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MOS EPROM—Forecast

THE MARKET—1989

Although MOS EPROM unit growth was 10.0 percent to 394.8 million in 1989, dynamic
pricing battles among the giant companies for market share caused revenue to plummet 6.0 percent
to $1.781 billion from $1.903 billion in 1988. Although Intel maintained its lead with 16.3 percent
unit share of the worldwide market, Texas Instruments and SGS-Thomson, each with a more than
12,0 percent share, closed the typically wide gap between number one and the next-highest
rankings. AMD, Fujitsu, and National Semiconductor Corporation followed in a very strong race
with respective shares of 11.0, 8.9, and 8.4 percent of the market.

COMPARISON WITH EARLIER FORECASTS

The cumrent Dataquest EPROM forecast contains several significant differences from the
August 1989 forecast. The changes and reasons for these changes are as follows:

¢  Acwmal revenue, unit shipments, and average selling prices (ASPs) for 1989 have been
adjusted to reflect final numbers that were completed by the first quarter of 1990.

¢  The CMOS share of EPROMs continued to grow, representing 65 percent of all EPROM
units shipped in 1989, up from 46 percent in 1988.

¢  US manufacturers led the worldwide EPROM market in producer share with 56.5 per-
cent. While European manufacturers’ share grew to 16.6 percent, Japanese manufac-
turers’ share dropped to 26.7 percent from 33.0 percent in 1988.

MARKET OUTLOOK

Dominated by product shortages and higher ASPs in 1988, the EPROM market became a
buyer’s paradise in 1989 as lead times shortened and overall prices declined 15 percent. Overall
EPROM prices averaged $4.52 in 1989, down from $5.31 in 1988. A fourth quarter 1988 increase
in capacity by US and European EPROM manufacturers turned into a full-scale ramp up in produc-
tion during the first quarter of 1989 in densities of 256K and above. Worldwide, AMD took the lead
in production of high-density devices, producing over 6.6 million 1IMb EPROM units in 1989.

High-density 512K and above devices, which represented 19 percent of total unit volume in
1988, represented 30 percent of total share in 1989, Dataquest expects all of the major EPROM
manufacturers to redirect their focus not only on the higher-density 1Mb and above market but also
in the direction of packaging and high speed in the late 1990 through 1993 time frame.

Short-Term/Long-Term Forecast

The EPROM pricing softness that occurred during the first half of 1989 continued into drastic
price cuts in the second half of 1989, which were very reminiscent of the pricing wars of 1985.
Buyers saw 256K EPROM prices drop into the low $2 range in the fourth quarter of 1989 and the
sub-$2 range in the first quarter of 1990 as US and European suppliers engaged in cutthroat
competition for market share at the expense of revenue.

gggshélsemmes ©1990 Dataquest Incorporated August 1



MOS EPROM—Forecast

The price declines of late 1989 and early 1990 affected the 64K through 1Mb densities;
aggressive pricing for the above-200ns 1Mb device resulted in a first quarter 1989 price of $16,
dropping to sub-$10 by December 1989. Although the 1Mb density segment grew significantly in
1989 to 34.3 million units, up from 10.6 million, and demand is expected to promote growth
through 1991, rumblings of European Community (EC) antidumping rules against South Korean
and/or US EPROM producers could alter both price and availability of 1Mb EPROMSs in 1991.
Strong user demand for the 2Mb and above densities is expected to promote fairly strong bit growth
of total EPROMs through the 1993 time frame.

The EPROM supplier and product arena is expected to undergo major changes during the next
five years as users perform system redesign and upgrade. Major suppliers from both the United
States and Japan are expected to drop out of the 128K and below market and redirect their capital,
becoming strictly high-density, high-speed, broad-based nonvolatile suppliers. Users of 200ns and
above speeds are redesigning systems for higher performance sub-150ns requirements with
alternate-package-styled nonvolatile products. Users of 256K EPROMs now are evaluating the
benefits of switching to either high-speed EPROMs, plastic-packaged OTPs, or 1Mb Flash at either
5V or 12V,

Dataquest’s MOS EPROM forecast consists of revenue, unit shipments, and prices for MOS
EPROM product lines, Table 1 lists the top-level market data for all of the tables. The data include
all EPROM revenue, regardless of the technology employed (NMOS or CMOS) or package type
(plastic or ceramic). The tables included in these data are as follows:

¢ Table 1—MOS EPROMs—Total Worldwide Market

¢  Table 2—Worldwide NMOS EPROM Market—Total (UV and OTP)
¢  Table 3—Worldwide CMOS EPROM Market—Total (UV and OTP)
o  Table 4 —Worldwide MOS UV EPROM Market

¢  Table 5—Worldwide MOS OTP EPROM Market

SIS i
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MOS EPROM—Forecast

Table 1
MOS EPROMs—Total Worldwide Market

Mitlions of Dollars

1987 1988 1989 1990 1991 1992 1993 1994

4K 0 0 0 0 0 0 0 0

8K 0 0 0 0 0 0 0 0

16K 27 36 23 19 18 20 20 19

32K 46 58 40 28 25 24 25 22

64K 227 259 171 124 129 130 133 117

128K 201 259 159 87 82 80 79 67

256K 548 662 514 402 396 369 362 333

512K 254 423 431 326 259 206 179 156

IMb 46 206 415 350 651 5N 464 361

2Mb 0 2 25 96 221 424 517 458

4Mb 0 0 4 57 297 612 766 792

8Mb 0 o 0 0 0 5 22 122

16Mb 0 0 0 0 0 0 4 34

Total 1,350 1,905 1,783 1,690 2079 2440 2,571 2,480

% Change from
Previous Year 48 41 (6) (5 23 17 5 @
Millions of Units
1987 1988 1989 1990 1991 1992 1993 1994
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 9.7 9.0 8.4 7.9 7.1 6.5 6.0 5.6
32K 16.2 16.1 13.7 11.7 9.7 8.0 7.0 6.0
64K 75.7 66.7 55.2 50.0 47.0 420 37.0 320
128K 57.6 63.2 49.1 340 28.8 25.0 21.5 18.0
256K 1184 1363 151.3 1490 1320 110.0 94.0 86.0
512K 30.9 57.1 82.0 80.5 70.0 550 460 39.0
1Mb 1.7 10.6 343 64.0 88.0 87.8 80.0 65.0
2Mb 0 0 0.7 5.8 20.0 530 795 79.0
4Mb 0 0 0.1 2.1 22.0 68.0 111.0 1320
8Mb 0 0 0 0 0 0.1 0.7 53
16Mb 0 0 0 0 0 0 0.1 0.9
Total 310.1 3589 3948 4050 4246 4554 4B28 468.8
% Change from
Previous Year 15 16 10 3 5 7 6 3)
(Congimuied)
SIS Memories ©1990 Dataquest Incorporated August 3
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MOS EPROM—Forecast

Table 1 (Continued)

MOS EPROMs—Total Worldwide Market

Average Selling Price
1987 1988 1989 1990 1991 1992 1993 1994

4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K $2.80 $3.97 $2.79 $240 $255 $3.00 $340 $3.40
32K $2.83 3360 $295 $242 $2.60 $3.05 $350 $3.60
64K $3.00 $3.89 $310 $248 $2.75 $3.10 $3.60 $3.65
128K $3.50 $4.10 $3.23 $255 $2.85 $320 9368 $3.71
256K $4.63 $4.86 $340 $270 $3.00 $335 $3.85 $3.87
512K $8.24 $741 $525 $405 $3.70 $3.75 $3.90 $4.00
1Mb $27.54 $19.44 $12.09 $860 $740 $650 $5.80 $5.55
2Mb 0 $48.00 $33.82 $16.57 $11.05 $8.00 $6.50 $5.80
4Mb 0 0 $55.42 $27.00 $13.50 $9.00 $690 $6.00
8Mb 0 0 0 0 $90.00 $45.00 $31.00 $23.00
16Mb 0 0 0 0 0 $110.00 $55.00 $38.00
Overall ASP $4.35 $531 $452 $4.17 $490 $536 $5.32 $5.29

% Change from
Previous Year 28 22 (15) ®) 17 9 4] ¢))

Soarce: Detaquest (Augast 1990)

SIS Memories
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MOS EPROM--Forecast

Table 2

Worldwide NMOS EPROM Market—Total (UV and OTP)

Millions of Dollars
1987 1988 1989 1990 1991 1992 1993 1994

4K 0 0 0 0 0 0 0 -0
8K 0 o - 0 0 0 0- 0 0
16K 19 17 - 11 6 5 5 3 2
32K 36 42 29 20 16 14 13 11
64K 143 145 82 4] 32 25 19 15
128K 157 179 85 30 19 10 6 2
256K 312 260 143 65 45 37 31 23
512K 179 231 153 98 57 38 23 12
1Mb 8 28 0 0 0 0 0 0
2Mb 0 0 0 0 0 0 0 0
4Mb 0 0 0 0 0 0 0 0
8Mb 0 0 0 0 0 0 0 0
16Mb 0 0 0 0 0 0 0 0

Total 854 902 502 260 174 128 95 64

% Change from

Previous Year 15 6 44) (48) (33) 27 (25) (33)

Millions of Units
1987 1988 1989 1990 1991 1992 1993 1994

4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 7.3 53 4.5 29 2.1 1.5 1.0 0.5
32K 13.1 11.9 9.8 8.0 6.2 4.7 38 3.0
64K 48.5 38.2 26.5 16.0 11.5 8.0 52 4.0
128K 46.3 45.4 26.4 11.5 6.8 3.0 1.5 0.5
256K 71.6 57.6 42.3 24.0 15.0 11.0 8.0 6.0
512K 222 324 30.2 25.5 15.4 10.0 6.0 3.0
1Mb 0.3 1.3 0 0 0 0 0 0
2Mb 0 0 0 0 0 0 0 0
4Mb 0 0 0 0 b 0 0 0
8Mb 0 0 0 0 0 0 0 0
16Mb 0 0 0 0 0 0 0 0
Total 2093 1921 1397 87.9 57.0 38.2 25.5 17.0
% Change from

Previous Year 9 3 (27) (37) 35) (33) 33) (33)

{Coatimumd)

SIS Memories ©1990 Dataquest Incorporated August &



MOS EPROM—Forecast

Table 2 (Continued)

Worldwide NMOS EPROM Market—Total (UV and OTP)

Average Selling Price

1987 1988 1989 1990 1991 1992 1993 1994
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K $2.62 $3.20 $240 $220 $240 $3.00 $3.40 $3.40
32K $2.77 $3.53 $296 $245 $260 $3.05 $3.50 $3.60
64K $295 $3.79 $3.00 $255 $2.75 $3.10 $3.60 $3.65
128K $3.38 $3.95 3323 $265 $2.85 $320 $3.68 $371
256K $4.36 %452 $3.37 $2.70 $3.00 $335 §$3.85 $3.87
512K $8.06 $7.12 $505 $385 $3.70 $375 $390 $4.00
1Mb $24.32 $22.06 0 0 0 0 0 0
2Mb 0 0 0 0 0 0 0 0
4Mb 0 0 0 0 0 0 0 0
8Mb 0 0 0 0 0 0 0 0
16Mb 0 0 0 0 0 0 0 0
Overal! ASP $4.08 $470 $3.59 $296 $3.06 $3.34 $3.73 $3.78

% Change from
Previous Year 27 15 (23) (18) 3 9 12 1

Sowrce: Dutaquest {(August 1990}

& ©1990 Dataquest Incorporated August SIS w



MOS EPROM—Forecast

Table 3
Worldwide CMOS EPROM Market—Total (UV and OTP)

Millions of Dollars
1987 1988 1989 1990 1991 1992 1993 1994
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 8 19 13 12 13 15 17 17
32K 10 16 11 9 9 10 11 11
64K 84 114 89 83 98 105 114 102
128K 45 80 73 56 63 70 74 65
256K 236 402 372 338 351 332 331 310
512K 75 192 278 230 202 169 156 144
1Mb 38 178 415 550 651 571 464 361
2Mb 0 2 25 96 221 424 517 458
4Mb 0 0 4 57 297 612 766 792
SMb 0 0 0 0 0 5 22 122
16Mb 0 0 0 0 0 0 4 34
Total 496 1002 1,280 1431 1904 2312 2476 2416
% Change from
Previous Year 187 102 28 12 33 21 7 2)
Millions of Units
1987 1988 1989 1990 1991 1992 1993 1994
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 24 3.7 4.0 5.0 50 50 50 5.1
32K 3.1 4.1 3.8 3.7 3.5 33 32 3.0
64K 27.2 28.4 28.7 34.0 35.5 34.0 31.8 28.0
128K 11.2 17.8 22.7 22.5 22.0 220 20.0 17.5
256K 46.9 787 1090 1250 1170 99.0 86.0 80.0
512K 8.7 24.7 51.8 554 54.6 45.0 40,0 36.0
1Mb 1.4 9.3 34.3 64.0 88.0 87.8 80.0 65.0
2Mb 0 0 0.7 58 20.0 53.0 79.5 79.0
4Mb 0 0 0.1 2.1 220 68.0 . 111.0 1320
SMb 0 0 0 0 0 0.1 0.7 53
16Mb 0 0 0 o 0 0 0.1 0.9
Total 100.8 166.8 255.1 3175 3676 4172 4573 4518
% Change from
Previous Year 163 65 53 24 16 13 10 )
(Continusd)
SIS Memories ©1990 Dataquest Incorporated August 7
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MOS EPROM—Forecast

Table 3 (Continued)

“Worldwide CMOS EPROM Market—Total (UV and OTP)
Average Selling Price

1987 1988 1989 1990 1991 1992 1993 19%4
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K $3.36  $505 $322 $245 $255 $3.00 $340 $3.40
32K $3.08 $3.83 $293 $240 3260 $3.05 $3.50 $3.60
64K $3.08 $4.01 $3.11 $245 3275 $3.10 $3.60 $3.65
128K $4.00° $4.47 $322 $250 $2.85 $3.20 $3.68 $3.71
256K $5.04 $5.11 $3.41 $270 $3.00 $335 $3.85 $3.87
512K $8.69 $7.79 38536 $4.15 $3.70 $3.75 $390 $4.00
1Mb $28.27 $19.08 $12.09 $860 $7.40 $6.50 $580 $5.55
2Mb 0 $48.00 $33.82 $16.57 $11.05 $8.00 $6.50 $5.80
4Mb 0 0 $5542 $27.00 $13.50 $9.00 $6.90 $6.00
$Mb 0 0 0 0 $90.00 $4500 $31.00 $23.00
16Mb 0 0 0 0 0 $110.00 $55.00 $38.00
Total $4.92 5601 $502 $451 $5.18 $554 $541 $5.35
% Change from _
Previous Year 9 22 (16) (10 15 7 2) (1)
Soume: Dataquest (August 1950)
8 ©1990 Dataquest Incorporated August SIS Memories



MOS EPROM—Forecast

Table 4
Worldwide MOS UV EPROM Market

Millions of Dollars

1987 1988 1989 1990 1991 1992 1993 1994
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 27 36 23 19 18 20 20 19
32K 46 58 40 28 25 24 25 22
64K 174 227 147 89 84 77 76 66
128K 182 235 145 75 67 59 53 41
256K 479 594 445 322 323 266 244 215
512K 242 402 408 344 243 189 156 127
1Mb 46 200 386 501 576 478 362 263
2Mb 0 2 25 94 213 396 455 390
4Mb 0 0 4 57 294 601 727 729
8Mb 0 0 0 0 0 5 22 122
16Mb 0 0 0 0 0 0 6 34
Total 1,197 1,754 1,624 1,499 1,843 2,114 2,146 2,027

% Change from
Previous Year 42 47 ¢)) (8) 23 15 2 (6)

Millions of Units

1987 1988 1989 1990 1991 1992 1993 1994
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 9.7 9.0 8.4 7.9 7.1 6.5 6.0 56
32K 16.2 16.1 13.7 11.7 9.7 8.0 7.0 6.0
64K 56.3 60.2 46.0 34.9 304 24.8 21.1 18.0
128K 50.3 56.9 43.9 28.6 23.1 18.3 14.5 11.0
256K 100.8 1193 1275 118.7 1009 79.3 63.5 55.6
512K 29,0 51.1 75.7 74.8 64.0 49.1 40.0 31.8
1Mb 1.7 10.3 319 57.6 76.5 72.8 62.4 47.4
2Mb 0 0 0.7 5.7 19.0 48.8 70.0 67.2
4Mb 0 0 0.1 2.1 21.8 660 1054 1215
SMb 0 0 0 0 0 0.1 0.7 53
16Mb 0 0 0 0 0 0 0.1 0.9
Total 264.1 3229 3479 3420 3525 3737 3907 3703

% Change from
Previous Year | 22 8 (2) 3 6 5 5

(Contirased)
SIS Memories ©1990 Dataguest Incarporated August 9
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MOS EPROM—Forecast

4K
8K
16K
32K
64K
128K
256K
512K
1Mb
ZMb
4Mb
8Mb
16Mb

Total
Source: Dutaguest (August 1990)

10

Worldwide MOS UV EPROM Market

Table 4 (Continued)

Average Selling Price

1987 1988 1989 1990 1991 1992
0 0 0 0 0 0

0 0 0 0 0 0
$2.80 $396 $2.79 $243 3255 $3.00
$2.83 $3.61 $295 $243 $260 $3.05
$3.08 $3.77 $3.20 $254 $277 $3.10
$3.62 $4.13 $3.29 $261 $2.88  $3.20
$4.75 $498 $349 $2.71 $3.20 $3.35
$8.35 $7.87 $539 $4.20 $380 $3.85
$27.53 $19.47 $12.09 $870 §7.53  $6.57
0 0 $33.82 $16.57 $11.20 $8.12

0 0 $5542 $27.00 $13.50 $9.11

0 0 0 0 $90.00 $45.00

0 0 0 0 0 $110.00
$4.53 $543 $467 $4.38 $523  $5.66

©1990 Dataqguest Incorporated August

1993

0

0
$3.40
$3.50
$3.60
$3.68
$3.85
$3.90
$5.80
$6.50
$6.90
$31.00
$55.00

$5.49

SIS Memories

1994

0

0
$3.40
$3.60
$3.65
$3.71
$3.87
$4.00
$5.55
$5.80
$6.00
$23.00
$38.00

$5.48



MOS EPROM—Forecast

4K
8K
16K
32K
64K
128K
256K
512K
1IMb
2Mb
4Mb

Total
% Change from
Previous Year

4K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
4Mb

Total

SIS Memories
0007566

Worldwide MOS -OTP EPROM Market Value

Millions of Dollars
1988 1989 1990 1991
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
21 25 34 39
22 14 13 14
66 68 74 79
37 27 21 19
5 24 48 73
0 0 1 9
0 0 0 2
151 159 191 236
0 5 20 24
Millions of Units
1988 1989 1990 1991
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
6.5 9.2 15.1 16.6
6.2 52 54 5.7
17.0 23.8 303 31.1
6.0 6.3 57 6.0
0.3 2.4 6.4 11.5
0 0 0.1 1.0
0 0 0 0.2
36.0 46.9 63.0 72.1
©1990 Dataquest Incorporated August

Table 5

1992 1993 1994
0 o -~ 0
0. 0 0
0 0 0
0 0 0

45 49 4
18 22 23
87 100 104
19 20 25
84 87 86
29 53 61 |
15 33 56

298 364 398
26 22 9

1992 1993 1994
0 0 0
0 0 0
0 0 0
0 0 0

17.2 15.9 14.0

6.7 7.0 7.0
30.7 30.5 304
5.9 6.0 7.2
15.0 17.6 17.6
4.2 9.5 11.8
20 5.6 10.5
81.7 921 98.5
(Cootirned)

1



MOS EPROM—Forecast

4K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
4Mb

Overall ASP
Soare: Detaquest (Aogust 1990)

- 12

Table 5§ (Continued)
Worldwide MOS OTP EPROM Market Value

Average Selling Price

1987 1988 1989 199 1991 1992 1993 1994

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

264 329 266 225 234 260 0 0

292 354 278 233 251 2.72 0 0

3.67 3.86 2.87 2.45 2.55 2.85 327 341

756 616 427 372 318 326 339 352

0 1605 1020 745 636 558 494 489

0 0 0 14.11 946 690 557 515

0 0 0 0 148 774 590 530

327 419 338 303 328 365 395 4.04
©1990 Dataquest Incorporated August SIS Memorics
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MOS EPROM--Forecast

Dataquest's MOS EPROM data consist of revenue, unit shipments, and prices for
MOS EPROM product lines. Table 1 lists the top-level market data for all of the tables.
The data include all EPROM revenue, regardless of the technology employed (NMOS or
CMOS) or package type (plastic or ceramic). The tables included in these data are as

follows:
.
'

Table 1--MOS EPROMs—Total Worldwide Market

Table 2——Worldwide NMOS EPROM Market--Total (UV and OTP)

Table 3—Worldwide CMOS EPROM Market—Total (UV and OTP)

Table 4—Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)
Table 5—Worldwide NMOS UV EPROM Market

Table 6—Worldwide CMOS UV EPROM Market

Table 7—Worldwide MOS OTP EPROM Market—Total (NMOS and CMOS)
Table 8--Worldwide NMOS OTP EPROM Market

Table 9—Worldwide CMOS OTP EPROM Market

SIS Prod., Mkt., & Tech. © 1989 Dataquest Incorporated August 1
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MOS EPROM--Forecast

Table 1

MOS EPROMs—Total Worldwide Market

Millions of Dollars
1986 3987 1988 1989 1990 1981 1992 1993
4K 1] 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K $35 8 27§ 338 31 8 288 288% 268% 26
32K 48 46 50 45 40 36 34 31
64K 266 227 254 247 220 216 172 122
128K 163 201 254 239 194 121 103 89
256K 320 548 634 592 512 439 418 393
512K 68 254 449 496 395 317 255 216
IMb 12 46 176 521 741 757 651 554
2Mb 0 0 0 11 25 119 445 648
4Mb Q0 0 is 77 182 536 802 1,096
8Mb Q \] Q Q Q 0 _5 136
Total $913 $1,350 51,868 $2,258 $2,338 $2,569 $2,911 §3,312
% Change from
Previous Year 4% 48% 38% 21% 4% 10% 13% 14%
Millions of Units
1986 1987 1988 1989 1990 199r 1992 1993
4K ¢ 1) 0 0 0 0 0 0
3K 1) 0 0 0 0 0 0 0
16K 14.7 9.7 B.6 7.8 7.0 6.8 6.4 6.2
32K 21.6 16.2 13.9 11.6 16.0 8.8 8.0 7.3
64K 99,6 75.7 65.3 61.0 54.0 52.0 40,0 28.0
128K 57.3 57.6 61.9 58.0 47.0 28.8 23.6 20.1
256K 760.0 118.4 130.8 130,.0 122.,0 102.0 95.0 86.0
512K 5.7 30.9 60.9 78.0 77.5 69.0 54.0 45.0
iMb 0.2 1.7 9.0 37.2 68.0 88.0 87.8 85.0
2Mb 0 0 0 0.3 1.4 10.0 50.0 82.0
4Mb 0 0 0.2 1.7 7.0 36.0 81.0 126.0
gMb Q 1] 0 0 1] Q 0.1 4.0
Total 269,1 310.1 350.7 385.6 393.9 401.4 44S5.9 489.6
% Change from
Previous Year 10% 15% 13% 10% 2% 2% 11% 10%
(Continued)
2 ©® 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech.
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4K
8K
16K
32K
64K
128K
256K
512K
IMb
2Mb
4Mb
8Mb

Overall ASP

% Change from
Previous Year

SIS Prod., Mkt., & Tech.
0004718
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Table 1 (Continued)

MOS EPROMs-—--Total Worldwide Market

Average Selling Price (§)

1986 1987 1986 193¢ 1990 1991 1992 1993

-
[-- 3R~ 0 VI
-k ooo

# o 0 o
[ S I LU
-

-

$ 4.57

$11.96

$56.87

$ 3.39

(5%}

0 0 0 0 0 0 0
0 0 0 0 0 0 0
£ 2.80 § 3.88 % 4.00 & 4.00 § 4.07 & 4.10 $ 4.20
£ 2.83 $ 3.57 $ 3.88 § 4.04 $ 4.10 $ 4.20 § 4.25
$ 3.00 8 3.890 % 4.05 ¢ 4.08 ¢ 4.15 $ 4.30 § 4.35
$ 3.50 § 4.10 $ 4.12 $ 4.12 § 4.20 § 4.35 § 4.45
$ 4.63 §$ 4.85 $ 4.55 § 4.20 $ 4.30 $ 4.40 § 4.57
$ 8.23 § 7.36 $ 6.36 $ 5.10 § 4.60 § 4.72 § 4.80
$27.54 $19.51 $14.00 $10.90 & 8.60 $ 7.42 § 6.52
0 0 $35.00 $18.00 $11.90 $ 8.90 § 7.90
0 $80.00 $45.00 $26.00 $14.90 § 9.90 § 8.70
0 0 o 0 $90.00 $50.00 $34.00
$ 4.35 § 5.33 $ 5.85 § 5.94 $ 6.40 $ 6.53 § 6.76
28% 22% 10% 1% 8% 2% 4%
Source: Datagquest
August 1989
@ 1989 Dataquest Incorporated August 3



MOS EPROM--Forecast

Table 2

Worldwide NMOS EPROM Market—Total (UV and OTP)

Milljons of Dollars

1986 1987 1988 1989 1890 1991 1992 1993
4K 0 0 0 (] 0 0 0 0
8K 0 o o 0 0 0 0 0
16K £35 $19 $£18 $12 $11 & 9 $ 8 § 7
32K 44 36 42 14 26 23 21 18
64K 206 143 145 90 57 45 36 23
128K 152 157 174 144 107 58 43 32
258K 237 312 262 163 116 80 81 52
512K 63 179 279 236 138 87 50 29
1Mb 3 8 28 94 56 25 15 11l
2Mb 0 0 0 0 0 0 0 0
4Mh 0 0 0 ] a 0 0 0
8Mb 1] 0 0 0 Q 0 0 0
Total $740  $854  $949  $773 $510  $327  $253  $173

% Change from
Previous Year (6%) 15% 11%  (18%) (34%) (36%) (23%) (31%)

Milljons of Units

1986 1987 1988 1989 1990 1991 1992 1993
4K 0 0 0 0 0 a 0 0
8K 0 0 o 0 o ) 0 0
16K 14,7 7.3 5.6 3,5 2.9 2,4 1.9 1.7
32K 13.9 13,1 11.9 3.3 7.0 5.8 5.0 4.3
64K 82.5 48.5 38.3 24.0 15.0 11.5% 8.5 5.4
128K 55.4 46.3 44.1 36.1 26.8 14.1 10.1 7.6
256K 53.8 71.6 58.0 38.0 28.0 19.0 18.8 11.5
512K 5.4 22.2 39.2 37.%5 27.5 1%¢.4 11.0 6.0
1Mb 0.1 0.3 1.3 5.2 5.0 2.8 2.0 1.7
2Mb 0 0 0 0 0 0 0 0
4Mb 0 0 0 0 0 0 o] 0
8Mb 0 0 0 0 Q 0 g __ 0
Total 230.9 209.3 198.3 153.6 112,2 75.0 57.3 38.2

% Change From
Previous Year 3% (9%) (5%) (23%) (27%) (33%) (24%) (33%)
{Continued)
4 ©® 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech.
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MOS EPROM-—-Forecast

Table 2 (Continued)

Worldwide NMOS EPROM Market—Total (UV and OTP)

4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb
8Mb
Overall ASP

% Change from
Previous Year

SIS Prod., Mkt., & Tech.
0004718

0

0
2.40
2,32
2.49
2.75
4.40
$11.73
$48.50

o o 1 I

$ 3.21

(7%)

Average Selling Price (§)
1986 1987 1984 1689 1990 1991
0 0 0 0 0
0 0 0 0 0
$ 2,62 $ 3.22 8§ 3.55 § 3.60 $3.80
$ 2.77 $ 3.53 § 3.65 $ 3.75 $£3.90
$ 2.95 $ 3.80 $ 3.75 § 3.80 $3.95
$ 3.38 § 3.95 § 4.00 $ 4.00 $4.10
$ 4.36 $ 4.52 $ 4.30 $ 4.14 $4.20
$ 8.06 $ 7.12 $ 6.28 $ 5.00 $4.50
$24.32 $22.06 $18.00 $11.20 $£8.80
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
$ 4.08 $ 4.78 $ 5.03 $ 4.55 $4.36
27% 17% 5% (10%) (4%)
Source:

@© 1989 Dataquest Incorporated August

1%

$4.20
$4.25
$4.30
$4.40
$4.48
$4.75
$6.55

$4.53

3%

Dataguest
August 1989



MOS EPROM--Forecast

Table 3
Worldwide CMOS EPROM Market—Total (UV and OTP)

Milliong of Dollars

1986 1987 1988 1989 1990 1991 1992 1993
4K 0 0 0 0 0 . 0 0 0
BK 0 0 0 0 0 0 0 o
16K 0 $§ 8 $16 $ 19 8§ 17 % 18 % 19 8 19
32K 5 7 10 8 ] 13 13 13 13
64K 65 84 109 152 168 172 135 a8
128K 7 45 80 96 84 62 59 56
256K 80 236 372 415 400 359 337 340
512K 4 75 170 258 265 231 204 189
1¥b 9 38 148 448 674 733 639 543
2Mb 0 0 0 11 25 119 445 648
4Mb 0 0 18 77 182 536 8302 1,096
8Mb Q Q 0 0 1] Q 5 __.136
Total $173 $456 $920 $1,485 $1,827 $2,.243 $2.658 $3,138

% Change from
Previous Year 60% 187% 85% 61% 23% 23% 19% 18%

Millions of Units

1986 1987 1988 1989 1990 1961 1992 1993
4K 0 0 0 o 0 o 0 0
8K 0 0 0 0 0 0 0 0
16K g 2.4 3.1 4.3 4.1 4.4 4.5% 4.5
32K 2.7 3.1 2.0 2.3 3.0 3.0 3.0 3.0
64K 17.1 27,2 27.0 37.0 39.0 40.5 31.5 22,6
128K 1.9 11,2 17.8 21.9 20.2 14.7 13.5 12.5
256K 16,2 46,9 72.8 92.0 94.0 83.0 76,2 74.5
512K 0.3 3.7 21.7 40.5 50.0 49.6 43,0 39.0
1MDb 0.1 1.4 7.8 32.0 63.0 85.2 a5.8 83.3
2Mb 0 0 Q 0.3 1.4 10.0 50.0 82.0
4Mb 1) 0 0.2 1.7 7.0 36.0 81.0 126.0
8Mb Q 0 4] 0 o} Q 0.1 4.0
Total 38.3 100.8 152.4 232.0 281.7 326.4 388.6 451.4

% Change from
Previous Year 82% 163% 51% 52% 21% 16% 19% 16%
{Continued)
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MOS EPROM-~Forecast

Table 3 (Continued)

Worldwide CMOS EPROM Market—Total (UV and OTP)

4K
8K
16K
32K
64K
128K
256K
512K

Z2Mb
4Mb
aMb
Overall ASP

% Change from
Previous Year

SIS Prod., Mkt., & Tech.
0004718

0 0
0 0
0§ 3.36
$ 2.71 § 3.08
$ 3.80 § 3.08
$ 3.89 § 4.00
$ 4.93 5§ 5.04
$13.95 § 8.69
¥62.62 $28.27
0 0
0 0
Q Q

$ 4.52 § 4.92

9%

Average Sellipg Price ($)

1986 1987 1988 1989 1990 1991 1992 1993
0 0 0 0 0 )
0 0 0 0 0 o]
$ 5.08 $ 4,50 § 4.20 $ 4.10 $ 4.20 § 4.20
$ 3.81 8 3.90 $ 4.30 $ 4.20 § 4,20 & 4.25
$4.02 $ 4,10 § 4.30 § 4.25 § 4.30 § 4.35
$ 4.47 $ 4.40 $ 4.15 § 4.25 $ 4.38 § 4.45
$ 5.11 § 4.51 & 4.25 $ 4.32 § 4.42 3 4.57
$ 7.80 $ 6.38 § 5.30 $§ 4.65 § 4.75 $ 4.85
$19.09 $14.00 $10.70 & 8.60 & 7.45 § 6.52
0 $35.00 $18,00 $11.90 § B8.90 § 7.90
$80.00 $45.00 $26.00 $14.90 § 9.90 $ 8.70
0 0 0 $90.00 §£50.00 $34.00
$ 6.03 $ 6,40 $ 6.49 $ 6.87 § 6.84 § 6.95
23% 6% 1% 6% 0 2%

Source: Dataquest

August 1989

® 1989 Dataquest Incorporated August



MOS EPROM--Forecast

Table 4
Worldwide MOS UV EPROM Market-—-Total (NMOS and CMOS)

Millions of Dellars
1986 1287 1988 1989 1990 1991 1992 1993

4K 0 0 o 0 0 0 0 0

8K 0 +] 0 0 0 0 0 0
16K $358 278 33% 328 28§ 278 278% 26
32K 46 46 50 43 39 35 i3 31
64K 256 174 232 228 213 215 173 125
128K 150 182 234 229 186 i19 103 91
256K 272 478 574 536 494 425 412 387
512K 68 246 414 409 333 265 204 181
1Mb 12 46 171 507 632 605 485 458
2Mb 0 0 0 11 24 86 389 546
4Mbh 0 0 18 17 163 486 721 896
8Mb ’ 0 0 0 0 0 0 5 136

Total $840 $1,199 $1.726 $2,070 $2,111 $2,264 $2,552 $2,877

% Change from
Previous Year {5%) 43% 44% 20% 2% 7% 13% 13%

Millions of Units
1986 1987 1988 1989 1990 1991 1992 1993

4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 14.7 9.7 8.6 7.8 7.0 6.8 6.4 6.2
32K 20.7 16.2 13.9 11.6 14.0 B.8 8.0 7.3
64K 93.9 56.3 58.8 56.1 51.0 50.4 39.5 28.0
128K 52.2 50.3 55.8 53.9 44.6 27.8 23.4 20.1
256K 57.% 100.8 115.3 117.0 112.7 95.1 89.3 81.5
512K 5.7 29.0 55.0 63.0 61.8 55.0 41.9 34.5
1Mb 6.2 1.7 8.7 34.2 57.0 68.0 63.8 61.5
2Mb ) 0 0 0 0.3 1.3 7.0 42.0 65.0
4Mb 0 0 0.2 1.7 6.2 32.0 70.0 106.0
8Mb Q 0 Q 0 Q Q 0.1 4.0
Total 244.8 264.1 316.3 345.6 351.6 350.9 384.4 414.1

% Change from
Previous Year 0 8% 20% 9% 2% 0 10% 8%
{Continued)
8 ® 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech,
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MOS EPROM--Forecast

Table 4 (Continued)

Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb
8Mb
Overall ASP

% Change from
Previous Year

SIS Prod., Mkt., & Tech.
0004718

Average Selling Price (§)

1986 1987 1988 1989 190¢ 1991 1992 1993

0 0 0
0 )] 0
4.07
3.70
4.06
4.24
4.58
6.49
19.63 $14.82
0 0 $35.00
0 0 $45.00
0 0 0

o 0 O O T OF O
[P
-
o
L]
o o Oy B2 b Ty W
19
-
™~
o
& o o 1 Y O

$ 4.54 § 5.46 $ 5.99

32% 20% 10%

0

0
3.95
3.92
4.18
4.17
4.38
5.39
£11.09
$18.45
$26.25
0

L

$ 6.01

o

0
3.99
4.00
4.26
4.28
4.47
4.82
8.90
$12.25
$15.20
$90.00

W i Bt & O T B

$ 6.45

7%

Source:

o 0

0 0
£ 4.16 § 4.20
$ 4.17 § 4.25
$ 4.37 § 4.46
§ 4.40 § 4,53
$ 4.62 § 4.75
$ 4.87 8§ 5.25
$ 7.60 § 7.45
$ 9.26 § 8.40
$10.30 § 8.45
$50.00 $34.00
$ 6.64 § 6.95

3% 5%

Datagquest

August 1989

© 1989 Dataquest Incorporated August



MOS EPROM—Forecast

Table 5

Worldwide NMOS UV EPROM Market

Millions of Dollarg

| 1986 1987 1988 1989 1990 1991 1992 1993
4K } 0 0 0 0 0 o o 0
8K 0 0 0 0 0 0 0 0
16K $ 35 $ 19 $ 18 $ 12 $ 10 5§ 9 $ 8 $ 7
32K 39 36 42 34 26 23 21 13
64K 193 122 135 85 54 414 36 23
123K 143 137 161 139 104 57 43 34
256K 202 252 239 149 106 74 62 48
812K 63 172 249 175 106 66 35 16
iMb 3 8 28 94 56 25 15 12
2Mb 0 0 0 0 0 0 0 0
4Mb 0 o ] 0 0 0 0 0
3Mb 1] 0 0 Q 0 0 ] 90

Total $679 $745 $872 $688 $462 $297 $220 $158

% Change from
Previous Year {13%) 10% 17%  (21%)  (33%) (36%) (26%) (28%)

Millions of Units

1986 1987 1988 1989 1990 1991 1992 1983
4K 0 0 0 0 0 0 0 0
8K 0 0 0 ‘0 0 0 Q 0
16K 14.7 7.3 5.6 3.5 2.9 2.4 1.9 1.7
32K 18.1 13.1 11.9 9.3 7.0 5.8 5.0 4.3
64K 77.6 40.6 35.1 22.1 14.0 11.1 8.5 5.4
128K 50.3 39.5% 29.7 33.8 25.6 13.7 10.1 7.6
256K 43.4 56.9 51.7 33.9 25.0 6.9 14.0 10.5
512K 5.4 20.4 34.3 27.5 20.5% 14.4 7.4 3.0
1Mb 0.1 0.3 1.3 5.2 5.0 2.8 2.0 1.7
2Mb o a 0 0 0 0 0 0
4Mb Q o 0 0 0 0 0 0
8Mb 0 0 0 _0 0 -9 0 _0
Total 209.5 178.1 179.5 135.3 100.0 67.1 43.9 34.2

% Change from
Previous Year (7%} (15%) 1% (25%) (26%) (33%) (27%) (30%)
{Continued)
10 © 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech.
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MOS EPROM--Forecast

Table 5 {(Continued)

