4 
2 
7 
0 

256 

1993 

307 
13 
8 
2 

16 
1 

347 

1994 

452 
23 
12 
3 

32 
2 

523 

1995 

865 
56 
18 
5 

65 
4 

1014 

2000 

8192 
810 
494 

62 
1112 

81 

10752 

Source: Dataquest, May, 1992 



Chapter 3 MCM Applications 3-9 

Table 32.10 
Japan Electronics Equipment Production 

(Millions of Dollars) 

Dataprocessing 
Supercomputers 
Mainframe 
Midrange 
Workstation 
Personal Computer 

Computers 
Other Dataprocessing 

Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

1990 

46625 
211 

6061 
5387 
809 

9972 
22440 
24185 

20826 
22507 
54007 

1356 
5596 

150917 

1991 

54197 
252 

6164 
5814 
1041 
9012 

22283 
31914 

24070 
25459 
60202 

1468 
5900 

171296 

mz 
59485 

315 
6321 
6300 
1528 
9031 

23495 
35990 

25952 
27954 
63854 

1616 
6407 

185268 

1993 

64817 
370 

6237 
6825 
2297 
9165 

24894 
39923 

27894 
30351 
64249 

1785 
6768 

195864 

1994 

68021 
445 

6153 
7056 
3171 
9198 

26023 
41998 

29186 
32076 
64824 

1971 
7061 

203139 

1995 

72913 
527 

6027 
7287 
3676 

10374 
27891 
45022 

31232 
34235 
66736 
2169 
7429 

214714 

2000 

114259 
877 

5000 
8900 
5400 

15466 
35643 
78616 

46746 
52193 
82372 
3462 
9848 

308881 

Source: Dataquest, May, 1992 

Table3J.ll 
Japan Electronics Equipment Using MCM! 

(Millions of Dollars) 

Supercomputers 
Mainframe 
Midrange 
Workstation 
Personal Computer 
Other Dataprocessing 

Total Dataprocessing 

Communications 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

1990 

22 
315 
119 
16 
10 
24 

506 

21 
11 

4321 
1 
6 

4866 

1991 

28 
327 
233 
31 
18 
32 

668 

48 
51 

6020 
3 

24 

6814 

1222 

37 
348 
441 

76 
45 

108 

1055 

130 
84 

8940 
5 

51 

10264 

1993 

45 
349 
819 
230 
183 
200 

1826 

251 
121 

10280 
9 

68 

12555 

1994 

80 
677 

1200 
539 
368 
462 

3325 

584 
257 

12965 
16 

282 

17429 

1995 

132 
1145 
1858 
956 
830 
945 

5866 

1562 
342 

14682 
22 

446 

22920 

1000 

526 
3000 
5518 
3510 
7733 

20440 

40727 

18698 
11483 
32949 

415 
3250 

107523 

Source: Dataquest, May, 1992 
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Table 32.12 
Japan Semiconductors Used in MCMs 

(Millions of Dollars) 

Dataprocessing 
Communications 
Industrial 
Consumer 
Militaiy 
Transportation 

Total 

1990 

9 
0 
0 

60 
0 
0 

70 

1991 

13 
1 
1 

90 
0 
0 

106 

1992 

27 
3 
2 

134 
0 
1 

168 

1993 

55 
8 
4 

175 
0 
2 

243 

1994 

100 
19 
8 

389 
0 
7 

523 

1995 

264 
53 
10 

514 
1 

18 

860 

2000 

3055 
748 
344 

1812 
12 

162 

6134 

Source: Dataquest, May, 1992 

Table 32.13 
MCM Revenue in Japan 

(Millions of Dollars) 

Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Totel 

1990 

40 
2 
1 

268 
0 
0 

312 

1991 

48 
4 
4 

322 
0 
1 

380 

1992 

82 
10 
7 

402 
0 
3 

504 

1222 

133 
19 
9 

425 
0 
4 

590 

1994 

206 
38 
17 

801 
1 

15 

1077 

1995 

528 
106 
21 

1028 
1 

36 

1719 

2000 

4796 
1174 
541 

2845 
20 

255 

9631 

Source: Dataquest, May, 1992 
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Table 3^.14 
Europe Electronics Equipment Production 

(Millions of Dollars) 

Dataprocessing 
Supercomputers 
Mainframe 
Midrange 
Workstation 
Personal Computer 

Computers 
Other Dataprocessing 

Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

1990 

28151 
123 

5152 
5985 
1251 

11468 
23979 
4172 

34515 
33920 
37282 
22112 
4061 

160041 

1991 

32959 
136 

5283 
6426 
1562 

10364 
23771 
9188 

38074 
36282 
40341 
21847 
4747 

174250 

1222 

38167 
158 

6020 
7245 
1964 

10386 
25773 
12394 

41587 
38874 
43661 
22327 
5523 

190139 

1993 

43055 
197 

6534 
7800 
2757 

10998 
28286 
14769 

45366 
41717 
47327 
22863 
6670 

206998 

1994 

48029 
250 

7032 
8736 
3568 

11497 
31083 
16946 

48607 
44125 
51707 
23549 
8219 

224236 

1995 

54182 
279 

7462 
9716 
3893 

12350 
33700 
20482 

53490 
47184 
57355 
24350 
9551 

246112 

2m. 
104323 

600 
11200 
16000 
7800 

21000 
56600 
47723 

83059 
65562 
88248 
€6753 
22506 

390450 

Source: Dataquest, May, 1992 

Table 3^.15 
Europe Electronics Equipment Using MCM 

(Millions of Dollars) 

Supercomputers 
Mainframe 

Midrange 
Workstation 
Personal Computer 
Other Dataprocessing 

Total Dataprocessing 

Communications 
Industrial 
Consumer 
Militaiy/Aerospace 
Transportation 

Total 

1990 

13 
268 
132 

25 
11 
4 

453 

35 
17 

2983 
22 
4 

3513 

1991 

15 
280 
257 
47 
21 
9 

629 

76 
68 

4034 
44 
19 

4870 

1992 

18 
331 
507 
98 
52 
37 

1044 

208 
117 

6113 
67 
44 

7592 

1993 

24 
366 
936 
276 
220 
74 

1895 

408 
167 

7572 
114 
67 

10224 

1221 

45 
774 

1485 
607 
460 
186 

3556 

972 
353 

10341 
188 
329 

15740 

1995 

70 
1418 
2478 
1012 
988 
430 

6395 

2675 
472 

12618 
244 
573 

22976 

2000 

360 
6720 
9920 
5070 

10500 
12408 

44978 

33224 
14424 
35299 
3210 
7427 

138562 

Source: Dataquest, May, 1992 
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Table 3^.16 

Europe Semiconductors Used in MCMs 

(Millions of Dollars) 

Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

1990 

4 
1 
0 
3 
0 
0 

8 

1991 

6 
2 
2 

20 
0 
0 

31 

1992 

13 
5 
3 

31 
1 
1 

53 

1993 

25 
11 
4 

45 
1 
1 

88 

1994 

50 
29 

8 
93 

3 
8 

191 

1995 

128 
80 
11 

139 
4 

19 

381 

2000 

1349 
997 
346 
882 

80 
356 

4011 

Source: Dataquest, May, 1992 

Table 3^.17 

MCM Revenue in Europe 

(Millions of Dollars) 

Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

1990 

16 
3 
2 

13 
1 
0 

35 

1991 

22 
7 
6 

72 
2 
1 

110 

1992 

38 
16 
8 

92 
2 
3 

158 

1993 

60 
28 
10 

110 
3 
3 

214 

1994 

103 
60 
17 

192 
6 

16 

393 

1995 

256 
160 
23 

278 
8 

38 

763 

2000 

2118 
1565 
543 

1385 
126 
560 

6298 

Source: Dataquest, May, 1992 
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Table 32.18 
Asia/Paciflc Electronics Equipment Production 

(Millions of Dollars) 

Dataprocessing 
Supercomputers 
Mainframe 
Midrange 
Workstation 
Personal Computer 
Computers 
Other Dataprocessing 

Communications 
Industrial 
Consumer 
Militaiy 
Transportation 

Total 

1990 

27356 
0 
0 
0 

294 
16453 
16747 
10609 

10455 
2920 

27773 
3583 
1852 

73939 

1991 

31934 
0 
0 
0 

347 
14419 
14766 
17168 

11813 
3369 

29992 
3907 
2124 

83139 

1992 

36428 
0 
0 
0 

546 
13999 
14545 
21883 

13535 
3855 

35413 
4318 
2451 

96000 

1993 

41155 
0 
0 
0 

919 
14206 
15125 
26030 

15371 
4313 

39349 
5000 
2856 

108044 

1994 

46424 
0 
0 
0 

1387 
14257 
15644 
30780 

17111 
4800 

43196 
5507 
3296 

120334 

1995 

52122 
0 
0 
0 

1946 
15314 
17260 
34862 

19417 
5236 

47649 
5989 
3780 

134193 

2000 

99479 
0 
0 
0 

3500 
20000 
23500 
75979 

36092 
9394 

81748 
10001 
7703 

244417 

Source: Dataquest, May, 1992 

Table 32.19 
Asia/Pacific Electronics Equipment Using MCM 

(Millions of Dollars) 

Supercomputers 
Mainframe 
Midrange 
Workstation 
Personal Computer 
Other Dataprocessing 

Total Dataprocessing 

Communications 
Industrial 
Consumer 
Military/Aerospace 
Transportation 

Total 

1990 

0 
0 
0 
6 

16 
11 

33 

10 
1 

2222 
4 
2 

2272 

1221 

0 
0 
0 

10 
29 
17 

56 

24 
6 

2999 
8 
8 

3101 

1992 

0 
0 
0 

27 
70 
66 

163 

68 
12 

4958 
13 
20 

5233 

1993 

0 
0 
0 

92 
284 
130 

506 

138 
17 

6296 
25 
29 

7011 

1994 

0 
0 
0 

236 
570 
339 

1145 

342 
38 

8639 
44 

132 

10340 

1995 

0 
0 
0 

506 
1225 
732 

2463 

971 
52 

10483 
60 

227 

14256 

2000 

0 
0 
0 

2275 
10000 
19755 

32030 

14437 
2067 

32699 
1200 
2542 

84975 

Source: Oataquest, May, 1992 
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Table 3220 
Asia/Paciflc Semiconductors Used in MCMs 

(Millions of Dollars) 

Dataprocessing 
Communications 
Industrial 
Consumer 
Miiitaty 
Transportation 

Total 

1990 

0 
0 
0 
0 
0 
0 

9 

1991 

0 
0 
0 
0 
0 
0 

0 

1992 

1 
0 
0 
0 
0 
0 

1 

1222 

3 
0 
0 
6 
0 
0 

9 

1994 

16 
0 
0 

35 
0 
0 

51 

1995 

49 
1 
0 

84 
0 
0 

134 

2nno 

961 
14 
0 

817 
0 
3 

1795 

Source: Dataquest, May, 1992 

Table 3221 
MCM Revenue in Asia/Pacific 

(Millions of Dollars) 

Dataprocessing 
Communications 
Industrial 
Consumer 
Military 
Transportation 

Total 

1990 

0 
0 
0 
1 
0 
0 

i 

1991 

0 
0 
0 
1 
0 
0 

1 

1992 

2 
0 
0 
1 
0 
0 

4 

1993 

7 
0 
0 

15 
0 
0 

23 

1994 

33 
1 
0 

71 
0 
0 

105 

1995 

99 
2 
0 

168 
0 
0 

269 

2000 

1509 
23 

0 
1283 

0 
4 

2819 

Source: Dataquest, May, 1992 
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Table 33.1 
MCM Design Technology 

Substrates 

Ceramic 
Laminate 
Thin Film 

Width 
Min./Max. 

100|im-150nm 
75(jLm-100|xm 
20jjLm-50(jLm 

Space 
Min./Max. 

75|xm-125|im 
75|jLm-100jjLm 
25|xm-75pLm 

Via 
Pitch 

300 jun 
10jjLm-200jjun 

< 4 

$.50 
$10-50 

Layers in Cost 
4-6 

$1-2 
$20-100 

7-8 

$7-10 
$34 

$/sq.inch 
10-14 

$7-50 
$4-7 

$50-200 

28 

$30-40 
... 

Source: Dataquest, May, 1992 

Technology Design Tradeoffs 

The data Usted in Table 3.3.1 is a tabulation of the data provided by companies participating in the MCM 
survey conducted by Dataquest during 1991 and 1992 to evaluate the level of activity in the MCM market. 
The data was provided by companies both merchant and captive that are currently supplying substrates 
and finished modules to both merchant and captive end use markets. 

In summary, Dataquest has concluded that the entry level to MCM production in volume will be at a higher 
cost than any interconnect technology available at this time. Because of this higher entry cost, the first 
firms that are able to produce the most cost efficient module in volume will have the greatest chance to 
become dominant in the market. The real issue for any MCM producer will be its ability to control the 
market situation early m implementation of its technology. 



Chapter 4—MCM Issues 

4.0 MCM Issues 

This chapter discusses MCM design software, chip procurement, the MCM vendor community, consor­
tium activities, the need for standards, and the tradeoff between "superchips" and MCM's. 

MCM design software is needed that will make it possible to design the entire module using ciu-rent top-
down design methodologies. This need is described in some detail in the software section of this chapter. 

Chip procurement is an issue that is closely linked to test and repairability. Test is discussed in some length 
in Chapter 7, and the conclusion is that the most economically efficient place to test and burn in chips is 
before they are assembled into a module. This means that the MCM market will require chips that are 
tested to the same quality levels as today's packaged imits. The lack of such units is currently a market im­
pediment. 

Semiconductor manufacturers fear loss of value added if they supply bare chips rather than packaged 
units. Dataquest believes that chip value will be considerably enhanced when chips are thoroughly tested 
and that this will mitigate the loss of added value. 

The structiu-e of the ciu-rent MCM vendor community is examined and some ideas about the structure of 
the future MCM vendor community are presented. Dataquest believes that it has already proven difficult 
for a vendor to survive as a substrate supplier. Vendors in the cofu-ed ceramic part of the market seem to 
survive as module assemblers with most of the design being done by their customers. Interestingly, there 
seems to be a trend in the MCM-L and MCM-D segments of the market towards MCM's that are really 
appUcation specific standard products. 

Many consortiums are working with MCM's in one way or another. This section of the chapter reviews 
the activities of MCC, Sematech, SRC, and others. 

Some standardization activity is being pursued with regard to MCM. This section of the chapter reviews 
the various agencies involved and describes their efforts. 

Some semiconductor chip designers feel that MCM's will become uimecessary because everything will 
eventually be integrated onto one big chip. Dataquest believes that there are situations where this is like­
ly and situations where it is not. These situations are described in some detail. 

4.1 MCM Design Software 

The ideal of MCM design software is that it will provide a capabiUty so that the entire MCM module can 
be designed using current top down design methodologies. 

Functional partitioning is an ultimate goal for a suite of MCM design tools. This concept assumes that 
both the chip and substrate are to be designed. The tool suite should therefore assign functions to the 
various chips in an optimum way and should be capable of handling both the chip design and the substrate 
design. Currently, most MCM projects assume that the chips are already designed; in this case the tool 
suite just works with the interconnect between chips. 
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Dataquest believes that most of the large computers that use MCM are the result of design methodologies 
that start at the functional partitioning level. Nevertheless, most of the projects in the merchant MCM 
world work with chips that are already designed. Dataquest believes that it will be some time before par­
titioning is part of MCM design in the merchant world. 

MCM design today is being approached with tools that come from the ASIC world and with tools that 
come from the PCB design world. Neither type of tool is ideal for MCM's, but the PCB oriented tools may 
have an advantage because they represent a methodology that is closer to the MCM methodology than do 
the ASIC oriented tools. 

All of the broad Une EDA vendors are currently offering design tools, including Cadence, Mentor 
Graphics Corporation, Dazix, Racal-Redac Group Limited, Intergraph, and Scientific Calculations. In 
spite of the large vendor base addressing this application, much improvement in tools is needed and the 
number of tools sold so far is relatively modest. 

One basic problem with MCM's is that prototype devices cannot be tested and modified in the same way 
as PCBs. It is no longer possible to make prototype design changes by manually cutting traces and solder­
ing on blue wires by hand. This means that more up-front analysis is needed to achieve a design that is 
right the first time. In this sense, MCM design more closely resembles IC design. 

MCM design requires knowledge of a number of different technical discipUnes—the software suite can 
reduce the need for this knowledge by the extent to which it deals with technical details. Accordingly, the 
software must provide for thermal design, transmission line analysis, routing, simulation, and testing. It is 
also helpful to have available software that helps the designer estimate the performance of the MCM 
before the detailed design is complete. 

MCC (Microelectronics Computer Technology Corporation) has a software package known as the 
"Design Advisor." This package provides an estimate of cost, thermal performance, signal delay and size 
for various substrate options. These estimates are based on a description of the chips to be put in the 
module and on the way these chips are interconnected. They allow the designer to choose a substrate tech­
nology before completing the actual design. 

Thermal design is likely to become more important in the future. The projections of Chapter 6 indicate 
that CMOS power densities may grow in the next decade to the point where they exceed the power den­
sities of the ECL chips of today. This means that thermal design will be critical if designers are to obtain 
the ultimate in performance. Quick, convenient thermal analysis tools will be needed and these tools will 
have to deal with heat flows in three dimensions. 

Transmission line analysis tools are needed when chips work at higher frequencies. The frequencies that 
require transmission line analysis depend upon the dielectric constant of the material surroimding the line 
and the size of the MCM substrate. Table 6.2.1 indicates that for substrates (except silicon carbide) smaller 
than one inch square, frequency Umit may be anything from 96 MHz to 150 MHz or more. 

Since some MCM designers are using unterminated lossy lines to avoid reflections, the transmission line 
software must deal with lossy transmission lines as well as lines that only have inductance and capacitance. 
In addition, the software must provide information concerning power and ground transients and crosstalk 
from signal line to signal Une. Some have used SPICE models to simulate transmission lines, but the com­
puter time required for solutions of any reasonable interconnect is too high. Some current vendors of 
transmission line software include Quantic Laboratories, Quad Design Technology Inc, and Swiftlogic. 
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Various kinds of routing packages have been available for a number of years, and the routing of MCM 
wiring should provide no theoretical difficulties. At the practical level, the current lack of standards is a 
problem. There is no standard on the location of pads on MCM substrates, and it is difficuk to obtain chip 
images from the chip manufacturer. In addition, chip manufacturers reserve the right to change their chip 
images from time to time as design rules allow silicon chips to shrink. Needless to say, this causes problems 
in MCM assembly. 

Simulation can be architectural, behavioral, or gate level. Simulators should provide information on the 
behavior of the whole MCM module, including any transmission line effects. Sometimes this can be dif­
ficult if chip manufacturers are unwilling to provide detailed information on the behavior of proprietary 
chips. 

The software must insiu-e that the testing methodology is adequate. Module testing is discussed in Chap­
ter 7, with the conclusion that testing is much simpler and less expensive if KGD (Known Good Die) are 
available. All that is required is that semiconductor manufacturers test their die as thoroughly as they test 
packaged units. Accordingly, the problem is more one of making good high frequency electrical contact 
to the die rather than one of devising new test procedures. 

With KGD, module test just requires that the module be tested to ensure that the substrate is properly 
constructed and that all chips are connected to it without any opens or shorts. This can be accompUshed 
easily if the chips are constructed with boundary scan circuitry as described in IEEE 1149. 

If the chips in the module do not have boundary scan, the problem becomes more difficult. A simple func­
tional test at the module level may be sufficient to ensure shipment of good modules, but it will be difficult 
for this test to provide repair information in the case of bad modules. Module test software could have a 
difficult time of coping with this problem, especially if chip behavioral models are not available. 

Unfortunately, KGD are not available today. This means that the module test vectors must test both the 
substrates and the chips. Software to solve this problem is likely to be extremely difficult. In the meantime, 
MCM manufacturers are likely to rely on a number of ad-hoc solutions. Easy replacement of bad chips is 
a help, and so is the fact that simple modules with five or less chips have low (less than 10%) rework rates. 

4.2 Chip Procurement 

S. Leonard Spitz, an East Coast magazine editor wisely stated m the early 1980's that for want of a chip, 
the package was lost; for want of a package, the board was lost; and for want of a board, the workstation, 
tester, handler, robot, assembly systems were lost—lost to the offshore makers. 

Chip-on-board (COB) assembly of bare die onto an organic substrate was introducced into electronic cal­
culator and watch applications in the 1960s and 1970s. Initially, the largest barriers to COB assembly were 
from semiconductor manufacturers that were reluctant to supply wafers and lose the value-added revenue 
generated by packaging assembly. The system users were reluctant to incorporate COB into high-level-
systems because of the impression that COB offered less reliabiUty at the chip-level pressure-pot test. As 
such COB assembly was relegated to "other low-cost expendable products." COB assembly expanded 
beyond PCB wire bonding into chip on tape, chip on flex, and flip chip on flex. Bare die in a COB con­
figuration has been used extensively in video game cartridges, and low cost watches. COB eventually 
proved its worth in the calculator, portable phone and pocket PC markets. 
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Figure 42.1 
Worldwide Bare Die Market 

Billions of Units 
20-

1990 1991 1992 1993 1994 1995 1996 

• Asia/Pacitic Europe [ | ] North America Japan 

Source: Dataquest (May,1992) G£0(»B12 

Dataquest beUeves that if the MCM market is to grow to its projected size by 2000, then the supply of good 
or "known" good die must be made available to the market. Of the total ICs produced in 1990, more than 
6.8 percent were shipped as bare die, as shown on Figiu-e 4.2.1. Of the total bare die shipped as shown on 
the regional data in Tables 4.2.1 through 4.2.4, the percent assembled in a nonhybrid COB configuration 
of either single bare die or multichip module on laminate (MCM-L) will experience the most significant 
growth during the next five years. 

As momentum builds in consumption of MCM-C and MCM-D designs, the competitive pressiues on IC 
manufacturers is expected to increase the availability of known good die. Suppliers or distributors of bare 
die will profit from the value-added revenue generated from their ability to offer 100% temperature-tested, 
speed-sorted and burned-in components. 
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Table 42.1 
North America 

Bare Die Consumption 

122Q 

Hybrid 795 
COB 75 
Chip on Glass MCM-C 5 
Ceramic MCM-C 17 
Thin-Fihn MCM-D 8 

Total Bare Die 900 

1991 

892 
98 

7 
21 
11 

1029 

1992 

920 
146 

12 
27 
15 

1120 

1993 

1100 
272 

18 
46 
25 

1461 

1994 

1680 
638 

31 
90 
65 

2504 

1995 

2100 
1252 

76 
186 
186 

3800 

1996 

2580 
2201 

234 
422 
430 

5867 

?m 
1400 
4500 
2200 
2700 
2800 

13600 

Source: Dataquest, May, 1992 

Table 422 
Japan 

Bare Die Consumption 

122Q 

Hybrid 629 
COB 820 
Chip on Glass MCM-C 64 
Ceramic MCM-C 34 
Thin-Film MCM-D 3 

Total Bare Die 1550 

1991 

674 
1618 
160 
144 
24 

2620 

1222 

720 
1820 
220 
320 

94 

3174 

1222 

768 
2050 
598 
510 
300 

4226 

1994 

825 
2153 
1080 
974 
460 

5492 

1225 

870 
1948 
1200 
1300 
733 

6051 

1996 

893 
1740 
1633 
1700 
946 

6912 

2000 

830 
1200 
4726 
4300 
3670 

14726 

Source: Dataquest, May, 1992 
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Table 423 
Europe 

Bare Die Consumption 
(Millions of Die) 

1990 

Hybrid 161 
COB 137 
Chip on Glass MCM-C 1 
Ceramic MCM-C 7 
Thin-Fihn MCM-D 0 

Total Bare Die 306 

1991 

177 
175 

2 
13 
0 

367 

1222 

200 
223 

5 
22 

1 

451 

1993 

301 
346 

9 
43 

4 

703 

1994 

420 
503 
38 

100 
18 

1079 

1995 

600 
746 
61 

211 
16 

1634 

1996 

800 
1113 
119 
325 

48 

2405 

2QQQ 

1075 
1800 
600 
900 
900 

5275 

Source: Dataquest, May, 1992 

Table 4J.4 
Asia/Pacific 

Bare Die Consumption 

1990 

Hybrid 108 
COB 14 
Chip on Glass/MCM-C 0 
Ceramic/MCM-C 0 
Thin-Fihn/MCM-D 0 

Total Bare Die 122 

1991 

117 
20 
0 
0 
0 

137 

1222 

130 
30 
0 
0 
0 

160 

1222 

166 
47 
0 
1 
0 

214 

1994 

240 
91 

1 
2 
0 

334 

1995 

355 
164 

2 
4 
1 

526 

1996 

533 
324 

4 
7 
1 

869 

2000 

2000 
4006 

22 
34 
28 

6090 

Source: Dataquest, May, 1992 
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Figure 43.1 
MCM Domain 

Liquid Cooled 

Forced Air/ 
Convection Cooling 

Source: Dataquest (May 1992) 02000813 

43 Profile of the Vendor Community 

Within the MCM domain, as illustrated on Figure 4.3.1, the largest investment and assembly of MCMs is 
being made by captive systems houses, subcontract assembly houses and bare die distributors. The greatest 
challenge to the captive MCM vendors such as AT&T, DEC, Motorola and IBM is not to prove the 
viabilitiy of their MCM technology but to move into the merchant arena and market their technology as 
an off-the-shelf product to the 60MHz to lOOMHz domain. Dataquest believes that these MCM vendors 
will achieve market dominance because of their ability to understand the role of packaging in the system. 
Their strength will also provide the direction for standardization. Most of the subcontract assembly houses 
and bare die distributors listed in Table 4.3.1 function like machine shops. They will dominate the general 
COB/MCM-L market, providing low-cost volume MCM-L products. They will be the largest contributors 
to MCM designs in high-growth end equipment such as: 
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Table 43.1 
Bare Die Contractors 

COB Subcontract Assemblers 

Anam Industrial Corporation 
Chinteik Electronics 
Dyne-Sem Electronics 
Fine Products Microelectronics Corporation 
Fihpinas Micro-Circuits 
Hana Semiconductor 
Hycomp Limited 
Hyundai Electronics 
IMI 
Iteq 
Lingsen Precision 
Pantronix 
Semiconductor Devices Ltd. 
SMOS/Seiko Epson 
Swire Technologies 
TEAM 
Vermont Semiconductor 

VLSI Packaging Corporation 

Bare Die Distributors 

Chip Supply 
Elmo Semiconductor 
Minco Technology Labs 

Source: Dataquest May 1992 

Laser printers. 

Laptop computers. 

LCD panels. 

Watches. 

Calculators. 

Smart Cards. 

Memory cards. 

Palmtops. 

Video games. 

As cost efficiencies are proven in the MCM-C and MCM-D markets the systems houses and IC manufac­
turers will either participate in collaborative efforts offering proprietary packaging services or compete 
with each other in a global arena for the high frequency MCM domain. 

The market for the 60 MHz and above thin-fdm MCMs did not achieve its original expected growth in 
1991. As referenced in Chapter 3, the worldwide market for MCM was valued at $ 678 million dollars. 
Japan and North America each experienced a sluggish market environment in 1991, delaying MCM market 
growth by one year. Even with its declining market environment in 1991, Japan still accounted for the 
largest share of bare die consumed worldwide. 
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Figure 4.4.1 
R&D/GNP Ratios by Country 

1971-1988 
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Source: National Science Foundation oaoooiee 
OECD, 1991 
Dataquest, April, 1992 

4.4 Consortium Activities 

Worldwide, R&D investment, whether it filters from private investment, industry and/or government agen­
cies, has played a major role in facilitating the improvement of existing technologies and the application 
of new process technologies in the semiconductor industry. 

High risk technologies and the cost issues associated with these technologies resulted in the formation of 
national research consortia during the last decade. Research programs in Europe, Japan, and the United 
States, that focus on packaging interconnect projects, will be dealt with in the following section. 

Worldwide R&D Spending 

Historically, the United States had the highest R&D spending per gross national product (GNP) ratio, as 
shown in Figure 4.4.1. This figure includes defense related R&D. From 1987, the R&D per GNP ratio of 
Japan has continued to grow, while R&D/GNP ratios of the U.S., West Germany, and France have 
remained flat, and the U.K. has declined. As a nation, Korea upgraded its technical infrastructure at 
phenommal rates. By 1988, Korea was spending 2% of its GNP on R&D, with three quarters of that bur­
den carried by the private sector. Korean research spending is expected to reach 5% of GNP by 2001. Al­
though it is not shown on the figure, Taiwan's R&D spending was 1% of its GNP in 1986 and it is expected 
to grow to 2% of the GNP by 19%. 
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Figure 4.4^ 
Nondefense R&D/GNP Ratios by Country 
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Gzoooiaa 

A comparison of non-defense related R&D/GNP ratio is shown in Figure 4.4.2. Since West Germany and 
Japan are legally restricted in their defense related R&D spending, most of their investment is geared to 
industry related efforts. In 1990,40 % of the total expenditure for U.S. R&D was from the Federal Govern­
ment, with defense being the largest area of funding. Of the $58.5 billion allocated to R&D, $35.9 was 
budgeted for Defense Agencies. 

United States 

During the first two decades of the semiconductor industry in the United States, federally subsidized R&D 
programs were typically aimed at defense appUcations, with a large portion of U.S. manufactured semi­
conductor ICs consummed in the military sector. 

Constrained by anti-trust laws, U.S. companies catering to merchant/commercial apphcation markets 
were fiercely independent in supporting their internal R&D programs. 
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Consortium 

MCC 
Sematech* 
SRC 

Table 4.4.1 
United States Research Consortia 

* All members of Sematech 

Established 

1982 
1987 
1982 

1991 Funding 

$ 55 million 
$190 million 

$ 29.1 million 

are required to be members of SRC. 

Source: Dataquest, April, 1992 

Increased technological complexity, design, manufacturing, marketing and wafer fab costs, as well as fierce 
foreign competition, resulted in a restructure of the antitrust laws. During the 1977 through 1980 time 
frame, the Justice Department's adjustments in antitrust guidelines concerning research joint ventures, 
opened the doors to consortia development as shown in Table 4.4.1. 

SRC has contracted more than $11 miUion for packziging research since inception of its packaging program 
in 1983. MCC's packaging interconnect program is a continuation of the original six year, $30 miUion pack­
aging program initiated in 1983. Through its cooperative efforts with SRC, Sematech has indirectly sup­
ported a packiiging interconnect research infrastructure. 

As part of a continuing effort to follow emerging technologies for the purpose of developing new and/or 
improved products by the year 2000, members of these research consortia as well as academia, and govern­
ment agencies and labs have developed a National R&D Plan for Electronic Packaging. Formed in 
January, 1992, this National Packaging Program will focus on the following technologies: 

Signal transmission and interconnect. 

