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Chapter 1

Executive Summary

Market Gonditions

DSDR-WW-MS-9704

This report provides the first quarter 1998 outlook for the worldwide
DRAM market based on the results of recent supplier surveys and related
information. The report includes quarterly information through the fourth
quarter of 1998 and yearly information for 1999.

Dataquest's DRAM supply and demand outlook remains largely consis-
tent with original expectations. DRAM production capacity clearly
exceeds DRAM bit demand as of early 1998. The current oversupply
means strong 1998 pricing competition among manufacturers of both
16Mb and 64Mb DRAM.

The market backdrop is a large 1997 oversupply. Dataquest believes that
the DRAM market will move toward balance around the end of 1998;
however, this balance depends heavily on restrained 1998 capital
spending by DRAM manufacturers. Our basic expectation is that major
Korean and Japanese manufacturers will reduce their 4Mb and 16Mb
production and increase 64Mb production throughout this year. As noted,
Dataquest bases the year-end 1998 scenario of more balanced DRAM
demand and supply on this assumption of restrained capital spending by
DRAM manufacturers in 1998. If DRAM manufacturers do not refrain
from aggressive capital spending in 1998, the sharp oversupply is likely to
continue into 1999.

Meanwhile, the Asia/Pacific turmoil commands market attention.

Asia/Paclific Crisis

The economic and financial crisis in Asia/Pacific is creating considerable

market uncertainty, especially for DRAM suppliers. The immediate effect
centers on additional downward pressure on DRAM pricing, as measured
in dollars, because of weaker Asian currencies. Capital spending will also
be affected.

The crisis increases the likelihood that DRAM capital spending will be
restrained during 1998. For example, Korea-based suppliers were in the
process of re-evaluating their spending plans in late December 1997 and
January 1998. The capital spending plans of the worldwide network of
DRAM suppliers will become clearer by the end of the first quarter. The
impact will become understood in the marketplace later in the year.

Factors such as the Asia/Pacific crisis might cause some Korea-based
suppliers to place less emphasis on 64Mb output than now expected.
Korean manufacturers might decrease their investment for their
next-generation fabs. That decision, in turn, could result in restricted
64Mb production capacity for Korean suppliers while still providing them
with sufficient 16Mb capacity. Under this scenario, Korean suppliers
might support 16Mb production strongly in 1998 and 1999—which is not
Dataquest's current assumption.

©1998 Dataquest 1
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By contrast, we expect a firm commitment from Taiwan-based suppliers to
16Mb production during 1998, despite the crisis. If Taiwanese suppliers
become zealously committed to the 16Mb DRAM, the 16Mb oversupply
could persist well into 1999,

64Mb Die Shrinks

Other factors could exacerbate the 16Mb and 64Mb supply /demand out-
look. A key manufacturing issue has emerged that centers on the die size
of 64Mb DRAM. Dataquest believes that some companies have been
unable to reduce (that is, shrink) the 64Mb DRAM die as expected. Some
companies might decide that 16Mb production is their most profitable
strategy for 1998 and 1999—which is not the assumption of the forecasts
shown in this report. If this proves to be a trend, the 16Mb DRAM supply
could be much higher than shown in this report and the 64Mb supply
much lower.

As indicated, Dataquest should have new 1998 capital spending data
soon. Companies are formulating their 1998 capital spending plans right
now. We will use that data to revise our estimate of DRAM capacity trends
in the next DRAM supply and demand report.

The market shift from extended data out (EDO) DRAM to synchronous

DRAM (SDRAM) started in the third quarter of 1997 and is proceeding

rapidly. The mainstream SDRAM is 66-MHz version; however, the 100-

MHz version should quickly win market acceptance following market
introduction. ‘

Intel's 440BX chipset serves as the key “gating factor” for 100-MHz
SDRAM. DRAM manufacturers right now are focusing on development of
a 100-MHz version of 64Mb SDRAM. To date, just several DRAM manu-
facturers have had their devices qualified by PC vendors.

We should note that timely 1998 release of the 440BX chipset might cause a
shortage later this year of the 100-MHz version of 64Mb SDRAM.

Suppliers’ Strategies

Dataquest believes that the main density remains the 16Mb device, but the
shift to 64Mb SDRAM continues to accelerate, Micron Technology Inc. has
a very good DRAM shrink technology—that is, the ability to reduce the -
size of the DRAM manufacturing die multiple times during each density's
life cycle. If other DRAM manufacturers cannot compete successfully with
Micron in terms of lowering 64Mb production cost, the result for them will
be less profitable 64Mb businesses.

The following sections summarize Dataquest's view on DRAM supplier
strategies at the 16Mb and 64Mb DRAM densities.

16Mb

U.S. and Taiwanese manufacturers are still increasing 16Mb production.
Meanwhile, Korean and Japanese manufacturers are reducing 16Mb out- ‘
put. U.S. manufacturers will increase their 16Mb production but will

switch to 64Mb as demand grows for this part.

DSDR-WW-MS-97Q4 ©1998 Dataguest January 26, 1998
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Key "wild card" suppliers include Taiwan-based suppliers and U.5.-based
Micron Technology. Taiwanese manufacturers encountered a production
yield challenge in 1997, but this year Dataquest believes they have yield
improvements under way.

Taiwanese companies plan to strongly increase their 16Mb production in
1998. Among Taiwanese companies, Nan Ya Technology Inc. has very
strong expectations of 16Mb market demand in 1998. Taiwanese DRAM
companies will make especially large increases in 16Mb production
through 1998. They will provide some of the 16Mb output to their alliance
partners (often on a contract manufacturing basis).

The 16Mb market might remain in oversupply during 1999 if Taiwanese
manufacturers continue to increase their production of 16Mb during 1999.
We should note that Taiwan-based suppliers remain on track with a new
generation of DRAM fabs that could have strong 1999 market impact.

Micron's Strategy
Micron will try to remain at the 16Mb density—and boost output—until
required by major customers to migrate to the 64Mb density.

Micron now ranks as the leading producer of 16Mb, based on unit ship-
ments. The company will likely increase 16Mb production into 1999. As
indicated, however, Micron can and will switch production from 16Mb to
64Mb in line with market demand.

Historically, Micron's strategy has been to make multiple DRAM die
shrinks (its competitors make just several). The continuing series of die
reductions enables Micron to increase market share during the middie and
latter stages of a DRAM life cycle.

At the 64Mb density, Micron will have to be more responsive to the timing
of demand for this newer-generation device by major PC manufacturers.
PC OEMs represent a much larger portion of Micron's DRAM business
today than in 1994 and 1995, when the market migrated to 16Mb DRAM.
When the 16Mb density emerged, Micron was able—because it was more
dependent on the spot market and less dependent on major PC
companies—to delay its shift from 4Mb to 16Mb. During 1998 and 1999,
however, major customers could require Micron to migrate more rapidly
to the 64Mb density than currently expected.

64Mb
This market will remain in oversupply for most of 1998.

Korean and Japanese manufacturers started increasing production of
64Mb DRAM during the second half of 1997. They did this when the 64Mb
market was oversupplied. They chose to do so because of an even greater
oversupply of 16Mb devices.

©1998 Dataquest January 26, 1998
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The main application of 64Mb in the first half of 1997 was the workstation.
Samsung Electronics Company Ltd. and NEC Corporation served as the
main 1997 providers of 64Mb DRAM for this application. Workstation
market demand was somewhat restricted, resulting in a small oversupply
in the first half of 1997. During the second half of 1997, notebook PCs
joined with workstations as 64Mb end applications. As noted, at that time,
major DRAM manufacturers started increasing production, which exacer-
bated the oversupply.

Desktop PCs will start using 64Mb in 1998, which means increased 1998
demand for 64Mb. In spite of that, the market will remain in oversupply
unless suppliers reduce 16Mb production more sharply than Dataquest
expects.

Project Analyst: James Seay

Contributors: Masahiro Suzuki, Senior Industry Analyst (Japan), Ronald Bohn,
Director, Worldwide Semiconductor Research Operations, Jim Handy, Director
and Principal Analyst (Worldwide and Americas), James Seay, Research Analyst
(Worldwide and Americas), , Sabrina Chiou, Research Analyst (Asia/Pacific and
Taiwan), and Chang Soo Kim, Industry Analyst (Asia/Pacific and Korea)

©1998 Dataquest January 26, 1998




Chapter 2

Production Statistics of 4Mb DRAM

This chapter provides estimates of 4Mb DRAM quarterly unit shipments
by supplier. The tables show a summary for 4Mb (see Table 2-1) and total
4Mb shipments (see Table 2-2). Subsequent tables show shipments by
organization (x1, x4, x8/9, and x16/18, in Tables 2-3 through 2-6) and by
technology (fast page mode—FPM, extended data out, synchronous, next-
generation, and display, in Tables 2-7 through 2-11). Dataquest collects
data through quarterly supplier surveys. These tables represent 4Mb
DRAM unit shipments of each company’s brand-name parts. For example,
if one company produces DRAMs for another company under a foundry
agreement, Dataquest counts the product as shipments from the company
that purchased the product to ship under its brand name. This avoids the
problem of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 4Mb DRAM. Average selling prices (ASPs) for each device come from
Dataquest's Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memories Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

4Mb Market Condition

The major DRAM manufacturers have reduced 4Mb production, but pric-
ing continues to decline. Even so, the market situation is clearly changing.
So-called second-tier manufacturers are now the main players in the 4Mb

market. The market may be moving toward balanced supply/demand in

1998, but the total supply capability will remain beyond 4Mb demand.

What Has Changed since the Previous Report

DSDR-WW-MS-97Q4

The 1998 supply /demand forecast of 4Mb DRAM remains consistent with
the prior report.

Dataquest has revised the format of Table 2-1. The portion of Table 2-1 that
formerly displayed configuration and technology detail in units now
shows the same detail as percentages of total dMb DRAM unit shipments.
Dataquest has also revised Tables 2-3 through 2-11 to display configura-
tion and technology detail as a percentage of each company's overall 4Mb
DRAM shipments. The "all companies" total at the bottom of these tables
will show the weighted average of each detail subcategory as a percentage
of overall "all companies” production of 4Mb DRAM. Dataquest believes
this new arrangement will better show how each company allocates its
production across the configuration and technology subcategories, as well
as provide better analysis of market shifts.

* ©1998 Dataquest B
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Table 2-2

Quarterly Shipments of All Configurations of 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q2/97 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98  Q4/98 1998 1999
Alliance Semiconductor 5.3 6.9 8.6 8.7 29.5 8.3 75 62 5.0 27.0 3.4
Fujitsu 9.2 77 6.6 6.2 29.7 5.8 53 51 48 21.0 105
Hitachi 23.0 203 18.3 16.0 77.6 13.5 1.0 9.5 74 414 25.0
Hyundai 210 18.0 15.0 13.0 67.0 12.5 9.5 75 6.5 36.0 54
TBM Microelectronics 7.6 3.6 1.8 0.9 13.9 0.3 0.2 01 - D6 -
LG Semicon 15.0 140 13.0 11.0 53.0 91 76 6.5 5.6 288 50
Matsushita 75 59 5.0 45 229 42 36 33 3.0 14.1 11.3
Micron Technology 232 16.0 125 10.3 62.0 7.1 4.0 1.0 0.2 123 -
Mitsubishi 141 11.6 10.4 2.0 45.1 7.5 6.9 6.0 5.2 25.6 11.0
Mosel Vitelic 16.3 224 233 18.0 80.0 14.4 114 8.5 57 40.0 15.0
Motorola 0.7 05 0.e - 1.8 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 29 19.8 18.1 16.3 76.3 145 11.8 9.0 7.0 42.3 15.0
Nippon Steel 14.0 131 128 124 523 124 12.4 12.3 12.3 494 364
Oki 40 7.0 8.0 8.0 270 6.0 6.0 4.0 4.0 200 10.0
Samsung 21.0 14.0 13.0 2.0 57.0 8.0 8.0 7.0 7.0 30.0 9.0
Sharp 1.0 0.8 0.9 0.8 3.5 0.8 07 0.7 0.7 29 25
Siemens 17.2 15.6 14.8 13.7 61.4 12.7 111 93 7.3 404 10.7
Texas Instnumieints: 204 155 12.8 10.0 58.7 75 57 38 1.9 189 -
Toshiba 11.7 6.8 48 25 258 25 25 20 18 88 3.0
Vanguard 41 34 1.8 50 14.3 4.0 3.3 3.0 20 12.3 -
All Companies 258.3 229 202.2 175.3 858.7 151.1 128.5 104.8 873 471.6 1732
Average Selling Price 259 2.56 247 215 246 1.93 1.70 1.61 1.50 1.72 112
Total Revenue (U.S.$M) 669.1 570.7 499.6 3765 2,115.9 291.2 2183 168.9 130.7 8092 1947
Total Demand 258.0 221.7 197.9 173.2 850.7 149.6 1254 103.8 88.2 4670 1748
Sufficiency (%) 100.12 100.57 102.16 101.23 100.54 100.97 102.45 100.95 99.00 10099  99.06

WYHQ GNP 10 SIISHEIS UsHINPOd
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Table 2-4

Quarterly Shipments of x4 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q1/97 Q297 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999
Alliance Semiconductor 100.0 90.0 70.0 50.0 74.1 40.0 300 250 200 30.1 -
Fujitsu 50.0 35.0 30.0 30.0 375 20.0 200 20.0 20.0 20.0 15.0
Hitachi 43.0 40.0 33.0 33.0 37.8 250 250 200 200 23.0 20.0
Hyundai 420 40.0 37.0 37.0 39.4 40 34.0 34.0 340 34.0 34.0
IBM Microelectronicy: 64.9 50.0 35.0 25.0 54.6 15.0 5.0 - - 9.2 -
LG Semicon 59.0 59.0 59.0 59.0 59.0 60.0 61.0 62.0 63.0 61.3 63.0
Matsushita 42.7 34.7 33.0 330 366 27.0 25.0 25.0 250 256 200
Micron Technology 70.0 700 700 70.0 70.0 70.0 70.0 70.0 70.0 70.0 -
Mitsubishi 35.0 35.0 350 35.0 35.0 35.0 35.0 35.0 35.0 350 30.0
Mosel Vitelic 60.0 45.0 40.0 5.0 376 5.0 5.0 5.0 5.0 5.0 -
Motorola 81.0 82.0 84.0 - 823 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 240 110 13.0 13.0 15.7 10.0 100 10.0 10.0 100 100
Nippon Steal 59.0 53.0 46.0 46.0 51.2 31.0 270 27.0 270 28.0 14.0
Ok 24.0 13.0 160 16.0 17.7 11.0 10.0 6.0 6.0 8.7 5.0
Samsung 34.0 34.0 38.0 380 355 37.8 375 37.3 370 374 370
42.7 34.7 33.0 330 361 27.0 25.0 25.0 250 256 256
56.0 56.0 54.0 50.0 54.2 500 45.0 45.0 45.0 46.6 45.0
61.0 58.0 56.0 550 581 100.0 100.0 100.0 1000 1000 -
40.0 200 100 10,0 26.2 - - - - - -
Vanguard - - - - - 10.0 10.0 10.0 100 100 -
All Companies 48.7 43.3 40.6 349 426 334 311 29.2 281 309 191
Average Selling Price 240 2.35 2.19 1.90 226 1.71 1.54 1.50 1.39 1.57 1.04
Total Revenue (UJ.S.$M) 3021 2270 180.0 116.1 825.2 86.5 6l.6 46.0 341 228.2 34.3

Source: Dataquest (January 1998)
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Table 2-5

Quarterly Shipments of x8/9 4AMb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q2/97 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999

Alliance Semiconductor - - - - - - - - - - -
Fujitsu 5.0 8.0 8.0 8.0 71 10.0 10.0 10.0 10.0 10.0 8.0
Hitachi 110 110 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0
Hyundai - - - - - - - - - - -
TBM Microelectronits - - - - - - - - - - -
LG Semicon 3.0 3.0 3.0 30 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Matsushita 19.5 18.7 17.0 17.0 18.3 15.0 15.0 15.0 15.0 15.0 15.0
Micron Technology - - - - - - - - - - -
Mitsubishi 10.0 10.0 10.0 100 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Mose] Vitelic - - - - - - - - - - -
Motorola - - - - - - - - - - -
Nan Ya Technology: - - - - - - - - - - -
NEC 220 310 30.0 300 28.0 30.0 30.0 30.0 30.0 30,0 30.0
Nippon Steel - - - - - - - . . } _
Oki 3.0 3.0 3.0 3.0 3.0 20 2.0 20 20 20 20
Samsung 6.0 6.0 2.0 2.0 45 23 25 2.8 3.0 26 3.0
Sharp 19.5 18.7 17.0 17.0 18.1 15.0 15.0 15.0 15.0 150 15.0
Siemens - - - - - - - - - - -
Texas Instruniénts 15.0 16.0 16.0 15.0 15.5 - - - - - -
Toshiba 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Vanguard - - - - - - - - - - -
All Companies 6.4 7.1 6.6 6.5 6.7 5.7 57 58 58 57 7.0
Average Selling Price 2,82 2.66 2.56 2.15 2.58 1.90 1.54 1.39 1.26 1.57 1.12
Total Revenue (U.S.$M) 46.8 421 311 245 147 4 164 11.3 84 6.3 425 13.5

Source: Dataquest {January 1998)
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Table 2-6
Quarterly Shipments of x16/18 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q2097 Q397 ©Q4/97 1997 Q198 Q298  Q3/98  Q4/98 1998 1999

Alliance Semiconductor - 10.0 30.0 50.0 259 60.0 70.0 75.0 80.0 69.9  100.0
Fujitsu 40.0 520 540 54.0 491 60.0 60.0 60.0 60.0 60.0 69.0
Hitachi 39.3 423 50,0 50,0 M48 59.0 59.0 64.0 640 61.0 65.0
Hyundai 54.0 57.0 60.0 60.0 57.3 62.0 62.0 62,0 62.0 62.0 62.0
IBM Microelectronigy 35.1 50.0 65.0 75.0 454 85.0 95.0 100.0 - 90.8 -
LG Semicon 31.0 31.0 31.0 310 310 30.0 29.0 28.0 27.0 28.7 27.0
Matsushita 31.1 40.0 44.1 44.1 38.8 53.0 55.0 55.0 55.0 544 62.0
Micron Technology 20.0 200 20.0 200 200 200 20,0 20,0 200 20.0 -
Mitsubishi 45.0 45.0 450 45.0 45.0 45.0 450 45.0 45.0 45.0 52.0
Mose] Vitelic 35.0 50.0 55.0 90.0 57.4 90.0 90.0 20.0 90.0 900 1000
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 45.0 49.0 49.0 49.0 47.8 56.0 56.0 56.0 56.0 56.0 57.0
Nippon Steel 41.0 47.0 54.0 54.0 48.8 64.0 67.0 67.0 67.0 66.2 810
Oki 65.0 710 73.0 730 713 81.0 82.0 86.0 86.0 833 88.0
Samsung 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Sharp 31.1 40.0 44.1 4.1 395 53.0 55.0 55.0 55.0 54.4 54.5
Siemens 26.0 28.0 31.0 35.0 29.7 40.0 40.0 40.0 400 400 400
Texas Instrurerts 10.0 12.0 14.0 15.0 12.3 - - - - - -
Toshiba 50.0 710 81.0 81.0 64.3 93.0 93.0 93.0 93.0 93.0 93.0
Vanguard 100.0 100.0 100.0 1000 1000 90.0 90.0 90.0 90.0 50.0 -
All Companies 37.1 423 45.7 51.7 43.5 55.2 57.1 58.8 59.7 57.4 68.8
Average Selling Price 2.80 2.76 271 2.30 2.65 2.05 1.80 1.69 1.58 1.81 1.15
Total Revenue (U.S.$M) 268.6 260.3 250.2 2083 9874 171.3 132.1 104.3 822 4899 1373

Source: Dataquest (January 1998)
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Table 2-7

Quarterly Shipments of Fast Page Mode 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q2197 Q3197 Q4/97 1997 Q1/98 Q2/98 Q398 Q4/98 1998 1999
Alliance Semiconductor 100.0 90.0 60.0 40.0 68.3 30.0 250 200 10.0 22,6 -
Fujitsu 55.0 40.0 33.0 33.0 41.6 25.0 250 230 230 241 20.0
Hitachi 45.0 45.0 40.0 40.0 428 35.0 350 35.0 350 350 34.0
Hyundai 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
IBM Microelectronics 15.2 250 25.0 20.0 19.3 15.0 5.0 - - 9.2 -
LG Sernicon 5.0 5.0 5.0 5.0 5.0 5.0 50 50 5.0 50 5.0
Matsushita 40.0 18.0 10.0 10.0 219 5.0 50 50 50 50 50
Micron Technology 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 -
Mitsubishi 60.0 50.0 40.0 40.0 48.8 30.0 30.0 30,0 30.0 30.0 300
Mosel Vitelic 20.0 15.0 15.0 10.0 14.9 10.0 10.0 10.0 10.0 10.0 -
Motorola 44.9 314 20.0 - 330 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 70.0 70.0 70.0 70.0 70.0 69.0 69.0 68.0 68.0 68.6 68.0
Nippon Steel 40.0 30.0 30.0 300 32.7 200 20.0 20.0 200 200 20.0
Oki 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Samsung 13.0 13.0 13.0 13.0 13.0 7.0 7.0 7.0 7.0 7.0 7.0
Sharp 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Siemens 60.0 450 30.0 20.0 40.0 15.0 10.0 10.0 10.0 116 10.0
Texas Instruments: 320 33.0 300 30.0 315 30.0 30.0 300 25.0 29.5 -
Toshiba 15.0 10.0 10.0 10.0 12.3 100 10,0 100 10.0 10.0 10.0
Vanguard - - - - - - - - - - -
All Companies 33.6 315 28.8 27.1 30.6 23.7 23.2 223 21.6 229 23.7

Source: Dataguest (January 1998)
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Table 2-8 )
Quarterly Shipments of Extended Data Out 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q1/97 Q2/97 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999
Alliance Semiconductor - 10.0 40.0 60.0 317 70,0 75.0 80.0 90.0 774 1000
Fujitsu 400 50.0 55.0 55.0 491 60.0 60.0 60.0 60,0 60.0 60.0
Hitachi 490 47.0 49.0 49.0 485 440 44.0 39.0 39.0 420 36.0
Hyundai 90.0 90.0 90.0 90.0 90.0 90.0 90.0 50.0 90.0 90.0 90.0
IBM Microelectronics 49.8 25.0 10.9 5.0 353 - - - - - -
LG Semicon 95.0 95.0 95.0 95.0 95.0 95.0 95.0 95.0 95.0 95.0 95.0
Matsushita 50,0 70.0 75.0 750 65.5 80.0 75.0 75.0 75.0 76.5 750
Micron Technology 90.0 90.0 90.0 90.0 90.0 90.0 90.0 50.0 90.0 90.0 -
Mitsubishi 40.0 50.0 60.0 60.0 51.2 700 70.0 700 700 70.0 70.0
Mosel Vitelic 80.0 85.0 85.0 90.0 85.1 90.0 90.0 90.0 90.0 90.0 100.0
Motorola 55.1 68.6 80.0 - 67.0 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 200 20.0 200 20.0 200 200 20.0 20.0 20.0 200 17.0
Nippon Steel 60.0 70.0 70.0 70,0 67.3 80.0 80.0 80.0 80.0 §0.0 80.0
Oki 50.0 500 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50,0
Samsung 840 84.0 84.0 840 840 84.8 85.5 86.3 87.0 85.8 87.0
Sharp 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Siemens 40.0 55.0 70.0 300 60.0 85.0 90.0 50.0 90.0 884 90.0
Texas Instruments 60.0 55.0 55.0 53.0 56.4 47,0 350 15.0 - 322 -
Toshiba 820 88.0 88.0 880 853 89.0 89.0 89.0 89.0 89.0 89.0
Vanguard 100.0 100.0 100.0 1000 1000 100.0 100.0 100.0 100.0  100.0 -
All Companies 62.5 64.4 66.8 68.6 65.2 70.6 70.7 70.2 71.5 70.7 67.9

Source; Dataquest (January 1998)
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Table 2-9
Quarterly Shipments of Synchronous 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

4"

Q1/97 Q2/97 Q3197 Q4/97 1997 Q198 Q2/98 Q3/98 Q4/98 1998 1999

Alliance Semiconductor - - - - . - _ N i -
Fujitsu - - . - - - - - R _
Hitachi - - - - - . - . . .
Hyundai - - - - - - - . - -
1BM Microelectroics- - - - - - . - - . ]
LG Semicon - - - - - - - - - -
Matsushita - - - - - - - . . .
Micron Technolqﬁ - - - - - - - . - .
Mitsubishi - - - - - - - i} . .
Mosel Vitelic " - - - - . _ - _ _
Motorola - - - - - - - . _ R
Nan Ya Technology: - - < - - - —_ . . .
NEC - - - - - - - - - -
Nippon Steel - - - - - - - - - .
Oki - - - - - - - - - -
5 g ~ _ . . - . - - - -
Sharp - - - - - - - - “ -
Siemens - - - - - - _ . _ _
Texas Instrumtishité. . - - - - - - - - _ _
Toshiba - - - - - - - - - -
Vanguard - - - - - - - - - -
All Companies - - - . - - - . - -

Source: Dataquest (January 1998}
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Table 2-10

Quarterly Shipments of Next-Generation 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q2197 Q397 Q4a/97 1997 Q198 Q298 03/98 Q4/98 1998
Alliance Semiconductor - - - - - . - . . _
Fujitsu - - - - - - - - - -
Hitachi - - - - - - - . - -
Hyundai - - - - - - - - - -
[BM Microelectrpgdios. - - - i - - - - - -
LG Semicon - - - - - - - - - -
Matsushita - - - - - - - - - -
Micron Technology - - . - - - ‘s - - -
Mitsubishi - - - - - - = - - -
Mosel Vitelic - - - - - - - - - -
Motorola - - - - - - = - — -
Nan Ya Technology - - - - - - - - - -
NEC = - - - - - - - - -
Nippon Steel “ - - . - - - - - -
Oki - - - - - = - - . .
Samsung - - - - - - - - - .
Sharp - - - - - — - - - -
Siemens - - - - - - - - - "
Texas Instrushents - - - - - - - - - -
Toshiba - - - - - - - - - -
Vanguard - - - - - - - - a. -
All Companies - - - - - - - - - -
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Table 2-11
Quarterly Shipments of Display 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97  Q2/97 Q3/97  Q4/97 1997 QI/98  Q2/98  Q3/98  Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - . - -
Fujitsu 5.0 100 12.0 12.0 9.3 15.0 15.0 17.0 170 159 200
Hitachi 6.0 8.0 11.0 11.0 8.7 21.0 21.0 26.0 260 230 300
Hyundai - - . - - - - - - - -
1BM Microelectronics 35.0 50.0 65.0 750 454 85.0 95.0 100.0 - 9038 -
LG Semicon - - - - - - - - - - -
Matsushita 10.0 12.0 15.0 150 126 15.0 20.0 20.0 o 185 200
Micron Technology - - - - - - - - - - -
Mitsubishi - - - - - - - - - - -
Mosel Vitelic - - - - - - - - - - -
Moterola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 10.0 10.0 10.0 100 100 11.0 11.0 12.0 120 fi4 150
Nippon Steel - - - - - - - - - - -
Oki - - - - - - - - - - -
Samsung 3.0 3.0 30 30 30 8.3 7.5 6.8 6.0 7.2 6.0
Sharp - - - - - - - - - - -
Siemens - - - - - - - - - - -
Texas Instruments: 8.0 12.0 15.0 170 121 23.0 35.0 55.0 750 383 -
Toshiba 3.0 2.0 20 2.0 25 1.0 1.0 1.0 1.0 1.0 1.0
Vanguard - - - - - - - - - - -
All Companies 3.9 42 14 4.3 4.2 5.7 6.2 74 69 6.4 8.5

Source: Dataquest (January 1998}
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Chapter 3

Production Statistics of 16Mb DRAM

This chapter provides estimates of 16Mb DRAM quarterly unit shipments
by supplier. Tables show a summary for 16Mb (see Table 3-1) and total
16MDb shipments (see Table 3-2}. Subsequent tables show shipments by
organization (x1, x4, x8/9, x16/18, and 32/36, in Tables 3-3 through 3-7)
and by technology (fast page mode, extended data out, synchronous, next-
generation, and display, in Tables 3-8 through 3-12). Dataquest collects
data through quarterly supplier surveys. These tables represent 16Mb
DRAM unit shipments of each company's brand-name parts. For example,
if one company produces DRAMs for another company under a foundry
agreement, Dataquest counts the product as shipments from the company
that purchased the product to ship under its brand name. This avoids the
problem of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 16Mb DRAM. Average selling prices for each device come from
Dataquest’s Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memories Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

What Has Changed since the Previous Report

DSDR-WW-MS-97Q4

Dataquest continues to expect a 16Mb DRAM oversupply for most of
1998. Supply and demand of 16Mb are likely to move into balance during
1999 because demand will switch by then from 16Mb to 64Mb.

The forecast for total 16Mb DRAM supply for 1998 remains consistent
with prior expectations. For 1998, Dataquest expects the worldwide sup-
ply of 16Mb DRAM to reach nearly 2.2 billion units (quite similar to the
prior forecast of 2.3 billion units). Dataquest expects that the quarterly pro-
duction peak of 16Mb will be late 1998 or early 1999. For the full vear 1999,
production should total 1.96 billion units. We base this outlook, which is
higher than the prior 1999 forecast of 1.84 billion units, on a continued
move by Taiwanese suppliers to 16Mb DRAM.

Expectations for 16Mb DRAM demand in 1998 remain consistent with
prior expectations. For 1998, Dataquest expects worldwide demand for
16Mb DRAM to reach 2.14 billion units (the prior forecast called for 2.18
billion units}. For 1999, demand for 16Mb DRAM is expected to total 1.91
billion units, versus the prior expectation of 1,82 billion units.

©1998 Dataquest 17



18 DRAM Supply and Demand Quarterly Statistics Worldwide

Table Format

Dataquest has revised the format of Table 3-1. The portion of Table 3-1 that
formerly displayed configuration and technology detail in units now
shows the same detail as percentages of total 16Mb DRAM unit ship-
ments. Dataquest has also revised Tables 3-3 through 3-12 to display
configuration and technology detail as a percentage of each company's
overall 16Mb DRAM shipments. The "all companies” total at the bottom of
these tables will show the weighted average of each detail subcategory as
a percentage of overall "all companies” production of 16Mb DRAM.
Dataquest believes this new arrangement will better show how each
company allocates its production across the configuration and technology
subcategories, as well as provide better analysis of market shifts.

High and Low Ranges of the 16Mb DRAM Supply Forecast

Under current market conditions, there is a greater likelihood that 16Mb
supply will exceed Dataquest’s forecast (than that it will be lower than our
forecast). As noted, the high-side factors include the following;:

® Taiwan-based suppliers might aggressively increase 16Mb production
during 1998 and 1999.

& Micron might also increase 16Mb supply during most of 1998 and 1999.

m The economic crisis might cause some Korean manufacturers to
emphasize 16Mb production and 256Mb development during 1998 and
1999.

s Other suppliers that plan to migrate more quickly to 64Mb DRAM
might not, because of 64Mb die shrink delays, forcing them to produce
more 16Mb DRAM during 1998 and 1998 than currently projected.

The High Side

For 1998, supply might be 20 percent above the current forecast—meaning
a 1998 high-side estimate of more than 2.6 billion units.

For 1999, if all of the factors noted above occurred, 16Mb production
might exceed 3 billion units, which is more than 50 percent higher than
our current forecast.

The Low Side

For 1998, 16Mb supply might be 10 percent lower than the current
forecast, meaning a low-side estimate of just under 2 billion units.

For 1999, 16Mb production might be 15 percent lower than our forecast,
which is a low-side estimate of 1.67 million units.

