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Chapter 1

Executive Summary

DRAM modules are the predominant means of providing flexible main
memory sizes in all types of systems, from personal computers to work-
stations and printers. Third-party memory module manufacturers have
carved out a niche in this market, between the DRAM suppliers and the
original equipment manufacturers (OEMs). Third-party memory module
manufacturers buy DRAM directly from DRAM manufacturers or on the
open market, install them into single in-line memory modules (SIMMs)
or dual in-line memory modules (DIMMs), and then sell the memory
modules into aftermarket channels or to OEMs.

The last Datagquest Focus Report on the memory module aftermarket was
published in December 1993. The aftermarket refers to DRAM modules
sold with PCs at the point of purchase or as upgrades for the installed base
of computers. The aftermarket is also where third-party manufacturers sell
the majority of their DRAM modules. Worldwide third-party DRAM mod-
ule revenue has grown from $2 billion in 1992 to $6.1 billion in 1996. This
represents a 32 percent compound annual growth rate (CAGR).

Third-party DRAM module companies had a relatively successful year in
1996. Revenue from third-party DRAM modules declined 12 percent in
1996. On the surface this looks bad, but when compared with DRAM
manufacturers, whose DRAM revenue declined by 40 percent in 1996, the
positive aspect of the year becomes apparent.

A Market Expected to Return to Growth

Dataquest believes the third-party DRAM module market will return to
growth in 1997. DRAM density transitions, like the recent transition

from 4Mb to 16Mb DRAM ICs, creates a need for DRAM module manu-
facturing flexibility. The acceptance of new and upcoming PC features,
such as multimedia extensions (MMX), Accelerated Graphics Port (AGP),
Universal Serial Bus (USB), and 3-D graphics, enable the development of
new, memory-hungry software. This, coupled with the natural progres-
sion toward expanding main memory size and a slowdown in DRAM IC
price declines, creates an environment that third-party module manu-
facturers can leverage. The combined impact of these market conditions is
the basis for Dataquest's 1997 forecast of 14 percent growth for DRAM
modules manufactured by third-party companies. Looking beyond 1997,
Dataquest expects continued revenue growth as this industry moves into
the next century.

The Organization of This Report

DPGR-WW-FR-9702

This report presents an overview of the entire third-party DRAM module
industry. The first part reviews this market and includes a ranking of the
top third-party companies and their DRAM module revenue. The middle
of this report presents the results of Dataquest's survey of third-party
manufacturers, forecasts of the third-party DRAM module market, the
DRAM IC market, and the PC market, a discussion of major industry
issues, and a look at the third-party business model. This report concludes
with a discussion of regional issues and a section devoted to vendor
profiles and a listing of third-party manufacturers.

©1997 Dataguest i



Chapter 2

Market Overview

There are two distinct providers of DRAM memory modules, DRAM man-
ufacturers and third-party module manufacturers. This Focus Report
reports only on the third-party manufacturers. A later Focus Report will
cover the DRAM manufacturer module business. Traditionally, there has
been little overlap between the markets served by third-party module
manufacturers and DRAM manufacturers. Third-party moduile manufac-
turers are typically privately held companies that sell 75 percent of their
modules into what is known as the memory module aftermarket. After-
market memory modules augment the base memory a computer is
shipped with. DRAM manufacturers differ in that they sell their modules
almost exclusively to major OEMs, There is little reason to expect either
type of manufacturer to attempt to raid the market held by the other. The
reasons for this will become evident further on in this report.

Table 2-1 shows Dataquest's ranking of the top third-party DRAM module
companies and Dataquest's estimate of their DRAM module revenue and
market share.