Worldwide NMOS UV EPROM Market

41K 0
8K 0
16K $ 2.40
32K $ 2.17
64K $ 2.49
128K $ 2.84
256K § 4.65
512K $11.82
1Mb $48.50
ZMb 0
4Mb 0
8Mb 0

Overall ASP $ 3.24

% Change from
Previous Year (7%)

0

0
2.62
2.77
3.00
3.48
4,42
8.40
24.32
0

0

0

o 00N e me

$ 4.18

{29%)

Averaqge Selling Price ($)

1986 1987 i98g 1989 1990 1991 1992 1993
0 0 0 0 0 0
0 0 0 0 0 0
$ 3.22 $3.55 $ 3.60 $3.80 $4.05 $4.20
$ 3.53 $ 3.65 $ 3.75 $3.90 $4.15 $4.25
$3.85 $3.85 $ 3.85 $3.95 $4.20 $4.30
$ 4.06 $ 4.12 § 4.05 $4.15 B4.30 $4.45
$ 4.62 § 4.40 $ 4.25 $4.35 $4.45 $4.55
$ 7.26 $ 6.35 $ 5.15 $4.60 $4.75 §$5.20
$22.06 $18.00 $11.20 $8.80 $7.45 87.30
0 0 0 0 0 0
H 0 0 0 0 0
0 0 0 0 0 0
$ 4.86 $ 5.09 & 4.62 $4.42 $4.50 $4.63
16% 5% {9%) {4%) 2% 3%

Source: Datagquest

SIS Prod., Mkt., & Tech.
0004718

© 1989 Dataquest Incorporated August

August 1989
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MOS EPROM--Forecast

Table 6

Worldwide CMOS UV EPROM Market

Millions of Dollars

1986 1987 1988 1989 1990 1991 = 1992 = 1993

4K 0 0 0 0 0 ¢ 0 0
8K 0 0 0 0 0 0 0 0
16K 0 $ 8 $16 § 19 § 17 & 18 § 19 § 19
32K $ 7 10 8 9 13 13 13 13
64K 63 52 97 143 159 171 137 102
128K 7 45 73 89 82 62 60 57
256K 70 226 338 386 388 352 350 339
512K 4 75 164 234 228 199 169 165
1Mb 9 38 143 413 576 580 470 446
2Mhb aQ 0 1] 11 24 86 389 546
4Mh 0 0 1g 77 163 486 721 896
SMb 0 0 0 0 Q 1] 5 136
Total $161 $454 $£855 $1,382 $1,649 $1,967 §2,332 $2.719
% Change from
Previous Year 54% 181% 88% 62% 19% 19% 19% 17%
Milliong of Unjts

1986 1987 1988 19389 1990 19491 1992 1993

4K 0 0 (] 0 0 0 0 0
8K 0 0 0 ] 0 0 0 0
16K 0 2.4 3.1 4.3 4.1 4.4 4.5 4.5
32K 2,7 3.1 2.0 2.3 3.0 3.0 3.0 3.0
64K 16.3 15.8 23.7 34,0 37.0 3.3 31.0 22.6
128K 1,9 1l0.8 16.1 20,1 19.0 14,1 13.3 12.5
256K 14.1 43.9 63.6 83.1 87.7 78.2 75.3 71.0
512K 0.3 8.6 20,7 35.5 41.3 40.6 34.5 31.%
IMb 0.1 1.4 7.5 29.0 52.0 65.2 61.8 59.8
2Mb 0 0 0 0.3 1.3 7.0 42.0 65.0
4Mb 0 0 0.2 1.7 6.2 32.0 70.0 106.0
8Mb Q 4] 0 0 0 1] 0,1 4,0
Total 35.3 86.0 136.8 210.3 251.6 283.8 335.5 3749.9

% Change from

Previous Year 76% 143% 59% 54% 20% 13% 18% 13%
{Continued)

12 ® 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech.
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4K
8K
16K
32K
64K
128K
256K
512K
iMb
2Mb
4Mb
8Mb

Overall ASP

% Change from
Previous Year

SIS Prod., Mkt., & Tech.
0004718

MOS EPROM--Forecast

Table 6 (Continued)

Worldwide CMOS UV EPROM Market

Average Selling Price ($)

1986 1987 1988 1989 1990 1991 1992 1993
0 0 0 0 0 0 0
Q 0 0 0 0 0 o
$ 3.36 $ 5.08 § 4.50 & 4.20 $ 4.10 § 4.20 $ 4.20
$ 3.08 § 3.81 8% 3.90 § 4.30 $ 4.20 $ 4.20 § 4.25
$ 3.30 $ 4.10 $ 4.20 § 4.30 $ 4.35 § 4.42 § 4.50
£ 4.15 § 4.55 § 4.45 $ 4.32 § 4.40 § 4.48 § 4.58
$ 5.15 $ 5,27 $ 4.65 $ 4,42 $ 4.50 $ 4.65 § 4.78
$ 8.69 & 7.95 § 6.60 § 5.51 § 4.90 § 4.90 § 5.25
$28.27 $19.21 $14.25 $11.08 § 8.90 $ 7.60 § 7.45
0 0 $35.00 $18.45 $12.25 § 9.26 § 8.40
0 $80.00 $45.00 $26.25 $15.20 $10.30 § 8.45
o 0 0 0 $90.00 $50.00 $34.00
$ 5.28 $ 6.25 § 6,57 § 6.56 $ 6.93 $ 6.95 § 7.16
16% 18% 5% 0 6% 0 3%

Source: Dataquest
August 1989
© 1989 Dataquest Incorporated August 13



MOS EPROM--Forecast

Table 7
Worldwide MOS OTP EPROM Market—Total (NMOS and CMOS)

Milljons of Dollars

1986 1987 1988 1989 1990 1991 1992 1993
4K 0 0 0 Q Q 0 0 0
8K 0 0 0 0 c 0 0 0
16K Q 0 0 0 0 0 0 0
32K $§1 0 Q Q 1) 0 y; 0
64K 12 $§51 $21 §$ 16 $10 §& 5§ 3 2 0
128K 12 21 20 14 ] 3 1 0
256K 46 65 61 47 32 24 21 $ 17
512K 0 14 35 78 65 54 47 44
iMb 11 o 5 34 94 141 144 123
2Mb 0 0 0 0 1 29 58 111
4Mb 0 Q 0 0 17 48 87  _l40
Total $72 $151  $142 $138 $227 $305 $359 $435

% Change from
Previous Year 259% 111% (6%) 32% 20% 35% 18% 21%

Millions of Units

1986 1987 1988 1989 1990 1991 1992 1993
4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 0 0 0 0 0 0 0 0
32K 0.9 0 0 0 0 0 0 0
64K 5.7 19.3 6.5 4.9 3.0 1.6 0.5 0
128K 5.2 7.2 6.2 4.1 2.4 1.0 0.2 0
256K 12,5 17.6 15.5 13.0 9.3 6.9 5.7 4.5
512K 0 1.3 6.0 15.0 15.7 14.0 12.1 10.5
1Mb 0 o 0.3 3.0 11.0 20,0 24.0 23.5
2Mb 0 0 0 0 g.1 3.0 8.0 17.0
4Mb 0 0 0 Q 0.8 4.0 11.0 20.0
Total 24.2 46.0 34.5 40.0 42.3 50.5 61.5 75.5

% Change from
Previous Year 192% 90% (25%) 16% 6% 19% 22% 23%
{Continued)
14 © 1989 Dataquest Incorporated August‘ SIS Prod., Mkt., & Tech.

0004718



4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb

Overall ASP

SIS Prod., Mkt., & Tech.
0004718

MOS EPROM--Forecast

Table 7 (Continued)
Worldwide MOS OTP EPROM Market—Total (NMOS and CMOS)

Average Selling Price ($)

1986 1987 1988 1989 1990 1991 1992 1993

ﬁﬂﬁ%aﬂ

o wWwhn

LI I N

ol O =)
COQ0WW=-IFHFWMmO OO

$ 2.95

(== = )

oo 00

[ I e e B }

$2.64 $ 3.17 § 3.22
$2.92 $ 3.31 § 3.38
$3.67 $ 3.96 § 3.64
$7.56 § 5.89 $ 5.17

0 $15,30 $11.22

0
0

¢
0

0
0

0 0

0 0

0 0

0 0

$ 3.23 B 3.39
$ 3.32 § 3.40
$ 3.43 § 3.51
$ 4.13 § 3.83
$ 8.56 § 7.05
$14.50 § 9.70
$20.80 $12.10
$ 6.04

$3.27 $ 4.13 § 4.71 $ 5.36

Source:

© 1989 Dataquest Incorporated August

=M= el

0
$3.49
$3.52
$3.64 $3.78
$3.89 $4.18
$6.00 $5.25
$7.25 $6.55
$7.88 $6.99

Qo000

$5.84 $5.77

Dataquest
August 1989
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MOS EPROM~-Forecast

Table 8

Worldwide NMOS OTP EPROM Market

Milliong of Dollars

1986 1987 1988 1989 1990 1591 1992 1993
4K 0 0 Q o 0] 0 0 0
8K 0 Q 0 0 0 0 0 )]
16K 0 g 0 0 0 0 0 0
32K $£1 0 0 0 Q Q 0 Q
64K 10 $ 19 $10 36 $3 $1 0 0
128K 12 20 14 8 4 1 0 ]
256K 33 52 23 14 10 7 5 34
512K 0 13 28 52 28 19 14 12
1Mb 0 0 0 0 0 0 0 o
2Mb 0 0 0 0 ) 0 0 o
4Mb 0 0 0 V] 0 90 -0 90
Total $61 $105 $£76 $80 $45 $29 $19 $l6
% Change from
Previous Year 266% 72% (28) 5 (44) (36) (32) (19)
Millions of Units
1986 1987 1988 1939 1990 1991 1992 1993
4K N/A N/A N/A N/A N/A N/A N/A N/A
8K N/A N/A N/A N/A N/A N/A N/A  N/A
16K N/A N/A N/A N/A N/A N/A N/A N/A
32K 0.9 N/A N/A N/A N/A N/A N/A  N/A
64K 4.9 7.9 3.2 1.9 1.0 0.4 0 0
128K 5.2 6.8 4.5 2.3 1,2 0.4 Q 0
256K 10.4 14,7 6.3 4.1 3.0 2.1 1.5 1.0
812K 0 1.8 4.9 10.0 7.0 5.0 3.6 3.0
IMb N/A N/A N/A N/A N/A  N/A  N/A  N/A
2Mb N/A N/A N/A N/A N/A N/A N/A  N/A
aMb N/A N/A N/A N/A N/X N/A N/A N/A
Total 1.4 31.2z 18.83 18.3 12.2 7.9 5.1 4.0
{Continued)}
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1K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
4Mb

Overall ASP

N/A = NHot Available

SIS Prod., Mkt.; & Tech.
0004718

MOS EPROM--Forecast

Table 8 (Continued)

Worldwide NMOS OTP EPROM Market

1986

N/A
N/A
N/A
$ 1.75
$1.96
$ 2.27
$ 3.63
$10.00
N/A
N/A
N/A

$ 2.35

1987

H/A
H/A
B/A
N/A
$2.42
$2.90
$3.58
$7.55
B/A
N/A
N/A

$3.36

©® 1989 Dataquest Incorporated August

Average Selling Price ($)

1988 1939 1990 1991
N/A N/A H/7A N/A
H/A N/A N/A N/A
H/A N/A H/A N/A
H/A N/A H/A N/a
$3.08 §$3.10 $2.90 $3.22
$3.20 $3.25 §$3.20 §$3.28
$3.68 $3.50 $3.40 $3.40
$5.80 £5.20 $4.00 $3.80
N/A N/A N/A R/A
N/A N/A H/A N/A
R/A H/A N/ H/A
$4.02 $4.36 $3.68 $3.64
Source:

1992 1993
N/A N/A
N/A N/A
H/A HN/A
N/A N/A

o 0
Q 0
$3.60 $3.70
$3.90 $4.00
N/A H/A
H/A HN/A
N/A N/A
$3.81 $£3.93
Dataquest

August 1989
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MOS EPROM--Forecast

Table 9
Worldwide CMOS OTP EPROM Market

Milljons of Dellars

1986 1987 1988 1989 1990 1991 1992 1993
4K 0 Q 0 0 0 o 0 0
8K 0 0 0 0 0 0 0 0
16K 0 0 0 0 0 0 0 0
32K 0 o 0 0 0 0 0 0
64K $ 2 $32 511 $ 10 $ 7 $§ 4 $§ 2 0
128K Q 1 6 6 4 2 1 0
256K 9 12 a8 3 22 17 15 § 13
512K 0 0 7 26 37 35 33 32
1Mb 0 0 5 34 94 141 144 123
2Mb 0 0 0 0 1 29 58 111
4Mb 9 0 Q Q 17 48 81 140
Total $11 $46 $67 $109 $182 $276 $339 $420

% Change from
Previous Year 228%  330%  46% 63% 67% 52% 23% 24%

Millions of Units
1986 1987 1988 1989 1990 1991 1992 1993

4K N/a N/A N/A N/A N/A N/A N/A N/A
8K N/A N/a N/A N/A N/A N/A N/A N/A
16K CN/A N/A N/A N/A N/A N/A N/A N/A
32K N/A N/A N/A N/A /A N/A N/A N/A
64K 0.8 11.4 3.3 3.0 2.0 1.2 0.5 0
128K 0 0.4 1.7 1.8 1.2 0.6 0.2 1]
256K 2.1 3.0 9,2 8.9 6.3 4.8 4,2 3.5
512K 0 0.1 1.1 5.0 8.7 9.0 8.5 7.5
1Mb 0 ] 0.3 3.0 11.0 20.0 24.0 23.5
2Mb N/A N/A N/A 0 0.1 3.0 8.0 17.0
4Mb N/A N/A N/A 0 0.8 4.0 11.0 20.0
Total 2.9 14.8 15.6 21.7 30.1 42.6 56.4 71.5
{Continued)
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Table 9 (Continued)
Worldwide CMOS OTP EPROM Market

Average Selling Price ($)
1986 1987 1988 1689 1990 1991 1992 1993
4K N/A H/A N/A N/a N/A N/A
8K N/A H/A N/A N/A - N/7A N/A
16K N/A N/A N/A H/A B/A N/A
32K N/A N/A N/A N/A N/A B/A
64K $ 2.35 $2.80 § 3.25 § 3.30 § 3,40 § 3,44
128K $ 2.80 $3.20 $ 3.60 $ 3,55 § 3.43 § 3.48
256K $ 4.22 $4.10 $ 4.15 $ 3.71 $ 3.45 § 3.56
512K $11.30 $7.90 § 6.30 $ 5.12 § 4.24 § 3,85
1ML N/A N/A $15.30 $11.22 & 8.56 § 7.05
2Mb N/A N/A N/A B/a $14.50 § 9.70
4Mb H/A N/A N/A 0 $20.80 $12.10
}
Overall ASP $ 3.71 $3.09 § 4.27 § 5.00 8§ 6.04 $ 6.49

HN/A = Not Available

Source:

SIS Prod., Mkt., & Tech. ® 1989 Dataquest Incorporated August
0004713 ‘

N/A H/A
N/A N/A
N/A /A
N/A N/A
$3.49 0
$3.52 0
$3.65 $ 3.80
£3.88 $ 4.28
$6.00 % 5.25
$7.25 $ 6.55
$7.88 $ 6.99
$6.02 § 5.87

Dataquest
August 1989
19



MOS EPROM--Forecast

THE MARKET—1988

Worldwide MOS EPROM revenue totaled $1.87 billion in 1988, growing 38 percent in
revenue over a 1987 total of $1.35 billion, with strong growth expected to continue
through 1989. Intel maintained its lead with more than 18.0 percent unit share of the
worldwide market, followed by SGS-Thomson with 12.6 percent unit share. In 1988,
worldwide reported units increased to 350.7 million, 13.0 percent over the 310.1 million
units shipped in 1987. Although CMOS technology continued to garner share from NMOS
during 1988, the most significant changes in 1988 were product shortages and higher
average selling prices (ASPs) in key EPROM densities.

COMPARISON WITH EARLIER FORECASTS

The current Dataquest EPROM forecast contains several significant differences
from our July 1988 forecast. The changes and reasons for these differences are as
follows:

. Actual revenue, unit shipments, and ASPs for 1987 have been adjusted to
reflect final numbers that were completed by the middie of 1988.

L Actual bit shipments increased 44 percent as a result of continued strong
growth in the 256K and 512K densities.

L The NMOS share of EPROMs continued to decline, representing 56.5 percent
of all EPROM units shipped in 1988 (down from 67.5 percent in 1987) and
85.8 percent share of units in 1986.

. U.S. manufacturers' share of the EPROM market increased for a second
consecutive year, reaching 51.3 percent, while Japanese manufacturers' share
dropped to 39.6 percent and European manufacturers’ share grew to
13.2 percent.

L Shipments of high-speed 16K through 1Mb CMOS devices continued to increase
in 1988. As a result, Dataquest increased its unit forecasts and extended the
life cycle forecasts of the 16K, 64K, and 256K EPROMs.

MARKET OUTLOOK

Although worldwide EPROM production and shipments grew 13 percent in 1988,
strong demand and continued high ASPs were the greatest contributors to strong revenue
growth in 1988. Although U.S. and European EPROM suppliers continued to benefit from
MITI-imposed production reductions, EPROM users were forced to endure product
shortages, long lead times, and very high prices in the 64K through 512K densities during
the first three quarters of 1988. ASPs increased 22 percent overall in 1988,

20 © 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech.
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averaging out at $5.33. This price is in comparison with $4.35 in 1987. The fourth
quarter of 1988 saw EPROM prices softening from the 1Mb 128Kx8 configurations, down
through the 64K densities as a result of increased capacity from the U.S. and European
manufacturers. As MITI continued to impose production cutback guidelines for memory
suppliers in Japan, Fujitsu and Mitsubishi followed in the path of Hitachi, NEC, Oki and
Toshiba, drastically slowing down and/or stopping quarter-to—quarter production of their
64K, 128K, and 256K EPROMs. These suppliers give very little indication that they will
return to the low-density EPROM arena. Dataquest expects these manufacturers to
redirect their focus into the extremely high-speed, high-density market during the next
six quarters for a large ramp-up in production that could promote very strong nonvolatile
memory growth from 1991 through 1993.

High-Speed EPROMs

Figure 1 illustrates Dataquest's estimate of the 1989 to 1993 high-speed EPROM
market as a percentage of total units. The very high speed (less than 70ns) products,
which now have speeds averaging 20 to 55ns, continue to be driven by the low-speed 8K,
16K, and 64K devices. These low-density, high-speed products are designed for very
specific bipolar PROM replacement applications. The 55 to 100ns or high-speed arena
saw many developments in the 256K through 4Mb EPROMSs to accommodate high-speed
developments in the 16-bit/32-bit MPUs. A few of these include 1988 ISSCC
announcements of new products such as Intel's 90ns 4Mb CMOS EPROM, Hitachi's 55ns
64Kx16 device, and SGS-Thomson's 70ns 64Kx16 device. We continue to believe that the
100 to 150ns range will be the most prevalent EPROM speed range by 1992, with
ramp-up in volume production beginning in the latter part of 1990. Although 64K and
256K densities sustained the largest growth for demands of high speed and very high
speed in 1988, production grew in densities of 512K and more in the first quarter of 1989,
and continued growth is expected through the end of the year.

SIS Prod., Mkt., & Tech. © 1989 Dataquest Incorporated August 21
0004718



MOS EPROM--Forecast

Figure 1

High-Speed EPROM Market Forecast
Percent of Units
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0004718-1 Source: Rz;ﬂ?ﬁ’;sv
CMOS/NMOS EPROMs

CMOS technology represented a 51 percent share of total EPROM production in
1988, surpassing Dataquest's previous projection of a 45 percent share. As such, we
expect the CMOS share to continue growing, surpassing NMOS with a more than
52 percent share of units by the end of 1989 and an expected 71 percent share of the
total market by the end of 1990. The 64K and 256K devices maintained the strongest
density share of the entire EPROM product lineup in 1988, with respective shares of 41
and 55 percent.

MOS UV/OTP EPROMs

Table 4 shows EPROMs packaged in UV erasable packages, while Table 7 deals
strictly with production of one-time programmable (OTP) EPROMs in plastic packages
without windows.

Dataquest consistently has made the packaging distinction between EPROMs in UV
erasable packages and those in nonerasable plastic packages, or OTPs, for the primary
reason of separately tracking an anticipated shift to less expensive packages. Our
forecast for 1988 through 1993 shows that UV EPROMs will continue to have a larger
share of the EPROM market. The OTP EPROM product has continued to maintain a
marginal and declining share of the EPROM market. Product introduction and product

22 ©® 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech.
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demand continue to come from densities of 256K and more. Although OTP represented a
14.8 percent share of the EPROM market in 1987, its 1988 share dropped to 10.0 percent,
with an expected 10.0 percent share of the total market by the end of 1989. We expect
that AMD, Mitsubishi, Sharp, Texas Instruments, and Toshiba will continue to be the
major OTP suppliers, with a predominant shift to CMOS occurring during the 1990
through 1993 time frame.

Flash Memory

Flash memory technology is a new, nonvolatile memory product area that will be
covered in a separate section of Dataquest's semiconductor memories notebook. Further
information on flash memory technology can be found in Dataquest's SIS newsletter,
"The Bare Facts About Flash,"” published in June 1989,

Short-Term Forecast

Dataquest believes that the EPROM pricing softness that occurred during the first
two quarters of 1989 will continue through the end of the year. The price declines
currently are affecting the 64K through 1Mb densities, with the most aggressive pricing
occurring at the 256K level, where prices have been quoted at less than $2. Although
1Mb EPROM unit shipments reached 9 million in 1988 as Japanese vendors captured more
than 79.4 percent of market share, up from 75.0 percent in 1987, 1Mb unit shipments fell
far below our expected forecast for the second consecutive year. Although user interest
in the 1Mb product is high and shipments of both x8 and x1é configurations have been
strong through the first two quarters of 1989, it is questionable that 1Mb EPROMs will
reach market expectations of 37 million units by the end of 1989.

LONG-TERM FORECAST

Dataquest believes that the slow bit growth that has occurred since 1987 will
continue through the first half of 1990. A slow but positive upturn is expected to begin
during the second half of 1990, with a rapid ramp-up in production in 1991 that will
continue through 1993, as demand for 1Mb through 4Mb densities increases. Bit growth
is expected to have a2 compound annual growth rate (CAGR) of 57.7 percent from 1988
through 1993. The automotive and electronic data processing segments continue to be
the strongest drivers for bit growth in the 1991 through 1993 time frame.

Although product sampling and shipment of the 2Mb and 4Mb EPROMs has been
minimal during the first half of 1989, increased shipments are expected from all
participants during the second half of 1990. Although strong user demand and supplier
support are expected for 2Mb EPROMs in both the x8 and x16 configurations, we believe
that the 4Mb will be the next area of major growth for the EPROM sector. Table 10 lists
all of the known 2Mb and 4Mb participants and their products by organization.

SIS Prod., Mkt., & Tech. ® 1989 Dataquest Incorporated August 23
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Table 10
1989 2Mb/4Mb CMOS EPROM Suppliers

Fastest 2Mb —aMb

Company Speed x8 x16 x8 xl16
AMD 100ns X
120ns X
Fujitsu 150ns b 4 X
Intel 150ns X X X
Mitsubishi 100ns X X
120ns X
NEC 150ns X X
Toshiba 150ns X
WaferScale 100ns X

Source: Datagquest
August 1989

Although EPROM revenue is expected to exceed $2.3 billion in 1990, its expected
growth in units and dollars during 1989 will be marginal; 24 suppliers will be scurrying for
a share of that 1990 commodity market. With densities now ranging from 16K through
4Mb and increased user demands for a variety of speeds, varying organizations, and
packages, Dataquest anticipates that successful market share gains will be made only by
t{le broad-based and/or very focused high-speed suppliers during the expected 1990
slowdown.

24 ® 1989 Dataquest Incorporated August SIS Prod., Mkt., & Tech.
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MOS ROMS—TOTAL WORLDWIDE FORECAST

Dataquest's MOS ROM forecast consists of revenue, unit shipments, and prices for
MOS ROM product lines. Table 1 is the top-level market estimate for the tables in the
forecast.

Included in our tables are all Mask ROMs, whether used for software storage,
character generators, or keyboard encoders. Revenue listed is total revenue generated
from the sale of ROM products, regardless of the technology employed (NMOS or CMOS),
including mask charges that are amortized over the entire production run. Tables
contained in this forecast are shown as follows:

° Table 1—Worldwide Market Forecast—Total MOS ROMs
®  Table 2—Worldwide NMOS ROM Market Forecast
] Table 3-=Worldwide CMOS ROM Market Forecast

The Market—1988

Dataquest estimates that worldwide MOS ROM revenue totaled $989 million in 1988,
growing by 49 percent over the $663 million market in 1987. Unit shipments increased
more than 29 percent to 250.3 million units. A major shift by users from the mature
512K and below densities to the 1Mb-and-above densities occurred from 1987 through
1988. Notable changes in the ROM market in 1988 included the following:

® Increased demand for the 1Mb and 4Mb ROMs from the consumer and
electronic data process markets (EDP) in both Japan and the United States
created severe shortages and high prices for end users during 1988.

. CMOS ROMs continued to gain unit share over NMOS. CMOS units
represented more than 87 percent of the total ROMs produced worldwide in
1988.

SIS Prod., Mkt., & Tech., Vol. II © 1989 Dataquest Incorporated October 1
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Table 1
Worldwide Market Forecast---Total MOS ROMs

Value (Millions of Dollars)

1986 1987 1988 1989 1990 1991 1992 1993
4K 0 1} 0 0 0 0 0 0
8K $§ 3 0 0 0 0 0 0. 0
16K 8 5 4 $ 2 8 1 0 0 0 0
32K i8 19 18 11 % 7 8 3 8 1 0
64K 42 as 36 30 22 11 2 0
128K 48 32. 16 7 2 1l 0 0
256K 154 94 67 46 28 17 9 ¥ 5
S12K 52 114 101 106 67 42 23 14
1M 95 284 347 220 109 73 50 38
2Mb 9 56 215 307 361 205 109 69
4Mb 3 22 186 392 432 495 308 200
8Mb 0 0 1 11 116 259 429 486
16Mb 0 0 0 1 24 167 435 483
32Mb 0 0 0 0 1 9 84 266
64Mb 0 0 0 Q Q 0 1 10

Total $432 $663 $989 §$1,132 $1.169 $1,281 $1,451 $1,572 .

Percent Change
from Previous
Year B% 54% 49% 15% 3% 10% 13% 8%

Units {Milliopns)

4K 0 0 1] 0 0 0 0 0
8K 1.0 0 0 0 0 o 0 0
16K 3.0 1.7 0.8 0.2 0 o Q 0
32K 11.8 12.7 11.3 7.0 4.5 2,0 0.5 0
64K 28.0 24,7 22.4 18.0 13.0 6.0 1.0 0
128K 27.0 18.0 9.6 4.0 1.0 0.3 0.1 0
256K 68.0 46.5 34.5 25.0 15.2 9,0 4.8 2,8
512K 9.0 27.7 31.3 39.0 28.0 19.0 11.0 6.5
1Mb 12.0 54,7 84.6 58.0 34.0 26.0 20.0 16.0
2Mb 0.4 6.4 37.1 58.0 84.0 54.0 32.0 22.0
aMb 0.1 1.4 18.6 49.0 72.0 97.0 70.0 50.0
8Mb 0 0 0.1 1.0 14.0 37.0 74.0 90.0
16Mb ] Q Q 0.1 2.0 18.0 55.0 68.0
i2Mb 0 0 0 0 o 0.2 3.1 14.0
64Mb 0 0 0 0 i} 0 0 0.2

Total 160.3 193.8 250.3 259.3 267.7 268.5 271.5 269.5

{Continued) .
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Table 1 (Continued)

Worldwide Market Forecast—Total MOS ROMs

Average Selling Price (Dollars/Unit)

3.25
2.50
1.50
1.50
1.79
2.26
5.83
7.88
$23.00
$3z2.00

LR K- R R R

o000

$ 2.69

1987 1938 1989 1990 1991 1992 1993
0 0 0 0 o 0 1)
] 0 0 ] ] 0 ]
$ 2.50 §$ 2.50 § 2.50 0 0 0 0
$ 1.50 $ 1.55 $ 1.60 §$ 1.60 $ 1.65 $ 1.65 ]
$ 1.55 $1.62 $1.65 $ 1.70 $ 1.75 $ 1.75 0
$1.75 $1.65 $ 1.70 $ 1.75 $ 1.80 § 1.B0O 0
$ 2,03 $1.,94 $ 1.8 $1.85 $1.85 § 1,85 $ 1.85
$ 4.10 $ 3.23 $ 2.72 $ 2.38 $ 2.21 % 2.12 §$ 2.15
$5.19 § 4.10 $ 3.80 §$ 3.20 § 2.80 §$ 2.52 § 2.40
$8,75 $ 5.80 §$ 5.30 § 4.30 $ 3.80 § 3.40 $ 3.15
$16.00 $10.00 §$ 8.00 $ 6.00 $ 5.10 $ 4.40 & 4.00
$34.00 $18.00 $11.00 $ 8.30 $ 7.00 § 5.80 & 5.40
$70.00 $383.00 $23.00 $12,00 §$ 9.30 $ 7.90 § 7.10
0 0 0 $80.00 $44.00 $27.00 $19.00
0 ] 0 0 0 $98.00 $51.00
$ 3.42 $ 3.95 $ 4.37 $ 4.37 $ 4.77 § 5.34 $ 5.83
Source: Dataquest

October 1989

© 1989 Dataquest Incorporated October 3
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1986 - 1987 1998 1989 1890 1991 1992 1993
4K 0 ] 0 0 0 ] 0 0
8K )] )] 0 0 0 0 0 1]
16K $§ 6 £ 3 $1 0 0 ] ] ]
32K 15 15 16 $11 $7 £3 $1 )]
64K 31 18 15 5 2 0 0 0
128K 34 10 7 2 0 0 ] 0
256K 100 19 15 T 4 2 Q 0
512K 23 0 0 ] 0 0 0 0]
IMb 39 0 0 0 0 0 0 0
2Mb 0 4} 0 0 0 0 0 0
4Mb o 0 0 0 0 0 0 0
b 0 o 0 0 0 0 0 0
léMb 0 0 0 0 0 0 0 0
32™b e} Q 0 Q Q 0 0 0
64Mb )] 0 Q Q (1] 0 __0 _ 0
Total $248 $65 $53 $26 $13 $5 $1 0
Percent Change
from Previous
Year {(74%) {19%) {51%) {51%) {(59%) {84%) (100%)
Units (Millions)

4K 9 G 0 0 o 0 o 0
8K 0 o 0 o 0 0 0] 0
16K 2.5 1.2 0.3 0 0 0 0 0
32K 10.0 10.0 10.0 7.0 4.5 2.0 0.5 i 0
64K 20.4 11.6 9.4 3.3 1.0 0 V] 0
128K 1¢.0 5.6 4.0 1.0 0 1] 0 0
256K 44.2 9.5 7.7 4.0 2.0 1.0 0 0
S12K 4.0 4] 0 4] 0 0 0 0
1Mb 5.0 0 0 0 0 0 0 0
2Mb N/A N/A N/A N/A N/A N/A N/A N/A
4MbL N/A N/A N/A N/A N/A N/A N/A N/A
8Mb N/A N/Aa N/A N/a N/A N/A N/A N/A
16Mb N/A N/A N/A N/A N/A N/A N/A N/A
32Mb N/A N/A /A M/A N/A N/A N/A /A
64Mb /A N/A N/A N/ N/A N/A N/3 N/A
Total 105.1  37.9 31.4 15.3 7.5 3.0 0.5 0
{Continued)
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Table 2

Worldwide NMOS ROM Market Forecast

val

of Dollars)
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Worldwide NMOS ROM Market Forecast
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Table 2 (Continued)

Average Selling Price (Dollars/Unit)

1986 14987 1988 19389 1990 19931 1992 1993
0 0 0. 0 0 0 0 0

Q 0 0 0 0 Q 0 0
$2.50 $2.50 $2.50 $2.50 0 0 0 0
$1.50 $1.50 $1.55 $1.60 $£1.60 $1.65 $1.65 0
$1.50 $1.55 $1.62 $1.65 £1.70 0 0 0
$1.79 $1.75 $£1.65 $1.70 g o 0 0
$2.26 $2.03 £1.94 $1.85 £1.85 $£1.85 0 0
$5.83 0 0 0 0 0 0 0
$7.88 0 0 0 0 1] 0 0
o 0 ¢ 0 0 0 0 0

0 o 0 0 0 o 0 0

0 0 0 0 0 0 0 0

0 )] 0 0 0 0 0 0

0 o 0 0 0 0 0 0

0 0 0 0 0 0 0 0
$2.386 $1.72 $1.69 $1.68 $1.68 $1.72 $1.65 0

Source: Dataquest

Dctober 1989

©® 1989 Dataquest Incorporated October 5
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1986 1987 1988 1989 1990 1991 1992 1993
4K 0 a 0 ] 0 0 0 0
8K $ 3 0 0 0 0 0 0 0
16K 1 $ 1 $ 1 3 1 0 0 0 0
32K 3 4 2 3 0 0 0 0
64K 11 20 21 24 20 & 11 ¢ 2 0
128K 14 22 9 5 2 1 0 0
256K 54 75 52 39 24 15 9 3 5
S12K 29 114 101 106 67 42 23 14
1M 55 284 347 220 109 73 50 38
2Mb 9 56 215 307 361 205 109 69
4Mb 3 22 186 392 432 495 308 200
8Mb 0 Q 1 11 11¢ 259 429 486
16Mb 0 0 Q 1 24 167 435 483
32Mb 0 0 0 0 1 9 84 266
64Mb Q 0 3] Q a Q9 2 10
Total $183 $598 $936 $1,107 $1.156 $1,276 81,451 $1,572
Percent Change
from Previous
Year 226% 56% 18% 4% 10% 14% 8%
Units (Millions)
4K 0 0 0 0 0 0 0 1]
8K 1.0 o Q 0 0 0 0 0
16K 0.5 0.5 g.5 0.2 0 0 0 0
32K 1.8 2.7 1.3° 0 0 0 0 0
64K 7.6 13.1 13.0 14.7 12.0 6.0 1.0 0
128K B.D 12.4 5.6 3.0 1.0 0.3 0.1 0
256K 23.8 37.0 26.8 21.0 13.2 8.0 4.8 2.8
512K 5.0 27.7 31.3 39.0 28.0 19,0 11.0 6.5
1iMb 7.0 54,7 84.6 58.0 34.0 26.0 20,0 16.0
2Mb 0.4 6.4 37.1 58.0 84.0 54.0 32.0 22.0
4Mb a.1 1.4 18.6 45,0 72,0 97.0 70.0 50,0
8MDL N/A 0 0.1 1.0 14.0 37.0 74,0 90.0
16Mb N/A N/A 0 0.1 2.0 18.0 55.0 68,0
32Mb R/A N/A N/A N/A 0 0.2 3.1 14,0
64Mb H/A N/A N/A H/A N/A N/A 0 0.2
Total 55.2 155.9 218.9 244.0 260,2 265.5 271.0 269.5
{Continued)
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Table 3

Worldwide CMOS ROM Market Forecast

Value (Millions of Dollars
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Table 3 (Continued)
Worldwide CMOS ROM Market Forecast

Average Selling Price (Dollars/Unit)

1986 1987 1988 1989 19990 1991 1992 1993

4K o 0 0 0 0 0 t] 0
8K $ 3.25 ) 0 0 0 0 o 0
16K $ 2.50 $ 2.50 § 2.50 & 2.50 0 0 0 0
32K $ 1.50 $1.50 $ 1.55 $ 1.60 $ 1.60 $ 1.65 $ 1.65 0
64K $ 1.50 $ 1,55 $ 1.62 § 1.65 $ 1.70 $ 1.75 $ 1,75 1]
128K $1.79 $ 1.75 $ 1.65 $ 1.70 $ 1.75 $ 1.80 $ 1.80 0
256K $2.26 $2.03 $1.94 § 1.85 $ 1.8 §1.85 $ 1.85 § 1.85
512K $5.83 $ 4,10 $ 3,23 §$ 2.72 §$ 2.38 $ 2,21 $ 2,12 $ 2.15
1Mb $ 7.88 $5.19 $ 4.10 §$ 3.80 $ 3.20 $ 2.80 $ 2.52 § 2.40
2Mb £23.,00 $ 8.75 $£ 5,80 & 5.30 $ 4,30 $ 3.80 $ 3.40 $ 3.15
4Mb $32.00 $16.00 $10.00 &$ B.00 § 6,00 & 5.10 $ ¢.40 & 4,00
aMb 0 §$34.00 $18.00 §$11.00 $ 8.30 $£ 7.00 § 5.80 § 5.40
16Mb 0 $70.00 $38.00 $23.00 $£12.00 $ 9.30 $ 7.90 §$ 7.10
32Mb 0 0 0 0 $80.00 $44.00 $27.00 $19.00
. 64Mb 0 0 0 0 0 0 $98.00 $51.00
Overall ASP $3.32 $3.84 $ 4.28 $ 4.54 $ 4.44 $ 4.81 $ 5.35 $ 5.383

Source: Dataguest
October 1989
SIS Prod., Mkt., & Tech., Vol. II © 1989 Dataquest Incorporated October 7
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Comparison with Earlier Forecast

The present MOS ROM forecast contains several significant changes from the
earlier Dataquest ROM forecast, published in June 1988. The changes and reasons for
these differences are as follows:

® Adjustments have been made to the 1986 and 1987 actual unit data based on
updated data base information. As a result, the actual 1988 revenue far
surpassed our previously forecast $496 million.

. CMOS share of ROM is expected to continue absorbing the larger share of the
ROM market, with NMOS declining and finally becoming obsolete by 1993.
Virtually every manufacturer is producing CMOS ROM in all densities, with
CMOS being the sole process technology used in next-generation product
development.

Market Outlook

Dataquest saw continued market growth for more dense, very high speed ROMs
(typically 150ns and below) for use in new laser printers, electronic video game
computers, high-speed electronic typewriters, and ROM-supported cache systems.