DSDR-WW-MS-9704 ©1998 Dataquest January 26, 1998
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Table 3-1
16Mb DRAM Supply and Demand Summary, Q1/97 to 1999 (Millions of Units)
Q197 Q297 Q3/97 Q4/97 1997 QU/98 Q2/98 Q3/98 (Q4/98 1998 1999
Total Revenue (U.S.$M) 37564 42802 38679 26485 145620 1,9322 1,747.4 15897 14704 67396 40111
Total Units Shipped 433.2 484.4 5344 530.1 1,982.0 532.8 540.8 545.9 5619 21813 1,963.0
Total Units Demanded 3979 435.5 484.1 508.8 1,826.3 500.2 5235 534.5 578.7 21369 19113
Sufficiency (%) 108.88 111.22 110.37 104.19 108.53 106.51 103.30 102.12 97.10 102.08 102.71
All Configurations (%) 100.0 100.0 100.0 100.0 1000 100.0 100.0 100.0 100.0 100.9 100.0
x1 20 1.4 1.2 13 14 1.1 11 1.0 1.0 1.0 0.8
x4 526 55.5 55.5 55.8 55.0 55.7 55.3 55.5 55.2 55.4 56.7
x8/9 13.7 15.6 174 16.3 15.9 16.9 16.9 17.3 17.9 17.3 14.7
x16/18 35 272 25.7 26.4 275 257 26.0 25.5 25.1 256 26.7
x32/36 0.2 0.2 0.2 0.2 0.2 0.6 0.6 0.7 0.8 0.7 1.2
All Interfaces (%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Fast Page Mode 11.4 8.8 7.0 7.6 8.6 55 54 49 4.6 51 3.2
Extended Data Out 68.9 67.0 58.1 48.8 60.1 40.3 35.5 29.2 251 324 18.0
Synchronous 18.1 222 33.0 422 29.6 529 57.8 64.3 68.8 61.1 77.1
Next-Generation 1.6 20 19 1.5 1.7 11 10 13 1.2 1.2 1.0
Display - - - - - 0.1 0.2 0.3 0.4 0.2 0.6

Source: Dataquest {January 1998)
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Table 3-3

Quarterly Shipments of x1 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97

Q2/97

Q3/97

Q4/97

1997

Q198

02/98

Q3/98

Q4/98

1998

1999

Alliance Semiconductor

Fujitsu

Hitachi

Hyundai

IBM Microelectronics

LG Semicon

Matsushita

Micron Technology

Mitsubishi

Mosel Vitelic

Motorola

Nan Ya Technology

NEC

Nippon Steel

Oki

Samsung

Sharp

Siemens

Texas Instruments

Toshiba

Vanguard

All Companies
Average Selling Price
Total Revenue {UJ.S.5M)

4.0

9.0

4.0

20

5.0

10.0
1.0

2.0
9.12
79.2

4.0

8.0

4.0

20

5.0

5.0
1.0
14
9.22
64.5

4.0

3.0

3.0

1.0

4.0

4.0
1.0
1.2
2.70
48.7

4.0

8.0

3.0

1.0

40

5.0
1.0

13
5.75
38.4

1.4
8.05
230.8

3.0

6.0

3.0

1.0

20

50
1.0

11
418
244

3.0

6.0

3.0

1.0

20

5.0
1.0
11
3.49
205

20

5.0

3.0

1.0

20

5.0
1.0
1.0
3.00
16.5

151

3.35
76.6

0.8
2.13
32.3

Source:; Dataquest (January 1998)
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Table 3-4
Quarterly Shipments of x4 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q2/97 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999

Alliance Semiconductor - - - - - - - - - - -
Fujitsu 50.0 50.0 400 40.0 448 420 420 420 420 42,0 40.0
Hitachi 58.0 58.0 55.0 55.0 56,5 20 39.0 39.0 39.0 39.8 35.0
Hyundai 55.0 65.0 70.0 700 65.5 70.0 70.0 70.0 70.0 70.0 70.0
IBM Microelectrandes 51.7 48.7 119 40.0 45.1 40.0 40,0 40,0 40.0 40,0 30.0
LG Semicon 420 57.0 67.0 67.0 58.1 67.5 68.0 68.5 69.0 68.2 69.0
Matsushita 220 220 220 220 22.0 21.0 21.0 21.0 21.0 21.0 18.0
Micron Technology 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80,0 80.0
Mitsubishi 50.0 50.0 50.0 50.0 50.0 47.0 47.0 47.0 47.0 47.0 45,0
Mosel Vitelic 10.0 15.0 109 M3 223 23.5 24.6 27.2 293 26.7 21.8
Motorola 96.5 95.7 91.7 91.7 94.3 100.0 - - - 100.0 -
Nan Ya Technology 100.0 100.0 100.0 100.0 100.0 80.0 60.0 50.0 30.0 51.7 50.0
NEC 38.0 32,0 270 27.0 311 290 29.0 27.0 27.0 28.0 27.0
Nippon Steel - - 2.0 20 15 620 60.0 60.0 60.0 60.4 60.0
Oki 76.0 77.0 30.0 80.0 784 86.0 88.0 900 90.0 88.5 90.0
Samsung 56.0 66.0 70.0 70.0 65.6 713 725 73.8 75.0 72.9 75.0
Sharp - - - - - - - - - - -
Siemens 50.0 51.3 51.0 50.0 50.6 50.0 50.0 50.0 50.0 50.0 50.0
Texas Instrumérids’ 37.0 300 300 30,0 314 30.0 30.0 30.0 30.0 30.0 16.0
Toshiba 55.0 60.0 60.0 65.0 59.9 50.0 40.0 35.0 35.0 40.8 35.0
Vanguard 40.0 40,0 52,0 520 48.6 56.5 61.0 655 70.0 63.1 40.0
All Companies 52.6 55.5 55.5 55.8 55.0 55.7 558.3 55.5 55.2 554 56.7
Average Selling Price 5.42 8.50 6.88 483 7.05 355 3.18 2.87 259 3.04 2.00
Total Revenue (1J.5.5M) 1,9198 2.2862 22,0407 14299 76767 10536 952.6 870.1 8027 36791 22190

Source: Dataquest (January 1998)
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Production Statistics of 16Mb DRAM
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Table 3-7

Quarterly Shipments of x32/36 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197

Q2/97

Q3/97

Q4/97

1997

Q198

Q2/98

Q3/98

Q4/98

1998

Alliance Semiconductor

Fujitsu

Hitachi

Hyundai

IBM Microelectronics

LG Semicon

Matsushita

Micron Technology

Mitsubishi

Mosel Vitelic

Motorola

Nan Ya Technology

NEC

Nippon Steel

Oki

Samsung

Sharp

Siemens

Texas Instruments

Toshiba

Vanguard

All Companies
Average Selling Price
Total Revenue (U.5.$M)

77

0.2
6.88
7.8

0.2
4.83
47

0.2
7.08
26.1

6.0
0.6
3.18
1.1

20

2.87
11.1

20

6.0

1.2
1.98
459

Source: Dataquest (January 1998)
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Table 3-8

Quarterly Shipments of Fast Page Mode 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q2197 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 10.0 10.0 10.0 10.0 10.0 8.0 5.0 5.0 10.0 7.0 10.0
Hitachi 10.0 7.0 5.0 5.0 6.7 3.0 3.0 20 20 25 20
Hyundai 10.0 10.0 10.0 100 10.0 7.0 7.0 7.0 7.0 7.0 5.0
1BM Microelectronics 15.0 10.0 5.0 5.0 83 5.0 5.0 50 5.0 5.0 36
LG Semicon 5.0 5.0 50 5.0 5.0 5.0 50 50 5.0 5.0 5.0
Matsushita 50.0 27.0 15.0 1506 256 70 5.0 5.0 5.0 54 3.0
Micron Technology 13.0 10.0 6.0 5.0 7.9 5.0 5.0 3.0 1.0 3.3 1.0
Mitsubishi 15.0 10.0 5.0 5.0 92 5.0 8.0 7.0 7.0 6.7 6.0
Mose! Vitelic - - - - - - - - - - -
Motorola 30,0 15.0 100 100.0 328 - - - - - -
Nan Ya Technology: - - - - - - - - - - -
NEC - - - - - - - - - - -
Nippon Steel 400 300 30.0 30.0 30.9 200 100 9.0 9.0 11.4 -
Oki 50,0 30.0 10.0 10.0 24.0 5.0 5.0 5.0 5.0 5.0 3.0
Samsung 100 100 10.0 10.0 10.0 5.0 5.0 50 50 50 5.0
Sharp - - - - - - - - - - -
Siemens 25.0 20.0 15.0 10.0 16.3 10.0 10.0 10.0 10.0 10.0 10.0
Texas Instruments 15.0 10.0 10.0 10.0 11.0 10.0 10.0 10.0 10.0 10.0 8.0
Toshiba 3.0 2.0 2.0 2.0 2.3 20 20 20 20 20 2.0
Vanguard - - - - - - - - - - -
All Companies 11.4 88 7.0 7.6 8.6 5.5 54 49 4.6 51 32

Source: Dataquest (January 1998)
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Table 3-9
Quarterly Shipments of Extended Data Out 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q297 Q397 Q4/97 1997 Q1/98 Q2/98 Q3/98 (4/98 1998 1999
Alliance Semiconductor 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Fujitsu 40.0 40.0 20.0 20.0 29.6 20.0 200 200 200 26.0 20.0
Hitachi 720 68.0 65.0 65.0 67.5 47.0 37.0 23.0 230 33.0 13.0
Hyundai 83.0 70.0 55.0 30.0 58.7 13.0 13.0 13.0 13.0 13.0 10.0
IBM Microelectronigs 700 73.0 75.0 70.0 72.0 65.0 60.0 55.0 45.0 56.3 37.0
LG Semicon 840 84.0 730 730 78.6 58.5 440 295 15.0 378 150
Matsushita 50.0 70.0 80.0 80.0 71.0 70.0 70.0 65.0 65.0 67.3 52,0
Micron Technology 840 720 47.0 25.0 528 20.0 15.0 12.0 9.0 134 9.0
Mitsubishi 60.0 60.0 60.0 60.0 60.0 50.0 37.0 30.0 30.0 37.2 19.0
Mosel Vitelic 100.0 100.0 100.0 88.6 94.5 64.1 60.0 53.6 52.0 56.4 27.3
Motorola 60.0 700 700 - 55.1 100.0 - - - 100.0 -
Nan Ya Technology 100.0 100.0 100.0 100.0 100.0 80.0 60.0 50.0 30.0 51.7 30.0
NEC 35.0 40.0 35.0 30.0 35.3 15.0 15.0 10.0 10.0 126 10.0
Nippon Steel 60.0 70.0 700 700 69.1 79.0 73.0 34.0 3.0 52.3 20.0
Oki 46.0 63.0 79.0 79.0 67.6 69.0 66.0 63.0 63.0 65.2 47.0
Samsung 70.0 63.0 520 20.0 51.3 15.0 15.0 15.0 15.0 15.0 15.0
700 70,0 65.0 60.0 65.3 50.0 45.0 40.0 35.0 41.8 40.0
700 70.0 55.0 50.0 598 45.0 40.0 350 300 374 138
870 83.0 780 73.0 804 58.0 48.0 28.0 280 423 20.0
Vanguard 100.0 100.0 95.0 95.0 96.4 85.0 75.0 65.0 55.0 70.4 10.0
All Companies 68.9 67.0 58.1 48.9 60.1 40.3 35.5 29.2 251 324 18.0

Source; Dataguest (January 1998)
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Table 3-10

Quarterly Shipments of Synchronous 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q2197 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q2/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 50.0 50.0 70.0 70.0 60.4 72.0 75.0 75.0 70.0 73.0 70.0
Hitachi 18.0 25.0 30.0 30.0 25.8 50.0 60.0 75.0 75.0 645 850
Hyundai 7.0 20.0 35.0 60.0 31.3 80.0 80.0 80.0 80.0 80.0 85.0
IBM Microelectronics 15.0 17.0 200 250 19.6 30.0 35.0 40.0 50.0 38.7 60.0
LG Semicon 10.0 10.0 20.0 20.0 149 338 47.5 61.3 750 534 75.0
Matsushita - 3.0 50 5.0 34 23.0 25.0 30.0 30.0 27.3 45.0
Micron Technology 3.0 18.0 47.0 70.0 39.3 75.0 80.0 85.0 90.0 833 90.0
Mitsubishi 25.0 30.0 35.0 35.0 30.8 450 55.0 63.0 63.0 56.1 75.0
Mosel Vitelic - - - 114 55 235 24.6 27.2 29.3 26.7 409
Motorola 10,0 15.0 20,0 - 121 - - - - - -
Nan Ya Hmngc—nﬂﬂ.. - - - - - 20.0 40.0 50.0 70.0 48.3 70.0
NEC 50.0 40.0 45.0 50.0 46.0 70.0 70.0 700 70.0 70.0 70.0
Nippon Steel - - - - - 1.0 17.0 57.0 570 363 800
Oki 4.0 7.0 11.0 11.0 8.4 26.0 290 320 32.0 298 50.0
Samsung 20,0 27.0 38.0 70.0 38.8 80.0 80.0 80.0 30.0 80.0 80.0
Sharp - - - - - - - - - - -
Siemens 5.0 10.0 20.0 30.0 18.4 40.0 45.0 50.0 55.0 482 50.0
Texas Instruments 15.0 20.0 35.0 40.0 29.3 45,0 50.0 55.0 60.0 526 731
Toshiba 10.0 15.0 20,0 25.0 17.3 40.0 50.0 70.0 70.0 55.7 78.0
Vanguard - - 50 5.0 3.6 15.0 25.0 35.0 450 29.6 90.0
All Companies 18.1 222 33.0 422 296 52.9 57.8 64.3 68.8 61.1 77.1
Source: Dataquest (January 1898)
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Table 3-11
Quarterly Shipments of Next-Generation 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q2197 Q3/97 Q4/97 1997 Q198 Q298 Q3/98 Q4/98 1998

Alliance Semiconductor - - - - - - . - - _
Fujitsu - - - - - - - - - -
Hitachi - - - - - - - - - -
Hyundai - - - - - - - - - -
IBM Microelectronies; - - - - - - - - . .
LG Semicon 1.0 1.0 2.0 2.0 15 2.3 2.5 2.8 3.0 26
Matsushita - - - - - - - - - -
Micron Technology - - - - - - - - - -
Mitsubishi - - - - - - - - - -
Mosel Vitelic - - - - - - . - - -
Motorola - - - - - - - - - -
Nan Ya Technology - - - - - - - - . -
NEC 15.0 20.0 20.0 20,0 18.7 15.0 15.0 20.0 20.0 174
Nippon Steel - - - - - - - - - -
Oid - - - - - - - - - -
Samsung - - - - - - - - - -
Sharp - - - - - - - - - -
Siemens - - - - . - - - R .
Texas Instrumiends: - - - - - - - - - -
Toshiba - - - - - - - - - -
Vanguard - - - - - - - - - -
All Companies 1.6 20 1.9 1.5 1.7 11 1.0 1.3 1.2 1.2

WYHQ QN9L Jo sIsnEng uononpoid

Source: Dataquest (January 1938)

62



rD.L6-SW-MM-HQSA

1sanbeleq 866 1O

8661 ‘gg Avenuer

Table 3-12
Quarterly Shipments of Display 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

0e

Q1/97 Q2/97 Q3/97 Q497 1997 Q1/98 0Q2/98 Q3/98 Q498 1998 1999

Alliance Semiconductor - - - - - - - - . -
Fujitsu - - - - - - - - - -
Hitachi - - - - - - - - - -
Hyundai - - - - - - - - - .

IBM Microelectronics . - - - - - - - . . -

Matsushita - - - - - - - - - -
Micron Technology - - - - - - - - - -
Mitsubishi - - - - - - - - - -

Motorola - - - - - - - - - -
Nan Ya Ted‘molcigy- - - - - - - - - . .
NEC - - - - - - - - - .
Nippon Steel - - - - - - - - . .
Oki - ‘- - - - - - - - .
Samsung - - - - - - . . - .
Sharp - - - - - - - - - -
Siemens - - - - - - - - - -
Texas Instruments - - - - - - - . - -
Toshiba - - - - - - - - - -
Vanguard - - - - - - - - - -
All Companies - - - - - 0.1 0.2 0.3 0.4 0.2 0.6

LG Semicon - - - - - 0.5 1.0 1.5 2.0 1.2 20

Mosel Vitelic - - - - - 124 15.4 19.2 18.7 16.9 31.8

Source: Dataquest (January 1998)
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. Chapter 4

Production Statistics of 64Mb DRAM

This chapter provides estimates of 64Mb DRAM quarterly unit shipments
by supplier. Tables show a summary for 64Mb (see Table 4-1) and total
64Mb shipments (see Table 4-2). Subsequent tables show shipments by
organization (x4, x8/9, x64/18, and 32/36, in Tables 4-3 through 4-6) and
by technology (fast page mode, extended data out, synchronous, and next
generation, in Tables 4-7 through 4-10). Dataquest collects data through
quarterly supplier surveys. These tables represent 64Mb DRAM unit ship-
ments of each company's brand-name parts. For example, if one company
produces DRAMs for another company under a foundry agreement,
Dataquest counts the product as shipments from the company that
purchased the product to ship under its brand name. This avoids the
problem of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 64Mb DRAM. Average selling prices for each device come from
Dataquest’s Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memoties Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

64Mb Market Gonditions

The 64Mb market remains oversupplied. The 64Mb market expansion
during 1998 depends largely on the bit-price crossover to 64Mb from the
16Mb density. Cost reduction of 64Mb now emerges as the foremost issue.
As indicated, the ability of suppliers to shrink the 64Mb die size during
1998 and 1999 will have a major impact on cost reduction.

What Has Changed since the Previous Report

' DSDR-WW-MS-9704

Dataquest's outlook continues to call for 64Mb oversupply through most
of 1998. For 1998, desktop PCs should emerge as a mainstream
application.

The 1998 forecast for 64Mb DRAM supply remains generally consistent
with prior expectations. For 1998, Dataquest expects worldwide supply of
64Mb DRAM to total 382 million units (while the prior forecast called for
372 million units). For 1999, worldwide supply of 64Mb DRAM should
total 895 million units (which is quite similar to the prior forecast).

The 1998 demand forecast for 64Mb DRAM also remains consistent with
last quarter's expectations. For 1998, Dataquest expects worldwide
demand for 64Mb DRAM to total 374 million units (while the prior fore-
cast called for 358 million units). For 1999, worldwide demand for 64Mb
DRAM should total 904 million units, which remains consistent with last
quarter’s expectation. Under current market conditions, 64Mb supply and
demand will not move into balance until the end of 1998, at the earliest.
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The supply and demand equation should tighten during the 100-MHz
SDRAM production migration to the 0.25-micron process. The production
rate of 100-MHz SDRAM will accelerate at that time, but so will demand,
which should cause supply and demand for this device to tighten by the
end of 1998.

Jable Format

Dataquest has revised the format of Table 4-1. The portion of Table 4-1 that
formerly displayed configuration and technology detail in units now
shows the same detail as percentages of total 64Mb DRAM unit ship-
ments. Dataquest has also revised Tables 4-3 through 4-10 to display con-
figuration and technology detail as a percentage of each company's overall
64Mb DRAM shipments. The "all companies” total at the bottom of these
tables will show the weighted average of each detail subcategory as a
percentage of overall, "all companies" production of 64Mb DRAM.
Dataquest believes this new arrangement will better show how each
company allocates its production across the configuration and technology
subcategories, as well as provide better analysis of market shifts.

High and Low Ranges of the 64Mb DRAM Supply Forecast

Under current market conditions, there is a greater likelihood that 64Mb
supply will be lower than Dataquest's forecast (rather than higher than
our forecast). As noted, key high-side factors include the following:

m Some suppliers planning to migrate quickly during 1998 and 1999 to
64Mb DRAM might not; a delay in making 64Mb die shrinks might
force them to produce fewer 64Mb DRAM during 1998 and 1999 than
currently projected.

& The economic crisis might cause some Korean manufacturers to
de-emphasize 64Mb production during 1998 and 1999; they could
instead emphasize 16Mb production and 256Mb development.

The High-Side Estimate

For 1998, 64Mb supply might be 15 percent higher than the current fore-
cast, which means a 1998 high-side forecast of 440 million units. For 1999,
64Mb supply might exceed our forecast by 15 percent, which means a 1999
high-side forecast of 1.03 billion units.

The Low-Side Estimate

Concerns about the 64Mb transition suggest that, on the low side, the 1998
supply of 64Mb DRAM might be about 22 percent lower than the current
forecast, which means a low-side estimate of just under 300 million units.

For 1999, current market conditions indicate that 64Mb supply might be
one-third lower than now forecast. This means a 1999 low-side 64Mb
DRAM supply estimate of just 600 million units.

DSDR-WW-MS3-9704 ©1998 Dataquest January 26, 1998
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Table 4-2

Quarterly Shipments of All Configurations of 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q187 Q297 Q3197 Q4597 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999

Alliance Semiconductor - - - - - - - - - - 1.0
Fujitsu 03 05 0.7 1.2 2.7 1.5 3.0 5.0 7.0 16.5 46.8
Hitachi 0.3 04 11 30 48 4.0 6.0 9.0 12.0 31.0 83.7
Hyundai 03 0.6 1.0 3.0 49 54 82 11.7 15.5 40.8 82.0
[BM Microelectianics 03 03 0.4 0.7 1.7 1.8 3.0 4.7 65 16.0 50.1
LG Semicon 0.6 09 1.5 2.0 50 3.5 4.5 6.0 8.0 220 550
Matsushita - - - - - 0.0 0.1 0.3 0.6 1.0 5.0
Micron Technology 02 05 0.9 1.2 2.8 1.6 2.1 29 35 10.1 209
Mitsubishi 0.6 1.0 2.0 5.0 8.6 6.0 7.5 10.0 13.6 37.1 79.7
Mosel Vitelic - - - 0.2 0.2 0.6 1.0 15 25 5.6 22.5
Motorola - - - 0.1 0.1 0.3 0.6 0.4 03 1.6 -
Nan Ya Technology - - - - - - 0.1 0.3 04 0.8 45
NEC 19 32 56 10.0 207 11.0 13.6 175 211 63.2 114.7
Nippon Steel - - - - - - - 0.5 0.8 1.3 13.3
Cki - - - 0.2 0.2 0.6 1.0 1.3 1.3 42 6.3
Sarnsung 3.2 6.8 10.0 12,0 320 155 18.5 21.0 240 79.0 130.4
Sharp - - - - - - - - - - -
Siemens 0.2 0.2 0.3 0.4 1.0 0.7 1.0 1.5 25 5.7 26.0
Texas Instrumgnds: 04 05 0.7 1.4 3.0 1.7 32 4.9 82 18.0 61.2
Toshiba 0.3 0.7 1.3 4.0 6.3 5.0 6.0 75 9.0 275 90.0
Vanguard - - - - - - - 0.1 0.1 0.2 1.7
All Companies a5 15.5 25.5 44.4 93.8 59.2 794 106.1 136.9 381.5 894.8
Average Selling Price 56.96 40,57 32.39 2418 32.07 20.02 18.38 16.63 15.44 17.09 11.29
Total Revenue {U.S.5M) 481.3 628.8 82472 10736 30080 1,1847 14595 17647 21124 65213 10,0985
Total Demand 7.8 14.0 235 42.8 88.0 55.8 76.8 103.0 138.7 374.3 904 .4
Sufficiency (%) 10784 111.09 10843 103.77 106.53 106.08 10333 103.04 98.68 101.94 98.94

Source: Dataquest (January 1698}
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Table 4-4

Quarterly Shipments of x8/9 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q2/97 Q3/97 Q4/97 1997 Q1/98 Q2/98 0Q3/98 04/98 1998 1999

Alliance Semiconductor - - - - - - - - - - -
Fujitsu 20.0 15.0 15.0 15.0 15.6 20.0 20.0 200 20.0 200 250
Hitachi 20.0 30.0 30.0 30.0 294 40.0 40.0 40.0 40.0 40.0 45.0
30.0 250 25.0 25.0 253 280 28.0 28.0 28.0 280 29.0

30.0 33.0 35.9 35.0 34.0 300 25.0 250 25.0 25.6 250

LG Semicon 20.0 20.0 200 20.0 20.0 240 28.0 320 36.0 314 36.0
Matsushita - - - - - 30.0 350 35.0 35.0 348 40.0
Micron Technology - - - 15.0 6.5 15.0 15.0 15.0 15.0 150 10.0
Mitsubishi 250 27.0 30,0 30.0 29.3 290 27.0 25.0 25.0 26.1 250
Mosel Vitelic - - - - - 30.0 40.0 40.0 400 389 25.0
Motarola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 220 250 25.0 250 247 25.0 25.0 25.0 25.0 25.0 30.0
Nippon Steel - - - - - - - 31.0 310 31.0 30.0
Oki - - - 29.0 29.0 310 250 20.0 200 228 28.0
Samsung 40.0 40,0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Sharp - - - - - - - - - - -
Siemens 25.0 270 31.0 30.0 290 30.0 30.0 30.0 30.0 30.0 30.0
Texas Instrumisnts: 75.0 65.0 55.0 45.0 543 35.0 30.0 30.0 30,0 305 250
Toshiba 40.0 40.0 30.0 300 316 30.0 30.0 30,0 30.0 30.0 35.0
Vanguard - - - - - - - 75 10.0 8.8 30.0
All Companies 31.8 325 34 303 31.1 311 30.5 30.1 30.3 304 316
Average Selling Price 56.96 40.59 32.47 2434 3238 20.02 18.49 16.63 15.46 17.14 11.31
Total Revenue (U.S.$M) 153.1 204.8 259.2 327.7 944.7 368.0 4472 5319 641.2 1,988.2 3,195.8

Source: Dataquest (January 1998)

9€

apIMPLOM SOUSHEIS AlBLEND puBWAQ pue Aiddng WyH(



P0.6-SW-MM-HGST

1sonbereq 86610

661 ‘9¢ Aeauer

v w W
Table 4-5
Quarterly Shipments of x16/18 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q297 Q3/97 Q497 1997 Q198 Q298 0Q3/98  Q4/%8 1998 1999
Alliance Semiconductor - - - - - - - - - - 100.0
Fujitsu 60.0 70.0 700 700 68.9 55.0 55.0 55.0 55.0 55.0 52.0
Hitachi - - 5.0 5.0 43 20.0 250 250 25.0 244 30.0
Hyundai - 5.0 5.0 5.0 4.7 5.0 5.0 5.0 5.0 5.0 5.0
IBM Microelectrosiics 30.0 27.0 25.1 250 26.3 30.0 350 35.0 35.0 344 30.0
LG Semicon - 10.0 10.0 10.0 88 8.8 7.5 6.3 5.0 64 5.0
Matsushita - - - - - - - 5.0 5.0 43 10.0
Micron Technology - - - 5.0 2.2 10.0 15.0 20.0 25.0 19.1 30.0
Mitsubishi 1.0 3.0 5.0 5.0 4.5 15.0 20.0 25.0 250 24 35.0
Mosel Vitelic - - - - - 10.0 25,0 40.0 45.0 363 40.0
Matorola - - - 50.0 50.0 50.0 50.0 50.0 50.0 50.0 -
Nan Ya Technology - - - - - - 100.0 100.0 100.0 100.0 -
NEC 35.0 320 35.0 350 34.5 520 55.0 60.0 60.0 575 60.0
Nippon Steel . - - - - . - 380 380 38.0 35.0
Oki - - - 14.0 14.0 15.0 13.0 15.0 15.0 145 14.0
Samsung 200 10.0 5.0 5.0 7.6 5.0 5.0 5.0 5.0 50 5.0
Sharp - - - - - - - - - - -
Siemens - 3.0 5.0 10.0 6.0 15.0 20.0 250 300 251 40.0
Texas Instrumehis 5.0 10.0 15.0 20.0 15.3 25.0 300 35.0 35.0 33.2 35.0
Toshiba - 30.0 40.0 40.0 37.0 45.0 45.0 50.0 50.0 48.0 50.0
Vanguard - - - - - - - 92.5 90.0 913 70.0
All Companies 18.9 16.4 15.9 17.8 17.2 226 249 28.0 284 26.7 30.7
Average Selling Price: 56.97 40.62 32.04 2345 3165 20.02 18.27 16.63 15.37 1691 11.21
Total Revenue (U.S.$M) 911 103.6 1295 1858 5100 267.5 361.9 4934 597.0 1,719.9 3,081.3

Source: Dataquest {January 1998)

WVHQ QW9 J0 SaishielS uolanpold

e



¥0.6-SW-MM-HASd

1sonbeleq g661Q

9661 ‘92 Asenuer

Table 4-6

Quarterly Shipments of x32/36 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q97 0Q3/97 Q497 1997 QU98 Q298 (Q3/98  Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu - 50 5.0 5.0 4.4 20.0 20.0 200 20.0 20.0 200
Hitachi - - - - - - - - - - -
Hyundai - - - - - 0.5 0.5 05 05 0.5 20
IBM Microelectrondes - - - - - - - . . . .
LG Semicon - - - - - 0.8 15 23 3.0 2.1 3.0
Matsushita - - - - - - - - - - -
Micron Technology - - - - - - - - - - -
Mitsubishi - - - - - 1.0 3.0 5.0 50 39 10.0
Mosel Vitelic - - - - - - - - - - 75.0
Motorola - - - - - - - - - - .
Nan Ya Technology - - - - - - - - - - -
NEC - - - - - - - - - - -
Nippon Steel - - - - - - - - - - -
Oki - - - - - - - - - - -
Samsung - - - - - 1.3 25 38 5.0 3.3 5.0
Sharp - - - - - - - - - - -
Siemens - - - - - - - - - - -
Texas Instrumetits - - - - - - - - 5.0 2.3 10.0
Toshiba - - - - - - - - - - -
Vanguard - - - - - - - - - - -
All Companies - 0.2 o1 0.1 0.1 1.0 1.8 23 29 22 4.3

Average Selling Price - 40.54 32.44 2434 3008 20.02 18.37 16.63 15.46 16.61 11.31
Total Revenue (U.5.5M} - 1.0 1.1 1.5 3.6 122 25.6 41.3 62.0 1410 4399

Source; Dataquest (January 1996)

8¢

apIMPLIOM SINSHEIS Apsleny puewsaq pue Addng Wyya



¥0.6-SW-MM-H0ASA

1sanbejeq 866 L@

9661 '9g Asenuep

Table 4-7

Quarterly Shipments of Fast Page Mode 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97

Q2/97

Q3/97

Q4/97

1997

Q1/98

Q2/98

Q3/98

Q4/98

1998

Alliance Semiconductor
Fujitsu

Hitachi

Hyundai

IBM Microelectroids
LG Semicon
Matsushita

Micron Technology
Mitsubishi

Mosel Vitelic
Motorola

Nan Ya Technology:
NEC &)
Nippon Steel

Oki

Samsung

Sharp

Siemens

Texas Instruments
Toshiba

Vanguard
All Companies

0.6

3.0

1.0

1.0

0.2

0.2

Source: Dataquest (January 1998)
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Table 4-8

Quarterly Shipments of Extended Data Out 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q2/97 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu - - - - - - - - - - -
Hitachi 160.0 100.0 95.0 95.0 95.7 90.0 70.0 55.0 55.0 62.4 200
Hyundati 90.0 80.0 85.0 85.0 85.9 70,0 25.0 25.0 20.0 291 15.0
IBM Microelectrdiics 85.2 80.0 74.0 720 762 67.0 62.0 59.0 490 564 200
LG Semicon 90.0 830 740 74.0 775 579 418 25.7 9.6 282 9.6
Matsushita - - - - - 95.0 90.0 80.0 80.0 815 50.0
Micron Technology 100.0 100.0 100.0 100.0 100.0 95.0 90.0 85.0 70.0 824 251
Mitsubishi 100.0 100.0 100.0 100.0 100.0 95.0 90.0 70.0 67.0 77.0 35.0
Mosel Vitelic - - - 100.0 100.0 80.0 60.0 20.0 20.0 38.9 20.0
Motorola - - - 80.0 80.0 80.0 80.0 80.0 80.0 80.0 -
Nan Ya Technology - - - - - - 10.0 10.0 10.0 10.0 -
NEC 70.0 55.0 55.0 55.0 56.4 30.0 20.0 20.0 18.0 21.1 10.0
Nippon Steel - - - - - - - 23.0 230 230 200
Oki - - - 100.0 100.0 92,0 87.0 75.0 750 80.3 60.0
Samsung 85.0 85.0 75.0 70.0 76.3 60.0 45.0 35.0 200 377 15.0
Sharp - - - - - - - - - - -
Siemens 100.0 100.0 100.0 90.0 95.8 85.0 80.0 75.0 70.0 749 50.0
Texas Instruments 780 815 80.0 77.0 78.6 740 720 700 67.0 69.4 30.0
Toshiba 100.0 100.0 97.0 97.0 97.5 90.0 70.0 40.0 37.0 54.7 15.0
Vanguard - - - - - - - 40.0 200 300 100
All Companies 81.5 78.5 741 75.0 75.9 64.3 49.2 39.9 34,2 43.6 18.7

Source: Dataquest (January 1998)
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Table 4-9
Quarterly Shipments of Synchronous 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q97 Q3/97 Q4/97 1997 Q198 Q298 Q3/98 Q4498 1998 1999
Alliance Semiconductor - - - - - - - - - - 1000
Fujitsu 100.0 100.0 100.0 1000  100.0 100.0 100.0 100.0 1000 1000 1000
Hitachi - - 5.0 50 43 10.0 30.0 450 45.0 376 80.0
Hyundai 10.0 10.0 15.0 15.0 14.1 30.0 75.0 75.0 80.0 709 85.0
IBM Microelectrcinics 9.8 16.0 23.0 25.0 203 300 35.0 40.0 50.0 420 §0.0
LG Semicon 10.0 15.0 200 200 179 326 45.1 57.7 70.2 55.7 70.2
Matsushita - - - - - 5.0 100 200 200 185 50.0
Micron Technology - - - - - 5.0 10.0 15.0 300 17.6 74.9
Mitsubishi - - - - - 5.0 100 30.0 330 23.0 65.0
Mosel Vitelic - - - - - 200 40.0 60.0 80.0 61.1 80.0
Motorola - - - 15.0 150 150 15.0 15.0 15.0 15.0 -
Nan Ya Technology - - - - - - 90.0 90.0 90.0 90.0 1000
NEC 30.0 450 45.0 450 4£3.6 700 80.0 80.0 820 78.9 90.0
Nippon Steel - - - - - - - 77.0 770 77.0 80.0
Oki - - - - - 8.0 13.0 25.0 25.0 19.7 40.0
Samsung 15.0 15.0 25.0 30.0 23.8 40.0 55.0 65.0 80.0 62.3 850
Sharp - - - - - - - - - - -
Siemens - - - 10.0 4.2 15.0 20.0 25.0 30.0 25.1 50.0
Texas Instruments- 13.0 15.0 18.0 200 17.8 230 25.0 270 30.0 276 62.0
Tashiba - - 3.0 3.0 25 10.0 30.0 55.0 58.0 42.3 80.0
Vanguard - - - - - - - 60.0 80.0 70.0 90.0
All Companies 179 21.1 255 246 23.7 349 49.8 58.6 64.1 55.1 79.0

Source: Dataquest (January 1998)
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Table 4-10
Quarterly Shipments of Next-Generation 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

44

Q1/97 Q2197 Q3/97 Q4/97 1997 QL98 Q298  Q3/98  Q4/98 1998 1999

Alliance Semiconductor - - - - - - - - - -
Fujitsu - - - - - - - - - -
Hitachi - - - - - - - - - -
Hyundai - - - - - - - - - -
IBM Microelectrondcs - - - - - - - - - -
LG Semicon
Matsushita - - - - - - - - - .
Micron Technology - - - - - - - - - -
Mitsubishi - - - - - - - - . -
Mose! Vitelic - - - - - - - - - -
Motorola - - - - - - - - - -
Nan Ya Technology - - - - - - - - - -
NEC - - - - - - - - - -
Nippon Steel - - - - - - - . . .
Oki - - - - - - - - - -
Samsung - - - - - - - - - -
Sharp - - - - - - - - - -
Siemens - - - - - - - - - -
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Toshiba - - - - - - - 5.0 5.0 3.0 5.0
Vanguard - - - - - - - - - -
All Companies - 0.1 0.4 0.3 0.2 0.6 0.7 13 1.5 1.1 21

Texags Instruments - - - - - - - - - - 5.0

Source: Dataquest (January 1598)
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. Chapter 5
Consumption of DRAMs by Application —————————————

This chapter provides details of Dataquest's DRAM demand analysis.
Quarterly DRAM demand figures are derived from Dataquest’s electronic
equipment forecast, generated by the Semiconductor Application Markets
Worldwide program, as well as forecasts from Dataquest's Computer
Systems and Peripherals group and Telecommunications group.