Design and simulation of packages and assemblies. 

Environmental protection of ICs. 

Multichip module design for test and test methods. 

Power/thermal technologies and analysis. 

From the Government sector, DARPA continues to subsidize multichip module research in both industry 
and academia. DARPAs 1990 $20 million contract was awarded to two industry teams: 

Team 1: Texas Instruments and General Electric. 

Team 2: E-Systems, nChip, National Semmiconductor, Cypress, Multichip Technology, 
General Dynamics, and Fairchild Defense. 

Under this three year contract both teams will focus their R&D efforts on estabUshing a merchant foundry 
for MCM development. Table 4.4.2 Usts advanced packaging funded programs m universities and labs 
during 1990 and 1991. DARPA, along with other federal agencies, consortia and industry allocated over 
$300 miUion for these programs. 
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Table 4.42 
University Paclcaging Interconnect Research 

1990 • 1991 

University 

Auburn University 

Carleton University 

Carnegie MeUon University 

ComeU University 

Florida Atlantic University 

Lehigh University 

Massachusetts Institute of Tech 

Purdue University 

Rensselaer Polytechnic Institute 

Sandia National Labs 

Stanford University 

University of Arizona 

Project Support 

N/A 

N/A 

DEC 
IBM 

Rockwell 
SRC 

SRC 

NSF 

SRC 

USAF 

SRC 

N/A 

US Dept. of Energy 

FBI 

DASH 
SRC 

NASA 
ATT 

SRC 

Project Focus 

BCB Interlayer 
Dielectrics 
3D Simulation/ 
High Speed Interconnect 

Interconnect Delay & 
Crosstalk in MCMs 

Asymtotic Waveform 
Evaluation 

Packaging Design 
Thermal Management 

MCM Testmg 

Packaging Design, 
Fundamental Materials 
Packaging Integrity 
and Engineering 

Coplanar Packaging 
Techniques for MCMs 

Thermal, Physical 
Electrical & Mechanical 
Properties of Package 
Materials 

Capacitance Extraction 
for MCM Interconnect 

MCM Assembly Test Chips 

Field Programmable 
MCM Systems 
Scalable Parallel Machines 
Membrane Probe 

MCM Environments 

MCM Switching Noise 
CAD Tools for MCMs 
Electrical/Thermal 
Simulation System 
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Table AA2 (cont.) 

Universitv 

University of California 
Berkeley 

University of Cinncinati 

University of Colorado 

University of Maryland 

University of Michigan 

University of California 
Santa Cruz 

University of Southern Calif 

University of South Florida 

University of Wisconsin/ 
Milwaukee 

Project Support 

SRC 
NSF 
SRC 

N/A 

USAF Wright Labs 

NSF 

CALCE Research Ctr 

DARPA 
Seattle Silicon 

Mentor Graphics 

NSF 

SRC 
State of California 

NSF 
SRC 

Samsung 

Sandia Labs 
ISI,GE,Micron 

DARPA 

DARPA 

FHTIC 
Honeywell 
Gigatest 

Mayo Foundation 

Project Focus 

MCM System Partitioning 

Transient Simulation 
of Lossy Coupled 
Transmission Lines 

MCM Interconnecting 
Circuit & Fluxo 
Electronics 

Boundary Scan Test 
Structures 

MCM & FUp Chip 
Thermal Compression 
Bonding 

HDI Overlay 

MCM Interconnect Delay 
MCM & System 
Performance 

RISC in the MCM 
Environment 
Thin Fihn Substrates 

Bus-based Packet 
Switch/MCM 

MCM for CeUular 
Mobile Telephone Sys. 
Membrane Probe 
for Bare Die Test 

High Density 
Systems Module 

Bare Die/Membrane 
Probe Test 
3-D MCMs 

Lossy Transmission 
Lines 

Source: Dataquest, April, 1992 
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Table 4.4 J 
Package Related R&D Program Structures in Japan 

AIST-Agency of Industrial Science & Technology 

R&D Projects of Basic Technology for Future Industries 

1. Superconducting Materials 

2. New Materials 

High Performance Ceramics 

High Performance Plastics 

Photonic Materials 

High Performance Materials for Severe Environments 

SiUcon-based Polymers 

3. New Electron Devices 

Superlattices 

- 3-D ICs 

Source: MITI, 1991 

State Funded R&D 

State funded R&D totaled more than $13.3 biUion in the U.S. in 1983. By 1990 there were over 160 state 
funded programs nationwide for high technology programs. State funded programs were instituted to en­
courage: 

job training. 

technical trade/foreign investment. 

favorable tax pohcies. 

strong industrial bonds. 

industry development. 

modernization of industry through electronics. 

An example of a state funded program that emphasizes packaging is the Alabama Microelectronics 
Science and Technology Center. This program was established at Auburn University in January, 1984, 
through a special legislative appropriation with continuing state support. The charter of the center is "to 
advance microelectronics education and technology." Multichip module research has been ongoing in the 
center since September 1984. Research activities include material characterization, process development, 
and MCM-L, MCM-C, and MCM-D module designs. In addition, prototype MCMs have been fabricated 
under contract. Facilities exist for CAD, artwork generation, thick film substrate processing, multilayer 
thin film substrate processing, prmted wirmg board processing, chip and wire assembly and surface moimt 
assembly. 
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Table 4.4.4 
European Packaging R&D Projects 

Companv Projects 

Siemens 
Contraves 
RISH 
MCM Consortium 
Thomson 3-D Package 

Collaborative Projects 

ESPRIT - Phase 1 
ESPRIT - Phase 2 
EUREKA 
RACE 

Source: Dataquest, April, 1992 

Japan 

Within the framework of their massive technopolis programs of 1980, MITI, in close collaboration with 
universities and industries, provided significant funding for R&D projects that would have long range 
benefits to packaging and interconnect apphcations. The programs listed on Table 4.4.3 are being sub­
sidized through 2000. 

The focus of Japanese industry on packaging technology is now directed at the following market trends 
and apphcations: 

IC Card packaging technology. 

Bare chip packaging technology. 
TAB/Flip Chip. 

Chip on Glass (COG) high density packaging for driving LSI. 

Advanced fme-pitch SMT. 

Europe 

In Western Europe there are two main sources of government funding for research and development in 
semiconductor technology and its apphcations: a European Community (EC) budget administered by the 
Commission in Brussels; and funding at national government level. 

In Europe, the primary semiconductor research programs are ESPRIT and JESSI. ESPRIT is an EC 
program; JESSI is not. JESSI is part of EUREKA, which was developed from a French-German initia­
tive started in 1985 and reUes on national government money. It has developed in parallel to EC research, 
but coordinates with EC programs. Whereas EC research is mainly concerned with pre-competitive and 
basic research, EUREKA projects are nearer to the market. In the case of JESSI (now the biggest 
EUREKA program) there is considerable synergy with many of the ESPRIT projects. This coordination 
centralizes fimds, enabling both EC and national government money to be used on the same projects. 

In addition to ESPRIT, there are three other EC programs that directly benefit the European semicon­
ductor industry. These are RACE, DRIVE, and BRITE/EURAM. RACE and DRIVE have subprograms 
that involve apphcations for semiconductors. RACE is involved in telecommunications, and DRIVE in 
transportation. BRITE/EURAM is concerned with research into basic raw and advanced materials. 
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Table 4.4 J 
European Collaborative Packaging R&D Projects 

ESPRIT 

Phase 1 
300-t- I/O TAB 
Optical Interconnect 

Phase 2 
APACHIP 
MCM-L 
MCM-D 

EUREKA 

Optoelectronics 
Telecom MCMs 

RACE 

Optoelectronics 
Low cost MCM 
ISDN 

Source: MCC International Liason Office 

Table 4.4.4 lists the packaging/interconnect-related projects separated by company independent research 
as well as collaborative research. 

Siemens high pin count TAB "Mikropak" technology is now used in the Siemens 7500H90 water cooled 
mainframe system. Contraves "Polystrate/Ultrastrate" MCM technology is aimed at workstation, 
mainframe and telecommunications systems. The RISH consortium formed by Bristish Aerospace, GEC 
Plessey, Lucas Automotive, Mars Electronics and the Ministry of Defense investigated the use of silicon 
substrates for the development of MCMs. Achievements under the RISH program were: 

examination of thermal and electrical characteristics of siUcon hybrids. 

evaluation of flip chip, TAB, and wire bonding as chip attach methods. 

construction of prototypes for siUcon hybrids. 

The MCM consortium is an extension of the RISH project. Under this program, the RISH technology will 
be transferred to the fabrication stage. The project aims to establish the overall integrity of the silicon 
MCM method. 

The Thomson-CSF 3-D packaging technology is an 8-layer stackable SRAM module, incorporating wire 
bond assembly in a leadless carrier or ceramic package. 

Table 4.4.5 lists the packaging developments achieved via the collaborative projects shown in Table 4.4.4. 

4.5 Standardization 

Since the majority of captive systems houses engaged in either the computer and/or telecommunication 
industries are the largest producers and consumers of MCM technology, it would be reasonable to as­
sume that MCM standards would best be driven by this same group. This has not proven to be true in the 
development of single chip package standards. Historically, standards set have often been de facto stand­
ards, strongly influenced by the component market leaders. Heretofore, the fabrication practices that 
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prevailed in the merchant market segments during the last decade are seen as having influenced over 90% 
of the single chip package standardization process. 

The worldwide merchant semiconductor industry currently lacks the infrastructure and the education in 
the use of MCM technology for volume ramp up. Thus, the ultimate acceptance of MCM technology will 
greatly depend on a vendor's ability to create a demand for products by designing the system using the 
module technology. The success of MCM vendors will not derive from their ability to supply only sub­
strates/modules and design services. 

Standardization processes for MCM will occur when and if large-scale producers such as AT&T, IBM, 
Motorola, PMC and Toshiba ramp-up into full scale production and force standardization through volume 
produced and consimied. By selling standard off-the-shelf commodity products that use MCM technol­
ogy they can 

select products that are high volume. 

have direct control over the majority of the chips, as well as the test programs. 

offer a product of value and function knowing the true benefits of the technology. 

offer product at low cost with little or no risk. 

Knowledge of linewidths, cost/square inch, substrates and electrical test and repair issues are compUcated 
tools and unwanted risks to the majority of potential MCM users. Proponents of single chip view MCM 
technology as a very complex, custom, and costly investment. System designers view MCM as a power tool 
to improve system speed and performance. The economist George Stigler once remarked that a busbess 
firm is a collection of devices to overcome obstacles to profit. Although the standardization structure 
within which companies have operated has created obstacles to profit, MCM complexities viewed as 
obstacles by the inexperienced could provide opportunity to the MCM experts. The MCM impetus wiU 
not be driven by complex standards. MCM standards don't have to be the best; any standard that works 
will satisfy the user. 

Traditionally, industry standardized electronic package outlines have been defined and ratified by one of 
several committees. Japan has its Electronic Industry Association (EIAJ). The U.S. has its Joint Electronic 
Device Engineering Council (JEDEC), JC-11 committee. Although the standards process cycle varies be­
tween the U.S. and Japan, the normal standard lifecycle from the time that the standard is submitted 
through its final acceptance averages 1.5 to 2 years. For the company submitting the package outline for 
ballot approval, the process has become an endless and costly maze of ballots and redesigns as shown in 
Figure 4.5.1. 

For the systems house, the effect of standardization on the typical assembly process is shown in Figure 
4.5.2. As package standards continue to evolve, the cost in upgrade and design time to the system desig­
ner are significant. As a case study, Hewlett Packard tracked the typical process development lifecycle 
for a QFP designed into their palmtop and workstation equipment. The entire six step process from 
proposal of design through PCB assembly involved 1 year and approximately 4 to 6 people. 

Package standard outlines typically include pincounts, mechanical dimensions and tolerances as well as 
gauges or overlays for verifying critical features. St£mdard outlines typically do not include specification 
of materials, specification of material handling or electrical performance requirements. 

Through the efforts of MCC, representatives from consortia, industry and government agencies are work­
ing together to develop MCM standards for the following reasons: 

to reduce the cost of prototyping/low volume. 

to reduce turnaround time. 

to stimulate vendors to invest. 
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Figure 4 J.l 
JEDEC JC-11 

Registration and Standards Ballot Flowchart 
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Source: JEDEC Q2000190 

to promote dual use for commercial and government markets. 

to accelerate manufacturing by consoUdating volume. 

The areas that they have designated for standardization include the following: 

substrate size/package connectors. 

device size/footprint. 

electrical interfaces. 

customer/vendor data transfer interfaces. 

device pm-out/performance models. 

QC/reliability specs and test. 

device mountings and module attachment techniques and materials. 
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Figure 4.5 J 
Impact of Package Standardization 

On System House Assembly Process Development 

Regional 
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Source: Hewlett-Packard QSocnifli 

The following groups are participating in the development of MCM standards: 

rnrnmittpp/s 

JEDEC 
ISHM 
lEPS 
IPC/Japan 
ASTM 
IEEE 
SEMI 
SMTA 

Agencies 
RADC 
NWSC 
NIST 

Ad Hoc Committees 
HDPUG/Europe 
(High Density 
Packaging Group) 
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Table 4.6.1 
Chip-Level Comparison of Single and Multi-Chip Implementations 

of the Same System Function 

Relative Complexity of Single Chip 
Edge Dimension* (mils) 
Max. Peripheral I/O Pins** 
Wafer Cost ($/sq.in.) 
Gross Die Cost 
Yield (Murphy) 
Yielded Die Cost 
Yielded Test Cost 
Net Die Cost 

Multi-Chip 
rEach Chip^ 

— 

380 
152 
$40 

$5.78 
35.2% 
$16.43 
$1.64 
$18.07 

*Assumes square chip. Allowance for bonding pads is a 
der on all sides of the chip. 

** Assumes one pin every 10 mils. 

Single Chip 

4X 
730 
292 
$40 

$21.32 
5.3% 

$398.56 
$24.77 
$423.33 

15 mil bor-

Source: Dataquest, April, 1992 

4.6 Superchips vs MCM 

Two schools of thought have emerged in the semiconductor industry. One school beUeves that VLSI chips 
will ultimately be so complex that almost any conceivable function can be built on a single chip; the other 
believes that multichip modules offer advantages over single chips in many cases. 

Multichip modules (MCM's), especially those with high density interconnect (MCM-D), make it possible 
to hook up many chips and get single chip performance. This report shows when it makes sense to do this. 

The multiple chip option provides big cost savings where the single chip version would be difficult to 
make—savings which decline with time if yields are improved through product shrinks and redesigns. 

Another advantage of the multiple chip option is that it may have shorter development time at lower risk. 

Single chip is the low cost option if the chip is not too complex. For semiconductor users, this option avoids 
the need to deal with separate chip and module vendors. 
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Economic Issues 

The economic benefit of the multiple chip option depends on the market situation. There are three cases: 

Product shipments limited by wafer fab capacity. 

Product prices set by the single chip option. 

Product shipments set by the market. 

Table 4.6.1 assumes that four single chips of 380 mils on a side can be replaced by a single chip of 730 mils 
on a side. This larger chip is a Uttle less than four times the area of the single chips because less area is re­
quired for input/output pins. The yields are computed using Murphy statistics, and the resultant costs are 
computed. 

When product shipments are limited by wafer fab capacity it is important to note that the MCM solution 
of Table 4.6.1 will ship 25 modules per 8 inch wafer while the single chip solution will ship 3 imits per 8 
inch wafer. If the available wafer capacity is 1000 units per month, the MCM solution will ship an extra 
17,000 units per month. This will result in extra product sales which should generate significant extra 
revenue and market share. 

If product prices are set by the single chip solution, the module might sell for $1075 (50% gross margin 
from the costs of Table 4.6.3) and the cost savings is $320 each. If the MCM vendor wished to gain market 
share instead of maintaining high margins, the MCM could be priced to make the single chip improfitable. 

Product shipments are set by the market if the MCM is of the customer-specific type. Saying it another 
way, the demand for the chip depends only on the demand for the product in which the chip is used. If 
the product in question ships 1000 units per month, monthly savings of $320,000 are generated. 

Single chip costs decrease more rapidly with time than MCM costs, so these savings illustrated above do 
not persist. Then, neither does anything else in the electronics business. The timing of the relative costs 
between the MCM and single chip options is described later in this section. 

Other Advantages of MCM's 

MCM's may offer shorter time to market 

Some new products can be developed simply by using a new combination of standard chips. 

Chip design times are shorter because design software is readily available. 

Prototype runs are shorter because chip yield is high and chips can be debugged in parallel. 

MCM's make it possible to work with more wafer vendors since acceptable yields can be achieved with 
wafers of lower quaUty. 

MCM's can mix products made with optimized CMOS processes, like SRAMs and DRAMs. 

MCM's can handle mixed technologies like GAAS, ECL and CMOS. 

MCM's can have higher clock rates because MCM interconnect has less series resistance than on-chip in­
terconnect.* 

* "Electrical Characteristics of Digital Circuit Interconnects: Printed Circuit Boards, Multichip Modules, 
MonoUthic Integrated Circuits," WiUiam Henredon, Wescon, 1992 
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Figure 4.6.1 
Cross Sectional View of Typical Metal Traces 

on a VLSI Chip, an MCM-D Substrate, and a PCB 

/ y. PCB Trace 

/ / 

/ / /ff ^/ MCM Tiace 

/ \ iff {/ 

\ 
VLSI Trace 

{ 
Source: Dataquest (May 1992) Q20002S3 

Figure 4.6.1 gives a cross sectional view of typical metal traces on a VLSI chip, an MCM-D substrate and 
a PCB. Since series resistance depends on the cross sectional area, the PCB will have much less resistance 
than the MCM which will have much less resistance than the VLSI trace. In the case illustrated here, the 
area of the MCM trace is 88 times larger than the area of the VLSI trace. The PCB cross sectional area 
is 38 times larger than the area of the MCM trace. 

Signals on the VLSI chip tend to be slowed by the high series resistance of the chip traces. The traces on 
the MCM offer shorter delays because of their lower resistance. PCB traces are so low in resistance that 
they require termination to eliminate overshoot and ringing. In addition, the distances to be travelled on 
the PCB are longer, so delay times on the PCB are longer than on the MCM. The delay times for these 
three alternatives are given in Table 4.6.2. This table assumes that a 4 chip system is implemented in the 
MCM and PCB. 

Cost Timing Scenario 

In the long run yields improve and single chip costs become less than MCM costs. But, as Lord Keynes 
observed: "In the long run we are all dead." This section deals with the timing issue that is so critical in 
the fast paced electronics industry. 

Table 4.6.1 gives costs for a 4 chip design and for the single chip that replaces it. In this example, four chips 
at a total of $72 are much less expensive than the single chip at $423. 
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Table 4.62 
Computed Delays for a 4 Chip System 

As a Single Chip, MCM, and PCB 

Single Chip MCM 

1.5 ns 1.2 ns 

ECE 

2.6 ns 

Source: Dataquest, April, 1992 

In this table, wafer costs of $40 per square inch assume an advanced CMOS process. The chip yields are 
typical of microprocessors; gate arrays of the same chip size have higher yields. For comparison with cur­
rent microprocessor designs, the DEC Alpha and MIPS R-4000 chips would have edge dimensions of 601 
mils and 550 mils, respectively, if they were square chips. Both these chips are leading edge, and Data-
quest believes that their yields are in the range shown for the single chip in Table 4.6.1. 

The larger chip is not four times the area of the single chip because some of the I/O lines needed for the 
four chip solution are internal to the single chip. 

Murphy yield statistics are assumed in extrapolating the yield from the smaller to larger chips. 

The costs of Table 4.6.1 are accurate, but not comparable. The four chips need to be hooked together to 
function like the single chip. This adds cost to the MCM solution as illustrated in Table 4.6.3. Here the 
smgle chip solution costs about 2.5 times as much as the 4 chip one. 

The rework cost in Table 4.6.3 is low because 95% of the chips work correctly after assembly and, as a 
result, 81% of the modules do not need rework. 

Table 4.6.3 illustrates costs for a single moment in tune, but, as we all know, chip yields improve with time. 
Moreover, the single chip option has more possibility for yield improvement since its yield is so low to 
begin with. The result of this is that the single chip version will, in time be the least expensive option. 

In Figure 4.6.2, the timing of yield improvement is computed by decreasing manufacturing defect den­
sities and chip area by 15% and 23% per year, respectively. Dataquest believes these yield improvements 
can be obtained for chips that are made in high enough volumes so that it makes sense to fund many shrinks 
and redesigns. These yield improvements are optimistic for low volume chips - in this case, the MCM ad­
vantage would persist for a longer time. 

Figure 4.6.2 shows the impact of these yield improvements on the costs of Table 4.6.3. It plots the ratio of 
single chip cost to multiple chip cost. When this ratio becomes 1, the two options have the same cost. At 
zero years this ratio is 2.5 (for the four chip curve), indicating that the single chip option is 2.5 times as ex­
pensive as the Multi-Chip option. This corresponds to the situation of Table 4.6.3. Cost parity (a ratio of 
1) is reached at 2.5 years-this means that the 4 chip solution would be lowest cost for 2.5 years, while a 
smgle chip solution would be lower in cost thereafter. 

Figure 4.6.2 also gives curves for 3 to 1 and 5 to 1 complexity ratios. In the 3 to 1 case, cost parity is reached 
in 1.5 years; in the 5 to 1 case, parity is reached in 3.5 years. 
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Fig. 4.6 J 
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Strategic Considerations 

The key advantage of MCM's is that their performance can equal or exceed that of a single chip of 
equivalent complexity. Other packaging technologies do not offer this advantage. 

If single chip designs do not have a performance advantage over MCM's, then the only reason to imple­
ment a single chip design is to obtain a cost advantage. 

The single chip option has a cost advantage only when yields are high enough to offset the extra packag­
ing cost of the MCM. Thus, the new development strategy is to implement complex functions as an MCM 
until cost parity is reached and then convert to a single chip version. 

Multiple designs and shrinks are assumed in both the single and multichip case because these drive yield 
improvements. Dataquest believes that the redesign cost is similar for both the single and multi chip op­
tions. Low volume chips are not redesigned so frequently—in this case the MCM advantage may persist 
for a longer time. 

Chip designers will have to give some thought to the transition from multi to single ship in the early design 
stages if this transition is to be graceful. 
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Table 4.63 
Assembly-Level Comparison of Single and Multi-Chip Implementations 

of the Same System Function 

Net Die Cost 

External Package Cost 
(Including Heat Sink) 

MCM-D Substrate Area 
(60% Coverage) 

MCM-D Substrate Cost 
(at $35/sq.in.) 

Assembly 
(at $.012AVire) 

Test 

Rework* 

Gross Cost 

Final Yield 

Net Module Cost 

*Assumes probabiUty of a 
sembly labor. Smgle Chip 

good chip is 
is repaired. 

Multi-Chip 
fPour Chips^ 

$72.28 

$87.60 

0.96 sq.in 

$33.69 

$7.30 

$13.14 

$16.89 

$217.75 

100.0% 

$217.75 

95%. Rework laboi 

Single Chip 

$423.33 

$87.60 

$13.14 

$510.93 

95,0% 

$537.82 

r is lOX as-

Source: Dataquest, April, 1992 

In the past, chip designers have been balanced on a knife edge of uncertainty: if their chip was too com­
plex, yields would not improve in time to capture the volume market—if the chip was not complex enough, 
some competitor would provide a more cost effective chip. Today, the MCM option offers a two step ap­
proach to chip design that lessens risks and makes introduction of complex functions more predictable. 



Chapter 5—Interconnect Trends 

5.1 Driving Forces in Single Chip Packaging 

Single chip packaging competes with multi-chip packaging so the acceptance of MCM's will partly depend 
on the progress that is achieved in single chip packaging. Both technologies share the same market driv­
ing forces: package delay in high performance applications, physical size of the package, and cost. 

Memory and logic make different demands of packaging technology. The pin out of memory chips in­
creases only slowly as the number of bits on a chip increases. In fact, if the memory structure does not 
change, a doubUng of the bit capacity requires only one extra address pin. If a memory has 28 pins, one 
twice as large would require only 29 pins. Thus, the pin count increases only 3% as the memory size doubles. 

By contrast, the pm count of logic devices follows the rule that the number of pins required is roughly 
proportional to the square root of the number of gates. Thus, if the number of gates were to double, the 
pin count would need to increase by about 40%. This relationship is known as Rent's rule — depending on 
the system architecture, the pin count can be proportional to the number of gates raised to a power some­
what greater or less than the square root. Regardless, the number of pins on a logic chip will increase 
much more rapidly with chip complexity than the number of pins on a memory chip. 

Figure 5.5.1 illustrates graphically the trends in singlle chip packaging. Chip complexity increases every 
year, and the result is only a slight increase in memory chip lead count. Since most systems have lots of 
memory, there is a market demand for more dense memory packaging. This has led to thinner memory 
packaging such as the TSOP. Lead on chip makes memory packaging more dense because it allows a wider 
chip to be put in the same memory package. Other dense packaging techniques include memory cards 
and stacked memory. 

By contrast, logic chips increase rapidly in pin count with time. Increases in package pin coimt are being 
accommodated through either the Quad Flat Pack (QFP) approach or the array grid approach. The dif­
ference between these two approaches is that the QEP approach places the package pins on the periphery 
of the package while the Grid Array approach places the pins or pads all over the bottom of the pack^e. 
This latter approach offers a higher pin count capability because all of the package area is utilized for pins. 

The land grid array is a surface mount version of the Pin Grid Array (PGA). It is much easier to intercon­
nect than the PGA because it does not have pins that go all the way through the printed circuit board. 
Thus it is possible to run unrestricted wiring beneath the land grid array without concern for the pad loca­
tions. This makes board layout much simpler. 

Logic packaging will continue to migrate towards higher pin counts. TAB has been used in some applica­
tions to obtain high packing densities, sometimes m conjunction with MCM's. Other interconnects being 
evaluated for MCM include wire bond and flip chip. 

QFP's are evolving towards closer pin to pin spacing so that more leads can be put on the same size pack­
age. The original spacmg was 50 mils, but now packages are being constructed with .65inm (25 mil, ap­
proximately) spacing and predictions are that the pin spacing mil fall to .3mm (12 mil, approximately). 
The .65mm packages will go to 256 puis or more, wliile it is anticipated that the .3nmi packages will have 
500 pins or more. 

The pin spacing on PGA's is traditionally 100 mils. Such packages may contain up to 720 pins. There is 
also a trend towards 50 mil pin spacing. The land grid array is forecast to have 1000 pins. 
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Figure 5.1.1 
Evolution of Single Chip Packages 
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The limit on pin or pad spacing is solderability; if the pins or pads are too close together, the solder may 
bridge two adjacent pins or pads, leading to unwanted short circuits and an inoperative PCB. Most feel 
that it will be difficult to solder pins that are more closely spaced than 10 mils, though some TAB devices 
have been reported with 8 mil spacing. 

Memory Packaging 

Usually, memory chips are moimted side by side on a PCB. Since most systems use a lot of memory chips, 
there is a need to package these chips as close together as possible. Thus, users will favor a memory chip 
that is in a narrow package over one that is in a wide package. For this reason, the 300 mil wide package 
is favored over one that is 400 or 500 mils wide. 

Figure 5.1.2 shows some average sizes for DRAM chips are reported at the International Solid State Cir­
cuits conference. Notice how memory manufacturers have chosen high length to width ratios so that they 
can fit their chips into the 300 mil package width. 
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Figure 5.1^ 
DRAM Chip Aspect Ratios 
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Figure 5.13 
Conventional and Advanced Memory Packaging 
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Memory chips have continued to get wider in spite of the increase in aspect ratio. This has led to a demand 
for a memory package that can accommodate a smaller space between the edge of the memory chip and 
the outer edge of the package pins. 

Figure 5.1.3 shows some packaging techniques that decrease the chip to pin spacing. Conventional pack­
aging is shown where the lead bonds are made from the edge of the the chip to the inner leads. The Chip 
On Lead (COL) technique does away with the die pad and runs the leads directly under the chip. This 
reduces chip to lead spacing by eliminating the space required by the conventional package between the 
die pad and the inner lead. 

The Lead On Chip (LOC) approach puts the leads on top of the chip. Here, spacing is reduced again be­
cause all the space required for wire bonding is within the periphery of the chip rather than outside it. It 
is claimed that the LOC approach can lead to packages where the memory chip is 90% of the package 
area. This approach may also offer a lower impedance connection between the power supply and the chip, 
resulting in improved memory performance. 

There is development work in stacked memories, both in packaged form and as MCM's. Stacked memories 
are possible because the I/O pin or pins and the address pins are normally wired in parallel. If one memory 
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Figure 5.1.4 
Pad Limited Gate Array 
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chip is placed on top of another, the address pins of one chip are directly above the address pins of another 
chip and it is easy to short them together. 

The two high stack can be easily accompUshed with surface mount technology. In this case, one memory 
chip is mounted on top of the board while the other is mounted on the bottom of the board. Both chips 
have the same side up, so the top chip must have its leads formed down to the board whDe the bottom chip 
has its leads formed up to the board. This approach requires that half the memory chips have their leads 
formed in one direction while the other half have their leads formed in the opposite dkection. Very high 
packing densities can be achieved with this technique, rivaling what can be accompUshed in an MCM. 

Logic Packaging 

Logic chips typically have many pins. Indeed, some logic chips are what we describe as pin limited. This 
situation is illustrated in Figure 5.1.4. Here, bonding pads have been placed at the minimum allowable 
spacing, but the situation is such that the chip area required to implement the logic is less than the area 
available within the outline of the peripheral bonding pads. As a result, much of the silicon is "wasted". 
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Figure 5.1.5 
Chip Size Impact on Available I/O 
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This wasted silicon contributes to the cost of the chip without providmg any useful function. It is common 
for smaller gate arrays to be pin limited in this manner. 

The niunber of bonding pads in Figure 5.1.4 could be increased by staggering the pads. In this technique, 
the pads are put in two rows with the second row of pads aligned with the space between the first row of 
pads. This allows an increase in density without breaking any layout rules. The density of pads is also a 
function of the attachment method—TAB pads can be more dense than wire bonded pads. TAB pads 
have been reported at 4 mil spacing as compared to a typical minimum of 6 mils for wire bonding. 

Many smaller gate arrays are still pin limited, even when staggered pads or TAB frames are used. Larger 
gate arrays are less hkely to be pin limited because the chip periphery increases more rapidly than the pin 
coimt as more logic gates are implemented. 

Bonding pads perform the role of a "space transformer." That is, they provide the interface between the 
dense metal lines on the chip and the much less dense metal lines on the PCB or MCM substrate to which 
the chip will be attached. Today, the pitch of metal lines on the chip is typically 0.1 mils (2-3 microns) while 
the metal lines on an MCM may be spaced at 1 to 2 mils and the metal lines on a PCB may be spaced at 
4 to 6 mils or more. In the PCB case, the bonding pads have to transform the pitch of metal lines by a fac­
tor of 20:1 while in the case of the PCB, the transformation is 60:1. 