Table 2-1

Third-Party DRAM Module Company Ranking, 1996
1995 Revenue ($M) 1996 Revenue (3M) Growth (%) Market Share (%)
Kingston 1,100 980 -10.9 16
ACDC 560 480 -14.3 8
Century 440 400 -9.1 7
PNY 451 396 -12.3 6
Wintec 440 395 ~10.2 6
Smart 260 382 46.9 6
Melco 184 268 45.2 4
Viking 257 252 1.9 4
VisionTek 225 224 -0.4 4
Southland 272 218 -20.0 4
Centon 235 215 -85 4
Ma Labs 208 182 ~12.5 3
GoldenRAM 194 178 -8.2 3
1-O0 Data 300 177 -41.0 3
Simple 196 148 245 2
TechWorks 145 120 -17.2 2
MGV 203 113 -44.4 2
Unigen 190 80 57.9 1
Others 1,080 925 ~14.4 15
Total 6,941 6,133 -11.6 =

Source: Dataquest (April 1997)

DPGR-WW-FR-9702
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Methodology
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This ranking of third-party companies shows a clear-cut leader in this
industry, Kingston Technology, and then a clustering of companies in the
$200 million-to-$400 million range. The companies competing in this
industry may look similar at first glance, but there are identifiable differ-
ences. For example, Kingston's goal is to be the "OEM" of memory. How
does Kingston expect to accomplish this? Kingston supports high-end,
machine-specific memory modules and avoids generic, commodity mod-
ules. American Computer and Digital Components (ACDC), Kingston's
closest competitor on a revenue basis, takes a different approach. ACDC
supports a full line of DRAM modules, but it concentrates on manufactur-
ing low-priced modules.

Celestica is not included on the list of third-party DRAM module manu-
facturers. Celestica is an electronic equipment contract manufacturer that
manufactures memory modules on the same scale as Kingston. In late
1996, Celestica changed its memory module business strategy to include
the sale of Celestica-branded memory modules in the distribution and
resale channel. Prior to this change Celestica manufactured only on a cap-
tive basis. Many contract manufacturers assemble memory modules for
DRAM manufacturers, OEMs, and third-party memory module manufac-
turers but are not considered third-party module suppliers because they
are captive manufacturers. Large electronic equipment contract manufac-
turers, like Solectron, actually shy away from memory modules, prefer-
ring to assemble higher-margin products, such as motherboards. Another
difference is that electronic equipment contract manufacturers do not sell
the memory modules they assemble under their own brand name. This is
where Celestica differs from its contract manufacturing competitors. If
Celestica continues to follow a traditional third-party memory module
manufacturer approach, it will be included in the next report.

Looking beyond the companies listed, there are on the scale of 100 small
third-party companies with revenue ranging from $1 million to nearly
$100 million. These companies are either very focused or are hybrid mem-
ory module manufacturers and distributors. Because of their small size,
these companies face difficulty in procuring steady sources of DRAM.
This forces these small companies to procure DRAM ICs and DRAM mod-
ules from DRAM brokers and other third-party module manufacturers.

The last section of this report includes third-party DRAM module manu-
facturer vendor profiles and a listing of additional third-party companies.

The bulk of this report is based upon surveys of third-party DRAM mod-
ule manufacturers taken during January and February 1997 and on con-
versations with these manufacturers. The data was then compared with
other secondary sources, including Dun & Bradstreet reports, conversa-
tions with purchasers of modules, other surveys, and conversations with
manufacturers of related products.

The module forecasts are based upon the Dataquest Memories Worldwide
program’'s DRAM forecast, Dataquest's computer systems forecasts,
Dataquest's DRAM Supply/Demand Quarterly Statistics report, and input
from the survey respondents and their customers.

©1997 Dataquest April 21, 1997




Market Overview

Befinitions

Sales Opportunities

The following definitions apply in this report:

m Module: Any collection of DRAM chips on a circuit card, where the only
function of this card is to increase the main memory size of a system.
DRAM modules include cards used solely for main memory but con-
taining circuitry for error correction or to translate bus protocols. Cards
can use either connectors or card-edge fingers for insertion into the
system. Cards with functions other than memory enhancement, that is,
those with a CPU or other important nonmemory function, are not
included.

m Third-party DRAM module manufacturer: A company that purchases
DRAM directly from DRAM manufacturers or on the open market,
installs or contracts out DRAM installation into a module, and then sells
the memory modules into aftermarket channels or to OEMs. A third-
party module manufacturer does not manufacture DRAM ICs and is
not a subsidiary of a DRAM manufacturer. Revenue for modules manu-
factured by one third-party company but marked with another third-
party company's brand counts only for the company whose brand
appears on the product. Revenue for modules manufactured by a third-
party module company for an OEM will be counted as revenue for the
third-party company, regardless of the brand name (the third-party's
own brand, a DRAM manufacturer’s brand, or an OEM brand name) on
the module. Electronic equipment contract manufacturers are not
counted as third-party module manufacturers because they are captive
manufacturers.