Table 5-1 shows the quarterly electronic equipment production forecast
(the systems forecast). Table 5-2 provides Dataquest's estimate of DRAM
megabyte consumption for each type of system. Dataquest calls this
"megabytes per system." Table 5-3 shows the number of bits of memory
required by the entire market (the system forecasts times DRAM usage)
and the memory module market. Table 5-4 provides DRAM demand for
each application by DRAM density, as well as total supply and demand by
density and sufficiency in millions of 16Mb equivalent units.

What Has Changed since the Previous Report

Dataquest has revised the systems forecasts contained in Table 5-1. The
key PC forecast shows undramatic changes for 1997 and 1998 (versus the
forecast in last quarter's report). Dataquest has now included NT
workstations in the "workstation” category and has made minor changes
to the overall consumption forecast.
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Table 5-1

High-Volume Electronic Equipment Unit Production Forecast, Q1/97 to 1999 (Thousands of Systems)

Q1/97 Q297 Q3197 Q4/97 1997 Q198 Q2/98 Q3/98  (Q4/98 1998 1999

Supercornputers 0.6 0.6 0.6 0.6 23 0.6 0.6 0.6 07 25 2.6
Mainframes 20 20 2.0 2.0 3.0 1.9 1.9 1.9 1.8 75 7.0
Midranges 203.2 211.8 220.5 229.1 B64.5 2299 239.7 249.5 259.3 978.3 1,097.1
Workstations 233.8 2435 262.7 2799 1,019.9 306.4 318.3 347.2 370.1 1,342.0 1,778.9
Personal Computers 18,746.4 19351.2 21,0727 25,1080 84,2783 21,8244 223238 244639 29,7644 98376.6 113,596.1
Server PCs 337.3 365.9 384.7 517.5 1,606.4 4279 446.9 479.3 6414 1,995.5 24831
486 and Below Server PCs 05 0.1 - - 0.6 - - - - . -

586 Server PCs 260.3 253.4 230.2 256.5 1,000.4 164.2 150.0 151.1 148.4 613.8 252.1

686 and Future Server PCs 69.8 105.3 1455 249.9 570.5 252.7 287.5 317.9 480.8 1,338.9 2,184.9
Other Server PCs 6.7 8.0 91 11.2 35.0 10.9 94 10.3 12.1 42.8 46.1
‘Mobile PCs 3,177.7 33286 3,7186 41665 143914 37639 38865 4473.0 50595 17,1829 20,364.2
486 and Below Mobile PCs 483 270 11.3 5.0 91.7 31 - - - 3.1 -

586 Mobile PCs 30113 31692 35072 38401 135278 32274 32327 33669 36137 134407 6,849.3

686 and Future Mobile PCs 0.4 29 41.5 140.8 185.6 307.6 469.9 855.2 1,154.5 27871 124024
Other Mobile PCs 117.7 1294 158.6 180.6 586.3 225.8 183.9 250.9 291.3 952.0 1,112.5
Desk PCs 15,231.3 15,6558 169694 20,4241 682806 17,6327 179904 195117 240634 79,1882 90,7488
486 and Below Desk PCs 848 54.0 43 - 143.1 - - - - - -

586 Desk PCs 12,9021 125296 12,0332 12,0915 495564 88462 76062 6541.7 65504 205446 109745

686 and Future Desk PCs 14020 2,255 38508 71928 145711 7,7788 92498 11,7635 16,2478 45,0398 74,9209
Other Desk PCs 8424 946.7 11,0811 1,139.7 40100 10077 11,1344 11,2065 1,265.2 4,613.8 4,853.4
Additional Motherboards 29544 2,7457 26628 25812 109441 26784 27924 29064 30204 113976 13,1718
Data Storage Devices 46,580.7 48,562.8 50,545.0 52,5272 198,215.7 54,038.4 56,3379 586374 60,9369 2299506 2604015
Printers 11,388.1 11,872.7 12,3573 12,8419 48,4600 129293 13,4795 140297 145799 550183 58,739.0
Facsimiles 2,633.7 26139 26660 26594 105729 26634 26819 2,691.9 27398 107770 11,3210
Telephone Answering Machines: 70401 70601 71101 70901 283002 73064 72360 72963 74275 292663 29,4636
Routers/Internetworking 274.6 292.7 313.8 334.9 1,216.0 3745 399.9 4231 448.5 1,646.0 2,132.0
Industrial Applications 901.8 921.6 530.9 957.7 3,712.0 993.0 10171 10308 1,039.0 4,080.0 4,386.6
DVD Players 176.1 353.3 477.9 7127 1,720.0 7822 990.6 1,161.9 11,5343 4,469.0 10322.1
Set-Top Boxes 48824 5090.1 52979 55056 20,776.0 58362 60846 63329 65813 248350 264120
Video Games 44148 46026 4,790.5 49784 18,7862 54107 56645 56872 52077 219700 18573.6

Source: Dataquest (January 1998)
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Table 5-2
High-Volume Electronic Equipment Unit Production Forecast, Q1/97 to 1999 (Megabytes per System)
Q1/97 Q297 Q3/97 Q4/97 1997 QL1798 Q2/98 Q3/98 0Q4/98 1998 1999
Supercomputers 4,284.0 43008 43213 44032 43280 4567.0 49766 55296 58982 5256.8 6,467.6
Mainframes 3,0994 3,1539 32154 3,317.8 3,1954 3,6045 3,850.2 4,0346 41779 39123 47443
Midranges 2189 2240 2336 2560 2337 3104 3488 3861 4230 369.0 5093
Workstations 1008 1088 1184 1264 1143 1344 1456 1568 168.0 1521 2206
Personal Computers 24.0 248 26.3 280 26.0 31.0 36.2 39.3 424 37.7 51.7
Server PCs 61.5 68.7 76.1 824 734 88.7 93.1 96.5 1026 9.0 1204
486 and Below Server PCs 42.0 47.0 - - 428 - - - - - -
586 Server PCs 58.8 65.4 720 77.0 68.2 827 88.2 92.8 95.8 89.7 1022
686 and Future Server PCs 720 77.0 82.7 882 827 92.8 95.8 984 1048 99.1 1229
Other Server FCs 58.8 65.4 720 77.0 69.5 827 88.2 928 95.8 90.1 1027
Mobile PCs 15.1 16.3 17.9 20.9 17.8 224 24.2 26.6 29.8 26.1 37.7
486 and Below Mobile PCs 131 13.1 142 155 134 17.0 - - - 17.0 -
586 Mobile PCs 15.1 16.3 17.8 20.8 17.7 221 235 25.5 28.6 251 33.3
686 and Future Mobile PCs - 17.0 200 21.8 230 22,7 255 28.6 30.5 33.0 30.7 402
Other Mobile PCs 15.5 17.0 20.0 218 19.0 23.0 25.5 286 30.5 27.3 36.3
Desk PCs 250 25.6 27.0 28.1 26.6 315 374 408 435 38.8 53.0
486 and Below Desk PCs 21.6 250 264 - 230 - - - - - -
586 Desk PCs 246 24.9 25.2 252 25,0 27.0 354 380 38.7 34.2 42,0
686 and Future Desk PCs 27.7 28.6 317 321 31.0 36.1 39.0 42,6 45.8 419 55.3
Other Desk PCs 282 28.9 31.0 334 30.6 35.2 37.0 38.3 39.3 37.6 421
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Table 5-2 (Continued)

High-Volume Electronic Equipment Unit Production Forecast, Q1/97 to 1999 (Megabytes per System)

Q1/97 Q297 Q3/97 Q497 1997 Q1/98 Q298 Q3H8 Q4/98 1998 1999
Additional Motherboards 250 282 289 302 280 335 374 388 395 374 490
Memory Modules 122 142 167 169 15.1 184 186 187 189 186 213
Data Storage Devices 03 0.3 0.3 0.3 0.3 04 0.4 05 0.5 0.5 0.7
Printers 39 3.9 3.9 4.0 3.9 42 4.4 46 48 4.5 54
Facsimiles 22 22 23 23 2.2 26 26 29 3.1 2.8 4.0
Telephone Answering Machines. 22 2.2 23 23 2.3 24 25 26 2.7 26 3.0
Routers/Internetworking 6.1 6.2 6.3 6.5 6.3 6.7 7.0 75 7.9 73 9.1
Industrial Applications 9.7 9.9 10.5 11.2 104 12.9 14.0 14.6 15.5 14.3 15.5
DVD Players 20 2.1 22 23 22 24 26 27 27 26 3.2
Set-Top Boxes 20 22 22 23 22 2.5 27 28 3.0 28 3.3
Video Games 44 4.9 5.0 5.2 49 54 5.6 538 6.0 5.7 6.3
Other Applications - - - - - - - - -
PCs + Aftermarket Module Megabytes per System 367 402 436 435 412 508 562 583 587 563 724

Source: Dataguest {January 1998)
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Gonsumption of DRAMs by Application
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Table 5-3 (Continued)

High-Volume Electronic Equipment Unit Production Forecast, Q1/97 to 1999 (Thousands of Megabytes)

Q197 Q2/97 Qafe7 Q4/97 1997 Qi/98 Q2/98 Q3/98 Q4/98 1998 1999
Additional Motherboards 737426 775372 7695022 77,8487 3060307 89781.0 1043244 1127675 1193646 426,237.6 6452094
Memory Modules 2734020 330,636.0 4034951 4229822 14305153 478,103.8 4994424 5210772 5430082 20416316 26598640
Data Storage Devices 138578 144474 150371 164147 59,7571 193187 239436 28439.1 332106 1049121 1800026
Printers 44136 46,3036 481935 51,8813 1907920 54,3031 59,1749 63,9753 698375 2472908 317,088.7
Facsimiles 5,701.9 5,802.8 6,065.2 6,1964 23,7662 6,858.2 7,066.9 7,860.3 84113  30,196.7 45,096.1
Telephone Answering Machines 154881 155321 162109 164489 636801 17,5354 182348 189705 19,9058 746464 86,936.2
Routers/[nternetworking 1,674.9 1,814.6 1,977.0 2,177.0 7.643.6 2,516.5 2,807.1 3,1820 3561.1 12,0668 19,4194
Industrial Applications 8,765.8 9,160.8 98114 10,7645 385025 12,849.7 142196 150706 16,0842 582241 67,9039
DVD Players 3521 7420 1,051.4 1,639.2 3,784.7 1,877.3 25755 3,000.7 41426  11,686.1 33,307.3
Set-Top Boxes 9,8624 11,1983 11,5494 12,7731 453831 148240 166717 179855 196122 69,0935 99,8263
Video Games 194249 226449 239525 260866 92,1088 292177 316078 329856 31,4543 1252654 126,144.1
Other Applications - - - - - - - - - R .
All Applications 993,634.2 1,099,240.0 1,260.433.3 1,451,651.1 4,804,858.6 1,526,360.2 1,728,892.6 1,949,017.4 23149958 7,519,265.9 11,159,448.6

Source: Dataquest (January 1998)
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Consumption of DRAMS by Application
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DRAM Supply and Demand Quarierly Statistics Worldwide
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Consumption of DRAMs by Application
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Consumption of DRAMs by Application
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DRAM Supply and Demand Quarterly Statistics Worldwide
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Ghapter 6

Worldwide DRAM Wafer Fabrication Plant Production

Capacity

Chapter 6 provides analysis of DRAM fab capacity. Dataquest uses the
data in this chapter to test the information provided in the supplier
surveys.

Table 6-1 provides the silicon capacity for each production facility in
square millimeters of silicon per month.

Please note that Dataquest does not gather all the displayed production
information from the manufacturers themselves. Dataquest performs an
extensive fab survey in the third and fourth quarters of each year and
updates this periodically through the year with articles from the general
and trade press. Analyzing fab production could cause some confusion
when accounting for contract production. Contract production (foundry)
is production by one company under license from a second company for
that second company to sell under its brand name. Table 6-1 credits
capacity used for contract production under foundry, while the shipment
information in the tables in Chapters 2 through 4 credits shipments by the
purchaser of that foundry production. Nearly every semiconductor
manufacturer performs some contract manufacturing. Thus, these
analyses should not be used to determine any particular company's
inventory or utilization.

What Has Changed since the Previous Report

DSDR-WW-MS-97Q4

Dataquest has made no changes to this section of the report.

©1998 Dataquest 55
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Table 6-1

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm)

Maximum  Minimum
Startof Maximum Diameter Line Width 0.8- .64 0.49.
Company Fab Name City Country  Products Production Starts {om) (Micron} >08p  0.65p 050 0353  <03%s  Total
Dominicn Module 1 Manassas VA US. 64Mb DRAM 1997 28,000 200 0.25 - - - - 8796 B879.6
Semironductor
Dominion Semiconductor Total 26,000 - - - - 8796 879.6
Fujitsu Phase 1 Newton- UK. 4Mb 16Mb 1991 5,600 150 0.5 - - 990 - - 990
Aydliffe DRAM
Fujitsu Phase 2 Newton UK 4Mb DRAM 1995 14,000 150 05 - - 2474 - - 247 4
Aycliffe
Fujitsu No.1 Gresham OR  US. 4Mb DRAM 1982 17,000 130 0.65 s 3004 - - - 3004
Fujitsu No. 3 Isawa-Gun Japan 4Mb DRAM 1987 50,000 150 08 kR . - - - -
SRAM
ROM MPU
Fujis No. 4-1 Isawa-Gun  Japan 16Mb DRAM 1990 20,000 150 0.42 - + v 354 - 3534
SGRAM
Fuijitsu No. 42 Isawa-Gun Japan teMb DRAM 1996 25,000 200 018 - - - - 7884 785.4
Fujitsy No.2 Kuwana-Gun  Japan Log Arrays 1987 10,000 150 0.8 - « = . .
4Mb DRAM
Fujitsu No.3Phasel Kuwana-Gun Japan 4MYb 16Mb 1992 15,000 150 0.5 - - 281 - - 265.1
DRAM
SRAM MPU
Fujitsu No.3Phase2 Kuwana-Gun Japan 16Mb 64Mb 1934 o 200 0.25 - - - = 157 15.7
DRAM
Fujitsu No.2 Gresham QR US. tAMb DRAM 1998 10,000 200 0.25 - - - - 3142 314.2
Fujitsu Fab 2 Newton- UK. 16Mb ¢4Mb 1999 15,000 200 0.25 = - - - 4712 4712
Aycliffe DRAM
Fujitsu Total 182,100 - 3¢04 6114 534 15865 28518
Hitachi E2 Landshut Germany 16Mb DRAM 1993 16,000 200 0.35 - - - 5027 - 502.7
Hitachi u2 Irving TX us. IMb $Mb 1990 16,500 150 03 - - - - - -
DRAM
256Kb
SRAM MPFU
Hitachi D1 Mobara-Shi Japan 1vtb 4Mb 1982 25,000 125 13 3068 - . - 306.8
DRAM
LCD Driver
Hitachi D3 Mobara-Shi  Japan 4Mb DRAM 1990 15,000 150 08 . - . . - .
Hitachi Chitose 1-1F Chitose-Shi Japan 4M DRAM 1988 15,000 150 0.8 - - - - s -
MCU
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm}

Maximum  Minimum
Stertof Maximom  Diameter Line Width 0.8- 0.64- 0.49-
Company Fab Name City Country  Products Producton Starts {mm) (Micron)  >08p  0.65n ¢.5p 0.35p «<08fg  Total
Hitachi Chitose 1-2F  Chitose-Shi Japan 4M DRAM 1990 15,00¢ 180 0.8 - - - - - -
MCU
Hitachi N2-1 Hitachinaka- Japan 16Mb DRAM 1994 -10,000 00 0.35 - - - 342 - 314.2
Shi
Hitachi R&D 2 Kodaira-Shi  Japan MPU SRAM 1985 3,000 150 0.5 - - 53.0 - - 53.0
DRAM
Arrays
CBIC
Hitachi K2-1F Nakakoma-  Japan 4Mb DRAM 1980 25,000 150 2 4418 - - - - 418
Gun SRAM MCU
Hitachi K4-3F Nakakoma-  Japan 4Mb DRAM 1989 10,000 150 08 - < - - - -
Gun 1Mb SRAM
EPROM
Hitachi N1-1 Hitachinaka-  Japan iMb 4Mb 1983 15,000 150 08 - = - - - -
Shi DRAM
Hitachi N2-2 Hitachinaka- Japan 16Mb 64Mb 1996 10,000 200 0.35 - - - 3142 - 314.2
Shi DRAM
Hitachi K2-2F Nakakoma-  Japan 16Mb DRAM 1995 10,000 200 0.5 - - 342 - - 3142
Gun
Hitachi Chitose 2. Chitose-Shi Japan 6iMb DRAM 1998 10,000 200 0.35 - - 3142 - 3142
Hitachi N3/2F Hitachinaka- Japan &4Mb DRAM 1998 10,000 200 0.35 - - 3142 - 3142
Shi
Hitachi N2/3F Hitachinaka- Japan 16Mb 64Mb 1996 15,000 200 0.35 - - - 4712 - 4712
Shi DRAM
Hitachi Total 220,500 7i8.6 - 367.2 22305 - 33463
Hitachi/Nippon Tampines Singapore  Singapore 64Mb DRAM 198 20,000 200 0.3 - - - - 6283 6283
Steel
Serniconductor
Hitachi/Nippon Steel Total 20,000 - - - - 6283 6283
Hyundai MOSFab1-A  Ichon Korea 256K DRAM 1585 15,000 125 1 184.1 - - - - 184.1
SRAM
Hyundai MOSFab2-A  Ichon Korea iMb 4Mb 1986 15,000 150 0.65 - 2651 - - - 2651
DRAM
Hyundai MOS Fab 3 Ichon Korea 4Mb DRAM 1989 20,000 150 05 - - 3534 - - 3534
Telecom
ICs ASIC
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm)

Maximum Minimum
Startof Maximum  Diameter Line Width 0.8- 0.64- 449
Company Fab Name City Country  Products Production Starts {(mm) Micron) >0.8p 0.68u 05p 0.35p <0352 Total
Hyundai MOQOSFab2-B  Ichon Korea 4Mb DRAM 1992 20,000 150 0.5 - - 353.4 - - 353.4
Hyundai MOS R&D Ichon Korea DRAM 1989 3,000 150 .25 - - - - 530 53.0
Hyundai Fab 4 Ichon Korea 4Mb DRAM 1993 10,000 200 0.35 - - - 3142 - 142
Telecom
ICs ASIC
Hyundai Fab5 Ichon Korea 16Mb 64Mb 1994 25,000 200 0.35 . - - 7854 - 785.4
DRAM
Hyundai Fabé Ichon Korea 64Mb DRAM 1996 30,000 200 035 . - - 9425 - 942 5
Hyundai Oregon Fab Eugene OR us. 16Mb 64Mb 1998 30,000 200 0.25 - - - - 9425 9425
DRAM
Hyundai Fab? Ichon Korea 16Mb 640D 1997 30,000 200 035 - - - 9425 - 9425
DRAM
Hyundai Phase 1 Dumfermline UK. 64Mb DRAM 1998 30,000 200 0.18 - - - - 9415 9425
Hyundai Phase 2 Dumfermline UK. 64Mb 256Mb 12 0.18 - - - - -
DRAM
Hyundai Total 228,000 184.1 265.1 7069 29845 19380 60785
IBM Micro- Corbeil- France  DRAMSRAM 25,000 125 1 3068 - - . - 3068
electronics Essonnes
IBM Micro- Sindelfingen Germmany DRAM 25,000 125 15 3068 - - e - 306.8
electronics SRAM DsP
MPU
Custom
IBM Micro- Corbeil- France 1Mb DRAM 1989 7,000 200 08 - - - - = -
electronics Essonnes
IBM Micro- Bldg. 963 Essex Us. 4Mb DRAM 1989 16,000 125 0.5 - - 1963 - - 196.3
electronics Junction VT MPU
IBM Micro- Bldg. 970 Essex us. 64Mb DRAM 1988 24,000 200 0.35 - - - 7540 - 754.0
electronics Junction VT MPU Multi-
media ICs
IBM Micto- Bldg. 973 Essex Us. 16Mb DRAM 1989 20,000 200 0.5 - - 628.3 - - 628.3
electronics Junction VT
IBM Micro- Yasu-Gun Japan 64Mb DRAM 1990 15,000 200 0.35 = - - a3 . 4712
electronics plSP
IBM Micro- AMEF Corbeil- France 64Mb DRAM 1997 15,000 200 0.2 - - - = 472 471.2
electronics Essonnes
IBM Microelectronics Total 147,000 6135 - 8247 1,225.2 4712 31347
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Worldwide DRAM Wafer Fabrication Plant Production Capacity
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Caparity (Milliens of Sq, mm)
Maximum  Minimum
Startof Maximum  Diameter Line Width 0.8- 0.64- 0.49-
Company Fab Name City Countty  Products Production Starts (mm) (Micron) >8p Q.65 05 0350 <035p  Total
Matsushita FabC Tonami-Shi Japan 16Mb DRAM 1996 10,000 200 0.35 - - - 3142 - 3142
Matsushiia Fab D Tonami-Shi Japan 16Mb 64Mb 1997 10,000 200 035 - - - 3142 - 342
DRAM
Matsushita Fab D Puyallup WA US, 32-bit MRCO 1558 10,000 200 0.25 - - - - 3142 314.2
DSP 64Mb
DRAM
Matsushita Total 72,000 . - 3.1 99%0.6 3299 L6946
Micron Fab3 Boise ID us. IMb 4Mb 1991 25,000 200 0.35 v - - 7854 - 7854
Technology 16Mb
DRAM
Micron Fab1 Boise ID US. 4Mb 16Mb 1996 20,000 200 0.35 - - - 6283 - 6283
Technology DRAM
VRAM
SRAM
Micron Fab2 Boise ID Us. 16Mb 64Mb 1996 20,000 200 025 » - . . 683 6283
Technology DRAM
Micron Lehi Fab Lehi UT us. 64Mb DRAM 1%99 200 0.25 - i~ - - - -
Technology
Micron Technology Total 65,000 - - - 14137 6283  2,042.0
Mitsubishi North us. 1Mb 4Mb 1950 9,000 150 0.5 - - 159.0 - - 159.0
Durham DRAM
NC
Mitsubishi Alsdorf Germany 4MB 16MB 1997 7,000 200 0.35 - - - 2199 - 2199
DRAM
Mitsubishi B Saijo-Shi Japan DRAM MCU 1984 39,000 125 D9 4786 - . .- 478.6
Mitsubishi Sa2B Saijo-Shi Japan &64Mb DRAM 1993 16,000 200 04 - - - 5027 - 502.7
EDRAM
Mitsubishi ULsl Ttami-Shi Japan 16Mb 64Mb 1993 10,000 200 02 - - - - 3142 342
256Mb
DRAM
ASIC Flash
Mitsubishi TAl Kami-Gun Japan 4Mb DRAM 1990 30,000 150 0.7 - 4301 - - 530.1
1Mb SRAM
ASSP
Mitsubishi D-1F Kikuchi-Gun  Japan 16Mb 64Mb 1994 10,000 200 0.35 - - - 3142 - 314.2
DRAM
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximurn Silicon Area Capacity (Millions of Sq. mm)

Maxiomam  Minimvum
Startof Maximum  Diameter Line Width 0.8- 0.64~ 049-
Company Fab Name City Country  Products Production Starts (mm) (Micron) >08u 0.65p 0.5p 0.35p «<O8%:  Total
Mitzubishi D-1F-2 Kikuchi-Gun  Japan 16Mb 64Mb 1996 15,0} 200 0.35 = - - 4712 - 4712
DRAM
Mitsubishi SAIF Saijo-Shi Japan 64Mb DRAM 1997 15,000 200 D3 - - - - 4n2 4712
EDRAM
EFlash
Mitsublshi Science Park  Taiwan 16Mb DRAM 1996 12,000 200 0.35 - - - 3770 - 377.0
Mitsubishi Total 163,000 4786 5301 159.0  1,885.0 7854  3,838.1
Mosel Vitelic Fab 1A Science Park  Taiwan DRAM 1995 15,000 150 045 - - - 2651 - 265.1
VRAM
Mosel Vitelic Fab 1B Science Park  Taiwan DRAM 1995 15,000 150 0.34 - - - - 265.1 265.1
VRAM
Mosel Vitelic Total 30,000 - - - 265.1 265.1 530.1
Nan Ya Fah 1 Tao Yuan Taiwan 16Mb 64MDb 1996 30,000 200 0.45 - - - 9425 - 942.5
Technology DRAM
Nan Ya Technology Total 30,000 - - - 9425 - 942.5
NEC Phase 1 Livingston UK. DRAM 1987 25,000 150 05 - - 418 - = H4138
SRAM MPU
NEC K-Line RosevilleCA  US. DRAM ASIC 1984 25,000 125 1 368 - - -+ 306.8
MCU
NEC M-Line RosevilleCA  TUS. 16Mb DRAM 1991 35,000 150 0.5 - - 618.5 - - 6185
NEC Dif-1 Higashi Japan 4Mb DRAM 1990 30,000 150 0.6 - < 5301 A 530.1
Hiroshima- SRAM
Shi MPU 4Mb
ROM
NEC G-1 Sagamihara- Japan 16Mb DRAM 1988 10,000 150 08 - - - - - -
Shi ASIC MPU
4Mb ROM
NEC Dif-5 Kumamoto-  Japan Logic DRAM 1978 20,000 125 12 2454 - - - - 2454
Shi MCU
NEC Dif-6 Kumamoto-  Japan 1Mb DRAM 1987 30,000 150 1 5301 - - - - 530.1
Shi MPU MCU
Arrays
NEC Dif7 Kumamote-  Japan MCU 4Mb 1986 30,000 150 0.8 - - - ol -
Shi DRAM
ASIC

Ajoede] uonanpo.d Jueld UOREILGR] JaRM NVHQ SPIMPLOM
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maxdmum Silicon Area Capacity (Millions of Sq. mm)

Maximum Minimum
Startof Maximum Diameter Line Width 0.8 0.64- 0.49-
Company Fab Name City Country  Products Production Starts {(mm) (Micron} >i8p  0.63p 05 035 <035  Total
NEC Dif-8 -1 Kumamoto-  Japan 16Mb DRAM 1994 60,000 200 0.35 - - - 1,8850 - 1,585.0
Shi 4Mb SRAM
RISC ASIC
NEC Dif-3 Otau-Shi Jzpan: SRAM 4Mb 1983 17,000 150 1 3004 - - - - N4
DRAM
Micro ASIC
NEC i1 Asa-Gun Japan 4Mb DRAM 1988 45,000 150 0.8 - - - o -
1Mb SRAM
MPU
FLASH
NEC Dif-2 (Bldg. C) Asa-Gun Japan 4Mb 16Mb 1993 45,000 150 05 - < 7952 - 795.2
DRAM
ASIC
NEC Phase 2 Livingston VK 16Mb 64Mb 1996 20,000 ‘200 0.35 - - - 628.3 - 628.3
DRAM
NEC Dif2 Higashi Japan 16Mb 64Mb 1996 33,000 200 0.25 - - - - 10367 10867
Hircshima. DRAM
Shi ASIC RISC
NEC Beijing China MCU Logic 2000 5,000 150 04 - - - 884 - 88.4
4Mb 16Mb
DRAM
ASIC
NEC Total 430,000 1,3828 - 23856 26016 10367 74068
Nippon Silicem 16Mb DRAM 1990 0.6 - - - - - -
Nippon Silicon Total - - - - - - -
Nippon Steel Electronic Sagamihara-  Japan ASIC 16Mb 1991 500 150 0.35 - - - 88 - 8.8
Corporation Laby Shi 64Mb
DRAM
Nippon Steel Corporation Total 500 - - - 8.8 - 88
Nippon Steal M2 Tateyama-Shi Japan 1Mb 4Mb 1988 12,000 150 0.6 - - 221 - - 212.1
Semicondiuctor DRAM
Flash Logic
Nippon Steel M3 Tateyama-Shi Japan 4Mb 16Mb 1990 20,000 150 05 . -~ 3534 - - 353.4
Semiconductor DRAM
Nippon Steel N1 Tateyama-Shi Japan 16Mb 64Mb 1996 10,000 200 035 - - - 3142 - 3142
Semiconductor DRAM
Nippon Steel Total 42,000 - - B655 3142 i B796
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of 8q. mm)

Maximum  Minimum
Startof Madmum  Diameter Line Width ) 0.8- 0.64- 049
Company Fab Name City Counky  Produchs Production Starts {mm) Micron)  »Rp  0.65p 05p 8355 <035p  Total
Oki s Kurokawa-  Japan 16Mb 64Mb 1996 15,000 200 0.3 - - - - 712 4712
Cun DRAM
Oki 81 Kurokawa- Japan 4Mb DRAM 1981 30,000 150 0.5 = - 530.1 - - 530.1
Gun 1Mb SRAM
16Mb ROM
Oki M2 Miyazaki- Japan 1Mb DRAM 1991 60,000 125 0.8 - - - - = -
Gun 256K S5SRAM
4Mb ROM
Oki M3 Miyazaki- Japan 4Mb 16Mb 1967 30,000 150 04 - - - 530.1 - 530.1
Gun DRAM
Oki V3 Hachioji-5hi  Japan 16Mb 64Mb 1989 2,000 150 05 - - 353 T 35.3
DRAM
Micro Gate
Array
Okd w1 Hachioji-Shi  Japan 64Mb 256MDb 1992 1,000 150 03 - - - - 177 177
DRAM
Micro Logic
Old Total 138,000 - - 565.5 530.1 488.9 1,5845
Powerchip (Elite- Fab 1 Science Park  Taiwan 16Mb DRAM 1996 25,000 200 04 - - - 7854 - 785.4
group}
Powerchip (Elitegroup) Total 25,000 - - - 7854 - 785.4
ProMOS Fab2 Science Park  Taiwan 16Mb 64Mb 1998 20,000 200 025 - - - - 6283 628.3
Technologies 256Mb
DRAM
SRAM
ProMOS Technologies Total 20,000 - e - - 6283 6283
Samsung Fih 4 Kiheung-Up  Korea Alpha 4Mb 1990 35,000 150 05 - = 6185 - - 6185
DRAM
SRAM
EDRAM
Samsung Fab5 Kiheung-Up Korea Alpha 4Mb 1993 25,000 200 05 - = 7854 - - 7854
DRAM
SRAM
EDRAM
Samsung Fab 6 Kiheung-Up  Korea 16Mb 64Mb 1995 30,000 200 0.35 . - - 9425 - 9425
DRAM
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Table 6-1 (Continued)
DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm}
Maximem  Minimum
Startof Maximum  Diameter Line Width 0.8~ 0.64- 049-
Company Fab Name Clty Country  Products Production Starts {mm} (Micron) >B8p  0465p 0.8p 03510 «0.35n Total
Samsung Fab 7 Kiheung-Up  Korea 16Mb 64Mb 199 20,000 200 0.35 - - - 6283 - 6283
DRAM
Samsung Fab 8B Kiheung-Up  Korea 64Mb DRAM 1997 25,000 200 03 - - - - 7854 785.4
Samsung Austin TX us. 64Mb DRAM 1998 25,000 200 03 - - - - 7854 7854
Samsung Total 160,000 - - 14039 15708 15708 4,5455
Sanyo Al Ojiya-Shi Japan 1Mb 4Mb 1985 35,000 125 0.8 - - - - - -
DRAM 4-bit
8-bit MCU
DSP
Sanyo C2 Ofiya-Shi Japan DRAM 1994 25,000 150 085 4418 - - - - 4418
Sanyo Total 60,000 4418 - - - - 441.8
Sharp Factory 2 Fokuyama-  Japan 16Mb MROM 198¢ 40,000 150 0.6 - - 7069 - - 7069
Shi DRAM
SRAM
Sharp Factory 4 Fukuyama- Japan Flash 64Mb 1998 16,000 200 0.25 - - - - 5027 502.7
Shi DRAM
Sharp Total, 56,000 - - 706.9 - 5027 1,209.5
Siemens HI5, H1§,H17 Regersburg Germany 1Mb4Mb 1986 46,600 150 0.35 - - - 835 - 8235
DRAM
EDEAM
ASIC ASSP
Stemens SIMEC (Lines Dresden Germany  16Mb 64Mb 1996 30,000 200 0.25 - - - - 9425 9425
1&32) DRAM
Siemens North UK DRAM ASIC 1997 25,000 200 025 . . - - 7854 785.4
Tyneside
Slemens Total 101,600 - - - 8235 1,7279 25514
Sony aG Isahaya-Shi  Japan 1Mb SRAM 1991 25,000 150 05 - - 418 - - 418
4Mb VRAM
CCD Logic
Sony Total 25,000 - - 4418 . 4418
Sumitomo Metzl Amagasaki-  Japan 4Mb DRAM 1991 300 150 08 e - - - - -
Industries Shi Arrays
Sumisaamo Meta) Indastxfic Tota! 300 - - - - - -
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Table 6-1 (Continued)
DRAM Capacity by Feature Capability (Millions of Square Millimeters)
Maximum Silicon Area Capacity (Millions of Sq. mm)
Maximum  Minimum
Startof Maximum  Diameter Line Width 0.8- 0.64- 0.49-
Company Fab Name City Country  Products Production Starts (mm) Micron) >08p 0.65p 0.5i 035p <G Total
TSMC Fab 3 Science Park  Taiwan DRAM 1995 30,000 200 035 - - - 9425 - 9425
SRAM
ROM Log
Custom
TSMC Tatal 30,000 - - - 942.5 - 9425
Tech Semicon- Fab 1 Singapore Singapore 16Mb DRAM 1993 12,000 200 0.5 % - 3770 - - 377.0
ductor
Tech Semi- Fab 2 Singapore Singapore 16Mb DRAM 1996 25,000 200 0.5 - - - 7854 - 7854
conductor
Tech Semiconductor Total 37,000 - - 3770 7854 - 11624
Texas AMOS-1 Avezzano Ttaly 4Mb 16Mb 1990 22,000 200 0.25 - - - - 6912 6912
Instruments DRAM 4Mb
Flash
Texas AMOS-2 Avezzano Italy 16Mb DRAM 1996 20,000 200 0.25 - - - - 6283 6283
Instruments
Texas DMOS5Phase Dallas TX us. 16Mb DRAM 1995 16,000 200 0.5 - - 8027 - - 5027
Instraments 1
Texas DMOS5Phase Dallas TX U.s, 64Mb 256Mb 1997 16,000 200 0.35 - - - 5027 - 5027
Ingtrurnents 2 DRAM
Texas Miho & Inashiki-Gun  Japan 1MDb 4Mb 15,000 150 08 - - - - - -
Ingtruments DRAM
ASSP MPU
Texas AMOS-3 Averzano Italy Flash 64Mb 1999 6,600 12 018 - - - - 07 07
Instruments 256Mb
DRAM
EDRAM
Texas Instruments Total 95,600 - - 502.7 5027 13202 23255
Texas [nstru- Feb 1A Science Park  Taiwan 4Mb DRAM 1991 22,000 150 0.5 - - 3888 - - 388.8
ments/ Acer
Texas Instru- Fab 1B Science Park  Taiwan 4Mb 16Mb 1995 25,000 <200 0.35 - - - 7854 - 785.4
ments/ Acer DRAM
Texas [nstm- Fab 2 Science Park  Taiwan 16Mb 64Mb 1999 50,000 200 0.25 - - - - 15708 15708
menis/ Acer DRAM
Texas InstrumentsfAcer Total 97,000 - - 388.9 7854 15708 2,7450
Texas [nstru- Pupyong Korea DRAM DSPs 2002 25,000 200 0.25 - - - - 7854 7854
ments/ Anam
Electronics
Texas InstrumenfifAicai Tolal 25,000 - . - - "z 4 "5 4
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Table 6-1 (Continued)
DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm)