Some of this transformation may occur between the chip and the MCM or PCB substrate. For instance, 
if TAB is used to connect the chip to the substrate, the inner lead spacing may be 4 mils while the outer 
lead spacing may be 8 or 10 mils. In this case, the outer lead spacing is driven by a desire for repairability 
through soldering. If this requirement did not exist, the outer lead pitch could be the same as the iimei 
lead pitch. 
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One way to avoid the pad Umited situation is to put something on the gate array chip that takes up lots of 
siUcon without requiring more pins. Memory is an ideal candidate for this role — it is common today to 
embed memory and other dense, low pin count functions in gate arrays. If the array is pad limited without 
the embedded function and it is not pad limited with the embedded function; then the embedded func­
tion is almost free. 

New technology does not help a pad limited chip—it just makes matters worse. Suppose Figure 5.1.4 il­
lustrates a gate array with 1 micron design rules. When design rules shrink to 0.8 microns, the area to im­
plement the same logic decreases in proportion to the square of the design rule and only 64% as much 
logic block area is required. If the pad spacing remains the same, the only result is that more silicon is 
wasted. 

The pad limitation for gate arrays improves somewhat for larger arrays. Figure 5.1.5 illustrates a 400 mil 
gate array that is scaled up to 800 mils. The larger chip should have roughly four times as many gates. If 
Rent's rule is appUed, the 350 input/output connections assumed for the smaller chip increase to 631 con­
nections for the larger chip. The amount of chip periphery per input/output accordingly increases from 
4.6 mils to 5.1 mils. 

Rent's rule has the form: 

Pins = BCGates)"̂  

Here B and A are constants. Figure 5.1.5 assumes that the value of A is 0.4254. This value of A was 
developed by fitting a Rent's rule ciure to pin out data from two different gate array families (see Figure 
5.2.1). If a value of A of 0.5 had been used, the pin count would have been proportional to the square root 
of the number of gates and the larger gate array would have had the same periphery per input/output as 
the smaller gate array. 

5.2 Chip Interconnect Density Trends 

This section of the report develops the Rent's rule constants for both gate arrays and microprocessors by 
fitting a curve to pin coimt vs complexity data on gate arrays and microprocessors. 

Pin count vs complexity is converted to pin count vs year by using a forecast of maximum microprocessor 
complexity for a given year. With suitable adjustments, this methodology provides a forecast of gate array 
pin count as well. This forecast predicts the pin counts that will be required for the most complex devices 
that will be sold in any given year. 

The next step is to forecast the pin coimts that can be provided by VLSI chips that are not pad limited. 
This forecast is provided for both peripheral bonding pads and area bonding pads. 

When required pin counts are compared to the pin counts that can be provided, it appears that peripheral 
connection to gate arrays (and to a lessor degree microprocessors) will not provide the required pin count. 
This dilemma can be solved by using area connections. 

Gate Array Pincount 

Figure 5.2.1 shows pin count data for two families of gate arrays: a 1 micron family and a 0.8 micron fami­
ly. This data shows the highest pin count package provided by the vendor for various sized gate arrays as 
measured by the number of available gates. This is therefore the maximum number of available input/out­
put pins—a given array may be put in a package with less pins, but no package with more pins is available. 
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Figure 52.1 
Available Gate Array Finout 
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The two 0.6 micron arrays are leading edge products aimounced recently. The 600,000 available gate array 
has a maximimi pin count of 800 + (and is actually a 0.65 micron product) and the 800,000 available gate 
array has a maximum pin count of 652 (and is actually a 0.5 micron product). 

The predicted data points are plotted using Rent's rule. In this case the constant A = 0.4254 and the con­
stant B = 2.536. This curve fits the available data fairly well and forecasts that gate arrays will require 
more than 1000 pins when the available gate coimt is slightly in excess of 1 million gates. If each gate has 
four transistors, this corresponds to 4 miUion transistors. 

For a complexity comparison, current microprocessors approach or exceed this transistor coimt; the Intel 
I860XP microprocessor has over 2 milUon transistors and it is anticipated that the Intel 180586 
microprocessor will have more than 4 miUion transistors. 
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Figure 522 
Microprocessor Pin Count 
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Microprocessor Pin Count 

Figure 5.2.2 shows microprocessor pin count. Here the trend line is not so regular and two different chips 
are plotted with more than 400 die pads, which is considerably above the forecast trend line. It is not un­
expected that the microprocessor data is more variable since every part represented on the chart is a dif­
ferent design and possibly a different design philosophy. The gate arrays, by contrast, represent no design 
philosophy at all since the data shown is for arrays that have not as yet been interconnected-

Two microprocessors have over 400 die pads. These devices are 64 bit units. Possibly, the higher pin count 
can be ascribed to the fact that they have a 64 bit data buss rather than a data buss of 32 bits or less. 
However, the 400 pin units are at least 130 pins over the trend line. It seems unlikely that the extra 32 bits 
of data buss alone could account for this difference. Also, the other data in Figure 5.2.2 covers 8,16, and 
32 bit microprocessors and in these cases the extra word length does not cause a pin count anomaly. 
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Figure 5 2 3 
Pin Count Forecast 
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Once again, predicted pin counts are developed using Rent's rule. In this case, the two 400 + pin data 
points are given relatively little weight. Rents rule in Figure 5.2.2 is of the form: 

Pins = B(transistors)'^ 

where A = 0.4521 and B = .3842. The constant B is a lot smaller because the formula relates to transis­
tors rather than gates. The constant A is a little larger than in the gate array case. This indicates that 
microprocessor pin count should increase slightly faster with chip complexity than gate array pin count. 

The gate array trend line of Figure 5.2.1 is also plotted in Figure 5.2.2. It assumes that each gate is four 
transistors. Notice that, for a given transistor count, gate arrays tend to have many more pins than 
microprocessors. This is probably because microprocessors have buss oriented architectures and may con­
tain significant memory. Both these factors tend to reduce pin count. 

Pin Count Forecast 

Figure 5.2.3 plots the trend lines of figures 5.2.1 and 5.2.2 as a function of time rather than of transistor 
count. It assumes that in any given year, the most complex gate array will have about the same transistor 
count as the most complex microprocessor. This is borne out by today's situation—the recently announced 
600,000 and 800,000 gate arrays have 2.4 and 3.2 million transistors respectively. By comparison, a 2.5 mil-
Uon transistor microprocessor is in production (I860XF), and a 4.5 million transistor microprocessor 
(180586) is expected in the near future. 

The trend line for microprocessor and gate array pin count vs year is developed by applying the Rent's 
rule formulae derived earUer to a curve of microprocessor transistor count vs year. This transistor count 
line indicates that the most complex microprocessor in the year 1975 had about 30,000 transistors and 
predicts that the most complex microprocessors of the year 2000 will have 100 million transistors. 

Figure 5.2.3 mdicates that in 1995 microprocessors will need packages which have 600 pins or more and 
gate arrays will need packages which have over 1,500 pins. In the year 2000 microprocessors will require 
over 1500 pins and gate arrays will require over 3,400 pins. 

Pins Needed and Available 

Now that a forecast of futiu-e required pin counts is available, it is interesting to compare these with an es­
timate of the pin counts that can be made available, taking into consideration expected packaging con­
straints. 

Available pins are forecast for both peripheral bonding pads and area pads. These forecasts assume that 
the gate array or microprocessor chips are not pin limited—that is, the available pin out is computed as-
simiing that the pins are fit onto the chip without any need to enlarge it to accommodate more pins. 

The edge dimension of the most complex microprocessor available in any given year is shown in Figure 
5.2.4. This edge dimension corresponds to the transistor counts of Figure 5.2.3. In the period of 1975 to 
2000, the edge dimension of microprocessors increases from 184 mils on a side to 1000 mils (one inch on 
a side!). 

An earUer assumption was that, in any given year, the most complex gate arrays have the same number of 
transistors as the most complex microprocessors. This is a good assumption, but this does not mean that 
gate arrays of equal transistor count can be built on the same size chip. As a matter of fact, a gate array 
will typically have an edge dimension that is 30% larger than the edge dimension of a microprocessor of 
the same transistor count. Because of this, gate array chips are able to accomodate more bonding pads 
than microprocessor chips of the same transistor count. 
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Figure 52.4 
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Figure 52,5 
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Figure S2.6 
Pin Densities Needed 
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Figure 5.2.4 shows pads needed and available for chips with peripheral bonding pads on 4 mil centers. 
This figure indicates that the most complex gate arrays were already pad limited in 1990 and that 
microprocessors will become pad limited in 19%. 

It is possible that the bonding pad spacing can be reduced below 4 mils. This will impact on the crossover 
dates in Figure 5.2.4. If pad spacing is reduced to 3 mils, the crossover dates are delayed by 2 to 3 years. 

Figure 5.2.5 gives pins needed and available for 10 mil area pads. This 10 mil spacing is typical of the spac­
ing that IBM uses in their controlled collapse solder ball flip chip process. This technology is well proven 
and has been in production for a number of years. As the figure shows, it should be able to provide more 
pads than are required by either gate arrays or microprocessors for the foreseeable future. The current 
maximum pad count at IBM is 729 pads. Most likely this upper limit is due to the fact that current chip 
complexities at IBM do not require a higher pad count. 

The curves of Figure 5.2.5 assumes that chip circuitry can run under the solder bumps. This should be pos­
sible, but if it is not, the chip area will increase in proportion to the number of solder bumps required. 

Technologies in development in Japan aim to put the flip chip connection pads on 10 micron centers (see 
Chapter 7.5). This pad spacing is twenty times less than is assumed in Figure 5.2.5 and would lead to 400 
times as many pads as are illustrated in Figure 5.2.5. 

It may appear that the Japanese are seeking to provide more interconnect capability than is required. This 
is not the case since the Japanese are working to provide signals to LED arrays and LCD panels. Both of 
these appUcations require pad densities well in excess of what is required for either gate arrays or 
microprocessors. 

Pin Density 

Figure 5.2.6 shows required pin densities. Here, the pin counts of Figure 5.2.5 are divided by the chip area 
to obtain a measure of pin density. 

The required pin density increases slowly: 

3.2% per year for microprocessors. 

2.8% per year for gate arrays. 

This slow increase in MCM pin density may indicate that the demand for more dense substrates will not 
increase rapidly. 

It may seem odd that the required pin density does not increase more rapidly. Actually, the reason for the 
slow increase is that pin count increases slowly as transistor count increases; at the same time chip area is 
also increasing, so the area to place the pms also increases, causing a lowering of pin density. 

To do a numerical example, note that transistor count in microprocessors has been increasing at a rate of 
44.5% per year. The required pin out will then increase at a rate governed by Rent's rule: 

Rate of pin out increase = (1.445)°'*^^^ = 1.1811. 

Chip edge dimensions are increasing at 7% per year, so the increase in chip area is the square of this in­
crease: 

Rate of chip area increase = (1.07)^ = 1.1449. 
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Figure 52 J 
Pin Density vs Die Size 
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The rate of increase of pin density is just the rate of pin out increase divided by the rate of chip area in­
crease: 

Pin density increase rate = 1.1811/1.1449 = 1.0316. 

Pin density increase rate = 3.2% per year. 

Figiu-e 5.2.7 gives a graph of pin density vs die size for both peripheral pins (on 4 mil centers) and area 
pins (on 10 mil centers). Note that with peripheral pinning, pin density is much lower for large chips than 
it is for small chips. This underscores the advantage of area pads. 

53 Comparison of Substrate Interconnect Capability and Chip 
Requirements 

The claim of advanced substrate technologies used in MCM-D is that they provide denser wiring. There 
are many factors which determine whether this density is required in a given appUcation. These factors 
can be: 



Chapter 5 Interconnect Trends 5-17 

Figure 53.1 
Interconnect "Tangledness" 
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Geometric—size, weight, volume. 

Electrical—signal delay, noise. 

Thermal—power, temperature rise. 

- Cost. 

The requirement for MCM-D depends in a complex way on the exact combination of these factors. 

Different applications will also require different substrate wiring densities to interconnect components 
within the required area. The discussion of the previous section suggests that the percentage of appUca-
tions that require MCM-D wiring densities to achieve minimum module size will not increase rapidly with 
time. Stated another way, many minimum sized modules wiU be built without resort to MCM-D. 

The required substrate wiring density depends not only on the pin density of the VLSI components, but 
also on something that Dataquest calls wiring "tangledness." This concept is illustrated in Figure 5.3.1. 
This figure gives a simplified two dimensional illustration; for simpUcity it shows only one row of pins for 
each VLSI device when most products have either two rows of pins arranged in parallel lines or four rows 
of pins arranged in a square. 
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Figure 532 
Wiring and Component Limited Substrates 
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The left part of the figure illustrates a "buss-type" connection. Here each pin of the first device is wired 
directly to the same pin of the second device. Clearly, for this structure, the two rows of pins can be placed 
as close together as the design rule for pin to pin spacing will allow. 

The right part of Figure 5.3.1 shows a situation of maximum "tangledness." Here there is a total reversal 
of pin connections: pin 1 of the first device is connected to pin 8 of the second device; pin 2 of the first 
device is connected to pin 7 of the second device and so on. 

The "tangled" interconnect requires wires on both the top and bottom of the PCB as well as one through 
hole for each wire to connect the top wiring with the bottom wiring. A second through hole is required at 
the device pin itself (for all but one pin) because the device is surface mounted and it is necessary to recon­
nect the bottom wire with the pin. 

The layout for the "tangled" interconnect shows a requirement for eight wiring chaimels. These wiring 
channels will require much more interconnect area than is required in the "buss-type" case. In the 
"tangled" case, some substrate area could be saved if a denser interconnect technology were used. 

In a real layout situation, the components themselves would take up substrate area even if they were all 
laid side to side. If the wiring is dense enough, it will always be possible to completely wire all components 
by only using the space beneath the components. 

This situation is illustrated in Figure 5.3.2 which shows the way substrate area behaves as wiring density 
increases. At some wiring density, a point is reach where all the wiring is under the components and the 
substrate does not get any smaller even as the wiring density is increased further. Clearly, it makes no sense 
to employ a wiring density that is to the right of the dashed line in Figure 5.3.2. 

Unfortunately, "tangledness" is a factor that is difficult to evaluate since it does not depend on the num­
ber of pins to be interconnected. Possibly, the only way to evaluate it is by making a computer layout of 
the actual wiring. 
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Table 53.1 
Minimum Interconnect Density for 
Component Limited Substrates'" 
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MCC has developed a software tool called SPEC that makes this analysis. In a recent paper, it was used 
to determine the area and density requirements for three different modules*: 

A three chip FDDI module that is heavily buss oriented. 

A complex RISC module that has two VLSI chips, 20 SRAMS and up to 48 discrete devices. 

A RISC processor that has four VLSI and two ASIC chips. 

Table 5.3.1 shows the minimum interconnect density (in inches per square inch) for component limited 
substrates. These densities correspond to substrates that are at the wiring density indicated by the dashed 
Une of Figure 5.3.2. 

Three mterconnect densities are hsted for each module. The SMT density is for individual components 
mounted on a PCB and corresponds to the density where all the wiring is under the SMT devices. Similar­
ly, the MCM (tab or wire), and MCM (flip chip) are for the case where all interconnect wiring is under 
these components. A somewhat higher wiring density is required for flip chip as compared to TAB or wire 
because of the fact that TAB or wire requires area outside the chip area for attachment to the substrate. 

The FDDI module seems to be heavily buss oriented, so it requires the lowest wiring density. Even in the 
case of MCM fUp chip, the required density is only 250 inches per square inch. This could easily be hand­
led by a two layer PCB with traces on 8 mil centers. Presumably, memory modules consisting of DRAMs, 
SRAMs, or FLASH de\ices could easily be wired on a PCB of this wiring density. 

The complex RISC requires somewhat denser wiring than the FDDI module, but a point of diminishing 
returns is soon reached, probably because of the large substrate area required by the discrete devices. In 
this case, the most dense application requires a wiring density of 650 inches per square inch. This wiring 
density requires either a multilayer PCB or ceramic substrate or an MCM-D substrate. 

*"Technology Application Tradeoff Studies in Multichip Systems," Peter Sandborn, MCC, Austin, Texas. 
Published by ISHM in the 1992 Proceedings of the International Conference on Muhichip Modules 
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The six chip RISC must have a tangled intercoimect, because a high wiring density is required. The densest 
requirement of 3750 inches per square inch could not be met by an MCM-D with a pitch of 25 microns 
(1 mil) if only two layers were used. Four signal layers of 1 mil pitch would be needed to meet this require­
ment; this is a denser interconnect than is standard with most MCM suppUers. The densest solution shown 
by MCC was 1016 inches per square inch. This solution must have been to the left of the dashed Une in 
Figure 5.3.2. In spite of this it was the densest alternative shown. 

MCC also computed cost (not including the cost of the chips), size, and the package time of fUght delay 
for each module, as simunarized below: 

For the FDDI appUcation the lowest cost solution is with a PCB interconnect, the lowest delay 
is thin film and the smallest substrate is thin fihn. The size of the PCB was Umited by via spacing 
and not by wiring density. 

For the complex RISC application the lowest cost solution is with individually packaged devices 
using SMT mounting, the lowest delay is with thin film interconnect and the smallest size is also 
with thin film interconnect. 

For the RISC processor the lowest cost, least delay, and smallest size are all achieved with thin 
film interconnect. 



Chapter 6 — Substrates for Multi-Chip Modules 

This chapter focuses on substrates. Here, the substrate is defined to be the completed interconnecting 
device. As such it consists of the wiring that interconnects the chips together with a means of mechanical­
ly supporting that wiring and a means of dissipating the heat generated by the chips. 

The next chapter. Chapter 7 deals with the completed MCM. The data from Chapter 6 serves as an input 
to Chapter 7. 

6.1 Introduction 

This chapter develops patterned substrate costs and deals with the pros and cons of the various available 
substrate options. Dataquest classifies MCM's by technology: hybrid, ceramic cofired (MCM-C), laminate 
(MCM-L), and high density (MCM-D). Within each of these classes, there are a number of substrate pos-
sibihties and this chapter deals with the more popular ones. 

This chapter does not discuss hybrid circuits in detiiil. It is Dataquest's opinion that hybrid technology is 
reasonably mature and not subject to the rapid evolution that other substrate technologies are experienc­
ing. Here, a hybrid circuit is defined as one using separately fired substrates and pastes. Of course, noth­
ing prevents a hybrid manufacturer from making an MCM using cofired, laminate or high density 
techniques. These circuits would simply be classified under one of the other three MCM categories. It 
may well be that hybrid manufacturers will be able to transfer their skills in handling and testing bare die 
and unencapsulated modules to segments of the MCM market outside the hybrid segment 

Dataquest has chosen its MCM classifications in the belief that each category of MCM is attempting to 
"Piggyback" on a mature production technology. Each of the major technologies has been in production 
for a number of years. Cofired ceramic technology has been used since the late 1%0's to build both in­
dividual packages and MCM's (mostly at IBM). Laminate technology has been used mainly in printed cir­
cuit boards to interconnect packaged devices. High density interconnect technology is an outgrowth of 
the semiconductor industry. In the past, this technology has been used to interconnect the transistors 
within a VLSI circuit; it is now being adapted to mterconnect multiple chips. 

Though each class of MCM is evolving from a mature production technology, none of the current tech­
nologies are perfectly tailored to the needs of the current and future MCM market. Relative market share 
among these technologies will be determined by which is most suitable and which can adapt to changing 
needs most readily. 

The classes of MCM-C and MCM-L are named for the substrate used in manufacture of MCM's. By con­
trast, the class of MCM-D is so named because it offers high density interconnect. In an MCM-D, the 
functions of interconnect >Mring and mechanical support are somewhat separated. A silicon substrate 
provides interconnect wiring, but it is so fragile it must be mounted on a more mechanically robust sub­
strate; popular choices include ceramics and various metals such as copper and aluminum. In a similar 
way, wiring implemented in copper and polyimide can be mounted on an array of different substrates 
which provide the functions of mechanical protection and power dissipation. 

6.2 Substrate Pros and Cons 

This section discusses maximum clock rate, which is related to insulator dielectric constant. It considers 
the problems of simultaneous switching noise and thermal fatigue. It also summarizes the discussion of 
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Figure 6^.1 

Waveform Illustrating Maximum Clocic Rate For Which 
Transmission Line Effects Can Be Ignored 
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Source: Dataquest (April 1992) 

later sections which deal with substrate interconnect density, cost, chip power requirements and MCM 
power handling capability. 

Maximum Clock Rate 

The velocity of light in a vacuum is 30 centimeters per nanosecond. In other media, the velocity is inver­
sely proportional to the square root of the relative dielectric constant (which is the dielectric constant of 
the material in question divided by the dielectric constant in vacuum). 

Electrical signals, like light, are electromagnetic waves, and they follow the same rules as light. Electrical 
signals typically travel down a wire or transmission line, and the velocity at which these signals travel is 
determined by the dielectric constant of the material around the wire. In many materials, signals travel at 
one half to one sixth the speed of light in a vacuum. For a relative dielectric constant of four, this means 
the electrical signal will travel IS centimeters or approximately 6 inches in a nanosecond. 

When an electrical signal reaches the end of a transmission line that is not terminated, there is a reflec­
tion which causes the signal to be distorted. This situation is illustrated in Figure 6.2.1 which illustrates 
the case in which the clock period is 20 times as long as the time for the signal to travel from one end of 
the transmission line to the other. This waveform is viewed at the receimg end and is for the case in which 
the transmission line does not have significant series resistance. 

As a rule of thumb, it is possible to largely ignore transmission line effects when the situation of Figure 
622 prevails. If transmission lines cannot be terminated in their characteristic impedance, the situation 
of Figure 6.2.2 normally prevails. 
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Figure 6.2.2 
Simultaneous Switching Noise 
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It is particularly difficult to terminate transmission lines in CMOS circuits. CMOS drcuits have a 5 volt 
swing and terminating resistors are usually about SO ohms. This means that an output driver would dis­
sipate half a watt in its terminating resistor when it is on. If a chip has 100 outputs, each of which is on half 
the time, 25 watts would be dissipated in the terminating resistors which woî d normally be fabricated on 
the MCM substrate. 

Table 6.2.1 gives maximum clock rates at which transmission line effects can be ignored. The following 
comments on this table are pertinent: 

The transmission line is two inches long. This corresponds to the longest line on a 1 inch by 1 inch 
substrate. 

line delay is equal to l/20th of the clock period. 

Many materials support frequencies well over 100 MHz. 

Glass-Ceramic is the material of choice among the cofired ceramic materials. 

FR-4 and Teflon both offer good performance among laminates. 

All of the high density dielectric materials offer good performance. 

Large monolithic chips may have even slower clock rates than indicated here beacuse of the long 
RC time constant of the interconnect. 

Note that a high dielectric constant is desirable for the power and ground interconnect layers. It 
increases the capacitance between these layers and damps out unwanted trsmsients. This is why 
some MCM manufacturers intercoimect the power and ground in cofired ceramic and intercon­
nect signal wires using high density interconnect. 
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Table 62.1 
Maximum Clock Rates At Which 

Transmission Line Effects Can Be Ignored 

MCM 
Category 

Ceramic Cofired 

Laminate 

High Density 

— 

Dielectric 
Material 

Alumina 
Glass-Ceramic 

Aluminum Nitride 
Silicon Carbide 

Fr-4 
Teflon 

Silicon Dioxide 
Polyimide 

Benzocyclobutene 

Vacuum 

Maximum 
Clock 

Rate* (MHz) 

96 
126-129 

99 
46 

136 
199 

149 
170-158 

183 

295 

* Assumes that module delay is less than l/20th of the clock period. 
is two inches long. 

Relative 
Dielectric 
Constant 

9.4 
5.2-5.5 

8.8 
42.0 

4.7 
2.2 

3.9 
3-3.5 
2.6 

1.0 

Transmission line 

Source: Microelectronics Pacl<aglng Handbook 
Dataquest, April 1992 

Simultaneous Switching Noise 

Simultaneous switching noise is another problem that hmits clock rate. The situation is illustrated in Figure 
6.2.2. Here 32 output drivers are switching simultaneously into a capacitive load. There is an inductance 
L in the power supply line between the supply and the output drivers. The following comments are im­
portant: 

At a clock frequency of 50 MHz and a capacitive load of 100 picofarads, the current in each driver 
will rise at 100 milliamperes per nanosecond. 

The current transient in the common inductance is roughly 3200 milliamperes per nanosecond. 

If the inductive voltage must be kept below a quarter of a volt, the maximum common inductance 
is .08 nanohenries. 

A typical bonding wire is about 2 nanohenries. It would take about 25 bonding wu-es in parallel 
to achieve this value. This explains why many chips have multiple bonding wires for power and 
ground. 

In the case illustrated here, at least one bonding wire would have to be added each time an out­
put is added, depending on the desired frequency of operation. 

Loading is reduced for output drivers that go to only another chip within the same MCM. In this 
case the capacitance is likely to be much less than 100 picofarads. 
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Thermal Fatigue 

Silicon substrates are too fragile to use directly as a packaging material and need a rigid mounting material 
to provide mechanical stabihty. If the mounting material has a coefficient of linear expansion that does 
not match that of silicon, cracking of the silicon can result, and the substrate becomes inoperative. In 
Japan, aluminum nitride is a favored mounting material because its coefficient of linear thermal expan­
sion is close to that of siUcon. 

In North America, MCM manufacturers tend to use mounting materials that have a poor thermal coeffi­
cient match and mstead prefer to solve the problem by attaching the silicon to its substrate with a com­
pliant (rubbery or stretchy) material that allows the silicon to expand at a rate different than the substrate. 

The situation is aggravated in the case of flip chip. If controlled collapse reflow solder balls are used, the 
attachment between the chip and the substrate is rigid and the solder ball is more likely to crack. IBM has 
flipped chips onto alumina for many years, but it is beUeved that a half inch chip is the maximum that can 
be tolerated in this situation. Significantly, The IBM RISC 6000 uses a siUcon substrate and interconnects 
the individual chip using controlled collapse reflow solder. Clearly, the thermal expansion of the substrate 
matches that of the chips since both are silicon. In this case thermal expansion considerations limit neither 
the chip nor the substrate size. 

Other flip-chip technologies exist. The BIP process of Raychem's APS division uses wire bonding to 
provide a short lead at each bonding pad on the chip. These leads are then soldered to the substrate. Since 
the leads can bend as the chip expands, the cracking problem is eliminated. 

Another technique uses gold balls on the chips which are held in contact with the substrate pads by an or­
ganic compound that maintains contact pressure through shrinkage of the compound. In this technique, 
the balls can sUde back and forth as the chip and substrate expand at different rates and continuity is 
theoretically maintained without cracking of either the die or the wafer. 

Toshiba reports cracking of silicon substrates on alumina after less than 100 thermal cycles (-55° C to 125° 
C). If the silicon substrate is mounted on aluminum nitride, more than 2000 cycles can be tolerated. 

As indicated earUer, cracking problems become more severe as the thermal coefficient mismatch becomes 
greater. For illustration, some mismatch coefficients are illustrated below. 

silicon on silicon no mismatch 
siUcon on ALN 1.1 x 10-6 per degree C 
silicon on alumina 3.6 x 10-6 per degree C 
silicon on copper 13.5 x 10-6 per degree C 
silicon on FR4 12.5 X10-6 per degree C 

North American firms claim to have successfully mounted silicon substrates on copper and FR4, both of 
which have a high thermal coefficient mismatch with silicon. This is accomplished with a compliant die 
attach material. Japanese suppUers use a more rigid die attach and prefer to work with aluminum nitride. 
A disadvantage of the North American approach may be that the die attach materials used exhibit a higher 
thermal resistance. 

In summary, silicon substrates need to be be mounted on a more rigid packaging material. Many different 
materials may be used if the mounting is compliant enough. Rigid mounting, however, will tend to favor 
ALN or some other material offering a good thermal match such as a copper invar copper sandwch. If 
chip power dissipation is high, the thermal performance of the die attach material is important. 

l4 Silicon-Based Multichip Module with Co-Fired Aluminum Nitride Package, Sudo et al, lEIEC Transac­
tions Vol. E74 No. 8, August,1991 
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Table 622 
Lithography Tool Resolution Requirements for 

Printed Circuit Boards, Cofired Ceramic, and High Density Substrates 

Substrate 

P.C.B. 

Cofired 

High Density 

LCD Panel 

Substrate 
Size 

18"x24" 

8"x8" 

6"(round) 

12"xl6" 

Line 
Pitch 

4 mils 

8 mils 

Imil 

0.1 mil 

Lines/ 
Substrate 

6000 

1000 

6000 

160,000 

Source: Dataquest, April 1992 

Flip-chip using controlled collapse solder balls will require a good thermal match between the chip and 
the substrate. SiUcon substrates will offer the optimum thermal match to silicon chips. 

Substrate Interconnect Density 

Denser interconnect wires are better than less dense wires. Dense wires make the intercoimect substrate 
more compact and they allow the chips to be placed closer together so that they can run at a higher fre­
quency. Thus, denser interconnect leads to size reduction and performance improvement, both of which 
are valuable in certain applications. 

Since denser interconnect leads to size reduction, it also makes it possible to build M CM substrates which 
use less raw material. Dataquest believes that approaches that use less raw material have the possibility 
of becoming the lowest cost alternatives. 

Interconnection density is determined by the lithography tool used in substrate manufacture. In tiu-n, the 
productivity of the tool depends on the number of lines imaged on one substrate. Table 6.2.2 compares 
the number of lines imaged in the manufacture of typical MCM substrates: 

The column "substrate size" indicates the largest substrate commonly imaged. 

A single substrate may contain many individual MCM substrates. 

The number of lines per substrate increases as the number of lines increases and the pitch 
decreases. 

Substrates with the highest number of lines are likely to be the least expensive to manufacture 
per line. 

Cofired substrates have the least lines per substrate. 

PCB's and High Density substrates are comparable. 

LCD panels offer a line per substrate count almost three times that of any other technology. LCD 
manufacturing equipment may offer significant MCM substrate cost savings. 
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Figure 623 
Size Comparison of Five Different Substrate Alternatives 
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Figure 6.2.3 offers a graphic example of the size savings that occur as the line density is increased. This 
figure compares the area required by the same 5 chip set packaged using the different technologies. The 
assumptions for each technology are as follows: 

Through-hole: 12 mil line pitch, four layers. 

Surface mount: 10 mil line pitch, 6 layers. 

MCM-L: 6 mil line pitch, 6 layers. 

- MCM-C: 10 mil line pitch, 20 layers. 

MCM-D: 1.5 mil line pitch, 4 layers. 