CMOS/NMOS

As indicated in the 1988 forecast, CMOS has grown significantly over NMOS. As
demand continues for larger memory capacity, higher speed, and low power, we
anticipate that CMOS will command the larger portion of total ROM unit share. CMOQS
is becoming the dominant technology in all of the MOS memory areas and as such, will
follow the same path to growth in the mask ROM area. Dataquest expects a complete
displacement of NMOS ROMs during the next few years, as illustrated in Figure 1.

Short-Term Forecast

Strong market growth is projected for ROMs through the end of 1989, driven
primarily by increased user demand for high-density, high-speed products. Although the
256K-and-below densities continued the expected decline in their life cycles, shipments
of the S12K-and-above grew tremendously in 1988. The high—density products
contributed significantly to the 49 percent growth in revenue in 1988, with an expected
continued growth in revenue of 15 percent in 1989 over 1988. As ROM usage increased
in the EDP sector for office automation systems in both Japan and the United States,
suppliers shifted production to the 1Mb and 4Mb designs.

8 ©® 1989 Dataquest Incorporated October SIS Prod., Mkt., & Tech., Vol. I
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Figure 1

CMOS/NMOS ROM Growth
(Total Units)
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0004881-1 Source: Dataquest

October 1989

Although the 512K density continued to grow, driven primarily by U.S. users,
increased demand for IMb and 4Mb designs from Nintendo in Japan and office
automation users in the United States, and lack of capacity drove 1Mb and 4Mb prices to
astronomical heights during the third and fourth quarters of 1988 and during the first
half of 1989. U.S. office system usage was the greatest contributor to 1Mb product
growth in 1988. As U.S. users shifted from 512K to the 1Mb and 4Mb devices, their
demand for high speed followed. Office automation system design upgrades for 1990
products are expected to boost shipments of very high speed IMb, 2Mb, and 4Mb designs
to more than 190 million units.

SIS Prod., Mkt., & Tech., Vol. II © 1989 Dataquest Incorporated October 9
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MOS ROM--Forecast

Long-Term Forecast

The new high-speed office systems and portable data storage applications will
continue to drive the very high density ROM product growth through 1993. The very
large 8Mb and 16Mb ROMs that are currently in low volume and sampling stages are
expected to be major contributors to growth in 1992 and 1993. The high-speed,
sub-150ns, high—density ROMs will open new markets, driven by new applications during
the 1990s. Although there is a flurry of discussion and activity by current and potential
U.S. suppliers regarding support of IMb and above devices to satisfy U.S. user demand
for high-density, high-speed ROMs, ROM market dominance is not expected to shift
away from the Japanese suppliers. The very high speed 100ns 1Mb and 4Mb ROM market
could become a very profitable niche for the quick-to—market U.S. based supplier during
the next four years. However, the Japanese suppliers have been producing the 1Mb
device since 1984 and the 4Mb device since 1985. If these devices follow the typical life
cycle and learning curve trends for products, the 1Mb device has already peaked (in
1988), and the 4Mb product will peak by 1991. Although shortages and demand in 1988
and 1989 have raised these product prices substantially, an expected slowdown in 1990
could dampen the profit margins of a newly ramping ROM producer. Currently, six U.S.,
two Taiwanese, two Korean, and one European semiconductor manufacturers are
interested in pursuing high—density ROM production. By being positioned onshore, a
U.S.-based supplier can offer its customers shorter turnaround time and more
cost-effective products. Although ROMs will be competing with new high-density
EPROM and FLASH devices, the potential for ROM growth in the United States, from
U.S. office system manufacturer, could be significant.

10 ® 1989 Dataquest Incorporated October SIS Prod., Mkt., & Tech., Vol. II
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MOS EPROM--Forecast

Dataquest's MOS EPROM data consist of revenue, unit shipments, and prices for
MOS EPROM product lines. Table 1 lists the top-level market data for all of the tables.
The data include all EPROM revenue, regardless of the technology employed (NMOS or

CMOS) or package type (plastic or ceramic). The tables included in these data are as
follows:

. Table 1-—MOS EPROMs—Total Worldwide Market

. Table 2—Worldwide NMOS EPROM Market—Total (UV and OTP)

® Table 3——Worldwide CMOS EPROM Market—Total (UV and OTP)

* Table 4—Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)
. Table 5-~Worldwide NMOS UV EPROM Market

. Table 6--Worldwide CMOS UV EPROM Market

] Table 7—Worldwide MOS OTP EPROM Market—Total (NMOS and CMOS)
° Table 8—Worldwide NMOS OTP EPROM Market

' o Table 9—Worldwide CMOS OTP EPROM Market

SIS Memories © 1989 Dataquest Incorporated August 1
0004717
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Total
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MOS EPROM--Forecast

Table 1

MOS EPROMs—Total Worldwide Market

Milljons of Dollarsg

1986 19087 1988 1989 1990 199] 1892 1993

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

$ 35 % 27 § 33 8% 31 § 28 % 28 § 26 $ 26

48 46 50 45 40 36 34 31

266 227 254 247 220 216 172 122

163 201 254 239 194 121 103 89

320 548 634 592 512 439 418 393

68 254 449 496 395 317 255 216

12 46 176 521 741 757 651 554

0 0 0 11 25 119 445 648

0 0 18 77 182 536 802 1,096

0 0 Q Q 1] 0 5 136

$913 $1,350 $1,868 $2,258 $2,338 $2,569 $2,911 $£3,312

4% 418% 38% 21% 4% 10% 13% 14%
Millions of Units

1986 1987 1988 1689 1890 1991 1992 1993

0 0 Q 0 0 0 0 0

0 0 0 0 0 0 0 0

14.7 9.7 8.6 7.8 7.0 6.8 6.4 6.2

21.6 16.2 13,9 11.6 10.0 B.8 8.0 7.3

99.6 75.7 65.3 61.0 54.0 82.0 40.0 28.0

57.3 57.6 61,9 58.0 47.0 28.8 23.6 20.1

70.0 1ll8.4 130.8 130.0 122.0 102.0 95.0 86.0

5.7 30.9 60.9 78.0 77.5 69.0 54,0 45.0

0.2 1.7 $.0 37.2 68.0 88.0 87.8 85.0

0 0 0 0.3 1.4 10.0 50.0 82,0

0 0 0.2 1.7 7.0 36.0 81.0 126.0

1] 0 k] 0 0 0 0.1 4,0

269.1 310.1 350.7 385.6 2393,.9 401.4 445.9 489.6

10% 15% 13% 10% 2% 2% 11% 10%

(Continued)

® 1989 Dataquest Incorporated August
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MOS EPROM——Forecast

Table 1 (Continued)

MOS EPROMs—Total Worldwide Market

3986 1987 1988 1969 1990 1991 1992 1963

$ 3.39

(5%)

28%

Average Selling Price ($)
0 0 0 0
o 0 0 0
$ 3.88 § 4.00 ¢ 4.00 § 4.07
$ 3.57 ¢ 3.88 £ 4.04 § 4.10
$ 3.89 $ 4.05 § 4.08 § 4.15
$ 4.10 § 4.12 § 4.12 & 4.20
$ 4.85 § 4.55 § 4.20 $ 4.30
$ 7.36 $ 6,36 $ 5.10 § 4.60
$19.51 $14.00 $10.90 § 8.60
0 $£35.00 $18.00 $11.90
$80.00 $45.00 $26.00 $14.90
0 Q 0 $90.00
$ 5.33 & 5.85 £ 5.94 § 6.40
22% 10% 1% 8%
Source:

® 1989 Dataquest Incorporated August

0 0

0 0
$ 4.10 § 4.20
$ 4.20 $ 4.25
$ 4.30 § 4.35
$ 4.35 § 4.45
$ 4.40 $ 4.57
$ 4.72 8 4.80
§ 7.42 § 6.52
$ 8.90 § 7.90
$ 9.90 § 8.70
$50.00 $34.00
$ 6.53 & 6.76

2% 4%

Dataguest

August 1989



1986 1987 1988 1989 199C¢ 1991 1992 1993
4K 0 0 0 0 0 0 0 0
8K 0 0 0 o 0 0 o 0
16K $35 $19 $£18 $12 $11 $ 9 s 8 8§ 7
32K 44 36 42 34 26 23 21 138
64K 206 143 145 90 57 45 36 23
128K 152 157 174 144 107 58 43 33
256K 237 312 262 163 116 80 81 52
512K 63 i79 279 236 138 87 50 29
iMb 3 8 28 g4 56 25 15 11
2Mb 0 0 1) G Q 0 o o
4Mb 0 0 o 0 0 o 0 Q
8Mb —9% _9o __ 90 _0 _9 _90 _90 _0
Total $740 $854 $949 $7723 $510 $327 $253 8173

% Change from
Previous Year {6%) 15% 11%  (IB%) (34%) (36%) (23%) (31%)

Millions of Units

1986 1987 1988 1989 1990 1991 1992 1993
4K 0 0 0 Q 0 1) 0 0
2K 1) 0 0 0 0 0 0 0
16K 14.7 7.3 5.6 3.5 2.9 2.4 1.9 1.7
32K 18,9 13,1 11.9 9.3 7.0 5.8 5.0 4.3
64K 82,5 48.5 38.3 24.0 15.0 11.5 8.5 5.4
128K 55.4 46.3 44,1 36.1 26.8 14.1 10.1 7.6
256K 53.8 71,6 58.0 38.0 28,0 19.0 18.8 11.5
812K .4 22.2 39.2 37.5 27.5 19.4 11.0 6.0
IMb .1 0.3 1.3 5.2 5.0 2.8 2.0 1.7
2Mb O 0 0 o 1) 0 o ¢
4Mb 0 0 g 0 0 0 0 0
8Mb i) 1] 0 0 0 0 g 0
Total 230.9 209.3 198.3 153.6 1l12.2 75.0 57.3 38.2

% Change From
Previous Year 3% (9%) (5%) (23%) (27%) (33%) (24%) (33%)
{Continued)
4 © 1989 Dataquest Incorporated August SIS Memories
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MOS EPROM--Forecast

Table 2 {Continued)

Worldwide NMOS EPROM Market—Total (UV and OTP)

4K
8K
16K
32K
64K
128K
256K
512K

2Mb
41Mb
aMb
Overall ASP

% Change from
Previous Year

SIS Memories
0004717

0
0
$4.05
$4.15
$4.20
$4.25
$4.30
$4.54
$7.40
0
0
0

$4.41

1%

0
0
$4.20
$4.25
$4.30
$4.40
$4.48
$4.75
$6.55
0
0
0

$4-53

3%

Average Selling Price (§)
1986 1987 198 1989 1990 1991 1992 1993
0 0 0 0 0 0
0 0 ] 0 Q 0
$ 2.40 § 2.62 § 3.22 $ 3.55 ¢ 3.60 $£3.80
$ 2.32 $ 2.77 % 3.53 3 3.65 § 3.75 $3.90
$ 2.49 $ 2.95 % 3.80 $ 3,75 § 3.80 $3.95
$ 2.75 % 3.38 $ 3.95 $ 4.00 $ 4.00 $4.10
$ 4.40 $ 4.36 § 4.52 $ 4.30 $ 4.14 $4.20
$11.73 & 8.06 $ 7.12 $ 6.28 $ 5.00 $4.50
$48.50 $24.32 $22.06 $18.00 $11.20 $8.80
0 0 0 0 0 0
0 0 0 1] 0 0
0 0 1} 0 1} 0
$3.21 $ 4.08 § 4,78 § 5.03 $ 4.55 $4.36
(7%) 27% 17% 5% (10%) {(4%)
Source:

® 1989 Dataquest Incorporated August

Dataguest
August 1989



MOS EPROM--Forecast

Table 3

Worldwide CMOS EPROM Market—Total (UV and OTP)

4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb
aMb

Total

% Change from
Previous Ysear

4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb
M

Total

% Change from
Previous Year

Millions of Pollarg

1086 1987 1988 1939 1990 1991 1992 1993
¢} 0 0 0 0 0 0 0
0 0 0 0 0 0 ) 0

0 $§ 8 $16 § 19 § 17 $ 18 $ 19 & 19
s 7 10 8 9 13 13 13 13
65 a4 109 152 168 172 135 98
7 45 80 96 84 62 59 56
80 236 372 415 400 359 337 340
4 75 170 258 265 231 204 189
) 38 148 448 674 733 639 543

0 0 0 11 25 119 445 648

0 ] 18 T7 132 836 802 1,006

Q 0 g Q Q Q 5 136
$173 $496 $920 $1,485 $1,827 $2,243 $2,658 $3,138
60% 187% 85% 61% 23% 23% 19% 18%

Millions of Units

1986 1987 1988 1989 1990 1991 1992 1993
) 0 4] 0 0 0 0 Q

H] 0 LH] 0 0 0 0 0

0 2.4 3.1 4.3 4.1 .4 4.5 4.5

2.7 3.1 2.0 2.3 3.0 3.0 3.0 3.0
17.1 27.2 27.0 37.0 39.0 40,5 31.5 22.0
1.9 11,2 17.8 21.9 20.2 14.7 13.5 12.5
16,2 46.9 72.8 92.0 94.0 83.0 716.2 74.5
0.3 8.7 21.7 40.%5 50.0 49.6 43,0 39,0
0.1 1.4 7.8 32.0 63.0 85.2 85.8 83.3

0 ) 0 0.3 l.4 10.0 50.0 82.0

4] 0 0.2 1.7 7.0 36.0 81,0 126.0G

Q 0 0 0 Q 0 0.1 4.0

38.3 100.8 152.4 232.0 281.7 326.4 388.6 451.4
82%  163% 51% 52% 21% 16% 19% 16%
{Continued)

© 1989 Dataquest Incorporated August
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MOS EPROM--Forecast

Table 3 (Continued)

Worldwide CMOS EPROM Market—Total (UV and OTP)

4K
8K
16K
32K
64K
128K
2E6K
512K

2Mb
4Mb
aMb
Overall ASP

% Change from
Previous Year

SIS Memories
0004717

1986 1987 1988 1989 1990 1991 1992 1993

o 0
¢ 0
0% 3.36
$ 2.71 § 3.08
$ 3.80 § 3.08
$ 3.89 § 4.00
$ 4.93 § 5.04
$£13.95 $ 8.69
$62.62 $28.,27
0 0
0 0
0 0

$ 4.52 % 4.92

9%

Average Selling Price (§)
0 0 0 0
0 0 a 0
$ 5.08 $ 4.50 $ 4.20 § 4.10
$ 3.81 $ 3.90 $ 4.30 & 4.20
$ 4.02 $ 4.10 $ 4.30 § 4,25
$ 4.47 $ 4.40 $ 4.15 § 4.25
$ 5.11 § 4.51 $ 4.25 § 4.32
$ 7.80 $ 6,38 $ 5.30 $ 4.65
$19.09 $14.00 $10.70 § 8.60
0 $35.00 $18.00 $£11.90
$80.00 £45.00 $26.00 $£14.90
0 0 0 $90.00
$6.03 $6.40 % 6.49 $ 6.87
23% 6% 1% 6%
Source:

© 1989 Dataquest Incorporated August

0 0
0 0
$ 4.20 § 4.20
$ 4.20 % 4.25
$ 4,30 § 4.35
$§ 4.38 § 4.45
$ 4.42 § 4.57
$ 4,75 ¢ 4.85
$ 7.45 § 6.52
$ 8.90 8 7.90
$ 9.90 § 8.70
$50.00 $34.00
$ 6.84 § 6.95
0 2%
Dataquest
August 1989



MOS EPROM--Forecast

Table 4
Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

Millions of Dollars
1986 1987 1988 1989 1990 1991 19%2 1993

4K 0 0 o 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K $ 35§ 27 8 33 s 32 % 28 §$ 27 $ 27 % 26
32K 46 46 50 43 39 35 33 31
64K 256 174 232 228 213 215 173 125
128K 150 152 234 229 186 119 103 91
256K 272 478 574 536 494 42% 412 387
512K 68 246 414 409 333 265 204 181
iMb 12 46 171 507 632 605 485 458
2Mb i ] 0 0 11 24 86 389 546
4Mb o 0 13 77 183 486 721 896
8Mb Q 0 0 0 0 0 -] 139

Total £840 $1,199 $1,726 $2,070 $2,111 $2,264 $2,552 §2,877

% Change from
Previous Year (5%) 43% 44% 20% 2% 7% 13% 13%

Millions of Units
1990 1991 1992 1993

:
E
:
:

4K 0 0 Q 0 ) 0 0 0
8K 0 0 0 0 0 0 0 0
16K 14.7 9.7 8.6 7.8 7.0 6.8 6.4 6.2
32K 20.7 16.2 13.9 11.6 10.0 8.3 8.0 7.3
64K 93.9 56.3 58.8 56,1 5t.0 50.4 39.5 28.0
128K 52.2 50.3 55.8 53.9 44,6 27.8 23.4 20.1
256K 57.5 100.8 115.3 117.0 112.7 85.1 89.3 81.5
512K 5.7 29,0 55.0 63.0 61.8 55.0 41.9 34.5
1Mb 0.2 1.7 8.7 34.2 57.0 68.0 63.8 61.5
2MDb 0 0 0 0.3 1.3 7.0 42.0 65.0
4Mb 0 0 0.2 1.7 6.2 32.0 70.0 106.0
sMb Q Q a 0 9 0 0.1 4.0
Total 244,.8 264.1 316,3 345.6 351.6 350.9 384.4 414.1

% Change from
Previous Year 0 8% 20% 9% 2% 0 10% 8%
(Continued)
8 © 1989 Dataquest Incorporated August SIS Memories
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MOS EPROM--Forecast

Table 4 (Continued)
Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

Average Selling Price (§)
1986 1987 1988 1989 1990 1991 1992 1993

4K 0 0 0 0 -0 0 0 0
8K 0 0 0 0 0 0 0 0
16K $ 2.40 $ 2.80 §$ 3.88 § 4.07 $ 3.95 $ 3.99 § 4.16 § 4.20
32K $ 2.24 § 2,83 § 3.57 $ 3.70 § 3.92 § 4.00 § 4.17 & 4.25
64K $ 2.73 $ 3.08 $ 3.95 $ 4.06 $ 4.18 $ 4.26 § 4.37 $§ 4.46
128K $ 2.88 $ 3.62 $ 4.20 $ 4.24 $ 4.17 $ 4.28 § 4.40 § 4.53
256K $4.73 §$ 4.74 & 4.98 $ 4.58 5 4.38 $ 4,47 $ 4.62 § 4,75
512K $11.94 $ 8.49 § 7.52 § 6.49 $ 5.39 $ 4.82 § 4.87 § 5.25
1Mb $58.57 $27.53 $19.63 $14.82 $11.09 $ 8.90 $ 7.60 § 7.45
2Mb 0 0 0 $35.00 $18.45 $12.25 § 9.26 § 0.40
4Mb 0 o 0 $45.00 $26.25 $15.20 $£10.30 & 8.45
8Mb 0 0 0 0 0 $90.00 $50.00 $34.00
Overall ASP $ 3.43 $ 4.54 § 5.46 $ 5.99 $ 6.01 § 6.45 $ 6.64 § 6,95
% Change from

. Previous Year {5%) 32% 20% 10% 0 7% 3% 5%

Source: Dataquest
August 1989
SIS Memories @ 1989 Dataquest Incorporated August 9
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4K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
4Mb
aMb

Total

% Change from
Previous Year

4K
8K
16K
32K
64K
128K
256K
512K
1Mk
2Mb
4Mb
BMb

Total

% Change from
Previous Year
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MOS EPROM--Forecast

Table 5§

Worldwide NMOS UV EPROM Market

Millions of Dopllarg

1986 1987 1988 19890 1999 1991 1992 1993

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

$ 35 $ 19 $ 18 $ 12 $ 10 $ 9 $§ 8 $ 7

39 36 42 34 26 23 21 18

193 122 135 85 54 44 36 23

143 137 161 1349 104 57 43 34

202 252 239 149 106 T4 62 48

63 172 249 175 106 66 35 15

3 8 28 94 56 25 15 12

0 0 0 0 0 0 0 0

0 0 Q 0 0 0 0 0

.0 _ 0 g ] 0 ] 0 0

$679 $745 $872 $6838 $462 $297 $220 $158

{13%) 10% 17%  {21%) (33%) (36%) (26%) (28%)
Millions of Units

1986 1987 1988 1989 1990 1991 1992 1993

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 Ly}

14.7 7.3 5.6 3.5 2.9 2.4 1.9 1.7

18.1 13.1 11.9 9.3 7.0 5.8 5.0 4.3

7.6 40.6 35.1 22.1 14.0 11.1 8.5 5.4

50.3 39.5 39.7 33.8 25.6 13.7 10.1 7.6

43.4 56.9 81.7 33.9 25.0 16.9 14.0 10.5

5.4 20.4 34.3 27.5% 20.5 14.4 7.4 3.0

0.1 0.3 1.3 5.2 5.0 2.8 2.0 1.7

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 o Q Q Q Q ¢ 1]

209.5 178.1 179.% 135.3 100.0 67.1 48.9 34.2

{7%) (15%) 1% (25%) (26%) (33%) {(27%) (30%)

(Continued)

® 1989 Dataquest Incorporated August
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16K
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MOS EPROM--Forecast

Table 5 (Continued)

Worldwide NMOS UV EPROM Market

Average Selling Price ($)

1986 1987 1988 2989 1990 1991 1992

“wm oo
NN
Y RN
-7 S B = B B o ]

$ 4.65
$11.382
$48.50
0
0
0

s 3024

{7%)

o U W U O O
[ ]
-
o
X N K- E-R_ &
[ T S P
ONOOREON
OO0 NGRWNOO

]

$ 4.18 § 4.86

(29%) 16%

0

0
3.55
3.65
3.85
4.12
4.40
6.35
18.00

“unHsTmanmmn

$ 5.09

5%

NN D =g
oo AOOO

0
0
$3.80
$£3.90
$3.95
$4.15
$4.35
$4.60
$8.80
. 0

]

0

$4.42

(4%)

Source:

© 1989 Dataquest Incorporated August

0

0
$4.05
$4.15
$4.20
$4.30
$4.45
$4.75
$7.45

$4.50

2%

Datagquest
August 1989
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4K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
41Mb
8Mb

Total

% Change from
Previous Year

4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb
8Mb

Total

% Change from
Previous Year
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MOS EPROM--Forecast

Table 6
Worldwide CMOS UV EPROM Market

Millions of Dollars

1986 1987 1988 1989 1990 1991 1992 1993

0 0 0 0 0 0 0 0

o 0 0 Q 0 0 o 0

0 $ B8 $16 $ 1¢ $ 17 $ 18 & 19 & 19

5 7 10 8 9 13 13 13 13

63 52 97 143 159 171 137 102

7 45 73 89 82 62 60 57

70 226 335 386 388 as2 350 339

4 75 164 234 228 199 169 165

9 38 143 413 576 580 470 446

0 0 0 11 24 86 389 546

0 0 18 77 163 486 721 896

— 0 _ 0 __ 0 Q 0 0 5 136

$161 $454 $855 $1,382 $1,.649 $1,967 $2,332 82,719

54% 181% B8% 62% 19% 19% 19% 17%
Millions of YUnits

1986 1987 1988 1989 1990 1991 1992 1993

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 2.4 3.1 4.3 4.1 4.4 4.5 4.5

2.7 3.1 2.0 2.3 3.0 3.0 3.0 3.0

16.3 15.8 23.7 34.0 37.0 39.3 31.0 22.6

1,¢ 10,8 16.1 20.1 19.0 14.1 13.3 12.5

4.1 43.9 63.6 83.1 87.7 78.2 715.3 71.0

0.3 8.6 20.7 35.5 41.3 40.6 34.5 31.5

¢.1 1.4 7.5 29,0 52,0 65.2 61.8 59.8

0 q 0 0.3 1.3 7.0 42.0 65.0

0 0 0.2 1.7 6.2 32,0 70.0 106.0

0 0 0 0 0 0 9.1 4.0

35.3 86.0 136.8 210.3 251.6 283.8 335.5 379.9

76% 143% 59% 54% 20% 13% 18% 13%

(Continued)

© 1989 Dataquest Incorporated August
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4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb
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% Change from
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MOS EPROM--Forecast

Table 6 (Continued)
Worldwide CMOS UV EPROM Market

*

L= - I ]
[ N~ = =)

L]
[y 8

+ 0w

$ 2.98

$14.08

$62.62

$ 4.57

(12%)

16%

Average Selling Price ($)

1986 1987 1988 1989 1990 1961 1992 1993
0 0 0 o 0 0
0 0 0 0 0 0
$ 5.08 § 4.50 § 4.20 § 4.10 § 4.20 § 4.20
$ 3.81 8 3.90 $ 4.30 $ 4.20 $ 4.20 $ 4.25
$4.10 § 4.20 $ 4.30 $ 4.35 $ 1.42 § 4.50
£ 4.556 § 4.45 $ 4.32 $ 4.40 § 4,48 3 4.58
$ 5.27 $§ 4.65 § 4.42 § 4.50 $ 4.65 § 4.78
$7.95 8§ 6.60 § 5.51 § 4.90 $ 4.90 $ 5.25
$19.21 $14.25 $11.08 § 8.90 § 7.60 $§ 7.45
0 $35.00 $18.45 $12.25 § 9,26 § 8.40
$80.00 $45.00 $26.25 $15.20 $10.30 § £.45
0 0 0 $90.00 $50.00 $34.00
$ 6,25 § 6.57 £ 6.56 $ 6.93 $ 6.95 & 7.16
18% 5% 0 6%, 0 3%

Source: Datagquest

© 1989 Dataquest Incorporated August

August 1989
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MOS EPROM--Forecast

Table 7

Worldwide MOS OTP EPROM Market—Total (NMOS and CMOS)

4K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
4Mb

Total

% Change from
Previous Year

4K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
4Mb

Total

% Change from
Previous Year

14

Millions of Dollars

1986 1987 1988 1989 1990 1991 1992 1993

0 0 0 1] o 0 0 Q

0 0 0 0 1) 0 0 0

0 ) 0 0 0 0 0 0

$1 0 0 Q 0 0 0 0

12 $ 51 $ 21 $ 16 $ 10 $ 5 $ 2 0

12 21 20 14 8 3 1 ]

46 65 61 47 32 24 21 £ 17

0 14 is 78 65 54 47 44

0 0 5 34 94 141 144 123

0 (i) 0 0 1 29 58 111

1] Q 1) 0 17 48 87 _140

$72 £151 $142 $188 $227 $305 $359 $435

259% 111% {6%) 32% 20% 35% 18% 21%
Millions of Unjts

1986 1987 1988 1989 1990 1991 1992 1993

0 0 0 0 o 0 0 0

1] 0 0 0 ] 0 0 0

0 0 ) 0 0 0 0 0

0.9 Q 0 0 0 1} 1) 0

5.7 19.3 6.5 4.9 3.0 1.6 0.% 0

5.2 7.2 6.2 4.1 2.4 1.0 0.2 0

12,8 17.6 15.5 13.0 g.3 6.9 5.7 4.5

0 1.8 6.0 15.0 15.7 14.0 12.1 10.5

0 1] g.3 3.0 11.0 20,0 24.0 23.5

1] 1) 0 0 G.1 3.0 8.0 17.0

1) 0 0 0 0.8 4.0 11.0 20.0

24.2 46.0 34.5 44,0 42.3 50.5 61.5 75.5

192% 90% {25%) 16% 6% 19% 22% 23%

{Continued)
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Table 7 (Continued)
Worldwide MOS OTP EPROM Market—Total (NMOS and CMOS)

Average Selling Price (§)
1986 1987 1988 1989 1990 1991 1992 1993

4K 0 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 0 0 0 0 0 ] o ]
32K $1.75 0 0 o 0 0 0 0
64K $ 2,01 $2.64 $ 3.17 $ 3.22 § 3.23 § 3.39 $3.49 0
128K $ 2.27 $2.92 $ 3.31 § 3.38 § 3.32 § 3.40 $3.52 0
256K $ 3.73 $3.67 § 3.96 § 3.64 $ 3.43 $ 3.51 $3.64 $3.78
512K $10.19 $7.56 $ 5.89 § 5.17 § 4.13 § 3.83 $3.89 $4.18
Mb 0 0 $15.30 $11.22 $ B8.56 $ 7.05 $6.00 $5.25
2Mb 0 0 o 0 $14.50 § 9.70 $7.25 $6.55
4Mb ’ 0 0 0 0 $20.80 $12.10 $7.88 $6.99

Overall ASP $ 2.95 $3.27 $ 4.13 $ 4.71 $ 5.36 § 6.04 $5.8¢ $5.77

. Source: Dataquest

_ August 1989
SIS Memories ® 1989 Dataquest Incorporated August 15
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4K
8K
16K
32K
64K
128K
256K
512K

2Mb
4Mb

% Change from
Previous Year

4K
8K
16K
32K
64K
128K
256K
512K
iMb
2Mb
4Mb

16

Total

Total

MOS EPROM--Forecast

Table

8

Worldwide NMOS OTP EPROM Market

Millions of Dollars

1986 1987 1988 1989 1990 1991 1992 1993

0 1 0 0 Q 0 0 0

0 0 0 0 0 0 0 0

0 v 0 0 0 a 0 0

$1 0 0 0 0 0 0 0

10 $ 19 $10 $6 $23 $1 0 0

12 20 14 8 4 1 0 0

k)] 52 23 14 10 7 £5 $ 4

0 13 28 52 28 19 14 12

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 Q Q 0 Q 0 Q Q
$61 $105 $76 $80 545 $29 $19 $16
266% T2% (28) 5 (44} (38) (32} (19)

Milliong of Units

1986 1987 1988 1989 1990 1991 1992 1993
N/A N/A N/A N/A N/A R/A R/A N/A
R/A N/A H/A B/A R/A H/A R/A H/A
N/A N/A N/A R/A N/A N/A N/A N/A
0.9 N/A N/A N/A N/A N/A R/A N/A
4.9 7.9 3.2 1.9 1.0 0.4 o 0
5.2 6.8 4.5 2.3 1.2 0.4 0 0
10.4 14.7 6.3 4.1 3.0 2.1 1.5 1.0
g 1.8 4.9 10.0 7.0 5.0 3.6 3.0
H/A N/A N/A N/A N/A N/A H/A N/A
N/A N/A H/A N/A N/A N/A N/A H/A
N/a _N/A _N/A 0 _N/A  _HN/A  N/A N/A 0 N/A
21.4 31.2 18.8 18.3 12.2 7.9 5.1 4.0
{Continued)

© 1989 Dataquest Incorporated August

SIS Memories
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4K
8K
16K
32K
64K
128K
256K
512K

ZMb
4Mb

Overall ASP

N/A = Not Availlable

SIS Memories
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Table 8 (Continued)

Worldwide NMOS OTP EPROM Market

Averaqe Selling Price (§)

1986

N/A
N/A
N/A

$ 1.75

$ 1.96

$ 2.27

$ 3.63

$10.00
N/A
N/A
N/A

$ 2.85

B/A
N/A
N/A
H/A
$2.42
$2.90
$3.58
$7.55
N/A
/A
N/A

$3.36

1988 1989 1990 1991

N/A
B/A
N/A
N/A

$3.08

$3.20
$3.68
$5.80
N/A
N/A
N/A

$4.02

N/A
N/A
N/A
N/A
$3.10
$3.25
$3.50
$5.20
N/A
N/A
N/A

$4.36

N/A
N/A
N/A
N/A

$2.90

$3.20
$3.40
$4.00
N/A
N/A
N/A

$3.68

R/A
N/A
N/A
N/A
$3.22
$3.28
$3.40
$3.80
N/A
J LP8-N
N/A

$3.64

Source:

® 1989 Dataquest Incorporated August

1992 1993
N/A N/A
R/A N/A
N/A N/A
N/A N/A

0 0
0 0
$3.60 $3.70
$3.90 $4.00
N/A N/A
N/A N/A
N/A N/A
$3.81 3$3.93
Dataguest

August 1989

17



4K
8K
16K
32K
64K
128K
256K
512K
1Mb
2Mb
4Mb

% Change from
Previous Year

4K
8K
16K
32K
64K
128K
256K
S12K

Z2Mb
4Mb

18

Total

Total
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Table 9

Worldwide CMOS OTP EPROM Market

Millions of Dollars
1986 1987 1988 1989 1990 1991 1992 1993
0 0 0 0 ] 0 0 0
0 0 0 ] ] 0 0 0
0 0 0 0 o 0 0 0
] 0 0 0 0 0 ] 0
$ 2 $32 $11 §10 $ 7 $ 4 §& 2 0
0 1 6 6 4 2 1 0
9 12 38 33 22 17 15 §$ 13
0 0 7 26 37 35 33 32
] 0 5 34 94 141 144 123
0 0 0 0 1 29 58 111
—0 -9 _9 —9 _17 _ 48 _87 _l40
$11 546  $67 $109 $182  $276¢  $339  $420
228%  330%  46% 63% 67% 52% 23% 24%

Millions of Units

1986 19827 1988 1989 1990 1991 1992 1993
N/A N/A N/A N/A N/A N/A H/A N/A
N/A N/A N/A N/A N/A N/A N/A N/A
B/A ®/A N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A N/A N/A
0.8 11.4 3.3 3.0 2.0 1.2 0.5 0
o] 0.4 1.7 1.8 1.2 0.6 0.2 0
2.1 3.0 9,2 8.9 6.3 4.8 4.2 3.5
0 0.1 1.1 5.0 8.7 9.0 8.5 7.5
0 0 0.3 3.0 11.0 20.0 24.0 23.5
N/A N/A N/A 0 0.1 3.0 8.0 17.0
N/A ¥A N®WA _ 0O 0,8 _4.0 11,0 20.0
2.9 4.8 15.6 21.7 30.1 42.6 56.4 71.5
{Continued)

® 1989 Dataquest Incorporated August
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Table 9 (Continued)
Worldwide CMOS OTP EPROM Market

Average Selling Price ($)

1986 1987 1988 1989 1990 1991

4K N/A N/A N/A N/A N/A N/A
8K N/A  N/A B/A R/A N/A N/A
16K N/A N/A N/A N/A N/A H/A
32K R/A H/A N/A N/A N/A N/A
64K $ 2.35 $2.80 § 3.25 § 3.30 $ 3.40 § 3.44
128K $ 2,89 $3.20 § 3.60 § 3.5% § 3.43 § 3.48
256K $ 4.22 $4.10 § 4.15 $ 3.71 § 3.45 § 3.56
512K $11.30 $7.90 $ 6.30 § 5.12 § 4.24 § 3.85
iMb N/A N/A $15.30 $11.22 § 8.56 § 7.05
2Mb N/A N/A N/A HN/A $14.50 § 9.70
4Mb N/A N/A B/A 0 $20.80 $12.10
Overall ASP $ 3.71 $3.09 $ 4.27 § 5.00 $ 6.04 § 6.49

N/A = Not Available

Source:

SIS Memories © 1989 Dataquest Incorporated August
0004717

1992 1993
N/A N/A
N/A N/A
N/A N/A
N/A N/A

$3.49 0

$3.52 0

$3.65 § 3.80

$3.88 $ 4.25

$6.00 § S.25

$7.25 § 6.55

$7.88 8§ 6.99

$6.02 § 5.87

Datagquest

August 1989

19
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THE MARKET—1988

Worldwide MOS EPROM revenue totaied $1.87 billion in 1988, growing 38 percent in
revenue over a 1987 total of $1.35 billion, with strong growth expected to continue
through 1989. Intel maintained its lead with more than 18.0 percent unit share of the
worldwide market, followed by SGS-Thomson with 12.6 percent unit share. In 1988,
worldwide reported units increased to 350.7 million, 13.0 percent over the 310.1 million
units shipped in 1987. Although CMOS technology continued to garner share from NMOS
during 1988, the most significant changes in 1988 were product shortages and higher
average selling prices (ASPs) in key EPROM densities.

COMPARISON WITH EARLIER FORECASTS

The current Dataquest EPROM forecast contains several significant differences
from our July 1988 forecast. The changes and reasons for these differences are as
follows:

. Actual revenue, unit shipments, and ASPs for 1987 have been adjusted to
reflect final numbers that were completed by the middle of 1988.

® Actual bit shipments increased 44 percent as a result of continued strong
growth in the 256K and 512K densities.

] The NMOS share of EPROMs continued to decline, representing 56.5 percent
of all EPROM units shipped in 1988 (down from 67.5 percent in 1987) and
85.8 percent share of units in 1986.

. U.S. manufacturers’ share of the EPROM market increased for a second
consecutive year, reaching 51.3 percent, while Japanese manufacturers' share
dropped to 39.6 percent and European manufacturers' share grew to
13.2 percent.

. Shipments of high-speed 16K through 1Mb CMOS devices continued to increase
in 1988. As a result, Dataquest increased its unit forecasts and extended the
life cycle forecasts of the 16K, 64K, and 256K EPROMs.

MARKET OUTLOOK

Although worldwide EPROM production and shipments grew 13 percent in 1988,
strong demand and continued high ASPs were the greatest contributors to strong revenue
growth in 1988. Although U.S. and European EPROM suppliers continued to benefit from
MITI-imposed production reductions, EPROM users were forced to endure product
shortages, long lead times, and very high prices in the 64K through 512K densities during
the first three quarters of 1988. ASPs increased 22 percent overall in 1988,

20 © 1989 Dataquest Incorporated August SIS Memories
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averaging out at $5.33. This price is in comparison with $4.35 in 1987. The fourth
quarter of 1988 saw EPROM prices softening from the IMb 128Kx8 configurations, down
through the 64K densities as a result of increased capacity from the U.S. and European
manufacturers. As MITI continued to impose production cutback guidelines for memory
suppliers in Japan, Fujitsu and Mitsubishi followed in the path of Hitachi, NEC, Oki and
Toshiba, drastically slowing down and/or stopping quarter-to—quarter production of their
64K, 128K, and 256K EPROMs. These suppliers give very little indication that they will
return to the low—density EPROM arena. Dataquest expects these manufacturers to
redirect their focus into the extremely high-speed, high-density market during the next
six quarters for a large ramp-up in production that could promote very strong nonvolatile
memory growth from 1991 through 1993.