Maximum Minimum
_ Startof Maximum  Diameter Line Width (119 0.64- 0.49-
Company Fab Name City Country  Producls Produclion Slaris {mm) (Micron) >BBp  0.65p 0.5u 035p  «<0.35p Total
Tohoku Semi- Step 1 Sendai-Shi Japan 1Mb DRAM 1988 7,500 150 1 1325 - - - - 132.5
conductor MCU MPU
Tohoku Semi- Step 2 Sendai-Shi Japan 4Mb DRAM 1991 10,000 150 08 - - - - - -
conductor MPU MCU
Tohoku Semi- Step 3 Sendai-Shi Japan 16Mb DRAM 1995 15,000 200 035 - - - 4712 - 471.2
conductor
Tohoku Semiconductor Total 32,500 1325 - - 4712 - 603.9
Toshiba Bldp. 10812  Kawasaki-Shi Japan 16Mb 64Mb 1990 1,300 200 0.35 - - - 408 - 40.8
DRAM
Flash
Toshiba Y-Cubed, No.  Yokkaichi-Shi Japan 4Mb 16Mb 1993 10,000 200 0.5 - - 3142 - - 3142
1-Mod 1 DRAM
Toshiba Y-Cubed, Yokkaichi-Shi Japan 4Mb 16Mb 1994 25,000 200 0.35 - - 7854 - 7854
No. 1-Mod 2 DRAM
Toshiba CCubed 3 Oita-Shi Japan MCU ASIC 1989 32,000 125 1 3927 - - - = 3927
DRAM
SRAM
Toshiba C-Cubed 4 Oita-Shi Japan 4Mb 16Mb 1991 406,000 150 05 - . 706.9 - - 7069
DRAM
Toghibra Y-Cubed, Yokkeichi-Shi  Japan 16Mb 64Mb 1996 28,800 200 0.35 - . - 8796 - 879.6
No.2 256Mb
DRAM
Toshiba Step 5 Kitakami-Shi Japan 16Mb 64Mb 1998 30,000 200 0.35 - - 9425 - 9425
DRAM
Logic
‘Toshiba C-Cubed 5 Oita-Shi Japan 256b DRAM 2000 200 0.18 - - - - - -
Toshiba Total 166,300 392.7 = L0214 2,648.4 - 40621
TwinStar Semi-  TwinStar Richardson us. 16Mb 64Mb 1996 15,000 200 0.3 - - - - 4712 4712
conductor X DRAM
Twinstar Semiconrductor Total 15,000 - - - - 4712 4712
Vanguard Inter-  Fab1 Science Park  Taiwan 4Mb DRAM 199 4,000 150 05 - - 707 - - 70.7
national
Vanguard Inter- Fab 1A Science Park  Taiwan 4Mb 16Mb 1955 16,000 200 0.35 - - - 5027 - 5027
national DRAM
Vanpuard (nter- Fab 1B Science Park  Taiwan 16Mb DRAM 1959 16,000 200 0.35 - - - 5027 - 502.7
national

99

aPIMPHIOM SONSHEIS Aliapenp puewaq pue Aiddns WvY(



¥0.6-SW-MM-HOSC

Jsenbeeq 866 1O

8661 ‘92 Asenuer

Table 6-1 {(Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm)

Maximum  Minimum
Startof Maximum  Diameter Line Width 0.8- 0.64- 0.49-
Company Fab Nigoe City Country  Products Froduction Starts (mm) Micron) >08p 0650 O5:  0.3% <035 Total
Vanguard Inter-  Fab 2 Science Park  Taiwan 4Mb 16Mb 1999 40,000 200 0.18 - - - - 12566 1,256.6
national DRAM 1Mb
SRAM
Vanguard International Total 76,000 - - Y2.7 10083 12566 23326
White Oak Semi- MOS518 Richmond s, 64Mb 256Mb 1998 25,000 200 0.18 - - - - 7854 7854
conductor VA DRAM
White Oak Semiconductor Total 25,000 - - - . 7854 7954
Winbond Fab Science Park  Taiwan DRAM 1992 35,000 150 0.5 - - 618.5 - - 618,5
Winbond Fab IV Science Park  Taiwan 16Mb 64Mb 1999 15,000 200 0.35 - - - 4z - 471.2
256Mb
DRAM
Winbond Total 50,000 - - 619.5 471.2 - 10897
Total 3,171,900 44100 10956 135001 30,7939 20,5998 704894

Source: Dataquest (January 1998)
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. Chapter 7
Definitions ————————————

Additional motherboards: PC motherboards that do not ship into brand-
name PCs and thus are not counted by Dataquest's Computer Systems
and Peripherals group. These numbers are based in part on Dataquest
MPU shipments and analyst estimates of upgrade activity.

Demand: The number of shipments of a product that Dataquest estimates
to be sustainable in a market at the price forecast by Dataquest for that
time. If the price were lower, demand would increase. If the price were
higher, demand would decrease. Demand is used to determine whether
the market is undersupplied or oversupplied.

Desk PC: A PC designed to remain beside or underneath a user's desk
surface and not designed to be moved readily from place to place.

Facsimile: A machine that scans and encodes a document into electrical
signals, transmits these electrical signals over a telephone or data line,
then reconstructs the signals to print an exact duplicate of the original
document on paper at the receiving end (colloquially called a fax).

Industrial applications: All controller boards and equipment used in

embedded industrial control and medical applications. These boards are

not officially counted by Dataquest, and the numbers used in this survey

are estimates based on processor shipment numbers, secondary sources,
' and primary inputs from industrial board producers.

Mobile PC: A PC that is completely self-contained and can be carried as a
single unit, which includes a keyboard, a display, mass storage, and main
system unit.

Mainframe computer: A general-purpose information system with a
starting price range of $100,000 or more. CPU bit width ranges from 32 to
64 bits. The physical environment may or may not have special environ-
mental controls and requires full-time support by professional computer
systems support staff. The number of concurrent users is 100 or more.
Dataquest views a mainframe system shipment as the CPU, the basic
storage configuration (not including direct-access storage devices), the
native operating system (the system must be bootable}, and the operator’s
console. Dataquest does not routinely count upgrades unless the system
footprint changes. Mainframes can use either DRAM or SRAM for cache
storage.

Midrange computer: This includes all systems that fall between worksta-
tions and mainframes. These are multiuser systems that may or may not
run proprietary operating systems. Midrange products have a wide price
range, from as low as $10,000 to more than $1 million. Dataquest has
included microcomputers, minicomputers, and superminicomputers in
this product segment in the past. With the evolution of client/server
computing and the systems that define this paradigm, traditional

' midrange product categories are becoming obsolete. Hewlett-Packard

DSDR-WW-MS-9704 ©1998 Dataquest 69
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Company's HP 9000 and HP 3000, Digital Equipment Corporation's VAX
systems, and the IBM AS/400 line are joined by the dedicated server
products from suppliers such as Auspex Systems Inc., NetFRAME
Systems Inc., and Tricord Systems Inc. to make up the midrange product
category. Office systems, which are proprietary turnkey computing solu-
tions common in Japan, are also included in the midrange category, as are
systems designed as servers from workstation suppliers.

Oversupply: An indication of an oversupplied market is low prices and
growing inventories.

Router/internetworking: A shared media hub is a LAN device that
connects multiple PCs through a single node on a network, allowing
central control for optional functions such as wide area network (WAN)
connectivity, multiple media support, multiple technology support, and
network management. A router is a class of network controller that deter-
mines the best routing for data transmission between a transmitter
(sender) and a receiver. Routers operate at layer 3 of the ISO-OSI model.

Set-top box: This is a cable converter box that sits on top of a TV and acts
as converter device for cable television signals, telephone, or wireless
networks to television sets. Set-top boxes contain a general-purpose
micropracessor or a high-powered digital signal processor capable of
digital transmission, reception, and decompression. Set-top boxes can be
analog or digital, but only digital set-top boxes contain appreciable DRAM
content.

Storage: Storage is a collective term for computer hard disk drives and
CD-ROMs, where DRAM is often used as a cache memory. Since static
RAM (SRAM) is sometimes used in place of DRAM, the DRAM consump-
tion for this category appears unusually low to account for limited DRAM
penetration into this equipment segment.

Supercomputer: This is a high-performance computer designed for numer-
ically intensive applications. It is a system priced at more than $2 million
and is used mainly for batch applications, scientific, engineering, and
other computation-oriented problems, or other very numerically intensive
applications. Supercomputers require special environmental controls and
cooling techniques. Performance speeds range upward from 50 mflops.
Supercomputers can use either DRAM or SRAM.

'I‘elephone answering machine: This is a machine for individual telephone
lines using either cassette tape or MOS memory technology for incoming
and outgoing message storage. Only tapeless (digital) phone answering
machines use MOS memory for storage. Tapeless answering machines can
use either DRAM or flash memory.

Undersupply: An indication of an undersupplied market is long lead
times, high prices, and product allocation.

Video game: Video game and CD-ROM players are microprocessor-based

devices that are handheld or console-based and play video games housed
on cartridges or CD-ROMs.

©1998 Dataquest January 26, 1998
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Workstation: Dataquest classifies workstations by a composite of features,
including their hardware and software. Workstations are typically based
on reduced-instruction-set computing (RISC) processor architecture with a
high-performance bus structure, graphics, and operating system. In gen-
eral, a workstation must come standard with integrated floating-point
processing, integrated networking, and a 32-bit multitasking operating
system and offer a configuration that has high-resolution graphics capabil-
ities {typically 1-megapixel display). Dataquest does not determine a
workstation architecture by its usage (that is, single-user, server, or mul-
tiuser). Instead, computers are classified by the primary market for which
they are designed.

©1998 Dataquest January 26, 1998
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Chapter 1

Executive Summary

This report provides a fourth quarter 1997 outlook of the worldwide
DRAM market based on the results of recent supplier surveys and related
information. The report includes quarterly information through fourth
quarter 1998 and yearly information for 1999.

Another Change in Market Conditions

Dataquest's DRAM supply and demand outlook remains consistent with
original 1997 and oversupply expectations. DRAM production capacity
currently clearly exceeds DRAM bit demand.

The current oversupply will continue until late 1998. Dataquest bases the
year-end 1998 scenario of tighter DRAM demand and supply on the
assumption of restrained capital spending by DRAM manufacturers in
1998. If DRAM manufacturers do not refrain from aggressive capital
spending in 1998, the oversupply is likely to continue into 1999. The cur-
rent large oversupply means concomitant downward price pressure and
constrained profit for most suppliers. Strong fourth quarter 1997 demand
might restore a short-term supply and demand balance, but there will be a
large oversupply during the first half of 1998.

Suppliers' 1998 Strategles

DSDR-WW-MS-97Q3

In Jast quarter’s report, Dataquest predicted a threatening second half 1997
outlook for most DRAM suppliers. The threat has materialized. Last quarter,
suppliers had set a $6-plus contract price for 16Mb DRAM as their year-
end 1997 objective. Recently, the contract price declined below $6, while
the spot price approached $5 in some world regions—with additional
downward price pressure expected.

Dataquest believes that the main density remains the 16Mb device, but the
shift to 64Mb will accelerate by early second half 1998, Micron Technology
Inc. has a very good DRAM shrink technology—that is, the ability to
reduce the size of the DRAM manufacturing die multiple times during
each density’s life cycle.

If other DRAM manufacturers cannot compete successfully with Micron
in terms of low 64Mb production cost, the ultimate result for them will be
less profitable 64Mb businesses, especially in 1999. For the medium term,
Japanese major manufacturers will increase their OEM purchases of 16Mb
from alliance partners on a contract manufacturing basis. The Japanese
"majors” will focus on the next-generation 64Mb DRAM. This strategy is
useful to reduce their investment risk. But it is also essential that they
reduce their production costs for future-generation devices in order to sur-
vive in the DRAM market.

The following summarizes Dataquest's view on three different DRAM
supplier strategies.

©1997 Dataquest 1



DRAM Supply and Demand Quarterly Statistics Worldwide
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Major Korean and Japanese Manutacturers

Most of the Korean and Japanese suppliers will accelerate the shift from
16Mb DRAM production to 64Mb output as scon as possible. For them,
the low 16Mb selling price means no 16Mb profitability. Their strategy is
to move into the 64Mb market and capture the high profits associated with
the early stage of a new DRAM life cycle. At the same time, these compa-
nies will research shrink technologies and apply them to 64Mb DRAM
next year. The Korean and Japanese companies view this as fundamental
for competing in the 64Mb market.

Micron Technology

As noted in Dataquest's prior DRAM supply and demand report, Micron
Technology has emerged as the key company in today's 16Mb DRAM
market. Although major Asian-based DRAM suppliers plan to decrease
16MDb shipments starting in the fourth quarter of 1997, Micron Technology
will lead other vendors planning a continuous increase of 16Mb ship-
ments. This signals competitive 1998 pricing for 16Mb DRAM. Despite
64MD price declines, a downward trend in 16Mb pricing would delay the
4:1 price crossover well into 1998.

Dataquest expects Micron to retain its leadership position in 16Mb unit
shipments. Korean and Japanese DRAM suppliers are willing to cede the
16Mb market but do not want Micron to migrate early to 64Mb DRAM.
Micron historically has focused on constantly lowering the production
cost of each DRAM density through a series of DRAM die shrinks. Micron
typically ramps up a DRAM density somewhat later than many competi-
tors—but accompanies the ramp with a very low cost of production.

This strategy enables Micron to use the less expensive current generation
of semiconductor manufacturing equipment. By contrast, competitors in
Japan and Korea gearing today for a 64Mb ramp next year must use more
expensive nexi-generation equipment.

The timing of Micron's 64Mb DRAM ramp—whether it occurs in 1998 or
1999—will command considerable market attention. .

Other DRAM Suppliers' Strategies

Other suppliers based in the Americas, Europe, Japan, and Taiwan are
likely to continue to increase production of 16Mb throughout 1998. This is
in part because these companies started or will start 64Mb production at
later dates than major Korean and Japanese suppliers.

Taiwan DRAM companies will make especially strong increases in 16Mb
production through 1998. They will provide some of the 16Mb output to
their alliance partners (often on a contract manufacturing basis}).

The production percentage of synchronous DRAM (SDRAM) has
increased, especially in the American market. Note that the 66-MHz ver-
sion of 16Mb SDRAM and 16Mb extended data out (EDO) DRAM offer the
same performance and price.

©1997 Dataquest October 20, 1997




Executive Summary
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The move to SDRAM stems from supply base logistics. In the United
States, PC vendors have shortened the DRAM procurement cycle. Acceler-
ated price declines for both of DRAM and MPUs reward buyers with
shorter purchase cycles. Inventory control for PC vendors becomes less
costly if they purchase one DRAM product technology than if they buy
both SDRAM and EDO—and SDRAM emerges as the choice.

Japanese DRAM manufacturers increased the production ratio, or manu-
facturing percentage, of SDRAM during the first half of 1997, They had
excess SDRAM inventory for a while this year. Eventually, they reduced
the production ratio, and the 16Mb SDRAM inventory level is now at the
right level for them.

Japanese suppliers will increase the SDRAM output ratio gradually dur-
ing the rest of 1997. They will increase the ratio much more in 1998, in
large part because Intel's 440BX chipset remains on schedule for early 1998
release. This means that the 100-MHz version of SDRAM with 440BX com-
patibility will be used for high-end PCs. The 66-MHz SDRAM will be used
for low-end PCs in 1998.

Some DRAM suppliers will release the 100-MHz version of SDRAM in the
16Mb density. Also, some suppliers will release the 100-MHz version of
the 64Mb density during the first half of 1998. When suppliers start mass
production using the 0.25-micron process, 100-MHz SDRAM production
will switch from the 16Mb density to the 64Mb density.

Project Analyst: James Seay

Contributors: Masahiro Suzuki, Senior Industry Analyst (Japan), Ronald Bohn,
Principal Analyst (Worldwide and Americas), Jim Handy, Director and Principal
Analyst (Worldwide and Americas), James Seay, Research Analyst (Worldwide
and Americas), In-Hyung Baik, Research Analyst (Asia/Pacific and Korea), Sab-
rina Chiou, Research Analyst (Asia/Pacific and Taiwan), and Chang Soo Kim,
Industry Analyst (Asia/Pacific and Korea).
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' Chapter 2
Production Statistics of 4AMb DRAM

This chapter provides estimates of 4Mb DRAM quarterly unit shipments
by supplier. The tables show a summary for 4Mb (see Table 2-1) and total
4Mb shipments (see Table 2-2). Subsequent tables show shipments by
organization (x1, x4, x8/9, and x16/18, in Tables 2-3 through 2-6) and by
technology (fast page mode, extended data out, synchronous, next genera-
tion, and display, in Tables 2-7 through 2-11). Dataquest collects data
through quarterly supplier surveys. These tables represent 4Mb DRAM
unit shipments of each company’s brand-name parts. For example, if one
company produces DRAMs for another company under a foundry agree-
ment, Dataquest counts the product as shipments from the company that
purchased the product to ship under its brand name. This avoids the prob-
lem of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 4Mb DRAM. Average selling prices (ASPs) for each device come from
Dataquest's Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memories Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

' 4Mb Market Condition

The 4Mb market has moved into slight oversupply. Major suppliers
planned a sharp 1997 reduction of 4Mb shipments. Instead, they increased
4MDb production capacity of 4Mb {from 16Mb) because the 16Mb business
was not profitable. As a result, the 4Mb market moved into oversupply,
and 4Mb prices have sunk to a very low level.

Dataquest believes the market will start to move toward a balance in 1998
because major suppliers will accelerate their reduction of 4Mb production.
Second-tier suppliers, however, will increase production in order to satisfy
demand. Suppliers will continue to confront low 4Mb pricing.

What Has Changed since the Previous Report

As noted, this report now shows a slight 4Mb DRAM oversupply for 1997
and 1998. Some 4Mb demand has shifted to 16Mb parts.

The 1997 and 1997 supply forecast of 4Mb DRAM remains consistent with
the prior report. As indicated, the 1997, 1998, and 1992 demand forecast
has been lowered somewhat.

DSDR-WW-MS-9703 ©1997 Dataquest 5



£026-SIN-MM-HGSO

1sanbeleq /6610

661 "0 1890120

Table 2-1
4Mb DRAM Supply and Demand Summary, Q1/97 to 1999 (Millions of Units)
Q197 Q297 Q3/97 Q4197 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999
Total Revenue (U.S$M) 901.1 724.6 638.9 5415  2,.806.2 453.0 358.5 2939 2188 13242 436.3
Total Units Shipped 291.2 237.8 209.5 182.3 920.8 154.7 128.4 106.2 §3.9 473.1 173.6
Total Units Demanded 287.8 2329 202.2 182.1 005.1 153.0 127.3 1051 83.6 469.0 172.1
Sufficiency (%) 10115 10209 103.60 100.14 101.7¢ 10111 10086 101.04 100.26 100.88  100.83
All Configurations 291.2 237.8 209.5 182.3 920.8 154.7 128.4 106.2 83.9 473.1 173.6
x1 210 16.4 14.1 12.2 63.7 84 7.7 65 5.3 27.9 9.8
x4 1395 108.1 84.0 705 402.1 67.5 51.2 38.8 27.8 1833 36.3
»B8/9 17.0 16.0 133 1.5 578 8.8 7.4 6.1 5.0 273 13.1
x16/18 113.7 97.2 98.1 88.1 397.1 700 62.1 54.7 45.7 2325 114.4
x32/36 - - - - - - - - - - -
All Interfaces 291.2 237.8 209.5 182.3 920.8 154.7 128.4 106.2 a3.9 473.1 173.6
Fast Page Mode 89.1 68.7 55.5 462 2595 459 36.1 283 20.3 130.7 M43
Extended Data Out: 191.9 159.7 145.0 128.5 625.1 98.7 82.2 67.7 55.7 3043 112.2
Synchronous - - - - - 13 21 23 1.9 77 -
Next-Generation - - - - - - - - - - -
Display 10.1 9.4 9.0 7.6 36.1 8.8 8.0 78 59 304 17.1
Source: Dataquast (Qctober 1997)
a & &
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Table 2-2 )
Quarterly Shipments of All Configurations of 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q297 Q3/97 Q4/97 1997 Q1/98 Q298 (Q3/98 (Q4/98 1998 1999
Alliance Semiconductor 53 6.9 8.6 87 295 8.3 75 6.2 5.0 270 3.4
Fujitsu 9.2 7.7 6.6 6.2 297 58 53 5.1 43 210 105
Hitachi 230 20.3 18.3 16.0 77.6 135 11.0 9.5 7.4 414 330
Hyundai 210 17.7 149 125 66.1 9.5 75 6.5 48 28.3 54
IBM Microelectronics 7.6 3.6 1.8 0.9 13.9 0.3 0.2 0.1 - 0.6 -
LG Semicon 23.0 18.2 165 15.0 727 13.2 1.0 100 85 42.6 5.0
Matsushita 7.5 59 5.0 45 229 4.2 3.6 3.3 3.0 14.1 11.3
Micron Technology 23.2 16.0 125 103 620 7.1 4,0 1.0 0.2 123 -
Mitsubishi 14.1 11.6 104 9.0 45.1 7.5 6.9 6.0 5.2 256 13.0
Mosel Vitelic 242 19.8 170 13.8 748 10.8 8.3 6.3 3.8 29.1 -
Motorola 0.7 05 0.6 - 1.8 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 2290 198 181 16.3 763 145 11.8 9.0 70 423 15.0
Nippon Steel 14.0 131 128 124 523 12.4 12.4 123 123 494 454
Oki 4.0 38 3.7 3.6 15.1 27 2.3 2.2 20 9.2 6.4
Samsung 23.2 17.0 14.1 11.9 66.2 9.9 8.3 7.0 55 30,7 9.0
Sharp 1.0 0.8 09 0.8 3.5 08 0.7 0.7 0.7 29 25
Siemens 17.2 15.6 14.8 13.7 61.4 12.7 11 9.3 73 40.4 10.7
Texas Instruments 20.4 155 12.8 10.0 58.7 7.5 5.7 3.8 1.9 18.9 -
Toshiba 11.7 6.8 48 3.5 268 25 25 20 1.8 8.8 3.0
Vanguard 19.0 17.2 15.1 13.3 64.6 11.6 84 5.9 2.8 28.6 -
All Companies 291.2 237.8 209.5 1823 920.8 154.7 1284 106.2 83.9 473.1 173.6
Average Selling Price ($} 3.10 305 3.05 297 3.05 2.93 2.79 2.77 261 280 2.51
Total Revenue (U.5.$M) 9201.1 724.6 638.9 541.5 2,806.2 453.0 358.5 293.9 218.8 1,324.2 436.3
Total Demand 287.8 2329 202.2 182.1 905.1 153.0 127.3 105.1 83.6 469.0 1721
Sufficiency (%) 101.15 102.09 103.60 100.14 101.74 101.11 100.86 101.04 100.26 100.88 100.83

Source. Dalaquest (October 1997)
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Table 2-3

Quarterly Shipments of x1 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q387 Q4197 1997 Q1/98 Q298 Q398 (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 05 04 05 05 19 0.6 0.5 05 05 2.1 0.8
Hitachi 15 14 1.1 1.0 50 07 0.6 05 0.4 2.1 1.3
Hyundai 08 0.5 04 04 22 04 0.3 03 0.2 1.1 0.2
IBM Microelectronics: - - - - - - - - - - -
LG Semicon 1.6 1.3 1.2 1.1 5.1 0.9 0.8 0.7 0.6 30 0.4
Matsushita 05 0.4 03 03 15 0.2 0.2 0.2 0.2 0.7 0.3
Micron Technology 23 1.6 13 10 6.2 0.7 0.4 0.1 - 1.2 -
Mitsubishi 14 1.2 1.0 0.9 4.5 08 0.7 0.6 0.5 2.6 1.0
Mosel Vitelic 1.2 1.0 0.9 07 37 0.5 04 03 0.2 15 -
Motorola 0.1 0.1 01 - 03 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 20 18 15 13 6.5 0.6 0.5 04 0.3 1.7 05
Nippon Steel - - - - - 0.6 0.7 0.7 0.7 28 23
Oki 03 03 0.3 03 1.2 0.2 0.1 0.1 0.1 0.6 03
Samsung 23 1.7 1.4 1.2 6.6 1.0 0.8 0.7 0.6 31 0.9
Sharp 0.1 0.1 01 - 0.2 - - - - 0.1 0.1
Siemens 3.1 25 22 2.1 99 1.3 1.7 14 1.1 5.4 1.6
Texas Instrumetits: 28 2.2 18 1.5 83 - - - - - -
Toshiba 04 0.1 0.1 0.1 0.7 - - - - - -
Vanguard - - - - - - - - - - -
All Companies 210 16.4 14.1 122 63.7 8.4 7.7 6.5 5.3 279 9.8
Average Selling Price (§) 2.60 2.55 245 244 2.52 2.25 2.03 1.86 1.70 1.99 1.39
Total Revenue (U.S5.5M) 54.6 419 34.5 298 160.8 18.9 15.7 12.1 9.1 55.7 13.6

Source: Dataguest (Octobar 1997)
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Table 2-4
Quarterly Shipments of x4 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q297 Q3/97 Q4/97 1997 Q198 Q298 Q3/98 Q4/98 1998 1999
Alliance Semiconductor 53 6.2 6.0 44 218 33 23 15 1.0 8.1 -
Fujitsu 4.6 27 20 1.9 11.1 1.2 1.1 1.0 10 4.2 1.6
Hitachi 9.9 8.1 6.0 53 293 34 28 19 15 95 6.6
Hyundai 8.8 7.1 55 4.6 26.0 32 2.6 22 1.6 9.6 18
IBM Microelectronics 49 1.8 0.6 0.2 7.6 - - - - 0.1 -
LG Semicon 13.6 10.7 9.7 89 429 7.9 6.7 6.2 53 26.1 32
Matsushita 3.2 20 1.7 1.5 84 11 09 0.8 0.8 3.6 23
Micron Technology 16.2 112 88 7.2 434 5.0 28 0.7 0.1 8.6 -
Mitsubishi 4.9 41 36 3.2 15.8 26 24 21 1.8 9.0 39
Mosel Vitelic 8.5 188 94 7.6 442 4.7 27 13 04 9.1 -
Motorola 0.6 04 05 - 15 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 53 22 24 21 119 1.5 1.2 0.9 0.7 42 15
Nippon Steel 8.3 69 59 5.7 26.8 38 33 33 33 13.8 6.4
Oki 1.0 0.7 0.6 0.6 28 0.3 0.2 0.1 0.1 0.8 0.3
Samsung 7.9 58 54 45 235 37 31 26 20 11.5 33
Sharp 0.4 0.3 0.3 03 13 0.2 0.2 0.2 0.2 0.7 0.6
Siemens 9.6 87 80 6.9 33.2 6.3 50 42 33 18.8 48
Texas Instruments 12.4 9.0 7.2 55 341 75 57 3.8 19 189 -
Toshiba 4.7 1.4 05 03 6.9 - - - - - -
Vanguard 95 - - - 95 11.6 8.4 59 2.8 28.6 -
All Companies 1395  108.1 84.0 70.5 402.1 67.5 51.2 38.8 27.8 185.3 36.3
Average Selling Price ($) 2.40 2.35 2.19 216 2.30 2.10 193 1.77 1.62 191 1.30
Total Revenue (U.S.$M) 3348 2541 1840 1523 9251 1417 98.8 68.7 45.0 354.3 47.3

Source; Dataquest (October 1997}
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Table 2-5

Quarterly Shipments of x8/9 4AMb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q297 Q387  Q4/97 1997 Q1/98 Q2/98 Q3/98 (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 05 0.6 0.5 05 2.1 0.6 0.5 0.5 0.5 21 0.8
Hitachi 25 22 20 1.8 85 15 1.2 1.0 0.8 4.6 36
Hyundai - - - - - - - - - - -
IBM Microelectronics - - - - - - . - - - -
LG Semicon 0.7 0.5 05 05 2.2 0.4 03 0.3 03 13 0.2
Matsushita 15 1.1 09 08 42 0.6 0.5 0.5 0.5 2.1 1.7
Micron Technology - - - - - - - - - - -
Mitsubishi 14 1.2 1.0 09 45 0.8 0.7 0.6 0.5 26 1.3
Mosel Vitelic - - - - - - - - - - -
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 48 6.1 5.4 49 21.3 44 35 27 21 12.7 45
Nippon Steel - - - - - - - - - - -
Oki 0.1 0.1 0.1 0.1 05 0.1 - - - 0.2 0.1
Samsung 1.4 1.0 03 0.2 29 0.2 0.2 0.2 0.2 0.8 0.3
Sharp 0.2 0.1 0.2 0.1 0.6 0.1 01 0.1 01 0.4 0.4
Siemens - - - - - - - - - - -
Texas [nstruments 3.1 25 21 15 91 - - - - - -
Toshiba 0.8 0.5 0.3 0.2 19 0.2 0.2 0.1 0.1 0.6 0.2
Vanguard - - - - - - - - - - -
All Companies 170 16.0 13.3 115 57.8 88 74 6.1 5.0 273 13.1
Average Selling Price (§) 2.82 2.66 2.56 2.52 2.66 2.27 2.03 1.83 1.68 2.00 1.32
Total Revenue {U.5.5M) 47.9 42.7 341 29.0 153.5 199 149 11.2 a5 54.5 17.3

Source: Dataquest (October 1997)
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Table 2-6
Quarterly Shipments of x16/18 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q3197 Q4/97 1997 Q198 Q298 Q3/98 (Q4/98 1998 1999

Alliance Semiconductor - 0.7 26 44 7.6 5.0 53 4.6 40 18.9 34
Fujitsu 37 40 3.6 33 146 3.5 3.2 3.1 29 12.6 7.2
Hitachi 9.0 86 9.2 8.0 348 79 65 6.1 47 253 215
Hyundai 11.3 10.1 89 75 379 59 4.7 4.0 30 17.6 33
IBM Microelectronics 27 1.8 1.2 0.7 6.3 0.3 0.2 0.1 - 0.6 -
LG Semicon 7.1 5.6 5.1 4.7 225 39 3.2 28 23 12.2 14
Matsushita 23 24 22 2.0 8.9 22 20 1.8 1.7 7.7 7.0
Micron Technology 46 3.2 25 21 124 1.4 0.8 0.2 - 25 -
Mitsubishi 6.4 5.2 47 4.1 20.3 3.4 3.1 27 213 11.5 6.8
Mosel Vitelic 14.5 - 6.8 5.5 268 55 52 4.6 32 18.5 -
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 9.9 9.7 39 8.0 365 81 6.6 5.0 39 23.7 8.6
Nippon Steel 5.7 6.2 6.9 6.7 255 79 8.3 8.2 8.2 32.7 36.8
Oki 26 27 27 26 10.6 22 1.9 1.9 1.7 7.7 5.6
Samsung 1.6 85 71 59 331 49 41 a5 28 15.3 45
Sharp 0.3 0.3 04 0.4 i4 0.4 04 0.4 0.4 1.6 14
Siemens 45 44 46 43 18.2 5.1 44 37 29 16.1 43
Texas Instruments 20 19 18 1.5 7.2 - - - - - -
Toshiba 59 48 39 28 174 23 23 1.9 1.7 8.2 28
Vanguard 9.5 17.2 15.1 13.3 55.1 - - - - - -
All Companies 113.7 972 98.1 88.1 397.1 70.0 62.1 54.7 45.7 2325 114.4
Average Selling Price () 4.08 3.97 3.94 375 3.95 3.89 3.69 3.69 3.42 3.70 3.13
Total Revenue (U.S.$M) 463.3 386.0 3864 330.5 1,566.7 2724 2291 201.9 156.2 859.7 358.2