The surface mount, MCM-L, and MCM-D areas in Figiu-e 6.2.3 were obtained from actual layouts. The 
rest of the areas were estimated usmg industry thumb rules. The five chip set consists of a RISC CPU, an 
FPU (Floating Point Unit), an ASIC chip and two cache SRAMs. The chips have 670 pins all together 
and the module offers 256 connections to the outside world. 
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Table 623 
Comparison of Substrate Costs for 

Four Different Alternatives 

Alternative 

No. of Layers 

Substrate Size: 

Substrate Price 

Substrate cost 

Source: Dataquest, April 1992 

PCB/SMT 

6 

10.5 sq. in. 

$.65/sq.in. 

$6.53 

MCM-L 

6 

5.25 sq. in. 

$2.00/sq. in. 

$10.50 

MCM-C 

20 

2.00 sq. in. 

$.70/sq.in./layer 

$28 

MCM-D 

4 

1.08 sq. in. 

$30/sq in. 

$32 

Cost 

Table 6.2.3 takes the area of the substrates illustrated in Figure 6.2.3 and converts it to cost using current 
market costs per square inch. The following comments apply: 

Although the cost per square inch is higher for the more advanced technologies, cost per sub­
strate increases less rapidly because these technologies require less substrate area. 

Prbted circuit board technologies, both SMT and MCM-L, offer the most competitive substrate 
cost. 

MCM-C and MCM-D are roughly comparable in cost. 

MCM-D prices are believed to be in the range of $20 to $60 per square inch. Prices should firm 
as production volumes increase. 

Dataquest beUeves that MCM-D prices will decrease substantially as market volume grows, 
reaching $11 per square inch or less (See sections 6.4 and 6.5 for further discussion). 

Chip Power Requirements 

Chip power requirements tend to increase as VLSI chips become more complex. The concern is that chip 
power will increase to such an extent that systems can no longer be built economically. 

Dataquest extrapolates chip power requirements in section 6.6. The results are as follows: 

Current memory (DRAM and SRAM) power requirements are in the range of .3 to .6 watts. 

Current CMOS microprocessor power requirements are in the range of 2.5 to 25 watts. 

If nothing changes, CMOS microprocessors of 1995 will require 10 to 100 watts and microproces­
sors of 2000 will typically require 290 watts. 

ECL chips require 10 to 15 times as much power as CMOS chips of the same gate count. 

Dataquest believes that semiconductor engineers will find ways to develop lower power chips in order to 
avoid excessive packaging costs. Some likely occurrences are: 

Output capacitive loads will be reduced in MCM modules. Power savings of 20% to 30% are 
likely. 
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Power supply voltages will be reduced from the current 5 volts to 3 volts or less. Power savings 
of 50% to 60% are possible. 

Engineers will design their logic in such a way that switching power is minimized by minimizing 
the number of nodes that switch in any clock cycle (In CMOS, only nodes that switch from a bi­
nary 1 to a binary 0 (or vice versa) dissipate power). 

Dataquest estimates that these techniques will be able to reduce CMOS chip power to 33% of 
the extrapolated 290 watts that would otherwise be required in 2000. 

Dataquest believes that CMOS designers will be able to trade power for clock rate and that they will scale 
chip power to avoid packaging requirements that are exorbitant in cost. 

ECL chips are a different matter. Already, power requirements of 15 to 40 watts are common. The cost 
to package and cool these chips leads to costs per gate that are 10 times as high as CMOS. Since more 
chips are required for a given appUcation and the packing density of chips is power limited, clock rates 
begin to be limited by the physical size of the module. For this reason, ECL tends to be limited to only 
relatively specialized applications. 

Many sophisticated packaging techniques have been developed to handle ECL power. If needed, these 
techniques or some modification of them can be used to handle CMOS power requirements if and when 
these requirements approach those of today's ECL chips. 

MCM Power Handling Capability 

CMOS microprocessor power requirements increase in proportion to CMOS chip area and chip com­
plexity (See discussion of section 6.6). The trend line of section 6.6 mdicates that chip power increases by 
a factor of 7.2 to 1 every time chip complexity increases 10 times. Dataquest estimates that CMOS power 
density for most CMOS microprocessor chips should be in the range of 12 to 45 watts per sq. cm. in the 
year 2000. 

Can this power be handled by today's packaging technology? Certainly it can—the DEC Alpha chip is an 
existance proof. It dissipates 20 to 30 watts and the chip has a power density of 10.7 watts per sq. cm., dose 
to the bottom end of the forecast power density for the year 2000. However, this packaging has the problem 
that chip density (the ratio of chip area to board area) is low. If it were necessary to package chips of this 
type with 50% of the packaging area occupied by the chips, power densities in the year 2000 would be in 
the range of 6 to 22 J watts. 

Section 6.6 gives power densities for several ECL systems, including the IBM thermal conduction module. 
These systems handle power densities in the range of 0.9 to 3.7 watts/sq. cm., considerably less than the 
year 2000 requirements above. One experimental system, however, does handle power densities of 790 
watts per sq. cm. Although this technique is experimental, it offers hope that thermal problems can be 
solved. 

Certainly, solutions to the CMOS packaging problems of ten years from now exist today, though they do 
not necessarily provide high packing density at low cost. Dataquest believes that better packaging solu­
tions will be found as they become necessary. 

Dataquest beUeves that chip designers can reduce chip power through design to almost any level that the 
packaging technology can handle. However the market vdll seek the highest performance available without 
imdue increase m cost. Thus, chip designers will opt for higher power if economical thermal management 
systems can be developed. 
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Table 63.1 
laical Minimum Line Pitches of 

Printed Circuit Boards, Cofired Ceramic, and 
High Density Substrates 

(Dimensions in mils) 

1970 

PCB 15 

Cofired 15 

High Density — 

1975 

10 

15 

— 

1980 

10 

14 

— 

1985 

8 

10 

— 

1990 

6 

8 

1-2 

Est 
1995 

4 

8 

1-2 

Annual 
Change 

-5% 

-3% 

— 

Source: Microelectronics Paci<aging l-landbool< 
Dataquest, April, 1992 

63 Interconnect Density 

High interconnect density is good: it leads to higher frequency performance and significant size reduction 
of electronic equipment. The key economic issue is to make as much interconnect as possible each time 
the substrate is imaged. For this reason, imaging technology (or photolithography) is key to the usefulness 
of the technology. 

This section reviews historical trends in interconnect density for printed circuit boards, cofired ceramic 
substrates and high density interconnect. 

The manufacture of printed circuit boards usually starts with an epoxy fiberglass material (FR4, typical­
ly) which has been laminated with copper. The copper is covered with photoresist, usually a dry film resist, 
and the appropriate pattern is exposed using an image (or mask) of the circuitry that has been printed on 
a large sheet of flexible plastic material. The photoresist is removed (or developed) in areas defined by 
the mask. A subsequent etching step removes any unwanted copper and leaves the desired wiring pattern. 
The remaining photoresist is then washed away. This process is called photolithography. 

A layer of laminate is etched for each layer of circuitry that is desired in the final printed circuit board. 
These layers are then stacked and laminated in a high pressure press that squeezes them together. Layer 
to layer connections or vias are then made by drilling holes through all the layers and plating the sides of 
the holes to that connection is made to the copper traces on the different layers of the board. 

Most PCB vias go all the way through the board whether there is a connection to be made at all levels or 
not. Holes aU the way through the board are certainly required in those cases where the lead of a com­
ponent is to be inserted through the board. It is possible to make ̂ ias that do not go all the way through 
the board as well but in this case the drilling and layer to layer connection occurs before the lamination is 
completed. 

The fabrication of cofired ceramic modules is similar to PCB fabrication except that the starting material 
is a green or unfired ceramic. Unlike the PCB, this ceramic has no conductive material on it at the onset 
of the process. Via holes are punched in each layer and conductors are appUed by squeeging a conduc­
tive paste through a silk screen constructed (usually) of fine stainless steel wires. The pattern on the silk 
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Table 632 
Topical Minimum Via Pitches of 

Printed Circuit Boards, Coflred Ceramic, and 
High Density Substrates 

(Dimensions in mils) 

1970 

PCB 66 

Cofired 20 

High Density — 

1975 

36 

15 

-

12SQ 

36 

10 

— 

1285 

36 

10 

-

1990 

28 

10 

2-3 

1995 

25 

10 

2-3 

Annual 
Change 

-4% 

-3% 

— 

Source: Oataquest Microelectronics Pacl<aging Handbook 
Dataquest, April, 1992 

screen is usually developed through photolithography. The individual layers are stacked and laminated 
and then the stack is fired in a ceramic furnace. The term "cofired" comes from the fact that all layers are 
fired concurrently. Usually, pins are brazed on the finished ceramic to provide input and output connec­
tions. 

MCM-D substrates are produced using an outgrowth of semiconductor manufacturing technology. Often, 
the starting material is silicon, but other materials such as copper and ceramic have been used. The process 
begins by deposition of an insulating layer, usually polyimide or silicon dioxide. Holes are etched if layer 
to layer connections are required and metal, usually copper or aluminum, is applied on top of the insulator 
and through the holes. The undesired metal is then iremoved using photohthography. Subsequent layers 
are added by depositing and patterning more msulatmg and conductive layers. 

Table 6.3.1 shows the trends for typical minum line pitches of printed circuit boards, cofired ceramic sub­
strates and MCM-D substrates. The following comments apply to this table: 

In the 1970's and early 1980's, most PCB's implemented through hole technology. Dip packages 
with 100 mil pin spacing predominated. As a result line pitches finer than 10 to 12 mils were not 
needed. 

More recently, surface mount components were introduced. The 50 mil grid used on these pack­
ages helped drive line width down to the 8 to 10 mil range. 

Surface mount components are evolving to 12 mil pin spacings, increasing the need for finer line 
pitches. 

PCB line pitches of 4 mils should be possible in the 1995 time frame. 

Line pitches of 2 to 3 mils may become widely available in the future. 

The current PCB line pitch of 6 mils seems to be adequate for many MCM-L applications. 

Cofired ceramic line pitches are limited by the size of the silk screen mesh. Little future improve­
ment is expected. 

The high density pitch of 1 to 2 mils or 25 to 50 microns is well within the capability of most 
semiconductor lithography equipment which commonly can image 1 to 2 microns or less. The 
larger 1 to 2 mil pitch adequately satisfies today's density requirements. 
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Table 633 
T^ îcal Patterning Tool Capabilities 

Tool 
Iffifi 

Screen Printer 

Proximity 

Scanning Projection 

LCD Panel Stepper 

Minimum 
Image 
(mils^ 

8 

0.1 

0.1 

0.1 

Maximum 
Substrate Size 

(ioches) 

8x8 

24x24 

6x6 

12x16 

Commeots 

Minimiim image 
limited by screen mesh 

Maximum patttem 
size limited by 
registration errors 

Image limited 
to 60,000 lines 

Achieves 160,000 
lines by making 
multiple images 

Source: Dataquest, April, 1992 

Table 6.3.2 shows the trend in via pitches for PCB's, cofu-ed ceramic and high density substrates. The fol­
lowing comments apply: 

Wiring density depends on the via pitch as well as the line pitch. 

PCB vias are typically drilled. Via pitches have shrunk as wiring pitches have decreased. 

Drilling technology is evolving, leading to tighter via pitches. Some believe via pitches well 
below 10 mils could become routine. 

Laser drilling is another means of producting vias with a tight pitch. 

Cofired vias are gang-pimched in the green ceramic. 

Dataquest expects that cofired \ias will stay around a 10 mil pitch for the forseeable future. 

High density vias usually have pitches in the 2 to 3 mil range. Much smaller pitches could be 
achieved, but current applications do not require this. 

Table 63.3 summarizes typical patterning tool capabilities: 

Screen printer image size is limited by the silk screen mesh. An 8 mil pitch is about the smallest 
that can be achieved in production quantities. 

The size of substrate that can be silk screened is also limited to about 8 inches by 8 inches be­
cause of the tendency of the screen to stretch in a non-uniform manner. 

Pronmity printers in semiconductor applications can image lines smaller than 1 micron. Image 
size in PCB applications is limited by errors in registration between one layer and another. 
Registration errors also limit the maximum substrate size. 
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Scanning projection aligners have the advantage that the mask does not contact the photoresist 
being printed, as in the case of proximity aligners. This leads to higher yields because masks do 
not pick up defects by being put m contact with the substrate being imaged. The maximum sub­
strate size is limited by the number of lines that a lens can image. 

The LCD panel stepper was developed to image LCD panels. It achieves larger maximimi sub­
strate sizes by making multiple images. The images are formed by a lens, as in the case of the 
scanning projection aligner, so no mask damage occurs and high yields can be achieved. 

The 12 inch by 16 inch panel size for the LCD panel stepper is dictated by the requirement for 
a 10 inch diagonal display for laptop PC and TV use. Four displays can be imaged on a single 
panel of this size. 

If LCD's can be produced for current cost goals, the LCD panel stepper will become the most 
effective means of imaging MCM-D substrates. 

6.4 Summary of Finished Substrate Cost Models 

Silicon based MCM-D costs are estimated in some detail in Section 6.5. These estimates assume a 6 inch 
wafer and semiconductor manufacturing equipment that is purchased at current prices. 

The result of the estimates of Section 6.5 is that MCM-D substrates can be built for $11 per square inch, 
assuming a 6 layer process. For a sanity check, compare this with the price of a 6 inch 1 to 1.5 micron 
foundry wafer which can be purchased today for $500 to $600 or $18 to $21 per square inch. The foundry 
CMOS wafer requires 13 mask layers, and if production cost is roughly proportional to the number of 
mask layers, this wafer should sell for $9 to $11. This comparison confirms that the estimates of section 
6.5 are m the right ballpark. 

The $11 substrate price of Section 6.5 does assume that the factory is large enough to produce substrates 
at a competitive cost and that the factory is running at capacity. Since the output of a factory this large is 
considerably larger than the 1991 MCM-D merchant market, it is likely that the $11 price will not be 
achieved in the near future. 

If a substrate price of $11 per square inch is substituted into Table 6.2.3, the cost of the MCM-D substrate 
becomes $11.73. This is close to the cost of the SMT PCB at $6.53 and the MCM-L PCB at $10.50. Since 
a finished module of 5 chips is likely to sell for several hundred dollars when chip costs are included, a 
price difference this small is likely to be almost negligible. 

Table 6.4.1 extends the thin film cost data derived in Section 6.5 by estimating plan investment in facilities 
and equipment and the revenue that a full capacity plant should produce. The unit size is the maximmn 
substrate that the plant can handle and is available from industry data. In most cases, the substrates 
produced are smaller than the unit size, so many can be produced in one unit just as many semiconduc­
tor chips are produced on one wafer. Units per period are estimated from industry data and from equip­
ment productivity. Once these are available, plant revenue and revenue per square inch can be calculated. 

The following comments apply to Table 6.4.1: 

Unit size is a key parameter. The larger the unit size, the smaller the revenue (or price) per square 
inch. 

The cofired ceramic and laminate technologies are shown for comparison purposes. 

The prices per square inch vnJl be realized only when the market is large enough to fully load one 
high volume plant. Cofired ceramic and PCB plants have an advantage because the plants can be 
filled today by products which are not MCM's. 
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Table 6.4.1 
Comparison of Important MCM Substrate 

Manufacturing Technologies 

Manufactiu-ing Thin 
Technology FJlm^ 

Equipment $ 
Facility Inv $56 million 

Plant 
Revenue $48 million 

Unit Size 6 in x 6 in 

Units per 
Period 10,000 

Annual 
Sq. In. 4.3 million 

Revenue per 
Gross Sq. In. $11.00 

^ Data is From Section 6.5 
Assumes 8 metal layers 
Assiunes 6 metal layers 

LCD 
Panel 

$60 million 

$50 miUion 

12 in X16 in 

10,000 

49.9 million 

$2.00 

Cofired 
re.r»n,ic2 

$40miUion 

$40 million 

8inx8in 

7600 

6.3 million 

$6.30 

Laminatê  

$15 million 

$25 million 

18 in X 24 in 

5000 

28 million 

$.89 

Source: Dataquest, April, 1992 

The thin film plant shown in the table generates $48 miUion of revenue at full capadty. If the 
largest suppUer in the market has a 30% market share, then the MCM-D substrate market must 
reach $160 million before this plant is fully loaded. 

A substrate market of $160 million translates to a module market of $500 to $600 million. This is 
about equal to today's captive market and much larger than the current merchant market. 

If LCD panel manufacturing technology is used to make MCM-D substrates, then this technol­
ogy will become the most competitive in both price and performance. If a substrate price of $2 
per square inch is used in Table 6.23, the cost of a 1.08 sq. in. substrate becomes $2.16. This is 
much less than the $6.53 cost of an equivalent SMT PCB or the equivalent $10.50 cost of a MCM-
LPCB. 

The target cost of a 10 inch diagonal (6 inch by 8 inch) LCD panel is $200 or $4.17 per sq. in. This 
panel consists of the glass panel itself, a color filter and several chips which implement the row 
and column drivers. 

Dataquest estimates that the cost for a panel without drivers and color filter is about $100 or $2 
per square inch. This tends to confirm the estimates of Table 6.4.1. 

Dataquest beUeves it will be some years before LCD manufacturing efficiencies are achieved. 
Nevertheless, the cost possibilities are highly attractive if LCD manufacturing technology can be 
appUed to MCM-D substrates. 
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Table 6^.1 
Facilities Improvements for Substrate Fabrication Facility 

(500 Wafers per Period, 2 Shift 5 Day Operation) 

System 

Clean Room 

Chase Area 

SheU 

Total 

Requirements 

4880 sq.ft.@ $1000/sq.ft. 

4514sq.ft.@ $400/sq.ft. 

10,000 sq.ft.® $100/sq.ft 

Cost 

$4,880,000 

1,805,600 

i,nno.ooo 

$7,685,000 

Source: Dataquest, April, 1992 

6.5 Silicon Substrate Cost Model 

This section presents budgetary estimates for a prototype sized MCM-D substrate production fadlity. 
This cost model is presented in some detail and includes estimates of capital, manpower and materials 
consiunption. Substrate production costs in this facility are then compared with production costs in a 
larger facility that produces substrates at a lower cost per square inch. Graphs of wafer production cost 
vs. factory loading and factory size show the impact of manufacturing in a factory that is operating below 
capacity or one that is too small to be economically competitive. 

The issue of substrate yield is dealt with and the advantage of square substrates over round substrates is 
discussed. Finally, estimated selling prices for substrates of different sizes are presented. 

Dataquest believes that modified semiconductor technology has been the impetus behind MCM-D and 
that MCM-D will be one of the significant substrate technologies five to ten years in the future. Accord­
ingly, these cost estimates should be pertinent. 

This MCM-D faciUty is capable of producing five himdred six-inch substrates per four week period. Each 
of these is assumed to have six layers of masking, and the level of technology is adequate to support high 
yields of substrates with metal pitches as small as one mil. 

Facilities Improvements 

Although substrates are much less complex than semiconductor wafers and employ much looser 
geometries, each individual substrate is likely to be much larger than a typical semiconductor chip. While 
the looser geometries tend to improve the yields of individual substrates, the larger substrate sizes will 
tend to reduce yields. 
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Table 6£2 
Manufacturing Equipment for Substrate Manufacturing Area 

(500 wafers per Period, 2 Shift 5 Day Operation) 

Equipment Tvpe 

Process Monitoring Equipment 

Deposition and Plating Equipment 

Etching Equipment 

Photomeisking Equipment 

Subtotal 

Fit Up and Hook Up (15%) 

Total 

AfflOUaf̂  

$ 895,(X)0 

2,240,000 

2,260,000 

885,000 

$6,280,000 

$ 942.000 

$7,222,000 

Source; Dataquest, April, 1992 

Dataquest believes these factors tend to offset one another with the result that clean room requirements 
for the production of substrates are likely to be as stringent as those currently required in semiconductor 
facilities. Some MCM vendors have assumed that the facilities requirements of five years ago would be 
adequate for the manufacture of MCM-D substrates since these substrates only require the line widths of 
five years ago. This has not proven to be the case, since the size of the finished substrates is much larger 
than the VLSI chips of five years ago. Larger substrates are more likely to be rendered inoperative by 
defects caused by airborne particles. It is >drtuaUy impossible to produce these substrates in a fadlity that 
is not dean enough. 

Table 6.5.1 shows faciUties improvements for substrate fabrication. Here, the clean room requirements 
have been upgraded to class 10 from those of five years ago (Class 1000) to reflect today's tighter require­
ments. The other fadlities in the chase area reflect a similar upgrading. The shell area reflects the size of 
the building before implementation of facilities improvements; the cost is typical of standard commercial 
construction. The total capital required for fadlities is $7.7 million. 

Equipment Expenditures 

A summary of the expenditures for manufacturing equipment is shown in Table 63.2. Process monitor­
ing equipment includes items such as probe stations, thin film measurement equipment, a SEM, chemi­
cal sinks and cleaning equipment. 

Deposition and plating equipment includes a sputtering system, plating tanks and chemical benches as re­
quired. 
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Table 6^3 
Labor Requirement for Substrate Manufacturing Facility 

(500 Wafers per Period, 2 Shift, 5 Day Operation) 
Head Function Count 

FuQCtioa 

Direct Labor 

Indirect Labor 
Factory Indirect (Maintenance, 
Process Engineering, MIS, Ops) 

QC and QA 

Production, Materials, Facilities 

Total Indirect 

Total Head Count 

Hfia^ Count 

5 

9 

6 

-LI 

26 

31 

Source: [>ataquest, April, 1992 

Etching eqtiipment includes wet and dry etch equipment, a photoresist asher, microscopes and chemical 
sinks as required. 

Photomasking equipment includes a scanning projection aligner (Perkin-Elmer, now owned by SVG, and 
Canon are major suppliers). This aligner is used rather than the more expensive 5:1 steppers popular 
today. This aligner should be able to resolve Une widths to less than 2 microns. Since the substrates will 
have only one mil (25.4 micron) lines, this equipment is more than adequate. It is also much more produc­
tive than stepper equipment in terms of the wafer throughput that one unit can handle. 

Some firms are planning to use proximity aligners for their MCM-D substrate fabrication facilities. Data-
quest believes this is a poor dedsion since these devices are likely to produce high levels of defect den­
sity, which in turn will lead to lower substrate yields. In a proximity aligner, the defects are caused by the 
mask coming into contact with the substrate during the imaging portion of the manufacturing process. 
When this happens, the mask is likely to pick up small particles at one mask step and transfer them to 
another substrate the next time the same mask is used. A single particle can cause a bad substrate. 

By contrast, the scanning projection equipment forms an image of the mask on the substrate and avoids 
direct contact. The mask can be more easily kept free of particles and, as a result, yields are much im­
proved. 

Labor Requirement 

Table 6.5.3 gives the labor requirement for the small substrate manufacturing facility described here. 
Notice that direct labor headcount is small since much of the manufacturing equipment is semi-automatic. 
The indirect labor is aimed at keeping the equipment and factory running either through equipment main­
tenance or process engineering. QC and QA workers monitor the process quality and the production, 
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Variable Cost 
Materials 
Direct Labor 

Total 

Fixed Cost 
Indirect Labor 
Overheads* 
Depreciation 

Total 

Total Wafer Cost 

Capital Investment 
Facilities 
Equipment 

Total 

Table 6^.4 
Wafer Cost Analysis for Two Different 

Substrate Manufacturing Facilities 

Cost pf-i" wafer 

500 wafers 
per period 

2 shift. 5 davs 

$69.80 
2:̂ .60 

$93.40 

$237.00 
61.50 

301.80 
$600.30 

$693.70 

$7.7 million 
7.5 million 

$15.2 million 

20,000 wafers 
per period 

3 shift. 7 davs 

$69.80 
15.50 

$85.30 

$37.60 
25.20 
69.00 

$131.80 

$217.10 

$31.2 million 
7a..'> million 

$109.7 million 

Source: Dataquest, April, 1992 

materials and facilities groups respectively determine the allocation of wafers to different products, 
procure the necessary incoming materials, and keep the major facilities running. 

Impact of Production Volume on Cost 

Table 6.5.4 gives a wafer cost analysis for two different substrate manufacturing facilities. The first column 
gives the costs for the prototype facility described in this section while the second coliunn gives manufac­
turing costs for a much larger 20,000 substrate per period manufacturing facility. Notice that while the 
larger fadlity has a much higher capital investment ($109.7 million compared with $15.2 million) it 
produces substrates at a much lower cost ($217 per wafer compared with $694 per wafer). 

The example of Table 6.5.4 illustrates that a larger substrate production facility can produce substrates at 
a lower cost than a smaller facility. An important question that arises is: "How large does a substrate 
production facility have to be to be competitive?" 
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Figure 6 J.1 
Substrate Cost versus Factory Size 

(6 Inch, 3 Shift, 7 Day) 
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Source: Dataquest (April 1992) 

Figure 6.5.1 ̂ ves the answer to this question. The data in this figure was developed by designing substrate 
production factories of different sizes and plotting the the substrate production cost of each factory as a 
function of the factory size. In every case the plant was assumed to be operating at full capacity. 

From Figure 6.5.1, it can be seen that a 10,000 substrate per period factory produced substrates at a cost 
that is almost as low as the substrate cost m a 40,000 wafer per period factory. It would make no sense to 
construct the larger factory unless it was highly likely that the market was large enough to utilize the out­
put of the factory. 

Substrate factories have very high production costs when they are below capacity. Figure 6.5.2 shows this 
effect. Here it can be seen that a 10,000 substrate per period factory running at 40% of capacity produces 
substrates at almost twice what they would cost if the factory were nmning at capadty. In this case, sub­
strates could be produced less expensively in a factory that was designed to operate at 4,000 wafers per 
period. 

The question of optimum factory size is of strate^c importance. If a substrate producer builds a factory 
that is too small (less than 10,000 substrates out per period) then this producer is always vuhierable to a 
competitor that has the larger factory. If the market is large enough, this competitor can cut prices to gain 
market share from the smaller vendor. Once the mark et share is gained, the larger vendor will be profitable 
while the smaller vendor is not. 

If a substrate vendor builds a factory that is too large for the market, then this factory will operate below 
capacity and will produce substrates at a very high cost. A vendor with a smaller plant that is able to operate 
at capacity will be able to produce substrates at a more competitive price. 
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Figure 6£2 
Substrate Cost versus Factory Utilization 
(Plant Size: 10,000 Substrates per Period) 
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For example, assume the larger vendor has a 40,000 substrate per period plant while the market will only 
take 10,000 wafers per period from any plant. In this case, the vendor with the 40,000 substrate per period 
plant is operating at 25% of capacity. Wafer costs in this plant will be more than three times as high as 
they would be at capacity (See Figure 6.S.2. The relative substrate cost for a 40,000 substrate per period 
plant operation at 2S% of capacity is roughly the same as in a 10,0(X) substrate per period plant). Meanwhile 
(See Figure 6 J . l) the vendor with the 10,000 substrate per period plant is producing substrates at $220 or 
only about a 3% premium. 

Round vs. Square Substrates 

Most of today's MCM producers plan to use semiconductor manufacturing equipment to produce their 
substrates. Traditionally, this equipment has been designed to work with round siUcon wafers; silicon 
wafers are naturally round because of the way they are fabricated from a melt of liquid silicon. Although 
most semiconductor manufacturing equipment has been designed to work with round wafers, Dataquest 
believes it can be modified to work with square substrates. At least one substrate manufacturer has built 
a line that works with square material. This line used ceramic material because square silicon material is 
not readily available. 

Until now, we have referred to the entire wafer as a substrate. In actual practice, most MCM substrates 
are much smaUer than a wafer and it is common to build a multiplicity of individual substrates on a single 
wafer. 
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Figure 6 J 3 
Layout of 8-Square-Inch Substrates (2x x 4 Inches) on a 6-Inch Wafer 

Source: Dataquest (April 1992) 

Hgure 6.5.3 illustrates the situation in which two 8 square inch substrates (4 laches x 2 inches) are fabri­
cated on a single round six inch wafer. Notice that the two individual substrates barely fit and that a sig­
nificant part of the roimd wafer is wasted in the attempt to put a square individual substrate on a round 
wafer. If the wafer were 6 inches square, three individual 8 square inch substrates could be accomodated. 
This represents a 50% productivity increase. 
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Table 6£S 
Gross Available Substrates 

On Round and Square Material 

Membrane/ 
Substrate Size* 
(Sq.In.) 

Gross Number on 
Round 6 Inch 
Material 

Gross Number on 
Square 6 Inch 
Material 

Cost Reduction 
For Square 
Material 

1/4 

89 

144 

46% 

1/2 

40 

64 

38% 

1 

19 

36 

47% 

*A11 individual membrane/substrates are square except 
4 sq. in. one is 1.6 in. x 2.5 in. and the 8 sq. in one is 4 in. 

the 2 
x2in 

2 

9 

18 

50% 

sq. in. one is 

4 8 

4 2 

6 3 

33% 33% 

1 in. x 2 in., the 

Source: Dataquest, April, 1992 

Square wafers are more productive for two reasons: they use the available area more effectively because 
it is easier to fit square individual substrates onto square material, and they have more square inches of 
substrate available. A round wafer is approximately 28 square inches while a square 6 inch substrate is 36 
square inches, a 28% increase. 

Dataquest beUeves that there should be little or no increase in manufacturing costs for square substrates 
as compared to round substrates. This means that the extra eight square inches of substrate should be vir-
ttially free. As a result, individual substrates made on square material should cost less than substrates made 
on round material. 

Table 63.5 shows the number of substrates that can be fabricated on round and square material, respec­
tively. As indicated, the relative advantage of square material depends somewhat on the size of the in­
dividual substrate because there is a significant loss of individual substrates at the edge of the round 
material. Depending on size, the cost reduction for individual substrates varies anywhere from 33% to 
50%. 

Substrate Yield 

It has often been said that substrate producers can easily make a product using the semiconductor equip­
ment of a decade ago. This is true if only line width is considered—in fact, semiconductor manufacturers 
were routinely building IC's with 10 micron (1/2 mil) lines and spaces in the early 1970's. 
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Table 6.5.6 
Yield of Membrane/Substrates 

Substrate Size 
(Sq.In.) 

Yield 

1.4 

97% 

1/2 

95 

1 

90% 

2 

81% 

4 

66% 

8 

45% 

Source: Dataquest, April, 1992 

However, the chips that were built in those days were normally less than 200 mils on a side with a total 
area less than l/25th of a square inch. This is a far cry from the four and eight square inch individual sub­
strates being contemplated today. The yields on those chips of the 1970's were ako in the 10% range, even 
though they consisted of only six to ei^t mask layers. If that technology were applied to building today's 
larger MCM substrates, the yields would be vanishing small. 

To make money, a substrate production faciUty needs to combine the line-width capability of a decade 
ago with the cleanliness technology of the 1990's. If that can be accompUshed, yields of individual sub­
strates can approach levels that make the production process economical. 

This section presents a yield model which extrapolates the yield of a modem semiconductor factory into 
the yield that might be expected from a substrate factory which employs 1990 cleanliness technology. 