High-Speed EPROMs

Figure 1 illustrates Dataquest's estimate of the 1989 to 1993 high-speed EPROM
market as a percentage of total units. The very high speed (less than 70ns) products,
which now have speeds averaging 20 to 55ns, continue to be driven by the low—-speed 8K,
16K, and 64K devices. These low-density, high-speed products are designed for very
specific bipolar PROM replacement applications. The 55 to 100ns or high-speed arena
saw many developments in the 256K through 4Mb EPROMs to accommodate high-speed
developments in the 16-bit/32-bit MPUs. A few of these include 1988 ISSCC
announcements of new products such as Intel's 90ns 4Mb CMOS EPROM, Hitachi's 55ns
64Kx16 device, and SGS-Thomson's 70ns 64Kx16 device. We continue to believe that the
100 to 150ns range will be the most prevalent EPROM speed range by 1992, with
ramp-up in volume production beginning in the latter part of 1990. Although 64K and
256K densities sustained the largest growth for demands of high speed and very high
speed in 1988, production grew in densities of 512K and more in the first quarter of 1989,
and continued growth is expected through the end of the year.

SIS Memories ® 1989 Dataquest Incorporated August 21
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Figure 1
High-Speed EPROM Market Forecast
Percent of Units
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CMOS/NMOS EPROMs

CMOS technology represented a 51 percent share of total EPROM production in
1988, surpassing Dataquest's previous projection of a 45 percent share. As such, we
expect the CMOS share to continue growing, surpassing NMOS with a more than
52 percent share of units by the end of 1989 and an expected 71 percent share of the
total market by the end of 1990. The 64K and 256K devices maintained the strongest
density share of the entire EPROM product lineup in 1988, with respective shares of 41
and 55 percent.

MOS UV/OTP EPROMs

Table 4 shows EPROMs packaged in UV erasable packages, while Table 7 deals
strictly with production of one-time programmable (OTP) EPROMs in plastic packages
without windows.

Dataquest consistently has made the packaging distinction between EPROMs in UV
erasable packages and those in nonerasable plastic packages, or OTPs, for the primary
reason of separately tracking an anticipated shift to less expensive packages. Our
forecast for 1988 through 1993 shows that UV EPROMs will continue to have a larger
share of the EPROM market. The OTP EPROM product has continued to maintain a
marginal and declining share of the EPROM market. Product introduction and product

22 © 1989 Dataquest Incorporated August SIS Memories
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demand continue to come from densities of 256K and more. Although OTP represented a
14.8 percent share of the EPROM market in 1987, its 1988 share dropped to 10.0 percent,
with an expected 10.0 percent share of the total market by the end of 1989. We expect
that AMD, Mitsubishi, Sharp, Texas Instruments, and Toshiba will continue to be the
major OTP suppliers, with a predominant shift to CMOS occurring during the 19%0
through 1993 time frame. '

Flash Memory

Flash memory technology is a new, nonvolatile memory product area that will be
covered in a separate section of Dataquest’s semiconductor memories notebook. Further
information on flash memory technology can be found in Dataquest's SIS newsletter,
"The Bare Facts About Flash,” published in June 1989.

Short-Term Forecast

Dataquest believes that the EPROM pricing softness that occurred during the first
two quarters of 1989 will continue through the end of the year. The price declines
currently are affecting the 64K through 1Mb densities, with the most aggressive pricing
occurring at the 256K level, where prices have been quoted at less than $2. Although
1Mb EPROM unit shipments reached 9 million in 1988 as Japanese vendors captured more
than 79.4 percent of market share, up from 75.0 percent in 1987, 1Mb unit shipments fell
far below our expected forecast for the second consecutive year. Although user interest
in the IMb product is high and shipments of both x8 and x16 configurations have been
strong through the first two quarters of 1989, it is questionable that 1Mb EPROMs will
reach market expectations of 37 million units by the end of 1989.

LONG-TERM FORECAST

Dataquest believes that the slow bit growth that has occurred since 1987 will
continue through the first half of 1990. A slow but positive upturn is expected to begin
during the second half of 1990, with a rapid ramp-up in production in 1991 that will
continue through 1993, as demand for IMb through 4Mb densities increases. Bit growth
is expected to have a compound annual growth rate (CAGR) of 57.7 percent from 1988
through 1993. The automotive and electronic data processing segments continue to be
the strongest drivers for bit growth in the 1991 through 1993 time frame.

Although product sampling and shipment of the 2Mb and 4Mb EPROMSs has been
minimal during the first half of 1989, increased shipments are expected from all
participants during the second half of 1990. Although strong user demand and supplier
support are expected for 2Mb EPROMSs in both the x8 and x16 configurations, we believe
that the 4Mb will be the next area of major growth for the EPROM sector. Table 10 lists
all of the known 2Mb and 4Mb participants and their products by organization.

SIS Memories ® 1989 Dataquest Incorporated August 23
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Table 10
19389 2Mb/4Mb CMOS EPROM Suppliers

Fastest —_Mb —4Mb

Company Speed x8 x16 8 x16
AMD 100as X

120ns X
Fujitsu 150ns X X
Intel 150ns X X X
Mitsubishi 100ns X X

120ns p 4
NEC 150ns X X
Toshiba 150ns X
WaferScale 10Gns X

Source: Dataquest
August 1989

Although EPROM revenue is expected to exceed $2.3 billion in 1990, its expected
growth in units and dollars during 1989 will be marginal; 24 suppliers will be scurrying for
a share of that 1990 commodity market. With densities now ranging from 16K through
4Mb and increased user demands for a variety of speeds, varying organizations, and
packages, Dataquest anticipates that successful market share gains will be made only by
ti’ae ggoad—based and/or very focused high-speed suppliers during the expected 1990
slowdown.

24 © 1989 Dataquest Incorporated August SIS Memories
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SUMMARY

Intel Corporation first introduced EPROM technology in 1971. Unlike ROMs, which
are permanently programmed by the manufacturer during the fabrication process,
EPROMs are programmed electrically and can be repeatedly reprogrammed and erased
after exposure to ultraviolet light. The EPROM, often referred to as a floating-gate
memory, was invented by Dov Frohman of Intel. As shown in Figure 1, the first product
out of the shute was the 2K programmed memory. The glass—-windowed 1701 EPROM
was introduced by Intel at the International Solid State Circuits Conference in 1971.
Development of the 4K and 8K EPROMSs followed in 1975, with the first one-time
programmable (OTP) plastic—packaged EPROM, the 2708P, introduced by Motorola in
1977.

Figure 1
EPROM Product Development

Memory Bits per Chip
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The pinnacle of EPROM development was reached in 1977, with Intel's introduction
of the 16K EPROM. The 5-volt 16K device was to become not only the industry standard
for EPROMS, but it was also compatible with microprocessor systems. In essence, the
marrying of the EPROM and the microprocessor accelerated the development of both

products and the advance of the microcomputer industry.

Since 1974, the EPROM market has maintained a fairly steady rate of growth, as
shown on Figure 2. Worldwide EPROM revenue grew at a 131 percent compound annual

growth rate (CAGR) from 1974 to 1986.

Figure 2

EPROM Revenue Growth

Millions of Dollars
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Although the pace of the MOS memory race has intensified over the last 17 years,
the EPROM segment of the memory market, as shown on Figure 3, has sustained a
moderate share of the total memory market from year to year, second only to the DRAM
segment. Emerging technological changes, new contenders in the market, and improved
price performance, increased revenue and market share for the major EPROM suppliers
through 1984. As shown on Figure 4, the market saw substantial EPROM bit growth
during the 1975 to 1985 time frame.

Figure 3
EPROM Share of MOS Memory
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Figure 4
MOS EPROM Bit Growth
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Over the past decade, Japanese companies have made steady gains in MOS memory
market share. These gains have been at the expense of U.S. semiconductor
manufacturers, who have seen their market shares decrease in overall MOS memories
from 74 percent in 1979 to 39 percent in 1985. The Japanese made their biggest gains in
EPROM market share from 1984 through 1986, as shown on Figure 5. The yen
appreciation from 1984 to 1986, aggressive pricing tactics, and new entrants to the
market--including Matsushita, Seiko-Epson, and Sharp—have made the Japanese
formidable contenders in the commodity EPROM market. In—-depth competitive analysis
is located in the SIS Memories segment notebook, behind the EPROM tab and under the
"Vendor Analysis" heading. Detailed company shipment data are located in the SIS
Products and Markets I notebook, and the Memories segment notebook, behind the
EPROM tab under the "MOS EPROMs—Data" heading.

Figure 5
Worldwide MOS EPROM Market Share
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Dataquest’s MOS EPROM data consist of revenue, unit shipments, and prices for
MOS EPROM product lines. Table 1 lists the top-level market data for all of the tables.
The data include all EPROM revenue, regardless of the technology employed (NMOS or
CMOS) or package type (plastic or ceramic). The tables included in these data are as
follows:

* Table 1=--MOS EPROMS--Total Worldwide Market

. Table 2—Worldwide NMOS EPROM Market-——Total {(UV and OTP)

L Table 3-=Worldwide CMOS EPROM Market—Total (UV and OTP)

L Table 4—Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

® Table 5—Worldwide NMOS UV Market

° Table 6-=-Worldwide CMOS UV EPROM Market

° Table 7--Worldwide MOS OTP EPROM Market-=Total (NMOS and CMOS)

. Table 8--Worldwide NMOS OTP EPROM Market

* Table 9—Worldwide CMOS OTP EPROM Market

& ® 1988 Dataquest Incorporated July SIS Prod., Mkt., & Tech., Vol. II
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Table 1
MOS EPROMs—Total Worldwide Market

Millions of Dollars
1985 1986 1987 1988 1989 1990 1991 1992
4K 0 0 1] ) 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K $ 64 §$ 35 ¢ 28 % 23 8 13 $ 15 § 12 & 11
32K 101 48 46 35 19 10 & 3
64K 294 266 219 227 195 160 125 105
128K 226 162 201 211 191 144 116 a3
256K 177 320 555 651 642 542 493 423
512K 15 68 255 a7z 348 330 291 245
M 0 12 43 259 493 707 819 835
2M G 0 0 4 25 12 253 419
4M 0 0 Q 0 1 12 58 308
8M 0 9 Q Q 0 Q 3] 5
Total $876 $913 $1,347 $1,783 $1,933 $1,992 $2,172 $2,451
. % Change from
Previous Year (26%) 4% 48% 32% 8% 3% 9% 13%
Millions of Units
1985 1986 1987 1988 1989 1990 1991 1993
4K 0 0 0 1] 1] 0 0 0
8K 0 0 0 a 0 0 0 0
16K 24.6 14.7 9.8 6.8 4.9 3.8 3.1 2.6
32K ig.6 21.6 16.4 9.9 5.0 2.4 1.5 0.8
64K 103.0 99.6 73.2 63.0 50.0 39.0 30.0 25.0
128K 56.1 57.3 57.7 57.0 51.0 38.0 30.0 25.0
256K 22.2 70.0 119.9 140.0 137.5 126.0 1l1l6.C 102.0
S12K 0.5 5.7 30.9 61.0 67.0 64.0 57.0 49.0
M 0 0.2 1.6 16.0 44.0 79.0 107.0 121.0
M 0 0 0 0 0.4 2.0 11.0 26.0
iM 0 0 0 0 Q 0.2 1.7 15.0
8M Q 8] 0 0 it 0 0 0
Total 245.0 269.1 309.5 2353.8 359.8 354.4 357.3 366.4
% Change from
Previous Year 11% 10% 15% 14% 2% (2%) 1% 3%
. (Continued)
SIS Prod., Mkt., & Tech., Vol. I © 1988 Dataquest Incorporated July T
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Table 1 (Continued)

MOS EPROMs—Total Worldwide Market

Average Selling Price (§)
1985 1986 1987 1988 1989 1990 1991 1992
0 0 0 o o 0 0 4!
0 0 0 0 0 0 0 0
$§ 2.62 % 2,40 $ 2,808 3.40 8 3.70 $ 3.90 $ 4.00 % 4.10
$ 2.61 $ 2.24 $2.83 & 3.508 3.80 % 4.00 $ 4.10 % 4.15
$ 2.85 8§ 2.67 $ 2.99 & 3.60 % 3.90 $ 4.10 $ 4.15 § 4.20
$ 4.02 $ 2.85 §$ 3.49 8% 3.70 % 3.75 $ 3.80 &£ 3.85 ¢ 3.90
$ 7.96 $ 4.57 $ 4.63 § 4.65 3% 4.67 £ 4.30 $ 4.25 % 4.15
$ 32.44 $11.96 $ 8.24 ¢ 6.10 8 5.20 § 5.1%5 $ 5.10 3 5.00
$125.00 $56.87 $26.77 & 16.20 § 11.20 $ 8.95 $ 7.65 § 6.90
0 0 0 $110.00 $§ 62.00 $36.00 $23.00 $ 16.10
0 0 0 ¢ $125.00 $62.00 $34.00 § 20.50
0 0 0 1] 0 0 0 $135.00
Overall
ASP $ 3.57 § 3.39 $ 4.35 % 5.04 8§ 5.37 $ 5.62 §£ 6.08 § 6.69
Change from
Previous Year (33%) (9%} 28% 16% T% 5% 8% 10%
Source: Dataquest
July 19838

© 1988 Dataquest Incorporated July
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Table 2

Worldwide NMOS EPROM Market—Total (UV and OTP)

Millions of Dollars

1985 1986 1987 1988 1989 1990 1991 1992

4K 0 0 0 0 0 0 0 0
8K (] 0 0 0 0 0 0 0
16K $54 §35 §$19 § 12 $ 838 $ 4 $ 4 & 2
32K g2 44 37 26 14 7 4 2
64K 271 206 141 110 30 57 31 16
128K 222 152 157 144 123 83 S8 42
256K 147 237 309 313 251 136 134 9Q
512K 14 63 177 225 174 135 9l 44
M 0 3 8 39 58 67 46 25
2M Q 0 0 0 0 0 0 0
4M o o 0 0 0 0 0 )]
8M Q 1] Q 9 ) 0 Q 9
Total $791 $740 £847 3868 $707 $540 $368 $221

% Change from
Previous Year (6%) 14% 3% (19%) (24%) (32%) (40%)
Millions of Units '

1988 1986 1987 1988 1986 1990 1991 1992

4K 0 0 0 o 0 0 0 0

8K 0 0 0 4] (1] 0 0 0

16K 21.6 14.7 7.4 3.5 2.2 1.1 1.0 0.6

32K 34.1 18.9 13.3 7.4 3.6 1.7 1.0 0.4

64K 97.% 82,5 47,9 31.% 21.0 14,0 7.5 3.8

128K 55.6 55.4 46.9 39.9 33.2 22,0 15.3 11.0

256K 19.0 53.8 71.9 71.4 57.8 44,1 32.5 22,4

512K 0.4 5.4 21.9 38.4 36.2 31.4 21.7 10.8

1M 0 0.1 0.3 2.4 5.3 7.9 6.4 4.8

2M 0 0 ¢] g 0 0 0 0

4M 0 0 0 ) 0 0 0 0

M 0 0] Q Q Q 4] Q 0]

Total 228,2 230.9 209.6 194.6 159.,2 122,2 85.3 53.8

% Change from

Previous Year 1% (9%) {(7%) (18%) (23%) {(30%) (37%)
{Continued)
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16K
32K
64K
128K
256K
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ZM
aM
8M
Overall ASP

% Change from
Previous Year
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MOS EPROM--Forecast

Table 2 (Continued)
Worldwide NMOS EPROM Market—Total (UV and OTP)

Average Selling Price (%)

1985

- - L3

o 0 A o
o~ O =] N
OCO00Q0O0O Yo MKOOO

& oW NN
.

$ 3.46

1986

$ 3.21

(T%)

1987 198§ 1989 1990

© 1988 Dataquest Incorporated July

kW Ww W W
.+ »

LR - R KRN

. + &

S W~ & ~-n
COO0Oo0O0ONOONMOO

[

$ 4.44

SIS Prod., Mkt., & Tech., Vol. II

NN W

1991 1992

0 0 0

0 0 0
3.78 § 3.90 § 4.05
3.95 £ 4.07 $ 4.10
4,08 & 4.10 5 4.18
3.78 $ 3.80 $ 3.85
4.22 $ 4.14 § 4.01
4.32 $ 4.20 § 4.08
8.45 § 7.20 & 5.24
0 0 0

0 0 0

0 ) 0
4.42 § 4.32 § 4.11
(1%) (2%}  (5%)
Source: Dataquest
July 1988
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MOS EPROM--Forecast

Table 3

Worldwide CMOS EPROM Market—Total (UV and OTP)

4K
8K
16K
32K
64K
128K
256K
512K

M
aM
aM

Total

% Change from
Previous Year

4K
8K
16K
32K
64K
128K
258K
512K
1M
2M
4M
M

Total

% Change from
Previous Year

Millions of Dollars

i985 1986 1987 1988 1989 1990 1991 1992
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
$11 0 & 8 $11 3 10 % 11 § $ 8 8
s & 7 10 9 6 3 2 2
22 65 93 123 122 110 102 100
4 7 41 68 71 63 59 60
30 80 235 326 375 373 288 378
0 4 78 149 166 170 178 185
] 9 36 225 445 6338 742 765
0 0 0 4 25 72 264 419
0 0 0 ] 1 12 60 308
Q 1] Q [t} 1] Q Q 3

$35 $173 $500 $915

105% 189% B83%

Millions 9f Upits

$1,221 $1,452

33%

19%

24% 24%

1985 19386 1987 1988 1989 1990 1991 1892
0 0 0 0 0 1] o 1]

0 ] 0 0 ] ] 0 0
3.0 0 2.4 3.3 2.7 2.7 2.1 2,0
4.5 2.7 3.1 2.5 1.4 0.7 0.5 0.4
$.5 17.1 25.3 31.%5 29.0 25.0 22.5 21.3
0.5 1.9 10.8 17.1 17.9 16.0 14.7 14.0
3.2 16.2 48.0 68.6 79.8 81.9 83.5 79.6
0 0.3 8.9 22,6 30,8 32.6 35.3 38.2

0 0.1 1.3 13.6 38.7 71.1 100.6 116.2

0 0 0 0 0.4 2,0 11.0 26.0

0 0 0 0 0 0.2 1.7 15.0

0 0 0 0 0 0 1] 0
16.7 38.3 99.8 159.1 200.6 232.2 272.0 312.6
129% 161% 50% 26% 16% 17% 15%
{Continued)
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16K
32K
64K
123K
256K
512K

2M
4M
8M

Overall
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MOS EPROM--Forecast

Table 3 (Continued)
Worldwide CMOS EPROM Market—Total {UV and OTP)

% Change from

1983 1986 1987 1988 1989 1990 1991 1992
0 Q 0 0 0 g 0 0
0 0 0 0 0 0 0 0
$ 3.50 0 $3.36 8 3.42 8 3.76 $ 3.95 § 4.04 § 4.12
$§ 4.10 $ 2.71 $ 3.08 8 3.58 % 3.95 § 4.10 $ 4.16 § 4.20
$ 4.07 $ 3.80 $3.68 8% 3.90% 4.20 5 4.42 $ 4.55 § 4.70
$ 7.20 $ 3.89 $3.808%8 4,008 3.98 % 3.94 § 3,99 § 4.30
§ 9.25 £ 4.93 $4.9038 4.75 8 4.70 § 4.55 § 4.65 § 4.75
$ 30.00 $13.95 § 8.68 § ©6.58 $§ 5.40 $ 5.20 § 5.05 § 4.85
$125.00 $62.62 $27.36 § 16.55 § 11.49 § 8.98 $ 7.38 § 6.59
0 0 0 $110.00 $ 62.00 $36.00 $24.00 § 16.10
0 0 0 0 $125.00 $62.00 $35.00 § 20.50
0 0 0 0 0 Q 0 $135.00
$ 5.06 $4.52 $5.,01 8§ 5.75 § 6.08 $ 6.25 $ 6.63 § 7.13
Previous Year 11% 15% 6% 3% 6% 8%
Source: Dataquest
July 1988
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MOS EPROM--Forecast

Table 4

Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

Millions of Dollarsg

1985 1986 19387 1988 1989 1990 1991 1993
4K a 0 1] 0 0 0 0 0
8K o 0 0 0 0 0 0 0
16K $64 $35 ¢ 28 $ 23 & 18 $ 15 § 12 $ 11
32K 96 46 46 35 21 10 6 3
64K 284 257 210 206 180 152 125 113
128K 223 150 176 134 155 118 95 92
256K 174 272 476 570 564 493 481 439
512K 14 68 242 343 305 270 230 196
1M 0 12 43 242 442 573 588 550
2M 0 0 0 4 25 71 264 426
4M 0 0 0 0 1 12 60 308
8M 0 0 Q Q Q 0 Q 5
Total £856 &$841 $1,221 $1,606 $1,711 $1,713 §1,861 $2,144

% Change from
Previous Year (2%) 45% 32% 7% 0% 5% 15%

Millions of Units

4285 1986 1987 1988 1989 1690 1991 1992
4K 0 1t 0 0 Q 0 0 0
8K 0 0 ] o 0 0 0 0
16K 24.6 14.7 9.8 6.8 4.9 3.8 3.1 2.6
32K 35.6 20.7 16.4 9.9 5.4 2.4 1.5 0.8
64K 99.0 93.9 63.8 55.0 44.0 35.0 28.0 24.5
128K 55.3 52.2 49.1 48.0 40,0 30.0 24.0 22.0
256K 21.7 57.5 102.1 121.0 116.0 103.0 98.0 86.0
512K . 4 5.7 29.1 54.0 56.0 51.0 44.2 38.0
M 0 2 1.6 14.0 38,0 61.0 72.0 76.0
2M 0 0 0 ] 4 2.0 11.0 26.0
4M 0 ] 0 0 0 0.2 1.7 15.0
8M 0 )] 0 0 3] Q 0 0
Total 236.7 244.9 271.8 308.8 304.7 288.4 283.5 290.9

% Change from
Previous Year 3% 11% 14%  {1%) (5%) (2%) 3%
{Continued)
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MOS EPROM—Forecast

Table 4 (Continued)
Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

Averaqge Selling Price (§)
1938 1989 1999 1991 1992

1985 1986 1987

4K Q 0 0
8K 0 0 0
16K $ 2.60 § 2.40 $ 2.80 ¢
32K $2.71 8 2.24 $ 2.83 §
64K $ 2.87 ¢ 2.74 $ 3.29 %
128K $4.03 § 2.88 § 3.59 ¢
256K $ 8.02 54.73 % 4.66 §
512K $32.50 $11.94 £ 8.33 §$
i 0 $58.57 $26.77 §
2M 0 0 VI
4M 0 0 0
gM 0 0 0

14

Overall ASP $ 3.62 $ 3.43 $ 4.49 §

% Change from
Previous Year {5%) 31%

©® 1988 Dataquest Incorporated July

1

0
3.40
3.50
3.74
3.84
4.71
6.35
7.29
0.00

T

5.20

16%

0

0
3.68
3.80
4.10
3.88
4,86
5.44
$ 11.62
$ 62.00
$125.00
0

LR

$ 5.61

2%

a 0 0

0 0 0

$ 3.90 § 4.00 8 4.10
$ 4.00 $ 4,10 $ 4.15
$ 4.34 8 4.47 § 4.63
$ 3,92 $3.97 8 4.19
$4.79 $ 4.81 8 5.11
$5.29 $5.208% 5.15
$ 9,39 $ 8.16 § 7.24
$36.00 $24,00 § 16.40
$62.00 $35.,00 $ 20.50
0 0 $135.00

$ 5.94 $ 6.5 & 7.37
6% 10% 12%
Source: Dataquest
July 1988
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MOS EPROM~-Forecast

Table 5
Worldwide NMOS UV Market
Millions of Dollars

1985 1986 1987 1988 1989 1990 1991 1992

4K (1} 0 0 1] Q 0 0 0
8K 0 0 0 0 0 0 0 ]
16K $ 54 s 35 £ 19 $ 12 $ 8 $ 4 $ 4 $ 2
32K 78 a9 37 26 15 7 4 2
64K 265 193 120 87 61 43 24 14
128K 219 143 136 118 1.3 56 338 33
256K 144 202 254 253 182 106 74 37
512K 14 63 168 196 136 97 47 1
M 0 3 8 40 60 71 50 34
2M 0 ) 0 0 0 0 0 ]
aM 0 0 0 0 0 0 0 0
BM 1] Q 1] Q 0 Q Q a
Total ' $774 $679 $739  $731 $548 $384  $241  $122

. % Change from
Previous Year {12%) 9% (1%) (25%) (30%) (37%) (49%)

Millions of Units
1985 1986 1987 1988 1989 1990 1991 1992

4K o 0 0 0 0 0 o) 0
8K 0 ] 0 ] 0 0 o 0
16K 21.6  14.7 7.4 3.5 2.2 1.1 1.0 0.6
32K 31,1 18,1 13,3 7.4 4.0 1.7 1.0 0.4
64K 94.5 77.6 39.9 24.6 15.6 10.4 5.7 3.3
128K 54.8 50.3 38.7 31.4 22,7 14.4 9.6 8.2
256K i 18,5 43.4 S7.1 55.6 39.5 23.4 16.3 8.0
512K 0.4 5.4 20,2 31.6 25.5 18.8 9,2 0.1
1M 0 0.1 0.3 2.4 5.3 7.9 6.4 4.8
2M ] 0 0 0 0 0 0 0
M 0 0 ¢ 0 0 0 0 0
8M 0 0 0 0 0 0 0 0
Total 220.9 209.5 176.9 156.6 114.8 77.7 49.2 25.4
% Change from

Previous Year (5%) (16%) (11%) (27%) (32%) {(37%) (48%)
.' {Continued)
SIS Prod., Mkt., & Tech., Vol. II © 1988 Dataquest Incorporated July 15
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MOS EPROM—-Forecast

Table 5 (Continued)

1991

0 0
0 0
$3.90
$4.07
$4.15
$3.95
$4.55
$5.12
$7.78
0 0
a 0
0 0

$4.89 $4.80

(1%)  (2%)

Source: Dataquest

Worldwide NMOS UV Market
Average Selling Price (§)
1988 1986 1987 1988 1989 1999
4K 0 1} 0 1} 0 1}
8K 0 0 0 0 0 0
16K $ 2.48 § 2.40 $ 2.62 $ 3.383 §$ 3.58 $3.78
32K $2.51 § 2.17 $ 2.77 §$ 3.47 § 3.75 $3.95
64K $ 2,80 £ 2,49 $£ 3.00 & 3.54 §£ 3,92 $4.14
128K $ 4.00 $ 2.84 $ 3.52 $ 3.75 §$ 3.80 $3.90
256K $ 7.80 § 4.65 § 4.45 $ 4.54 §$ 4.62 $4.52
512K $32.50 $11.82 $ 8.18 $ 6.18 §$ 5.32 $5.18
1M 0 §$48.50 $24.32 $16.80 $11.28 $9.00
M 0 0 0 0 0 0
4M 0 0 0 0 4] 0
8M 1] 0 0 L] ) 0
Tot&l $ 3.50 §$ 3.24 § 4.18 $ 4.67 $ 4.77 $4.95
% Change from

Previocus Year (8%} 29% 12% 2% 4%

16 ©® 1988 Dataquest Incorporated July

July 1988
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MOS EPROM--Forecast

Table 6

Worldwide CMOS UV EPROM Market

Millions of Dollars

1985 1986 1987

1988 1989 1990 1991 1992

4K 0 0 0 0 0 ¢ 0 0
8K 0 0 0 0 0 0 0 0
16K $10 0 $§ 8 $11 2 10 $ 11 § 9 8
32K 18 $ 7 10 9 6 3 2 2
64K 19 63 90 113 119 109 101 100
128K 4 7 40 67 69 61 57 60
256K 30 70 222 317 g2 388 407 402
512K 0 4 77 147 169 173 182 195
IM 0 9 36 202 382 502 538 516
2M Q 0 0 4 25 71 264 426
4M 0 0 0 0 1 12 60 308
M 0 Q Q 0 0 Q 0 S
Total £82 $162 $482 $875 $1,163 $£1,329 $1,620 $2,022

. % Change from
Previous Year 98% 198% B2% 33% 14% 22% 25%

Milljong of Units

1985 1986 1987 1983 1989 1990 1991 1993
4K ] 0 ] (i 0 ) 0 0
8K 0 0 Q 0 0 0 Q 0
16K 3.0 0 2.4 3.3 2,7 2.7 2.1 2.0
32K 4.5 2.7 3.1 2.5 1.4 0.7 0.5 0.4
64K 4.5 16.3 23.9 30.4 28.4 24.6 22.3 21.2
128K 0.5 1.9 10.4 16.7 17.3 15.6 14.4 13.9
256K 3.2 14.1 45.0 65.4 76.5 79.6 81.7 78.0
512K 0 0.3 8.9 22.4 30.5 32.3 35.0 37.9
1M o 0.1 1.3 11.6 32.7 53.1 65.6 71.2
2M 0 0 0 0 0.4 2.0 11.0 26.0
4M 0 0 0 0 0 0.2 1.7 15.0
M o] Q o Q Q9 0 0 Q
Total 15.7 35.4 95.0 152.1 189.9 210.7 234.3 265.5

% Change from
Previous Year 125% 168% 60% 25% 11l% 11% 13%
. (Continued)
SIS Prod., Mkt., & Tech., Vol. II © 1988 Dataquest Incorporated July 17
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MOS EPROM--Forecast

Table 6 (Continued)

Worldwide CMOS UV EPROM Market

Average Selling Price (§)

1985 1986 1937 1938 1989 1990 1991 1992

4K 0 a 0 Q
8K 0 0 0 0
16K $3.50 0% 3.36 § 3.42
32k $4.10 $ 2.71 § 3.08 § 3.58
64K $4.25 $ 3.87 $£ 3.78 8 3.90
128K $7.20 5 3.94 § 3.83 $ 4.00
256K $9.25 8 4.98 $ 4.93 8 4.85
512K 0 $14.08 $ 8.68 § 6.58
M 0 $62.62 $27.35 $ 17.39
2M 0 9 0 $110.00
4M 0 0 0 0
8M 0 0 0 0

Overall ASP $5.18 $ 4,57 $ 5.08 § 5.75

% Change from

Previous Year {12%) 1l 13%

18 © 1988 Dataquest Incorporated July

0 0 ¢ 2

0 0 0 o
$§ 3.76 $ 3.95 § 4.04 § 4.12
$§ 3.95 8 4.10 $4.16 § 4.20
$ 4.20 $ 4.42 §$ 4.55 8 4.70
$§ 3.98 § 3.94 8§ 3.99 § 4.30
$ 4.99 $ 4.87 $§ 4.98 8§ 5.16
$ S5.54 $ 5.35 § 5.22 8§ 5.15
$ 11.68 $ 9.45 § 8.20 8 7.25
$ 62.00 $36.00 $24.00 $ 16.40

$125.00 $62.00 $35.00 $ 20.50
0 0 0 $135.00

$ 6.12 8% 6.31 8 6,928 7.61

6% 3% 10% 10%

Source: Dataquest
July 1988

SIS Prod., Mkt., & Tech., Vol. I
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MOS EPROM—-Forecast

Table 7
Total MOS OTP EPROM Market—Total (NMOS and CMOS)

Millions of Dollars

1985 1986 1987 1988 1989 1999 1991 1992
4K 0 0 0 0 a 4] 0 0
8K 0 0 0 0 a Q 0 0
16K 0 0 0 0 0 o g 0
328 $5 $1 0 0 a ¢ 0 0
64K 10 12 $ 23 $ 23 5 17 $ 12 $ 6 $ 2
128K 3 12 25 28 3s 26 20 10
256K 3 46 65 69 79 80 61 54
S12K 0 0 14 a5 45 Sl 49 41
1M 0 o 0 21 46 111 175 201
M 0 v] 0 0 0 0 0 0
4M Q c 0 0 Q Q Q 0
Total $20 $72 $126 $£177 $222 $279 $311 $307
- % Change from

. Previous Year {3%) 259% 76% 40% 26% 26% 11% (1%)

Millions of Units
1985 1986 1987 1988 1989 1990 1991 1992
4K 0 0 0 0 0 0 0 0
8K 0 o 0 0 0 0 0 0
16K 0 0 0 0 0 0 0 0
32K 3.0 0.9 Q 0 O 0 0 0
84K 4.0 5.7 9.4 8.0 6.0 4.0 2.0 0.5
128K 0.8 5.2 8.6 9.0 11.0 8.0 6.0 3.0
256K 0.5 12,5 17.9 19.0 21.5 23.0 18.0 16.0
512K 0 0 1.8 7.0 11.0 13.0 12.8 11i.0
iM 0 0 0 2.0 6.0 18.0 35.0 45.0
2M 0 0 0 0 Q 0 0 0
4M 0 0 Q Q 0 o Q 0
Total 8.3 24.2 37.7  45.0 55.% 66.0 73.8 75.5
{(Continued)
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MOS EPROM—Forecast

Table 7 {(Continued)

Total MOS OTP EPROM Market—Total (NMOS and CMOS)

1985

$1.50
$2.46
$3.50
$5.50

o000

Overall ASP $2.40

© 1988 Dataquest Incorporated July

1986

OWNN R

* » [ ] - -

= ) €
COOOVUWNPFRFAUOOO

LR R R R
i

©
[ ]
-

0
(44}

Average Selling Price ($)
1987 1988 1989 1990 1991 1992
0 o 0 0 0 o
0 0 0 0 ] 0
0 0 0 o Q o
0 0 0 ¢ 0 0
$2.47 § 2.90 $2.89 $3.09 $3.23 $3.26
$2.87 §$ 3.11 $3.17 $3.22 $3.26 $3.34
$3.63 § 3.63 $3.69 $3.46 $3.41 $3.36
$7.54 § 5.02 $4.06 $3.91 $3.80 $3.75
0 $10.66 $7.60 $6.14 $4.99 $4.46
0 0 0 0 0 0
o 0 0 0 0 0
$3.35 £ 3.92 $4.00 $4.23 $£4.21 $4.07
Source: Dataguest
July 1988

SIS Prod., Mkt., & Tech., Vol. Il
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MOS EPROM--Forecast

Table 8
Worldwide NMOQS OTP EPROM Market

Millions of Dollars

1985 1986 1987 1948 198¢ 1990 1991 1992

4K 0 0 0 0 0 0 0 0

8K 0 O ) 0 0 ) ) 0

16K ] 0 0 0 1] 0 0 0

32K $ 5 $1 0 0 0 ) 0 0

64K 7 10 $ 19 $ 20 $ 15 $ 11 $ 5 £ 2
128K 3 12 24 26 33 24 18 9
256K 3 as 53 57 67 71 55 48
512K 0 0 13 34 43 49 47 40
1M 0 0 0 0 0 0 0 0
2M 0 0 0 0 4] 0 0 o}
M 0 0 Q Q 4] 0 0 0
Total $17 $61 $108 £137 $159 3156 $127 $99

% Change from
Previous Year (19%) 266% 78% 26% 16% {2%) {(19%) (22%)
Millions of Units
1985 1986 1987 1988 1989 1990 1991 1992
4K B/A H/A HN/A H/A H/A N/A N/A N/A
8K R/A N/A H/A N/A N/A N/A H/A H/A
16K N/A N/A N/A N/A N/A N/A N/A N/A
32K 3.0 0.9 0 0 ) 0 0 0
64K 3.0 4.9 8.0 6.9 5.4 3.6 1.8 0.5
128K 0.8 5.2 8.2 8.6 10.5 7.6 5.7 2.9
256K 0.5 10.4 14.8 15.8 18.3 20.7 16.2 14.4
512K N/A 1] 1.8 6.8 10.7 12.6 12.4 10.7
1M N/A H/A N/A N/A N/A N/A N/A N/A
2M N/A N/A N/a N/A N/A N/A N/A N/A
aM N/A H/2 H/A M/A N/A H/A H/A N/A
Total 7.3 21.4 32.8 38.0 44.8 44.5 36.1 28.4
N/A = NHot Available

{Continued)
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MOS EPROM-——Forecast

Table 8 (Continued)

Worldwide NMOS OTP EPROM Market

198% 1986
N/A N/A
N/A N/A
N/A N/A

$1.50 $ 1.75
$2.20 $ 1.9%6
$3.50 % 2.27
$5.50 §$ 3.63

N/A  $10.00
N/A N/A
N/A N/A
H/A N/A

$2.28 % 2.85

N/A = Mot Available

22

Average Selling Price (§)

1987 1988 1989 1990 1991 1992
H/A B/A N/A N/A N/A N/A
RN/7A N/A NH/A N/A R/A R/A
H/A N/A H/A N/A N/A N/A

0 0 0 0 0 0
$2.40 $2.87 $2.85 $3.07 $3.22 $3.26
$2.86 $3.09 $3.15 $3.20 $3.24 $3.32
$3.55 $3.59 $3.68 $3.44 $3.40 $£3.35
$7.53 $5.00 $4.05 $3.90 $3.80 $3.75

N/A N/A N/A N/A N/A N/A
H/A HN/A N/A N/A N/A N/A
N/A R/A N/A N/A N/A N/A
$£3.31 $3.60 $3.5¢ $3.50 $3.50 $3.50
Source: Dataquest

July 19838

© 1988 Dataquest Incorporated July
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MOS EPROM--Forecast

Table 9

Worldwide CMOS OTP EPROM Market

Millions of Dollars

1985 1986

4K 0 0
3K 0 0
16K 0 Q
32K 0 0
64K 33 $ 2
128K 0 0
256K 0 9
512K 0 0
1M 0 4}
2M 0 0
4M _0 -9
Total 33 $11

% Change from

Previous Year 228%
1985 1986

4K H/A N/A
8K H/A H/A
16K N/A N/A
32K H/A H/A
64K 1.0 0.8
128K A N/A 0
256K N/A 2.1
512K N/A ¢
1M N/A a
2M N/A H/A
4iM B/A H/A
Total 1.9 2.9

N/A = Kot Available

SIS Prod., Mkt., & Tech., Vol. II
0000587

1987 1988 1989 1990 1991 1992
0 0 0 0 0 0
o Q 0 0 1) )]
0 o 0 0 0 0
0 0o 0 o 0 0
$ 4 $ 3 $ 2 $ 1 $ 1 0
1l 2 2 1 1 $ 1
12 12 12 8 6 6
0 1 1 2 1 1
0 21 46 111 175 201
0 ] 0 0 ] 0
-0 -9 _0 0 Q 0
§18 $40 $63 $123  $184  $208
67% 124%  58% 96% 49% 13%
Milliong of Units
1987 1988 1989 1990 1991 1992
N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A
1.4 1.1 0.6 0.4 0.2 0
0.4 0.8 0.6 0.4 0.3 0.2
3.1 3.2 3.2 2.3 1.8 1.6
0.1 0.2 0.3 0.4 0.4 0.3
0 2.0 6.0 18.0 35.0 45.0
N/A N/A N/A N/Aa N/A N/A
N/3 N/A N/A N/A N/A N/A
4.9 7.0 10.7 21.5 37.7 47.1
{Continued)
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MOS EPROM--Forecast

Table 9 (Continued)

Worldwide CMOS OTP EPROM Market

1983

N/A
N/A
N/A
N/A
$3.25
$5.00
$8.50
N/A
N/A
N/A
N/A

Overall ASP $£3.25

N/A = Not Available
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1986

N/A
N/A
N/A
N/A
$ 2.35
$ 2.89
$ 4.22
$11.30
N/7A
N/A
N/A

$ 3.71

SIS Prod., Mkt., & Tech., Vol. II

Average Selling Price (§)

1987 1988 1989 19990 1991 1992
N/A N/A N/A N/A N/A N/A
N/A N/A H/A H/A N/A H/A
N/A N/A N/A N/A N/A N/A
N/A N/A H/A H/A HN/A N/A

£2.84 § 3,10 $3.27 $3.30 $3.32 ¥$3.34

$£3.04 $ 3.50 $3,55 $£3.58 $3.61 $3.62
$3.99 $ 3.80 $3.75 £3.65 $3.54 $3.46
$7.90 §$ 5.50 $4.40 $4.10 $3.90 8£3.80
HN/A $10.66 $7.60 $6.14 $4.99 $4.46
N/A N/A N/A N/A N/A N/A
R/A H/A N/A N/A H/A H/A
$3.63 £ 5.68 $5.89 $5.74 $4.89 $4.42
Source: Dataguest

July 1988
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The Market—1987

Worldwide MOS EPROM revenue totaled $1.347 billion in 1987, posting a significant
48 percent growth in revenue over the 1986 total of $913 million. Of the 27 known
EPROM suppliers, Intel had an estimated 20 percent share of that market, followed, but
not closely, by Fujitsu with a 12 percent share. While unit shipments increased
15 percent to 309.5 million in 1987, over the 269.1 million units shipped in 1986,
technology shifts from NMOS to CMOS and higher average selling prices (ASPs),
accounted for the most notable changes in EPROMs in 1987.