Source: Dataquest (October 1997)
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Table 2-7

Quarterly Shipments of Fast Page Mode 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q3/97 Q4/97 1997 Q98 Q298 Q3/98 Qa8 1998 1999
Alliance Semiconductor 53 6.2 52 35 20.1 25 1.9 1.2 05 6.1 -
Fujitsu 5.1 3.1 22 20 124 14 1.3 1.2 1.1 50 2.1
Hitachi 10.4 9.1 73 6.4 5.2 47 3.9 33 2.6 145 11.2
Hyundai 2.1 1.8 15 1.3 6.6 1.0 0.8 0.7 0.5 28 05
IBM Microelectronics 1.2 09 0.5 0.2 2.7 - - - - 0.1 -
LG Semicon 12 0.9 08 08 36 0.7 0.6 05 0.4 21 0.3
Matsushita 30 1.1 0.5 05 50 02 0.2 0.2 0.2 0.7 0.6
Micron Technology 23 1.6 13 1.0 6.2 07 D4 0.1 - 1.2 -
Mitsubishi 85 5.8 4,2 36 220 23 21 1.8 1.6 7.7 39
Maosel Vitelic 48 3.0 26 2.1 124 15 1.0 0.7 0.4 3.6 -
Motorola 03 0.2 0.1 - 0.6 - - - - - -
Nan Ya Technology: - - - - - - - - - - -
NEC 154 139 12.7 11.4 534 10.0 8.1 6.1 48 290 10.2
Nippon Steel 5.6 3.9 38 37 17.1 25 25 25 25 99 9.1
Oki 2.0 1.9 1.9 138 7.6 14 1.2 1.1 1.0 4.6 3.2
Samsung 30 22 1.8 15 8.6 0.7 0.6 05 0.4 2.1 0.6
Sharp 05 04 05 04 18 04 04 0.4 0.4 15 13
Stemens 103 7.0 44 27 245 19 1.1 09 0.7 4.7 1.1
Texas Instrurients 65 5.1 38 3.0 185 23 17 11 05 56 -
Toshiba 1.8 07 0.5 03 3.3 03 0.3 02 0.2 09 03
Vanguard - - - - - 11.6 84 59 28 28.6 -
All Companies 89.1 68.7 55.5 462 259.5 459 36.1 283 20.3 130.7 44.3

Source: Dataquest (October 1997)
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Table 2-8
Quarterly Shipments of Extended Data Out 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q2/57 Q3/97 Q497 1997 Q198 0Q2/98 Q398 (Q4/98 1998 1999
Alliance Semijconductor - 07 34 5.2 94 58 56 49 4.5 209 34
Fujitsu 3.7 39 37 34 146 35 32 a1 29 12.6 6.3
Hitachi 113 95 9.0 78 376 59 48 3.7 29 17.4 11.9
Hyundai 189 159 134 113 595 8.6 6.8 59 14 255 49
IBM Microelectramics: 38 09 0.2 - 49 - - - - - -
LG Semicon 219 17.3 15.7 14.3 69.1 125 105 95 8.0 40.5 48
Matsushita 3.8 4.1 38 34 15.0 3.4 27 25 23 10.8 B85
Micron Technology 209 144 n3 9.2 B55.8 6.4 36 09 02 11.1 -
Mitsubishi . 57 5.8 6.2 54 23.1 5.3 48 42 36 17.9 9.1
Mosel Vitelic 193 16.8 14.5 11.8 624 8.0 52 3.2 15 17.8 -
Motorola 0.4 03 05 - 1.2 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 4.4 4.0 3.6 a3 153 29 24 1.8 14 8.5 286
Nippon Steel 8.4 9.2 9.0 8.7 35.2 9.9 9.9 9.8 98 39.5 363
Oki 20 19 1.9 1.8 7.6 14 1.2 1.1 1.0 4.6 32
Samsung 195 14.3 1.9 100 55.6 84 7.1 6.0 48 26.3 73
Sharp 0.5 04 0.5 04 1.8 0.4 0.4 04 04 1.5 13
Siemens 6.9 8.6 10.4 11.0 36.8 108 10.0 8.4 6.6 357 5.6
Texas Instrumenty 122 85 7.1 53 33.1 35 2.0 0.6 - 6.1 -
Toshiba 9.6 6.0 43 3.0 229 22 22 1.8 1.6 7.8 27
Vanguard 19.0 17.2 15.1 133 64.6 . - - - - -
All Companies 191.9 159.7 145.0 128.5 625.1 98.7 82.2 67.7 55.7 304.3 112.2

Source: Dataquest (October 1997)
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Table 2-9
Quarterly Shipments of Synchronous 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

148

Q1/97 Q297 Q3/97  Q4/97 1997 Q1/98 Q2/98 Q388 (Q4/98 1998 1999

Alliance Semiconductor - - - - - - - - -
Fujitsu - - - - - - - - - -

Hitachi - - - - - - - - - -

Hyundal - - - - - - - - - - -
IBM Microelectronics - - - - - - - - - - .
LG Semicon - - - - - - - - - - .
Matsushita - - - - - . - - - - -
Micron Technology - - - - - - - - - - -
Mitsubishi - - - - - - - - . - -
Mosel Vitelic - - - - - 13 21 23 19 7.7 -
Motorola - - - - - - - - - - -
Nan Ya Technology: - - - - - - - - - - .
NEC - - - - - - - - - - -
Nippon Steel - - - - - - - - - - _
Ok - - - - - - - - - - -
Samsung - - - - - - - - - - -
Sharp - - - - - - - - - - -
Siemens - - - - - - - - - - -
Texas Instruviends - - - - - - - - - - .
Toshiba - - - - - - - - - - -
Vanguard - - - - - - - - - - -
All Companies - - - - - 1.3 21 2.3 1.9 7.7 -

Source; Dataquest (QOctober 1987)
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Table 2-10
Quarterly Shipments of Next-Generation 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q257 Q3/97 Q4/97 1997 Q198 (Q2/98 Q3/98 (Q4/98 1998
Alliance Semiconductor - - - - - - - - - -
Fujitsu - - - - - - - - - -
Hitachi - - - - - - - - - -
Hyundai - - - - - i - - - -
IBM Microelectionies - . - - - = - - - -
LG Semicon - - - - - - - - - -
Matsushita - - - - - - - - - .
Micron Technology - - - - - - - - - -
Mitsubishi - - - - - - - - - -
Mosel Vitelic : - - - - - . - - - -
Motorola - - - - - - - - - -
Nan Ya Technology - - - - - - - - - -
NEC - - - . - - - - - -
Nippon Steel - - - - - - - - - -
Oki - - - - - - - - - -
Samsung - - - - - - - - - -
Sharp - - - - - . - - - -
Siemens - - - - - - - - - -
Texas Instruments - - - - . . - - - -
Toshiba - - - - - - - . - -
Vanguard - - - - - - - - - -
All Companies - - - - - - - - - -

WVH{O QN J0 SOUSIELS UORINPSId

Note: Previous editions of this book have shown deta for this segment. This now-empty table reflects the compantés' changed plans,
Source: Dataquast (October 1997}
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Table 2-11
Quarterly Shipments of Display 4Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297  Q3/97 Q4/97 1997 Q198 Q298 Q38 Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 0.5 0.8 08 0.7 28 0.9 0.8 09 0.8 33 2.1
Hitachi 14 1.6 20 18 6.8 28 23 25 19 9.5 9.9
Hyundai - - - - - - - - - - -
IBM Microelectronics 27 1.8 1.2 0.7 63 03 0.2 0.1 - 0.6 -
LG Semicon - - - - - - - - - - -
Matsushita 0.8 0.7 0.8 0.7 29 0.6 0.7 0.7 0.6 2.6 23
Micron Technology - - - - - - - - - - -
Mitsubishi - - - - - - - - - - -
Mose] Vitelic - - - - - - - - - - -
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 22 20 18 1.6 7.6 1.6 1.3 1.1 08 48 2.3
Nippon Steel - - - - - - - - - - -
Oki - - - } B} - B} - } - i
Samsung 0.7 0.5 04 0.4 20 038 0.6 0.5 0.3 22 0.5
Sharp - - - - - - - - - - -
Siemens - - - - - - - - - - -
Texas Instrunents 1.6 19 19 1.7 71 1.7 20 2.1 1.4 7.2 -
Toshiba 04 0.1 0.1 0.1 0.7 - - - - 0.1 -
Vanguard - - - - - - - - - - -
All Companies 101 9.4 9.0 7.6 36.1 8.8 8.0 78 5.9 304 171

Source: Dataquest (Octaber 1997)
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Chapter 3

Production Statistics of 16Mb DRAM

This chapter provides estimates of 16Mb DRAM quarterly unit shipments
by supplier. Tables show a summary for 16Mb {see Table 3-1) and total
16Mb shipments (see Table 3-2). Subsequent tables show shipments by
organization (x1, x4, x8/9, x16 /18, and 32/36, in Tables 3-3 through 3-7)
and by technology (fast page mode, extended data out, synchronous, next
generation, and display, in Tables 3-8 through 3-12). Dataquest collects
data through quarterly supplier surveys. These tables represent 16Mb
DRAM unit shipments of each company’s brand-name parts. For example,
if one company produces DRAMs for another company under a foundry
agreement, Dataquest counts the product as shipments from the company
that purchased the product to ship under its brand name. This avoids the
problem of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 16Mb DRAM. Average selling prices for each device come from
Dataquest’s Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memories Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

What Has Changed since the Previous Report

DSDR-WW-MS5-97Q3

As noted, Dataquest expects a DRAM oversupply for most of 1997 and
1998. The 16Mb market will move into supply and demand balance in
1999 because demand will switch by then from 16Mb to 64Mb. The fore-
cast for total 16Mb DRAM supply for 1997 and 1998 remains consistent
with prior expectations. For the full year 1997, the worldwide supply fore-
cast of 16Mb devices calls for 1.95 billion units. For fourth quarter 1997, the
16Mb supply forecast remains at 530 million units. For 1998, Dataquest
expects the worldwide supply of 16Mb DRAM to reach nearly 2.3 billion
units (quite similar to the prior forecast of 2.26 billion units).

Dataquest expects that the production peak of 16Mb will be 1999 (which is
slightly later than last quarter's expectation of late 1998).

Expectations for 16Mb DRAM demand in 1997 and 1998 remain consistent
with prior expectations. For the full year 1997, the worldwide demand
forecast of 16Mb devices calls for 1.81 billion units (versus 1.84 billion
units in the prior forecast). For fourth quarter 1997, the 16Mb demand
forecast remains at just over 520 million units. For 1998, Dataquest expects
worldwide demand for 16Mb DRAM to reach 2.18 billion units (while the
prior forecast called for 2.21 billion units).

Average selling prices for 16Mb DRAM now show a faster rate of decline
than in the prior forecast because of changed market conditions. Higher-
priced synchronous DRAM (SDRAM) represents a higher proportion of
the 16Mb market, but even these parts face pricing pressure.

©1997 Dataquest 17



18 DRAM Supply and Demand Quarterly Statistics Worldwide

High and Low Ranges of the 16Mh DRAM Supply Forecast

The High Side

On the high side, 1997 supply of 16Mb DRAM might be about 7 percent
higher than the current forecast. This means a high-side 1997 forecast of
just under 2.1 billion units. For 1998, supply might be 17 percent above the
current forecast—meaning a 1998 high-side estimate of 2.7 billion units.

The Low Side

For 1997, 16Mb DRAM supply could be about 7 percent lower than fore-
cast—which translates to just over 1.8 billion units. This would occur if
key suppliers adhered to an aggressive 1997 program of 16Mb supply
reduction, which is not likely. For 1998, assuming continuation of that
unlikely trend, 16Mb supply might be 25 percent lower than the current
forecast—meaning a low-side estimate of just over 1.7 billion units,

DSDR-WW-MS-97Q3 ©1997 Dataguest October 20, 1997
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Table 3-1
16Mb DRAM Supply and Demand Summary, Q1/97 to 1999 (Millions of Units)
Q97 Q297 Q397  Qai97 1997 Q1/98 Q298 Q398 (4M8 1998 1999
Total Revenue (U.5.$M) 37764 42396 36592 37587 154339 37649 39395 39406 42351 158800 99168
Total Units Shipped 435.2 478.2 504.2 5318 1,9493 537.3 565.8 569.0 6136 22857 18373
Total Units Demanded 384.2 426.8 4753 5210 1,8073 511.5 528.5 536.8 6022 2179.1 18176
Sufficiency (%) 113.27 11203 106.06 102.08 10786 10504 10705 10559 101.89 104,89 10108
All Configurations 4352 4782 5042 5318 1,993 5373 5658  569.0 6136  2,285.7 1,837.3
x1 3.8 7.0 6.2 6.7 28.6 59 6.1 57 6.1 23.9 74
x4 226.4 2614 2779 2949  1,060.6 298.8 314.7 319.6 348.2 1,281.3 10464
xB/9 59.8 75.6 914 93.2 3199 93.5 97.1 97.6 104.6 392.8 259.2
x16/18 1395 1333 1275 1368 537.1 136.9 145.6 143.6 1519 578.0 513.7
x32/36 0.7 0.9 1.2 0.2 3.1 22 23 25 28 9.7 10.6
All Interfaces 4352 4782 5042 5318 15493 3373 5658  569.0  613.6 22857 18373
Fast Page Mode 49.7 422 35.7 40.2 167.7 324 323 30.5 302 125.4 1385
Extended Data Out 300.3 328.8 310.2 3104  1,2498 263.9 2334 184.9 165.1 847.4 316.7
Synchronous 784 97.6 147.7 170.8 4944 233.3 2925 3443 408.8 1,2789 1354.1
Next-Generation 6.8 0.6 105 10.4 374 75 7.3 88 89 324 26.1
Display - - - - - 0.2 03 0.4 0.6 1.5 1.7

Source: Dataquest (October 1997)
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Table 3-3
Quarterly Shipments of x1 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q297 Q3/97  Q4/97 1997 Q108 Q208 Q3/98 QdMs 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu - - - - - - - - - - -
Hitachi 1.6 1.6 1.8 1.6 6.6 1.0 09 0.6 0.6 3.0 1.7
Hyundai - - - - - - - - - - -
IBM Microelecivonics - - - - - - - - - - -
LG Semicon - - - - - - - - - - -
Matsushita 0.5 05 05 0.6 21 0.4 05 0.4 05 1.8 0.7
Micron Technology - - - - - - - - - - -
Mitsubishi 1.1 1.1 0.8 0.6 35 05 05 0.5 05 1.9 0.9
Maosel Vitelic - - - - - - - - - - -
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 0.9 09 05 05 28 05 04 0.4 0.4 1.7 1.2
Nippon Steel - - - - - - - - - - -
Oki 0.4 04 0.3 0.4 1.4 0.2 0.2 0.2 0.2 0.7 0.5
Samsung - - - - - - - - - - -
Sharp - - - - - - - - - - -
Siemens - - - - - - - - - - -
Texas Ingtruments 4,1 23 21 29 1.3 3.2 34 3.6 39 14.0 20
Toshiba 0.2 0.2 0.2 0.2 09 0.2 0.2 0.2 0.1 0.7 05
Vanguard - - - - - - - - - - -
All Companies 8.8 7.0 6.2 6.7 28.6 59 6.1 5.7 6.1 23.9 74
Average Selling Price (§) 8.98 8.86 7.26 7.21 8.17 7.12 7.06 7.04 701 7.06 5.33
Total Revenue (U.S5.8M) 78.8 617 44,9 483 233.6 419 43.1 404 430 168.4 395

Source: Dataquest (Octobar 1987)
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Table 34
Quarterly Shipments of x4 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q187 Q297 Q397 Q4197 1997 Q98 Q298 (398  Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - R
Fyjitsu 105 11.5 10.6 108 434 10.5 10.1 88 88 38.2 254
Hitachi 232 23.2 24.8 2290 93.2 13.4 1.7 11.3 11.3 47.8 204
Hyundai 22,6 30.6 326 3a 116.7 292 28.0 245 245 106.2 74.2
IBM Microelectronics 9.1 0.8 9.1 9.5 375 9.8 10.0 9.6 9.6 390 17.4
LG Semicon 155 219 24.8 23.6 85.8 230 221 199 20.0 84.9 60.1
Matsushita 1.2 1.3 14 1.6 5.5 15 1.7 18 2.0 71 4.2
Micron Technology 320 36.0 424 59.2 169.6 712 85.6 103.2 120.0 3800 420.0
Mitsubishi 14.0 135 125 95 49.5 8.0 8.0 71 71 30.1 20.2
Mosel Vitelic - - 01 0.5 0.6 09 1.2 138 29 6.8 8.1
Motorola 58 7.7 44 37 215 0.5 - ; ; 05 B}
Nan Ya Technology 22 48 10.0 140 31.0 13.7 13.2 125 13.3 52.8 75.4
NEC 16.3 14.7 13.2 131 574 13.1 125 10.8 10.8 47.1 318
Nippon Steel - - 0.1 0.2 0.3 6.4 74 8.0 9.5 315 219
Old 5.7 5.9 6.4 70 251 77 7.9 81 8.1 318 227
Samsung 325 43.6 385 357 150.2 349 355 310 15 1329 95.6
Sharp - - - - . - - - - . -
Siemens 8.0 97 11.1 145 43.2 17.5 208 223 24.5 850 60.0
Texas Instruments 15.1 13.7 15.6 17.4 618 189 20.4 213 234 840 39.2
Toshiba 128 13.6 13.6 140 54.0 10,0 80 5.3 49 23.2 16.9
Vanguard - - 6.8 75 14.3 87 10.6 124 16.0 47.7 240
All Companies 2264 2614 2779 2949 1,060.6 298.8 314.7 319.6 348.2 1,281.3 10464
Average Selling Price ($) 8.42 8.50 6.88 6.71 7.56 6.67 6.65 6.62 6.62 6.64 525
Total Revenue (U.S.$M) 1,906.6 2,2222 19118 19787 80193 19931 20927 21157 23052 85067 54911

Source: Dataquest (October 1997)
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Table 3-7

Quarterly Shipments of x32/36 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97

Q297

Q3197 Q497

1997

Q1/98

Q3/98

Q4/98

1999

Alliance Semiconductor
Fujitsu

Hitachi

Hyundai

IBM Microelectronics
LG Semicon
Matsushita

Micron Technology
Mitsubishi

Mosel Vitelic
Motorola

Nan Ya Technology
NEC

Nippon Steel

Oki

Samsung

Sharp

Siemens

Texas Instruments
Toshiba

Vanguard

All Companies
Average Selling Price (§)

Total Revenue (U.S.$M)

12.12
15.0

13.29
409

11.00
23.7

Q298

-z,

10.75
244

0.4

10.25
255

04

28
10.00
278

5.7
10.46
101.4

10.6
9.50
100.6

Source: Dataqusest (October 1997)
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Table 3-8

Quarterly Shipments of Fast Page Mode 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q397 Q4/97 1997 Q1/98 Q298 Q398 (4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 21 23 27 27 9.8 20 1.2 1.1 21 6.4 6.3
Hitachi 40 28 23 20 11.1 10 0.9 0.6 0.6 3.0 1.7
Hyundai 4.1 4.7 47 44 179 3.6 30 22 1.8 10.6 5.3
IBM Microelectronics 26 20 1.1 1.2 6.9 12 1.3 1.2 1.2 49 17
LG Semicon 18 19 19 1.8 74 17 1.6 15 1.5 6.2 4.4
Matsushita 28 1.6 1.0 1.1 6.4 05 0.4 04 0.5 1.8 0.7
Micron Technology 5.2 45 37 44 17.9 45 59 65 47 214 5.3
Mitsubishi 42 27 13 1.0 9.1 09 1.4 11 11 43 27
Mosel Vitelic - - - - - - - - - - -
Motorola 18 1.2 0.5 4.0 75 - - - - - -
Nan Ya Technology: - - - - - - - - - - 75.4
NEC - - - - - - - - - - -
Nippon Steel 0.7 0.8 1.6 25 55 2.1 1.2 1.2 14 6.0 -
Oki 38 2.3 08 0.9 77 0.4 0.5 0.5 0.5 18 0.8
Samsung 58 6.6 55 5.1 230 43 37 26 21 127 6.4
Sharp - - - - - - - - - - -
Siemens 40 38 33 29 139 35 4.2 45 4.9 17.0 12.0
Texas InstrufvieHls . 6.2 4.6 5.2 5.8 217 6.3 6.8 7.1 7.8 28.0 15.0
Toshiba 0.7 0.5 0.5 04 20 0.4 0.4 03 0.3 14 1.0
Vanguard - - - - - - - - - - -
All Companies 49.7 42.2 35.7 40.2 167.7 324 323 305 30.2 1254 138.5

Source: Dataquest (Octobar 1997)
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Table 3-9
Quarterly Shipments of Extended Data Out 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q3/97 Q4M7 1997 Q198 Q2/98 Q3/98  Q4/98 1998 1999

Alliance Semiconductor 0.1 0.2 0.7 14 23 21 29 37 43 13.0 21.0
Fujitsu 84 9.2 53 54 283 5.0 4.8 42 42 18.2 12.7
Hitachi 28.8 272 29.3 26.0 111.3 15.0 1.1 6.7 6.7 385 109
Hyundai 34.0 376 32.6 311 1353 235 170 10.1 53 55.8 159
IBM Microelectronity: 12.3 147 163 16.6 599 159 15.1 13.2 108 549 215
LG Semicon 31.0 323 270 25.7 116.0 19.9 143 8.6 4.4 47.1 13.1
Matsushita 28 42 51 57 178 5.1 56 5.6 6.3 226 12.2
Micron Technology 33.6 324 28.1 348 1289 347 31.0 28.4 240 118.1 47.3
Mitsubishi 16.8 16.2 15.0 11.4 59.4 85 6.3 4.5 45 238 85
Mosel Vitelic 0.1 0.3 09 1.8 31 20 23 27 35 105 6.1
Motorola 3.6 5.6 3.4 - 12,6 0.5 - - - 0.5 -
Nan Ya Technology 2.2 48 10.0 140 31.0 13.7 13.2 125 13.3 52.8 -
NEC 15.1 18.4 17.2 14.6 65.2 6.8 6.5 4.0 4.0 21.2 11.8
Nippon Steel 1.0 18 3.7 5.9 124 8.2 9.1 4.6 54 27.2 73
Oki 35 49 6.3 7.0 216 6.1 59 5.7 5.7 234 118
Samsung’ 40.6 46.2 369 33.2 156.8 26.3 19.8 11.4 59 63.5 17.8
Sharp - - - - - - - - - - -
Siemens 111 132 142 174 559 175 187 17.8 172 71.1 480
Texas Instrumends: 28.7 319 28.6 290 118.2 284 27.2 249 234 103.8 35.2
Toshiba 203 18.8 17.6 15.8 724 11.6 9.6 42 3.9 293 9.7
Vanguard 6.5 5.0 124 13.8 41.6 13.1 13.1 123 125 51.0 6.0
All Companies 3003 3288 3102 3104 1,298 2639 2334 1849 1651 8474 3167

Source: Dataquest (Oclober 1997)

WYHQ QWS 10 SosAElS uoRonpad

12



£06-SW-MM-HOSa

1sanbeieq /6610

1661 "02 4300100

Table 3-10

Quarterly Shipments of Synchronous 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q187 Q297 Q397 Q4/97 1997 (Q1/98 Q298 (Q3/98  Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 10.5 115 18.6 18.9 59.5 18.0 18.0 158 14.7 66.5 444
Hitachi 72 10.0 135 120 427 160 18.0 218 21.8 775 714
Hyundai 29 47 9.3 89 258 14.6 20.0 228 280 853 84.8
IBM Microelectronics 26 34 43 59 163 74 8.8 96 120 377 348
LG Semicon 37 39 74 70 220 115 154 17.8 218 66.4 654
Matsushita - 0.2 03 04 09 1.7 2.0 26 29 9.2 10.6
Micron Technology 1.2 8.1 212 348 65.3 49.8 701 942 121.4 3354 4725
Mitsubishi 7.0 8.1 88 6.7 305 77 9.4 95 9.5 359 33.6
Mosel Vitelic - - - 02 02 05 0.7 1.2 20 44 11.9
Motorola 06 1.2 10 - 28 - - - - - -
Nan Ya Technology - - - - - 1.3 28 45 7.2 158 -
NEC 215 18.4 22.1 244 86.3 315 30.1 280 280 117.6 823
Nippon Steel - - - - - 0.1 2.1 7.6 9.1 189 292
Oki 03 05 09 1.0 27 23 26 29 29 10.7 12.6
Samsung 11.6 13.2 12.7 12.8 50.2 18.4 255 279 34.0 105.8 103.2
Sharp - - - - - - - - - - -
Siemens 0.8 19 44 8.7 15.7 140 187 223 27.0 819 60.0
Texas Instruments 6.2 91 18.2 23.2 56.7 28.4 34.0 39.1 46.8 148.2 145.8
Toshiba 23 34 45 54 15.6 8.0 10.0 10.5 a8 383 37.7
Vanguard - - 07 07 1.4 23 4.4 6.6 10.3 235 540
All Companies 784 97.6 147.7 170.8 494.4 2333 2025 3443 408.8 1,2789 13541

Source: Dataquest (Octobaer 1997)
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Table 3-11

Quarterly Shipments of Next-Generation 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97

Q297 Q397 Q4/97

1997

Q1/98

Q2/98

Q3/98

Q4/98

1998

Alliance Semiconductor
Fujitsu

Hitachi

Hyundai

IBM Microelectronics:
LG Semicon
Matsushita

Micron Technology
Mitsubishi

Maosel Vitelic
Motorola

Nan Ya Technology
NEC

Nippon Steel

Oki

Samsung

Sharp

Siemens

Texas Instruments
Toshiba

Vanguard

All Companies

Source: Dataquest (October 1997)
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Table 3-12
Quarterly Shipments of Display 16Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

0e

Q197 Q297 Q397 Q4/97 1997 Q1/98 Q2/98  (Q3/98  Q4/98 1998 1999

Alliance Semiconductor - - - - - - - _ - -
Fujitsu - - - - - - - _ _ _
Hitachi - - - - - - - - . .
Hyundai - - - - - - - _ . .
IBM Microelectronics - - - - - - - - - -
LG Semicon - - - . - 0.2 03 0.4 0.6 15 17
Matsushita - - - - - - - _ . _
Micron Technology - - - - - - - _ _ .
Mitsubishi = - - - - - . _ } }
Mosel Vitelic - - - - - - - . . _
Motorola - - - - - - - - - -
Nan Ya Technology . - - - - - . - _ _
NEC - - - - - - - . . _
Nippon Steel - - - - - - - - . }
Oki - . - - - - - . . .
Samsung - - - - - - - - - -
Sharp - - - - - . . _ _ .
Siemens - - - - B B B - B N
Texas Instruments - - - - - - - - . -
Toshiba - - - - - - - - _ -
Vanguard - - - - - - - . - _
All Companies - - . - - 0.2 0.3 0.4 0.6 1.5 1.7

Sourca; Dataquast (Octaber 1697)
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Chapter 4

Production Statistics of 64Mb DRAM

This chapter provides estimates of 64Mb DRAM quarterly unit shipments
by supplier. Tables show a summary for 64Mb (see Table 4-1) and total
64Mb shipments (see Table 4-2). Subsequent tables show shipments by
organization (x4, x8/9, x64/18, and 32/36, in Tables 4-3 through 4-6) and
by technology (fast page mode, extended data out, synchronous, and next
generation, in Tables 4-7 through 4-10). Dataquest collects data through
quarterly supplier surveys. These tables represent 64Mb DRAM unit ship-
ments of each company's brand-name paris. For example, if one company
produces DRAMs for another company under a foundry agreement,
Dataquest counts the product as shipments from the company that pur-
chased the product to ship under its brand name. This avoids the problem
of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 64Mb DRAM. Average selling prices for each device come from
Dataquest's Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memories Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

654Mb Market Conditions

The 64Mb market remains oversupplied. Workstations and notebook PCs
are the main 1997 applications for the 64Mb device. Major suppliers
started 64Mb mass production during third quarter 1997. These two appli-
cations, however, will not absorb 64Mb supply.

The 64Mb market expansion depends largely on the bit-price crossover to
64vb from the 16Mb density. In 1997, excess supply caused an accelerated
rate of 64Mb price decline. Cost reduction of the 64Mb device now
emerges as the foremost issue, especially given Micron's success in reduc-
ing 16Mb pricing. If the shift from 16Mb to 64Mb is delayed during 1998,
the prospect for the 64Mb EDO market will also become worse. Asa
result, the development both of the 66-MHz and 100-MHz versions of
64Mb SDRAM also emerges as a key issue.

What Has GChanged since the Previous Report

DSDR-WW-MS-97Q3

Dataquest's outlook calls for 64Mb oversupply through the third quarter
of 1998 (which is consistent with last quarter's expectation). For 1997, the
key applications will be workstations and notebook PCs; in 1998, desktop
PCs should emerge as a mainstream application.

The 1997 and 1998 forecast for 64Mb DRAM supply remains generally
consistent with prior expectations. For the full year 1997, the worldwide
supply forecast of 64Mb parts calls for 88 million units (versus the prior
forecast of 92 million units). For 1998, Dataquest expects worldwide sup-
ply of 64Mb DRAM to total 37 million units (while the prior forecast called
for 36 million units).

©1997 Dataquest 31
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The 1997 and 1998 demand forecast for 64Mb DRAM also remains consis-
tent with last quarter's expectations. For 1997, the worldwide demand
forecast of 64Mb devices calls for 84 million units (versus 86 million units
in the prior forecast). The fourth quarter 1997 demand outlook for 64Mb
parts remains consistent with prior expectations of just under 40 million
units. For 1998, Dataquest expects worldwide demand for 64Mb DRAM to
total 36 million units (while the prior forecast called for 35 million units).

Under current market conditions, the 64Mb market will not move into
supply and demand balance until the end of 1998. The supply and
demand equation should tighten during the 100-MHz SDRAM production
migration to the 0.25-micron process. The production rate of 100-MHz
SDRAM will accelerate at that time, but so will demand, causing the sup-
ply and demand balance to tighten by the end of 1998.

High and Low Ranges of the 64Mb DRAM Supply Forecast

The High Side Estimate

For 1997, 64Mb supply could be about 7 percent higher than Dataquest's
current forecast, which means a 1997 high-side forecast of just less than 95
million units. The 64Mb upside potential this year is somewhat con-
strained because suppliers face the challenge of rapidly improving 64Mb
yields, which are far lower than 16Mb yields.

By contrast, the 64Mb DRAM upside potential for 1998 is higher, should
suppliers significantly improve 64Mb yields by early 1998. For 1998, 64Mb
supply might be 20 percent higher than the current forecast, which means
a 1998 high-side forecast of nearly 450 million units.

The Low Side Estimate

The 1997 downside potential to 64Mb DRAM supply is somewhat steeper
than the upside potential because 64Mb yields might prove quite low this
year. For 1997, 64Mb supply might be about 10 percent lower than the cur-
rent forecast, which means a 1997 low-side forecast of 80 million units.

The 64MDb yields should improve considerably in 1998. Concerns remain,
however, about the 64Mb transition. On the low side, the 1998 supply of
64Mb DRAM might be about 15 percent lower than the current forecast,
which means a low-side estimate of just under 320 million units.