The yield model scales yields from the yields of today's 4 megabit DRAMs by making the following ob­
servations: 

Yield is decreased substantially because of the larger size of the individual substrate. 

Yield is increased by the fact that the metal pitch of an MCM-D substrate b much larger than a 
DRAM. 

The model assumes a standard yield model and also that the defect density decreases as the square of the 
metal pitch. Dataquest views this calculation method as one that is only approximate. It is always dangerous 
to extrapolate yield from one factory situation to another, and the extrapolation to larger line widths is 
especially subject to error. In addition, substrate manufacture may employ one or more process steps that 
are not production-ready and as a result exhibit low yields. Still, Dataquest believes that the calculations 
illustrate the types of yield issues that need to be considered. 

Table 6.5.6 gives the results of the yield calculations described above for individual substrates ranging in 
size from a quarter of a square inch to 8 square inches. The smaller substrates have almost perfect yields 
while the larger substrate has only 45% yield. 
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Table 6^.7 
Factory Revenue at 10,000 Wafers Per Period* 

Wafers out 
Wafer Cost* 
Gross Margin 
Revenue/Wafer (222/0.6) 
Plant Revenue 

*Assumes 3 shift, 7 day operation 

10,000 
$222 
40% 
$370 

$3.7 million/period 
$48.1 million/year 

Source: Dataquest, April, 1992 

Price and Factory Revenue 

Table 6.5.7 computes factory revenue for the "minimum economical sized" plant producing 10,000 sub­
strates per period. Here the wafer cost is taken at $222 and the gross margm is assumed to be 40% of sales. 
The result is that the plant has revenue per wafer of $370 and that annual production is almost $50 mil­
lion per year. If such a plant had 33% market share, this would imply that the total market of about $150 
million would be adequate to fill one "minimum sized" plant to full capacity. If all other producers had 
smaller market share, this producer would also be the low priced producer and would be able to set the 
market prices at a level that maintained its profitability while all other producers operated at a loss. 

Substrate Selling Prices 

Table 6.5.8 takes the yield assumptions of table 6.5.6 and the pricing assumptions of table 6.5.7 to develop 
estimates of minimum substrate selling prices for both round and square substrates. Referring to the price 
per square inch for square substrates it can be seen that this price is as low as $11.56 for a 1 inch square 
individual substrate fabricated on a square six inch starting material. 

In Table 6.2.3, the MCM-D substrate cost was assumed to be $30 per square inch, with the result that 
MCM-D substrates were about the same price as the equivalent MCM-C substrates. At $11.56 per square 
inch, the MCM-D substrate becomes the low cost option for high frequency applications. In addition, the 
MCM-D substrate will cost $12.33 or only about 17% more than the competitive MCM-L substrate 
($10.50). This result is achieved through economies of scale and should occur when the market grows to 
the appropriate size. 
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Table 6^.8 
High-Volume Membrane/Substrate 

Yielded Selling Prices* 

Substrate Size 
(sq. in.) 

Net Substrates 
Round Substrate 
Square Substrate 

Selling Price 
Round Substrate 
Square Substrate 

Selling Price per 
Square Inch 

Round Substrate 
Square Substrate 

1/4 

86 
139 

$4.30 
$2.66 

$17.20 
$10.64 

1/2 

38 
60 

$9.74 
$6.17 

$19.48 
$1234 

•Assumes revenue of $370 per wafer for either, 

1 

17 
32 

$21.76 
$11.56 

$21.76 
$11.56 

1 round or 

2 

7 
14 

$52.86 
$26.42 

$26.43 
$13.21 

square wafer. 

4 

2.6 
3.9 

$142.30 
$94.87 

$3557 
$23.71 

8 

.9 
1.3 

$411.11 
$284.62 

$51.38 
$35.57 

Source: Dataquest, April, 1992 

6.6 Power Handling in MCM's 

This section deals with power handling in MCM's, particularly in regard to future trends. It begins with a 
discussion of power scaling theory. This theory deals with the way chip power should increase as chips get 
more complex. It is followed by discussion of microprocessor power trends. Memory power is then re­
lated to chip complexity and ECL power trends are discussed. 

Microprocessor power trends are then related to time as well as complexity. This analysis indicates chip 
power could reach 75 to 300 watts by the end of the century, if current trends continue. Dataquest beUeves 
that cost and battery life considerations will drive chip designers to seek ways of reducing chip power. 
Some of these possibilities are presented and the current status of 3 volt power is discussed. 

Some existing thermal management systems are examined to see how their power handling capability re­
lates to the estimated future chip requirements discussed earlier. It seems that these systems will be in­
adequate for the needs of future microprocessors. Forttmately, at least one experimental cooling system 
has been developed which looks like it might satisfy future needs. 

The various substrates used by different types of MCM's are examined to see what kind of temperature 
drop they cause in a 5 watt thermal path. 

Finally, a scenario for a system of the future is presented. 



6-26 Substrates for Mutti-Chip Modules Chapter 6 

Table 6.6.1 
Power Dissemination of 
Microprocessor Chips 

Part 

80086 

80286 

80386 

80486 

I860 

68020 

68030 

R4000 

DEC Alpha 

Transistor 
Count 

29,000 

134,000 

275,000 

1,200,000 

2,500,000 

200,000 

300,000 

13X),000 

1,700,000 

Power 
(Watts) 

0.4 

0.5 

2.5 

3.5 

3.3 

1.75 

2.25 

10.0 

25.0 

Power/Transistor 
rMicrowatts") 

13.8 

3.7 

9.1 

2.9 

1.3 

8.8 

7.5 

7.7 

14.7 

Source: Dataquest, April, 1992 

Power Scaling Theory 

Chip complexity is continuously increasing due to shrinkage of the line width dimension. Scaling theory 
has been developed to relate chip performance factors to the scaling factor or percent shrinkage in line 
width. In the case of chip power, scaling theory says that chip power density should be constant if the 
power supply voltage is reduced m proportion to the reduction in line width.* This means that, in theory, 
the power required by VLSI chips should not increase as chips became more complex, so long as the chip 
area did not increase. 

Saying it another way, if line widths shrink from 1 micron to half a micron, then the power supply voltage 
should be reduced from 5 volts to 2.5 volts to keep the chip power constant, assuming that die diip size 
does not increase. Of course, the size of each transistor in the chip ynJl shrink by the square of the line 
width, so the half micron chip will have four times as many transistors. Since power is constant, the power 
per transistor (or gate) shoidd fall by a factor of four. 

If the power supply voltage is not scaled, then the power required by the chip will increase as the line width 
shrinks. In addition, chip sizes increase with time as yields improve, and the additional chip area also con­
sumes additional power. Other issues also complicate the trends in microprocessor power consumption. 
The next section provides power consumption data on actual microprocessor chips so that trends can be 
examined directly. 

* Bakaglu, "Circuits, Interconnection, and Packa^ng for VLSI," Pages 26 to 27 
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Microprocessor Power Trends 

Table 6.6.1 gives some power consumption figures for microprocessors of different complexities and figure 
6.6.1 presents a plot of the same data. All of these devices have a 5 volt power supply except for the DEC 
Alpha which runs at 3.3 volts. 

Most microprocessors have power dissipation per transistor in the range of 1 to 10 microwatts. Among 
the Intel chips (80086 through I860) there seems to be a downward trend in the power dissipation per 
transistor. The DEC Alpha has exceptionally high power dissipation, especially since its lower power supp­
ly voltage should have reduced the power. This chip runs at 200 megahertz—most likely the designers 
focused on improving the clock rate rather than reducing the power. 

The plot of microprocessor power in Figure 6.6.1 shows that power increases rapidly with transistor count. 
There is considerable dispersion in the data, indicating that chip power can vary over a wide range for 
chips of the same complexity. Some possible reasons for this variation are discussed in the section called 
"Ways to Save Power." The trend Une is drawn through the middle of the cluster of data points, so it is 
probably optimistic for some chips. Even so, the trend line indicates that future chips of ten million tran­
sistor complexity will typically consume 40 watts. 

Memory Power Trends 

Table 6.6.2 ^ves power dissipation for some typical memory chips, and Figure 6.62 gives a plot of the 
same data. The power figures given here assume the memory chip is being continuously addressed. Many 
memory chips consume negligible power when they are not being addressed. 

Memory chips are not like microprocessors insofar as power consumption is concerned. When a memory 
chip is addressed, only one or a few locations on the chip are accessed—the locations which are not ad­
dressed draw negligible power. As an example, consider a "times one" megabit DRAM. When this chip 
is addressed, only one of the million memory cells is accessed; the rest of the memory cells are on standby 
status. Most of the power in the chip is consumed by the addressing logic and the amplifier which reads 
the signal from the single cell being addressed. 

When the number of bits in a memory increase, the same situation still applies: if the memory is in the 
"times one" configuration, only one bit is addressed and most of the power is consumed in the address 
logic and the address decoders. The address decoder is slightly more complex for a 4 megabit part than 
a 1 megabit part, so this part of the chip mil draw a little more power in a larger memory. 

Figure 6.62 illustrates the situation. Here, both the DRAM and SRAM trends indicate that chip power 
increases only slowly as memory chip complexity increases. This trend is much slower than the 
microprocessor trend. It does not appear that memory power dissipation will be of concern for the foresee­
able future since SRAM's will be about 1 watt and DRAMs should be below a watt, even at the 10 million 
transistor level. 

ECL Power Trends 

Figure 6.63 shows some ECL power trends. ECL chips use bipolar technology and tend to be much higher 
in power than CMOS chips of the same complexity. 

ECL gates draw more power because current is flowing continuously in the gate, whether it is switching 
or not. CMOS gates draw power only when they are actually switching. ECL gates also tend to be higher 
in power than CMOS gates. This is somewhat compensated for by the fact that they can run at very high 
frequencies. Many CMOS gates operate at frequencies well over 200 megahertz. 
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Figure 6.6.1 
Microprocessor Cliip Power versus Transistor Count 
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Table 6.6^ 
Power Dissipation of Memoiy Chips 

Part 

DRAM: 

64Kxl 

256Kxl 

256Kx4 

IMxl 

4Mxl 

SRAM: 

16K 

64K 

256K 

Transistor 
Count 

64,000 

256,000 

1,000,000 

1,000,000 

4,000,000 

64,000 

256,000 

1,000,000 

Power 
(Watts) 

0.15 

0.28 

0.30 

0.30 

0.25 

0.35 

0.60 

0.65 

Source: Dataquest, April, 1992 

The performance of ECL systems has been limited by power and cost considerations, in spite of the in­
herent performance of ECL technology. This comes about because the high power density of ECL re­
quires costly and bulky packaging in practical systems. Typically, ECL chips are less complex than CMOS 
chips, and the result is that complex systems tend to be physically large. The performance of these systems 
tends to be limited by the long transit time effects whicii are due to large physical size. Today, an increas­
ing number of system eng^eers feel that future complex, high performance computer systems will be built 
with CMOS rather than ECL. 

In spite of the above, there are appUcations in areas like telecom that require high frequency performance 
without undue complexity. ECL is a good choice in these applications. 

Microprocessor Power Trends With Time 

Figure 6.6.4 shows the way in which microprocessor transistor count increases with time. It indicates that 
microprocessors with 100 million transistors should be available by the end of the century if current trends 
continue. The right axis of Hgure 6.6.4 has been labelled with the power level indicated by the trend line 
of Figure 6.6.1. To illiistrate, this trend line crosses the 10 million transistor level at 40 watts so the 10 mil­
lion transistor line in Figure 6.6.4 is labelled as being 40 watts. 

As it stands, the trend line of Figure 6.6.4 indicates that microprocessor power could reach 290 watts or 
more in the year 2000. It is forecast that this chip will be about 1 inch on a side, so the power dissipation 
for such a chip is 45 watts per square centimeter. Typical microprocessors today dissipate power in the 
range of 2 to 12 watts per square centimeter. 

If you recall the discussion of scaling theory, it stated that if the power supply voltage was reduced in 
proportion to the shrinkage in line width, the power density of chips should remain constant. If this were 
accomplished, the 1 square inch chip of the year 2000 would dissipate only 77 watts. 



6-30 Substrates for Multi-Chip Modules Chapter 6 

Figure 6.62 
Memoiy Chip Power versus Transistor Count 
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Figure 6.63 
ECL Gate Array versus Transistor Count 
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Figure 6.6.4 
Microprocessor Chip Power versus Time 
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Scaling theory also says that clock rate can improve in proportion to the shrinkage of line width, even if 
the power supply voltage is also proportionately reduced. However, if supply voltage is not reduced, per­
formance improves even more rapidly. Thus, it seems that chip designers will have the option of trading 
some of the available increase in clock rate for power dissipation. 

Saving Power in CMOS Chips 

Microprocessor chip power depends on many things besides the number of transistors on the chip and 
the power supply voltage. Among these are: 

The average number of nodes switched. 

The two transistor conduction effect. 

Average wire length. 

Number of output drivers. 

Capacitive loading on the outputs. 

As stated earlier, CMOS logic only dissipates power when it switches—nodes that do not change state 
dissipate negligible power. Chip designers can therefore reduce power by designing their logic so that as 
few nodes as possible are switched during commonly used operations. 

A CMOS node can function in one of two ways: The pull up transistor can turn off before the pull down 
transistor turns on, or the transistors can be designed so that both are on for part of the switching cycle. 
The former case corresponds to slower operation because there is a period of time during which nothing 
is happening because the output is connected to neither transistor. In the latter case, both transistors are 
conducting and the power supply is dumping current into ground. This improves performance at the ex­
pense of power. Chip engineers can control the degree to which two transistor conduction occurs and, 
once again trade power for speed. 

The dissipation of a CMOS gate depends on the capacitance which it drives—the more capacitance, the 
more power dissipation. Capacitance is m turn a function of the average wire length on a CMOS chip. If 
the design can shorten the average wire length, average capacitance and power are reduced. 

On many microprocessors, the output drivers account for half the power. Accordingly, power can be 
reduced by reducing the number of output drivers. This might be accomplished, for instance, by 
reconstructing some signals on the receiving chip so that they will not have to be transmitted through the 
output driver. 

Some engineers feel that as chips become more complex, the number of drivers required per internal gate 
will be reduced drastically. In the extreme example, a personal computer has only a few wires entering 
and leaving the system: two 110 volt AC power wires, a twisted pair to connect to the telephone system or 
a network, and a ground. If microprocessor output pins are reduced in this manner, power will be saved. 

Today's microprocessors are typically designed for capacitive loads of 50 to 100 picofarads on the output 
drivers. If these driver signals are confined within an MCM, the average capacitive load is much reduced 
and power is saved accordingly. 

Future microprocessor chips may include a much larger percentage of memory. Since memory draws a 
lot less power than logic, the power dissipation of microprocessors would be reduced accordingly. 

Finally, it may be that all portions of a chip are not designed to run at the same speed. Power could be 
reduced on the low speed portions of a chip by reducing the power supply voltage in these areas or by 
employing gates that did not exhibit two transistor conduction in these parts of the chip. 
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Table 6.63 
Some Examples of Thermal Management Systems 

Svstem 

IBM Thermal Conduction Module 

Mitsubishi High Thermal 
Conduction Module 

IBM 4381 Air Cooled Module 

Tuckerman and Pease 
Microchannels (experimental) 

Power 
rWatts^ 

300 

36 

90 

790 

*Data is fi-om "Microelectronics Packagmg Handbook," 
pages 211 through 219. 

Sk£ 

90x90mm 

65 X 65mm 
(est) 

64 X 64mm 

1cm X 1cm 

Watts/ 
Sq. Cm. 

3.7 

0.9 

2.2 

790 

Tummala and Rumaszewske, 

Source: Dataquest Electronics Packaging {Handbook 
Dataquest, April, 1992 

Three Volt Power Trends 

Many in the semiconductor industry are predicting a massive conversion of CMOS to 33 volt power by 
1993. As indicated earlier, the DEC Alpha microprocessor already employs 33 volt power. 

Three volt conversion is driven by the need to reduce power and increase battery life of portable comput­
ing devices. Power savings of over 50% are possible. 

Three volt conversion is also driven by the need for a reduced power supply voltage in 16 megabit DRAMs. 
The 0.5 micron transistors required for this product do not work well with a 5 volt power supply. 

Some factors which may impede the conversion to three volts include: 

The fact that many part types are not available in a three volt version. Some near-term systems 
may have to be built with a mixture of three and five volt parts. 

The incompatibility of input/output level specifications between three and five volt parts and be­
tween three vok parts fi-om different manufacturers. 

Some manufacturers today are handUng the conversion from three to five volt parts by recharacterization 
rather than redesign. Recharacterization is easier, but may result in input/output specification incom-
patibiUties. 

JEDEC is working to establish standards, but Dataquest has found that many vendors do not follow the 
current standards. 

Example of Thermal Management Systems 

ECL chips commonly have had power dissipations in the range of 4 to 10 watts or more, and several sys­
tems have been designed to package a multiplicity of these parts. Some of these systems are tabulated in 
Table 6.63. 
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Table 6.6.4 
Thermal Performance of Various Substrate and 

Dielectric Materials 

Material 

Ceramic Cofired 
Alumina 
Glass Ceramic 
Aluminum Nitride 
Silicon Carbide 

Laminate 
FR4 
Teflon 

High Density 
Copper 
Aluminum 
Diamond 
Silicon 
Silicon Dioxide 
Polyimide 
Benzocyclobutane 

*Assumed power density is 

Thickness 
(min^ 

2.54 
2.54 
2.54 
2.54 

2.54 
2.54 

2.54 
2M 
2.54 
0.25 
0.02 
0.02 
0.02 

Thermal 
Conductivity 

W(rm.d^q.K) 

0.2 
0.05 
2.3 
2.2 

0.002 
0.1 

4.0 
23 
20.0 
.84 
.01 
.002 
.002 

5 watts per square centimeter. 

Temp 
Rise' 

idfigjQ 

6.4 
25.4 
0.55 
0.57 

635.0 
12.7 

031 
0.55 
0.06 
0.15 
1.00 
5.00 
5.00 

Source: Electronics Packaging l-landbook 
Dataquest, April, 1992 

Our earlier examination of microprocessor power dissipation indicated that required power dissipation 
densities in the range of 12 to 45 watts per square centimeter of chip may be required by the end of the 
century. 

The thermal management systems of Table 6.6.3 have been characterized by the power density that they 
are able to handle. Notice that for the first three examples these densities are in the range of .9 to 3.7 watts 
per square centimeter. 

As a minimum, it seems lo^cal to package VLSI chips so that at least half the area of the thermal manage­
ment system is occupied by the chip. This means that the power density the system has to handle should 
be in the range of 6 to 22.5 watts. Clearly, the first three packa^g systems of Table 6.6.3 are inadequate. 
This is in spite of the fact that they represent very sopUsticated and expensive solutions to the thermal 
management problem. 

The Tuckerman and Pease microchannel system is an interesting one. In this system a silicon die is cooled 
by a liquid that flows through microchannels etched in the back of the die itself. In this way, the path be­
tween the cooling Uquid and the source of power is shortened to the ultimate degree. The result is a spec­
tacular increase in power handling capability. This system is still highly experimental, so it will be some 
time before it reaches production. Still, it gives hope that at least one potential solution to future power 
handling problems does exist. 
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Substrate Power Handling 

Different substrates are in use in MCM's. This section looks at the power handling capability of these sub­
strates. 

The temperature rise data in Table 6.6.4 assumes that power density is 5 watts per square centimeter and 
that, for structural substrates, the material is one tenth of an inch thick (2.54mm). The thickness of other 
materials such as silicon, siUcon dioxide, polyimide and benzocyclobutane is taken at smaller values typi­
cal of their applications. It is also assumed that all the heat flows at right angles through the substrate with 
no fringing. This makes the computed temperature rise 10% to 20% higher than it might be in actual prac­
tice. 

Of the ceramic cofired materials, aluminum nitride and silicon carbide have excellent performance with 
a temperature rise of less than one degree centigrade. Alimiina has a manageable temperature rise and 
the glass ceramic material has an excessive rise at 25.4 degrees centigrade. If this material is used as an 
interconnect media for high power devices, heat will have to be removed through a path that does not go 
through the substrate. 

Among the laminates, teflon is superior to FR-4. It is common in FR-4 substrates to put copper posts un­
derneath the chip or to mount the chip on a slug of copper that is attached to the PCB. Even if the cop­
per only occupies 25% of the area under the chip the temperature rise will be about 1.2 degrees (four 
times the 0.31 degrees shown in the table). 

In the high density regime, any of the structural materials can be used to support the interconnect. These 
include the ceramic materials as well as copper and aluminum. Diamond is shown for reference; it is one 
of the best heat conductors known and is in demand in military appUcations where cost is no object. 

Silicon wafers are normally about 10 mils (.25mm) thick and must be mounted on some other more rigid 
material. If the thermal resistance of the mounting material is neglected, the temperature rise will be the 
sum of the temperatiu-e rises of the two materials. Thus if silicon is mounted on aluminum nitride, the 
temperature rise caused by the two substrate materials will be 0.15 plus 0.57 or 0.72 degrees. 

The silicon dioxide, polyimide and benzocyclobutane layers are taken at .02mm (20 microns). At these 
thicknesses, the temperature rise is minimal. 

In most applications, a temperature rise of 60 degrees centigrade can be tolerated. Since most of the 
temperature rise is attributed to other factors such as the size of the heat sink, many of the materials in 
Table 6.6.4 can be inserted in the thermal path without adding significantly to the temperature rise. Some 
materials such as the glass ceramic and the PCB laminates are inadequate and alternative thermal paths 
must be provided if they are to be used. 

The System of the Future 

We have seen that chip designers can scale the power supply voltage and other aspects of chips to keep 
them within the constraints imposed by the thermal management system. It is also true that the market 
will seek the highest performance possible without undue increase in cost. It follows then designers will 
opt for higher power chips if low price thermal management systems can be developed. 

The constraints outUned in this chapter lead to the following scenario for a moderately high powered sys­
tem of the year 2000: 

Chip transistor count: 110 million. 

Number of chips in system: 9. 

System transistor count: 1 billion. 
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Chip power: 110 watts. 

System power: 1 kilowatt. 

Clock rate: 400 megahertz. 

Equivalent complexity: 364 times as complex as an Intel 80386. 

Computmg power: 51,000 MIPS. 

Physical size: approximately S inches by 5 inches. 

It may seem that system power of 1 kilowatt is high, but this is only about 2/3 the amount of power con­
sumed by the little electric heaters that plug into the wall. This computer module should be good for keep­
ing your feet warm in the winter, if nothing else. 



Chapter? —MCM Test and Assembfy 

The purpose of this chapter is to provide an overview of MCM test and assembly. MCM assembly invol­
ves interconnecting component parts into a working module; the component parts include the substrate, 
the chips themselves, a package to hold the substrate, if necessary, and any materials that may be required. 
Upon completion of assembly, the finished module is tested to assure that it is working properly. 

Testmg is discussed in some detail, and a tutorial discussion of chip test is provided for those who are not 
familiar with this field. 

A major conclusion of this chapter is that thorough testing at the chip level is absolutely mandatory if high 
volume module production is to become a reality. This arises from the fact that it is virtually impossible 
to find all defects when testing at the module level. 

Consider the consequences of a requirement that module test must be as thorough as chip test. In this 
case, the module is equivalent to a very complex chip—five, ten or twenty times as complex as a typical 
chip if there are five, ten or twenty chips in the module. New test programs have to be developed to test 
this monster chip, and the tester itself becomes more complex. VLSI testers cost roughly $10,000 per pin, 
and the module may have two to three times as many pins as the individual chips. It is easy to conceive of 
a 1000 pin tester—such a machine would cost $10 million dollars or more. 

If the chips going into an MCM are known to be good, then the module level test need only detect errors 
in the assembly process itself— errors like open or shorted wiring connections. This test problem is much 
simpler. 

Traditionally, testing of assembled PCB's has been with the assumption that the individual components 
are known to be good. These PCB's have high quality because of the high quality of the components going 
into them. Today it is common to have component incoming quality rates of 200 parts per million (ppm) 
or better. 

There has been much discussion concerning the IEEE 1149 test specification spearheaded by the JTAG 
group. While it is true that chips designed to this specification can be more easily tested after they are as­
sembled, Dataquest does not beUeve that IEEE 1149 makes it possible to build high quality MCM's with 
chips that are not known to be good. 

Basically, this specification was developed as an electronic equivalent to the traditional "bed of nails" 
tester that has long been used by PCB assemblers. The basic function of this tester has always been to 
catch opens, shorts and other problems caused by the assembly process; the function has never been to 
implement thorough chip test after board assembly. For this reason, Dataquest does not believe that IEEE 
1149 makes it possible to build high quality MCM's without known good chips. 

7.1 Component Test 

A general rule of thumb is that it costs ten times as much to catch a mistake at the next level of assembly 
as it does to test it at the lower level. Thus, it is less expensive to test a chip than it is to test a chip once it 
is in the module. Similarly, it is ten times more expensive to find a bad module in the next assembly than 
it is to catch the mistake before the module is shipped. 

Thus the key to low cost modules is thorough component test. This section discusses testing of the two 
components that go into an MCM: the chips emd the substrate. 
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Figure 72.1 
Incorrect Function of 8 Digit Calculator 
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Source: Dataquest (April 1992) G2000177 

7.2 Chip Test 

The theory of chip test is complex and has evolved over a period of 30 years. The next section discusses 
the theory of VLSI chip test and is intended for those who have no knowledge of the subject. Those who 
are well versed in the subject can skip this section. 

The discussion of the next section includes: 

Testing a Complex Logic Function. 

Test Vectors. 

Stuck Faults. 

Storage Elements Complicate VLSI Test. 

Scan Lo^c. 

Built in Self Test (BIST). 

Test Generation Software. 

Summary. 
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Figure 122 
Generalized Logic Function 
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12,1 Theory of VLSI Test 

It is important to know what VLSI test does not do: It (generally) does not catch design errors. Consider 
Figure 7.2.1 which shows a calculator adding 1 to a number consisting of eight nines. What the calculator 
should do in this case is to show an overflow. However, the design engineer forgot to include this case in 
his overflow criteria, so the calculator tries to carry the sum into the ninth digit. Since this digit does not 
exist, the calculator ends up displaying all zeroes—clearly this is a long way from the right answer. 

What the test generation will do is to develop test waveforms which, when applied to the calculator chip, 
assure that the chip is doing what it was designed to do: display all zeroes when it should display an over­
flow. The test generation methodology does not know what the chip is supposed to do, it only knows what 
logic gates should be on the chip and how they are hooked together. 

While the situation in Figiu-e 7.2.1 may look like a trivial case, it is common for chips to have design errors 
of this kind. This kind of error occurs commonly in microprocessors; some have several pages of design 
errors. Normally these errors are caught by running system level checks or test programs. Eventually, the 
logic is redesigned to eliminate the error and the chip test vectors are re\dsed to verify that the new design 
is faithfully reproduced on all chips that are shipped. 

Testing a Complex Logic Function 

Figure 7.2.2 shows a complex logic block with L input pins and M output pins. This lo^c block has no 
storage elements, so the output is always the same for the same input, after a suitable propagation delay. 
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Figure 7 J 3 
Illustration of Test Vectors 
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One way to test this block would be to apply all possible input patterns to the input and then check to see 
that the output is correct for each input pattern. If the logic block has a lot of input pins, this procedure 
quickly becomes prohibitive. For instance, if the block had SO input pins, and if we ran the input patterns 
in at a 100 megahertz rate, it would take 130 days to test this logic block. 

Some knowledge of what is inside the block can simplify the test pattern considerably. For instance, sup­
pose the logic block were broken into five unconnected logic blocks, each with ten inputs. In this case we 
could apply the same input pattern to each block and it would take only 512 nanoseconds to test the logic. 
Clearly, knowledge of what is in the logic block simplifies testing considerably. 

Today, test engineers have complete knowledge of the contents of the logic block and fashion their tests 
accordingly. Accordingly, generating tests for a pure logic block with no storage is relatively straightfor­
ward. 

Test Vectors 

Figure 7.2.3 shows a logic block \nth test vectors applied. In the figure the input test vectors A, B, C, and 
D are applied in sequence, and they give rise to the output vectors A', B', C, and D'. If the output test 
vectors appear when the appropriate input vectors are applied, the part is said to be good. The sequence 
of the vectors does not matter so long as there is no storage in the logic block. 

Modem VLSI testers have vector files that are hundreds of megabytes. Typically these vectors are stored 
on hard disks. Each tester pin drives one pin of the VLSI part being tested and the pin electronics may 
have 32 megabytes of vector storage behind each pin. For high frequency testers, these vectors are able 
to follow one another at 50 to 100 megahertz. 
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Figure 72.4 
Testing for Stuck Faults 
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This amount of vector storage may seem excessive for testing pure logic, but when memory is added to 
the logic, the situation becomes much more complex. The reason for this is discussed in more detail in the 
following sections. 

Stuck Faults 

The idea of stuck faults is that the most common form of failure is to have a point in the lo^c shorted 
either to the power supply or to ground. For positive logic, a short to the power supply is regarded as 
"stuck at 1" and a short to ground is regarded as "stuck at 0." 

The stuck fault tests for a three input "nor" gate are illustrated in Figure 7.2.4. A properly functioning gate 
will produce a "0" output if any input is at "1" and a "1" output if all inputs are at 0." 

The stuck fault test patterns are shown in the figure. What they do is to apply a "1" to each input in turn 
to verify that the input is not stuck at "0" and that the input is able to pull the output to "0." Then "0" is 
appUed to all inputs. If the output goes to "1" this indicates that the output is not shorted to ground. 
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Figure 72S 
Generalized Logic Function >\lth Storage 
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This particular stuck fault test does not apply all possible patterns to the "nor" gate. In particular, it does 
not check to see that the output goes to "0" when two or more inputs are at "1." In this way, half the pat­
terns for this particular gate do not have to be applied. 

The savings in test vectors becomes more pronounced for larger gates. If an attempt was made to apply 
all possible patterns to a 50 mput nor gate, test time would be 130 days as mentioned in the discussion of 
Figure 7.7.2. If only the stuck fault patterns were applied, all that would be required is that a "1" would 
be applied to each of the inputs m turn and finally, all "O's" would be applied to check that the output is 
not stuck at "0." In this way the test could be completed in only 51 vectors. 
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Fault Coverage 

Once test vectors are generated, usually with the help of computer software, it is common practice to com­
pute fault coverage. This is accomplished in the manner described below. 

First, the test vectors are simulated on a computer which also simulates the logic being tested. If the input 
vectors produce the expected output vectors, the vectors are considered correct. 

Next, a stuck fault is simulated in the logic to which the simulated test vectors are applied. If this stuck 
fault causes one of the output vectors to change, it means that that stuck fault is detected by the vector 
suite. If no output vector is changed, then that stuck fault is not detected. 