Comparison with Earlier Forecasts

The current EPROM forecast reflects several significant differences from the
version published in April 1987. The changes and reasons for these differences are as
follows:

L4 Actual revenue, unit shipments, and ASPs for 1986 have been adjusted to
reflect final numbers completed by the middle of 1987.

. Actual bit shipments increased 71 percent as a result of significant growth in
the 256K, 512K, and 1-Mbit densities.

. Overall ASPs increased 28 percent in 1987, rounding out at $4.35, compared
with $3.39 in 1986. Higher EPROM prices are a direct result of MITI's
imposed reduction of EPROM shipments to the United States by Japanese
suppliers. .

. The NMOS share of EPROMs tumbled to 68 percent of all EPROM units
shipped in 1987, down from its pedestal of 86 percent share of units in 1986.
Increased demand for CMOS, a reduction in price premium between CMOS and
NMOS, and a switch over to CMOS by more suppliers/users are strong
indicators of a growing CMOS market.

° The U.S. manufacturers' share of the EPROM market increased, reaching
44.5 percent in 1987, while the Japanese manufacturers' share dropped to
47.4 percent, down from 55.5 percent in the previous year.

. Shipments of low-density, high-speed CMOS EPROMs increased substantially
in 1987. As a result, we have increased the unit forecasts and extended the
life cycles of the 16K and 64K EPROMs.

SIS Prod., Mkt., & Tech., Vol. II ® 1988 Dataquest Incorporated July 25
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Market Qutlook

Although the second quarter of 1987 saw EPROM prices firming, pushing revenue
out of the depressed price market of 1986, a large portion of the 1987 EPROM revenue
growth can be attributed to trade agreement pressures. As a result of further
U.S.-Japan trade agreement discussions, MITI introduced production cutback guidelines
for memory suppliers. By the second quarter of 1987, cutbacks on Japanese memory
exports and restrictions on export licenses slowed the flow of EPROM products to the
United States. After suffering through two years of overcapacity, depressed prices, and
nonexistent margins, U.S. EPROM manufacturers reaped the benefits of MITI's
production reductions. Second-quarter increased user demands and supplier capacity
constraints forced onshore companies to look for excess capacity, and users to face
longer lead times and higher prices. Beset by MITI's monitoring and capacity constraints
on DRAMSs, offshore manufacturers such as Hitachi, NEC, Oki, and Toshiba, slowed
and/or stopped production of their 64K, 128K, and 256K EPROMSs, and focused
production on their more value-added DRAM products. As DRAM capacity improves, we
expect these manufacturers to jump back into the EPROM arena.

High-Speed EPROMs

Several key developments occurred in high-speed EPROM products in 1987. ICT,
Goldstar, and Mitsubishi joined the ranks of high-speed EPROM suppliers. While
Goldstar is still in the R&D stage with its 30ns 64K device, ICT began sampling its
8Kx8 device with access times ranging from 40 to 55ns. However, Mitsubishi is stalking
the high~density area with a 120ns 256K device and 512K devices accessing 125ns and
150ns speeds. WaferScale Integration is producing a 35ns 8Kx8 device, and has also
introduced 16Kx16 and 32Kx8 256K devices that can achieve 55ns.

Figure 6 illustrates Dataquest's preliminary estimate of the high-speed EPROM
market as a percent of total units sold. The very high-speed, less than 70ns product
category with speeds averaging 35ns to 55ns, will be driven by the low 8K, 16K, and
64K devices. These low-density, high-speed products are geared for very specific
bipolar PROM replacement applications. The greater than 70ns, or high-speed category,
specifically the 100ns to 150ns range, will be driven by high-performance microprocessor
and DSP applications. We expect the 100ns to 150ns range to be the most prevalent
EPROM speed range by 1992. While the 64K and 256K densities will sustain the largest
growth for high-speed and very high-speed demand in 1988, increased growth in the
larger 512K and above densities is expected by 1989.

26 © 1988 Dataquest Incorporated July SIS Prod., Mkt., & Tech., Vol. Il
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Figure 6

High-Speed EPROM Market Speeds
(Percent of Units)
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CMOS/NMOS EPROMs

CMOS EPROM units grew an unexpected 161 percent in 1987 over 1986. CMOS
represented a 32 percent share of total EPROM units in 1987, compared with its
14 percent unit share in 1986. As such, we expect the CMOS share to represent
45 percent of total unit shares in 1988, and surpass NMOS with a 56 percent share of
units by 1989. Key developments in fast programming time, fast access time, low power
dissipation, and higher productivity have made CMOS increasingly competitive with
NMOS. While CMOS EPROMs continue to command a price premium over NMOS, the
price differentials have shrunk to a level where users are now willing to pay for high
performance.

MOS UV/OTP EPROMs

Table 4 (MOS UV EPROMs) deals with EPROMs packaged in UV erasable packages,
while Table 7 deals strictly with production of one-time programmable (OTP) EPROMs in
plastic packages without windows.

SIS Prod., Mkt., & Tech., Vol. II © 1988 Dataquest Incorporated July 27
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Dataquest has consistently made the packaging distinction between EPROMs in the
UV erasable packages and those in nonerasable plastic packages (OTPs) for the primary
reason of separately tracking an anticipated shift to less-expensive packages. Our
forecast for 1987 through 1992 shows that UV EPROMs will continue to have a higher
fraction of the EPROM market. Growth in the OTP arena will continue, but at a slower
pace than expected. We expect that Intel, Mitsubishi, and Toshiba will continue to be
the major suppliers supporting a very focused product application market. We expect
that principal end-user demand will be in the 256K, 512K, and 1-Mbit densities. As the
Flash memory market develops, we expect further decline in the growth and
development of the OTP, especially in the higher 1-Mbit and above densities. The OTP
EPROM has faltered in gaining acceptance as a viable technology. Its reputation is
permeated with black marks and obstacles, including questionable reliability,
manufacturer inability to support product with second sourcing, declining EPROM prices,
and poor customer acceptance. The OTP area is ripe for an attack from the Flash, with
its low-cost, windowless package, high-performance speeds, and rapid bulk erase and
reprogrammability.

Flash Memory

Flash memory technology was first introduced by Toshiba with its announcement of
the 256K Flash EEPROM in 1985. The emerging Flash technology is now being supported
by Intel, National, and Seeq, with potential entries in the next twelve months from AMD,
Hitachi, Microchip Technologies, Inc., and Texas Instrument. It is a nonvolatile memory
that implements an EPROM-like process and design approach. Flash memory requires a
12V power supply for programming and erasing, and employs electron tunneling for bulk
erase. Typical erase time is 1 second to erase the entire memory. Total
reprogrammability and bulk erase time is less than a minute, compared with the typical
15to 20 minutes for UVEPROMs. If there are no unforeseen technical obstacles,
Dataquest believes that Flash memory, like other new and emerging memory
technologies, shows great promise in enhancing the nonvolatile memory market.

At present, Flash memories are at sampling and/or low volume production stages.
Fueled Dby the right market forces—competition, general economic conditions,
supply/demand dynamics—Flash should proceed along the learning curve and capture a
sizable share of the nonvolatile memory market.

We expect shipments of the recently introduced 64K, 256K, and 512K Flash products
to ramp up in the latter part of 1988, while introduction of the 1-Mbit device is assumed
in 1989,

Short-Term Forecast

Dataquest believes that EPROM market developments will follow those of the
DRAM market closely. While EPROM availability will not be as constrained as DRAMs,
prices will remain high through the end of 1988. Although 1-Mbit EPROM unit shipments
reached 1.611 million in 1987, with Japanese vendors capturing more than 75 percent of
market share, 1-Mbit unit shipments fell far below our forecast of 5.7 million units. On
a2 more optimistic note, new entrants and user emphasis on high speed, could boost
1-Mbit shipments to 16 million units by the end of 1988.
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Long-Term Forecast

Bit growth will continue to be slow from 1987 through 1990, with an upturn expected
in 1991. Bit growth is expected to have a compound annual growth rate (CAGR) of
37.3 percent from 1987 through 1992. The major driving forces behind bit growth will
come from the automotive and computer sectors. More EPROMs are expected to be
used in the computer as operating systems become more complex and feature filled, and
as communications and multitasking functions become more prevalent. We expect the
bit share of the transportation sector to expand in 1991, and become the largest sector,
displacing consumer applications.

We believe that Toshiba's announcement of its 120ns 4-Mbit EPROM, along with the
high-speed CMOS developments in 1987 and the innovative Flash memory announcements
of 1987 and early 1988, were precursors of strong growth for the EPROM market. At
present, the EPROM market is a commodity market fraught with too many suppliers
sharing too little revenue. The outlook for EPROMs will be bright only for those
suppliers that can maintain a full range of innovative products that cover a variety of
speeds, and thus withstand the continued onslaught from offshore competition.
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SUMMARY

Intel Corporation first introduced EPROM technology in 1971. Unlike ROMs, which
are permanently programmed by the manufacturer during the fabrication process,
EPROMs are programmed electrically and can be repeatedly reprogrammed and erased
after exposure to ultraviolet light. The EPROM, often referred to as a floating-gate
memory, was invented by Dov Frohman of Intel. As shown in Figure 1, the first product
out of the shute was the 2K programmed memory. The glass-windowed 1701 EPROM
was introduced by Intel at the International Solid State Circuits Conference in- 1971.
Development of the 4K and 8K EPROMs followed in 1975, with the first one-time
programmable (OTP) plastic-packaged EPROM, the 2708P, introduced by Motorola in
1977. '

Figure 1
EPROM Product Development
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The pinnacle of EPROM development was reached in 1977, with Intel's introduction
of the 16K EPROM. The 5~volt 16K device was to become not only the industry standard
for EPROMS, but it was also compatible with microprocessor systems. In essence, the
marrying of the EPROM and the microprocessor accelerated the development of both
products and the advance of the microcomputer industry.

Since 1974, the EPROM market has maintained a fairly steady rate of growth, as

shown on Figure 2. Worldwide EPROM revenue grew at a 131 percent compound annual
growth rate (CAGR) from 1974 to 1986.

Figure 2
EPROM Revenue Growth

Millions of Dollars
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Although the pace of the MOS memory race has intensified over the last 17 years,
the EPROM segment of the memory market, as shown on Figure 3, has sustained a
moderate share of the total memory market from year to year, second only to the DRAM
segment. Emerging technological changes, new contenders in the market, and improved
price performance, increased revenue and market share for the major EPROM suppliers
through 1984. As shown on Figure 4, the market saw substantial EPROM bit growth
during the 1975 to 1985 time frame.

Figure 3
EPROM Share of MOS Memory
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Figure 4
MOS EPROM Bit Growth
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Over the past decade, Japanese companies have made steady gains in MOS memory
market share. These gains have been at the expense of U.S. semiconductor
manufacturers, who have seen their market shares decrease in overall MOS memories
from 74 percent in 1979 to 39 percent in 1985. The Japanese made their biggest gains in
EPROM market share from 1984 through 1986, as shown on Figure 5. The yen
appreciation from 1984 to 1986, aggressive pricing tactics, and new entrants to the
market—including Matsushita, Seiko-Epson, and Sharp—have made the Japanese
formidable contenders in the commodity EPROM market. In-depth competitive analysis
is located in the SIS Memories segment notebook, behind the EPROM tab and under the
"Vendor Analysis" heading. Detailed company shipment data are located in the SIS
Products and Markets II notebook, and the Memories segment notebook, behind the
EPROM tab under the "MOS EPROMs—Data" heading.

Figure 5
Worldwide MOS EPROM Market Share

Percent
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Dataquest's MOS EPROM data consist of revenue, unit shipments, and prices for
MOS EPROM product lines. Table 1 lists the top-level market data for all of the tables.
The data include all EPROM revenue, regardless of the technology employed (NMOS or
CMOS) or package type (plastic or ceramic). The tables included in these data are as
follows:

® Table 1--MOS EPROMS~-Total Worldwide Market

® Table 2--Worldwide NMOS EPROM Market—Total (UV and OTP)

. Table 3—Worldwide CMOS EPROM Market--Total (UV and OTP)

® Table 4—Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

. Table S--Worldwide NMOS UV Market

. Table 6--Worldwide CMOS UV EPROM Market

. Table 7—Worldwide MOS OTP EPROM Market--Total (NMOS and CMOS)

. Table 8—Worldwide NMOS OTP EPROM Market

. Table 9—Worldwide CMOS OTP EPROM Market

& ® 1988 Dataquest Incorporated July SIS Memories
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Table 1

MOS EPROMs—Total Worldwide Market

Millions of Dollars

1985 1986 1987 1988 1989 1990 1991 1992
0 0 0 0 0 0 0 0

0 0 0 ] 0 0 0 0

$ 64 £ 35 3 28 $ 23 8 iz 3 15 ¢ 12 § 11
101 43 46 35 19 10 6 3
204 266 219 227 195 160 125 105
226 163 201 211 191 144 116 98
177 320 555 651 642 542 493 423
15 68 255 372 348 330 291 245
0 12 43 259 493 707 819 835

0 0 0 4 25 72 253 419

0 0 0 0 1 12 58 308
0 0 0 0 0 0 0 5
$876 $913 $1,347 $1,783 $1,933 $1,992 $2,172 $2,451

(26%) 4% 48% 32% a% 3% 9% 13%
Millions of Units

1985 1986 1987 1988 1989 1990 1991 1992

0 0 0 0 0 0 ] ]

0 0 0 0 0 0 (] ]

24.6 14,7 9.8 6.8 4.9 3.8 3.1 2.6
38.6 21.6 16.4 9.9 5.0 2.4 1.5 0.8
103.0 99.6 73.2 63.0 50.0 39.0 30.0 25.0
56.1 57.3 s57.7 S7.0 S51.0 38.0 30.0 25.0
22,2  70.0 119.9 140.0 137.5 126.0 116.0 102.0

0.5 5.7 30.9 61.0 67.0 64.0 S57.0 49,0

0 0.2 1.6 16.0 44.0 79.0 107.0 121.0

0 0 0 0 0.4 2,0 11,0 26.0

o ] 0 ) 0 0.2 1.7 15.0

0 0 8] 0 Q 0 0 g

245.0 269.1 309.5 353.8 359.8 354.4 357.3 366.4
11% 10% 15% 14% 2% (2%) 1% 3%
{Continued}
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Tabie 1 (Continued)

MOS EPROMs—Total Worldwide Market

Average Selling Price ($)

1992

1987 1988 1989 1990 1991

1986

1985

4K
8K

$ 2.62 8§ 2.40 § 2.80 % 3.40 8 3.70 $ 3.90 $§ 4.00 5 4.10

16K
32K
64K

$ 2.61 $2.24 $ 2.83 % 3.508 3.80 $ 4.00 § 4.10 § 4.15
$ 2.85 $ 2.67 $ 2.99 8 3.60 8 3.90 §$ 4.10 $ 4.15 § 4.20
$ 4.02 $ 2.85 $3.49 8% 3.70 % 3.75 § 3.80 § 3.85 % 3.90
$§ 7.96 § 4.57 $ 4.63 § 4.65 % 4.67 § 4.30 $ 4.25 § 4.15

$ 32.44 $11.96 $ 8.24 $ 6.10 $ 5.20 $ 5.15 $ 5.10 § 6.00

128K
256K
512K

M

$125.00 $56.87 $26.77 $ 16.20 $ 11.20 § 8.95 § 7.65 $ 6.90

o000
- W o
L
o O
M oNm
>
L
o QO
oo
L
oy
oM
“ %
Qoo
L= =]
. &
w N
™ o
o W
o oQ
o0
L
[y 1]
w N
-
“» »n
(=~
o
-
o
-~
Lol
“
(=R =] =]
o0
o 00
= XX
L B -]

QOverall

$§ 3.57 $3.39$4.35% 5.04 8§ 5.37 $ 5.62 § 6.08 $ 6.69

ASP

% Change from

(5%) 28% 16% 7% 5% 8% 10%

{33%)

Previous Year

Datagquest
July 1988

Source:

SIS Memories
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Table 2
Worldwide NMOS EPROM Market—Total (UV and OTP)

Millions of Dollars .

1985 1986 1987 1988 1989 1990 1991 1992

4K 0 0 0 4] 0 0 0 0
8K a 0 0 0 0 0 g 0
16K $ 54 $ 35 $ 19 5 12 $ 8 5 4 & 4 s§ 2
32K 82 44 37 26 14 7 4 2
64K 271 206 141 110 80 57 31 16
128K 222 152 157 144 123 83 S8 42
256K 147 237 309 313 251 186 134 90
512K 14 63 177 225 174 135 91 44
M 0 3 8 39 58 67 46 25
2M 0 0 0 0 0 0 0 0
aM 0 0 0 0 0 0 0 0
aM Q s} Q 0 Q t] 0 0
Total $791 $740 $847 $868 $707 $540 $368 £221

. % Change from
Previous Year (6%) 14% 3% (19%) (24%) (32%) (40%)
Millions of Units

1985 1986 1987 1988 1989 1990 1991 1992

4K 0 0 1] 0 0] ) 0 0

8K 0 0 0 0 0 0 0 0

16K 21.6 14.7 7.4 3.5 2.2 1.1 1.0 0.6

32K 34.1 18.9 13.3 7.4 3.6 1.7 1.0 0.4

64K 97.5 82.5 47.9 31.5 21.0 14.0 7.5 3.8

128K 55.6 55.4 46.9 39.9 33.2 22,0 15.3 11.0

256K 19.0 53.8 71.9 T1.4 57.8 44,1 32,5 22.4

512K 0.4 5.4 21,9 38.4 36,2 31.4 21.7 10.8

iM 0 0.1 0.3 2,4 5.3 7.9 6.4 1.8

2M 0 0 0 0 0 0 0 0

M 0 0 0 0 0 0 0 0

M "] g 0 0 0 0 0 Q

Total 228.2 230.9 209.6 194.6 159.2 122.2 85.3 53.8

% Change from

Previous Year 1% (9%) (7%) (18%) {(23%) (30%) (37%)
. {Continued)
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Worldwide NMOS EPROM Market—Total (UV and OTP)

Table 2 (Continued)

Average Selling Prige ($)

1985

[ SIS T N N R X

L S T R ]

N~ O =] i n

o 0N e
OO wOmEOOO

(5}

Overall ASP $ 3.46

% Change from
Previous Year

© 1988 Dataquest Incorporated July

1986 1987 1988 1989 1990 1991 1992

o s}
0 0
$ 2.40 $ 2.62
$ 2.32 8 2.77
$ 2.49 $ 2.94
$ 2.75 $ 3.34
$ 4.40 $ 4.30
$11.73 § 8.05
$48.50 $24.32
0 )]
0 0
0 ]

(7%) 26%

0

L AR R R
ol b W oW W W

$ 4.

Q
o

.58
.75
.80
.70
.35
.80
.00

0
0
0

44

“uere e wme

0
0
.78
.95
.08
.78
.22
.32
+45
0
0
0

0 b B WD W W

4.42

(1%)

Source: Dataguest
July 1988
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0
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4.10
3.80
4.14
4.20
7.20
0
0
0

4.32

(2%)

SIS Memories
0000586

R L LR
TR S TR Y

$ 4.

(

0
0
.05
.10
.18
.85
.01
.08
.24
0
0
0

11

5%)



MOS EPROM-~Forecast

Table 3

Worldwide CMOS EPROM Market—Total (UV and OTP)

Millions of Dollars

1985 1986 1987 190388 1989 1990 1991 1992
4K ] 0 0 0 0 0 0 0
8K 0 0 0 0 0 0 ) 0
16K $11 o £ 85 $ 11 % 10 & 11 $ 9 $ 8
32K 18 § 7 10 9 ] 3 2 2
64K 22 65 93 123 122 110 102 100
128K 4 7 41 68 71 63 59 60
256K 30 80 235 326 375 373 388 378
512K 0 4 78 149 166 170 178 185
M 0 9 36 225 445 638 742 765
M 0 0 0 4 25 72 264 419
aM 0 0 0 0 1 12 60 308
8M 0 0 0 1] 1] 0 0 5
Total $85 $173 $500 $915 $1,221 $1,452 $1,804 $2,230
. % Change from
Previous Year 105% 189% 83% 33% 19% 24% 24%
Millions of Units
1985 1986 1987 1988 1989 1990 1991 1992
4K 0 0 0 0 0 0 0 0
8K a 0 0 0 0 0 0 0
16K 3.0 0 2.4 3.3 2.7 2.7 2.1 2.0
32K 4.5 2.7 3.1 2.5 1.4 0.7 .5 0.4
64K 5.5 17.1 25.3 31.5 29.0 25,0 22.5 21.3
128K 0.% 1.9 10.8 17.1 17.9 16.0 14,7 14.0
256K 3.2 16.2 48.0 68.6 79.8 8l.9 83.5 79.6
512K 0 0.3 8.9 22.6 30.8 32.6 35.3 38.2
iM Q 0.1 1.3 13.6 38.7 71.1 100.6 116.2
M 0 0 0 0 0.4 2.0 11.0 26.0
aM 1} 0 0 0 Q 0.2 1.7 15.0
8M Q 1] 1] o 8] 0 0 0
Total 16.7 38.3 69.8 159.1 200.6 232.2 272.0 31z2.6
% Change from
Previous Year 129% 161% 59% 26% 16% 17% 15%
. {Continued)
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Table 3 (Continued)
Worldwide CMOS EPROM Market—Total (UV and OTP)

)

1990

Average Sellin

1992

1991

4986 1987 1988 = 1989

985

4K
3K

0 $3.36 8 3.42 § 3.76 $ 3.95 $ 4.04 § 4.12

§ 3.50

16K
32K
64K

$ 4,10 $ 2.71 $ 3.08 % 3.58 8% 3.95 § 4.10 § 4.16 § 4.20
$ 4.07 $ 3.80 $ 3.68 8% 3.908 4.20 § 4.42 § 4.55 8 4.70
$ 7.20 8% 3.89 $3.808% 4.00 8 3.98 $3.94 5 3.99 8 4.30
$ 9.25 8 4.93 $4.908 4.75 8% 4.70 $ 4.55 § 4.65 § 4.75

$ 30.00 $13.95 $ 8.68 3 6.58 § 5.40 $ 5.20 § 5.05 § 4.85

128K
256K
512K

M
2M

0 $110.00 § 62.00 $36.00 $24.00 $ 16.10

0

$125.00 $62.62 $27.36 § 16.55 & 11.49 $ 8.98 § 7.38 § 6.59
0

0 $125.00 $62.00 $35.00 § 20.50

0

M
M

0 $135.00

0

Overall

$ 5.06 $ 4.52 $5.01 8 S.75 % 6.08 $ 6.25 $ 6.63 § 7.13

ASP

% Change from

15% 6% 3% 6% 8%

11%

Previous Year

Datagquest

Source:

July 1988

SIS Memories
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Table 4
Worldwide MOS UV EPROM Market—--Total (NMOS and CMOS)

Millions of Dollars
1985 1986 1987 1688 19389 1999 1991 1992

4K 0 ) 0 Q 0 0 0 0
8K 1} 0 0 0 0 0 0 0
16K $§ 64 8§ 35 % 28 3 23 0§ 18 § 15 § 12 % 11
32K 96 46 46 35 21 10 6 3
64K 284 257 210 206 180 152 125 113
128K 223 150 176 184 15% 118 95 92
256K 174 272 476 570 564 493 481 439
512K 14 68 242 343 305 270 230 196
M 0 12 43 242 442 573 588 550
M 0 0 ) 4 25 71 264 426
aM 0 0 0 0 1 12 60 308
8M 0 0 Q a 0 Q Q £
Total $856 $841 $1,221 $1.606 $1,711 $1.,713 §1,861 $2,144
. % Change from
- Previous Year {2%) 45% 32% 7% 0% 9% 15%
) Milljons of Units
h 1935 1986 1987 1938 1989 1950 1961 1992
4K 0 0 0 0 0 0 0 0
8K a 0 0 0 0 0 0 0
16K 24.6 14.7 9.8 6.8 4.9 3.8 3.1 2.6
32K 35.6 20.7 16.4 9.9 5.4 2.4 1.5 0.8
64K 99.0 93.9 63.8 55.0 44.0 35.0 28.0 24.5
128K 55.3 82.2 49,1 43.0 40.0 30.0 24.0 22,0
256K 21,7 57.% 102.1 121.0 1l16.0 103.0 98.0 86.0
512K 4 5.7 29.1 54.0 56.0 51.0 44.2 38.0
1M 0 2 1.6 14.0 38.0 61.0 72.0 76.0
2M 0 0 0 0 4 2.0 11.0 26.0
4M 0 0 0 a 0 0.2 1.7 15.0
8M Q Q (0] a Q 0 0 0
Total 236.7 244.9 271.8 308.8 304.7 288.4 283.5 290.9
% Change from

Previous Year 3% 11% 14% {1%) {5%) (2%) 3%
. {Continued)
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MOS EPROM—Forecast

Table 4 (Continued)

Worldwide MOS UV EPROM Market—Total (NMOS and CMOS)

1991 1992

b

i Price
1988 1989 1990

Avera

1986 1987

1985

4K
8K

$2.60 $2.40 $ 2.808% 3.40 & 3.68 § 3.90 § 4,008 4.10
$2.71 % 2.24 $ 2.83 8 3.50 8 3.80 £ 4.00 % 4.10 $ 4.15
$2.87 $2.74 $3.29 8% 3.74 % 4.10 $ 4.34 $ 4.47 £ 4.63

$4.03 $ 2.88 $ 3.59 8% 3.84 % 3.88 § 3.92 8 3.97 8 4.19

16K
32K

64K

128K
256K
512K

M

$ 8.02 §$4.73 $4.66 8 4.71 8 4.86 $ 4.79 § 4.91 § 5.11

$32.50 $11.94 $ 8.33 $§ 6.35 8 5.44 § 5.29 $ 5.20 § 65.15

0 $58.57 $26.77 & 17.29 § 11.62 $ 9.39 $ 8.16 § 7.24

000
<) O
o O
oM
~
AR
o0
c o
+ 10
o m
“ @
coo
=3 =]
N
09
“ "
0o
<o
o 0
-
1
L X
==
=
=
—
L.
@
coo
000
coo
== E
NP oo

$ 3.62 §$3.43 $ 4.49 % 5.20 % 5.61 $ 5.94 ¢ 6.56 § 7.37

Overall ASP

% Change from

12%

10%

3l 16% 8% 6%

{5%)

Previous Year

Datagquest
July 1988

Source:

SIS Memories

© 1988 Dataquest Incorporated July
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MOS EPROM--Forecast

Table 5
Worldwide NMOS UV Market
Million s

1988 1986 1987 1988 1989 1990 1991 1992

4K ¢ 0 0 0 0 0 0 O
8K 0 0 0 0 0 0 0 0
16K $ 54 $ 35 $ 19 $ 12 $ 8 5§ 4 $ 4 $8 2
32K 78 39 37 26 15 7 4 2
64K 265 193 12¢ 87 6l 43 24 14
128K 219 143 136 1138 86 56 38 33
256K 144 202 254 253 132 106 74 37
512K 14 63 165 196 136 97 47 1
M 0 3 8 40 60 71 50 34
2M 0 ) 0 o Q 1] 0 0
aM 0 0 0 0 0 0 0 0
8M 0 0 0 0 __0 0 0 )
Total $774 $679 $739 $731 $548 $384 $241 $122

% Change from
Previous Year (12%) 9% {1%) (25%) (30%) (37%) {49%)
Millions of Units

1988 1936 1987 1988 1989 1990 1991 1992

4K 0 0 0 0 4] 0 0 0
BK 0 0 0 0 0 0 0 0
16K 21.6 14.7 7.4 3.5 2,2 1.1 1.0 0.6
32K 31.1 18.1 13.3 7.4 4.0 1.7 1.0 0.4
64K 94.5 77.6 3%.9 24.6 15.6 10.4 5.7 3.3
128K 54.8 50.3 38.7 31.4 22.7 14.4 9.6 8.2
256K 18.5 43.4 57.1 55.6 39.5 23.4 16.3 8.0
512K 0.4 5.4 20.2 31.6 25.5 18.8 9,2 0.1
1M 0 0.1 0.3 2.4 5.3 7.9 6.4 4.8
2M 0 0 0 0 0 0 0 0
aM 0 0 0 0 0 0 0 0
M 0 ¢ 0 0 ) 0 0 0
Total 220.9 209.% 176.9 156.6 114.8 77.7 49.2 25.4

% Change from

Previous Year (5%) (16%) {(11%) (27%) (32%) (37%) (48%)
{Continued)
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4K
8K
16K
32K
64K
128K
256K
512K
1M
2M
4aM
8M

Total

% Change from
Previous Year

16

MOS EPROM--Forecast

Table 5 (Continued)
Worldwide NMOS UV Market
Average Selling Price (§)
1085 1986 1987 1988 1989 1990 1991 1992
0 0 0 0 0 0 0 0
1) 0 0 o o 0 0 0
$ 2,48 $ 2.40 $ 2,62 §$ 3.38 §$ 3.58 $3.78 $3.90 $4.05
$ 2.51 $ 2.17 $ 2.77 § 3.47 $ 3.75 $3.95 $4.07 $4.10
$ 2.80 $ 2.49 $ 3.00 $ 3.54 $ 3.92 $4.14 $4.15 $4.18
$ 4.00 $ 2.84 $ 3.52 § 3.75 $ 3.80 $3.90 $3.95 $4.00
$§ 7.80 $ 4.65 $ 4.45 $ 4.54 $ 4.62 $4.52 $4.55 $4.60
$32.50 $11.82 §$ 8.1i8 $ 6.18 ¢ 5.32 $5.18 $5.12 $5.08
0 $48.50 $24.32 $16.80 $11.28 $9.00 $7.78 $7.02
0 0 0 0 0 0 0 0
0 o O L] o o 0 0
0 0 0 0 0 o 0 0
$ 3.50 $ 3.24 $ 4.18 § 4.67 $ 4.77 $4.95 $4.89 $4.80
(8%) 29% 12% 2% 4% {1%)  {2%)
Source: Dataquest
July 1988

©® 1988 Dataquest Incorporated July
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MOS EPROM--Forecast

Table 6
Worldwide CMOS UV EPROM Market

Millions of Dollars

1985 1986 1987 1988 1989 1990 1993 1992
4K - 0 0 0 0 0 0 0 0
8K 0 0 0 4] 0 0 ¢] 0
16K $10 0 $ 8 $11 § 10 $ 11 $% 9 3 8
32K 18 & 7 10 9 6 3 2 2
64K 19 63 90 118 119 109 101 100
128K 4 7 40 67 69 61 57 60
256K 30 70 222 317 382 388 407 402
512K 0 4 77 147 169 173 182 195
1M 0 9 36 202 382 502 538 516
2M 0 Q 0 4 25 71 264 426
aM 0 0 0 o 1 12 60 308
8M Q 0 0 0 _0 (4] 0 5
Total $82 $162 $482 $375 $1,163 $1,329 §$1,620 $2,022
. % Change from
Previous Year 98% 198% 82% 33% 14% 22% 25%
Millions of Units
1985 1986 1987 1983 1989 1990 1991 1992
4K 0 0 o] 0 0 0 0 0
8K 0 0 ¢ ] 0 ] 0 0
16K 3.0 0 2.4 3.3 2.7 2.7 2.1 2.0
32K 4.5 2.7 3.1 2.5 1.4 0.7 0.5 0.4
64K 4.5 16.3 23.9 30.4 28.4 24.6 22.3 21.2
128K 0.5 1.9 10.4 16.7 17.3 15.6 14.4 13.9
256K 3.2 14.1 45.0 65.4 76.5 79.6 81.7 78.0
512K 0 0.3 8.9 22.4 30.5 32.3 35.0 37.9
iM 0 0.1 1.3 11.6 32,7 53.1 65.6 71,2
2M 0 0 0 .0 0.4 2,0 11.0 26,0
4aM o 0 0 0 ) 0.2 1.7 15.0
8M 0 Q 0 Q 0 Q 0 0
Total 15.7 35.4 95.0 152.1 189.9 210.7 234.3 265.5
% Change from
Previous Year 125% 168% 60% 25% 11% 11% 13%
. (Continued)
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MOS EPROM--Forecast

Table 6 (Continued)
Worldwide CMOS UV EPROM Market

Average Selling Price ($)
1985 1986 1987 1988 1989 1990 1991 1992

4K 0 o 0 0 0 a 0 0
8K o 0 0 0 0 0 o 0
16K $3.50 0 $3.368 3.42 % 3.76 § 3.95 $ 4.04 $ 4.12
32K $4.10 $ 2.71 $§ 3.08 § 3.58 § 3.95 % 4.10 $ 4.16 § 4.20
64K $4.25 $ 3.87 $ 3.78 § 3.90 % 4.20 $ 4.42 $ 4.55 % 4.70
128K $7.20 $ 3.94 $ 3.83 8 4,00 ¢ 3.98 $ 3.94 § 3.99 8§ 4.30
256K $9.25 $ 4.98 $ 4.93 § 4.85 8% 4.99 $ 4.87 $§ 4.98 $§ 5.16
512K 0 $14.08 $ 8.68 $§ 6.58 $§ 65.54 $ 5.35 § 5.22 § 5.15
1M 0 $62.62 $27.35 $ 17.39 § 11.68 § 9.45 § 8.20 ¢ 7.25
2M 0 0 0 $110.00 § 62.00 $36.00 $24.00 $ 16.40
1M 0 Q o 0 $125.00 $62,00 $35.00 $ 20.50
BM 0 0 0 0 0 0 0 $135.00
Overall ASP $5.18 $ 4.57 $ 5.08 8§ 5.75 % 6.12 § 6.31 §$ 6.92 % 7.61

% Change from .
Previcus Year (12%) 11% 13% 6% 3% 10% 10%
Source: Dataquest
July 1988
18 ® 1988 Dataquest Incorporated July SIS Memories
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MOS EPROM--Forecast

Table 7
Total MOS OTP EPROM Market—Total (NMOS and CMOS)

Millions of Dollars

1985 1986 1987 1988 1989 1990 1991 1992
4K 0 0 0 0 "0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 0 0 0 0 0 0 0 0
32K $5 $1 0 0 0 0 0 0
64K 10 12 $ 23 $ 23 $ 17 $ 12 $ 6 $ 2
128K 3 12 25 28 35 26 20 10
256K 3 46 65 69 79 30 61 54
512K 0 0 14 35 45 51 49 41
1M 0 0 0 21 46 111 175 201
M 0 0 0 0 0 o] 0 0
4M Q 0 0 0 Q [( 0 0
Total $20 $72 $126 $177  $222  $279  $311 %307
% Change from

. Previous Year {3%) 259% T6% 40% 26% 26% 11% {1%)

Millions of Units
1985 1986 1987 1988 1989 1990 1991 1992
4K 0 0 o 0 0 0 0 0
8K 0 0 0 0 0 0 0 0
16K 0 0 0 0 0 0 0 0
32K 3.0 0.9 0 0 0 0 0 0
64K 4.0 5.7 9.4 8.0 6.0 4.0 2,0 0.5
128K 0.8 5.2 8.6 9.0 11,0 B.0 6.0 3.0
256K 0.5 12.5 17.9 19.0 21.5 23.0 i8.0 16.0
512K 0 0 1.8 7.0 11.0 13.0 12.8 11.0
M 0 0 0 2,0 6.0 18.0 35.0 45,0
2M 4] 0 ] 0 G 1] 0 0
4M 0 0 1] 0 0 0 0 0
Total 8.3 24,2 37.7 45.0 55.5 66.0 73.8 75.5
{Continued)
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MOS EPROM--Forecast

Table 7 {Continued)
Total MOS OTP EPROM Market—Total (NMOS and CMOS)

Average Selling Price (§$)

:

o000

$1.50
$2.46
$3.50
$5.50

(== I = = ]

Overall ASP £2.40

:

O WK N
L . B B
| i B S I = N |

-

uonne
hin

OO0 WVWANKHWMO OO

$ 2.95

1987 1988 1989 1990

02000

$2.47
$2.87
$3.63
$7.54

$3.35

gﬂﬂﬂﬂ
O WMWwwN

o 4+ + +
Lo = - N T~
OO NWFEDOOOO

$ 3.92

© 1988 Dataquest Incorporated July

[ = R = R}

$2.89
$3.17
$3.69
$4.06
$7.60

$4.00

o000

$3.09
$3.22
$3.46
$3.91
$6.14

0

0

$4023

Source:

1991

[ = e )

$3.23
$3.26
$3.41
$3.80
$4.99

0

0

$4.21

1992

oo o Q

$3.26
$3.34
$£3.36
$3.75
$4.46

0

0

$4.07

Pataquest

July 1988

SIS Memories
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MOS EPROM-~Forecast

Table 8
Worldwide NMOS OTP EPROM Market

Millions of Dollars

1985 1986 1987 1988 1989 1990 1991 1992

4K 0 ] 0 0 0 0 ] 0
8K 0 0 0 0 0 0 0 ]
16K 0 0 ] ] 0 0 0 0
32K $S5 $1 0 0 0 v} 0 0
64K 7 10 $ 19 3 20 $ 15 $ 11 $ & $ 2
128K 3 12 24 26 33 24 18 9
256K 3 s 53 57 67 71 55 48
512K 0 0 13 34 43 49 47 40
iR 0 o 0 0 0 0 1) o
2M 0 0 0 0 0 0 0 0
4M 0 - 0 Q 0 0 o Q Q
Total $17 $61 $108 $137 $159 $156 $127 $99

% Change from
Previous Year (19%) 266% 78% 26% 16%  (2%) (19%) (22%)
Millions of Units
1985 1986 1987 1988 1989 1990 1991 1992
4K N/A N/A N/A N/A N/A N/A N/A N/A
8K N/A N/A N/A N/A N/A N/A N/A R/A
16K N/A N/A N/A N/A N/A N/A N/A N/A
32K 3.0 0.9 0 1) o ) 0 0
64K 3.0 4.9 8.0 6.9 5.4 3.6 1.8 0.5
128K 0.8 5.2 8.2 8.6 10.5 7.6 5.7 2.9
256K 0.5 10.4 14.8 15.8 18.3 20.7 16.2 14.4
512K N/A 0 1.8 6.9 10.7 12.6 12,4 10.7
1M N/A N/A N/A N/A N/A N/A N/A N/A
2M N/A N/A N/A N/A N/A N/A N/A N/A
aM N/A N/A N/A N/A N/3 N/A N/A N/A
Total 7.3 21.4 32.8 38.0 44.8 44,5 36.1 28.4
H/A = Hot Available

(Continued)}
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MOS EPROM-~Forecast

Table 8 (Continued)

Worldwide NMOS OTP EPROM Market

Average Selling Price ($)

1985

N/A
N/A
N/A
$£1.50
$2.20
$3.50
$5.50
N/A
N/A
N/A
N/A

$2.28

N/A = Not Available

22

1936

N/A
N/A
N/A
$ 1.75
$ 1.96
$ 2.27
$ 3.63
$10.00
N/A
N/A
N/A

$§ 2.85

1987 198§ 1989 1990

N/A
N/A
N/A

0
$2.40
$2.386
$3.55
$7.53
N/A
N/A
N/A

$3.31

N/A
N/A
N/A

0
$2.87
$3.09
$3.59
$5.00
N/A
N/A
N/A

$3.60

©® 1988 Dataquest Incorporated July

N/A
N/a
N/A

0
$2.85
$3.15
$3.68
$4.05
N/A
N/A
H/A

$3.54

1991 1992
H/A R/A H/A
N/A N/A N/A
N/A N/A N/A

0 0 0
$3.07 $3.22 8§3.206
$3.20 $3.24 $3.32
$3.44 $3.40 $3.35
$3.90 $3.80 $3.75
N/A N/A H/A
N/A N/A H/A
N/A N/A H/A
$3.50 $3.50 $3.50
Source: Dataquest
July 1988

SIS Memories
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4K
8K
16K
32K
64K
128K
256K
512K
M
2M
4M

Total

% Change from
Previous Year

4K
8K
16K
32K
64K
128K
256K
512K

2M
aM

Total

H/A = Hot Available

SIS Memories
0000586

MOS EPROM--Forecast

Table 9
Worldwide CMOS OTP EPROM Market

Millions of Dollars

1985 1986 1987 1983 1689 1990 1991 1992
0 0 0 Q 0 0 0 0
0 Q 0 0 0 s} 0 0
0 1) 0 v} 0 ) 0 0
0 0 e} 0 0 0 0 0

$£3 £ 2 $ 4 $ 3 $ 2 8§ 1 $ 1 0
0 0 1 2 2 1 1 $ 1
0 9 12 12 12 8 6 6
0 0 0 1 1 2 1 1
0 0 1} 21 46 111 178 201
4] 0 0 0 4] 0 0 0

0. _9 0 -0 0 Q Q 0

$3 $11 $18 $40 $63 £123 $184 $208
228% 67% 124% 58% 96% 40% 13%
Millions of Units

1985 1986 1987 1984 1989 1990

N/A N/A N/A N/A N/A N/A

=29 o

)

> . |
=t
b
D
L8

N/A N/A N/A N/A N/A N/A N/a
N/A N/A N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A N/A N/A
1.0 0.8 1.4 1.1 0.6 0.4 0.2 0
N/A 0 0.4 0.5 0.6 0.4 0.3 0.2
N/A 2.1 3.1 3.2 3.2 2.3 1.8 1.6
N/A 0 0.1 0.2 0.3 0.4 0.4 0.3
N/A 0 0 2.0 6.0 18.0 35,0 45.0
N/A N/A N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A N/A N/A
1.0 2.9 4.9 7.0 10.7 21.5 37.7 47.1
{Continued)
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MOS EPROM--Forecast

Table 9 (Continued)
Worldwide CMOS OTP EPROM Market

1985

N/A
N/A
N/A
N/A
$3.25
$5.00
$8.50
B/A
R/A
H/A
N/A

$3.25

N/A = Not Available

24

1986

N/A
N/A
N/A
H/A
3 2.35
$ 2.89
$§ a.22
$11.30
H/A
R/A
N/A

$ 3.71

N/A
N/A
N/A
N/A

$2.84

$3.04
$3.99
$7.900
N/A
N/A
N/A

$3.63

R/A
N/A
N/A
N/A
$ 3.10
$ 3.50
$ 3.80
$ 5.50
$10.66
N/A
N/A

$ 5.68

® 1988 Dataquest Incorporated July

Average Selling Price ($)
1987 1988 19389 1990

H/A
N/A
N/A
N/A
$3.27
$3.55
$3.75
$4.40
$7.60
H/A
M/A

$5.89

N/A
N/A
N/A
N/A

$3.30

$3.58
$3.65
$4.10
$6.14
N/A
N/A

$5.74

1991

N/A
N/A
N/A
N/A

$3.32

$3.61
$3.54
$3.90
$4.99
N/A
N/A

$4.89

Source: Da
July 1988

SIS Memories

1992

N/A
N/A
N/A
N/A
$3.34
$3.62
$3.46
$3.80
$4.46
N/A
N/A

$4.42

taguest
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MOS EPROM—Yorecast

The Market—1987

Worldwide MOS EPROM revenue totaled $1.347 billion in 1987, posting a significant
48 percent growth in revenue over the 1986 total of $913 million. Of the 27 known
EPROM suppliers, Intel had an estimated 20 percent share of that market, followed, but
not closely, by Fujitsu with a 12 percent share. While unit shipments increased
15 percent to 309.5 million in 1987, over the 269.1 million units shipped in 1986,
technology shifts from NMOS to CMOS and higher average selling prices (ASPs),
accounted for the most notable changes in EPROMs in 1987.

Comparison with Earlier Forecasts

The current EPROM forecast reflects several significant differences from the
version published in April 1987. The changes and reasons for these differences are as
follows:

. Actual revenue, unit shipments, and ASPs for 1986 have been adjusted to
reflect final numbers completed by the middle of 1987.

. Actual bit shipments increased 71 percent as a result of significant growth in
the 256K, 512K, and 1-Mbit densities.

. Overall ASPs increased 28 percent in 1987, rounding out at $4.3S, compared
with $3.39 in 1986. Higher EPROM prices are a direct result of MITI's
imposed reduction of EPROM shipments to the United States by Japanese
suppliers. ]

. The NMOS share of EPROMs tumbled to 68 percent of all EPROM units
shipped in 1987, down from its pedestal of 86 percent share of units in 1986.
Increased demand for CMOS, a reduction in price premium between CMOS and
NMOS, and a switch over to CMOS by more suppliers/users are strong
indicators of a growing CMOS market.

® The U.S. manufacturers' share of the EPROM market increased, reaching
44.5 percent in 1987, while the Japanese manufacturers' share dropped to
47.4 percent, down from 55.5 percent in the previous year.

L Shipments of low-density, high-speed CMOS EPROMs increased substantially
in 1987. As a result, we have increased the unit forecasts and extended the
life cycles of the 16K and 64K EPROMs.

SIS Memories ® 1988 Dataquest Incorporated July 25
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MOS EPROM--Forecast

Market Qutlook

Although the second quarter of 1987 saw EPROM prices firming, pushing revenue
out of the depressed price market of 1986, a large portion of the 1987 EPROM revenue
growth can be attributed to trade agreement pressures. As a result of further
U.S.-Japan trade agreement discussions, MITI introduced production cutback guidelines
for memory suppliers. By the second quarter of 1987, cutbacks on Japanese memory
exports and restrictions on export licenses slowed the flow of EPROM products to the
United States. After suffering through two years of overcapacity, depressed prices, and
nonexistent margins, U.S. EPROM manufacturers reaped the benefits of MITI's
production reductions. Second-quarter increased user demands and supplier capacity
constraints forced onshore companies to look for excess capacity, and users to face
longer lead times and higher prices. Beset by MITI's monitoring and capacity constraints
on DRAMs, offshore manufacturers such as Hitachi, NEC, Oki, and Toshiba, slowed
and/or stopped production of their 64K, 128K, and 256K EPROMs, and focused
production on their more value-added DRAM products. As DRAM capacity improves, we
expect these manufacturers to jump back into the EPROM arena.

High-Speed EPROMs

Several key developments occurred in high-speed EPROM products in 1987. ICT,
Goldstar, and Mitsubishi joined the ranks of high-speed EPROM suppliers. While
Goldstar is still in the R&D stage with its 30ns 64K device, ICT began sampling its
8Kx8 device with access times ranging from 40 to 55ns. However, Mitsubishi is stalking
the high-density area with a 120ns 256K device and 512K devices accessing 125ns and
150ns speeds. WaferScale Integration is producing a 35ns 8Kx8 device, and has also
introduced 16Kx16 and 32Kx8 256K devices that can achieve 55ns.

Figure 6 illustrates Dataquest's preliminary estimate of the high-speed EPROM
market as a percent of total units sold. The very high-speed, less than 70ns product
category with speeds averaging 35ns to 55ns, will be driven by the low 8K, 16K, and
64K devices. These low-density, high-speed products are geared for very specific
bipolar PROM replacement applications. The greater than 70ns, or high-speed category,
specifically the 100ns to 150ns range, will be driven by high-performance microprocessor
and DSP applications. We expect the 100ns to 150ns range to be the most prevalent
EPROM speed range by 1992. While the 64K and 256K densities will sustain the largest
growth for high-speed and very high-speed demand in 1988, increased growth in the
larger 512K and above densities is expected by 1989.

26 © 1988 Dataquest Incorporated July SIS Memories
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Figure 6

High-Speed EPROM Market Speeds
(Percent of Units)
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CMOS/NMOS EPROMs

CMOS EPROM units grew an unexpected 161 percent in 1987 over 1986. CMOS
represented a 32 percent share of total EPROM units in 1987, compared with its
14 percent unit share in 1986. As such, we expect the CMOS share to represent
45 percent of total unit shares in 1988, and surpass NMOS with a 56 percent share of
units by 1989. Key developments in fast programming time, fast access time, low power
dissipation, and higher productivity have made CMOS increasingly competitive with
NMOS. While CMOS EPROMs continue to command a price premium over NMOS, the
price differentials have shrunk to a level where users are now willing to pay for high
performance.

MOS UV/OTP EPROMs

Table 4 (MOS UV EPROMSs) deals with EPROMs packaged in UV erasable packages,
while Table 7 deals strictly with production of one-time programmable (OTP) EPROMs in
plastic packages without windows.

SIS Memories © 1988 Dataquest Incorporated July : 27
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MOS EPROM--Forecast

Dataquest has consistently made the packaging distinction between EPROMs in the
UV erasable packages and those in nonerasable plastic packages (OTPs) for the primary
reason of separately tracking an anticipated shift to less—expensive packages. Our
forecast for 1987 through 1992 shows that UV EPROMs will continue to have a higher
fraction of the EPROM market. Growth in the OTP arena will continue, but at a slower
pace than expected. We expect that Intel, Mitsubishi, -and Toshiba will continue to be
the major suppliers supporting a very focused product application market. We expect
that principal end-user demand will be in the 256K, 512K, and 1-Mbit densities. As the
Flash memory market develops, we expect further decline in the growth and
development of the OTP, especially in the higher 1-Mbit and above densities. The OTP
EPROM has faltered in gaining acceptance as a viable technology. Its reputation is
permeated with black marks and obstacles, including questionable reliability,
manufacturer inability to support product with second sourcing, declining EPROM prices,
and poor customer acceptance. The OTP area is ripe for an attack from the Flash, with
its low—cost, windowless package, high-performance speeds, and rapid bulk erase and
reprogrammability.

Flash Memory

Flash memory technelogy was first introduced by Toshiba with its announcement of
the 256K Flash EEPROM in 1985. The emerging Flash technology is now being supported
by Intel, National, and Seeq, with potential entries in the next twelve months from AMD,
Hitachi, Microchip Technologies, Inc., and Texas Instrument. It is a nonvolatile memory
that implements an EPROM-like process and design approach. Flash memory requires a
12V power supply for programming and erasing, and employs electron tunneling for bulk
erase. Typical erase time is 1 second to erase the entire memory. Total
reprogrammability and bulk erase time is less than a minute, compared with the typical
15 to 20 minutes .for UVEPROMs. If there are no unforeseen technical obstacles,
Dataquest believes that Flash memory, like other new and emerging memory
technologies, shows great promise in enhancing the nonvolatile memory market.

At present, Flash memories are at sampling and/or low volume production stages.
Fueled by the right market forces—competition, general economic conditions,
supply/demand dynamics—Flash should proceed along the learning curve and capture a
sizable share of the nonvolatile memory market.

We expect shipments of the recently introduced 64K, 256K, and 512K Flash products
to ramp up in the latter part of 1988, while introduction of the 1-Mbit device is assumed
in 1989.

Short-Term Forecast

Dataquest believes that EPROM market developments will follow those of the
DRAM market closely. While EPROM availability will not be as constrained as DRAMs,
prices will remain high through the end of 1988. Although 1-Mbit EPROM unit shipments
reached 1.611 million in 1987, with Japanese vendors capturing more than 75 percent of
market share, 1-Mbit unit shipments fell far below our forecast of 5.7 million units. On
a more optimistic note, new entrants and user emphasis on high speed, could boost
1-Mbit shipments to 16 million units by the end of 1988.
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MOS EPROM—Forecast

Long~Term Forecast

Bit growth will continue to be slow from 1987 through 1990, with an upturn expected
in 1991. Bit growth is expected to have a compound annual growth rate (CAGR) of
37.3 percent from 1987 through 1992. The major driving forces behind bit growth will
come from the automotive and computer sectors. More EPROMs are expected to be
used in the computer as operating systems become more complex and feature filled, and
as communications and multitasking functions become more prevalent. We expect the
bit share of the transportation sector to expand in 1991, and become the largest sector,
displacing consumer applications.

We believe that Toshiba's announcement of its 120ns 4-Mbit EPROM, along with the
high-speed CMOS developments in 1987 and the innovative Flash memory announcements
of 1987 and early 1988, were precursors of strong growth for the EPROM market. At
present, the EPROM market is a commodity market fraught with too many suppliers
sharing too little revenue. The outlook for EPROMs will be bright only for those
suppliers that can maintain a full range of innovative products that cover a variety of
speeds, and thus withstand the continued onslaught from offshore competition.
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MOS EPROM——Product Life Cycles

IEW OF PR LIFE LE.

Understanding product life cycles can be an important element of a
company's strategic planning. How well semiconductor manufacturers and
users implement product life cycles may well determine their strength and
future direction against worldwide competition.

The objectives of this section are to discuss the changes taking
place in MOS EPROM life cycles and to determine what new directions and
strategies are being implemented by EPROM manufacturers and users
worldwide. Analysis of product 1life cycles offers many advantages to
manufacturers, including the following:

[ The ablility to identify specific market segments over the
product's life cycle

L) The ability to recogmnize technical opportunities for product
innovation

* The ability to determine whether the timing of their entry and
departure maximizes their revenues and profits

] The ability to evaluate the strength of their product portfolioes

Analysis of product life cycles also offers many advantages to users,
including the following:

. The ability to make new design decisions

L ] The ability to develop a commodity plan for purchasing and
design engineering that maximizes availability of wvital
components and minimizes cost

* The ability to control and/or alter the product life cycle.
given a thorough understanding of its behavior

S _EPR PROD LIFE LR

Figure 1 illustrates the stage of each group of EPROM devices in a
standard product 1life cycle and the typical interval of each stage.
Product price is normally high during the product introduction stage.
Because of the high cost of development, the manufacturer does not begin
to realize profits from the device until well into the growth phase of
the product's life. Once volume production levels are reached and
manufacturing efficiency occurs, economies of scale go inte effect and
prices decline. Typically, prices decline at a faster rate for newer
products than for older products that have reached the mature stage of
the product life cycle.
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Figure 1

TYPICAL IC PRODUCT LIFE CYCLES
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The life cycle of a device and of the equipment into which it is
being designed should always be compared. Selecting a device in its
decline phase may force the equipment manufacturer to pay a premium price
for an obsolete product, or to make a lifetime buy of that part. At the
other end of the life cycle, the risk of designing in an untried product
must be weighed against the technical advantages offered by the new
device.

Although the majority of MOS EPROMs have maintained extended life
cycles, it is not unusual for an IC product to be introduced, to mature,
and then to become obsclete in three years. This accelerated life cycle
can adversely affect the market position of the semiconductor user's end
product., The best protection against this occurrence is for the user to
work with the suppliers to anticipate the next one or two generations of
product evolution. This procedure allows the next generation of semi-
conductor devices to be incorporated into the final product by means of
minimal engineering changes.
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MOS EPROM—Product Life Cycles

Historically, lower densities tend te linger in the decline stage
several years because of the long life of the system using them. For
example, the 2K EPROM, originally introduced to the market in 1972, was
not phased out until 1983. The 8K EPROM maintained a similar life
cycle. Introduced in 1975, it d&id not reach its phaseout stage until
late 1985,

It is interesting to note that although several manufacturers began
shipping new 256K and 512K densities in 1984, market growth resulted from
increased unit shipments of the more mature devices--32K, 64K, and 128K
devices. Tight capacity situations and a varlety of techanical, manu-
facturing, and market development problems made it wvery difficult for
manufacturers to ship new densities and introduce new OTP and CMOS
technologies.

Ihe Product Life Cycles by Density

The actual life cycle curves for EPROMs and how they vary by demsity
are shown in Figure 2. Traditionally, the lower-density EPROMs peaked
during their sixth year of production. Anomalies do occur, however.
Datagquest believes that the 128K EPROM peaked in 1986, during its fifth
year of production. We believe that package differences between the 32K
and the 128K are causing resistance to upgrade. The 32K has a ‘24-pin
configuration, while the 128K has a 28-pin configuration., Both products
are compatible with the 12-MH2 8051 product, To move to the 128K at this
time will necessitate a board redesign, which users are not 1likely to
shoulder for their mature systems. For this reason, we expect the 32K
life cycle to linger in its decline stage, with users upgrading even-
tually to the 512K in 1988. We expect the 256K EPROM to peak in 1988 but
then to maintain a gradual decline very similar to that of the 64K
density.
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Figure 2

MOS EPROM PRODUCT LIFE CYCLES BY DENSITY
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The forecasted behavior of each density through time is illustrated
in Figure 3. The historical two-year interval between density intro-
duction changed with the 256K EPROM. The 256K was introduced in 1983,
one year after the 128K. This was followed closely by the 512K in 1984,
and the 1-Mbit EPROM in 1985. User acceptance of the 1-Mbit products is

expected to be delayed until the 1989 time frame.
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Figure 3

MOS EPROM PRODUCT LIFE CYCLES THROUGH TIME
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BIT-GROWTH ANALYSIS

Bit growth, as shown in Figure 4, is the actual and projected growth
of the entire EPROM product line from 1977 through 1991, Although we
expect bit growth to continue at a fairly steady pace from 1987 through
1991, we do not expect it to maintain the 100 to 200 percent per year
growth trend that occurred in the EPROM heyday from early 1977
through 1983.
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Figure 4

ESTIMATED MOS EPROM BIT GROWTH
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MOS EPROM—Product Life Cycles

We have reduced our estimate of the long-term growth rate for total
bits shipped. Our estimated bit consumption from 1987 through 1991
reflects a slowdown in the market penetration of CMOS, the emergence of
newer technologies (such as OTP in EPROMs), and user reluctance to jump
headlong into the 1-Mbit market.
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MOS EPROM--Product Life Cycles

OVERVIEW OF PRODUCT LIFE CYCLES

Understanding product life cycles can be an important element of a company's
strategic planning. How well semiconductor manufacturers and users implement product
life cycles may well determine their strength and future dlrectlon against worldwide
competition.

The objectives of this section are to discuss the changes taking place in MOS
EPROM life cycles and to determine what new directions and strategies are being
implemented by EPROM manufacturers and users worldwide. Analysis of product life
cycles offers many advantages to manufacturers, inciuding the following:

. The ability to identify specific market Segments over the product's life cycle
. The ability to recognize technical opportunities for product innovatjon

L The ability to determine whether the timing of their entry and departure
maximizes their revenues and profits

* The ability to evaluate the strength of their product portfolios

Analysis of product life cycles also offers many advantages to users, including the
following:

. The ability to make new design decisions

e The ability to develop a commodity plan for purchasing and design engineering
that maximizes availability of vital components and minimizes cost

® The ability to control and/or alter the product life cycle, given a thorough
understanding of its behavior

THE MOS EPROM PRODUCT LIFE CYCLES

Figure 1 illustrates the stage of each group of EPROM devices in 1987, in a standard
product life cycle and the typical interval of each stage. Product price is normally high
during the product introduction stage. Because of the high cost of development, the
manufacturer does not begin to realize profits from the device until well into the growth
phase of the product's life. Once volume production levels are reached and
manufactunng efficiency occurs, economies of scale go into effect and prices decline.
Typically, prices decline at a faster rate for newer products than for older products that
have reached the mature stage of the product life cycle.

The life cycle of a device and of the equipment into which it is being designed
should always be compared. Selecting a device in its decline phase may force the
equipment manufacturer to pay a premium price for an obsolete product, or to make a
lifetime buy of that part. At the other end of the life cycle, the risk of designing in an
untried product must be weighed against the technical advantages offered by the new
device.
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MOS EPROM--Product Life Cycles

Figure 1

Typical IC Product Life Cycles
Price or Volume
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Although the majority of MOS EPROMs have maintained extended life cycles, it is
not unusual for an IC product to be introduced, to mature, and then to become obsolete
in three years. This accelerated life cycle can adversely affect the market position of
the semiconductor user's end product. The best protection against this occurrence is for
the user to work with the suppliers to anticipate the next one or two generations of
product evolution. This procedure allows the next generation of semiconductor devices
to be incorporated into the final product by means of minimal engineering changes.

Historically, lower densities tend to linger in the decline stage several years because
of the long life of the system using them. For example, the 2K EPROM, originally
introduced to the market in 1972, was not phased out until 1983. The 8K EPROM
maintained a similar life cycle. Introduced in 1975, it did not reach its phaseout stage
until late 1985.

It is interesting to note that although several manufacturers began shipping new
256K and 512K densities in 1984, market growth resulted from increased unit shipments
of the more mature devices—32K, 64K, and 128K devices. Tight capacity situations and
a variety of technical, manufacturing, and market development problems made it very
difficult for manufacturers to ship new densities and introduce new OTP and CMOS
technologies.

2 © 1988 Dataquest Incorporated June SIS Memories
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MOS EPROM--Product Life Cycles

Product Life Cycles by Density

The actual life cycle curves for EPROMs and how they vary by density are shown in
Figure 2. Traditionally, the lower-density EPROMs peaked during their sixth year of
production. However, anomalies do occur. Although Dataquest had expected the 128K
to peak in 1986, during its fifth year of production, unit shipments actually increased
slightly above our expectations, reaching 57.7 million units, above the 57.3 million units
of 1986. The growth of the 128K density has been slow in comparison with other EPROM
densities. We believe that package differences between the 32K and the 128K caused
user resistance to upgrade. The 32K has a 24-pin configuration, whereas the 128K has a
28-pin configuration. Both products are compatible with the 12-MHz 8051 product. To
move to the 128K would necessitate a board redesign, which users would not shoulder for
their mature systems. Although the 128K continued to grow in its sixth year, user
upgrade to the 512K in 1987 was phenomenal, growing beyond our expectations. We
expect the growth of the 512K to follow the traditional life cycle and peak during its
sixth year in 1989. The growth patterns of the 256K are very similar to those of the
64K density. As such, we expect the 256K to peak in 1988, but then to maintain a very
gradual decline very similar to that of the 64K density.

Figure 2
MOS EPROM Product Life Cycles by Density
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The Product Life Cycles through Time

The forecasted behavior of each density through time is illustrated in Figure 3. The
historical two-year interval between density introduction changed with the
256K EPROM. The 256K was introduced in 1983, one year after the 128K. This was
followed closely by the 512K in 1984, and the 1-Mbit EPROM in 1985. User acceptance
of the 1-Mbit products is expected to be delayed until the 1989 time frame.

Figure 3
MOS EPROM Product Life Cycles Through Time
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MOS EPROM—Product Life Cycles

BIT-GROWTH ANALYSIS

Figure 4 illustrates the actual and projected bit growth of the entire EPROM
product line from 1973 through 1992. Although bit growth continues at a moderate pace
from mid-1986 through 1988, after a two-year slowdown from late 1984 through early
1986, it is not expected to maintain the 100 to 200 percent per year growth that
occurred in the EPROM heyday from early 1977 through 1983,

Consistent with our 1987 bit-growth forecast, we our projecting a reduction in the
long-term growth rate of total bits shipped. The compound annual growth rate (CAGR)
for EPROM bit consumption in North America, from 1986 to 1991, is expected to be
54 percent, a slightly faster growth rate than the worldwide bit consumption of
48.7 percent. However, worldwide and, more importantly, United States-based
manufacturing of major electronic equipment is projected to grow at a slower pace from
1987 through 1991. This implies a slower-growing market for semiconductor memories
and, as a result, a slowdown in bit growth. The largest end-use segments for EPROMs
are those that are heavy users of microcontrollers—transportation, consumer, and
computer storage. The share of EPROM bits will change by 1990 from the 1986 and 1987
time frame. Consumer systems will be replaced by transportation. The transportation
market in North America is expected to be the largest consumer of EPROM bits by
1991. As the focus moves toward new applications and high~-voiume markets in 1991 that
require denser 1-Mbit, 2-Mbit, and 4-Mbit EPROMs, bit growth will improve
substantially, moving upward during the late 1992 through 1995 time frame.
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Estimated MOS EPROM Bit Growth
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MOS EPROM—Product Life Cycles

OVERVIEW OF PRODUCT LIFE CYCLES

Understanding product life cycles can be an important element of a company’s strategic
ptanning. How well semiconductor manufacturers and users implement product life cycles may
well determine their strength and future direction against worldwide competition.

The objectives of this section are to discuss the changes taking place in MOS EPROM life
cycles and deterrnine what new directions and strategies are being implemented by EPROM
manufacturers and users worldwide. Analysis of product life cycles offers many advantages to
manufacturers, including the following:

The ability to identify specific market segments over the product’s life cycle
o The ability to recognize technical opportunities for product innovation

¢  The ability to determine whether the timing of their entry and departure maximizes their
revenue and profits

¢  The ability to evaluate the strength of their product portfolios
Analysis of product life cycles also offers many advantages to users, including the following:

¢  The ability to make new design decisions

¢ The ability to develop a commodity plan for purchasing and design engineering that
maximizes availability of vital components and minimizes cost

*  The ability to control and/or alter the product life cycle given a thorough understanding of
its behavior

THE MOS EPROM PRODUCT LIFE CYCLES

Figure 1 illustrates the stage of each group of EPROM devices in 1990 in a standard product
life cycle and the typical interval of each stage. Product price is normally high during the product
introduction stage. Because of the high cost of development, the manufacturer does not begin to
realize profits from the device until well into the growth phase of the product’s life. Once volume
production levels are reached and manufacturing efficiency occurs, economies of scale go into
effect and prices decline. Typically, prices decline at a faster rate for newer products than for older
products that have reached the mature stage of the product life cycle. '

The life cycle of a device and of the equipment into which it is being designed should always
be compared. Selecting a device in its decline phase may force the equipment manufacturer to pay a
premium price for an obsolete product or make a lifetime buy of that part. At the other end of the
life cycle, the risk of designing in an untried product must be weighed against the technical
advantages offered by the new device.

Although the majority of MOS EPROMs have maintained extended life cycles, it is not
unusual for an IC product to be introduced, mature, and then become obsolete in three years. This
accelerated life cycle can adversely affect the market position of the semiconductor user’s end
product. The best protection against this occurrence is for the user to work with the suppliers to
anticipate the next one or two generations of product evolution. This procedure allows the next
generation of semiconductor devices to be incorporated into the final product by means of minimal
engineering changes.
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Figure 1
Typical IC Product Life Cycles
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Historically, lower densities tend to linger in the decline stage several years because of the
long life of the system using them. For example, the 2K EPROM, originally introduced to the
market in 1972, was not phased out until 1983. The 8K EPROM maintained a similar life cycle.
Introduced in 19735, it did not reach its phaseout stage until late 1985.

It is interesting to note that although several manufacturers began shipping new 256K and
512K densities in 1984, market growth resulted from increased unit shipments of the more mature
32K, 64K, and 128K devices. Tight capacity situations and a variety of technical, manufacturing,
and market development problems made it very difficult for manufacturers to ship new densities
and introduce new OTP and CMOS technologies.

Product Life Cycles by Density

The actual life cycle curves for EPROMs and how they vary by density are shown in Figures 2
and 3. Traditionally, the lower-density EPROMs peaked during their sixth year of production.
However, anomalies do occur, The 128K EPROM continued to ramp in production through 1988,
its seventh year of production. The production life cycles of both the 256K and 512K also are
breaking away from the traditional, with peak production occwrring during the seventh year
Although the initial growth patterns of the 256K were very similar to the 64K density, the 256K has
exceeded market expectations in terms of production and end use. The 256K is expected to
maintain a gradual decline in its life cycle, with continued end-market demand driven by speed
enhancements.
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. Figure 2

MOS EPROM Product Life Cycles by Density
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Figure 3

MOS EPROM Product Life Cycles by Density
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The Product Life Cycles through Time

The forecast behavior of each density throughout time is illustrated in Figure 4. The historical
two-year interval between density introduction changed with the 256K EPROM. The 256K was
introduced in 1983, one year after the 128K and was followed by the 512K in 1984 and the
1Mb EPROM in 1985. Production of the 2Mb and the 4Mb began in 1989.

BIT-GROWTH ANALYSIS

Figure 5 illustrates the actual and projected bit growth of the entire EPROM product line from
1973 through 1996. Consistent with Dataquest’s 1987 and 1988 bit-growth forecasts, we are
projecting a reduction in the long-term growth rate of total bits shipped. Worldwide manufacturing
of major electronic equipment is expected to have a compound annual growth rate (CAGR) of
8 percent from 1990 through 1995. The CAGR for the North American electronic equipment
market is expected to be 6 percent during that same time frame. The transportation, consumer, and
computer storage segments are expected to continue to be the largest end users of EPROM bits
through 1991, with bit growth declining through the 1992 through 1995 time frame.
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Figure 4
MOS EPROM Product Life Cycles Through Time
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MOS EPROM—Product Life Cycles

Figure §

Estimated MOS EPROM Bit Growth
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MOS EPROM—Price Learning Curves

W' F_ P

Applying learning curves to MOS EPROM product prices can be a strategic
tool for long-range business planning and analysis. Unlike cost experience
curves, price curves are heavily influenced by extraneous market forces such
as competition, substitute technology, general economic conditions, and/or
supply and demand dynamics. The experience curve concept was developed by
the Boston Consulting Group in the late 1960s. The concept is based on
historical studies showing that costs decrease between 20 and 30 percent each
time the accumulated experience for a product or commodity doubles. This
same concept can be applied to the MOS EPROM price learning curve,

The objective of this section is to illustrate the application of
learning curves to overall MOS EPROM and specific MOS EPROM device density
prices., The curves are plotted on a logarithmic scale in order to show the
relationship of the percent change in price relative to the percent change in
cumulative volume as a straight lime. This more easily allows the user to
calculate the rate of price change within the growth in cumulative volume.

MO ROM LEARNTN

Figure 1 encompasses the accumulated bits shipped for total MOS EPROMs
from 1976 through 1986, illustrating how prices gravitate arcund the
declining slope of an experience curve over time, Figures 2 through 4
illustrate price learning curve developments for the 16K, 64K, and 256K MOS
EPROM densities through 1986.

While MOS EPROM prices traditionally fcllowed an 80 percent decline, as
shown in Figure 2, certain notable changes occurred over time. During the
industry boom periods of 1978 and 1979 and again in 1983 and 1984, product
shortages and vendor controls drove prices up above the 80 percent curve
norm. During the early 1980s and again in 1985 and 1986, the industry
balloon burst. Capacity utilization rates declined; prices dropped,
sometimes below cost; and the industry fell into a deep recession.

A price stabilization period in 1986, as a result of the trade agreement
between the United States and Japan, is reflected at the end of the curve.
Foreign market values (FMVs) were stipulated in the agreement to act as
minimum prices for EPROMs fabricated in Japan and sold in the United States.
{(These FMVs are based on a cost model and are determined by the U.S.
Department of Commerce on a guarterly baslis.) The trade agreement also
called for a narrowing of the price differentials between U.S. prices and
those in Asia and Europe.
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64K MOS EPROM PRICE LEARNING CURVE

Average Selling Price z
1.000 ﬁ— H Bes & o
\\ (I 0
S 3|
100

‘——_.L— —— ":::I-ﬁ = g

i = |
"“".‘J | . 1H w
\ . E,

\\“ i
10 5 -
= P — o

H \“\. = o m

| || NE -
\\‘\ - E-

| \"\H =
1 Q

‘ =

1 10 100 1,000 10,000 100,000 —
Accumulated Unit Shipments (Thousands) é

wn

Source: ‘Dalaquesl
May 1987




£86] AeI
1sanbele( ‘adinog
W
<) (spuesnoy]) siuswdiys Jun Peenwnody
w” 000°001L 000°'01L 000't 00!} ot L
S l
@)
on
=
o i
foni
ft . -
S ==
Y] / (1]
S TN~
o i IX
1 5 ~]
A~ ] L
“ - Jﬂff!ﬁr
M sima
R / ¢
I 1 T
=B S~
E /
0p]
O 000'tL
M aold Bujleg ebeieny

AAEND ONINIVAT ADIAd WOEdT SOW M9GE

¥ aanbrj

© 1987 Dataquest Incorporated May

SIS Memories






MOS EPROM--Price Learning Curves

OVERVIEW OF PRICE LEARNING CURVES

Applying learning curves to MOS EPROM product prices can be a strategic tool for
long-range business planning and analysis. Unlike cost experience curves, price curves
are heavily influenced by extraneous market forces such as competition, substitute
technology, general economic conditions, and/or supply and demand dynamics. The
experience curve concept was developed by the Boston Consulting Group in the late
1960s. The concept is based on historical studies showing that costs decrease between 20
and 30 percent each time the accumulated experience for a product or commodity
doubles. This same concept can be applied to the MOS EPROM price learning curve.

The objective of this section is to illustrate the application of learning curves to
overall MOS EPROM and specific MOS EPROM device density prices. The curves are
plotted on a logarithmic scale in order to show the relationship of the percent change in
price relative to the percent change in cumulative volume as a straight line. This more
easily allows the user to calculate the rate of price change within the growth in
cumulative volume.

MOS EPROM PRICE LEARNING CURVES

Figure 1 encompasses the accumulated bits shipped for total MOS EPROMs from
1976 through 1987, illustrating how prices gravitate around the declining slope of an
experience curve over time. Figures 2 through 5 illustrate price learning curve
developments for the 16K, 64K, 256K, and 1-Mbit MOS EPROM densities through 1987.

While MOS EPROM prices traditionally followed an 80 percent decline, as shown in
Figure 2, certain notable changes occurred over time. During the industry boom periods
of 1978 and 1979 and again in 1983 and 1984, product shortages and vendor controls
drove prices up above the 80 percent curve norm. During the early 1980s and again in
1985 and 1986, the industry balloon burst. Capacity utilization rates declined; prices
dropped, sometimes below cost; and the industry fell into a deep recession.

A price stabilization period in 1986, as a result of the trade agreement between the
United States and Japan, is reflected at the end of the curve. Foreign market values
(FMVs) were stipulated in the agreement to act as minimum prices for EPROMs
fabricated in Japan and sold in the United States. (These FMVs are based on a cost
model and are determined by the U.S. Department of Commerce on a quarterly basis.)
The trade agreement also called for a narrowing of the price differentials between
U.S. prices and those in Asia and Europe. In the first half of 1987, MITI imposed EPROM
production cuts just as demand was beginning to pick up. Shortages and increased
demand in 1987 have raised EPROM prices substantially.

SIS Memories ® 1988 Dataquest Incorporated July 1
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16K MOS EPROM Price Learning Curve*
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Figure 3
64K MOS EPROM Price Learning Curve*
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Figure 5
1-Mbit MOS EPROM Price Learning Curve*
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MOS EPROM--Price Learning Curves

DATAQUEST ANALYSIS

Trade agreement FMVs and MITI-imposed production cuts continue to play a major
role in the EPROM price learning curves. Although the learning curve for the 1-Mbit
EPROM is steep, the curve began at a lower level than that of previous generations.
Introduced during a semiconductor downturn, 1-Mbit EPROM development and
acceptance has been slow. These factors, in conjunction with contmued political
intervention, have resulted in slowly declining prices.