DSDR-WW-MS-9703 ©1997 Dataquest October 20, 1997
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Table 4-2

Quarterly Shipments of All Configurations of 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q3197  Q4/97 1997 Q1/98 Q298 Q3/98 (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - 1.0
Fujitsu 03 0.5 0.7 0.9 24 15 27 43 6.1 14.6 416.8
Hitachi 03 04 1.1 28 46 40 6.0 9.0 120 310 83.7
Hyundai 03 0.6 1.0 3.0 49 5.4 82 11.7 15.5 40.8 88.3
IBM Microelectronics 03 03 0.4 0.7 17 1.8 3.0 47 6.5 16.0 50.1
LG Semicon 0.6 09 1.1 19 45 33 45 6.0 8.1 21.8 64.4
Matsushita - - - - - - 0.1 03 0.6 1.0 5.0
Micron Technology 0.2 05 0.9 1.2 28 1.6 24 33 45 11.8 37.6
Mitsubishi 0.6 1.0 19 31 6.6 5.0 75 10.0 13.6 361 79.7
Mosel Vitelic - - - 0.2 0.2 0.6 1.0 1.9 28 6.3 224
Motorola - . - 0.1 01 03 0.6 04 0.3 1.6 -
Nan Ya Technology - - - - - - 01 03 0.5 0.8 45
NEC 19 3.2 5.6 9.0 19.7 99 13.6 17.5 21.1 62.0 114.7
Nippon Steel - - - - - - - 0.1 0.8 09 133
Oki - - - - - 0.1 0.3 05 0.7 15 6.3
Samsung 32 6.8 10.0 12.0 320 15.4 185 213 239 79.0 130.4
Sharp - - - - - - - - - - -
Siemens 0.2 0.2 03 04 1.0 0.7 1.0 1.5 25 57 260
Texas Instruments 04 0.5 07 14 3.0 1.7 3.2 49 8.2 18.0 61.2
Toshiba 03 0.7 13 22 45 33 45 6.3 9.0 23.1 63.2
Vanguard - - - - - - - - 0.1 0.1 1.6
All Companies 85 15.5 250 38.9 87.8 54.5 77.1 103.9 136.5 372.1 900.2
Average Selling Price % 75.00 56.98 40.60 36.93 45.18 33.87 31.09 28.67 26.49 29.13 2117
Total Revenue (U.S.$M) 633.8 8832 10129 14365 39664 18475 23971 29772 3,6171 10,8388 19,054.2
Total Demand 8.0 14.2 24.2 37.9 844 50.6 731 99.2 1353 358.2 903.0
Sufflclency (%) 105.15 108.97 102.96 102.68 104.06 107.70 10548 104.68 100.94 103.86 99.69

Sourca: Dataquast (October 1997)
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Table 4-3
Quarterly Shipments of x4 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)
Q197 Q2097 Q3197 Q4/97 1997 Q198 Q298 (Q3/98 (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 0.1 0.1 0.1 0.1 03 0.1 0.1 0.2 0.3 0.7 14
Hitachi 0.2 02 0.7 18 30 1.6 21 32 42 1.1 209
Hyundai 0.2 04 07 21 34 3.7 55 7.7 99 26.8 56.5
IBM Microelectronics 0.1 0.1 0.2 0.3 0.7 0.7 12 1.9 26 6.4 225
LG Semicon 0.5 0.6 0.8 1.3 32 22 28 3.6 45 131 36.1
Matsushita - - - - - - 0.1 0.2 0.3 0.6 25
Micron Technology 0.2 05 09 1.0 25 1.2 1.7 21 27 7.7 22.6
Mitsubishi 0.4 0.7 1.2 20 4.4 28 38 4.5 6.1 17.1 239
Mosel Vitelic - - - 0.2 0.2 0.3 04 0.6 0.6 1.8 45
Motorola - - - 0.1 0.1 0.2 0.3 0.2 0.2 0.8 -
Nan Ya Technology - - - - - - - - - - 45
NEC 0.8 14 22 36 8.0 23 27 2.6 3.2 10.8 115
Nippon Steel - - - - - - - - 0.2 03 47
Oki - - - - - 0.1 0.2 0.3 04 1.0 37
Samsung 1.3 34 55 6.6 16.8 83 9.7 10.9 11.9 40.8 65.2
Sharp - - - - - - - - - - -
Siemens 0.1 0.1 0.2 0.2 0.6 04 0.5 0.7 1.0 26 7.8
Texas Instruments 0.1 01 0.2 0.5 0.9 07 1.3 1.7 25 6.1 184
Toshiba 0.2 0.2 04 0.7 14 0.8 1.1 1.3 18 5.0 95
Vanguard - - - - - - - - - - -
All Companies 4.2 7.9 13.0 204 455 25.2 334 41.6 52.4 152.6 316.0
Average Selling Price ($) 75.00 56.95 490.54 36.38 44.89 33.66 30.71 28.15 25.98 28.87 20.40
Total Revenue (U.S.$M) 312.3 448.8 528.9 753.6 2,043.6 846.7 10265 11704 13623 44060 64454

Source: Dataquest (October 1697)
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Table 4-4

Quarterly Shipments of x8/9 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q157 Q297 Q397 Q497 1997 Q198 Qz/98 Q3% Q4198 1998 1999
Alliance Semiconductor - - - - - - - N N ; -
Fujitsu 0.1 0.1 0.1 0.1 04 03 0.5 09 12 29 1.7
Hitachi 0.1 0.1 03 0.8 13 1.6 24 36 48 124 37.7
Hyundai 0.1 0.2 03 0.8 12 14 22 33 45 11.4 25.6
IBM Microelectronics 0.1 0.1 0.1 0.2 0.6 05 0.8 12 1.6 41 125
LG Semicon 0.1 0.2 0.2 0.4 09 0.8 12 19 29 6.9 23.2
Matsushita - ) - - - - - Q.1 02 03 2.0
Micron Technology - - - 0.2 0.2 0.2 0.4 05 0.7 18 38
Mitsubishi 0.2 03 0.6 0.9 19 15 20 25 34 94 199
Mosel Vitelic - - - - - 0.2 0.4 0.8 1.1 25 6.7
Motorola - - - - - - - - - - .
Nan Ya Technology- . - - - - - - ; . - -
NEC 04 0.8 14 23 49 25 34 44 53 155 34.4
Nippon Steel - - - - - - - - 0.2 03 4.0
Oxi - - - - - - 0.1 0.1 0.1 03 18
Samsung 13 2.7 40 48 128 6.2 7.4 85 9.5 31.6 52.2
Sharp - - - - - - - - - - -
Siemens - - 0.1 0.1 03 02 03 05 0.8 17 7.8
Texas Instruments 03 0.3 0.4 0.6 1.6 0.6 1.0 15 25 55 15.3
Toshiba 0.1 0.3 04 0.7 15 1.0 14 19 2.7 6.9 221
Vanguard - - - - - - - - - - 0.5
All Companies 2.7 5.0 7.9 119 27.5 17.0 23.4 31.5 415 1135 2811
Average Selling Price (§) 7500 5696 4059 3693 4537 3372 3081 2836 2624 2889 2074
Total Revenue (U.S.$M) 2016 2873 3195 402 12486 5735 7223 8933 10900 32791 58293

Source: Dataquest (October 1987)
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Table 4-5
Quarterly Shipments of x16/18 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q3197 Q497 1997 (Q1/98 Q2098 (Q3/98  (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - 1.0
Fujitsu 0.2 0.4 05 0.6 17 0.8 15 24 34 8.0 243
Hitachi - - 0.1 0.1 0.2 0.8 15 2.3 30 7.6 25.1
Hyundai - - 0.1 0.2 0.2 0.3 04 0.6 0.8 20 44
IBM Microelectronics 0.1 01 01 0.2 04 0.5 11 1.6 23 5.5 150
LG Semicon - 0.1 0.1 0.2 04 0.3 03 0.4 04 14 32
Matsushita - - - - - - - - - - 0.5
Micron Technology - - - 0.1 0.1 0.2 0.4 0.7 1.1 23 113
Mitsubishi - - 0.1 0.2 03 0.8 15 2.5 34 8.2 279
Mosel Vitelic - - - - - 0.1 02 0.6 1.1 20 2.0
Motorola - - - 0.1 0.1 0.2 0.3 0.2 0.2 0.8 -
Nan Ya Technology - - - - - - 0.1 0.3 05 0.8 -
NEC 0.7 1.0 20 32 6.8 5.1 75 105 126 35.7 68.8
Nippon Steel - - - - - - - - 03 0.3 4.7
Oki - - - - - - - 0.1 0.1 0.2 0.9
Samsung 0.6 0.7 05 0.6 24 0.8 09 1.1 1.2 4.0 6.5
Sharp - . - - - - - - - - -
Siemens - - - - 0.1 0.1 02 0.4 0.3 1.4 104
Texas Instruments - 0.1 0.1 0.3 05 0.4 1.0 1.7 29 6.0 214
Toshiba - 0.2 0.5 0.9 1.6 1.5 2.0 32 45 11.2 31.6
Vanguard - - - - - - - - 0.1 0.1 11
All Companies 1.6 25 4.0 6.5 14.6 11.8 18.9 28.3 38.5 97.5 267.2
Average Selling Price ($) 75.00 56.97 10.62 3695 45.59 33.76 30.86 2844 26.25 28.69 20.79
Total Revenue {U.5.$M) 119.9 1453 1624 240.2 667.7 397.9 582.1 8053 1,010.8 2,796.1 55529

Source: Dataquest (October 1997)
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Table 4-6

Quarterly Shipments of x32/36 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q297 Q397 Q4/97 1997 Q198 Q2098 (Q3/98 Q4/98 1998 1999
Alliance Semniconductor - - - - - - - - - - -
Fyjitsu = - - - 0.1 03 0.5 0.9 1.2 29 9.4
Hitachi 4 - - - - - - - - - .
Hyundai - - - - - - 0.1 0.2 0.3 0.6. 1.8
IBM Microelectronics - - - - - - - - - - -
LG Semicon - - - - - - 0.1 0.1 0.2 05 1.9
Matsushita - - - - - - - - - - -
Micron Technology - - - - - - - - - - -
Mitsubishi - - - - - 0.1 0.2 05 0.7 15 8.0
Mosel Vitelic - - - - - - - - - - 2.2
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC - - - - - - - - - - -
Nippon Steel - - - - - - - - - - -
Oki - - - - - - - - - - -
Samsung - - - - - 0.2 0.5 08 1.2 26 6.5
Sharp - - - - - - - - - - -
Siemens - - - - - - - - - - -
Texas Instruments - - - - - - - - 0.4 0.4 6.1
Toshiba - - - - - - - - - - -
Vanguard - - - - - - - - - - -
All Companies - - - - 0.1 0.6 14 25 4.1 8.5 35.9
Average Selling Price ($) - 72.11 61.83 56.04 61.80 49,56 48.07 43.84 37.95 4211 34.16
Total Revenue (U.S.$M) - 1.8 22 2.5 6.5 29.4 66.2 108.2 153.9 357.7 1,226.6

Source: Dataquest (October 15987)
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Table 4-7
Quarterly Shipments of Fast Page Mode 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q197 Q2197 Q3/57 Q4/97 1997 Q1/98 Q2/98 Q3198  Q4/98 1998

Alliance Semiconductor - - - - - - - - - N
Fujitsu - - - - - - - - - -
Hitachi - - - - - - - - _ -
Hyundai - - - - - - - - - -
1BM Microelectionics: - - - - 0.1 0.1 0.1 - 0.1 0.3
LG Semicon - - - - - - - - - -
Matsushita - - - - - - - - - -
Micron Technology - - - ; - - . ; ; _
Mitsubishi - - - - - - - - - -
Mosel Vitelic - - - - - - - - . -
Motorola - - . - - - - - - 0.1
Nan Ya Technology - - - - - - - - - -
NEC - - - ] . ] ] _ . ]
Nippon Steel - - - - - - - - - -
Oki - - - - - - - . - -
Samsung - - - - - - - - - -
Sharp - - - - - - - - - -
Siemens - - - - - - - - - -
Texas Instruments: - - - - 0.1 - 0.1 0.1 0.2 05
Toshiba - - - - - - - - - -

Vanguard - - - - - -
All Companies - - - 0.1 0.2 0.1 0.2 0.2 0.3 0.9

INVH O JWFO JO SOIISIELS LORONPO.d

Saurce: Dataquest (Ociober 1997)

6E



£026-SIN-MM-HdSa

Jsanbejeq /6619

2661 ‘02 1990190

Table 4-8

Quarterly Shipments of Extended Data Out 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q97 Q297 Q3197 Q497 1997 Q98 Q298 Q398  Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu - - - - - - - - - - -
Hitachi 03 04 1.0 27 44 36 42 50 6.6 194 16.7
Hyundai 03 0.5 0.9 2.6 42 37 43 4.2 3.1 154 17.7
IBM Microelecironics 0.3 0.2 0.3 05 13 1.2 19 28 3.2 9.0 10.0
LG Semicon 05 0.7 0.8 14 35 19 1.9 15 08 6.1 6.4
Matsushita - - - - - - 0.1 0.2 0.4 08 25
Micron Technology 0.2 0.5 09 11 26 1.4 1.8 1.7 1.4 6.2 7.5
Mitsubishi 0.6 1.0 19 31 6.6 48 6.8 70 9.1 27.6 27.9
Mosel Vitelic - - - 0.2 02 05 0.8 1.2 1.4 39 4.5
Motorola - - - 0.1 0.1 0.2 0.5 03 0.2 13 -
Nan Ya Technology - - - - - - - 0.1 0.2 03 -
NEC 13 1.8 3.1 5.0 11.1 3.0 27 35 s 13.0 11.5
Nippon Steel - - - - - - - - 0.2 0.2 27
Oki - - - - - 0.1 0.2 0.4 05 1.2 3.8
Samsung 27 58 75 9.0 250 9.4 8.8 7.2 4.8 30.2 26.1
Sharp - - - - - - - - - - -
Siemens 0.2 0.2 03 04 3.9 0.6 0.8 11 1.8 43 13.0
Texas Instrumitits 0.3 04 0.6 1.1 23 1.2 23 34 55 12.4 18.4
Toshiba 0.3 0.7 13 2.1 44 3.0 3.2 25 33 120 9.5
Variguard - - - - - - - - - - 0.2
All Companies 6.9 12.2 18.4 291 66.6 34.6 40.1 42.1 46.3 163.1 178.2

Source: Dataquest (October 1997)
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Table 4-9
Quarterly Shipments of Synchronous 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

Q1/97 Q297 Q3/97 Q497 1997 Q1/98 Q2/98 Q308 Q498 1998 1999

Alliance Semiconductor - - - - - - - - - - 1.0
Fujitsu 0.3 05 0.7 09 24 15 27 43 6.1 14.6 468
Hitachi - - 0.1 0.1 0.2 0.4 1.8 4.1 5.4 1.7 67.0
Hyundai - 0.1 0.2 05 07 17 39 7.5 12.4 25.4 70.6
IBM Microelectronics - - 0.1 0.2 03 0.5 1.1 1.9 33 6.7 40.1
LG Semicon 0.1 0.1 0.2 0.4 0.8 1.1 20 35 5.7 122 45.1
Matsushita - - - - - - - 0.1 0.1 0.2 25
Micron Technology - - - 0.1 0.2 0.2 0.6 1.7 32 5.6 30.1
Mitsubishi - - - - - 0.3 0.8 3.0 45 85 51.8
Mose! Vitelic - - - - - 0.1 03 0.7 14 24 179
Motorola - - - - - - 0.1 0.1 - 0.2 -
Nan Ya Technology - - - - - - 0.1 0.1 03 0.5 -
NEC 0.6 14 25 41 8.6 6.9 109 14.0 173 4290 1032
Nippon Steel - - - - - - - 0.1 0.6 0.7 10.6
Old - - - - - - - 0.1 02 0.3 25
Samsung 0.5 1.0 25 3.0 7.0 60 97 141 19.1 488 1043
Sharp - - - - - - - - - - -
Siemens - - - - - 0.1 02 04 0.8 1.4 13.0
Texas Instruments - 0.1 0.1 0.3 05 04 0.8 13 25 5.0 37.9
Toshiba - - - 0.1 0.1 0.3 14 35 52 104 50.6
Vanguard - - - - - - - - 0.1 0.1 14
All Companies 1.5 33 6.4 2.6 20.9 19.5 36.2 60.2 87.9 203.8 696.5

Source: Dataquest (October 1997)
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Table 4-10
Quarterly Shipments of Next-Generation 64Mb DRAM to the World, Q1/97 to 1999 (Millions of Units Shipped)

[A4

Q197 Q297 Q397 Q4/97 1997 Q1/98 Q298 Q398  Q4/98 1998 1999

Alliance Semiconductor - - - - - - - - - - -

Fujitsu - - - - - - - - . _ _
Hitachi - - - - - - - - - - -
Hyundai - - - - - - - - . . .
IBM Microelectronics - - - - - - - - - - _
LG Semicon - - 0.1 0.1 0.2 03 0.6 1.0 1.6 35 129
Matsushita - - - - - - - - - - }
Micron Technology - - - - - - - - - - -
Mitsubishi - - - - - - - - - - -
Mosel Vitelic - - - - - - - - - - -
Motorola - - - - - - - - _ . _
Nan Ya Technology - - - - - - - - _ - _
NEC - - - - - - - - . . 3
Nippon Steel - - - - - - - - - - -
Oki - - - - - - - - - - -
Samsung - - - - - - - - - - -
Sharp - - - - - - - - - - -
Siemens - - - - - - - - - - -
Texas Instruments - - - - - - - - - . 31
Toshiba - - - - - - - 03 0.5 0.8 3.2
Vanguard - - - - - - - - - - .
All Companies - - 0.1 0.1 0.2 0.3 0.6 1.3 21 4.3 19.1

Source: Dataquest (October 1997)
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Chapter 5

Gonsumption of DRAMSs by Application ———

This chapter provides details of Dataquest's DRAM demand analysis.
Quarterly DRAM demand figures are derived from Dataquest's electronic
equipment forecast generated by the Semiconductor Application Markets
Worldwide program, as well as forecasts from Dataquest's Computer Sys-
terns and Peripherals group and Telecommunications group.

Table 5-1 shows the quarterly electronic equipment production forecast
(the systems forecast). Table 5-2 provides Dataquest's estimate of DRAM
megabyte consumption for each type of system. Dataquest calls this
"megabytes per system.” Table 5-3 shows the number of bits of memory
required by the entire market (the system forecasts times DRAM usage)
and the memory module market. Table 5-4 provides DRAM demand for
each application by DRAM density, as well as total supply and demand by
density and sufficiency in millions of 16Mb equivalent units.

What Has Changed since the Previous Report

DSDR-WW-MS-97Q3

Dataquest has revised the systems forecasts contained in Table 5-1. The
key PC forecast shows undramatic changes for 1997 and 1998 (versus the
forecast in last quarter's report).

Dataquest has revised downward the estimated number of DRAM mega-

bytes contained in PCs as shipped from the PC factory and as upgraded
following shipment from the PC factory.

©1997 Dataquest 43
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Table 5-1

High-Volume Electronic Equipment Unit Production Forecast, Q1/97 to 1999 (Thousands of Systems)

Que7 Q297 Q397  Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999

Supercomputers 0.6 0.6 0.6 0.6 23 0.6 0.6 0.6 0.7 25 2.6
Mainframes 20 20 20 20 8.0 1.9 19 1.9 1.8 75 7.0
Midrange 203.2 2118 220.5 229.1 864.5 2299 239.7 2495 259.3 9783  1,097.1
Workstations 182.1 189.7 189.7 197.3 758.8 181.1 188.6 188.6 196.2 7545 750.9
Personal Computeis. 18,7464 193512 21,0727 25,1080 84,2783 21,8244 223238 244639 29,7644 983766 113,596.1
Server PCs 337.3 366.9 3847 517.5  1,606.4 4279 4469 479.3 6414 19955 24831
486 and Below Server PCs 0.5 0.1 - - 0.6 - - - - - -
586 Server PCs 260.3 253.4 230.2 2565  1,000.4 164.2 150.0 151.1 148.4 613.8 2521
686 and Future Server PCs 69.8 105.3 145.5 249.9 570.5 252.7 2875 3179 4808 13389 2,184.9
Other Server PCs 6.7 80 9.1 1n.2 350 10.9 94 10.3 12.1 428 46.1
Mobile PCs 31777 33286 3,7186 41665 143914 37639 3,8865 44730 5059.5 17,1829 20,364.2
486 and Below Mobile PCs 483 27.0 11.3 5.0 91.7 31 - - - 31 -
586 Mobile PCs 30113 31692 35072 3,840.1 135278 32274 3,2327 33669 3,6137 134407 68493
686 and Future Mobile PCs 0.4 29 41.5 140.8 185.6 307.6 469.9 8552 11545 27871 124024
Other Mobile PCs 117.7 1294 158.6 180.6 5863 2258 183.9 250.9 201.3 852.0 1,1125
Desk PCs 15,231.3 15,6558 16969.4 20,424.1 68,280.6 17,632.7 179904 19,511.7 24,0634 79,1982 90,748.8
486 and Below Desk PCs 84.8 540 43 - 143.1 - - - - - -
586 Desk PCs 12,9021 125296 12033.2 12,0015 495564 88462 76062 65417 6554 295446 10,9745
686 and Future Desk PCs 1,402.0 2,1255 38508 7,1928 145711 77788 92498 11,7635 16,2478 45,0398 74,9209
Other Desk PCs 842.4 946.7 10811 1,138.7 40100 10077 11,1344 12065 1,265.2 46138 48534
Additional Motherboards 29544 27457 26628 25812 109441 2,6784 27924 29064 30204 113976 13,1718
Data Storage Devices 46,580.7 48,5628 505450 52,5272 1982157 54,0384 563379 58,6374 60,9369 2299506 260,401.5
Printers 11,388.1 11,8727 123573 128419 48,4600 129293 134795 14,0297 145799 550183 58,739.0
Facsimiles 2,633.7 26139 26660 26594 105729 26634 26819 26919 27398 10,7770 11,3210
Telephone Answering Mactdnes 7,001 7,060.1 71101 7,0901 283002 73064 72360 72963 74275 292663 29463.6
Routers/Internetworking 274.6 292.7 313.8 3349  1,216.0 374.5 399.9 423.1 4485  1,6460 2,132.0

a & &
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Table 5-2

High-Volume Electronic Equipment Unit Production Forecast, Q1/97 to 1999 (Megabytes per System)

Q1/97 Q297 Q307  Q4/97 1997 Ql/e8 Q298 Q3/98 (Q4/98 1998 1999
Supercomputers 42840 43008 43213 44032 43280 45670 49766 55296 58982 52568 6,467.6
Mainframes 30994 3,153.9 32154 33178 3,1954 3,6045 38502 4,0346 41779 39123 47443
Midrange 2189 2240 2336 256.0 233.7 3104 348.8 386.1 423.0 369.0 509.3
Workstations 1008 104.0 1184 126.4 1127 134.4 145.6 156.8 168.0 151.5 220.1
Personal Computers 24.0 218 26.3 28.0 260 31.0 36.2 393 43.7 38.1 51.7
Server PCs 615 68.7 76.1 824 734 88.7 931 96.5 102.6 96.0 1204
486 and Below Server PCs 420 47.0 - - 428 - - - - - -
586 Server PCs 58.8 65.4 720 77.0 68.2 827 88.2 928 958 89.7 102.2
686 and Future Server PCs 720 770 82.7 88.2 827 92.8 95.8 98.4 104.8 99.1 122.9
Other Server PCs 58.8 65.4 72.0 77.0 69.5 827 88.2 92.8 95.8 90.1 102.7
Mobile PCs 15.1 16.3 17.9 20.9 178 224 24.2 26.6 29.8 26.1 37.7
486 and Below Mobile PCs 13.1 13.1 14.2 155 134 17.0 - - - 17.0 -
586 Mobile PCs 151 16.3 17.8 208 17.7 221 235 25.5 28.6 25.1 33.3
686 and Future Mobile PCs 170 20.0 21.8 23.0 227 255 28.6 30.5 330 307 40.2
Other Mobile PCs 155 17.0 200 21.8 19.0 23.0 255 28.6 305 27.3 36.3
Desk PCs 250 25.6 270 28.1 26.6 315 374 40.8 45.0 392 53.0
486 and Below Desk PCs 216 25.0 264 - 23.0 - - - - - -
586 Desk PCs 24.6 249 25.2 25.2 25.0 27.0 354 338.0 38.7 342 420
686 and Future Desk PCs 277 28.6 317 321 31.0 36.1 39.0 426 48.0 427 55.3
Other Desk PCs 28.2 289 31.0 334 30.6 35.2 37.0 383 39.3 37.6 421
Additional Motherboards 25.0 28.2 28.9 30.2 28.0 335 374 38.8 39.5 374 490
Memory Modules 12.2 14.2 16.7 16.9 15.1 184 18.6 18.7 18.9 18.6 213
Data Storage Devices 03 03 03 03 03 0.4 04 0.5 07 05 0.8
Printers 39 39 39 40 39 4.2 44 46 48 45 54
Facsimiles 22 22 23 23 22 26 2.6 29 31 2.8 4.0
Telephone Answering Mmlhines 22 2.2 23 23 23 24 2.5 26 2.7 2.6 30
A &
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Table 5-2 (Continued)
High-Volume Electronic Equipment Unit Production Forecast, Q1/97 to 1999 (Megabytes per System)
Q197 Q2197 Q3/97  Q4/97 1997 Q1/98 Q298 Q398 Q48 1998 1999
Routers /Internetworking 6.1 62 6.3 6.5 6.3 6.7 70 75 79 73 2.1
Industrial Applications 9.7 99 10.5 11.2 104 129 140 14.6 15.5 14.3 155
DVD Players 20 21 22 23 22 24 26 27 27 26 32
Set-Top Boxes 20 22 22 23 22 25 27 28 30 2.8 38
Video Games 44 49 5.0 5.2 49 5.4 5.6 5.8 6.0 5.7 6.8
Other Applications - - - - N - - - - - -
All Applications 8.0 8.6 94 10.2 9.1 10.7 11.7 126 14.4 12.4 16.2
PC + Aftermarket Module 36.7 402 43.6 43.5 4122 50.8 56.2 58.3 598 56.6 724
Megabytes per System

Source: Dataquest (October 1967)
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Table 5-4
Consumption by Density by Application, Q1/97 to 1999 (Thousands of Units)
Q197 Qa7 Q397 Qa7 1997 Q1/98 Q298 Q3/98 Q4196 1995 1999
Supercomputers
1Mb - " . . . - - . _ ]
4Mb - - - - - - - - - - -
16Mb - - . ; - ; - - - - -
64Mb 305.2 064 313.3 324.7 1,249.7 34R.2 379.5 442.4 4792 1,649.3 2,110.1
Mainframes
1Mb - - - - - - - - - - -
4Mb - - - - - - - - - - -
16Mb 158.1 - - - 158.1 - - - - - -
64Mb 7508 7964 799.8 8129 3,159.9 865.1 919.2 933.0 950.5 3,667.8 4,151.2
Midrange
1Mb - - - - - - - - - - -
AMb - - - - - - - - - - -
16Mb 8,893.5 - - - 8,893.5 - - - - - -
64Mb 3,335.1 5,930.4 6437.1 7,330.9 23,033.5 8,920.1 10,450.0 12,040.7 13,707.8 45,118.7 69,841.8
Workstations
iMb - - - - - - - - - - -
iMb - - - - - - - - - - -
16Mb 64249 3,945.7 3,369.1 1,2469 14,9865 - - - - - -
64Mb 688.4 1,479.7 19653 2,805.4 6,938.7 3,042.1 34329 3,697.0 4,119.4 14,2913 20,654.5
Personal Cathputars
1Mb 161.3 - - - 161.3 - - - _ - -
4Mb 46,237.6 32,3413 21,0768 11,394.1 111,049.8 104192 92951 36264 1,505.2 24845.9 7,672.1
16Mb 208,462.5 220,970.1 2414532 293,056.8 963,942.6 231,309.5 240,937.0 231,4468.8 300,005.6 1,003,701.0 593,905.6
61Mb 1,248.0 28183 7,655.0 13,938.1 25,659.4 26,137.5 40,2455 62,1421 873456 215,870.6 585,713.4
Server PCs
1Mb . - - - . - - - - - -
4Mb 6223 . . - 622.3 - - - - - -
16Mb 77793 8,008.9 8,436.1 11,099.7 35,323.9 7,863.8 79978 7,8554 8,502.1 32092 13,393.3
64Mb 6094 1,147.5 1,548.7 2,5533 5,858.9 2,776.6 82012 38689 6,097.4 15,944.1 34,030.1
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Consumption of DRAMs by Application
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Consumption of DRAMs by Application
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Chapter 6

Worldwide DRAM Wafer Fabrication Plant Production

Gapacity

Chapter 6 provides analysis of DRAM fab capacity. Dataquest uses the
data in this chapter to test the information provided in the supplier
surveys.

Table 6-1 provides the silicon capacity for each production facility in
square millimeters of silicon per month.

Please note that Dataquest does not gather all the displayed production
information from the manufacturers themselves. Dataquest performs an
extensive fab survey in the third and fourth quarters of each year and
updates this periodically through the year with articles from the general
and trade press. Analyzing fab production could cause some confusion
when accounting for contract production. Contract production (foundry)
is production by one company under license from a second company for
that second company to sell under its brand name. Table 6-1 credits capac-
ity used for contract production under foundry, while the shipment infor-
mation in the tables in Chapters 2 through 4 credit shipments by the
purchaser of that foundry production. Nearly every semiconductor manu-
facturer performs some contract manufacturing. Thus, these analyses
should not be used to determine any particular company's inventory or
utilization.

What Has Changed since the Previous Report

DSDR-WW-MS-97Q3

Dataquest has made no changes to this section of the report.
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum S$ilicon Area Capacity {(Milllons of Sq. mm)

Maxdmum  Minimum
) Startof Maximum  Diameter Line Width 0.8- 0,64~ 0.49-
Company Fab Name City Country  Products Producton Starts (mm) (Micron) »0.81 0.465u 0.5 035  <0.35u Total
Hitachi Chitose 1-1F Chitose-Shi Japan 4M DRAM 1988 15,000 150 0.8 - - - - -
MCU
Hitachi Chitose 1-2F Chitose-Shi Japan AMDRAM 1990 15,000 150 08 - . - - - -
MCU
Hitachi N2-1 Hitachinake- Japan 16Mb DRAM 1994 10,000 200 035 - - - 3142 - 3142
Shi
Hitachi R&D 2 Kodaira-Shi  Japan MPU SRAM 1985 3,000 150 05 - - 53.0 - - 53.0
DRAM
Arrays
CBIC
Hitachi K2-1F Nzkakoma-  Japan 4Mb DRAM 1990 25,000 150 2 418 - - Sl 418
Gun SRAM MCU
Hitachi K4-3F Nakakoma-  Japan 4Mb DRAM 1989 10,000 150 0.8 - - - - -
Gun 1Mb SRAM
EPROM
Hitachi N1-1 Hitachinaka- Japan 1Mb AMb 1983 15,000 150 03 - - - - -
Shi DRAM
Hitachi N2-2 Hitachinaka- Japan 16Mb 64Mb 1996 10,600 200 035 - - - 3142 - 3142
Shi DRAM
Hitachi K2-2F Nakakoma- Japan 1leMb DRAM 1995 10,000 200 05 - - 3142 - - 43
Gun
Hitachi Chifose 2 Chitose-Shi Japan 4Mb DRAM 1998 10,000 200 035 - - - 3142 - 3142
Hitachi N3/2F Hitachinaka- Japan 64Mb DRAM 1998 10,000 200 035 - " - 3142 - 3142
Shi
Hitachi N2/3F Hitachihaka- Japan 16Mb 64Mb 1996 15,000 200 a35 - - - 4712 - 4712
Shi DRAM
Hitachi Total 220,500 748.6 - 3672 223058 - 33463
Hitachi/ Nippon Tampines Singapore Singapore 64Mb DRAM 1998 20,000 200 03 - - - - 6283 628.3
Steel
Semuconductor
Hitachi/Nippon Steel Total 20,000 - - - - 6283 626.3
Hyundsl MOSFab 1-A  Ichon Korea 256K DRAM 1985 15,000 125 1 1341 - - - - 184.1
SRAM
Hyundal MOSFab2-A  Ichon Korea 1Mb 4MDb 1986 15,000 150 0.65 - 2651 24 - - 265.1
DRAM

Ayorde) UONINPO. WU UOIIBILIGRS I8JeM WVH( BPIMPLIOM
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm)

Maxdmum  Mindmum
Startof Maximoem  Diameter Line Width 0.8- 0.64- 0A49-
Company Fab Name City Country Pmducts Production Starty {mm) (Microm) >08p  065n &5k 035 <D3%p Total
Hyundai MOSFab3 Ichan Korea 4Mb DRAM 1939 20,000 130 0.5 - 353.4 - - a53.4
Telecom
ICs ASIC
Hyundai MOSFab2-B Ithon Korea 4Mb DRAM 1992 20,000 150 05 - - 3534 - - 3534
Hyundai MOS R&D Ichon Korea DRAM 1989 3,000 150 025 - - - - 530 53.0
Hyundai Fab4 Ichon Korea 4Mb DRAM 1993 10,000 200 0.35 - e - 3142 - 3142
Telecom
ICs ASIC
Hyundai Fab5 Ichon Korea 16Mb 64Mb 1994 25,000 200 035 . - 7854 - 7854
DRAM
Hyundai Fabé Iehon Korea 64AMb DRAM 1996 30,000 200 035 - -+ - o425 - 942.5
Hyundai Oregon Fab EugeneOR U8 16Mb 64Mb 1998 30,000 200 0325 . - = - 25 9425
DRAM
Hyundai Fab 7 Ichon Korea 16Mb 64Mb 1997 30,000 200 0.35 " - = 25 - 0942 5
DRAM
Hyundai Phase 1 Dumfermline U.K. 64Mb DRAM 1998 30,000 200 0.18 - - - - 9425 942.5
Hyundai Phase 2 Dumfermline UK. 64Mb 256Mb 2 0.18 - - - - -
. DRAM
Hyundai Total 228,000 184.1 265.1 7069 29845 19350 60785
IBM Micro- Corbeil- France ~ DRAMSRAM 25,000 125 1 3068 . . i . 3063
electronics Essonnes
IBM Micro- Sindelfingen Germany DRAM 25,000 125 15 3068 - = - - 3068
electronics SRAM DSP
MPU
Custom
IBM Micro- Corbeil- France 1Mb DRAM 1989 7.000 200 08 - - - - - .
electronics Essonnes
IBM Micro- Bldg. 963 Essex us. 4Mb DRAM 1989 16,000 125 05 - - 1963 - - 1963
electronics Junction VT MPU
IBM Micro- Bldg. 970 Essex Us. 64Mb DRAM 1988 24,000 200 035 - - - 7540 - 7540
electronics Junction VT MPU Multi-
media ICs
IBM Micro- Bldg. 973 Essex US. 16Mb DRAM 1989 20,000 200 05 - - 6283 - - 628.3
electronics Junction VT .
IBM Micro- Yasu-Gun Japan AMb DRAM 1990 15,000 200 0.35 - - - 4712 - 4712
electronics pDSP
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of 5q. mm)