In a complex logic network, it is possible that a stuck fault produces some vector change within the net­
work but that vector change cannot be observed at the output because it feeds into some other logic ele­
ment that has vectors applied that make it insensitive to that particular signal at that particular time. 

The computer simulates every stuck fault, one by one. It counts the number of faults detected and com­
putes the fault coverage as follows: 

Fault coverage = (Detected faults)/(Total faults) 

A test vector suite is usually considered complete only when the fault coverage is in the range of 95% to 
100%. 

Note that our 50 input "nor" gate would have to be simulated 52 times to compute the fault coverage. The 
first time it would be simulated with no faults to be sure that a good part actually tests good. Then it would 
be simulated with its 51 stuck faults—once for each input and once to see that the output is not stuck at 
"0." 

Storage Elements Complicate VLSI Test 

Figure 7.2.5 shows a logic block that has been modified to include storage elements. Here some of the 
logic outputs are fed into the storage elements and the outputs of the storage elements are fed back into 
the logic block. These storage elements are simple "D" type flip-flops. Their outputs take on their input 
values once every clock cycle. 

The addition of storage elements complicates the test problem considerably. First, some method of in-
itiali2ing these elements must be provided, for if there is no way to start them off m a known state, it is not 
possible to predict what will happen next. 

Second, the storage elements act as input to the logic block. Their outputs are not a direct function of the 
signals going into the logic at this clock time. Instead their outputs depend on what was going into the logic 
a clock time ago and what vectors were being input to the logic at that time. 

Dependii^ on how the logic is designed, it may be very difficult to cause the storage elements to take on 
a desired pattern. If there are three storage elements, they can store up to eight patterns. If the elements 
are storing a given pattern, it may be necessary to step sequentially through all eight patterns to get from 
the current pattern to the one that is needed. 

This situation gets considerably more complex when there are tens or even hundreds of flip-flops. Some­
times it is virtually impossible for software to generate the needed test vectors. 
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Figure 7 J.6 
Generalized Logic Function with Scan Logic 
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Scan Logic 

Scan lo^c breaks the feedback path between the storage elements in the manner illustrated in Figure 7.2.6. 
Here a single pole double through switch has been put in fi-ont of each flip-flop (In a logic chip, the logi­
cal equivalent of this switch will be used). As shown m the figure, the first flip-flop is tied to an external 
input and the output of that flip-flop feeds the next flip-flop. 

As illustrated in the figure, the flip-flop inputs are disconnected from the logic and connected to one 
another. It is a simple matter to sequentially feed in any desired pattern of "l"s and "0"s. In this manner, 
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the chip can be easily tested. Another advantage is that it is easy to use software to generate chip test vec­
tors when scan logic is used. 

The switches in Figure 7.2.6 are shown in the "test" position. When the chip is to be operated, the switches 
are thrown to the opposite position and the circuit of Figure 7.2.6 becomes identicid to that of Figure 7.2.5. 

A disadvantage of scan logic is that it requires extra logic to implement the switches. This logic may also 
slow the maximum clock rate at which the chip can run. Dataquest beUeves that as chips become more 
complex and as siUcon becomes less expensive scan logic will become more common. Scan logic was 
originated at IBM and is used widely by them. 

Scan logic should not be confused with boundary scan as specified in the IEEE 1149 specification. Botm-
dary scan uses flip-flops that can be connected as a sliift register like those of Figure 7.2.6. The difference 
is that the boundary scan fUp-flops are at the input and output terminals of the chip while the scan lo^c 
flip flops are embedded in the chip logic. Boundary scan makes it possible to electronically disconnect the 
chip from its envu-onment. If boundary scan is implemented but scan logic is not, the chip itself does not 
become easier to test. 

Built In Self Test (BIST) 

The idea of BIST is to store the chip test vectors (or some subset of them) in the chip itself. One way to 
do this is to store the vectors in a ROM. Another way might be to construct a specialized shift register that 
generates a sequence of test vectors that test the part fairly well. Some companies embed BIST circuitry 
in their macrocells so that when a chip is constructed out of an array of macrocells, it can be tested simp­
ly by enabling the built in BIST programs. Depending on the logic and the cleverness of the designer, BIST 
cu-cuitry can be a lot simpler and require less extra silicon than scan logic. 

Test Software 

Software programs that help the designer develop test vectors are in conunon use. Verification software 
(discussed earlier) identifies stuck faults that are not detected by a test vector suite. Engineers can redesign 
their vectors to increase fault coverage as necessary. 

Test generation software exists that can generate test vectors automatically for scan logic chips. 

Software to generate test vectors for logic networks that include storage does not work in all situations. 
In fact, there are designs (such as uninitiaUized storage elements) for which it can be shown that it is not 
possible to generate test vectors either by hand or by computer. Because of difficulties like these, most 
software is in use as a design aid. 

It is important that some thought be given to test before the design of a chip is frozen. If there is a part of 
the chip that is designed in such a way that it is difficult or impossible to test, it will be necessary to revise 
the design and serious schedule delays may result. 

Summary 

Chip test techniques have developed over a 30 year period. The current technique is to generate test vec­
tors which detect stuck faults m the chip logic, with 95% to 100% fault coverage as the goal. If scan logjc 
is used, software exists that can automatically generate chip test vectors. If scan logic is not used, avail­
able software may not be able to generate the chip test vectors which reach the desired fault coverage; in 
fact, chips can be designed m such a way that it is not possible to test them. In this case neither the test 
engmeer or the software will be successful. 

Test considerations should be made before the chip design is frozen to avoid possible redesign and 
schedule sUps. 
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Figure 72.7 
Module Defects vs Chip Count for PCB & MCM 
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t BIST is used by some and is a substitute for scan logic. 

Boundary scan is specified in IEEE 1149. This technique makes it possible to electronically disconnect 
the chip from its surroundings but does not necessarily make the chip easier to test. However, IEEE 1149 
does support BIST and scan logic so that these test features can be activated using the extra pins specified 
in the standard. 

7.2.2 Chip Test Problems 

VLSI chips can be tested in package form to very high quality levels. However, the semiconductor industry 
does not attempt this level of quality for testing of unpackaged chips. Unpackaged chips are tested at 
wafer probe, and the criteria is that the test has to be good enough so that only a few packaged units are 
thrown away when the chips are tested again at final test. 

Final test yields for mature chips are typically in the 95% to 99 + % range, indicating that the wafer test 
quality is typically in this range. For packaged units, the quality level can reach 99.99%. 

The difference between 99.99% quality and 95% quality is significant. As we will see, the lower of these 
quality levels complicates module testing considerably. 
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Impact of Chip Quality on Module Quality 

The chips on a printed circuit board are not tested once they are put on the board since the incoming 
quality level is high enough that this is not necessary. An assembled PCB is usually given a simple func­
tional test to see if it works, but this test is not exhaustive and may not be at speed. This test checks to see 
that the board was assembled correctly and not to see that the chips are working correctly. 

If the board is not working, a "bed of nails" test may be used to find the component that is not correctly 
connected or is not working correctly. PCB board assemblers find that most of their moperative boards 
are due to assembly errors: solder bridges, open wires, missmg vias, or components in upside down. 

If chips are of low quality, the quality of the MCM module or assembled PCB is unpacted significantly. 
The formula below* relates module defect level to chip quality: 

- DL = [I-YN(I-P)]. 

DL = Percentage of shipped MCM modules which may actually be bad. 

Y = Fraction of chips assembled which are actually good. 

N = Number of chips on module. 

F = Fault coverage of module test. 

A graph of this formula is plotted in Figure 7.2.7. The graph for the assembled PCB case assumes that the 
PCB is constructed from Y = 99.99% good chips and that the fault coverage, F, is only 10%. As can be 
seen, this results in an assembled PCB defect level, DL, well below 1% even if there are 50 chips on the 
board. 

The curves for MCM assume Y = 95% good chips (typical of today's wafer probed parts). As can be seen, 
the fault coverage at module test has to be much higher than 95% if the module quaUty is to be equal to 
that of toda/s assembled PCB's. This parity is reached when the fault coverage at module test reaches 
99.9% 

The implication of Figure 7.2.7 is that if chips are not tested thoroughly, then assembled modules will have 
to be tested m the same way that chips are now tested. This means a tester that works at high speed and 
is capable of handling five to fifty times the test complexity of today's VLSI testers. This is a specification 
for the VLSI tester of the year 2000 or maybe even 2010. Such a tester is not currently available, and if it 
were it could be prohibitively expensive. Current testers cost roughly $10,000 a pin and a MCM tester 
might be required to handle 1000 pins or more. Such a tester would cost at least $10 million. 

The more feasible solution is to find a means of testing unpackaged chips to the same quality level that is 
achieved with today's packaged chips. The acronym for this level of chip testing is KGD, which stands for 
"known good die." The problem here is mechanical and not electrical. It has already been demonstrated 
that packaged units can be tested to very high quality levels. Unpackaged units will be tested to those same 
quality levels as soon as a means of making good electrical contact to the bare die is found. 

It might seem that the IEEE 1149 test standard offers some help in improving the fault coverage of chips 
when testmg at the module level. However, this standard was not developed to improve chip fault coverage. 
Instead, it was developed to implement an electronic "bed of nails" test as discussed in the next section. 

IEEE 1149 will not ensure good chip fault coverage at the module level unless steps have been taken to 
go beyond the minimum test circuitry in the specification. 

•"Thin Fihn Multichip Modules," Messner, Turlick, Balde, Garrou et al. ISHM1992, page 506. 
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Figure 72£ 
Logic Network with 5 Nets 
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IEEE 1149 supports BIST and scan logic and where these extras have been implemented. If the chip has 
been specifically designed to be tested through the IEEE 1149 ports it is possible to achieve reasonably 
high fault coverage at the module level. Some have reported fault coverage as high as 95%. However, as 
Figure 7.2.7 shows, even 99% fault coverage may not be adequate for complex modules with more than 
20 chips. 
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The IEEE 1149 Test Standard 

Siu-face mount technology was the impetus behind the generation of the IEEE 1149 test standard. As sur­
face mount was implemented, the traces on PCB's became smaller and it became more difficult to probe 
the PCB with a "bed of nails" tester. The IEEE 1149 specification provides for an electronic substitute 
for the "bed of nails" tester. 

The "bed of nails" tester is used both for testing bare printed circuit boards and for testmg boards on 
which components have been mounted. In the latter case it is used as a diagnostic tool and only tests boards 
which fail functional test. In both cases, the "bed of nails" tester checks to see that all nets are properly 
connected. 

Figure 7.2.8 illustrates the concept of nets. Here, four logic devices are connected into five nets. A net is 
a wire that connects any or all of the following: 

An input pin which takes input from the outside world; for example IN-1. 

An input to a logic block; for example A-1 (pin one of block A). 

An output from a logic block; for example A-5 (pin 5 of block 1). 

An output pin which leaves the logic block to go to the outside world; for example OUT-1. 

A "bed of nails" tester has a separate spring moimted metal pin for each connection point on each lo^c 
net. For the circuit of Figure 7.2.8,20 such sprbg loaded pins would be required. The tester would then 
check to see that all the specified points were shorted together and that no net was shorted to any other 
net. 

So far, we have described the "bed of nails" tests that might be performed on an unpopulated PCB. If the 
PCB is populated, the same tests are performed, but at a voltage low enough so that no diodes are driven 
into conduction. If there is a solder bridge that was caused between A-1 and A-2 when logic block A was 
soldered to the board, the "bed of nails" tester would quickly detect it. 

Waveforms may also be appUed through the bed of nails tester to check the parts functionally. These are 
at a higher voltage, and care must be taken when driving signals into one logic block not to destroy another 
logic block to which the first block is connected. For instance, when driving a signal into pins A-2 and A-
3, care must be taken not to put excessive current into B-5, the output of logic block 5 to ̂ ^ch this net is 
also connected. 

IEEE 1149 calls for scan registers to be added to every input and output pin of every logic block. In Figure 
12&, this would make it possible for the tester to scan data into the register which drives B-5. The scan 
lo^c on pins A-3 and A-4 could then check to see that what is going into those pins is the same thing that 
is coming out of B-5. In this way the continuity of the net can be checked. 

IEEE 1149 also calls for four pins to be added to each logic block. One of these is the input to the scan 
renter, one of these is the output from the scan register, and the other two pins are used to control the 
scan logic. Scan logic is added to the chip so that the state of the input and output scan registers can be 
controlled. 

The added silicon to implement IEEE 1149 is said to increase chip area from 5% to 25%. Clearly, the lat­
ter case may be viewed by some as an excessive penalty. 

Scan logic can be used to test chips at the wafer level. The advantage is that only four connections need 
to be made to achieve a fairly thorough test. Such a test probably cannot reach 99.99% because it does 
not check the unprobed coimection between the input bonding pad and the scan flip-flop. Such a test 
might, however, reach the 95% level needed for testing chips that are later to be packaged indî idually. 
This type of test would avoid the need to tool an expensive probe card of several hundred pins. 
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Requirements for Chip Test 

Packaged chips can be tested to high quality levels. The test methods that are applied to packaged chips 
can easily be used for bare chips as soon as a reliable means of making contact to the bare chips is found. 

Mature packaged chips can be shipped to high quality levels even without burn-in once the processes with 
which they are manufactiu-ed are stabilized. However, MCM's will employ leading edge chips that have 
not reached this level of maturity. It is likely that such chips will have to be biuned in before they are put 
on an MCM. 

The methods of contacting chips include various kinds of high frequency probes, TAB, ceramic carriers 
and various socket approaches. 

7.23 Burn-In Test 

Bum-in test is used to weed out chips subject to "infant mortality." These are the chips that would fail 
early when put into an operational environment. Burn-in catches these early failures by subjecting all the 
chips to accelerated environmental conditions. This may include a high temperatiu-e bake at 125° C 
together with some sort of electrical stimulation of the part. The electrical stimulation typically includes 
operation with applied supply voltages and some sort of waveform stimulation of the chip input pins. 

Some bum-in requirements call for measurement of chip parameters before and after test. Chips may be 
rejected even though they are still working if these parameters change too greatly during bum-in. 

If the process is new, it may be necessary to bum-in all chips before they are shipped. Clearly, this is ex­
pensive because of the labor required to put the chips in the bum-in sockets, the cost of the bum-in sock­
et, the cost of the burn-in oven and the need for testing after bum-in. 

As processes matiu-e, bum-in is done on a sampling basis. In this case, a small percentage of the produc­
tion is burned in to make sure that the basic process is not changed in a way detrimental to chip reliability. 

Power dissipation in bura-in is not normally a problem for CMOS circuits since it is generally acceptable 
to biun in circuits at low clock rates where power dissipation is minimal. 

Several firms are working on wafer level burn-in. Dataquest believes that the individual die on the wafer 
might be interconnected by metal traces in the scribe line that would automatically be eliminated when 
the chip is scribed. If wafer bum-in can be achieved it would be less expensive than a socket based bum 
in. 

If chips are not bumed in in wiifer form, they will have to be burned in individually. This means that some 
kind of socket will be needed. One promising socket idea is to connect to the semiconductor die using 
gold bump contacts on a flexible membrane material. This sort of technology has been used in the DEC 
9000 to connect MCM modules to the next level of packaging, and appears to have promise. 

7.2.4 Chip Power Handling 

As chip power increases, handling chip power during test will become increasingly critical, since, unlike 
the case of bum-m, chips must be tested at full clock rates. Currently, as indicated in the last chapter, 
many CMOS chips operate with power dissipations in the 5 to 10 watt range, and there is at least one 
microprocessor chip operating at 25 watts (the DEC Alpha). In the future, even higher power dissipation 
is expected. 
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Motorola has described a thermal chuck used in testing TAB mounted ECL devices.* This chuck has a 
thermal resistance of about 1.2° C per watt. As a result, the chip temperature is about 30* C above the 
temperature of the chuck. If the thermal resistance of the fmal package was the same, then the chip would 
also operate 30° C above its ambient environment in the fmal appUcation. 

Thermal chucks can also be used for testing at high and low temperatures such as -55° C and 125° C. It is 
relatively straightforward to heat or cool the chuck above and below room temperature. When testing at 
low temperature, care must be taken to avoid moisture condensation on the chuck as this can interfere 
with the thermal contact and the moisture can be detrimental to the chip in other ways. 

If the chip is higher power, the same thermal chuck can still be used for testing. Suppose that the chip is 
50 watts, and the the thermal resistance of its fmal package is 0.5° C per watt. In its final package, the chip 
will therefore operate at 25° C above ambient temperature. If room temperature testing is to be simulated, 
then the chip needs to operate at 25° C above room temperature (25° C) or 50° C. 

Since the thermal resistance of the chuck is 1.2° C per watt, this means that the chuck will have to be 60° 
C (1.2° C per watt times 50 watts) below the desired chip temperature. Thus, operatmg the chuck at -10° 
C will compensate for the fact that the chuck has a higher thermal resistance than the final package. 

The methodology described above will have some error which comes about from the fact that not all chips 
will have the same thermal resistance when mounted on the chuck, and not aU chips will have the same 
thermal resistance when mounted in the package. If these errors are small, the temperature of the chip 
during test will be similar to the temperature of the chip when it is operating. 

7.2.5 Chip Contact Techniques 

As mentioned earlier, good chip testing can be accomplished only if there is a good way of making electri­
cal contact between the bare chip and the tester. For the high frequency testing that will be required for 
most MCMs, this means that it will be necessary to maintain a transmission line up to within close proximity 
of the chip. Many solutions to this problem are being worked on including: 

High frequency probes. 

- TAB. 

Ceramic carriers. 

Sockets. 

High Frequency Probes 

IBM has routinely been testing at speeds approaching 50 to 100 MHz for about a decade. Their probes 
use hybrid buckling beam probe points and are said to cost about $1000. The maximum number of probe 
points is a 27 by 27 matrix or 729 probe points. These probes make contact with the solder bumps used 
for IBM's C4 flip chip interconnect. Some damage occurs during probing, but this is eliminated by reflow-
ing the solder bumps in a hydrogen reducing oven. 

Cerprobe makes a ceramic probe that maintains a transmission line to within a fraction of an inch of the 
probe tip. This probe b said to have an inductance of 2 to 4 nanohenries. This is about the range that might 

•"Production Test Fixture for 360 lead TAB Devices," Westbrook and Nelson, Proceedings of the 1992 
International Conference on Multi-Chip Modules. Page 118 
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be expected for a wire bonded chip, so this probe should be adequate for any chips that are destined to 
be wire bonded. If the final package will have significantly lower inductance than the probe, the chip can 
still be tested if the test vectors are arranged to avoid simultaneous switching of a large number of out­
puts. 

An epoxy ring probe card is also available. This is one of the most popular cards, but is not useful for high 
frequency applications. 

Membrane probe cards have been developed by Tektronix and HP and licensed by HP to Probe Tech­
nology and Cascade Microtech. These cards use a flexible dielectric membrane which incorporates a 
printed transmission line together with bumps of gold or other metal which make contact with the pads 
on the wafer. The membrane might be actuated pneumatically or it might be backed by a rubbery material 
and brought into contact with the wafer by a vertical mechanical motion. 

It is said that a transmission line can be maintained right up to the contact bump and that these membrane 
probes are capable of operating at frequencies over 2 Ghz. The membrane probes are more expensive 
than the epoxy ring card and may cost $5000 to $10,000 depending on the number of pins. The extra cost 
maybe somewhat offset by the fact that maintenance on the membrane card is lower because it does not 
have to be planarized frequently. 

The high frequency probes promise to solve the problem of bare die test, but they do not solve the problem 
of bum-m since they only make contact to the die for a short time during test. Some other means of con­
tact will have to be achieved for bum in. This problem may be solved by wafer bum-in, or bare die test 
sockets may be used. 

Tab 

Tab is another way of making contact with semiconductor die. Here the tab frame is bonded to the chip 
and the chip is typically excised from the tab tape and moimted in a carrier or interposer. It is kept in the 
interposer through bura-in and test. Usually, the tab leads fan out so the lead pitch at the outside of the 
tape is 12 to SO mils even though the pitch at the die may be in the range of 4 to 8 mile. Once the tabbed 
die is tested, it is often mounted on the substrate by hot bar soldering which reflows all the leads on one 
side of the tape at once. 

The tooling for TAB can be expensive. Each new pattern of pads on a chip will require a tooling charge 
in the range of $5000. Other tooling items include the head for the tab bonders (both inner and outer 
leads), the bump mask set, the tool which excises the tab from the tape, the interposer and the test sock­
et. All told, the tooling costs can run $15,000 to $25,000 or more. 

Ceramic Carriers 

The firm Chip Supply has suggested a chip on substrate technique for handling dice.* Here the chip is die 
attached and wire bonded to an inexpensive ceramic substrate. The substrate in tum is mounted in and 
wire bonded to a sacrificial package. The package is then tested. After test, the bond wires are pulled off 
both the package and the chip carrier. The combination of chip carrier and die is then considered to be 
a known good die (KGD). It in turn can be mounted on the fmal module. The bonding areas on the ceramic 
carrier are large enough so that they can reliably be bonded a second time. 

•"Methods for Processing Known Good Die," Smitherman and Rates, 1992 Proceedings of the Interna­
tional Conference on Multichip Modules. ISHM, 1992. 
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Figure 12.9 
Membrane Socket for Chip Test 
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The advantage of this technique is that tooling is relatively cheap. The ceramic carrier can be designed so 
that it accommodates the chip bonding pads but fans out to pads that are standardized to fit a standard 
test socket. Thus the ceramic carrier is the only thing that has to be tooled. It is expensive and easy to tool 
because it can be implemented with only one layer of interconnect. 

The disadvantage is that the sacrificial package adds cost. In addition, the ceramic carrier is in the ther­
mal path and may add significant thermal resistance in some cases. There is also one extra bond wire in 
each lead. This wire may add enough inductance to impact performance significantly. 

Socket Approaches 

Gold bumps on a flexible printed circuit have been shown to be a reliable connection technique. This sock­
et approach is illustrated in Figure 7.2.9. Basically, this concept is a variant of the membrane probe card 
described earlier. Unfortunately, the current high cost of the membrane probe card suggests that this sock­
et technique may be quite expensive. If tooling is similar to that of the membrane card, tooling charges 
may be $5,000 to $10,000. 

Socket cost will be much less than the tooling cost, and socket expense is justifiable if the socket is used 
only during test. If that is the case, only one (or possibly a few) socket is required and socket cost is spread 
over many chips. 

Altematively, the socket may be used for bum-in. In this case, each chip is in a socket for many hours and 
a great many sockets will be required to avoid bottlenecking the production flow. Bum-in sockets may be 
somewhat less than test sockets since they do not need to operate at high firequency. 
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Figure 7 J.10 
Anisotropic Conductive Film for Chip Connection 
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Anisotropic films offer another solution to the socket problem as illustrated in Figure 7.2.10. The idea of 
the anisotropic film is that it allows current to flow in the vertical but not the horizontal direction. The film 
is made up of an elastomeric material in which vertical conductive rods are embedded. Since these rods 
do not touch each other, they do not allow horizontal current flow. If the rods are close enough together, 
one or more rods will contact each chip bonding pad, with the result that low resistance is achieved. 

The main advantage of the anisotropic film is that they allow for some degree of misalignment between 
the board and the chip. The disadvantage is that they may not be able to work with the smaller bonding 
pads. Adhesive anisotropic conductive films are also available for more permanent applications. 

7.2.6 Other Chip Handling Issues 

Since there is currently no market for KGD, there is no consensus or standard as to how to describe a 
device that is to be sold as a KGD: 

There is no agreement as to vfhat a KGD data sheet should contain. 

There is no documentation of the chip size and location of the bonding pads. 

There is no description of the function of any bonding pads that are not spedfied in the 
product data sheet. 



Chapter 7 MCM Test and Assembly 7;19 

There is no guarantee of quaUty. 

There is no assurance that the chip size and thickness wiU not change. 

Prospective users of KGD also complain that vendors are reluctant to provide test vectors so that users 
can test the chips themselves. Dataquest believes that incoming inspection of packaged units is uncom­
mon today, and for that reason most vendors do not have to provide test vectors. If a specification stand­
ard could be developed for KGD that mcluded a guarantee of quaUty, it is Ukely that users would not need 
test vectors from their vendors. 

Most microprocessors enjoy a product lifetime of eight years or more. During that time they fall rapidly 
in price and at the end of the period they may sell for 5% to 10% of their original selling price. This price 
reduction is achieved mosdy through reductions in chip size. These reductions occur in several stages and 
ultimately result in an area reduction of 2:1. 

Accordingly, if a product uses a microprocessor KGD, some provision must be made to accommodate 
chip shrinks. Dependmg on the means of contacting the chip at test, this may require retooling of probe 
cards and test sockets. Since this retooling would be done by the chip vendor, it can be spread over a great 
many die. 

The user will also have to retool since the die may shrink two or more times during the product life. If the 
chip is wire bonded, some die revisions may be accommodated by the bonder itself—other times it may 
be more desirable to retool the substrate. 

User product lifetimes are normally shorter than the lifetimes of microprocessors. If these lifetimes are 
on the order of 12 to 24 months, retooling may occur due to product enhancements and may represent no 
problem. 

Manufacturers that make both semiconductors and MCM's seem to have no problems with bare die 
procurement since they control the chip design directly. Similarly, users of wafer foundries usually con­
trol the topology of the chips they design and are able to procure chips in wafer form with little difficulty. 

7J Substrate Test 

The purpose of substrate test is to verify net continuity and to verify that no net is shorted to any other net. 
Figure 7.2.8 shows a 5 net circuit. A substrate tester would probe each point in every net to make sure they 
are shorted together. It would then probe one point in every net to make sure no net is short to any other 
net. 

Substrate test is usually done at DC rather than high frequency. It occurs before the chips are put on the 
substrate. 

The techniques under consideration or being used for substrate test indude: 

- "Bed of nails." 

Glow discharge. 

E-Beam. 

Automatic Optical Inspection. 
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"Bed of Nails" 

The "bed of nails" tester was so named because the test fixture is full of pins and looks just like the bed of 
nails that one sees an Indian fakir sleeping on in many cartoons. In these testers, there is one "nail" for 
each point on each net and they all make contact with the PCB under test simultaneously. The circuitry 
in the tester then tests for the appropriate opens and shorts as described above. 

A single "bed of nails" fixture may have hundreds or even thousands of test points. This technique of con­
tacting printed circuit boards has become impractical as surface mount technology has caused boards to 
shrink. The DEEE1149 specification was developed to provide an electronic equivalent of "bed of nails" 
test. 

Dataquest does not believe that the "bed of nails" test technique is a viable solution for MCM substrate 
test. 

Two Point Probe 

The two point probe tester has two "nails" or probe points that can be moved vertically or in any horizon­
tal direction. Smce there are only two probe points, these can be positioned very accurately if they are 
each driven by precision positioning mechanisms. The idea is to move the points around to sequentially 
test what the "bed of nails" tester does in parallel. 

Accordingly, one probe will be positioned at some point in the first net. The second probe will sequen­
tially probe all other points in that net to see that they are shorted to the first point. Then this procedure 
wiU be repeated for all other nets. 

Once it has been verified that all points in each net are shorted together, the prober will then check to sec 
that no net is shorted to any other net. First, one probe will be put on Net 1, then all other nets will be 
probed to be sure that none are short to Net 1. Then the probe will be put on Net 2 and all other nets will 
be probed to be sure that no other net is short to Net 2, This will be repeated until is is verified that no net 
is short to any other net. 

The procedure of the previous paragraph can take a long time since the number of probes that must be 
made is proportional to the number of nets squared. Since 200 milliseconds may be required for each 
probe movement, testing can take a long time. For example, this test would require almost 8.9 hours on a 
400 net circuit that could be implemented on a square inch of MCM-D substrate. 

Since the test time is so long, manufacturers have sought other means of verii}ang that no net is short to 
any other net. It turns out that this can be accomplished through either rise time testing or capadtance 
testing. 

The idea of capadtance testing is that each net has a certain capadtance. If two nets are shorted, they will 
both have the same capadtance, and this capadtance will differ firom the capadtance of each net. Thus, 
nets shorted together can easily be detected by measuring capadtance. Since each net needs to be probed 
only once to measure capacitance, the time to probe will be proportional only to the number of nets rather 
than to the square of the number of nets. If this technique is used, test time for the 400 net circuit above 
can be reduced from 8.9 hours to 1.33 minutes. 

Rise time testing measures the rise time of each net as it is charged through a known resistor. Since the 
rise time depends on the net capadtance, this method is equivalent to the one described above. 

Two point probes cost about $150,000. They are suitable for low volume applications. Two manufacturers 
of these devices are Bath Scientific Limited of the U.K. and DIT-MCO of Kansas City. 
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Figure 7^.11 
Glow Discharge Testing of MCM Substrate 

Optical Scan 

Chamber Filled 
with Argon Gas 

Glow Discharge of 
Other Nodes in Net 

High-Voltage 
Cathode Probe 

MCM Substrate 

Source: Dataquest (April 1992) G£0001BT 

Glow Discharge 

The glow discharge tester works on the same principal as the familiar orange colored night light. In this 
device, a voltage is applied to some point on each net and and opposite voltage is applied to a see-through 
screen in the manner indicated in Figure 7.2.11. An argon gas surrounds the substrate and this gas will 
glow at all pomts that are at the substrate voltage. It is an easy matter to check the continuity of a net be­
cause all points on that net mil glow. It is also easy to check that no net is shorted to another net, because 
if the short did exist, both nets would glow. 

An automatic optical sensing technique is used to check that the proper nodes are glô mng as each net is 
indexed. 

The probe still must be mechanically indexed from net to net in turn, but is is no longer necessary to check 
the continuity of each net in a separate series of probings. 
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Table 7^.1 
Comparison of Substrate Test Equipment Test Timed 

Test System 

Two Point Probe 

Glow Dishcarge 

E-Beam 

Setup Time 

5min. 

2min. 

Imin. 

Test Time* 
innn Nodes 4000 Nodes 

333 min 

134 mia 

.08 min. 

1333 min. 

535 min. 

0.8 min. 

* The 1000 node appUcation is similar to a 5-chip computer consisting of a CPU, 
2 memories, one floating point unit, and an ASK. It can be wired on approximately 
one square inch of MCM-D. 

Source: Dataquest, April, 1992 

This technique was developed by testmatic. The rights to the product were acquired by MCC and in turn 
MCC Ucensed them to Alcedo of Sunnyvale, CA. This type of tester is currently in prototype form. Addi­
tional work with this concept is being done at Renssalear Polytechnic Institute. 

E-Beam 

The E-Beam tester makes use of the idea that an electron beam can be used either to charge or discharge 
a net. If the electron beam is of a certain energy, the electrons will stay on the net and it will charge to a 
voltage. If the electrons are of another energy, more than one electron vnSl be emitted from the net for 
every electron that hits the net and the net will be discharged. 