Memory modules are either part of a computer's base memory, which is
installed by the PC OEM, or are added later in the aftermarket.

Computer Manufacturers
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PCs offer sets of features at various price points. In order to meet these
price points, the OEM configures the PC and then ships it with a base level
of main memory appropriate to the price point.

The base configuration of main memory today is usually provided as a
memory module (except in the case of notebook computers, where base
memory is soldered down), because different DRAM IC configurations
can be used to manufacture a single density. The use of memory modules
for base memory is generally higher during periods of DRAM density
transitions, such as the recently completed conversion from 4Mb to 16Mb
DRAM ICs. If there is no debate over which density of DRAM offers the
lowest cost per bit, some PC manufacturers use soldered-down base mem-
ory on the motherboard instead of DRAM modules. Avoiding the use of a
SIMM or DIMM for the base memory configuration can save several cents
per board in manufacturing costs.

©1997 Dataguest Aprit 21,1997
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Third-party module manufacturers have traditionally not supplied mem-
ory modules o PC OEMs for use as base memory. The third party is grow-
ing its OEM channel business, but by manufacturing DRAM modules for
the OEM's memory upgrade program and not for use as base memory.
DRAM manufacturers, however, may choose to actively support OEMs in
this line of business, which may make it difficult for third-party manufac-
turers to compete.

During times of allocation, like 1994 and 1995, there is an opportunity for
third-party manufacturers to supply DRAM modules for use in main
memory, particularly with small OEMs. A synergistic relationship
between certain third-party module manufacturers and system manufac-
turers occurs during these periods because of a common effort to obtain
DRAM.

Peint-of-Purchase Sales

Once a customer arrives in the store, a salesperson works to load the PC
with additional memory, software, and other features to assure that the
buyer spends as much as possible. As a result, there is a large percentage
of DRAM sold at the point of purchase, rather than at the OEM base
memory level.

Upgrades

The upgrade market supplies the memory needs of the installed base of
PCs. As features and software are added to a PC, there is often a perfor-
mance benefit from adding memory. Third-party module manufacturers
offer a full line of memory modules to capitalize on this opportunity. One
characteristic of this segment is the need to support memory modules for
out-of-production computers. Although today’s mainstream computers no
longer use 30-pin SIMMs, there is a large installed base that does. Fringe
products, like 30-pin SIMMs, offer third-party manufacturers higher mar-
gins to offset the low margins in the mainstream, standard module
business.
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Chapter 3
Annual Revenue History and Forecast

Table 3-1 shows Dataquest's estimate and forecast of the worldwide reve-
nue for the third-party DRAM module market. Table 3-2, Dataquest's esti-
mate and forecast of revenue from the shipment of DRAM ICs, is provided

for comparison.
Table 3-1
Worldwide Third-Party DRAM Module Revenue, 1992 through 2000
CAGR (%)
1992 1993 1994 1995 1996 1997 1998 1999 2000 1995-2000
Third-Party DRAM 2,000 3,100 5200 6,941 6,133 6,997 8,120 11,090 15550 17.5
Modules ($M)
Growth (%) 550 677 335 -11é6 141 160 36.6 40.2 -
Source: Dataquest (April 1997}
Table 3-2

Factory Revenue for Shipments of DRAM ICs Worldwide, 1992 through 2000 (Millions
of U.S. Dollars)

CAGR (%)