Maximum  Minimum
Startof Maximum  Diameter  Line Width 0.8 a6s- 0.49-
Company Fab Namne City Country Producis Production Starts (mm) (Micon) >88u 0656p 0.5p 4350 <0350 Total
IBM Micro- AMF Corbeil- France MMb DRAM 1997 15,000 200 0.2 - - - - 4712 4712
slectronics Essonties
{BM MIcroelectnnics Total 147,000 613.6 - 8247 1,225.2 471.2  3,134.7
[BM/Philips Boeblingen Germany 4Mb DRAM 19% 20,000 200 08 - . - - - -
IBM/Philips Total 20,000 - - - - - -
IBM/Stemens ACL Corbeil- France 16Mb 64Mb 1991 30,000 ann 035 - - - 9425 - 25
Essonnes DRAM
[BM/Siemens Total 30,000 - - - 9425 - 9425
Jinan No.2 Jinan China 1Kb SRAM 1989 8,000 75 5 353 - - - - 353
4Kb DRAM
Jinan Total 8,000 353 - - - - 353
KTl Semi- Fab1 Nishiwaki- Japan 16Mb DRAM 1992 25,000 * 150 0s - - 418 - - 4418
conductor Shi ASIC
KT! Semi- Fab2 Nishiwaki- Japan 16Mb 64Mb 1996 5,500 200 03s - - - 1728 - 1728
conductor Shi DRAM
ASIC
KT1 Semiconductnr Total 30,500 - - 441.8 172.8 - 614.6
LG Semicon C1 Phase 1 Chongju-City Korea 1Mb 4Mb 1990 30,000 150 0.5 - - 5301 - - 530.1
DRAM
LG Semicen ClPhase?  Chongju-City Korea 4Mb DRAM 1991 30,000 150 05 . - 5301 .- - 530.1
LG Semicon C2 Phase 1 Chongju-City Korea 16Mb DRAM 1993 15,000 200 035 - - - 4712 - 4712
LG Semicon C1 Phase 3 Chongju-City Korea 16Mb 64Mb 1997 30,000 200 035 - - - 9425 - 9425
DRAM
LG Semicon C2Phase?  Chongju-City Korea 16Mb DRAM 1995 25,000 200 035 . . - 7854 - 785.4
LG Semicon G2 Gumi-City Korea 64Mb DRAM 1997 30,000 200 035 - - - 9425 - 9425
LG Semicon Phase 1 Newport UK. 64Mb DRAM 1999 30,000 200 - - - - 9425 942.5
256Mb
DRAM
LG Semicom Total 190,000 - = 10603 31416 942.5 5/1444
Matsushits Fab C Puyallup WA US. 1Mb 4Mb 1992 21,000 150 0.6 - - 3711 - - 3711
DRAM 4-bit
8-bit MCL;
Metouabite KyotoRED  Kyoto-Shi Japan DRAM 1991 500 200 0.25 e - - - 157 157
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Table 6-1 {Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of S5q. mm)
Maximum  Minimum
Startef Maximum  Diameter Line Width a.8- 0.64- 049-
Company Fab Name Oty Country  Products Production Starts (tmm) (Micron) »08u 0.65u o5p 0350  <0.35u Total
Matsushita S/CReé Kadoma-Shi  Japan 16Mb ¢4Mb 1991 500 150 0.35 . - 88 - %]
DRAM
64-bit MPFU
Matsushits Fab B Tonami-Shi japan 16Mb DRAM 1996 20,000 150 035 - - - 3534 - 1534
16-bit MCU
Matrushita FabC Tonami-Shi  Jepan 16Mb DRAM 1996 10,000 200 035 - - - 3142 - 314.2
Matsushita FabD Tonami-Shi  Japan 16Mb 64Mb 1997 10,000 200 035 . . - 3142 - 3142
DRAM
Matsushita Fab D PuysllupWA US. 32.bit MRCO 1998 10,000 200 0.25 b - - - 3142 3142
DSP 64Mb
DRAM
Matsushita Total 72,000 - = 371.1 990.6 329.9 1,691.6
Micron Fab3 Boise ID us. 1Mb 4Mb 1991 25,000 200 0.35 2 - - 7854 - 7854
Technology 16Mb
DRAM
Microm Fab1 Boise ID Us. 4Mb 16Mb 1996 20,000 200 035 - - . 683 - 6283
Technology DRAM
VRAM
SRAM
Micron Fab?2 Boise ID us. 16Mb 64Mb 1996 20,000 200 0.25 . = - - 6283 628.3
Technology DRAM
Micron Lehi Fab Lehi UT Us. #4Mb DRAM 1999 200 025 - = - - - -
Technology
Micron Technalogy Total 65,000 - = - 14137 628.3  2,042.0
Mitsubishi Narth s, 1Mb 4Mb 1990 9,000 150 0.5 - - 1590 - - 1590
Durham DRAM
NC
Mitmubishi Alsdorf Cermany 4MB 16MB 1997 7,000 200 0.35 - - - 2199 - 2199
DRAM
Mitsubishi B Saijo-Shi Japan DRAM MCU 1984 39,000 125 09 4786 - . - - 4786
Mitsubishd 5a2B Saijo-Shi japan 64Mb DRAM 1993 16,000 200 04 - ‘e - 5027 - 50L.7
EDRAM
Mitsubislu ULst Itami-Shi Japan 16Mb 64Mb 1993 10,000 20 02 - N - - 3142 2142
256Mb
DRAM
ASIC Flash
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm}

MCuU

Maximum  Minimum
Startof Maximum  Diameter Line Width 0.8- 0.64- 0.49-
Company Fab Natre City Country Pmducis Production Starts (mm) (Micron) >0.8u Q.65 0.5p 0351  <0.35p Total
Mitsubishi TAl Kami-Gun Japan 4Mb DRAM 1990 30,000 150 0.7 - 5301 - - - 5301
1Mb SRAM
ASSP
Mitsubishi D-1F Kikuchi-Gun  Japan 16Mb e4Mb 1994 10,000 200 135 - - - 3142 - 3142
DRAM
Mitsubishi D-1F2 Kikuchi-Gun  Japan 16Mb 64Mb 1996 15,000 .1 0.35 - - - 4712 - 4712
DRAM
Mitsubishi SAlF Saijo-Shi Japan 64Mb DRAM 1997 15,000 200 03 Y - - - 4712 4712
EDRAM
EFlash
Mitsubichi Science Park  Taiwan 16Mb DRAM 1996 12,000 0 035 - - - 3770 - 3770
Mitsubishi Tota] 163,000 478.6 5301 159.0 1,885.0 7854 3,838.1
Mousel Vitelic Fab 1A Science Park  Taiwan DRAM 1995 15,000 150 045 - - - 2651 - 265.1
VRAM
Musel Vitelic Fab 1B Science Park  Taiwan DRAM 1995 15,000 150 (34 - - - 2651 265.1
VRAM
Mosel Yilic Total 20,000 - - - 265.1 265.1 530.1
Nan Ya Fabh1 Tao Yuan Taiwar 16Mb 64Mb 1996 30,000 200 045 - - - o425 - 25
Technology DRAM M
Nan Ys Tachnology Total 30,000 - - - 9425 - 9425
NEC Phase 1 Livingston - UK. DRAM 1987 25,000 150 05 - - 4418 - - 418
SRAM MPU
NEC K-Lira RosevilleCA US. DRAM ASIC 1984 25,000 125 1 3068 - - - 3068
MCU
NEC M-Ling Roseville CA US. 16Mb DRAM 1991 35,000 150 05 - - 6185 - - 618.5
NEC Dif-1 Higashi Japan 4Mb DRAM 1990 30,000 150 0.6 - - 530.1 - - 530.1
Hirashima- SRAM
Shi MPU 4Mb
ROM
NEC G-1 Sagamihara-  Japan 16Mb DRAM 1988 10,000 150 08 - - - - = .
Shi ASIC MPU
4Mb ROM
NEC Dif-5 Kumamoto-  Japan Logic DRAM 1978 20,000 125 1.2 2454 - - = a ;54
Shi
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of 5q. mm)
Maximum  Minimum
Startof Maximum  Diameter Line Width 0.6- 0.64- D.49-
Company Fab Name Clty Country' Products Production Starts (mm) (Micron) >0.8p  0.65 055  0.35p «<035i. Total
NEC Dif-6 Kumamoto-  Japan IMb DRAM 1987 30,000 150 1 531 - - - - 530.1
Shi MPU MCU
Arrays
NEC Dif-7 Kumamoto-  Japan MCU 4Mb 1988 30,000 150 08 = - = - .
Shi DRAM
ASIC
NEC Dif-8 -1 Kumamoto-  Japan 16Mb DRAM 1994 60,000 20 035 - - < 18850 - 1,885.0
Shi 4Mb SRAM
RISC ASIC
NEC Dif-3 Otsu-5hi Japan SRAM 4Mb 1983 17,000 150 1 2004 - - - . aNno4
DRAM
Micro ASIC
NEC Dif-1 Asa-Gun Japan 4Mb DRAM 1988 45,000 150 08 - - - - -
IMb SRAM
MPU
FLASH
NEC Dif-2 (Bldg.C) Asa-Gun Japan 4Mb 16Mb 1993 45,000 150 05 - - 752 - - 7952
DRAM
ASIC
NEC Phase 2 Livingston UK. 16Mb 64Mb 1996 20,000 200 0.35 - - - 83 - 6283
DRAM
NEC Dif 2 Higashi Japan 16Mb 64Mb 1996 33,000 200 0.25 - - - - L0367 1,086.7
Hiroshima- DRAM
Shi ASIC RISC
NEC Beijing China MCU Logic 2000 5,000 150 04 - . - 884 - 88.4
4Mb 16Mb
DRAM
ASIC
NEC Total 430,000 1,382.8 -~ 23856 26016 1067 740638
Nippaon Silicon 16Mb DRAM 1990 06 - - - - - -
Nippon Silicon Total - - - - - - -
Nippon Steel Electronics Sagamihara-  Japan ASIC 16Mb 199 500 150 035 - - - 38 - 88
Corporation Lab Shi 4AMb
DRAM
Nippon Steel Corporation Total 500 . - - 88 - 89

4
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maxtmum Silicon Area Capacity (Millions of Sq. mm)

Maximum Minimum
Startof Maximum Diameter Line Width 0.8- n64- 0.49-
Company Fab Name City Country  Products Production Starts {mm) {(Micron) >08p 0.65p 0.5 0355  <{a5 Tatal
Nippon Steel M2 Tateyama-Shi Japan 1Mb 4Mb 1988 12,000 150 06 . - 2121 s 2121
Semiconductor DRAM
Flash Logic
Nippon Steal M3 Tateyama-Shi  Japan 4Mb 16Mb 1990 20,000 150 0.5 - - 3334 - - 3534
Semiconductor DRAM
Nippeon Steel N1 Tateyama-Shi Japan 16Mb 64Mb 1996 10,000 200 035 " - - 3142 - 3142
Semieomductor DRAM
Nippon Steel Total 42,000 - - 565.5 314.2 - 87956
Oki 52 Kurokawa- Japan 16Mb 64Mb 1996 15,000 200 03 - - - - 4712 4712
Gun DRAM
Oki S1 Kurokawa- Japan 4Mb DRAM 1931 30,000 150 05 - - 5301 - - 530.1
Gun 1Mb SRAM
16Mb ROM
Oki M2 Miyazaki-  Japan 1Mb DRAM 1991 60,000 125 0.8 - - - - -
Gun 256K SRAM
4Mb ROM
Ol M3 Miyazaki- Japan 4Mb 16Mb 1967 30,000 150 04 - - - 5304 - 530.1
Gun PRAM
Okj V3 Hachioji-Shi  Japan 16Mb 64Mb 1989 2,000 150 0.5 s Y 353 - - 353
DRAM
Micro Gate
Amay
Oki Ui Hachigji-Shi  Japan 64Mb 256Mb 1992 1,000 150 03 E - - - 127 17.7
DRAM
Micro Logic
Oki Total 138,000 - - B65.5 530.1 4889 15845
Powerchip (Elite- Fab1 Science Park  Taiwan 16Mb DRAM 1995 25,000 200 04 - - - 7854 - 7854
group)
Powerchip (EJtegroup) Total 25,000 - - - 7854 - 7854
ProMOS Fab2 Science Park  Taiwan 16Mb 64Mb 1998 20,000 200 025 B - - - 6283 6282
Technaologies 256Mb
DRAM
SRAM
ProMOS Technologies Total ) 20,000 - . - - 6283 6283
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of Sq. mm)
Maximum  Minimum
Startof Maximum  Diameter Line Width 0.8- 0.64- 049-
Company Fab Name Gty Country Products Production Strts (mm) (Micron) >08p G65p eS5p 0.35a  <035n Total
Samsung Fab4 Kiheung-Up  Korea Alpha 4Mb 1990 35,000 150 05 - 6185 - - 6185
DRAM
SRAM
EDRAM
Samsung Fab5 Kiheung-Up  Korea Alpha 4Mb 1993 25,000 200 05 - - 7854 - - 785.4
DRAM
SRAM
EDRAM
Samsung Fab 6 KiheungUp Korea  16Mb6iMb 1995 30,000 200 035 - - - s - 9425
DRAM
Samsung Fab? Kiheung-Up  Korea 16Mb 64Mb 1996 20,000 200 0.35 - - - 6283 - 628.3
DRAM
Samsung Fab8 Kiheung-Up  Korea 6Mb DRAM 19497 25,000 200 03 - & - - 7854 7854
Samsung Austin TX us. #Mb DRAM 1998 25,000 20 03 - - - - 7B54 7854
Samsung Total 160,000 - ~ 14039 15708 15708 45455
Sanyo Al Ojiya-Shi Japan 1Mb 4Mb 1985 35,000 125 08 - . - - - -
DRAM 4-bit
B-bit MCU
DsP
Sanyo cz Ojiya-Shi Japan DRAM 1994 25,000 150 08 418 - . - - 44138
Sanyo Total 60,000 4418 - - - - 4418
Sharp Factory 2 Fukuyama-  Japan 16Mb MROM 1989 40,000 150 0.6 . - 7069 . 7069
Shi DRAM
SRAM
Sharp Factory 4 Fukuyama-  Japan  Flash 64Mb 1998 16,000 200 025 - - - - 5027 5027
Shd DRAM
Sharp Total 56,000 - - 706.9 - 5027 1,209.5
Slemens H15, H16,H1? Regensburg  Germany 1Mb4Mb 1986 46,600 150 0.35 - - - 835 - 823.5
DRAM
EDRAM
ASIC ASSP
Siemens SIMEC (Lines  Dresden Germany  16Mb 64Mb 1996 30,000 200 0.25 - - . - o5 o5
1&2) DRAM
Siemens North UK. DRAM ASIC 1997 25,000 200 0.25 - - - 7854 7854
Tyneside
Siemens Total . 161,600 - - - 835 17279 25514

¥9
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Table 6-1 {Continued)

- J

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maxisnum Silicon Area Capacity (MillHons of Sq. mm)
Maximum  Minimum
Startof Maximum  Diameter Line Width a8 0.64- 0.49-
Company Fab» Name City Country  Products Producton Starts (mum) (Micron) >0.8p  0.65p 0.5p 0351 <035 Total
Sony 3G Isehaya-Shi  Japan 1Mb SRAM 1991 25,000 150 0.5 - - 418 - . 4418
4Mb YRAM
CCD Logic
Sony Total 25,000 - - 441.8 - - 4418
Sumitomo Metal Amagasaki-  Japan 4Mb DRAM 1991 300 150 08 - - - - - -
Industries Shi Arrays
Sumitomo Metal Industries Total 300 - - - - - -
TSMC Fab 3 Science Park  Taiwan DRAM 1695 30,000 200 035 - - - 9425 - 942 .5
SRAM
ROM Log
Cusgtom
TSMC Total 30,000 - & - 0425 - w25
Tech Semican-  Fab 1 Singapore  Singapore 16Mb DRAM 1993 12,000 200 05 - - 3770 - - 377.0
ductor
Tech Semi- Fab2 Singapore  Singapore 16MbDRAM 199 25,000 200 0.35 - < - 7854 - 7854
conductor
Tech Semiconductor Total 37,000 - - 377.0 785.4 - 11624
Texas AMOS-1 Avezzano Italy 4Mb 16Mb 1990 22,000 200 025 = - - - 6912 012
Instruments DRAM 4Mb
Flash
Texas AMOS-2 Avezzano Italy 16Mb DRAM 1996 20,000 200 0.25 - - - - 6283 6283
Ihstruments
Texas DMOS5Phase Dallas TX us. 16Mb DRAM 1995 16,000 200 05 - - 5027 - - 5027
Instruments 1
Texas DMOS5Phase Dallas TX uUs. 64MDb 256Mb 1997 16,00¢ 200 035 - - - 507 - 5027
Instruments 2 DRAM
Texas Miho 6 Inashiki-Gun  Japan 1Mb 4Mb 15,000 150 08 - - - - -
Instruments DRAM
ASSP MPU
Texas AMOS3 Avezzano Italy Flagh 64Mb 1999 6,600 12 0.18 e - = - 07 07
Instruments 256Mb
DRAM
EDRAM
Texas Instruments Total 95,500 - o 5007 5027 13X.r 23255
Texas Instru- Fab 1A Science Park  Taiwan 4Mb DRAM 1991 22,000 150 05 - - 3888 - - 3888
ments/ Acer
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Area Capacity (Millions of 5S¢, mm})
Maximum  Minimum
Startof Maximum Diameter Line Width 0.8- 0.64- 0.49-
Company Fab Name City Country  Products Production Starts (mm) (Micron} >0.84 065z 05p 0.35p  <0.35p Total
Texas Instri- Fab 1B Science Park  Taiwan 4Mb 16Mb 1995 25,000 200 0.35 - - - 7854 - 7854
ments/ Acer DRAM
Texas Insba- Fah 2 Science Park  Taiwan 16Mb 64MDb 1999 50,000 200 025 - - - 1,5708 1570.8
‘ments/ Acer DRAM
Texas Instruments/Acer Totil 97,000 - - 388.8 7654 1,5708 2,745.0
Texas nstra- Pupyong Korea DRAM DSPs 2002 25,000 200 0.25 - - - - 7B5.4 7854
ments/ Anam
Hlectronics
Texas InstrumentafAnam Total 25,000 - . . . 7A5.4 785.4
Tohoku Semi- Step 1 Sendai-Shi Japan iMb DRAM 1988 7,500 150 | 1325 - - - - 1325
conductor MCU MPU
Tohoku Semd- Step 2 Sendai-Shi Japan 4Mb DRAM 1991 10,000 150 0.B s - - - - .
conductor MPU MCLU
Tohoku Semd- Step 3 Sendai-Shi Japan 16Mb DRAM 1995 15,000 200 0.35 - - - 4712 - 4712
conductor
Tohoku Semiconductor Total 32,500 1325 - - 471.2 - 603.8
Toshiba Bldg.108 D2  KawasakiShi Japan 16Mb 64MDb 1930 1,300 200 035 - - - 408 - 40.8
DRAM
Flash
Toshiba Y-Cubed, No. Yokkaichi-Shi fapan 4Mb 16Mb 1993 10,000 200 0.5 - = 3142 - - 342
1-Mod 1 DRAM
Toshiba Y-Cubed, Yokkaichi-Shi Japan 4MD 16Mb 194 25,000 00 035 - p - 7854 - 7854
No.1-Mod 2 DRAM
Toshiba C-Cubed 3 Oita-Shi Japan MCU ASIC 1989 32,000 125 1 97 - - - 3927
DRAM
SRAM
Toshiba C-Cubed 4 Oita-Shi Japan 4Mb 16Mb 1991 40,000 150 05 - - 706.9 - - 7069
DRAM
Toshiba Y-Cubed, Yokkaichi-Shi Japan 16Mb 64Mb 1996 28,000 200 035 - - - 896 - . 8796
No.2 256Mb
DRAM
Toshiba Step 5 Kitakami-Shi Japan 16Mb e4Mb 1998 30,000 200 0.35 - - - M25 - 42,5
DRAM
Logic
Toshiba C-Cubed 5 Oita-Shi Japan 256Mb DRAM 2000 200 0.18 - - - - = -
Toshiba Total 166,300 3927 - 10210 26484 - 40621
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Table 6-1 (Continued)

DRAM Capacity by Feature Capability (Millions of Square Millimeters)

Maximum Silicon Arez Capacity (Millions of Sq. mm)

Madmum  Minimom
Startof Maximum  Diameier Line Width 0.8- 0.64- 0.49-
Company Fab Name City Country  Products Producdon Starts {mm) (Micron) >0.8p  0.65n 0.5 0350 <0.35a Total
TwinStar Semi-  TwinStar Richardson us. 16Mb 64Mb 1996 15,000 200 03 - - - 4712 4712
conductar T DRAM
‘Twinstar Semiconductor Total 15,000 e = - - 471.2 471.2
Vanguard Inter-  Fab 1 Science Park  Taiwan 4Mb DRAM 1991 4,000 130 05 . - 707 - - 707
national
Vanguand inter-  Fab 1A Science Park  Taiwan 4Mb 16Mb 1995 16,000 -200 0.35 . - - 5027 - 027
national DRAM
Vanguard Infer-  Fab 1B Science Park  Taiwan 16Mb DRAM 1999 16,000 20 0.35 - - - 5027 - . 502.7
naticnal
Vanguard Inter- Fab2 Science Park  Taiwan 4Mb 16Mb 1999 40,000 200 0.18 & - - - 1,256.6 1,256.6
national DRAM 1Mb
SRAM
Vanguard International Total 76,000 - - 70.7 10053 12566 23326
White Oak Semi- MOS 18 Richmond us. 64Mb 256Mb 1998 25,000 200 0.18- - - - - 7854 7854
conductor VA DRAM
White Oak Semiconductor Total 25,000 - - - - 785.4 7854
Winbond Fabll Science Park  Taiwan DRAM 1992 35,000 150 05 - - 618.5 - - 618.5
Winbond Fab 1V Science Patk  Taiwan 16Mb 64Mb 1999 15,000 200 035 - - - 4712 - 4712
256Mb
DRAM
Winbond Total 50,000 - - 6185 471.2 Co= L,080.7
Total 3,171,900 44100 10856 135901 307939 20599.8 704804

Source: Dataguest (July 1997)
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Definitions
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Additional motherboards: PC motherboards that do not ship into brand-
name PCs and thus are not counted by Dataquest's Computer Systems
and Peripherals group. These numbers are based in part on Dataquest
MPU shipments and analyst estimates of upgrade activity.

Demand: The number of shipments of a product that Dataquest estimates
to be sustainable in a market at the price forecast by Dataquest for that
time. If the price were lower, demand would increase. If the price were
higher, demand would decrease. Demand is used to determine whether
the market is undersupplied or oversupplied.

Desk PC: PCs designed to remain beside or underneath a user's desk sur-
face and not designed to be moved readily from place to place.

Facsimile: A machine that scans and encedes a document into electrical
signals, transmits these electrical signals over a telephone or data line,
then reconstructs the signals to print an exact duplicate of the original doc-
ument on paper at the receiving end (colloquially called a fax).

Industrial applications: All controller boards and equipment used in
embedded industrial control and medical applications. These boards are
not officially counted by Dataquest, and the numbers used in this survey
are estimates based on processor shipment numbers, secondary sources,
and primary inputs from industrial board producers.

Mobile PC: PCs that are completely self-contained and can be carried as a
single unit, which includes a keyboard, a display, mass storage, and main
system unit.

Mainframe computer: A general-purpose information system with a start-
ing price range of $100,000 or more. CPU bit width ranges from 32 to 64
bits. The physical environment can be either with or without special envi-
ronmental controls and requires full-time support by professional com-
puter systems support staff. The number of concurrent users is 100 or
more. Dataquest views a mainframe system shipment as the CPU, the
basic storage configuration (not including direct-access storage devices),
the native operating system (the system must be bootable), and the opera-
tor's console. Dataquest does not routinely count upgrades unless the sys-
tem footprint changes. Mainframes can use either DRAM or SRAM for
cache storage.

Midrange computer: Includes all systems that fall between workstations
and mainframes. These are multiuser systems that may or may not run
proprietary operating systems. Midrange products have a wide price
range, from as low as $10,000 to more than $1 million. Dataquest has
included microcomputers, minicomputers, and superminicomputers in
this product segment in the past. With the evolution of client/server com-
puting and the systems that define this paradigm, traditional midrange
product categories are becoming obsolete. Hewlett-Packard Company’s
HP 9000 and HP 3000, Digital Equipment Corporation’s VAX systems, and
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the IBM AS/400 line are joined by the dedicated server products from sup-
pliers such as Auspex Systems Inc., NetFRAME Systems Inc., and Tricord
Systems Inc. to make up the midrange product category. Office systems,
which are proprietary turnkey computing solutions common in Japan, are
also included in the midrange category, as are systems designed as servers
from workstation suppliers.

Oversupply: An indication of an oversupplied market is low prices and
growing inventories.

Routers/internetworking: A shared media hub is a LAN device that con-
nects multiple PCs through a single node on a network, allowing central
control for optional functions such as wide area network (WAN) connec-
tivity, multiple media support, multiple technology support, and network
management. A router is a class of network controller that determines the
best routing for data transmission between a transmitter (sender) and a
receiver. Routers operate at layer 3 of the ISO-OSI model.

Set-top box: Cable converter boxes that sit on top of TVs and act as con-
verter devices for cable television signals, telephone, or wireless networks
to television sets. These boxes contain a general-purpose microprocessor
or a high-powered digital signal processor capable of digital transmission,
reception, and decompression. Set-top boxes can be analog or digital, but
only digital set-top boxes contain appreciable DRAM content.

Storage: A collective term for computer hard disk drives and CD-ROMs,
where DRAM is often used as a cache memory. Since static RAM (SRAM)
is sometimes used in place of DRAM, the DRAM consumption for this cat-
egory appears unusually low to account for limited DRAM penetration
into this equipment segment.

Supercomputer: A high-performance computer designed for numerically
intensive applications. It is a system priced at more than $2 million,
mainly used for batch applications, scientific, engineering, and other com-
putation-oriented problems, or other very numerically intensive applica-
tions. Supercomputers require special environmental controls and cooling
techniques. Performance speeds range upward from 50 mflops. Super-
computers can use either DRAM or SRAM.

Telephone answering machine: Machines for individual telephone lines
using either cassette tape or MOS memory technology for incoming and
outgoing message storage. Only tapeless (digital) phone answering
machines use MOS memory for storage. Tapeless answering machines can
use either DRAM or flash memory.

Undersupply: An indication of an undersupplied market is long lead
times, high prices, and product allocation.

Video game: Video game and CD-ROM players are microprocessor-based

devices that are handheld or console-based and play video games housed
on cartridges or CD-ROMs.
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Workstation: Dataquest classifies workstations by a composite of features,
including their hardware and software. Workstations are typically based
on reduced-instruction-set computing (RISC) processor architecture with a
high-performance bus structure, graphics, and operating system. In gen-
eral, a workstation must come standard with integrated floating-point
processing, integrated networking, and a 32-bit multitasking operating
system and offer a configuration that has high-resolution graphics capabil-
ities (typically 1-megapixel display). Dataquest does not determine a
workstation architecture by its usage (that is, single-user, server, or mul-
tiuser). Instead, computers are classified by the primary market for which
they are designed.
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Chapter 1

Executive Summary

This report provides a third quarter 1997 outlook of the worldwide DRAM
market based on the results of second quarter 1997 supplier surveys and
related information. The report includes quarterly information through
fourth quarter 1998 and yearly information for 1999.

Another Change in Market Conditions

Dataquest's DRAM supply/demand outlook has reverted to our original
1997 oversupply expectations. Last quarter, expectations shifted to a frag-
ile supply /demand balance, in part because of reduced 16Mb shipments
during late first quarter and early second quarter of this year. This fragile
balance unraveled by midyear 1997. DRAM suppliers—in the face of
excess capacity—tried unsuccessfully to control 16Mb shipments. During
the late May through July, DRAM users and suppliers shipped 16Mb
DRAM inventory into the market, which restored the market oversupply.

The current large oversupply means concomitant downward price pres-
sure and constrained profit for most suppliers. Strong fourth quarter 1997
demand should restore a short-term supply /demand balance, but there
will be a large oversupply during first half 1998.

Suppliers’' 1997 Optimism Fades

DSDR-WW-MS-97Q2

In last quarter's report, Dataquest indicated that if current market condi-
tions held—and suppliers succeeded in their goal of $10-plus contract
pricing for 16Mb DRAM—the 1997 DRAM profit outlook would be quite
bright. Market conditions, however, did not hold, and the reversion to
oversupply now means a threatening second half 1997 outlook for most
DRAM suppliers. Suppliers now set a $6-plus contract price as their
year-end 1997 objective.

Micron's Emergence

Micron Technology Inc. has emerged as the key company in today's 16Mb
DRAM market. Major Asian-based DRAM suppliers plan to decrease
16Mb shipmends starting in fourth quarter 1997. Led by Micron Technol-
ogy, however, other vendors plan a continuous increase of 16Mb ship-
ments. This signals competitive 1998 pricing for 16Mb DRAM. Despite
64Mb price declines, a downward trend in 16Mb pricing would delay the
4:1 price crossover well into 1998.

SORAM

Major DRAM suppliers planned to increase supply of 16Mb synchronous
DRAM (SDRAM) toward the end of 1997. The current 66-MHz version of
SDRAM, however, does not sharply improve PC performance. This factor
lowered 1997 SDRAM demand, so suppliers decreased the 1997 produc-
tion rate of 16Mb SDRAM this year.

©1997 Dataquest 1
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Dramatic improvements in PC performance require the 100-MHz version
of SDRAM. There are indications that Intel Corporation will introduce a
new chipset (the 440BX) in early 1998. The new chipset should support the
100-MHz clock frequency and enable use of 100-MHz SDRAM (16Mb or
64Mb). (Suppliers are also developing 100-MHz versions of 64Mb
extended data out, or EDO, DRAM).

Even so, high-speed operation can cause problems, especially for board-
mounted devices. Dual in-line memory modules (DIMMs) will be a likely
requirement for 100-MHz PC operation. The SDRAM will have to operate
at a speed greater than 100 MHz to achieve this PC performance. This
means increased technical difficulty in the case of 64Mb, which has a
larger chip size (than the 16Mb device) and more internal routing/
capacitance, which in turn lower chip performance.

The specification for DIMMs was loosely defined by the Joint Electronic
Device Engineering Council (JEDEC). With the current specifications,
suppliers cannot easily maintain among themselves the compatibility of
DIMM performance. Such compatibility becomes very important in the
memory upgrade market. Suppliers want Intel to provide detailed guide-
lines (in addition to the JEDEC specifications). DRAM suppliers will ikely
start rigorous evaluation of DIMMs after they obtain guidelines from Intel.

128Mb

Dataquest does not cover the yet-to-be-introduced 128Mb DRAM in this
supply and demand report. This device—scheduled for early 1998 iniro-
duction—would likely influence the 1998 supply/demand balance of
64Mb DRAM.

Some major DRAM manufacturers have indicated an inclination to pro-
duce the 128Mb density as the next generation after 64Mb. This would
break the DRAM market's tradition of quadrupling (4x) densities each
new generation.

Some PC manufacturers view the 128Mb density (16MB) as the most effi-
cient way of configuring the 64MB main memory for PCs (also known as
PC granularity). When a 64Mb bus width is used for the MPU, 128Mb is
the most suitable for configuring the 64MB main memory. Two pieces of
128Mb DRAM (x16) will be used for 64MB. Although only two 256Mb
DRAMs are required of the same memory, the x32 configuration may
present a problem. The wide-bit products require additional interconnec-
tions, equivalent to the bit width, on an already crowded chip. Not only
does this increase die size, but interfering signals also cause cross-talk
noise that poses difficult manufacturing problems.

The first decision for DRAM companies before developing 128Mb is
choosing between one-chip and two-chip (64Mbx2) configurations. The
choice depends strongly on when the 64MB main memory will be in
demand in bulk. Each company will have to make its decision by compar-
ing the predicted timing and its internal schedule for development of the
process technology.
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The standard memory size for PC servers and high-end systems will
become 64MB or greater in 1997. However, commodity desktops might
not adopt this memory size until the year 2000. For PC server and high-
end applications, the two-chip configuration can be viable by using rela-
tively costly stacking technology, but the single-chip configuration offers
the cost advantage when volume production for low-end PCs is targeted.

Development of a one-chip solution for 128Mb DRAM requires the use of
0.25-micron or 0.20-micron design rules. Some DRAM makers are working
vigorously and plan to ship samples in the first half of 1998.

A two-chip approach to 128Mb DRAM requires stacking technology. For
use of stacking technology, the tape carrier package (TCP) has been devel-
oped, replacing the plastic encapsulated package. Nevertheless, the stack-
ing approach will likely face various problems related to signal timing and
noise because synchronous DRAMs with clock frequencies of 100 MHz or
over will become the mainstay in 1999 or later.

Dataquest will continue to monitor the potential impact of 128Mb DRAM
on the 1998 and 1999 DRAM supply/demand balance.

Contributors: Masahiro Suzuki, Senior Industry Analyst (Japan), Ronald Bohn,
Principal Analyst (Worldwide and Americas), Jim Handy, Director and Principal
Analyst (Worldwide and Americas), James Seay, Research Analyst (Worldwide
and Americas), In-Hyung Baik, Research Analyst (Asia/Pacific and Korea), Sab-
rina Chiou, Research Analyst (Taiwan), and Chang Soo Kim, Senior Industry
Analyst (Korea).
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Chapter 2

Production Statistics of 4Mbh DRAM

This chapter provides estimates of 4Mb DRAM quarterly unit shipments
by supplier. The tables show a summary for 4Mb (see Table 2-1) and total
4Mb shipments (see Table 2-2). Subsequent tables show shipments by
organization (x1, x4, x8/9, and x16/18, in Tables 2-3 through 2-6) and by
technology (fast page mode, extended data out, synchronous, next genera-
tion, and display, in Tables 2-7 through 2-11). Dataquest collects data
through quarterly supplier surveys. These tables represent 4Mb DRAM
unit shipments of each company's brand-name parts. For example, if one
company produces DRAMs for another company under a foundry agree-
ment, Dataquest counts the product as shipments from the company that
purchased the product to ship under its brand name. This avoids the prob-
lem of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 4Mb DRAM. Average selling prices (ASPs) for each device come from
Dataquest's Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memories Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

What Has Changed since the Previous Report

DSDR-WW-MS-9702

This report continues to show a 4Mb DRAM supply /demand balance for
1997 and 1998. This stems in part from the nature of this mature business
segment—Japan-based and Korea-based companies produce 4Mb devices
only on contract. Taiwan-based suppliers might increase 4Mb supply if
they cannot grow their 16Mb business. This might create a slight 4Mb
market oversupply.