Once a net is charged, the voltage on the net can be detected by using the electron beam in voltage con­
trast mode. The procedure is to first discharge all nets. Then a single net is charged and an electron beam 
scans the substrate to be sure that only the right nodes are charged. This is repeated until all nets are 
checked. Test times are very fast using this method because the electron beam is not a mechanical device 
like the probe in the glow discharge tester. Because it is not mechanical, the electron beam can be very 
rapidly deflected from node to node. 

A disadvantage of the E-beam test method is that the substrate must be tested in a hard vacuum. It takes 
20 minutes to pump down the test chamber so the substrate can be tested and this pump-down can be the 
factor which governs test time. An alternative to this is to have a vacuum load station so that one substrate 
can be pumping down while another is being tested. In this way it should be possible to reduce the load 
time to one minute. 

Developmental work on E-beam testers is underway at Hughes and MCC. 
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Table 7^ J 
Estimated Test Costs for 

Substrate Test Equipment 

Equipment Hourly Units/Hour^ Cost/Uait 
Test Svstpin Cost (%^(m'^ Ra te^ inOnNnde 4nnn Node innONnde mULHode 

Two Point Probe $150 $45 3.60 1.64 $12.50 $27.50 

Glow Discharge $180 $48 19.48 4.08 $2.46 $11.76 

E-Beam $350 $65 27.78 16.67 $2.34 $3.90 

^Assumes 5 year depreciation on 1 shift, plus $30/hour for operation, maintenance, and materials. 
Assumes 50% equipment utilization. 

Source: Dataquast, April, 1992 

Automatic Optical Inspection 

Automatic optical inspection (AOI) is in common use in PCB manufacture today. In this application it is 
used more for in-process inspection than it is for final inspection. It is used to scan the individual layers 
of the PCB before they are laminated so that opens and shorts will not be buried on an inner layer of the 
PCB where they cannot be fixed. 

Most likely, AOI will be used in the same way in the manufacture of MCM substrates. For this reason it 
is not a test technique that is competitive with the other substrate test methods described above. 

Optrotec is one of the major suppliers of AOI equipment to the PCB industry. Employees of this firm 
have been in attendance at several MCM conferences. It appears that Optrotec is ̂ ving serious attention 
to this market. 

A typical price for an AOI tester for PCB's is $500,000. It is unlikely that an AOI designed for inspectmg 
MCM substrates will be identical to one used for inspecting PCB's. Possibly the MCM AOI inspection 
machine will be more expensive. 

Summary 

A comparison of the three important methods for testing MCM substrates is given in Table 7.2.1. Here 
the test times of the two point probe, the glow discharge and the £-beam testers are compared. Times are 
given for a 1000 node drcuit and for a 4000 node circuit. As mdicated, the 1000 node circuit could probab­
ly be fabricated on a square inch of silicon. All of these figures assume that the 1000 node circuit has 400 
nets and the 4000 node drcuit has 1600 nets. 
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Table 7.72 gives an estimate of the comparative test costs for each of the three tester types. Here the hour­
ly rate for the tester is computed by assuming a five year, one shift depreciation schedule and adding $30 
per hour for operator time, maintenance time and materials. The throu^put calculations assume that the 
tester is in actual use only 50% of the time. The rest of the time it is being repaired or maintained or is sit­
ting idle because no substrates are available for test. This usage percentage is typical of semiconductor 
manufacturing equipment. 

Table 7.7.2 indicates that the two pomt probe tester is relatively expensive when compared to the other 
two methods. Glow discharge is competitive with E-beam for the relatively simple 1000 node circuit, but 
considerably more expensive for the 4000 node circuit. 

As it stands today, the two point probe is operational, the glow discharge equipment is developmental and 
the E-beam is experimental. Stated succincdy, the two point probe is currently the only game in town. 

If it is assumed that the 1000 node circuit is a square inch, then the two point probe test cost for that cir­
cuit is $12.50. Clearly, it will be difficult to build this circuit for $11.00 a square inch if the test cost alone 
is more than that. Things get a little better if the tester is used on three shifts. In this case the hourly rate 
is reduced to $35 an hour and the substrate can be tested for $9.72. 

The E-beam tester benefits much more from being used on three shifts. In this case the hoittly rate is 
reduced to $42.00 and the test cost for the 1000 node circuit falls from $2.34 to $1.51. If MCM-D is to meet 
the target cost of $11 per square inch something like the E-Beam tester will have to be implemented for 
substrate test. 

Of course, it doesn't do any good to run any of these testers on three shifts if there is not enough busmess 
available to fill the tester on one shift. The number of substrates it takes to fill each tester on one shift is 
indicated below (The lower number assumes the larger substrate while the larger number is for the larger 
substrate): 

Two Point tester 3,200 to 7,200 substrates/yr. 

Glow Discharge 8,000 to 39,000 substrates/yr. 

E-beam tester 32,000 to 56,000 substrates/yr. 

7.4 Module Test 

Most assembled PCBs work the first time. It is common to find 95% to 98% of the assembled PCB's to be 
good. Rework problems can often be detected by manual or X-Ray inspection. Where necessary, a "bed 
of nails" test can be used on the finished PCB. If only a continuity check is to be done, this test can be nm 
at a low voltage to avoid damaging any components. 

The final test of the assembled PCB is usually a simple functional test. For instance, if the PCB were to 
be used in a calculator, the board might be checked by inserting it in a finished unit and trying a few add, 
subtract, multiply and divide examples to see that the unit works. This sort of test is not thorough, but is 
adequate since most of the components have been stringently tested by the vendors which supply them. 

Shrinking PCB Une widths have made it difficult to construct "bed of nails" testers that can successfully 
contact all the nodes on a typical PCB. The IEEE 1149 specification was specifically constructed to provide 
a substitute for "bed of nails" testing. 
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7.4.1 Test Requirements 

The discussion of Figure 7.2.7 explains why it is almost mandatory to have known good die (KGD) before 
assembly of die to an MCM substrate. Basically, if the chips are known to be good, high MCM quality 
levels can be assured even though only a simple pass/fail functional test is implemented after MCM as­
sembly. 

Failed modules may need to be repaired. However, the percentage of failed modules will be small if KGD 
are used in MCM manufacture. If module failure rates are in the 3% range it may be simpler just to dis­
card the bad modules. 

Repair of bad modules requires first that the module be repairable and second, that there is some way of 
finding the assembly mistake or bad component that caused the module to be inoperative. 

Repairability places an additional constraint on module design. If wire bonding is used, larger bonding 
pads may be required so that after one wire is removed there is still enough room to put down a second 
wire. If TAB is used, there may be a requirement that the outer lead bond be soldered rather than ther-
mocompression. The requirement for solder may require that the outer lead spacing be larger than it 
would otherwise need to be. 

IEEE 1149 will make it possible to do fault location on modules that fail functional test. This is discussed 
in the next section. 

7.4.2 IEEE 1149 

IEEE 1149 specifies scan shift registers at every input and output of a VLSI chip. It also provides for four 
extra pins on the chip that make it possible to load data in, take data out and control where the data goes. 

If all the chips on an MCM implement IEEE 1149, it is a simple matter to find the fault or faults that cause 
the module to fail functional test. Continuity of intercoimect can be verified by putting a known pattern 
on all the chip outputs and checking to see that they reach the appropriate chip inputs. If some outputs 
go the module connector, they can be easily checked at that point. In this way, a failure of the intercon­
nection between chips can be detected. 

Scan registers can also be used to check chip function. In this case. Input patterns are applied to the chip 
and the chip outputs are stored in the output scan registers. These can be shifted out and compared to 
the specified test vectors to see that the chip is working properly. If chips have been thoroughly pretested 
before assembly, this test does not need to be exhaustive. As mdicated in Figure 7.2.7, even 10% fault 
coverage may be adequate. 

Several firms have developed personal computer based testers that are adequate for exerdsing an as­
sembled module in the manner described above. These testers may not operate at the full dock rate of 
the module, but they are acceptable for running the types of tests described above. High frequency test­
ing should not be necessary if the components themselves are tested at high clock rates. 

Identification of assembly errors or faulty components becomes much more difficult when some or all of 
the chips on the MCM are not constructed according to IEEE 1149. 

If only a few chips do not meet the IEEE 1149 specification, it may be possible to partially test these chips 
by exercising them through the output scan registers of chips that do implement IEEE 1149. Alternative­
ly, optical, X-Ray or E-Beam inspection may be used to find assembly errors like open or bridged traces. 
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Table 7 J.1 
Intraconnect Issues 

Intraconpwt 

Wire Bond 

TAB 

Solder Flip-Chip 

Resin Flip-Chip 

Advantages 

Little tooling expense 
Adapts to different chips 
Accomodates chip changes 
Cost about l/2c per lead 

Test sockets available 
Repairable soldered outer leads 
Low lead inductance 
Lead pitch down to 2 mils 

Proven Process 
Area array contacts 
Low lead inductance 
Repariable 
Chip test demonstrated 
Cost per bump wire bond 

1-3 mil bump pitch 
Area array contacts 
Low lead inductance 
Repairable 

Disadvantages 

Chip replacement difficult 
Probing for chip test not developed 
High lead inductance 
Pad spacing less than 4 mils difficult 

Tooling & fixtures $10-25 K 
New chips need new tooling 
Chip shrinks need new tooling 
Cost/pin 1-2^ for high pin counts 

8-10 mil bump pitch 
Tooling & fixtures $1-5K 
New chips need new tooling 
Chip shrinks need new tolling 

Developmental 
New chips need new tooling 
Chip test not demonstrated 

Source: Oataquest, April, 1992 

TI offers a line of buffer chips that implement the IEEE 1149 specification. If every chip on the module 
that does not implement IEEE 1149 has one of these buffers on every input and output line, the module 
will be as easy to test as if every chip implemented the spedfication directly. The disadvantage is that the 
addition of the buffer chips adds cost and increases delay. In some cases, buffer chips maybe required 
for other reasons, and it should be an easy decision to make these IEEE 1149 type buffers. In other cases, 
the addition of a few buffer chips with scan logic may simplify testing so much that the extra cost is jus­
tified. 

7.5 MCM Interconnect 

The four major categories of chip to MCM substrate connection shown in Table 7.5.1 are wire bond, TAB, 
solder flip-diip, and resin flip chip. 

Wire bond is the most mature technology. Current wire bonders are able to visually sense the chip loca­
tion and can compensate for any misplacement of the chip on the substrate. They can be "taught" the loca­
tion of substrate and chip pads by simply bonding one device. This makes it possible to rapidly adapt the 
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bonder to new bonding patterns and to changes in bonding patterns due to design modifications. A major 
disadvants^e of wire bond is that there is currently no accepted method for testing bare die to find KGD. 

TAB has the advantage that test and biun m can be accomplished through use of the appropriate sock­
ets. It suffers from the disadvantage that costs per lead are higher and significant tooling costs may be re­
quired. 

Solder flip-chip was developed by IBM many years ago. This is a proven process for which the problem 
of KGD has been solved. By all reports it is a proven process with a very high rate of good connection. 
Reportedly, it is less expensive than vnre bond and the tooling and fixturiag requirements for new designs 
are modest. 

Various resin fli[)-chip processes are in development, many of them in Japan. The idea of these proces­
ses is that gold bumps with a very fine pitch are put on the chip. The chip is then flipped and connected 
to the substrate with a resin. In some cases this resm is an anisotropic conductor (see the discussion of 
Figure 7.2,1) and m other cases the gold bumps are brought into contact with the substrate by a combina­
tion of pressure and shrinkage of the resin. 

7.6 MCM Packaging 

The three ways to seal an MCM module are hermetic, glob top, and by transfer molding. 

Hermetic sealing is often accomplished with MCM-C or through use of a ceramic package in which the 
MCM module is mounted. Usually, dry nitrogen is sealed inside the hermetic package and the lid which 
seals the package is solder sealed. These packages are tested for leaks after sealing. They are often 
preferred for military applications. Hermetic packages are avoided in commerdal applications because 
they tend to be expensive. 

Glob-top encapsulants (GTE) are most often used vnth MCM-L modules. Typically, the GTE material 
consists of epoxies or silicon gels. Normally, each indi\idual chip is separately encapsulated. Sometimes 
there is a circular ring or dam around each chip to keep the encapsulant from flowing in an unpredictable 
manner. The GTE material is normally liquid wiien it is applied and is hardened during curing at some 
elevated temperature. 

GTE materials have been used for many years. They have been quite common in electronic watches since 
the late 1970's. Needless to say, the environment seen by a watch is not as severe as some of the industrial 
environments that are seen by other chips. For this reason, the reliability requirements for GTE parts were 
not as high as for other VLSI chips. 

The original GTE materials did not offer the reliabiltiy of transfer molded epoxy packages. More recent­
ly, GTE materials have been improved. Many feel that they will be competitive with transfer molded epoxy 
in the next several years. 

Transfer molded epoxies have been used for many years to encapsulate USi and VLSI devices. Original­
ly, this technology was regarded as a low cost, low reliability alternative to hermetic sealing. Steady 
reliability improvements have been made over the years until, today, transfer molded eposes have vcW. 
over 80% of the encapsulation market. Their reliability is well documented and they are the ̂ andard by 
which GTE will be judged. 

One MCM package technique that is gaining in popularity is the Multi-Chip Package (MCP). The idea 
here is that several chips can be mounted on a small printed circuit board which is in turn attached to the 
lead frame of a standard plastic package such as a quad flat pack (QFP), The whole assembly is then put 
into the QFP transfer mold and epoxy is injected in the normal manner. 
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The positive features of the MCP are that, for the most part it uses the same tooling as the QFP it is 
mounted in. In addition, it is encapsulated using tried and true transfer molded epoxy so that reliability 
considerations are minimized as compared with GTE. Dataquest believes that MCP is gaining rapidly in 
popularity. 

7.7 MCM Reliability 

In theory, MCM reliability should be higher than the reliability of a functionally equivalent module con­
structed with standard chip-per-package technology. This arises from the fact that a high percentage of 
device failures arise from the interface between levels of interconnect. Smce the MCM eliminates a level 
of interconnect, it should be more reliable. 

Some factors that would lead to a lower reUability for MCM mclude the following: 

Power densities are higher, leading to higher chip temperatures. 

Bonding pads are smaller and closer together, leading to problems with interconnect reliability. 

New, unproven materials are being used in MCMs. 

Mismatches in thermal expansion coefGdents may cause warping and cracking. 

A fair amount of work, both military and commercial, is being done to verify the reliability of MCMs. Data-
quest believes that a user of MCMs today can expect them to be as reliable as the PCBs they replace. 
Users should work closely with their vendors to assure themselves that the MCM technology being used 
has had enough testing to reasonably assure them that the part will be reliable in its operating environ­
ment. 

7.8 MCM Costs 

The purpose of this section is to show relative costs for a typical simple MCM module. The module in 
question is the same one that is illustrated in Figure 6.23 and Table 623. It is a five chip module consist­
ing of a CPU, a floating point unit, an ASIC and two SRAM chips. In its MCM-D version, the substrate 
is appronmately 1 inch by 1 inch. 

The PCB '1>oard stuffing" business offers an interesting analogy to MCM assembly. In this business, the 
margin between the selling price of the finished module and the cost of the components and the bare PCB 
is normally in the range of 15% to 25% of the selling price. Margins are narrow, and some PCB assemblers 
make their profit by procuring components at a lower price than their customers. 

Table 7.8.1 provides estimated comparative costs for three types of MCMs: MCM-L, MCM-C and MCM-
D. In this table the die costs are estimated by assuming a ŵ êr cost and yields that would be typical of a 
VLSI component that is about a third of the way through its life cycle. For a microprocessor with an eight 
year life, these chips might be in their second year of production. 

The test cost of $9.00 for the five chips is taken at 15% of the chip cost. This is typical of final test costs 
which are usually 10% to 15% of the selling price for reasonably mature products. A basic assumption 
here is that that some method has been found to make contact with the chip so that the final test can be 
run on the bare die. As discussed earlier in this chapter, the probe cards or sockets to accomplish this are 
still developmental. 

Package cost assumes a simple GTE for the MCM-L, a soldered lid for the MCM-C and a 160 pin trans­
fer molded QFP for the MCM-L. 



Chapter 7 MCM Test and Assembly 7-29 

Table 7^.1 
CPU Module Cost Comparison for 

Three Substrate Types 

Item 

Net die cost 
(Total for 5 Die) 
Die Test Cost (15%) 

Known Good Die Cost 

Substrate Cost̂  

Package Cost̂  

Direct Material 

Assembly Labor 

Functional Test 

Rework 

Markup on value-added 
(100%) 

Minimum selling price 

F̂rom Table 623 

^Assumes 1000 plus on the 5 

MCM-L 

$60.00 

9.00 

$69.00 

10.50 

_ ^ 

$80.00 

10.00 

2.00 

5.00 

$97.00 

Jim 

$114.0 

chips, 400 pins 

Substrate Type 
MCM-C 

$60.00 

9.00 

$69.00 

28.00 

1-00 

$98.00 

10.00 

2.00 

5.00 

$115.00 

17.00 

$132.00 

MCM-D 

$60.00 

_2iIQ 

$69.00 

32.00 

.MQ 

$109.00 

14.00 

2.00 

5.00 

$130.00 

.2LQQ 

$151.00 

on the module. Labor is Ic per pin. 

^Assumes 99.99% good chips, 5% rework rate for assembly errors. Rework cost 
is $100.00. 

Source: Dataquest, April, 1992 

Functional test is done on a personal computer based tester that costs $50 per hour, including the operator. 
The tester throughput is 25 units per hour. The rework rate is assumed to be 5% and rework costs are es­
timated at ten times the cost of direct assembly labor. 

It is interesting to note in Table 7.8.1 that MCM-L is the least expensive method. The cost of the other 
two options is not too far from MCM-L considering how much more expensive the substrates are. 
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Table 7^2 
CPU Module Cost Comparison for 

Packaged Units on a PCB 

Item 

Net Die Cost (total for 5 die) 

Die Test 

Die Package(leAead) 

Die Assembly (Ic/lead) 

Packaged Test Cost 

Final test Yield 

Yielded Cost 

Markup on Value Added (100%) 

Minimum Component Selling Price 

PCB Cost (Table 6.2.3) 

Labor to Assemble 

Rework (5%; lOx) 

Total 

Markup on value added (100%) 

Minimum Selling Price 

Cost 

$60.00 

10.00 

10-00 

$80.00 

9-00 

$89.00 

95% 

$93.68 

13-68 

$10736 

633 

5.00 

2.ffl 

$12139 

14.03 

$135.42 

Source: Dataquest, April, 1992 

For comparison purposes. Table 7.8.2 estimates the cost of ^gle chip packages packaged on a printed 
drcuit board. Notice that the packaged chips at $10736 are more expensive than the bare die of the pre­
vious table at $69.00. Today, semiconductor manufacturers are not willing to sell bare die at all, much less 
that cheaply. However, a manufacturer that makes both die and MCMs presumably would see the kinds 
of costs illustrated in Table 7.82. 

Dataquest believes that a high volume MCM manufacturer would be able to procure bare die at costs 
similar to those of Table 7.8.1. This is somewhat similar to the situation of the PCB assembler that is able 
to buy components cheaper than its customer. 



Chapter 7 MCM Test and Assembly 7-31 

Table 7 A3 
CPU Module Comparisons 

Item 

Relative Cost 

Relative Size 

Relative Clock Rate 

ECfi 

118% 

200% 

80% 

MCM-L 

100% 

100% 

100% 

MCM-C 

116% 

38% 

118% 

MCM-D 

132% 

19% 

130% 

Source: Dataquest, April, 1992 

It is assumed that the PCB assembly labor is somewhat less than the MCM assembly labor - $5.00 as com­
pared to $10.00. Even so, the total cost for the fuUy assembled PCB comes to $135.42. This is comparable 
to the price of MCM-C and considerably more expensive than MCM-L. 

The pricing of MCM-L parts in the market today seems to verify the conclusions of Tables 7.8.1 and 7.8.2. 
Some MCM-L manufacturers will sell their modules in high volume for the same price as the chips in­
dividually packaged. This means that the user can buy the chips already hooked together for the same 
price as mdividually. Since the user will have to pay to hook the chips together, the MCM-L b a less ex­
pensive alternative. 

Table 7.83 makes some comparisons for the four different module types. These include relative cost, rela­
tive size, and relative clock rate. In all cases, the MCM-L option is the standard by which the other tech­
niques are judged. 

MCM-L is the lowest cost. The PCB and cofired ceramic options are 18% and 16% more expensive, 
respectively. The high densify option is much more costly and commands a 32% premium. In spite of this 
it should be attractive in some applications because the clock rate is 30% higher and the module is less 
than one fifth the size of the MCM-L option. 

The MCM-C option should also enjoy some popularity, despite its higher price, because it offers a 63% 
size reduction and a 118% clock rate improvement as compared to MCM-L. 
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Introduction 

Dataquest has gathered qualitative data from major electronic systems, semiconductor, materials, and 
contract assembly companies worldwide to determine their multichip module capabUities. The list of com­
panies and the services offered are shown in Tables Al and A2. The vendor profiles highlight the product 
lines of companies that participate in the multichip module market. 



A-2 Appendix A 

Company 

Alcoa 

Amkor/Anam 
AT&T 
Boeing 

Burr-Brown 
CNET 
COOTS Elec. Packages 
Dassault Electronique 
DEC 
Dense-Pac 
Fujitsu 
GEC Plessey 

Hestia Technologies 
Hewlett-Packard 
Hitachi 
Hughes 
rbiden 
IBM 
IMI 

Irvine Sensors 
Kyocera 
LSI Logic 
Mitsubishi 
McDonnell Douglas Corp 
Motorola 

Multichip Technology 
nChip 

NEC 

Northern Telecom 
NTK 

NTT 
Oki 

PMC 

Polycon 
Printron 
Rockwell 

Samsung Coming 

Siemens 
Silicon Connections 
SMI Ceramics 
SMOS/Seiko Epson 

Staktek 

Tektronix 

Texas Instruments 
Thom-EMI 

Toshiba 

Unisys 

Ueadquarteis 

United States 
Korea 

United States 

United States 
United States 
Europe 
United States 
Europe 

United States 
United States 
Japan 
Europe 

United States 
United States 
Japan 
United States 
Japan 

United States 
United States 
United States 
Japan 

United States 
Japan 
United States 
United States 
United States 
United States 

Japan 
Canada 

Japan 

Japan 
Japan 
Canada 

United States 
United States 
United States 
Korea 

Europe 

United States 
Japan 
Japan 

United States 

United States 

United States 
Europe 

Japan 

United States 

Table A-1 
MCM Vendor Services 

Design 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Fab 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

s 

X 

X 

X 

X 

X 

X 

X 

X 

J(. 

X 

X 

X 

X 

X 

X 

X 

lest 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Rurn-in 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

MCM Status 
MCM-I. 

X 

X 

X 

X 

X 

X 

X 

K 

X 

X 

X 

X 

X 

X 

X 

X 

MCM-C. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

MCM Consumpti 
MCM-D Merchant/Captive 

K 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

* : • : 

X. 

X 

X 

X 

It 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

* 

X 

X 

x 

X 

X 

X 

X 

X 

X 

:* 
* • • 

*. 

X. 
X 

X 

.X 

X 

X 

X 

X 

X 

X 

X 

X 

t 

* 

X 

i 

X 

X 

X 

X 

Source: Dataquest, April, 1992 
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Table A-2 
Substrate Suppliers -1992 

Abar Ipsen Industries/ 
TI Group PLC 

Abrasive Finishing Inc. 
Advanced Refractor 

Technology, Inc 
Alcan 
Aremco Products Inc. 

Ashai 
Boride Products Inc/ 

Dow Chemical 
Brush Wellman 
Carborundum/BP 
Ceramatec Inc. 
Ceramtek 
Ceradyne Inc. 
Ceratronics 
Chichibu Cement Company 
Colorado Refractories Corp 
COOTS Ceramics Company 
Cordec Corporation 

Coming, Inc. 
CPS 
Ciystallume 
Denka 
Diamond Materials Institute 
Du-Co Ceramics Corp 
Duramic Products, Inc. 

Enprotech Corp 
Exolon-ESK Company 

Ferro Corporation 
Form Physics Corp 
Frank & Schulte GmbH 

Fujitsu 
GBC Materials Corp 
General Signal 
GTE Electrical Products 
Haibison-Walker Refractories 

Heany Industries, Inc. 
Hi-Purity Materials, Inc. 

Hitachi 
Hi-Tech Ceramics, Inc. 

Hoechst 

Ibiden 

Europe 

United States 
United States 

United States 

United States 

Japan 
United States 

United States 
Europe 
United States 
United Sutes 
United Sutes 
United States 
Japan 
United States 
United States 
United States 
United Sutes 
United Sutes 
United Sutes 
Japan 
United SUtes 
United States 

United Sutes 
United Sutes 
United Sutes 

United Sutes 
United Sutes 
Europe 
Japan 
United States 
United States 
United States 
United Sutes 

United States 
United States 

Japan 

United States 

Europe 

Japan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

•x; 

X 

X 

'X 

X 

Aluminum Glass-Bonded Silicon 
Alumina Nitride pprjrlli.im Tcramirs Diamond Mullite Sapphitt Caibidfi SillCOn 

X 

i-

Intemational Advanced Materials United States 
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Table A-2 (continued) 
Substrate Suppliers -1992 

Company 

Keramont Italia S.p.A. 
Komatsu 
Kyocera 
Laing Ceiamics Corp 
Lanxide/DuPont 
Matsushita 
McDanel Refractoiy Co 
Micro Materials 
Mitsubishi 
3M/Ceramic Materials 
Morton International 
Murata 
National Ceramics Inc. 
NEC 
New Jersey Porcelain Co. 
Nippon Mining 
Nitto 
Noritake 
NTK 
OTC 
Particle Technology 
Pure Industries Inc/Stackpole 
akco Industrial/Alcoa 

Headquarters 

Europe 
Japan 
Japan 
United States 
United States 
Japan 
United States 
United States 
Japan 
United Sutes 
United States 
Japan 
United States 
Japan 
United Sutes 
Japan 
Japan 
Japan 
Japan 
Japan 
United States 
United Sutes 
United Sutes 

Pure Caibon Company/Stackpole United States 
Rhone-Poulenc, Inc. 
R&W Products 
Samsung Coming 
Saxonburg Ceramics Inc. 
Shinetsu 
Shinko 
SMI Ceramics 
Southtec 
Sumitomo Metal 
Sumitomo Chemical 
Superior Technical Ceramics 
Toshiba 
Tokuyama Soda 
Versar 
Wilbanks International/ 
Adolph Coors Co. 

W.C Heiaeus 
W.R. Grace 

Europe 
United Sutes 
Korea 
United States 
Japan 
Japan 
Japan 
United Sutes 
Japan 
Japan 
United Sutes 
Japan 
Japan 
United Sutes 
United Sutes 

United Sutes 
United Sutes 

Alumina 1 

X 

K 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Vitri( 

K 

- * • • 

:X-

M 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Aluminum Glass-Bonded Silicon 
Alumina Nitride Reiyllinm Ceramirs niamnnd Mullite Sapphire Carbide SlliCOll 

Source: Dataquest, April, 1992 
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International Micro Industries, Inc. 
8000 Commerce Parkway 
Mount Laurel, New Jersey 08054-2227 

For product information call: Thomas L. Angelucci, Sr. 
(609) 273-0200 

MCM overview: 

Products: Design and development services for multiple MCMs 
Employees: 50 
Factory Size: 5000 square fee 
Revenues: $5 million 

Corporate Description: 

IMI is engaged in the research, design, assembly, test, sales, and service of ceramic and silicon substrates 
and modules. IMI's MCM program began in 1987. IMI has developed a gold-to-gold thermocompression 
TAB lead interconnect process for very high density, high speed MCMs. The lead interconnect assemb­
ly process includes IMI designs, tooling and materials Including a 400 mil, 360 I/O VLSI test chip with 2 
mil square gold bumps on a 4 mil pitch, and a matching 35mm TAB flexcircuit lead pattern. 

IMI was foimded in October 1971. IMI's products and services are used to lead interconnect, assemble, 
and package semiconductor devices. The company also provides contract development and production 
assembly services to the industry. The company concentrates its resources on TAB and Flip Chip tech­
nologies. 

nChip 
1971 North Capitol Avenue 
San Jose, California 95132 

For product information call: Stan Drobec 
Director of Marketing 
(408) 945-9991 

MCM Overview: 

Products: High density MCM substrates and modules 
Employees: 50 
Factory size: 30,000 square feet with 6,000 square feet of clean room 
Revenues: $5 to $15 million 

Corporate Profile: 

nChip is a supplier of silicon based MCM substrates and modules. nChip offers a complete solution to 
MCM design and fabrication. Services include consulting, design services, substrate manufacture and 
MCM assembly and test. nChip provides a complete technology roadmap to applications up to and beyond 
200 MHz. 

nChip uses silicon dioxide as an interlayer dielectric rather than polyimide. nChip beUeves that silicon 
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dioxide provides the best combination of low cost, high reliability and performance, and excellent 
manufacturability. nChip's basic technology utilizes aluminum as a conductor and provides two signal in­
terconnect layers and two power and ground layers. The advanced nC2000 process substitutes copper in­
terconnect with thicker conductors to reduce signal line resistance by 75 percent without increasing 
capacitance. An optional resistance layer is available for transmission line terminating resistors. 

nChip was founded in March of 1989. Total capital raised to date is $15 million from a combination of in­
vestors. nChip signed a joint development license agreement with Siunitomo Metal Mining (SMM) 
Electronics in May 1991. Under the terms of the agreement, the two companies will work together on 
techniques for lowering the cost and improving the volume manufacturability of core technologies 
employed m MCMs, including substrate, packaging, and interconnect technologies. The agreement also 
includes a multi-miUion dollar equity investment in nChip by SMM. 

Brush Wellman Inc. 
6100 South Tucson Boulevard 
Tucson, Arizona 85706 

For product information call: Michael Anderson 
(216) 486-4200 

MCM Overview: 
Products: High density cofired ceramic (MCM-C) substrates 
Employees: 10 
Revenues: $5 million 

Corporate Profile: 

Brush Wellman is a supplier of Beryllia ceramic substrates for packaging including MCM's. Metalliza­
tions include cofired timgsten, single and multilayer, as well as direct bonded copper. 

Beryllia ceramic substrates fi-om Brush Wellman were selected by Hughes Aircraft Company for the AM-
RAAM air-to-air missile. Beryllia was selected over other ceramic substrates as it insulates the electronics 
to prevent grounding to surrounding metal. The thermal conductivity of BeO is 8 to 10 times that of more 
commonly used alumina. 

Burr-Brown Corporation 
P.O. Box 11400 M/S 122 
Tucson, Arizona 85734-1400 

For product information call: Michael M. Pawlik 
Vice President 
(602) 746-7180 
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MCM Overview: 
Products: 
Employees: 
Factory Size: 
Revenue: 

Corporate Profile: 

Supplier of cofired ceramic (MCM-C) and chip-on-board (MCM-L) modules. 
<100 
< 5,000 square feet 
$15 to $50 million 

Burr-Brown Corporation is a leading designer and manufacturer of precision microcircuits and 
microelectronic based systems for use in data acquisition, signal conditioning, and control applications 
throughout the world. 