As nonvolatile memory product development moves into the 2-Mbit, 4-Mbit, and
8-Mbit densities at submicron levels, manufacturers will no longer be able to afford the
high cost of R&D investment with minimal profit margins. The manufacturer’'s concerns
for profits and cautious buildup in capacity may very well change the structure of the
EPROM product area and the learning curve slope over the next five years.

SIS Memories @ 1988 Dataquest Incorporated July 7
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EPROM--Vendor Base Analysis

MOS EPROM VENDOR BASE OVERVIEW

Today's MOS EPROM market is a highly competitive and very commodity-oriented
product area. It has also been characterized as an area fraught with price erosion and
rapid changes in technology. Since 1972, the number of EPROM suppliers has grown
from a vendor base of 1, as shown in Figure 1, to a base of 23. Dataquest expects the
EPROM vendor base to continue to fluctuate and possibly decline in 1988 and 1989.

Historically, the number of vendors entering the market as well as departing from
the market has been increasing, as shown in Figure 2. The companies that have left the
market, however, either represented a marginal share of the EPROM market or were
absorbed by larger companies. At the same time, those that entered the market,
especially during the 1982 through 1987 time frame, made great gains in market share.

Figure 1
Total MOS EPROM Vendor Base

Number of Vendors
o

20~
154
fou

8-

A T L

1972 1974 1976 1978 1900 1982 1984 1986

Source:
TP July 198
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EPROM--Vendor Base Analysis

Figure 2

MOS EPROM Entering and Departing Vendors
Number of Vendors
20
18-
16
14
124
10

Entering Vendors
E= Departing Vendors

T 1977-1981 1982-1987

Source: Dataquest
July 1988

A radical shift in vendor shares has occurred as a result of increased competition.
(A summary of EPROM shares by vendor is presented in the "EPROM—Market Share"
section of this notebook.) In 1987, in a field of 23 competitors, the average revenue per
vendor was $37.9 million, as shown in Table 1. The distribution of market share shows a
heavy concentration on the top 10 manufacturers. Since 1978, the top 10 companies
have held more than 90 percent share of the market, while the top five vendors have held
more than 60 percent share of the market. In 1987, Intel, Fujitsu, Hitachi, Mitsubishi,
and Toshiba held the top five positions in the MOS EPROM market, respectively,
followed by AMD, Texas Instruments, SGS, NEC, and National Semiconductor.

If we look at the vendor base by region, as illustrated in Figure 3, we see that the
Japanese have made substantial inroads in the worldwide supplier base, equaling the U.S.
base over time, with Europe holding marginal share during the last five years and with
the Korean base entering in 1986. Figures 4 through 10 present the regional breakout of
vendors for the 16K to 1-Mbit densities.

2 © 1988 Dataquest Incorporated July SIS Memories
0000571



EPROM--Vendor Base Analysis

Table 1

MOS EPROM Top 5/10 Vendor Concentration

Top 5/10 Concentration 1978 1979 1980 1981 1982
Number of Vendors 18 18 19 18 18
Average Revenue per Vendor ($M) $11.0 $30.9 $35.1 $21.6 $33.9
Top 10 Share 99 97 91 96 96
Top 5 Share 90 79 71 76 72

Top 5/10 Concentration 1983 1984 1985 1986 1987
Number of Vendors 19 19 23 24 23
Average Revenue per Vendor ($M) $51.7 $73.3 $43.3 $37.9 $58.6
Top 10 Share 87 95 96 96 91
Top 5 Share 61 68 68 71 61

Source: Dataquest
July 1988
Figure 3
Total Vendor Base by Region
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EPROM--Vendor Base Analysis

Number of Vendors
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16K MOS EPROM Vendor Base by Region
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EPROM--Vendor Base Analysis

Figure 6
64K MOS EPROM Vendor Base by Region
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Figure 7
128K MOS EPROM Vendor Base by Region
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EPROM--Vendor Base Analysis

Number of Vendors

Figure 8
256K MOS EPROM Vendor Base by Region
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Figure 9
512K MOS EPROM Vendor Base by Region
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EPROM--Vendor Base Analysis

Figure 10
1-Mbit MOS EPROM Vendor Base by Region

Number of Vendors
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The EPROM market continues to be dominated by Japanese suppliers, as shown in
Table 2. The average revenue per Japanese vendor surpassed that of the U.S. vendor in
1982, and it increased significantly during the 1983 through 1986 time frame. Japanese
vendors boosted their producer share of the market to gain 54 percent in 1985 and
56 percent in 1986.

SIS Memories © 1988 Dataquest Incorporated July 7
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EPROM--Vendor Base Analysis

Table 2

EPROM Regional Vendor Concentration

Regional C tratj

Number of U.S. Vendors
U.8. Market Share
Average Revenue per Vendor

Number of Japanese Vendors
Japanese Market Share
Average Revenue per Vendor

Number of European Vendors
European Market Share
Average Revenue per Vendor

Number of Korean Vendors
Eorean Market Share
Average Revenue per Vendoer

Regicnal Concentration

Humber of U.S. Vendors
U.S. Market Share
Average Revenue per Vendor

Number of Japanese Vendors
Japanese Market Share
Average Revenue per Vendor

Number of European Vendors
European Market Share
Average Revenue per Vendor

Number of Korean Vendors
Korean Market Share
Average Revenue per Vendor

($M)

($M)

($M)

($M)

($M)

($M)

($M)

($M)

1978 1979 1980 = 1981 @ 1982

13 13 11 9
92% 88% T2% 66%
$14.5 $40.2 $44.2 $31.0

5 5 7 7
8% 13% 26% 33%

$ 1.9 $11.6 $23.8 $15.5

0 0 1l 2

0 0 3N 0

0 0 $17.6 $ 0.3

0 0 0 0

0 0 0 0

0 0 0 0

1983 1984 1985 1986
9 g 12 9

49% 46% 40% 40%
$56.2 $75.0 $35.5 $ 4l1.8
8 8 9 10

49% 50% 54% 56%
$58.7 $86.0 $59.1 $ 50.3
2 2 2 3

3% a5 6% 5%

$ 9.3 £15.6 $19.3 $ 10.2
0 0 o 2

0 0 0 0

0 0 0 $0.013

Source:
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EPROM-~Vendor Base Analysis

DATAQUEST ANALYSIS

Dataquest expects a number of scenarios to occur in the 1988 and 1989 time frame,
changing the structure of the MOS EPROM business for both vendors and users, as

follows:

A number of vendors will leave the market. As a result of MITI imposed
reduction of EPROM shipments to the United States, major Japanese suppliers
temporarily have stopped shipments of certain EPROM densities.

Growth in the vendor base along with the high cost of new product
development and less available market share will promote more strategic
alliances between manufacturers.

Major manufacturers and start-ups will continue to focus EPROM product
development on the high-performance, premium-priced CMOS market
segment. These high-performance products are targeted at the electronic
systems market, which requires speeds (15ns to 50ns) traditionally afforded by
bipolar PROMs.

Several manufacturers are breaking away from the 150ns—and-above EPROM
speeds and are concentrating their product development along one of two
speed segments. Some of the larger manufacturers are concentrating their
product portfolios in the 85ns to 120ns speed range, while the Cypress
look-alikes are focusing on the high-performance niche market in the sub-70ns
bipolar replacement speed range.

Flash EPROM/EEPROMs employing electrical write-in and erase capability,
with transistor cells reduced from three to one and packaged in plastic, are
now emerging. High-performance product areas are being targeted by
companies such as Intel, National Semiconductor, Seeq, Texas Instruments, and
Toshiba.

Dataquest expects that the next two years in the EPROM market will continue to be
two years of fragmentation--more new products, more new suppliers, and less revenue.
In the midst of all of this change, the U.S./Japan semiconductor trade negotiations will
continue. While political constituents from both sides will continue to strive for conflict
resolution, with a firm resolve to protect the interests of each other's constituency, the
U.S./European users will pay the cost, and the U.S. manufacturers will reap the profits.
Those manufacturers that easily adapt to these market changes will survive and prosper.
We believe that the quality of management, strength of financing, and product
innovation will determine who stays in the EPROM market and who leaves.

SIS Memaories © 1988 Dataquest Incorporated July 9
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MOS EPROM——Market Shares

An integral part of Dataquest's MOS EPROM forecast is analyzing the EPROM
market by gathering shipment data from each EPROM manufacturer. The data and
end analysis provide insights into the EPROM market and reinforce estimates
of consumption, production, and company revenue, The information in this
section should be interpreted as follows:

A Overall market shares are based on all "dollarized" unit shipments.
Bach density's units are multiplied by that density's overall
average selling price (ASP) for the year. All density dollar wvalues
are then added to arrive at each company's total MOS EPROM market
share for the specific year.

. The totals for all companies reflect worldwide production. Although
these numbers are in dollars, they 4o not relate to a company's true
EPROM revenue, as worldwide ASPs can vary by region, technology,
density, or package type.

We believe that the estimates presented here are the most accurate and

meaningful generally available today. The EPROM data presented in the tables
were derived from interviews with knowledgeable manufacturers and users.

MOS EPROM--MARKET SHARE DATA

The following market share estimates provide a historical view of data
from 1976 through 1986, The 1986 data were gathered prior to year-end 1986
and, hence, are subject to revision. The following tables cover market
shares in terms of units, dollars, and percentages for all MOSE EPROM
densities: :

* Table 1--EPROM Market Shares (Percentages)

- Table 2--EPROM Market Shares (Dollarized Unit Shares in Thousands)

L 4 Table 3--EPROM Regiomnal Shares (Percentages)

»* Table 4--EPROM Regional Shares (Dollarized Unit Shares in Thousands)

. Table S5--EPROM Top 10 Shares (Percentages)

» Table 6§--8K EPROM Market Shares {(Percentages)

* Table 7--16K EPROM Market Shares (Percentages)

SIS Memories © 1987 Dataguest Incorporated May i
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MOS EPROM-—Market Shares

Table 8--32K EPROM Market Shares (Percentages)
Table 9--64K EPROM Market Shares (Percentages)
Table 10--128K EPROM Market Shares (Percentages)
Table 11--256K EPRCM Market Shares (Percentages)
Table 12--512K EPROM Market Shares {Percentages)

Table 13--1-Mbit EPROM Market Shares {(Percentages)

Highlights of the overall EPROM market include the following:

Regionally, U.S. EPROM suppliers slowly lost market share from 1976
through 1981, In 1976, Intel dominated the market with 78 percent
of the worldwide EPROM market. From 1978 through 1981, Intel and
Teaxas Instruments dominated the worldwide EPROM market. By 19386,
Intel was leading the market again, followed by Hitachi and
Mitsubishi.

Japanese suppliers made their largest gains in EPROM market share
from 1984 through 1936. By dominating the 64K and 128K EPRCM
sectors, they boosted their worldwide share to 50 percent, By 1986,
they had captured S55.5 percent of the worldwide EPROM market.

The EPRCM market has always been heavily concentrated in the top
five vendors. Despite the fact that the companies at the top have
changed through the years, their shares have consistently averaged
more than 60 percent of the market.

® 1987 Dataquest Incorporated May SIS Memories
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MOS EPROM--Market Shares

OVERVIEW OF MOS EPROM MARKET SHARES

An integral part of Dataquest's MOS EPROM forecast is analyzing the EPROM
market by gathering shipment data from each EPROM manufacturer. The data and end
analysis provide insights into the EPROM market and reinforce estimates of
consumption, production, and company revenue. The information in this section should
be interpreted as follows:

L Overall market shares are based on all "dollarized” unit shipments. Each
density's units are multiplied by that density's overall average selling price
(ASP) for the year. All density dollar values are then added to arrive at each
company's total MOS EPROM market share for the specific year.

. The totals for all companies reflect worldwide production. Although these

numbers are in dollars, they do not relate to a company's true EPROM
revenue, as worldwide ASPs can vary by region, technology, density, or

package type.
We believe that the estimates presented here are the most accurate and meaningful

generally available today. The EPROM data presented in the tables were derived from
interviews with knowledgeable manufacturers and users.

MOS EPROM—MARKET SHARE DATA

The following market share estimates provide a historical view of data from 1976
through 1987. The 1987 data were gathered prior to year-end 1987 and, hence, are
subject to revision. The following tables cover market shares in terms of units, dollars,
and percentages for all MOS EPROM densities:

. Table 1-—-EPROM Market Shares (Percentages)

L] Table 2—EPROM Market Shares (Dollarized Unit Shares in Thousands)

L Table 3——EPROM Regional Shares (Percentages)

. Table 4-~EPROM Regional Shares (Dollarized Unit Shares in Thousands)

. Table S—EPROM Top 10 Shares (Percentages)

. Table 6—8K EPROM Market Shares (Percentages)

. Table 7--16K EPROM Market Shares (Percentages)
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MOS EPROM--Market Shares

Table 8-—32K EPROM Market Shares (Percentages)
Table 9—64K EPROM Market Shares (Percentages)
Table 10——128K EPROM Market Shares (Percentages)
Table 11—256K EPROM Market Shares (Percentages)
Table 12--512K EPROM Market Shares (Percentages)
Table 13--1-Mbit EPROM Market Shares (Percentages)

Historical highlights of the overall EPROM market include the following:

Regionally, U.S. EPROM suppliers slowly lost market share from 1976 through
1981. In 1976, Intel dominated the market with 78 percent of the worldwide
EPROM market. From 1978 through 1981, Intel and Texas Instruments
dominated the worldwide EPROM market. By 1986, Intel was leading the
market again, followed by Hitachi and Mitsubishi.

Japanese suppliers made their largest gains in EPROM market share from 1984
through 1986. By dominating the 64K and 128K EPROM sectors, they boosted
their worldwide share to 50 percent. By 1986, they had captured 55.5 percent
of the worldwide EPROM market.

The EPROM market has always been heavily concentrated in the top five
vendors. Despite the fact that the companies at the top have changed through
the years, their shares have consistently averaged more than 60 percent of the
market.
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MOS EPROM--Market Shares

Table 1

MOS EPROM Market Shares
(Percentages)

Company 1976 1977 1978 1979 1980 1981

&

AMD
Atmel
Cypress
Electronic Array
Eurotechnique
Fairchild
Fujitsu
General Instrument
Goldstar
Hitachi
Hyundai
Intel i
Matsushita
Microchip Tech., Inc.
Mitsubishi

. Mostek

_ Motorola

National
NEC
Oki
Ricoh
Rockwell
Seeq
Seiko-Epson
5Gs
Sharp
Signetics
Synertek
Texas Instruments
Thomson
Toshiba
VLSI Technology
WaferScale
Others

o
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3
w
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[
C 0O NOPRPOOOOOCOCOOOODRDOCOOOOPAPOLODOCOOOOCOOOOD0
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COONOOOOOLOOROOOO~-NNWVWEBNOONOMNOODOUOINGEMHROO®

&
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[

8]
o 0O O HOOOOQOOCOCOOOBEEBUNMWRMAODRFRODONOOOEOODOOM
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Total 100% 100% 100% 100%
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MOS EPROM--Market Shares

Company
AMD

Atmel

Cypress
Electronic Array
Eurotechnigue
Fairchild
Fuiitsu

General Instrument
Goldstar

Hitachi

Hyundai

Intel

Matsushita
Microchip Tech,, Inc.
Mitsubishi

Mostek

Motorola

National

HEC

Oki

Ricoh

Rockwell

Seeq

Seiko-Epson

5GS

Sharp

Signetics
Synertek

Texas Instruments
Thomson

Toshiba

VLEI Technology
WaferScale

Others

Total

Table 1 (Continued)

MOS EPROM Market Shares
(Percentages)

1982

-
:
:
E
E

*
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*
=
o
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=

| o

=t

A
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Note: Columns may not add to totals shown because of rounding.

Source: Dataquest
June 19838
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Table 2

MOS EPROM Market Shares
(Dollarized Unit Shares in Thousands)

Company 1976 1871 1978 1979 1580 1981

AMD 0 0 3,613 16,904 17,227 13,070
Atmel 0 ] ) 0 0 0
Cypress 0 0 Q o 0 0
Electronic Array 0 3,225 1,490 2,228 0 0
Eurcotechnique ] 0 0 0 0 835
Fairchild 0 108 2,086 8,712 22,605 2,643
Fujitsu 0 1,935 2.194 17,662 45,924 27,344
General Instrument 0 0 0 0 0 )]
Goldstar ) 1] 1] 0 0 o
Hitachi 0 0 757 21,879 46,292 39,903
Hyundai 0 0 0 0 0 0
Intel 7,981 46,337 54,517 103,179 116,247 94,240
Matsushita 0 8] 0 0 1,757 2,405
Microchip Tech., Inc. 0 0 0 0 0 0
Mitsubishi ¢ 0 4,470 9,416 22,551 18,605
. Mostek 0 0 541 15,641 13,274 9,694
Motorela 0 1,50% 9,761 35,4138 32,572 17,736
National 0 3,225 9,313 25,363 27,033 13,229
REC 0 0 0 93 9,696 14,076
Oki 0 0 0 0 0 1,465
Ricoh 0 0 0 0 0 0
Rockwell 0 0 H 0 Q 0
Seeq 0 0 0 0 0 0
Seiko-Epson 0 0 H 0 o 0
SGS 0 0 o 0 17,617 551
Sharp 0 o 0 Q 0 0
Signetics 4] 0 0 0 0 0
Synertek 0 0 0 a 2,294 0
Texas Instruments 416 7,789 34,422 114,314 122,319 66,619
Thomson 0 0 0 0 0 0
Toshiba 2,328 15,050 406 8,791 15,802 4,651
VLSI Technology 0 0 o o 0 0
WaferScale 0 0 0] 0 0 28
Others Q Q 0] 0 Q o]
Total 10,728 79,174 123,570 379,600 514,210 326,316
{Continued)
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MOS EPROM~--Market Shares

AMD

Atmel

Cypress
Electronic Array
Eurotechnigue
Fairchild
Fujitsu

General Ianstrument
Goldstar

Hitachi

Hyundai

Intel

Matsushita
Microchip Tech, Inc.
Mitsubishi
Mostek

Motorola
National

NEC

Oki

Ricoch

Rockwell

Seeq

Seiko-Epson

SGS

Sharp

Signetics
Synertek

Texas Instruments
Thomson

Toshiba

VLSI Technology
WaferScale
Others

Total

Table 2 (Continued)

MOS EPROM Market Shares
{Dollarized Unit Shares in Thousands)

1982 1983 1984 1985 1936 1987
37,554 76,917 138,358 99,233 73,727 114,210
[ 0 0 0 0 0
0 0 0 0 0 3,492
0 0 o 0 0 0
7,459 7,726 0 0 0 0
119 0 0 0 0 0
65,979 93,288 145,799 107,320 77,782 156,150
0 0 0 280 22,425 0
0 0 0 0 13 60
65,784 129,933 229,915 135,901 145,981 140,009
0 0 0 0 1z 120
150,996 206,824 210,516 155,099 210,096 255,892
2,318 1,276 420 277 327 0
0 0 0 0 0 45,762
53,524 82,353 175,131 91,387 128,918 126,247
3,708 1,755 0 0 0 _ 0
10,221 9,424 15,022 3,976 2,817 1,247
24,365 47,612 55,892 25,604 18,091 63,556
54,412 73,322 76,205 80,107 84,598 69,691
4,803 6,735 12,866 4,095 46 43,955
0 0 1,218 4,262 1,225 1,082
0 100 0 0 0 0
174 8,145 40,831 13,947 8,640 5,526
0 0 0 0 1,125 1,69%
3,999 10,963 23,367 30,175 28,028 79,089
0 0 0 g 172 1,435
0 0 155 0 53 7,563
0 o 0 0 0 ¢
42,334 98,587 138,643 55,749 38,868 83,920
0 0 7,752 8,359 2,664 0
15,200 19,349 46,883 49,302 62,677 132,682
0 0 0 770 1,563 2,058
177 0 0 0 0 1,485
Q 0 648 264 340 Q
542,949 879,309 1,319,621 866,335 910,366 1,346,916

Note: Columns may not add to totals shown hecause of rounding.

Source: Dataquest
June 1988
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Table 3
MOS EPROM Regional Shares
(Percentages)

Regional Shares 1976 1977 1978 1979 1980 1981
United States 77.8% 76.7% 92.0% 87 .5% 71.5% 66.3%
Japan 22,2 23.3 8.0 12.5 25.5 33.4
Europe 0 0 0 0 2.9 0.3
Korea Q Q 0 0 0 0

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Regiona) Shares 1982 1983 1284 1985 1986 1987
United States 51.9% 48.5% 46.4% 39.9% 39.9% 44.5%
Japan 45.1 48.5 50.0 54,2 55.5 47.4
Europe 3.1 3.0 3.6 5.9 4.6 8.0
Korea 0 0 (1] Q 0 0

Total 100.0% 1C0.0% 100.9% 100.0% 100.0% 100.0%

Note: Columns may not add to totals shown because of rounding.

Source: Dataquest
June 1988
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R al ar

United States
Japan
Europe
Korea

Total

Regional Shares
United States
Japan
Europe
Rorea

Total

Note: Columns may not

Table 4

MOS EPROM Regionat Shares
{Dollarized Unit Shares in Thousands)

1976 1877 1978 1979 1980 1981
2,397 62,189 115,743 321,759 353,571 217,231
2,328 16,985 7,827 57,841 143,022 108,449
0 0 0 0 17,617 636
Q 0 0 0 0 0
10,72% 79,174 123,570 379,600 514,210 326,316
19282 1983 1984 1985 1986 1987
269,471 449,364 600,065 354,950 376,797 577,148
262,020 411,256 688,437 472,851 502,851 682,946
11,458 18,689 31,119 38,534 30,692 86,642
0 Q 0 0 26 180
542,949 879,309 1,319,621 866,335 910,366 1,346,916

add to totals shown because of rounding.
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Table 5
MOS EPROM Top 10 Shares
(Percentages)
Top 5 and
10 Shareg 1978 1978 1980 1981 1982
Top 5 91.0% 79.1% 70.9% 75.6% 72.0%
United States 87.4% 73.3% 52.7% 49.3% 27.8%
Japan 3.6% 5.8% 18.1% 26.3% 44.1%
Europe 0 0 0 0 0
Eorea 0 o 0 0 0
Next 5 B.2% 18.0% 20.0% 20.8% 23.9%
United States 5.8% 10.9% 15.6% 16.5% 21.1%
Japan 2.4% 7.1% 4.4% 4,3% 2.8%
Europe 0 0 0 0 o
Korea (] 0 0 0 0
Top 10 99.2% 97.1% 90.8% 96.4% 95.8%
United States 93.2% 84.2% 68.3% 65.8% 48.9%
Japan . 6.0% 12.9% 22,5% 30.6% 46.9%
Europe 0 0 0 0 0
Korea 0 o 0 0 0
Top § and
10 Shares 1983 1984 1985 1986 1987
Top 5 60.9% 68.2% 68.0% 71.1% 61.0%
United States 34.9% 26.5% 29.4% 23.1% 19.0%
Japan 26.0% 41.7% 38.6% 48.0% 42.0%
Europe o 0 0 0 )
Korea Q 1) 0 0 0
Next 5 25.9% 27.1% 27.8% 24.8% 30.5%
United States 14.2% 17.8% 9.4% 14.8% 19.4%
Japan 10.5% 9.3% 15.0% 6.9% 5.2%
Europe 1.2% 0 3.5% 3.1% 5.9%
Korea 0 0 0 0 0
Top 10 86.8% 95.3% 95.8% 95.9% 91.4%
United States 49,.1% 44.3% 38.7% 37.9% 38.4%
Japan 36.5% 51.1% 53.6% 54.9% 47.1%
Europe 1.2% 0 3.5% 3.1% 5.9%
Korea 0 0 0 o 0

Note: Columns may not add to totals shown because of rounding.

Source: Dataquest
June 1988
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Company

AMD

Electronic Array
Fairchild
Fujitsu

Intel

Mitsubisghi
Motorola
National

Oki

Texas Instruments
Toshiba

Total

Company

AMD

Electronic Array
Fairchilad
Fujitsu

Intel

Mitsubishi
Motorola
National

Oki

Texas Instruments
Toshiba

Total

Table 6
8K EPROM Market Shares
(Percentages)
1976 1977 1978 1979 1980
0 0 5.0% 12.3% 14.8%
0 5.1% 2.1 1.6 0
0 0.2 2.9 6.4 20.6
0 3.1 2.9 1.1 1.3
75.0% 55.0 31s.2 24.6 12.5
0 0 6.2 4.6 2.5
0 2.4 10.6 16.9 10.3
0 5.1 12.9 i5.2 21.2
1] 1] 0 0 0
2.0 5.1 21.8 15.7 16.6
_23.0 _24.0 _0.4 —1.5 0.2
100.0% 100.0% 100.0% 100.0% 100.0%

1981 1982 1983 = 1984 = 1985 = 1986

18.1% 23.2% 20.3% 91.0% 100.0% 100.0%
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o

[ I e e Y o Y Y —)
joe B R e B e B B = = L —= Y = =)
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100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Note: Columns may not add to totals shown because of rounding.
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Source: Dataquest
June 1988
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Company

AMD
Cypreass
Eurotechnique
Fairchila
Fujitsu
Hitachi
Intel
Matsushita
Mitsubishi
Mostak
Motorela
Hational
NEC

Oki

5GS
Synertek

Tezas Instruments

Thomson
Toshiba
WaferScale

Total

Company
AMD
Cypress
Eurcotechnigue
Falrchild
Fujitsu
Hitachi
Intsl
Matsushita
Mitsubishi
Mostek
Motorola
Hational
HEC
Oki
SGS
Synertek

Texas Instruments

Thomson
Toshiba
WafarScale

Total

Table 7
16K EPROM Market Shares
(Percentages)
1976  A%27 1978 1979 1980 1981
0 0 0 0.1% 1.18 4.1%
0 0 0 0 0 0
0 0 0 0 0 )
0 0 0 0 2.9 0.3
) 0 0.2% 7.5 9.6 6.6
) 0 1.5 10.2 12.7 11.9
66.7%  72.3%  57.0 25.9 17.9 26.0
0 o o 0 0.6 1.6
0 0 0 1.5 3.7 5.6
0 0 1.1 7.3 4.3 6.3
0 0 4.2 5.8 5.2 3.9
0 ) 0 2.2 4.0 6.4
0 0 6 0.0 0.7 4.3
0 0 ) 0 0 0.5
) 0 0 0 5.8 0.4
o 0 0 0 0.8 0
33.3 27.7 35.9 36.3 26.3 20.4
0 0 0 0 0 0
0 0 0.2 3.2 4.5 1.7
0 ) 0 0 ) Q
100.0%  100.0%  100.0%  100.0%  100.0% 100.0% -~
9.8% T.8% 12.4% 21,08 20.0% 15.3%
0 0 0 0 0 9.2
3,7 1.7 0 0 0 o
0 0 0 0 0 0
2.6 0.2 0 0 0 0
2.6 0.5 0 0 0 o
19.8 7.6 1.6 0 9.2 8.1
1.8 0.9 0.3 0 0 0
2.9 1.3 1.3 0.4 0 0
2.8 1.2 0 0 0 0
1.3 0.3 0 0 0 0
15.3 26.0 33.0 28.1 36.4 8.0
10.0 18.9 11.3 6.2 3.9 2.0
3.4 3.3 2.4 1.8 0 0
2.7 6.5 7.4 13.9 12.6 46.0
0 0 ) 0 0 0
17.7 22.8 27.7 22.4 18.8 11.0
) 0 2.6 6.2 o 0
3.5 1.1 0 0 0 0
Q 0 0 g 0 _2.0
100.0% 100.0% 100.0%  100.0%  100.0%  100.0%

Note: Columns may not add to totals shown because of rounding,

SIS Memories -
0000431

Source: Dataguest
June 1988
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Company

AMD

Eurctechnique
Fujitsu

Hitachi

Intel

Mitsubishi

Mostek

Motorola

National

NEC

Ricoh

SGS

Texas Instruments
Thomson-Eurotechnique
Toshiba

Others

Total

Company
AMD
Eurotechnique
Fujitsu
Hitachi
Intel
Mitsubishi
Mostek
Motorola
Hational
NEC
Ricoch
SGS
Texas Instruments
Thomson-Eurotechnique
Toshiba
Others

Total

Table 8
32K EPROM Market Shares
{Percentages)

1978 1979 1980
0 3.3% 7.0%

0 0 1.1
7.6% 11.8 7.8
13.0 18.7 19.9
50.8 24.2 21.0
0 8.5 13.8

0.7 0 0
8.8 4.7 1.2
0 0.6 1.4

0 6.8 16.4

0 0 0

0 0 0.2
19,2 19.4 6.0
0 ] 0

0 1.9 4.2

N 0 _10
100.0% 100.0% 100.0%
1983 1984 1985
7.2% 13.3% 20.0%
2.1 0 Q
9.4 12.0 7.4
20.9 12.3 6.2
14.5 13.0 16.4
9.8 5.2 6.8
0 [H) 0

0 ] 0

3.5 6.6 5.0
13.4 8.0 6.6
0 0.3 1.8
0.6 3.7 8.7
15.3 22.6 15.8
0 2.1 4.0

3.2 0.9 0

0 0.1 0.3
100.0% 100.0% 100.0%

1981 1982
3.3% 7T.0%
0 1.1
11.8 7.8
18.7 1%.9
24.2 21.0
8.5 13.8
0 0
4.7 1.2
0.6 1.4
6.8 16.4
0 o
0 0.2
19.4 6.0
0 0
l.9 4.2
-2 _90
100.0% 100.0%
1986 1987
13.3% 12,1%
o 0
1.2 0
3.9 0
27.8 27.8
3.9 0
0 0
0 o
6.0 17.6
3.5 0.9
0.5 0
14.9 15.3
19.5 26.3
5.6 0
0 0
) 1]
100.0% 100.0%

Neote: Columns may not add to totals shown because of rounding.
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Company

AMD

Cypress

Fujitsu

General Instrument
Goldstar

Hitachi

Hyundai

Intel

Microchip Tech,, Inc.
Mitsubishi
Mostek
Motorola
National
HEC

Oki

Ricoh

Seeq
Seiko-Epson
SGS

Texas Instruments
Toshiba

VLSI Technology
HWaferScale

Total

Table 9
64K EPROM Market Shares
(Percentages)
1980 1%81 1982 1983 1984 1985 1986 1987
0 ] 4.2% 7.0% 5.9% 6.6% 3.6% 8.0%
0 0 0 ] ] 0 0 0.4
7.6% 8.5% 28,0 18.2 14.2 18.1 17.2 15.0
0 0 ] 0 0 0 0.2 0
] 0 0 ] 0 ] 0 0
13.0 2.3 9.7 19.8 22.3 21.8 21.9 9.5
" ] 0 ] 0 0 0 0.1
50.8 57.0 41.4 21.5 8.1 11.9 15.6 13.0
0 0 0 ] 0 ] 0 2.0
o 0 10.6 16.4 21.7 15.3 14.6 9.3
0.7 0.7 0 0 0 0 0 0
8.8 9.9 2.0 2.3 2.9 1.4 1.1 0.6
0 ] 0 0 0 ] 0.5 8.0
0 0 1.5 3.0 4.4 7.0 6.5 3.4
0 ] 0 0.6 1.9 1.0 0 2.5
a 0 0 0 0.1 0.8 0.4 0.4
0 ] 0.1 1.6 4.0 1.7 1.6 1.1
0 0 0 0 0 ¢ 0.3 0.5
0 0 ] 0 1.2 4.0 6.2 10.0
19.2 21.6 2.2 7.2 10.3 8.1 6.5 7.0
0 0 0.4 2.5 2.9 2.2 3.6 8.1
0 o o 0 0 0.1 0.2 0.5
1] 0 0 0 0 Q 0 0.2

100.0% 100.0% 100.0% 100.0% 100,0% 100.0% 100.0% 100.0%

Note: Columns may not add to totals shown because of rounding.

SIS Memories
0000431

Source:
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Company

AMD

Fujitsu

General Instrument
Hitachi

Intel

Matsushita
Microchip Tech., Inc,
Mitsubishi
National

HEC

Oki

SGS-Thomson

Seeq

Seiko-Epson

Texas Instruments
Toshiba

VLSI Technology
WaferScale

Total

Table 10

128K EPROM Market Shares

(Percentages)

1982 1983 1984

1985 1986 1987

0 15.8% 10.2% 6.9% 7.4% 12.0%
0 8.6 10.5 11.9 9.3 13.0
0 0 0 0 0.3 0
0 8.6 24.2 22.9 18.5 10.0
95.6% 60.9 23.4 14,3 20.7 18.0
0 0 0 0.1 0.1 0
0 0 0 0 0 3.0
0 0.5 13.9 17.2 17.3 10.0
0 0 0 0 0 2.0
0 2.0 6.0 15.1 14.3 4.0
0 0 0 0 0 4.0
0 0 0 0 0 6.0
0 2.3 5.5 2,1 1.9 1.0
0 0 0 0 1.0 0
4.4 0 0.3 0.2 1.2 7.0
0 1.2 6.0 9.3 8.9 11.0
0 0 [ o 0.1 0
Q Q [+ Q 0 9

100.0% 100.0% 100.0%

100.0% 100.0% 100.0%

Hote: Columns may not add to totals shown because of rounding.
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Table 11
256K EPROM Market Shares
(Percentages)

Company 1983 1984 1985 1986 1987

AMD 17.5% 25.9% 14.5% 5.9% 6.0%
Fujitsu 12,5 9.2 12.3 4.7 9.0
General Instrument 0 0 0.2 6.4 0
Hitachi 0 0 9.3 10.7 11.0
Intel 70.0 55.8 37.0 28.2 21.0
Microchip Tech., Inc. 0 0 0 0 6.0
Mitsubishi 0 0.2 1.4 18.0 11.0
Rational 0 0 0 1.0 6.0
NEC 0 0.2 9.0 13.0 6.0
Oki 0 0 0 0 3.0
Ricoh 0 0 1] 0 0
Seeq 0 0.2 2.6 0.3 0
Seiko-Epson 0 0 0 0 0
S5GS-Thomson ¢ 0 0 6.2 4.0
Signetics 0 0 0 0 1.0
Texas Instruments ) 0 0.2 1.6 6.0
Toshiba 0 8.5 13.0 9.5 12,0
VLSI Technology 0 o 1] 0.3 0
WaferScale (V] 0 0 Q L¢]

Total 100.0% 100.0% 100.0%_ 100.0% 1G0.0%

Rote: Columns may not add to totals shown because of rounding.

Source: Dataquest

June 19388
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Table 12
S12X EPROM Market Shares
(Percentages)
Company 1984 1985
AMD 50.0% 34.3%
Fujitsu o 2.3
General Instrument 0 0
Ritachi 1] 3.4
Intel 50.0 60.0
Microchip Tech., Inc. 0 0
Mitsubishi 0 0
National 0 0
NEC 0 1]
Oki 0 0
S8GS5-Thomson 0 H
Texas Instruments 0 0
Toshiba 0 0
VLSI Technology 0 0
WaferScale . Q 0
Total 100.0% 100.0%

19856 1987
28.6% 10.0%
1.7 19.0
2.4 0
13.3 11.0
38.8 21.0

0 2,0
4.2 14.0
0.3 0

0 3.0

Q 6.0

0 1.0

0 3.0

10.3 10.0
0.1 o
0.3 0

100.0% 100.0%

Hote: Columns may not add to totals shown because of rounding.

© 1988 Dataquest Incorporated August
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Table 13
1-Mbit EPROM Market Shares
(Percentages)
Company 1985 1987
AMD 4.1% 6.0%
Fujitsu 0.3 1.0
Hitachi 71.4 29.0
Intel 17.0 19.0
Microchip Tech., Inc. 0 0
Mitsubishi 0 5
National 0 0
NEC 0.3 31.0
Oki 0 0
8G5-Thomson 0 1]
Texas Instrument 0 0
Toshiba 6.8 9.0
Total 100.0% 100.0%
. Note: Columns may not add te totals shown

because of rounding.

Source: Dataquest
June 19838

MARKET SHARE HIGHLIGHTS—1987

A major highlight of 1987 was that the Japanese revenue share of the total
MOS EPROM market dropped to 47.4 percent in 1987, from 55.5 percent in 1986, which
was an evident break from history. Dataquest believes that this can be directly
attributed to MITI's enforced production cutback guidelines for memory suppliers, a
result of further U.S.-Japan Trade Agreement discussions.

Other highlights of this market share analysis include:

. Regionally, U.S. EPROM manufacturers gained revenue share. While Intel
maintained its lead over all suppliers worldwide, increases were seen in the
overall revenue shares of AMD, National, and Texas Instruments. European
market share also increased substantially to 8.0 percent from 4.6 percent in
1986.

SIS Memories © 1988 Dataquest Incorporated August . 17
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o The EPROM market continues to be dominated by the top five vendors.
However, while the top five maintained 61.0 percent of the total revenue
share, down from 71.1 percent in 1986, the next five vendors boosted their
worldwide share to 30.5 percent, up from 24.8 percent.

. The top ten regional suppliers continue to maintain more than 90 percent
revenue share of the worldwide EPROM market. However, after three years
of increasing shares, the top ten suppliers’ share dropped to 91.4 percent in
1987, from 95.9 percent in 1986. Although the EPROM market grew in both
units and revenue in 1987, a shift is now occurring in vendor share.

DATAQUEST ANALYSIS

In order to understand the Japanese challenge to U.S. EPROM suppliers, the
following scenario of events must be reviewed. In the early 1970s, Japanese
manufacturers took several corrective actions to increase their competitive stature in
the semiconductor industry:

Problem Action

Slow response to consumer Imported CAD equipment to

demand for new products speed up design process

Rising labor costs and poor Automated equipment

wire bonding

Low yields Instituted high-volume
production and quality
control

Their objective was to reduce prices through learning—curve effects and economies
of scale, and this strategy was effective. Japanese producers captured 50 percent of
total Japanese sales of LSI calculators in 1972 and 65 percent in 1973. Although
domestic demand still relied on foreign imports, Japanese manufacturers began
exporting ICs in 1973.