The 4Mb forecast shows sharp changes for 1997 and 1998 regarding both
unit shipments and unit demand. Shipments for 1997 have increased by
200 million units and for 1998 by 60 million units.

Most major DRAM suppliers are accelerating their 4Mb DRAM cutbacks.
This provides other suppliers (for example, Taiwanese companies) an
opportunity increase 4Mb shipments and production. As a general trend,
the number of 4Mb suppliers will decrease, and the level of supplier com-
petition should also decrease. The scenario of reduced 4Mb market com-
petition should mean balanced supply and demand or, at worst, a slight
oversupply.

Dataquest has revised the tables for this chapter. Table 2-1 is now a
summary for 4Mb DRAM (formerly Table 2-7). Table 2-2 contains data by
vendor for total 4Mb (the former Table 2-1). Dataquest has also included
detail by vendor for common DRAM architectures—segmented into fast
page mode, extended data out, synchronous, next-generation (including
Rambus), and display architectures. This report no longer contains the
“wide-bit ratio” tables.

©1997 Dataquest 5
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Table 2-2
Quarterly Shipments of All Configurations of 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

Q97 Q297  Q3/97 Q4/97 1997 Q1/98 Q2/98 (Q3/98 (Q4/98 1998 1999

Alliance Semiconductor 53 6.9 8.6 8.7 29.5 83 7.5 6.2 5.0 27.0 34
Fujitsu 9.2 7.7 6.6 6.2 29.7 5.8 53 5.1 4.8 21.0 10.5
Hitachi 23.0 203 18.3 16.0 77.6 135 11.0 95 7.4 41.4 33.0
Hyundai 21.0 17.7 14.9 12.5 66.1 95 7.5 6.5 4.8 283 5.4
IBM Microelectronics 7.6 3.6 1.8 0.9 13.9 0.3 0.2 0.1 - 0.6 -
LG Semicon 23.0 18.2 15.5 15.0 72.7 13.2 11.0 10.0 8.5 42.6 5.0
Matsushita 7.5 59 5.0 45 229 42 3.6 33 3.0 14.1 11.3
Micron Technology 23.2 16.0 12.5 10.3 62.0 71 4.0 1.0 0.2 123 -
Mitsubishi 14.1 11.6 10.4 9.0 45.1 7.5 6.9 6.0 5.2 25.6 13.0
Mosel Vitelic 242 19.8 17.0 13.8 74.8 10.8 83 6.3 3.8 29.1 -
Motorola 0.7 0.5 0.6 - 1.8 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 22.0 19.8 18.1 16.3 763 14.5 11.8 9.0 7.0 423 15.0
Nippon Steel 14.0 13.1 12.8 124 52.3 124 12.4 12.3 12.3 49.4 45.4
Qki 4.0 3.8 3.7 3.6 15.1 2.7 23 22 2.0 9.2 6.4
Samsung 232 17.0 14.1 11.9 66.2 99 83 7.0 55 30.7 2.0
Sharp 1.0 0.8 0.9 0.8 3.5 0.8 0.7 07 0.7 29 25
Siemens 17.2 15.6 14.8 13.7 61.4 12.7 11.1 2.3 7.3 404 10.7
Texas Instruments 20.4 15.5 12.8 10.0 58.7 7.5 5.7 38 1.9 189 -
Toshiba 1.7 6.8 4.8 3.5 26.8 2.5 2.5 20 1.8 8.8 3.0
Vanguard 19.0 17.2 15.1 133 64.6 11.6 84 5.9 2.8 28.6 -
All Companies 2912 237.8 2005 1823 920.8 154.7 128.4 106.2 83.9 4731 173.6
Average Selling Price (U.S.$) 2.64 2.58 2.56 2.55 2.59 2.56 2.59 2.64 2.65 2.60 2.81
Total Revenue (U.S.$M) 769.2 6125 536.7 465.0 2,3835 396.7 332.6 2800 220.0 11,2313 4876
Total Demand 2906 2388 2084 1828 920.6 154.7 128.0 106.1 83.9 4726 1741
Sufficiency (%) 10021 9958 100851 99.75 100,02 100.02 100.27. 100.07 9997 100.09 99.68

Source: Dataquest (August 1997)
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Table 2-3

Quarterly Shipments of x1 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

Q1/97 Q2197 Q397 Q4/97 1997 Q1/98 Q2/98 Q3/98 (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 0.5 0.4 0.5 05 1.9 0.6 0.5 0.5 0.5 21 08
Hitachi 1.5 1.4 1.1 1.0 5.0 0.7 0.6 0.5 04 2.1 1.3
Hyundai 0.8 0.5 04 0.4 2.2 0.4 03 0.3 0.2 1.1 0.2
IBM Microelectronics - - - - - - - - - - -
LG Semicon 1.6 1.3 1.2 1.1 5.1 0.9 0.8 0.7 0.6 3.0 0.4
Matsushita 0.5 04 0.3 03 1.5 0.2 0.2 0.2 0.2 07 0.3
Micron Technology 2.3 1.6 1.3 1.0 6.2 0.7 0.4 01 - 1.2 -
Mitsubishi 1.4 1.2 1.0 0.9 45 0.8 0.7 0.6 0.5 2.6 1.0
Mosel Vitelic 1.2 1.0 0.9 0.7 3.7 0.5 0.4 0.3 02 1.5 -
Motorola 0.1 0.1 0.1 - 0.3 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 2.0 1.8 1.5 13 6.5 0.6 0.5 0.4 0.3 1.7 0.5
Nippon Steel - - - - - 0.6 0.7 0.7 07 28 23
Oki 0.3 0.3 03 0.3 1.2 0.2 0.1 0.1 0.1 0.6 0.3
Samsung 2.3 1.7 14 1.2 6.6 1.0 0.8 0.7 0.6 3.1 0.9
Sharp 0.1 0.1 0.1 - 0.2 - - - - 0.1 0.1
Siemens 3.1 2.5 22 2.1 9.9 1.3 1.7 14 1.1 5.4 1.6
Texas Instruments 2.8 2.2 1.8 15 8.3 - - - - - .
Toshiba 04 0.1 0.1 0.1 0.7 - - - - - -
Vanguard - - - - - - - - - - -
All Companies 21.0 16.4 14.1 12.2 63.7 8.4 7.7 6,5 53 279 9.8
Average Selling Price (U.S.$) 2.60 2,55 2.50 2.50 2.55 2.45 2.45 2.45 245 245 245
Total Revenue (U.5.$M) 54.6 41.9 35.2 305 1623 20.6 189 15.9 13.0 684 239

Source: Dataquest {August 1997)
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Table 2-4
Quarterly Shipments of x4 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

Q1797 Q297  Q3/97 Q4/97 1997 Q1/98 Q2/98 (3/98 0Q4/98 1998 1999

Alliance Semiconductor 5.3 6.2 6.0 44 218 33 23 1.5 1.0 8.1 -
Fujitsu 4.6 27 2.0 1.9 11.1 1.2 1.1 1.0 1.0 42 1.6
Hitachi 9.9 81 6.0 53 293 34 2.8 19 1.5 95 6.6
Hyundai 8.8 7.1 55 4.6 26.0 3.2 2.6 22 1.6 9.6 1.8
IBM Microelectronics 4.9 1.8 0.6 0.2 7.6 - - - - 0.1 -
LG Semicon 13.6 10.7 9.7 8.9 429 7.9 6.7 6.2 5.3 26.1 32
Matsushita 32 2.0 1.7 1.5 84 1.1 09 08 0.8 36 2.3
Micron Technology 16.2 11.2 8.8 72 434 5.0 28 0.7 0.1 8.6 -
Mitsubishi 49 41 3.6 3.2 15.8 2.6 2.4 2.1 1.8 90 39
Mosel Vitelic 85 18.8 94 7.6 442 47 2.7 13 04 9.1 -
Motorola 0.6 0.4 0.5 - 1.5 - - - - - -
Nan Ya Technology - . - - - - - . - - -
NEC 5.3 22 24 2.1 11.9 1.5 1.2 09 0.7 4.2 1.5
Nippon Steel 83 6.9 59 57 26.8 3.8 33 33 33 13.8 6.4
Oki 1.0 0.7 0.6 0.6 2.8 0.3 0.2 0.1 0.1 0.8 03
Samsung 79 5.8 54 4.5 235 3.7 3.1 2.6 2.0 11.5 33
Sharp 0.4 0.3 0.3 0.3 13 0.2 a2 0.2 0.2 0.7 0.6
Siemens 9.6 8.7 8.0 6.9 33.2 6.3 5.0 4.2 33 18.8 4.3
Texas Instruments 124 9.0 7.2 55 341 7.5 57 3.8 1.9 189 -
Toshiba 4.7 1.4 05 0.3 6.9 - - - - - -
Vanguard 9.5 - - - 9.5 11.6 84 59 28 286 -
All Companies 1395  108.1 84.0 70.5 4021 67.5 51.2 38.8 27.8 1853 363
Average Selling Price (U.S.$) 2.40 2.35 2.31 2.33 2.36 2.34 2.34 2.34 2.35 234 238
Total Revenue {U.5.$M) 3348 2541 1940 1639 9468 1579 119.8 209 653 4339 Be2

Source: Dataquest (August 1997)
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Table 2-5

Quarterly Shipments of x8/9 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

01/97 Q297 Q3/97 Q4/97 1997  Q1/98 (Q2/98 Q3/98 (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 05 0.6 0.5 0.5 21 0.6 0.5 0.5 0.5 2.1 0.8
Hitachi 2.5 2.2 2.0 1.8 8.5 1.5 1.2 1.0 0.8 46 3.6
Hyundai - - - - - - - - - - -
I1BM Microelectronics - - - - - - - - - - -
LG Semicon 0.7 0.5 05 0.5 2.2 04 0.3 0.3 0.3 1.3 0.2
Matsushita 1.5 1.1 09 0.8 4.2 0.6 0.5 0.5 0.5 21 1.7
Micron Technology - - - - - - - - - - -
Mitsubishi i4g 1.2 1.0 09 45 0.8 0.7 0.6 0.5 2.6 1.3
Mosel Vitelic - - - - - - - - - - -
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 4.8 6.1 54 49 21.3 4.4 35 2.7 21 127 45
Nippon Steel - - - - - - - . - - -
Oki 0.1 0.1 0.1 0.1 0.5 0.1 - - - 02 0.1
Samsung 14 1.0 0.3 0.2 2.9 0.2 0.2 0.2 02 0.8 0.3
Sharp 0.2 0.1 0.2 0.1 0.6 0.1 0.1 a1 0.1 0.4 04
Siemens - - - - - - - - - - -
Texas Instruments 31 2.5 2.1 1.5 9.1 - - - - - -
Toshiba 08 0.5 0.3 0.2 1.9 0.2 0.2 0.1 0.1 0.6 02
Vanguard - - - - - - - - - - -
All Companies 17.0 16.0 13.3 115 57.8 8.8 7.4 6.1 50 273 131
Average Selling Price (U.5.$) 2.82 2.66 2.60 2.55 2.67 249 2.47 2.44 244 246 244
Total Revenue (11.5.5M) 479 427 34.6 293 154.4 21.8 18.2 15.0 123 673 320

Source: Dataquest (August 1997)
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Table 2-6
Quarterly Shipments of x16/18 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)
Q197 Q297 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999
Alliance Semiconductor - 0.7 2.6 4.4 7.6 5.0 3.3 4.6 40 18.9 34
Fujitsu a7 4.0 3.6 33 14.6 35 3.2 3.1 29 12.6 72
Hitachi 9.0 8.6 9.2 8.0 34.8 79 6.5 6.1 47 253 215
Hyundai 11.3 10.1 89 7.5 379 - 59 4.7 4.0 30 17.6 3.3
IBM Microelectronics 27 1.8 1.2 07 63 0.3 0.2 01 - 0.6 -
LG Semicon 7.1 5.6 5.1 4.7 22.5 39 3.2 28 23 12.2 14
Matsushita 23 24 2.2 2.0 8.9 22 2.0 1.8 1.7 7.7 7.0
Micron Technology 4.6 32 25 21 124 1.4 08 0.2 - 25 -
Mitsubishi 64 5.2 4.7 41 203 3.4 31 27 23 11.5 6.8
Mosel Vitelic 14.5 - 6.8 5.5 26.8 5.5 5.2 4.6 32 18.5 -
Motorola - - . - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 9.9 9.7 89 8.0 36.5 8.1 6.6 5.0 3.9 23.7 8.6
Nippon Steel 5.7 6.2 6.9 6.7 255 7.9 8.3 82 82 327 36.8
Qki 2.6 2.7 27 2.6 10.6 2.2 1.9 1.9 1.7 7.7 5.6
Samsung 11.6 8.5 7.1 59 331 49 4.1 35 2.8 15.3 4.5
Sharp 0.3 0.3 0.4 0.4 14 0.4 0.4 04 0.4 1.6 14
Siemens 4.5 4.4 4.6 4.3 18.2 5.1 44 37 29 i6.1 4.3
Texas Instruments 2.0 1.9 1.8 1.5 7.2 - - - - - -
Toshiba 59 4.8 3.9 2.8 17.4 2.3 2.3 1.9 1.7 8.2 28
Vanguard 9.5 17.2 15.1 13.3 55.1 - - - - - -
All Companies 113.7 97.2 98.1 88.1 3971 70,0 62.1 54.7 45.7 2325 1144
Average Selling Price (U.S.$) 2.92 2.82 2.78 2.74 2.82 2.80 2.83 2,89 2.87 285  3.02
Total Revenue (U.S.$M) 3319 2739 2729 2413 11199 1964 1758 1583 1313 661.7 3455

Source: Dataquest (Augusl 1997)
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Table 2-7

Quarterly Shipments of Fast Page Mode 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

Q1/97 Q297  Q3/97 Q4/97 1997 198 (Q2/98 Q398 (Q4/98 1998 1999
Alliance Semiconductor 5.3 6.2 5.2 3.5 20.1 25 1.9 1.2 0.5 6.1 -
Fujitsu 5.1 31 2.2 2.0 12.4 1.4 1.3 1.2 1.1 5.0 2.1
Hitachi 10.4 9.1 73 6.4 33.2 4.7 39 3.3 2.6 145 11.2
Hyundai 21 1.8 1.5 1.3 6.6 1.0 08 0.7 0.5 2.8 0.5
IBM Microelectronics 1.2 0.9 05 0.2 2.7 - - - - 01 -
LG Semicon 1.2 0.9 0.8 0.8 3.6 07 0.6 0.5 0.4 2.1 0.3
Matsushita 3.0 1.1 0.5 05 5.0 02 0.2 0.2 02 0.7 0.6
Miczron Technology 23 1.6 13 1.0 6.2 07 0.4 0.1 - 1.2 -
Mitsubishi 85 5.8 4.2 3.6 220 23 2.1 1.8 1.6 77 3.9
Mosel Vitelic 48 3.0 2.6 2.1 12.4 1.5 1.0 07 04 36 -
Motorola 03 0.2 0.1 - 0.6 - - - - - -
Nan Ya Technoltgy - - - - - - - - - - -
NEC 154 139 12.7 11.4 53.4 10.0 8.1 6.1 4.8 290 102
Nippon Steel 5.6 39 38 3.7 171 2.5 2.5 2.5 2.5 99 9.1
Oki 2.0 1.9 1.9 1.8 7.6 14 1.2 1.1 1.0 4.6 3.2
Samsung 3.0 2.2 1.8 1.5 8.6 0.7 0.6 0.5 04 2.1 0.6
Sharp 0.5 0.4 0.5 04 1.8 0.4 04 0.4 04 1.5 1.3
Siemens 10.3 7.0 44 2.7 24.5 19 1.1 0.9 0.7 47 1.1
Texas Instruments: 6.5 51 3.8 3.0 18.5 2.3 17 1.1 05 5.6 -
Toshiba 1.8 0.7 0.5 0.3 3.3 0.3 03 0.2 0.2 09 03
Vanguard - - - - - 116 84 59 2.8 28.6 -
All Companies 89.1 68.7 55,5 462 2595 45,9 36.1 28.3 203 1307 443

Source: Dataquest (August 1997)
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Table 2-8
Quarterly Shipments of Extended Data Out 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)
Q197 Q2/97 Q397 Q497 1997 Q1/98 Q298 Q396 (Q4/98 1998 1999
Alliance Semiconductor - 0.7 3.4 52 9.4 5.8 5.6 49 4.5 209 34
Fujitsu 3.7 3.9 3.7 34 14.6 3.5 3.2 3.1 2.9 126 6.3
Hitachi 11.3 9.5 9.0 7.8 37.6 59 4.8 37 29 174 11.9
Hyundai 18.9 159 13.4 11.3 59.5 8.6 6.8 5.9 44 25.5 49
IBM Microelectronics 3.8 0.9 0.2 - 4.9 - - - - - -
LG Semicon 219 17.3 15.7 14.3 69.1 12.5 10.5 9.5 8.0 40.5 4.3
Matsushita 3.8 4.1 3.8 3.4 15.0 34 2.7 2.5 23 10.8 8.5
Micron Technology 209 14.4 11.3 2.2 55.8 6.4 3.6 0.9 0.2 111 -
Mitsubishi 5.7 5.8 6.2 5.4 231 5.3 4.8 4.2 3.6 17.9 9.1
i\dosel Vitelic 193 16.8 14.5 11.8 62.4 8.0 5.2 3.2 1.5 17.8 -
Motorola 04 0.3 0.5 - 1.2 - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 4.4 4.0 3.6 33 15.3 29 24 1.8 1.4 8.5 2.6
Nippon Steel 8.4 9.2 9.0 87 352 9.9 9.9 9.8 98 395 363
Oki 2.0 1.9 1.9 1.8 7.6 14 1.2 1.1 1.0 4.6 32
Samsung 19.5 14.3 11.9 10.0 55.6 84 7.1 6.0 4.8 263 7.8
Sharp 0.5 0.4 0.5 0.4 1.8 0.4 0.4 0.4 ¢4 15 13
Siemens 69 8.6 10.4 11.0 36.8 10.8 10.0 8.4 6.6 35.7 9.6
12.2 85 7.1 53 33.1 35 2.0 0.6 - 6.1 -
9.6 6.0 4.3 3.0 29 2.2 2.2 18 1.6 7.8 2.7
Vanguard 19.0 17.2 15.1 13.3 64.6 - - - - - -
All Companies 191.9 159,7 145.0 128.5 625.1 98.7 82.2 67.7 557 3043 1122

Source: Dataquest {August 1997)
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Table 2-9

Quarterly Shipments of Synchronous 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

01/97

Q2/97

Q3/97 Q4797 1997

Q1/98

2/98

Q3/98

Q4/98

Alliance Semiconductor
Fujitsu

Hitachi

Hyundai

IPM Microelectronics
LG Semicon
Matsushita

Micron Technology
Mitsubishi

Mosel Vitelic
Motorola

Nan Ya Technology
NEC

Nippon Steel

Oki

Samsung

Sharp

Siemens

Texas Instruments
Toshiba

Vanguard

All Companies

-

Source: Dataquesl {(August 1997)
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Table 2-10

Quarterly Shipments of Next-Generation 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)
Q1/97 Q2/97 Q3/97 Q497 1997 Q1/98 Q298 Q3/98 (Q4/98

Alliance Semiconductor - - - - - - - - -
Fujitsu - - - - . - - - -
Hitachi - - - . - - - - .
Hyundai - - & - - - - - -
1BM Microelectitnies. - - - . - - - - -
LG Semicon - - - - . - - . -
Matsushita - - - - - - - - -
Micron Technology - - - - - - - - -
Mitsubishi - - - - - - - - -
Mosel Vitelic - - - " - - - - -
Motorola - - - - - - - - -
Nan Ya Technology - - - - - - - - .
NEC - - - - - - - - -
Nippon Steel - - - - - - - . -
Oki - - - - = - - - -
Samsung - - - - = - - - -
Sharp - - - - - - - - -
Siemens - - - - - - - - -
Texas Instruments - - - - . - - - -
Toshiba - . - - - - - - _
Vanguard - - - - - - - - -
All Companies’ - - - - . - . - -

WYHQ QA 10 SNSIEIS LORINPO.d

Source: Dataquest (August 1997)
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Table 2-11

Quarterly Shipments of Display DRAM 4Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

Q1/97 Q297 Q3/97 Q4/97 1997 Q1/98 Q298 Q3/98 Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 0.5 0.8 0.8 0.7 2.8 09 0.8 0.9 0.8 33 21
Hitachi 1.4 1.6 2.0 1.8 6.8 2.8 2.3 25 1.9 2.5 99
Hyundai - - - - - - - - - - -
IBM Microelecironics 2.7 1.8 12 0.7 6.3 0.3 0.2 0.1 - 0.6 -
LG Semicon - - - - - - - - - - -
Matsushita 0.8 0.7 0.8 07 29 0.6 0.7 0.7 0.6 2.6 2.3
Micron Technology - - - - - - - - - - -
Mitsubishi - - - - - - - - - - -
Mosel Vitelic - - - - - - - - - - -
Motorola - - - - - - - - - - -
Nan Ya Technology: - - - - - - - - - - -
NEC ' 2.2 2.0 1.8 16 76 1.6 1.3 11 08 48 23
Nippon Steel - - - - - - - . . - -
Oki - - - - - - - - - - -
Samsung 0.7 0.5 0.4 04 2.0 0.8 0.6 0.5 0.3 2.2 0.5
Sharp - - - - - - . - - - -
Siemens - - - - - - - - - - -
Texas Instrumvents 1.6 19 1.9 17 71 17 2.0 2.1 14 72 .
Toshiba 0.4 0.1 0.1 0.1 0.7 - - - - 0.1 -
Vanguard - - - - - - - - - - -
All Companies 10.1 94 9.0 76 361 8.8 8.0 7.8 59 304 171

Source: Dataquest (August 1997)
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' Chapter 3

Production Statistics of 16Mb DRAM

This chapter provides estimates of 16Mb DRAM quarterly unit shipments
by supplier. Tables show a summary for 16Mb (see Table 3-1) and total
16Mb shipments (see Table 3-2). Subsequent tables show shipments by
organization (x1, x4, x8/9, x16/18, and 32/36, in Tables 3-3 through 3-7)
and by technology (fast page mode, extended data out, synchronous, next
generation, and display, in Tables 3-8 through 3-12}. Dataquest collects
data through quarterly supplier surveys. These tables represent 16Mb
DRAM unit shipments of each company's brand-name parts. For example,
if one company produces DRAMs for another company under a foundry
agreement, Dataquest counts the product as shipments from the company
that purchased the product to ship under its brand name. This avoids the
problem of double-counting shipments.

The tables also show prices, dollar markets, and estimated consumption of
total 16Mb DRAM. Average selling prices for each device come from
Dataquest’s Semiconductor Supply and Pricing Worldwide program, as
well as Dataquest's Memories Worldwide program. Multiplying total
shipments by these ASPs yields an estimated dollar market for that device.
Dataquest derives demand from a units-per-system analysis detailed in
Chapter 5.

' What Has Changed since the Previous Report

DSDR-WW-MS-970Q2

As noted, Dataquest's outlook has reverted to the original oversupply
expectation for most of 1997 and 1998.

Dataquest has increased the forecast for total 16Mb DRAM supply for
1997, while the 1998 supply forecast remains consistent with prior expecta-
tions. For the full year 1997, the worldwide supply forecast of 16Mb
devices now calls for 1.95 billion units (versus 1.80 billion in the prior fore-
cast). For third quarter 1997, the 16Mb supply forecast has increased by

35 million units. For fourth quarter 1997, supply has been increased by

20 million units. For 1998, Dataquest expects the worldwide supply of
16Mb DRAM to reach nearly 2.3 billion units (quite similar to the prior
forecast of 2.26 billion units).

The 16Mb forecast for one supplier—Micron Technology—has been
dramatically increased for 1997 and 1998. This forecast predicts that
Micron will become the world's leading supplier of 16Mb DRAM (based
on unit shipments) during third quarter 1997,

Dataquest has reverted to the original expectation that the production
peak of 16Mb will be late 1998. (On the basis of the 16Mb production
reductions that occurred earlier this year, last quarter's forecast showed
the peak as being the first half 1998.)

Expectations for 16Mb DRAM demand have been increased slightly for
1997, while the 1998 demand forecast remains consistent with prior expec-
tations. For the full year 1997, the worldwide demand forecast of 16Mb
devices calls for 1.84 billion units (versus 1.78 billion units in the prior

©1997 Dataquest ) 17
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forecast). The third quarter 1997 demand outlook remains consistent with
prior expectations. For fourth quarter 1997, however, demand has been
increased by more than 25 million units. For 1998, Dataquest expects
worldwide demand for 16Mb DRAM to reach 2.21 billion units (while the
prior forecast called for 2.24 billion units).

Average selling prices for 16Mb DRAM now show a faster rate of decline
than in the prior forecast because of changed market conditions. Higher-
priced synchronous DRAM (SDRAM) represents a higher proportion of
the 16Mb market, but even these parts face pricing pressure.

Dataquest has revised the tables for this chapter. Table 3-1 is now a sum-
mary for 16Mb DRAM (formerly Table 3-8). Table 3-2 contains by vendor
data for total 4Mb (the former Table 3-1). Dataquest has also included
detail by vendor for common DRAM architectures—segmented into fast
page mode, extended data out, synchronous, next-generation (including
Rambus), and display architectures. This report no longer contains the
"wide-bit ratio” tables.

High and Low Ranges of the 16Mb DRAM Supply Forecast

The High Side

On the high side, 1997 supply of 16Mb DRAM might be about 8 percent
higher than the current forecast. This means a high-side 1997 forecast of
2.1 billion units. For 1998, supply might be 17 percent above the current
forecast—meaning a 1998 high-side estimate of 2.7 billion units.

The Low Side

For 1997, 16Mb DRAM supply could be about 7 percent lower than fore-
cast—which translates to just over 1.8 billion units. This would occur if
key suppliers adhered to an aggressive 1997 program of 16Mb supply
reduction, which is not likely. For 1998, assuming continuation of such an
unlikely trend, 16Mb supply might be 25 percent lower than the current
forecast—meaning a low-side estimate of just over 1.7 billion units.

DSDR-WW-MS-6702 ©1997 Dataquest September 1, 1997
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Produciton Statistics of 16Mb DRAM
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Table 3-2
Quarterly Shipments of All Configurations of 16Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

02

Q1/97 Q297 Q3/97 Q4/97 1997 Q1/98 Q2/98 3/98 (Q4/98 1998 1999
Alliance Semiconductor 0.1 0.2 0.7 1.4 2.3 21 29 37 43 13.0 21.0
Fujitsu 21.0 24.0 25.5 27.0 97.5 27.0 24.0 24.0 21.0 96.0 720
Hitachi 40.0 35.0 35.0 35.0 145.0 330 33.0 30.0 30.0 126.0 102.0
Hyundai 41.0 48.0 45.5 44.4 178.9 41.7 40.0 373 35.0 154.0 125.0
IBM Microelectronics 17.5 20.2 21.7 23.7 83.1 24.8 25.1 24.5 23.9 98.3 58.0
LG Semicon 36.9 3aB.5 37.0 35.2 147.6 34.5 325 31.0 29.0 127.0 95.0
Matsushita 5.5 6.0 6.4 71 25.0 7.3 8.0 8.6 9.7 33.6 27.0
Micron Technology 50.5 56.0 731 92.0 271.6 106.3 112.6 i14.6 112.4 4459 227.3
Mitsubishi 30.0 27.0 24.0 18.0 99.0 18.0 18.0 16.0 16.0 68.0 652
Mosel Vitelic 0.1 0.3 0.9 2.0 33 2.5 3.0 4.0 5.5 15.0 18.0
Motorola 6.0 8.0 48 4.0 228 0.5 - - - 0.5 -
Nan Ya Technology 2.2 4.8 10.0 14.0 31.0 16.1 184 22,0 24.5 81.0 95.7
NEC 43.0 46.0 49.0 48.7 186.7 45.0 45.0 42.0 42.0 174.0 150.0
Nippon Steel 1.7 2.5 53 9.3 18.8 13.8 16.5 18.5 20.5 69.3 45.4
Oki 7.5 7.7 8.0 88 32.0 8.9 9.0 9.0 2.0 35.9 29.0
Samsung 58.0 66.0 55.0 51.0 230.0 50.0 50.0 42,0 420 184.0 145.0
Sharp - - - - - - - - - - -
Siemens 15.9 189 21.8 29.0 85.6 371 445 49.7 53.5 184.8 2155
Texas Instruments 35.5 38.2 409 46.0 160.6 51.4 55.7 59.6 62.8 229.5 2751
Toshiba 25.3 21.6 21.6 21.6 90.1 21.0 21.0 18,0 15,0 75.0 49.0
Vanguard 6.5 9.0 13.0 14.5 43.0 15.4 17.6 19.2 22.8 75.0 60.0
All Companies 4441 477.9 499.1 5327 1,953.9 556.4 576.9 573.7 5789 2,2858 11,8751
Average Selling Price (U.S.$) 874 873 8.19 8.08 8.42 7.95 7.83 7.77 7.68 7.81 773
Total Revenue (U.5.$M) 3,881.8 4,173.9 4,0879 43055 164492 44245 45154 44593 4448.0 17,847.1 14,493.2
Total Demand 4044 4354 4785 5229 18412 5239 5367 5568 5909 22083 19141
Sufficiency (%) 10984 10977 10431 10187 10612 10620 10747 103.04 9797  103.51 97.97

Source: Dataquest (August 1997)
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Table 3-3
Quarterly Shipments of x1 16Mb DRAM to the World, Q01/97-1999 (Millions of Units Shipped)
Q1/97 Q297 Q3/97 Q4/97 1997 Q1/98 Q2/98 Q3/98 Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu - - - - - - - - - -
Hitachi 1.6 14 1.4 1.4 58 1.0 1.0 0.6 0.6 3.2 2.0
Hyundai - - . - - - - - R - -
IBM Microelectronics - - - - - - - - - -
LG Semicon - - - - - - - - - -
Matsushita 0.5 0.5 0.5 0.6 21 0.4 0.5 0.4 0.5 18 0.8
Micron Technology - - - - - - . - - - -
Mitsubishi 1.2 1.1 07 0.5 35 0.5 0.5 05 05 2.0 1.3
Mosel Vitelic - - - - - - - - - - .
Motorola - - - - - - - - - - -
Nan Ya Technology - - - - - - - - - - -
NEC 0.9 0.9 0.5 0.5 2.8 05 05 04 0.4 1.7 1.5
Nippon Steel - - - - - - - - - - -
Oki 04 04 03 0.4 1.4 0.2 0.2 0.2 0.2 07 0.6
Samsung - - .. . - - . - - - -
Sharp - - - - - - - . - - -
Siemens - - - - - - - - - - -
Texas Instruments 3.5 19 1.6 23 94 2.6 28 30 31 11.5 2.8
Toshiba 0.3 02 0.2 0.2 09 0.2 0.2 0.2 0.2 0.8 0.5
Vanguard - - - - - - - - - - -
All Companies 83 6.4 5.3 5.9 25.9 5.4 5.6 53 5.5 21,7 9.5
Average Selling Price (U5.5) 866 863 807 797 837 78 777 772 763 775 7.68
Total Revenue (U.S.3M) 721 55.1 42.7 467 2166 424 43.8 40.7 416 1685 728

Source: Dataquest (August 1997)
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Table 3-4
Quarterly Shipments of x4 16Mb DRAM to the World, Q1/97-1999 (Millions of Units Shipped)

Qi1/7 Q297  Q3/97  Q4/97 1997 QuMe8 Q298 (Q3/98 (Q4/98 1998 1999
Alliance Semiconductor - - - - - - - - - - -
Fujitsu 105 12.0 10.2 10.8 43.5 11.3 10.1 10.1 8.8 40.3 28.8
Hitachi 23.2 20,3 19.3 19.3 82.0 139 129 11.7 11.7 501 35.7
Hyundai 22.6 31.2 319 31.1 116.7 292 28.0 26.1 24.5 107.8 875
IBM Microelectronics 9.1 9.8 9.1 9.5 375 99 10.0 28 9.6 393 174
LG Semicon 15.5 219 24.8 236 858 233 221 21.2 200 86.6 65.6
Matsushita 1.2 1.3 14 1.6 55 15 1.7 1.8 2.0 71 49
Micron Technology 40.4 44.8 58.5 73.6 2173 85.0 90.1 91.7 89.9 356.7 181.8
Mitsubishi 15.0 13.5 12.0 9.0 4.5 85 8.5 7.5 7.9 320 293
Mosel Vitelic - - 04 0.8 1.2 1.2 1.7 2.5 39 9.2 12.6
Motorola 5.8 7.7 4.4 3.7 215 0.5 - - - 0.5 -
Nan Ya Technology 22 4.8 10.0 14.0 31.0 14.7 15.2 16.2 159 62.0 95.7
NEC 163 14.7 13.2 13.1 574 13.1 13.1 11.3 11.3 48.8 40.5
Nippon Steel - - 0.1 0.2 0.3 85 9.9 111 12.3 41.8 27.2
Oki