Burr-Brown was founded in 1956. Its corporate headquarters are located in Tucson, Arizona. The com­
pany employs over 1,650 people and manufactures over 1,000 products. 

The Carborundimi Company 
Microelectronics Division 
10409 S. 50th Place 
Phoenix, Arizona 85044 

Carbonmdum Company 
Substrates Division 
2050 Cory Road 
Sanborn, New York 

For product information caU: 

MCM Overview: 
Products: 
Employees: 
Factory Size: 
Revenue: 

Corporate Profile: 

Robert W. Lashway 
(602) 496-5000 
Carol Hewett 
(716) 731-9244 

Cofired ceramic substrates and design services for (MCM-C) modules 
40 
37,691 square feet 
$5 million 

The Carborundum Company started sample shipping of ceramic casings m 1990. The New York facility 
produces aluminum nitride substrates, while the Phoenix, Arizona facility concentrates on the develop­
ment of aluminum nitride packages for the microelectronics market. The combined operational 
capabilities includes extrusion, dry pressmg, isopressing, green machining, grinding and lapping, tape cast­
ing, thick film and refi'actory metallization. 

The Carborundum Company, formerly Standard Oil Engineered Materials Company, is a subsidiary of 
BP America Inc. The ultimate parent is The BP Company p.l.c., of the United Kingdom. 
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Advanced Packaging Systems 
3099 Orchard Drive 
San Jose, California 95134 

For product information call: Richard F. Otte 
Raychem Corporation 
Menlo Park, California 
(415) 361-4180 

MCM Overview: 
Products: 
Employees: 
Factory Size: 

High density thin film modules 
Facility closed 1992 
1,000 square feet of class 1000 clean room 
Class 100 under the laminar flow hood 
Canon proximity aligners 
5 inch material (1x4 inch substrate) 
100 wafers per week 

Revenue: $5 million to $10 million 

Corporate Profile: 

Advanced Packaging Systems (APS) was originally a joint venture between Raychem Corporation and 
Coming. Raychem began work on packaging technology in 1983. Raychem acquired Interamics of San 
Diego in 1984, and APS became a subsidiary of Raychem in 1988. In January 1991, Raychem completed 
the sale of the San Diego based Interamics component division of APS to Coors Electronics Package Com­
pany, of Colorado. Raychem has closed the APS division. During its operations, APS produced over 100 
module prototypes for aerospace, mainframe and workstation appUcations. 

APS built the thin film module interconnects on both silicon and alumina. The layers were built up of 
polyimide and copper/chrome. The copper was 5 microns thick and the chrome was 1000 Angstroms. 

APS also developed a Bonded Interconnect Pin (BIP) process technology. The process consisted of wire 
bonded pins to a chip, but the pin height was fixed at 15 mils. The substrate consisted of solder puddles 
in positions matchiog the chip bonding pads. The chip was flipped and positioned with gold wires in the 
solder puddles. The advantage of such a process is that the compUance of the w e s takes up any differen­
tial thermal expansion between the chip and substrate. The disadvantage is that the BIP process cannot 
withstand acceleration above 1500 G's for military applications. The height of the chip was uniform to 
allow placement of a cooling plate on the backside of the chips. 

APS also developed an optical waveguide technology. The technology consisted of 8 micron waveguides 
that route infrared energy on the substrate with electrical mterconnects. The optical polymer used m the 
technology was developed by Raychem. While still developmental, its performance was attractive for 
gigahertz range apphcations. 

Raychem currently holds the licenses for all APS technology. 
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Alcoa Electronic Packaging, Inc. 
16750 Via Del Campo Court 
San Diego, California 92127 

For product information call: Leonard W. Schaper 
(619) 451-7100 

MCM Overview: 
Products: High density MCM technology using copper polyimide on a sihcon substrate 
Employees: 500 
Factory Size: Not available 
Revenues: $5 million 

Corporate Profile: 

Alcoa Electronics Packaging, Inc., (AEP), signed an agreement with AT&T in 1990, Ucensing the Polyhic 
technology patented by AT&T. The original agreement included substrate test, chip/wafer test and 
module test. Alcoa has also developed prototype test modules utilizing co-fired multilayer alumina-
tungsten substrates in a cavity-down arrangement. 

AEP is a business division of the Materials Science sector of Aluminum Company of America. The 
Materials Science sector represents 5% share of the parent company business. The conglomerate's ven­
ture into the world of electronic ceramics began in 1986 with the purchase of Pakco Industrial Ceramics, 
and the formation of Intercon-X, now AEP, in San Diego. 

Implex PLC 
Elm Road 
West Chirton Industrial Estate 
North SHields 
Tyne & Wear 
NE258SE 
UK 

For product information call: WiUiam E. Guthrie 
Highland Associates 
(408) 247-2926 

MCM Overview: 
Products: Thin film interconnect of chrome-clad copper conductors imbedded in a 

poljnmide dielectric meditun 

Corporate Profile: 

Implex acquired the Polylithic invented MCM technology in 1991. Polylithics, formerly located in Santa 
Clara, California was founded in 1988. Their MCM prototype was available in 1989. Implex discontinued 
the development work conducted by Polylithics and is now licensing the process. Included in the license 
agreement will be patent rights, manufacturing and marketing rights, documented process and design 
methodologies and the process recipe itself. 
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The interconnect fihn comprises three layers of metal, two for signals and one for power and ground. Fine 
line widths of 10|xm are achieved on 25|jLm tracks, so routing densities near 2,000 in/in2 are realized with 
the two signal layers. 

AT&T Network Systems 
North Andover, Massachusetts 

AT«&TBeULabs 
Murray Hill, New Jersey 

Corporate Profile: 

AT&T Network Systems and Bell Laboratories have made multiple developments of MCM products 
based on their patented (U.S. patent 4,554,229) POL YHIC (Polymer Hybrid Integrated Circuit) technol­
ogy. POLYHIC was initially introduced in AT&Ts switching and transmission equipment. POL YHIC b 
an extension of AT&Ts thin film hybrid circuit techuiology utilizing copper-based metallization, and TaN 
resistors fabricated on alumina substrates. AT&Ts MCM technology combines copper thin film with a 
polymer process developed for dielectric and thermal stability. The polymer is a photosensitive formula­
tion that cures at a temperature low enough to prevent degradation of the thin film resistors and conduc­
tors. Technology size is 2 mil lines, 3 mil spaces and 4 mil polymer vias. 

AT&T has signed a license agreement with Alcoa Electronic Packaging, San Diego to implement the 
POLYHIC technology in their module development. AT&T is currently evaluating a silicon-on-silicon 
MCM that incorporates linear Bipolar and digital CMOS circuits. Operating samples will be available in 
April 1992. This test module replaces 174 separate components in a small module size of 9.3mm x 11mm. 
This module results in a packaging density of more than 3,000 component terminations per square inch. 

References: A. V. Shah, E. Sweetman, C. K. Hoppes, "A Review Of AT&T's POLYHIC Multichip 
Module Technology," Proceedings of the Technical Program, NEPCON West 1991, pp 850-862. 

IBM Corporation 
Packaging Applications Marketing 
IBM East Fishkill 
Hopewell Junction, New York 12533 

For product information call: Ed Chang 
(914) 892-9712 

MCM Overview: 
Products: Crystallized glass-ceramic thin film thermal Conduction Module (TCM) 

Corporate Profile: 

IBM first announced marketing of its semiconductor packaging technology to the merchant market early 
1991. IBM now offers a full service packaging capability in design, development, fab, chip bonding, and 
test of both single chip substrates and thin film modules. 
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IBM first introduced TCM substrates into their mainframe systems in the 1970s. The C-4 flip-chip and 
Direct Chip Attach technologies are also available to the merchant market. 

In June 1991, IBM, Yasu, Japan, introduced a MCM designed on thin silicon PCB for the RISC 6000 
workstation. The module substrate is aluminum polyimide mounted on an aluminum heat spreader. 
Silicon thermal grease is spread between the substrate and heat spreader to provide compliance and 
prevent cracking of the substrate during temperature cycling. The module is flipped onto an FR4 board. 
IBM has been working on high frequency appUcations from 60 MHz to 200 MHz. 

Pacific Microelectronics Centre 
8999 Nelson Way 
Bumaby, British Columbia 
Canada V5A4B5 

For product information call: Al Kozak 
(604) 293-5755 

MCM Overview: 
Products: High density thin film modules 
Employees: 45 
Revenues: $5 miUion 

Corporate Profile: 

PMC has their own fab capability for both standard and custom MCM solutions. PMC has the capacity 
to produce 25,000 substrates per year. PMC's MCM technology is marketed into telecom, medical and 
defense applications. 

PMC was founded in May 1988 as a division of MPR Teltech, Ltd. PMC announced its SONET Line In­
terface Module in July 1991. This module integrates Bipolar, CMOS and GaAs component technology. 

Northern Telecom 
Electronics Limited 
PO Box 3511, Station C 
Ottawa, Ontario 
CANADA K1Y4H7 

MCM Overview: 
Products: High density MCM technology for MCM-L, MCM-C, MCM-D as well as 

hybrid circtiits 

Corporate Profile: 

Northern Telecom's MCM operations are completely captive. Northern Telecom's current internal con-
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sumption of MCM includes MCM on laminate, ceramic and thin-film, as well as hybrid and traditional 
single chip packaging. 

Ceramics Process Systems Corporation 
155 Fortune Boulevard 
Milford, Massachusetts 01757 

For product information call: Peter R. Loconto 
(508) 634-3422 

MCM Overview: 
Products: High density cofired ceramic substrates 
Factory Size: 36,000 square feet 
Revenues: $5 miUion 

Corporate Profile: 

CPS began targeting the MCM market in 1990 concentrating on aluminxmi nitride and 99.6% aluminum 
oxide material for their multilayer co-fired and molding processes. CPS has designed high performance 
multicavity ceramic modules for the Cray Y-MP C90 supercomputer. 

CPS was founded in 1984 and operates solely in the development, manufacture, and sale of advanced 
ceramic products. 

Coors Electronic Package Company 
511 Manufacturers Road 
Chattanooga, Tennessee 37405 

For product information call: Jim F. Wade 
(615) 755-5400 

W.R. Grace & Company 
7379 Route 32 
Columbia, Maryland 21044 

For product information call: James E. Gado 
(301) 531-4124 

MCM Overview: 
Products: High density multilayer, co-fired aluminum nitride MCMs 

Corporate Profile: 

Grace Research Division and Coors Ceramics Company announced joint development of ceramic MCMs 
for commercial production in 1990. This MCM program is based on patented Grace technology for hot 
pressing of electronic ceramic components with emphasis on advanced materials, including aluminum 
nitride and low k dielectrics. Prototype capacity is located at Grace's corporate research center in Colum-



Appendix A ^'^^ 

bia, Maryland with a capacity press of 1,000 square inches per month. 

Multichip Technology Incorporated 
3901N. First Street 
San Jose, CaUfornia 95134-1599 

For product information call: Andrew J. Paul 
President 
(408) 943-2600 

MCM Overview: 
Products: High performance standard and custom memory modules and MCM-L designs 
Revenues: $5 million 

Corporate Profile: 

Multichip Technology Incorporated, a subsidiary of Cypress Semiconductor Corporation, was founded 
in 1988 to design memory modules and low cost MCMs for SPARC-based workstation designs. Multi-
chip has designed a 10 chip 50 MHz module that incorporates TAB on a PCB/polyimide substrate. 

Digital Equipment Corporation 
10500 Ri<%eview Court 
Cupertino, California 95014 

For product information call: Michael Grove 
(408) 973-1521 

MCM Overview: 
Product: High density polyimide and copper MCM on aluminum substrate 

Corporate Profile: 

Digital Equipment Corporation annoimced development of their High Density Signal Carrier (HDSC) 
multichip module unit in 1989. The HDSC module was designed for the advanced VAX 9000 system. The 
DEC MCM technology effort began in 1983. The total R&D effort was $1.5 biUion by 1988. The DEC 
9000 process was a polyimide and copper design on aluminum substrate. Two separate poljomide layers 
were used. They were separated from the aluminum by etching, laminated together and then gjued to a 
copper substrate. The chips were die attached onto the polyimide. Thermal vias were configured under 
the chip for power dissipation. Clock speed on the VAX 9000 reaches 550 MHz. The VAX 9000 module 
incorporates TAB with 4 mil inner lead and 8 mil outer lead bond pitch. 
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Hestia Technologies, Incorporated 
224 North Wolfe Road 
Simnyvale, California 94086 

For product information call: Kevin J. Surace 
(408) 737-1212 

MCM Overview: 
Products: Low cost MCM designs on multilayer polyimide glass epoxy material 
Employees: 35 
Revenues: $5 million 

Corporate Profile: 

Established in 1983, Hestia Technologies, Incorporated is a privately held U.S. owned operation. Hestia's 
substrates are manufactured offshore while module assembly takes place at the Sunnyvale, California 
faciUty. 

Hestia offers complete turnkey services for both single chip and multichip designs. 

Kyocera Corporation 
Kyocera America, Incorporated 
8611 Balboa Avenue 
San Diego, California 92123 

For product information call: Richard SigUano 
(619) 576-2600 

MCM Overview: 
Products: High density cofired ceramic based multilayer substrates 

Corporate Profile: 

Kyocera provides a full service MCM approach. Their MCM ceramic designs include metallized MCM, 
thin-fihn metal brazed MCM, thick fihn copper MCM, high density muUtlayer aluminum MCM, Mullite 
MCM, and ultra high speed multilayer copper polyimide MCM. 

Kyocera America is a wholly owned subsidiary of Kyocera Corporation of Japan. Kyocera is the largest 
manufacturer of technical ceramics, and is also the largest suppUer of ceramic single chip packages and 
substrates to the semiconductor industry. Kyocera was estabUshed in 1959. 
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Motorola Incorporated 
3501 Ed Bluestem Boulevard 
Austm, Texas 78721 

MCM Overview: 
Products: High density module (HDM) of thin film copper polyimide on ceramic 

substrate using flip chip bonding 

Corporate Profile: 

Motorola's MCM R&D organizations reside in Austin, Texas, as well as Chandler and Phoenix, Arizona. 
Motorola's MCM designs range from low cost 10 chip to high performance 100 chip module designs. 
Motorola has targeted the CMOS based MCM market for EDP, telecom, automotive and cellular ap-
pUcations. 

Motorola's new HDM consists of six simuhaneous switching output (SSO) die using Motorola's ASIC 
technology. Two of the HDM prototype were developed using surface mount Pad Array Carrier (PAC) 
or Land Grid Array (LGA) technology. Heat was removed from the back of the die through a thermal gel 
to the Ud. 

References: J. Trent, G. Westbrook, "Fine Pitch Pad Array Carrier Sockets For Multichip Modules," 
IEEE 1992 pp 40-43. 

NTK Technical Ceramics 
Division of NGK Spark Plugs Co., Ltd. 
Headquarters: Nagoya, Japan 
Substrates Divsion: Takenami, Japan 

For product information call: Kay Yamasaki 
Howard Ushkow 
(619) 487-9310 

MCM Overview: 
Products: High density cofired mulitlayered ceramic substrates 

Corporate Profile: 

NTK was estabUshed in 1949 as a division of NGK which was founded m 1936. NTK is the second largest 
supplier of ceramic substrates and packages to the semiconductor industry. NTKs MCM designs incor­
porate alumina as the base substrate with cofired multilayered metallizations for the power and ground 
planes. A copper and polyimide multilayer structure is formed on the alumina surface. 
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Texas Instruments 
13532 N. Central Expressway 
PO Box 655012 
Dallas, Texas 75265 

For product information call: Robert Gilbert 
(214) 995-5592 

MCM Overview: 
Products: Offers MCM design and production services 

Corporate Profile: 

Texas Instruments' built their multichip module technology capability through their defense electronics 
division. Texas Instruments participates in the DARPA MCM program and has developed an ultra GHz 
module with General Electric. Texas Instruments has also developed a stackable 9M bit DRAM module 
with TAB interconnect. Texas Instruments will be offering their module technology for commercial ap-
pUcations. 

The Dow Chemical Company 
Central Research 
Charlotte, North Carolina 28210 

For product information call: Philip Garrou, PhD. 

MCM Overview: 
Products: Substrate materials for fabrication of thin film cofired ceramic modules 

Corporate Profile: 

The Dow Company in conjunction with Polycon Corporation of Arizonei, developed high density MCMs 
fabricated on silicon wafers with a flexible process using bisbenzocyclobutene (BCB) derived dielectric 
layers and aluminum interconnect. The Dow Chemical Ceramics and Advanced Materials Division of 
Dow is also a supplier of aluminum nitride powder to the MCM market. 

References: D. Burdeaux, P. Townsend, J. Carr, P. Garrou, "BCB Dielectrics For The Fabrication of High 
Density Thin Fibn Multichip Modules," Journal of Electronic Materials, Vol. 19, No. 12,1990, pp 1357-
1366. 

J. Reche, P. Garrou, J. Carr, P. Townsend, "High Density Multichip Module Fabrication," The Interna­
tional Journal For Hybrid Microelectronics, Vol. 13, No. 4, December, 1990 pp 91-99. 
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Polycon 
2495 S. Industrial Park Avenue 
Tempe, Arizona 85282 

For product information caU: Robert DeVellis 
(602) 731-9544 

MCM Overview: 
Products: Supplier of mukilayer thin film polyimide and BCB substrates for MCMs 
Employees: 20 
Revenues: $5 million 

Corporate Profile: 

Polycon, previously located in Ventura, California, has been manufacturing low volume high density 
MCMs since 1984 for military appUcations. Polycon is essentially a startup to the commercial market for 
MCMs and has investment funding from the Dow Chemical Company. 

Sumitomo Metal Industries, LTD 
28-5, Nishigotanda 2 
Chome Shinagawa-Ku 
Tokyo, JAPAN 141 

SMI Ceramics America, Inc. 
2953 Bunker Hill Lane 
Suite 203 
Santa Clara, California 95054 

For product information call: Tsuneki Orita 
Vice President/Sales Manager 
(408) 982-0990 

MCM Overview; 
Products: Cofired ceramics substrates 

Corporate Profile: SMI Ceramics America Inc., is the U.S. subsidiary of Sumitomo Metal Industries, Ltd., 
of Japan. Sumitomo Metal Industries of Japan purchased the Narumi Technical Ceramics division from 
Narumi China of Japan in 1991. 

SMI Ceramics is the third largest producer of ceramics packages to the semiconductor industry. SMI has 
built a $19 miUion ceramics development center in Yamaguichi, Japan. 
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Rogers Corporation 
PO Box 700 
2001 West Chandler Boulevard 
Chandler, Arizona 85244 

For product information call: Dennis G. Sheehan 
(602) 786-8239 

MCM Overview: 
Products: Fluoropolymer substrate materials 

Corporate Profile: 

Rogers is offering their proprietary thin fihn substrate technology for Ucense agreements. Rogers has 
developed MCM prototypes using their material but they do not intend to scale up for production. 

The fluoropolymer material utiUzed in the MCM prototype reportedly allows faster signal speeds and less 
cross talk, lower moisture sensitivity and lower TCE than polyimide products. The trademarked material 
developed by Rogers was part of a $8 million R&D program with investment from Paine Webber R&D 
Partners II. 

Lanxide Electronic Components, L.P. 
1300 Marrows Road 
PO Box 6077 
Newark, Delaware 19714-6077 

For product information call: Aris K. Silzars, Ph.D. 
President 
(302) 456-6311 

MCM Overview: 
Products: SuppUes reinforced ceramic substrates 
FaciUty Size: 37,000 square feet 

Corporate Profile: 

Lanxide Corporation was founded in 1983 to develop and commercialize reinforced ceramic and metal­
lic products. Lanxide Electronic Components (LEC) is a limited partnership between Lanxide Corpora­
tion and E.I. du Pont de Nemours & Company. Lanxide Corporation provides LEC with its materials 
technology base while DuPont has committed up to $35 miUion to brmg the technology to the electronics 
industry. 
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LSI Logic Corporation 
1551 McCarthy Boulevard 
Milpitas, California 95035 

For product information call: Ed Fulcher 
(408) 933-6818 

MCM Overview: 
Products: Low cost MCM-L modules 

Corporate Profile: 

LSI Logic offers a 40 MHz module incorporating a MIPs R3000, two companion ASICs and six SRAMs. 
The bare die are mounted on copper slugs into slots on a six layer PCB of 3.5x3.5 inches. LSI Logic has 
qualified both PGA and Olin's MQuad packages for their modules. 

Samsung Coming Company, Ltd. 
8th Floor 
Joong-Ang Daily News Building 
7, Soon Wha-Dong 
Chung-Ku, Seoul 
KOREA 

For product information call: S.H. Hong 
756-9988 (532) 

MCM Overview: 
Products: Low cost MCM-L and high density MCM-C modules and ceramic substrates 

Corporate Profile: 

Samsung Coming was founded in 1973 as a joint venture between Samsung and Corning. The Samsung 
Coming ceramic division is located in Kumi, Korea. It supplies both single chip and multichip designs and 
assembly services as well as substrates to the semiconductor industry. It is currently establishing license 
agreements with companies in the United States for volume production of low cost 8 to 10 chip modules. 

Electro Ceramics Thailand (ECT) 

MCM Overview: 
Products: Cofired ceramic substrates 

Corporate Profile: 

ECT is a subsidiary of Nippon Carbide and Hokuriku Ceramics of Japan. The Japan Asia Investment Cor­
poration (JAIC) has also invested $22 million in this subsidiary. The plant was estabhshed to supply 
ceramic substrates to Japanese plants located in Asia. 
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Printron, Incorporated 
8917 Adams NE 
Albuquerque, New Mexico 87113 

For product information call: David Best 
(505) 823-1990 

MCM Overview: 
Products: Low cost multilayer substrates 
Employees: 10 
FaciUties: 6,500 square feet 

Corporate Profile: 

Printron, Inc., was established in 1987. It has developed an advanced manufacturing process for printed 
circuits. Printron has a joint development agreement with BDM International, Incorporated of McLean, 
Virginia. The Printron process consists of rapid direct printing with metallurgical inks on multiple sub­
strates followed by a fusing process which results in conductive circuit pathways. Printron and BDM will 
use this technology to develop systems for mihtary and commercial markets. 

Staktek 
8900 Shoal Creek Boulevard 
Austin, Texas 78758 

For product information call: Bob Campbell 
(512) 454-9531 

MCM Overview: 
Products: Memory modules for disk emulator and high frequency thin film MCM 
Facility Size: 4,000 square feet 

Corporate Profile: 

Established in 1990, Staktek originally developed a thin fihn MCM technology for space satellite opera­
tions. TRW Corporation has made an investment in Staktek. Staktek has developed a hard disk emulator 
for a memory card appUcation with a 20 to 80 MB capacity. 
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Intel Corporation 
5200 NE Elam Young Parkway 
Hillsboro, Oregon 97124 

5000 W. Williams Field Road 
Chandler, Arizona 85224 

Corporate Profile: 

Intel Corporation has designed multichip modules and memory modules for defense contracts. While 
Intel has announced that they will not be producing MCMs in 1992, R&D efforts on a 586 design are un­
derway for availabiUty in 1993. The 1993 design is expected to incorporate the Intel 586 processor, a C5 
(cache controller) and ten C8s (SRAMs). 

Delco Electronics Division 
GMC 
Kokomo, Indiana 

Corporate Profile: 

Delco is currently not producing MCMs. Delco is the largest North American suppUer of hybrid circuit 
designs. MCMs are currently in an R&D phase for their automotive designs. Since cost is the most im­
portant concept in automotive electronic consumption, Delco does not expect to manufacture MCMs for 
another two to three years. 

General Electric 
Corporate Research & Development 
Schenectady, New York 12301 

For product information call: Jim E. Sabatini 
(518) 387-5905 

MCM Overview: 
Products: High density interconnect overlay process technology for MCM on laminate 

or silicon substrates 

Corporate Profile: 

The HDI overlay process was developed by GE in conjunction with DARPA, the Air Force, Texas In­
struments and Lawrence Livermore National Laboratories. In the HDI process the interconnect is built 
over the top of the bare die. The substrate is not the finished interconnect structure as in other tech­
nologies, but rather the heat sink and support structure for the die and interconnect. 

References: Dr. W. Daum, L. E. Roszel, "MCM Prototyping Using Overlay Interconnect Process," 
Proceedings of the 1992, IEEE MCM Conference, pp 36-39. 
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Toshiba Corporation 
1-1-1, Shibaura, Minato-ku 
Tokyo 105, JAPAN 

Toshiba America, Incorporated 
Sunnyvale, California 

For product information call: Frank Ramsey 
(408) 733-3223 

Corporate Profile: 

Toshiba's original MCM development was implemented in their GaAs Parallel Processing System 
mainframe application. Toshiba has also developed a silicon on silicon 1 inch square, 1,000 pinout CMOS 
MCM technology. Toshiba offers design services, and supplies cofired ceramics and thin film substrates 
for MCMs. The Toshiba Corporation was founded in 1875. 

References: T. Sudo, "Silicon-on-Silicon Technology for CMOS-based Computer Systems," Proceedings 
of the 1992, IEEE MCM Conference, pp 8-11. 

Fujitsu, Ltd. 
1015 Kamikodanaka, Nakahara-ku 
Kawasaki-shi 
Kanagawa 211, JAPAN 

Fujitsu Microelectronics, Inc. 
IC Division 
3545 N. First Street 
San Jose, California 95134-1804 

Corporate Profile: 

Fujitsu's initial development of MCM technology was for their M-780 mainframe and VP2000 Supercom­
puter. Fujitsu's watercooled module utilizes carrier technology of 144 chips on multilayered ceramic. The 
module has an aluminum nitride base with timgsten vias. Gold bump TAB technology connects copper 
polyimide to the metal cap. The module has a soft solder seal with an aluminum nitride heatsink. 

Fujitsu also offers a high density thick-film wired MCM on a ceramic substrate housed in a 168-pin PQFP. 
The module measures 1.5" x 1.5". Height of the package mounted is 0.173 inches. 
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Crystallimie 
125 Constitution Drive 
Menlo Park, California 94025 

For product information call: Laurie C. Conner 
(415) 324-2958 

MCM Overview: 
Products: CVD Diamond thin film substrates 
Employees: 30 

Corporate Profile: 

Crystallume was founded in 1984. Crystalliune currently produces 4 inch silicon wafers with 1 micron 
diamond coating. Crystallume supplies substrates for laser diodes, fiber optic coupled diodes, high speed 
high power GJIAS, silicon and hybrid circuits, and MCMs. Crystallume is developing diamond ceramic 
substrates. 

Irvine Sensors Corporation 
3001 Redhill Avenue 
Costa Mesa, CaUfornia 92626 

For product information call: Myles F. Suer 
(714) 549-8211 

MCM Overview: 
Products: SiUcon-on-silicon 3 dimensional memory structiu-es 

Corporate Profile: 

Irvine Sensors supplies its stacking package technology design under contract to customers. Most of the 
company's contract work has been for military applications. ISC has 27 United States patents on its basic 
technology. The company's revenues result pricipally from prototype development on research and 
development contracts which are usually cost-plus-fixed-fee or fixed price. 
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Ibiden Company, Ltd. 
Technology & Development Department 
300, Aoyanagi-cho, Ogaki 
Gifu 603, JAPAN 

Ibiden U.S.A. Corporation 
1270 Oakmead Parkway #208 
Sunnyvale, California 94086 

For product information call: Motoji Kato 
(408) 735-7755 

MCM Overview: 
Products: Supplies fine-line PCB modules 

Corporate Profile: 

Technical marketing and sales of the Ibiden products is done from the Sunnyvale location of Ibiden, while 
all manufacturing is done in Japan. Ibiden provides design services as well as substrates to the merchant 
market. 
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Application Marlcet Deflnitions 

The electronic equipment segments discussed in Chapter 3 are defined in the following paragraphs. 

Data Processing 

The Data Processing segment is structured to include any equipment with the primary purpose of process­
ing information. This includes add-on and peripheral devices that are used to reproduce computer data 
for such things as storage and hard-copy output. 

The Data Processing segment is further subdivided into Computer, Data Storage/Subsystems, Terminals, 
Input/Output, and Dedicated Systems. The last subsegment includes equipment with a more or less specifi­
cally defined operation, such as electronic typewriters, word processors, and automated banking/teller 
machines. 

All personal computers (PCs) are placed within the Data Processing segment rather than in the Consumer 
segment because they are products with the primary function of flexible data processing. The majority of 
products listed in the Consumer segment are electrical or electromechanical equipment designed primari­
ly for home or personal use, to which increasingly integrated semiconductor circuitry is bemg added. Over­
all, in the cases of apphances and home entertainment systems, the primary function of such consumer 
equipment is generally not flexible information processing, in spite of the fact that limited dedicated in­
telligence may be added as features. 

Furthermore, the objective of reporting PC production, as well with all equipment, is for the purpose of 
estimating the semiconductor demand engendered by that type of equipment. It is not our objective to 
report the PC market by application segments such as home, scientific, technical, or business. Such a seg­
mentation would represent a PC market phenomenon that is software based and has little to do with the 
hardware appUcation of semiconductors. The same can be said for all electronic calculators since they too 
are primarily tools for information processing. Electronic games are designed with the primary objective 
of use in the home and, as such, are counted in the Consumer segment. 

Communications 

The Communications segment is subdivided into Premise Telecom, PubUc Telecommunications, Mobile, 
Broadcast and Studio, and Other Miscellaneous Equipment. These equipment designations have been 
developed by Dataquest's Telecommunications Service's format and the Standard Industrial Classifica­
tion (SIC) codes used in the U.S. Commerce Department's Current Industrial Reports. 

Industrial 

The Industrial segment comprises all manufacturing-related equipment, and it includes some scientific 
and dedicated systems. 
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Consumer 

The Consumer segment is subdivided into Audio, Video, Personal Electronics, Appliances and Other 
Miscellaneous Consumer Equipment. Personal electronics includes products carried or used by in­
dividuals, such as games, cameras, or watches. Overall, because much consumer equipment production 
stems from Japan, the consumer segment's definition was comprised to complement that region's perspec­
tive on the market. 

Military/Civilian 

This segment includes Radar, Space, Navigation/Communication, Aircraft Flight Systems, Simulationand 
Training equipment for both the Military and Civil (i.e. commercial) purposes. 

Transportation 

The Transportation segment forecasts the demand for electronic equipment based on auto and light truck 
production. Transportation also incorporates future analysis and growth of different vehicle electronics. 
The market has been segmented into equipment types that belong in different vehicle functional areas, 
such as Entertainment, Powertrain, Body Control, Safety and Convenience, and Driver Information. 