In July 1975, NTT (Nippon Telegraph and Telephone) and MITI (Ministry of
International Trade and Industry) agreed to a joint research project; they formed the
VLSI Technology Research Association in March 1976. The four-year program was
budgeted at ¥70 billion (about $300 million) and consisted of the two government

18 ® 1988 Dataquest Incorporated August SIS Memories
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MOS EPROM~--Market Shares

agencies plus Fujitsu, Hitachi, Mitsubishi, NEC, and Toshiba. The goal was to develop
basic VLSI technology and manufacturing techniques for use in computers. The following
six research items were targeted for development:

] Microfabrication technology to handle submicron lithography
- Electron-beam technology
- X-~ray technology

® Low-defect, large-diameter silicon wafer substrates

] Improved computer-aided design (CAD) technology

® LSI microfabrication process techniques and equipment

. VLSI evaluation and testing techniques and equipment

. Logic and memory devices using the above technologies

The results of the VLSI project are dramatically visible in three areas: scientific
papers and patents, entry of Japanese companies into memory markets, and overall
production and market share of the participating companies.

The VLSI project has been crucial in pushing Japanese companies into areas of
innovative research. By 1980, more than 1,000 new VLSI patents had been developed
from this project. Of even greater import has been the rapid entry of Japanese
companies into the DRAM, EPROM, and ROM markets.

Despite a worldwide recession, shipments of Japanese EPROMs grew rapidly in 1982,
increasing their share of the worldwide market to more than 45 percent, up from
33 percent in 1981. The Japanese became formidable contenders in the commodity
EPROM market as a result of the yen appreciation from 1984 to 1986; aggressive pricing
tactics; and new entrants to the market, including Seiko-Epson, Matsushita, and Sharp.

The market share tables in this section illustrate how regional shares of the EPROM
market have changed through the years. It is clearly evident through Intel's performance
that market share leadership is gained from an early lead in technology--in being first at
the next density. The tables also show us a potential for change in the future market
share profile.

During the last two years, we have seen EPROM suppliers seeking and developing
strategic alliances, innovative products, and new applications. Strategies such as these
can offset the tremendous competition yet to come in the EPROM market. Dataquest
believes that the main source of growth and change will be an expansion in demand for
high-performance CMOS memory products, which will gain share at the expense of older
bipolar and NMOS components.

SIS Memories © 1988 Dataquest Incorporated August ' 19
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OVERVIEW OF MARKET SHARES

An integral part of Dataquest's MOS EPROM forecast is analyzing the EPROM
market by gathering shipment data from each EPROM manufacturer. The data and end
analysis provide insights into the EPROM market and reinforce estimates of
consumption, production and company revenue. The information in this section should be
interpreted as follows:

. Overall market shares are based on all "dollarized" unit shipments. Each
density's units are multiplied by that density's overall average selling price
(ASP) for the year. All density dollar values are then added to arrive at each
company's total estimated MOS EPROM market share for the specific year.

L The totals for all companies reflect worldwide production. Although these
numbers are in dollars, they do not relate to a company's true EPROM
revenue, as worldwide ASPs can vary by region, technology, density, package
type, or application.

We believe that the estimates presented here are the most accurate and meaningful
generally available today. The EPROM data presented in the tables were derived from
interviews with knowledgeable manufacturers and users.

MOS EPROM—MARKET SHARE

The following market share estimates provide a historical view of data from 1976
through 1988. The 1988 data were gathered prior to year-end 1988 and, hence, are
subject to revision. The following tables cover market shares in terms of units, dollars,
and percent of units for all MOS EPROM densities:

L) Table 1-~EPROM Market Shares {(Percent of Units)

Table 2—EPROM Market Shares (Dollarized Unit Shares in Thousands)
] Table 3—EPROM Regional Shares (Percent of Units)

. Table 4—EPROM Regional Shares (Dollarized Unit Shares in Thousands)
L] Table 5—EPROM Top 10 Shares (Percentages)

L Table 6—8K EPROM Market Shares (Percentages)

. Table 7—16K EPROM Market Shares (Percentages)

L Table 8—32K EPROM Market Shares (Percentages)

SIS Memories © 1989 Dataquest Incorporated September ~ 1
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MOS EPROM--Market Share

Table 9—64K EPROM Market Shares (Percentages)
Table 10--128K EPROM Market Shares (Percentages)
Table 11—256K EPROM Market Shares (Percentages)
Table 12—-512K EPROM Market Shares (Percentages)
Table 13-~-1Mb EPROM Market Shares {(Percentages)
Table 14—2Mb EPROM Market Shares (Percentages)
Table 15--4Mb EPROM Market Shares (Percentages)

Historical highlights of the overall EPROM market include the following:

Regionally, U.S. EPROM suppliers slowly lost market share from 1976 through
1981. In 1976, Intel dominated the market with 78 percent of the worldwide
EPROM market. From 1978 through 1981, Intel and Texas Instruments
dominated the worldwide EPROM market. By 1986, Intel was leading the
market again, followed by Hitachi and Mitsubishi.

Japanese suppliers made their largest gains in EPROM market share from 1984
through 1986. By dominating the 64K and 128K EPROM sectors, they boosted
their worldwide share to 50 percent. By 1986, they had captured 55.5 percent
of the worldwide EPROM market. As MITI enforced production cutback
guidelines for memory suppliers Japanese revenue share of MOS EPROM
revenue dropped to 47.4 percent in 1987, and to 32.8 percent in 1988.

The EPROM market has always been heavily concentrated in the top five
vendors. Despite the fact that the companies at the top have changed through
the years, their shares have consistently averaged more than 60.0 percent of
the market, until 1988 when the shares for the top five vendors dropped to
56.3 percent.

MARKET SHARE HIGHLIGHTS—1988

For a second consecutive year, the Japanese revenue share of the total MOS EPROM

market dropped to 32.8 percent in 1988 from 47.4 percent in 1987. Dataquest believes
that this can be attributed to MITI's continued monitoring of production by memory
suppliers, but also a result of the Japanese supplier shift of production capacity over to
MOS DRAMs.

© 1989 Dataquest Incorporated September SIS Memories
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MOS EPROM~--Market Share

QOther highlights of this market share analysis include:

. Regionally, U.S. EPROM manufacturers gained revenue share in the 16K
through 512K densities, with marginal gain in the 1Mb product area. Intel
continued to lead the market with an estimated 18 percent worldwide share.
However, the greatest gain in overall share was made by SGS-Thomson in
Europe. Fujitsu, Mitsubishi, and AMD followed intel and SGS-Thomson as the
top five vendors during 1988.

L Although the top five vendors averaged 56.3 percent share of the total
market, the next five vendors continued to boost their worldwide share to
33.3 percent up from 29.7 percent in 1987,

. The top 10 regional supplier share dropped to 89.6 percent, after four years of
maintaining more than 90 percent of total worldwide share. A continued shift
in vendor revenue and unit share is expected to continue through 1989 and
1990.

HISTORICAL ANALYSIS

In order to understand the Japanese challenge to U.S. EPROM suppliers, the
following scenario of events must be reviewed. In the early 1970s, Japanese
manufacturers took the following corrective actions to increase their competitive
stature in the semiconductor industry:

Problem Action

Slow response to consumer Imported CAD equipment to

demand for new products speed up design process

Rising labor costs and poor Automated equipment

wire bonding

Low yields Instituted high-volume
production and quality
control

Their objective was to reduce prices through learning—curve effects and economies
of scale, and this strategy was effective. Japanese producers captured 50 percent of
total Japanese sales of LSI calculators in 1972 and 65 percent in 1973. Although
domestic demand still relied on foreign imports, Japanese manufacturers began exporting
ICs in 1973.

SIS Memories ® 1989 Dataquest Incorporated September 3
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MOS EPROM--Market Share

In July 1975, Nippon Telegraph and Telephone (NTT) and Ministry of International
Trade and Industry (MITI} agreed to a joint research project; they formed the VLSI
Technology Research Association in March 1976. The four-year program was budgeted
at ¥70 billion (approximately $300 million) and consisted of the two government agencies
plus Fujitsu, Hitachi, Mitsubishi, NEC, and Toshiba. The goal was to develop basic VLSI
technology and manufacturing techniques for use in computers. The following six
research items were targeted for development:

» Microfabrication technology to handle submicron lithography

- Electron-beam technology
- X-ray technology

. Low-defect, large~diameter silicon wafer substrates

L Improved computer-aided design (CAD) technology

. LSI microfabrication process techniques and equipment
. VLSI evaluation and testing techniques and equipment
L Logic and memory devices using these technologies

The results of the VLSI project are dramatically visible in three areas: scientific
papers and patents, entry of Japanese companies into memory markets, and overall
production and market share of the participating companies.

The VLSI project has been crucial in pushing Japanese companies into areas of
innovative research. By 1980, more than 1,000 new VLSI patents had been developed
from this project. Of even greater import was the rapid entry of Japanese companies
into the DRAM, EPROM, and ROM markets.

Despite a worldwide recession, shipments of Japanese EPROMs grew rapidly in 1982,
increasing their share of the worldwide market to more than 45 percent, up from
33 percent in 1981, The Japanese became formidable contenders in the commodity
EPROM market as a result of the yen appreciation from 1984 to 1986, aggressive pricing
tactics, and new entrants to the market that included Matsushita, Seiko-Epson, and
Sharp.

The market share tables in this section illustrate how regional shares of the EPROM
market have changed through the years. It is clearly evident through Intel's performance
that market share leadership is gained from an early lead in technology—in being first at
the next density. The tables also show us a potential for change in the future market
share profile.

4 © 1989 Dataquest Incorporated September SIS Memories
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MOS EPROM-——Market Share

During the 1986 through 1988 time frame, EPROM suppliers developed strategic
alliances, innovative products, and new applications to offset the tremendous
competition that developed among 23 suppliers. The main source of growth in vendor
share in the future is expected to come from those companies that expand their product
emphasis into the high-performance and high-density CMOS EPROM products.

SIS Memories © 1989 Dataquest Incorporated September 5
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AMD

Atmel

Catalyst

Cypress
Electronic Array
Eurotechnique
Fairchild
Fujitsu

General Instrument

GoldStar
Hitachi
Hyundai
Intel
Matsushita

Microchip Tech., Inec.

Mitsubishi
Mostek

Motarola
National

REC

Oki

Ricoh

Rockwell

SEEQ
Seiko-Epson

8GS

Sharp

Signetics
Synertek

Texas Instruments
Thomson

Toshiba

VLSI Technology
WaferScale
Others

Total

MOS EPROM--Market Share

Table 1

MOS EPROM Market Shares
(Percentages)
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AMD

Atmel

Catalyst

Cypress
Electronic Array
Eurotechnigue
Fairchild
Fujitsu

General Instrument
GoldStar

Hitachi

Hyundai

Intel

Matsushita
Microchip Tech., Inc.
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SEEQ

Seiko-Epson
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Sharp

Signetics
Synertek

Texas Instruments
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Toshiba

VLSI Technology
WaferScale
Others

Total
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Table 1 (Continued)

MOS EPROM Market Shares
(Percentages)
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MOS EPROM--Market Share

Table 1 (Continued)

MOS EPROM Market Shares
(Percentages)

E

QQI'I'IB any

AMD

Atmel

Catalyst

Cypress

Fujitsu

GoldStar

Hitachi

Hyundai

ICT

Intel 1
Microchip Tech.,Inc.
Mitsubishi

Motorola

HNational

KEC

Oki

Ricoh

SEEQ

Seiko-Epson
§GS-Thomson 1
Sharp

Signetics

Texas Instruments
Toshiba

VLSI Technology
WaferScale

o

= O WY WO WODONMPREODOIOOBDOONOODOOOW

|

Total 100%

Note: Columns may not add to totals .
shown because of rounding.

Source: Dataquest
September 1989
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AMD

Atmel

Cypress
Electronic Array
Eurotechnique
Fairchild
FPujitsu

General Instrument
GoldStar

Hitachi

Hyundai

Intel
Matsushita
Microchip Tech., Inc.
Mitsubishi
Mostek

Motorola
National

NEC

0ki

Ricoh

Rockwell

SEEQ
Seiko-Epson

8GS

Sharp

Signetics
Synertek

Texas Instruments
Thomson

Toshiba

VLSI Technology
WaferScale
Others

Total
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Table 2

MOS EPROM Market Shares
(Dollarized Unit Shares in Thousands)

1976 1977 1978 1979 1980 1081

0 0 3,613 16,904 17,227 13,070

1] 0 0 0 0 0

0 ] 0 0 0 0

0 3,225 1,490 2,228 0 ]

0 o 0 0 0 85

0 108 2,086 8,712 22,605 2,643

0 1,93% 2,194 17,662 46,924 27,344

0 0 0 0 0 0

0 0 0 0 0 0

0 Q 757 21,879 46,292 39,803

0 0 0 0 0 0
7,981 46,337 54,517 103,179 115,247 94,240
0 ] ] 0 1,757 2,405

0 ] ] ] ] 0
0 0 4,470 9,416 22,551 18,605
0 0 541 15,641 13,274 9,694

0 1,505 9,761 35,4138 32,572 17,736

0 3,225 9,313 25,363 27,033 13,229

0 0 o 93 9,696 14,076

0 ] 0 0 0 1,465

0 0 0 0 0 0

. 0 o 0 0 0 0
0 0 0 0 0 0

0 0 0 0 1) 0

0 0 0 0 17,617 551

0 0 1] 0 0 1]

0 0 0 0 0 0

0 Lt 0 H 2,294 0

416 7,789 34,422 114,314 122,319 66,619
4] 0 0 0 0 0
2,328 15,050 406 8,791 15,802 4,651
0 0 0 0 1] 0

0 4] 0 0 0 28

0 1] 0 0 0 0
10,725 79,174 123,569 379,600 514,208 326,317
{Continued)
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MOS EPROM--Market Share

Table 2 (Continued)

MOS EPROM Market Shares
(Dollarized Unit Shares in Thousands)

Company 1982 1983 1984 1985 1986 1987

AMD 37,554 16,917 138,358 99,233 73,727 108,468
Atmel 0 0 0 o] 0 0
Cypress 0 o 0 0 o 3,495
Electronic Array 0 0 0 0 0 0
Eurotechnique 7,459 7.726 0 0 0 0
Fairchild 119 a 0 0 0 0
Fujitsu 65,879 98,288 145,799 107,320 77.782 158,985
General Instrument a 0 0 280 22,425 0
GoldStar 0 0 0o 0 13 510
Hitachi 65,784 129,933 229,915 135,901 145,981 143,682
Hyundai 0 0 ¢ 0 13 120
Intel 150,996 206,824 210,516 155,099 210,096 256,261
Matsushita 2,318 1,276 420 277 327 0
Microchip Tech, Inc. 0 0 0 0 0 47,205
Mitsubishi 53,524 82,353 175,131 91,387 128,918 134,038
Mostek 3,708 1,755 4] ] 0 0
Motorecla 10,221 9,424 15,022 3,976 2,817 1,251
National 24,365 47,612 55,892 25,604 18,091 63,624
NEC 54,412 73,322 76,205 80,107 84,598 70,113
Oki 4,803 6,735 12,866 4,095 46 38,376
Ricoh 0 0 1,218 4,262 1,225 1,085
Rockwell 0 1640 0 0 0 a
SEEQ 174 8,145 40,831 13,947 8,640 5,539
Seiko-Epson 0 0 0 0 1,125 1,699
5GS 3,999 10,963 23,367 30,175 28,028 79,161
Sharp 0 0 0 0 172 1,440
Signetics 0 0 155 0 53 13,4601
Synertek a 0 0 ] 0 0
Texas Instruments 42,334 a8, 587 138,643 55,749 38,868 79,125
Thomson 0 0 7,752 8,359 2,664 0
Toshiba 15,200 19,349 46,883 49,502 62,677 138,197
VLSI Technology 0 0 0 770 1,563 2,062
WaferScale 0 0 0 28 177 1,487
Others Q Q 648 264 340 Q
Total 542,947 879,305 1,319,619 866,333 910,367 1,349,822
{Continued)
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MOS EPROM--Market Share

Table 2 (Continued)

MOS EPROM Market Shares
(Dollarized Unit Shares in Thousands)

Company 10838

AMD $ 160,377
Atmel 2,727
Catalyst 834
Cypress 6,832
Fujitsu 192,390
GoldStar 1,362
Hitachi 74,051
Hyundai 1,400
ICT 433
Intel 321,389
Microchip Tech.,Inc. 100,348
Mitsubishi 177,160
Motorola 0
National 123,666
HWEC 96,319
Oki 40,739
Ricoh 1,798
SEEQ 3,999
Seiko-Epson 2,783
S8GS5-Thomson 201,162
Sharp 2,917
Signetics i 45,165
Texas Instruments 149,437
Toshiba 151,884
VLSI Techrnology 0
WaferScale —_ 9,271

Total $1,868,444

Note: Columns may not add to totals
shown because of rounding.

Source: Datagquest
September 1989
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jon ares

United States
Japan

Western Europe
South Korea

Total

Regional Shares

United States
Japan

Western Europe
South Korea

Total

Regional Shares

United States
Japan

Western Europe
South Korea

Total

MOS EPROM--Market Share

Table 3

MOS EPROM Regional Shares .
{Percentages)

1976 1977 1978 1979 1980 1981

77.8% 76.7% 92.0% B87.5% 71.5% 66.3%

22,2 23.3 8.0 12.5 25.5 33.4
0 0 0 0 2.9 0.3
Q Q Q 0 Q 2

100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

3982 1983 1984 1985 1986 = 1987

51.9% 43.5% 46.4% 39.9% 39.9% 43.9%
45.1 48.5 50.0 54,2 55.5 47 .4
3.1 3.0 3.6 5.9 4.6 8.7
Q 0 ) Q 0 0.1

100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

51.3%
32.8
15.6

—0.2

100.0%

Hote: Columns may not add to totals shown because of rounding.

Source: Dataquest
September 1989
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Regional Shares
United States
Japan

Western Europe
South Korea

Total

Region ar
United States
Japan

Western Europe
South Korea

Total

Regional Shares
United States
Japan

Western Europe
South Korea

Total

Note:

SIS Memories
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MOS EPROM--Market Share

Table 4

MOS EPROM Regional Shares
(Dollarized Unit Shares in Thousands)

1976 1977 1978 1979 1980 1981
8,397 62,189 115,742 321,759 353,571 217,231
2,328 16,985 7,827 57,841 143,020 108,450
0 0 0 0 17,617 636
0 Q 0 0 Q 0
10,725 79,174 123,569 379,600 514,208 326,317
1982 1983 1984 1985 1986 1987
269,471 449,362 600,065 354,950 376,798 568,516
262,018 411,254 688,435 472,849 502,851 687,615
11,458 18,689 31,119 38,534 30,692 93,062
0 0 0 0 26 630

542,947 B79,305

1988

879,314
740,041
246,327
—2.762

1,868,444

1,319,619 866,333 910,367 1,349,822

Columns may not add to totals shown because of rounding.

Source: Dataquest

September 1989
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MOS EPROM--Market Share

Table 5
MOS EPROM Top 10 Shares
(Percentages)
Top 5 and
10 Shares 1978 1979 1980 1981 1982
Top & 51.0% 79.1% 70.9% 75.5% 72.0%
United States 87.4% 73.3% 82.7% 49,3% 27.8%
Japan 3.6% 5.8% 18.1% 26.3% 144.1%
Western Eurcope 0 0 0 0 0
South Korsea 0 0 0 0 0
Next 5 y 8.2% 18.0% 20.0% 20.8% 23.9%
United States 5.8% 10.9% 15.6% 16.5% 21.1%
Japan 2.4% 7.1% 4.4% 4.3% 2.8%
Western Europe 0 0 0 0 0
South Korea 0 0 O 0 0
Top 10 99.2% 97.1% 90.8% 96.4% 95.8%
United States 93.2% 84.2% 68.3% 65.8% 48.9%
Japan 6.0% 12.9% 22.5% 30.6% 46.9%
Western Europe 0 0 0 0 0 .
South Korea o 0 0 0 0
Top 5 and
10 Shares 1983 1984 1985 1936 1987 1988
Top S 60.9% 68.2% 68.0% 71.1% 61.6% 56.3%
United States 34.9% 26.5% 29.4% 23.1% 19.0% 25.8%
Japan 26.0% 41.7% 38.6% 48.0% 42.6% 15.8%
Western Europe 0 0 0 0 0 10.8%
South Korea 0 0 0 0 0 0.
Next S 25.9% 27.1% 27.8% 24.8% 29.7% 33.3%
United States 14.2% 17.8% 9,4% 14.8% 18.6% 20.0%
Japan 10.5% 9,3% 15.0% 6.9% 5.2% 13.3%
Western Europe 1.2% 0 3.5% 3.1% 5.9% 0
South Korea 1 L) 0 14} ¢ 0
Top 10 86.8% 95.3% 95.8% 95.9% 91.2% 89.6%
United States 49.1% 44.3% 38.7% 37.9% 37.6% 45.8%
Japan 36.5% 51.1% 53.6% 54.9% 47 .8% 0
Western Europe 1.2% 0 3.5% 3.1% 5.9% 33.1%
South Korea 0 0 0 0 0 10.8%

Note: Columns may not add to totals shown because of rounding.

Source: Datagquest
September 1989
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MOS EPROM--Market Share

- Table 6
8K EPROM Market Shares
{Percentages)

Company 1976 1977 1878 1979 1980
AMD 0 O 5.0% 12.3% 14.8%
Electronic Array 0 5.1% 2.1 1.6 0
Fairchild 0 0.2 2.9 6.4 20.6
Fujitsu 1] 3.1 2.9 1.1 1.3
Intel 75.0% 55.0 35.2 24.6 12.5
Mitsubishi 0 0 6.2 4.6 2.5
Motorola Q 2.4 10.6 16.9 10.3
National 0 5.1 12.9 15.2 21.2
Oki ) (1] Q a 0
Texas Instruments 2.0 5.1 21.8 15.7 16.6
Toshiha 23,0 24.0 0.4 1.5 0.2

Total 100.0% 100.0% 100.0% 100.0% 100.0%

Company 1981 l982 1983 1984 1985 1986
AMD 18.1% 23.2% 20.3% 91.0% 100.0% 100.0%
Electronic Array 0 0 0 0 0 H
Fairchild 12.3 1.9 G 0 0 [}
Fujitsu 1.3 0 0 0 0 0
Intel 8.3 1.1 0 0 0 0
Mitsubishi 3.4 3.5 [} 0 0 (1]
Motorola 11.5 41.0 19.6 4] ] 0
National 17.4 11.9 10.1 9.0 0 0
Oki 3.6 5.1 1} g 0 1}
Texas Instruments 24.0 12.4 50.0 0 0 0
Toshiba 0 1] 1) Q a 1]

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Hote: Columns may not add to totals shown because of rounding.

Source: Datagquest
September 1939
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1978

Table 7
16K EPROM Market Shares
(Percentages)
1977

1976

MOS EPROM--Market Share
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100.0% 100.0% 100.0%
(Continued)
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1c0.0%

100.0%
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. MOS EPROM--Market Share

Table 7 (Continued)

16K EPROM Market Shares
{(Percentages)

Company 1988
AMD ) 17.8%
Cypress ' 13.9
Eurotechnigue 0
Fairchild 0
Fujitsu 0
Hitachi )
Intel 8.7
Matsushita 0
Mitsubishi 0
Mostek 0
Motorola 0
National 7.5
REC 0.2
Cki 0
8GS 36.7
Synertek 0
Texas Instrument 5.4
Thomson 0
Toshiba 0
WaferScale —9.7

Total 100.0%

Hote: Columns may not add to totals
shown because of rounding.

Source: Dataquest
September 1989
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. MOS EPROM--Market Share

Table 8
32K EPROM Market Shares
(Percentages)
Company 1978 1979 1980
AMD EH] 3.3% 7.0%
Eurotechnique g, 0 1.1
Fujitsu 7.6% 11.8 7.8
Hitachi 13.0 18.7 19,9
Intel 50.8 24.2 21.0
Mitsubishi Q 8.5 13.8
Mostek 0.7 0 0
Motorola 8.8 4.7 1.2
National 0 0.6 1.4
NEC 0 6.8 16.4
Ricch 0 0 Q
5GS 0 0 0.2
Texas Instruments 19,2 19.4 6.0
Thomson-Eurotechnique 0 0 0
Toshiba 0 1.9 4.2
Others 1] 0 3]
Total 100.0% 100.0% 100,0%
Company 1983 1984 1985
AMD 7.2% 13.3% 20.0%
Eurotechnique 2.1 0 0
Fujitsu 9.4 12.0 7.4
Hitachi 20.9 12.3 6.2
Intel 14.5 13.0 16.4
Mitsubishi 9.8 5.2 6.8
Mostek 0 0 1]
Motorola Q Q 0
National 3.5 6.6 6.0
NEC 13.4 8.0 6.6
Ricoh 0 0.3 1.8
SGS 0.6 3.7 B.7
Texas Instruments 15.3 22.6 15.8
Thomson-Eurotechnigue 0 2.1 4.0
Toshiba 3.2 0.9 0
Others Q 0.1 0.3
Total 100,0% 100.0% 100.0%
18 ® 1989 Dataquest Incorporated September

1981 1982
3.3% 7.0%

0 0
11.8 0
18.7 0
24,2 28.1
8.5 0

0 0

4,7 [}
0.6 17.7
6.8 16.4

0 0

0 0.2
19.4 6.0
0 0

1.9 4.2
—_0 ___ 0

100.0% 100.0% .

1986 1987
13.3% 11.3%
0 0

1.2 0
3.9 Q
27.8 27.8
3.9 0

0 0

0 0

6.0 17.6
3.5 0.9
0.5 0
14.9 15.4
19.5 26.5
5.6 0

0 0

— 0 — 9
100.0% 100.0%
{Continued)
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MOS EPROM--Market Share

Table 8 (Continued)
32K EPROM Market Shares
(Percentages)

Company 1933
AMD «11.4%
Eurotechnique 0
Fujitsu a
Hitachi 0
ICT 0.3
Intel 33.8
Mitsubishi ]
Mostek 0
Motorola 0
Rational 13.7
KEC 0.2
Ricoh L
SGS 18.7
Texas Instrument 21.9
Thomson-Eurotechnique (1]
Toshiba 0
Others L}]

Total 100.0%

Note: Columns may not add to
totals shown because of rounding.

Sources Dataquest
September 1939

© 1989 Dataquest Incorporated September
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MOS EPROM--Market Share

Table 9
64K EPROM Market Shares

{Percentages)

1987

84 198> 1936

1

1982 1983

1280 1981

ompa

T.4%
0.4

5.9% 6.6% 3.6%
15.3

7.0%

4.2%

Cypress

14.2 1.1 17.2

1a.2

8.5% 28.0

7.6%

Fujitsu

0.2

General Instrument

GoldStar
Hitachi
Hyundai
Intel

0.2

9.2
0.1
12.2

9.7 19.8 22.3 21.8 21.9

2.3

13.0

57.0 41.4 21.8 8.1 11.9 15.6

50.8

Microchip Tech.,

Mitsubishi
Mostek

1.9
8.8

Inc.

16.4 21.7 15.3 14.6

10.6

0.7

0.7

9.9 2.0 2.3 2.9 1.4 1.1 0.6
7.6

8.8

Motorola

0.5

National

NEC

3.0
0.6

1.5

100

1.9

Oki

. 0.4 0.4

1.7

0.1

Ricoh

SEEQ

1.1
0.5
9.6
0.6
3.4

1.6
0.3

4'0

Seiko-Epson

8Gs

6.2

1.2

Sharp

Signetics
"Texas Instruments

8.1 6.5 6.7

2.2

10.3

21.6 2.2

19.2

7.8
0.5
0,2

2.5 2.9 3.6
0.2

0.4

Toshiba

0.1

VLSI Technology

WaferScale

100.0% 100.0% 100.0% 100,0% 100.0% 100.0% 100.0% 100.0%

Total

{Continued)
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MOS EPROM--Market Share

Table 9 (Continued)

64K EPROM Market Shares
(Percentages)

Company

E

AMD

Atmel

Catalyst
Cypress

Fujitsu
GoldStar
Hitachi

Hyundai

ICT

Intel

Microchip Tech., Inc.
Mitsubishi
Motorola
National

NEC

Oki

Ricoh

SEEQ
Seiko-Epson
SGS8-Thomson
Sharp

Signetics

Texas Instruments
Toshiba

VLSI Technology
WaferScale

&

*

o w

. o+ 2 w4

[y
.
O WHERBRWX-1IOCERANONOOHEN NN O N

-

LI T

- -
B ow O NMOOoOOoOHFODONW-LO000000
L . I B

E

Total 100.0%

Hote: Columns may not add to totals
shown because of rounding.

Source: Dataguest
September 1989

® 1989 Dataquest Incorporated September
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MOS EPROM--Market Share

Table 10
128K EPROM Market Shares
(Percentages)
Company 1982 1983 1984 1985 1986 1987
AMD 0 15.8% 10.2% 6.9% 7.4% 12,0%
Catalyst 0 0 0 0 0 0
Fujitsu 0 8.6 10.5 11.9 9.3 13.0
General Instrument 0 0 0 0 2.3 0
Hitachi 0 8.6 24,2 22.9 18.5 1¢.0
Intel 95.6% 60.9 23.4 14.3 20.7 18.0
Matsushita 0 0 0 0.1 0.1 0
Microchip Tech., Inc. 0 0 0 0 0 3.0
Mitsubishi 0 0.5 13.9 17.2 17.3 10.0
Hational 0 0 o 0 0 2.0
NEC 0 2.0 6.0 15.1 14.3 4.0
Oki 0 0 0 g 0 1.0
SEEQ 0 2.3 5.8 2.1 1.9 1.0
Seiko-Epson 0 0 Q 0 1.0 0
5G5-Thomson 0 1] o 0 0 6.0
Texas Instruments 4.4 0 0.3 0.2 1.2 7.0 .
Toshiba 0 1.2 6.0 9.3 8.9 12.0
VLSI Technology o 0 o 0 0.1 0
WaferScale 1] Q 0 Q 0 0
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
{Continued)
22 © 1989 Dataquest Incorporated September SIS Memories
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MOS EPROM--Market Share

Table 10 (Continued)

128K EPROM Market Shares
(Percentages)

Company 1988
AMD 12%
Catalyst 0
Fujitsu 10
Hitachi 0
Intel 19
Microchip Tech., Inc. 2
Mitsubishi 8
National 2
REC 2
Oki 2
SEEQ 0
Seiko-Epson 0
SGS-Thomson 18
Texas Instrument 12
Toshiba 7
VLSI Technology 0
WaferScale Qo

Total 100.0%

Note: Columns may not add to totals
shown because of rounding.

Sources Dataquest
September 1989

© 1989 Dataquest Incorporated September
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MOS EPROM--Market Share

Company

AMD

Atmel

Catalyst

Cypress

Fujitsu

General Instrument
Hitachi

ICT

Intel

Microchip Tech,, Inc.
Mitsubishi
National

NEC

Oki

Ricoh

SEEQ

Seiko-Epson
8GS-Thomson

Sharp

Signetics

Texas Instruments
Toshiba

VLSI Technology

WaferScale O
Total 100.0% 100.0%
24 © 1989 Dataquest Incorporated September

Table 11

256K EPROM Market Shares

{Percentages)

1983

17.5%

[
[ &)

-
o
-

0000 0COO0COO0O0OO00OODOOUMO OO0

25.9%

n
¢ ] w
» -

o
=& O MO 0000 NOQONONOQRMOODOROOO

i

[~

=

14.5%

=
O OoN

L]

w
o [ -3
L] - - L 3
QONODOOQOQOLOOOOLOOPEOCOOWLWNWOOO

»
-

w o
. &

[

100.0%

1986 1987

5.9% 6.1%
0 0

0 0

0 0
4.7 8.9
6.4 0
10.7 10.8
0 0
28.2 21.0
0 5.8
18.0 10.3
1.0 5.9
13.¢0 5.7
0 3.0

¢ @

0.3 0.3
0 0.1
0.2 4.0
0 0

V) 1.1
1.6 5.0
9.5 11.7
0.3 0.1
-_0 —0.1

100.0% 100.0%

{Continued)
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MOS EPROM-~--Market Share

Table 11 (Continued)

256K EPROM Market Shares
(Percentages)

:

Company

AMD

Atmel

Catalyst
Cypress

Fujitsu

Hitachi

ICT

Intel
Microchip Tech,., Inc.
Mitsubishi
National

KEC

Oki

Ricoh

SEEQ
Seiko-Epson
SGS-Thomson
Sharp

Signetics

Texas Instrument
Toshiba

VLSI Technology
WaferScale

*

L]

=
OO0 QG OoOM

[
Sl N BN NVWMEBNINOODODDOODNEND

O~NWwomoo oMW DWOm
-

[
- L] - - a -

. .

:

Total 100.0%

Note: Columns may not add to totals
shown because of rounding,

Source: Dataquest
September 1989

® 1989 Dataquest Incorporated September
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MOS EPROM--Market Share

AMD

Atmel

Catalyst

Fujitsu

General Iunstrument
Hitachi

Intel

Microchip Tech., Inc.
Mitsubishi
National

NEC

Oki

SGS-Thomson

Texas Instruments
Toshiba

VLSI Technology
WaferScale

Total

Table 12
512K EPROM Market Shares
(Percentages)
1924 1985 1986
S0.0% 34.3% 28.6%
0 0 0
0 ] 0
0 2.3 1.7
0 0 2.4
) 3.4 13.3
50.0 60.0 38.8
o 4] 0
0 0 4.2
0 0 0.3
0 0 0
0 0 1]
1] 1] 0
0 0 0
a 0 16.3
0 0 0.1
_—20 —" ]
100.0% 100.0% 100.0%

1987 1988
9.6% 10.9%
0 0.2

0 0.1
19.1 11.3
0 0
10.9 11.5
21.1 14.8
1.7 3.0
13.6 10.7
0 0
3.4 6.6
5.8 5.0
1.3 7.4
2.8 9.0
10.7 9.4
0.1 0
J— ] -0.3
100.0% 100.0%

Note: Columns may not add to totals shown because of rounding.

Source: Dataquest

26 @ 1989 Dataquest Incorporated September
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MOS EPROM--Market Share

2MD

Atmel
Fujitsu
Hitachi
Intel
Microchip Tech.,
Mitsubishi
National
HEC

oki
SGS8-Thomson
Sharp

Texas Instrument

Toshiba

Total

Table 13

1Mb EPROM Market Shares
{Percentages)

E
:

w
[
L

o~
-~ = O
-« & &
Ll
x b O
L I

Inc.

(=3

OO QO WoOoOOOAWOH
(]
Q 0
[ ] -

o000 0O0RDONOVDOOD

a
:

100.0%

100.0%

g

. & 2 &
L]
*

B KOO,

-

(W

=M
oo w w
OO YLOoDOoOHEN-IN

3

100.0%

Note: Columns may not add to totals shown because of

rounding.
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Source: Dataguest
September 1989
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MOS EPROM—-—Market Share

Table 14
2Mb EPROM Market Shares
(Percentages)

Company 1988
AMD 0
Intel )
Mitsubishi 1]
HEC -]

Total 0

8 = Sampling

Source: Dataquest
September 1989

Table 15
4Mb EPROM Market Shares
(Percentages)

Company 1988
AMD 0
Fujitsu 100.0%
Intel 0
Mitsubishi 0
NEC 0
Toshiba 0
WaferScale 0

Total 100.0%
Source: Dataguest
September 1989
® 1989 Dataquest Incorporated September SIS Memories
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MOS EPROM—Data Update

QUARTERLY COMPANY MOS EPROM SHIPMENT DATA

This section contains unit shipment data on MOS EPROMs for 1988 and 1989. In addition to
unit shipments for 16K, 32K, 64K, 128K, 256K, 512K, 1-Mbit, 2-Mbit, and 4-Mbit EPROMsS, we
have added our estimates of the worldwide billing prices for each product during the four quarters
of the year. At the bottom of each table, we show market share data (units, not revenue) for
companies based in the United States, Japan, Europe, and Asia/Pacific-Rest of World (ROW). The
tables are orgamized as follows:

¢ Table 1—16K MOS EPROM Shipment Dziga, 1988 and 1989

e Table 2—32K MOS EPROM Shipment Data, 1988 and 1989

¢ Table 364K MOS EPROM Shipment Data, 1988 and 1989

o  Table 4—128K MOS EPROM Shipment Data, 1988 and 1989
e Table 5-—256K MOS EPROM Shipment Data, 1988 and 1989
s Table 6—512K MOS EPROM Shipment Data, 1988 and 1989
¢  Table 7—1-Mbit MOS EPROM Shipment Data, 1988 and 1989
¢ Table 8—2-Mbit MOS EPROM Shipment Data, 1988 and 1989
» Table 9—4-Mbit MOS EPROM Shipment Data, 1988 and 1989

Definitions

Prices

Prices are Dataquest estimates of the billing prices during each quarter, These prices are
averaged over all package types, lot sizes, and the entire speed mix, and they represent sales to
both military and commercial accounts.

Quarterly Revenue

Quarterly revenue is calculated as units shipped times the prevailing price during that period.

SIS Memories ©1990 Dataquest Incorporated May 1
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MOS EPROM—Data Update

Table 1 .

16K MOS EPROM Shipment Data, 1988 and 1989

1988
MOS 1st 2nd 3rd 4th
Company Process Qtr. Qtr. Qtr. Qtr. Year
AMD N 275 345 356 300 1,276
Cypress C 300 375 325 300 1,300
Intel N 200 200 175 175 750
National Semi. C 280 300 320 300 1,200
NEC N 5 . 10 0 5 20
SGS-Thomson N 790 1,040 710 500 3,040
C 30 35 30 30 125
Texas Instruments N 85 70 30 25 210
C 55 50 75 80 260
WaferScale Integ. C 125 175 255 280 835
NMOS 1,355 1,665 1,271 1,005 5,296
CMOS 790 935 1,005 990 3,720
Total . 2,145 2,600 2276 1,995 9,016
Percentage Change from
Previous Quarter (3%} 21% (12%) (12%) .
Cumulative Total 269,614 272,214 274,490 276,485
ASPs: NMOS $2.80 $3.20 $3.40 $3.50 $3.20
CMOS $6.75 $5.00 $4.80 $4.00 $5.05
Overall $4.25 $3.85 $4.02 $3.75 $3.97
Revenue ($M) 9.1 10.0 9.1 7.5 35.8
1988 Ma