1992 1993 1994 1995 1996 1997 1998 1999 2000 1995-2000

64K Standard 11 5 3 0 0 0 0 0 0 -
256K Standard 189 109 54 55 20 1 0 0 0 -100.0
256K Video RAM 158 103 63 49 18 15 7 6 2 -45.6
1Mb Standard 2392 1618 1542 1,851 723 321 260 195 78 -46.9
1Mb Video RAM 530 775 566 10 126 65 28 21 10 -0.1
2Mb Video RAM 0 237 410 581 421 358 330 139 58 -36.9
4Mb Standard 5,029 9949 14,402 21,041 5498 1,878 803 553 253 -58.7
4Mb Video RAM 0 15 11 522 581 693 1,023 771 398 -53
16Mb Standard 230 1601 5713 17,641 16,748 16,135 17,311 6,989 3,574 -27.3
64Mb Standard 0 0 0 4 1059 6402 9355 22913 29482 484.0
256Mb Standard 0 0 0 0 0 0 307 12,254 28,726 -
Total 8,538 14,411 22864 41,755 25,194 25870 29423 43,840 62582 84
Growth (%) 68.8 58.7 826 -39.7 27 13.7 49.0 42.8 -

Source: Dataquest (April 1997)

Prior to 1996, the third-party module market enjoyed strong growth. In
1992, the worldwide third-party DRAM module market was an estimated
$2 billion. By 1995, worldwide third-party DRAM module revenue
approached $7 billion. The compound annual growth rate for this industry
between 1992 and 1995 was 50 percent. Third-party industry revenue
declined by 12 percent, to $6.1 billion, in 1996. While 1996's revenue
decline was a rude awakening for the third-party manufacturers, 1996 was
still a relatively successful year for them.
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Comparison with DRAM Manufacturers

One way to gauge the success of third-party module manufacturers is to
compare their industry revenue with DRAM manufacturers' industry rev-
enue. Figure 3-1 graphs the growth rates of both industries from 1992 to
2000.

Figure 3-1
Third-Party DRAM Module and DRAM Industry Growth Rates, 1993 through 2000
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Source: Dataquest (April 1997)

The total revenue of DRAM manufacturers was $41.8 billion in 1995 and
$25.2 billion in 1996, a 40 percent decrease. Third-party DRAM module
revenue was $6.9 billion in 1995 and $6.1 billion in 1996, a 12 percent
decrease. A very strong year for DRAM manufacturers, 1995 was only a
good year for third-party manufacturers. A bad year for DRAM manufac-
turers, 1996 was a down year for third-party manufacturers, but consider-
ably better than for DRAM manufacturers.

Another way of looking at the data is to look at how much DRAM the
third-party module market consumed. This is a good indicator of the
relative importance of third-party companies. About 65 percent of third-
party DRAM module revenue is spent on DRAM ICs. In 1995, third-party
manufacturers consumed $4.5 billion or 11 percent of the DRAM manu-
factured in 1995. In 1996, third-party module manufacturers consumed

$4 billion of DRAM or 16 percent of the DRAM manufactured in 1996.
Even though third-party companies consumed more DRAM on a percent-
age basis, they are still a small part of total DRAM IC revenue.
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The idea of DRAM passing through third-party companies is very impor-
tant when comparing the differences between the two industries. Third-
party module companies are middlemen for DRAM. They obtain the
DRAM from DRAM manufacturers or on the spot market (also known as
the gray market, this market is where excess DRAM inventory is bought
and sold) and quickly turn around the assembled DRAM modules to
aftermarket channels or OEMs. Third-party manufacturers simply pass
dramatic shifts in DRAM price on to their customers. The value-add of a
third-party module manufacturer stays relatively stable.

Revenue by Density

Tables 3-4 and 3-5 show the revenue and percentage breakout of third-
party DRAM module revenue by density for 1996 and a forecast to 2000.

Table 3-4
Third-Party DRAM Module Revenue by Density, 1996 through 2000
(Millions of Dollars)
1996 1997 1998 1999 2000
1 and 2 Megabytes 79 37 8 1 0
4 Megabytes 903 382 162 55 31
8 Megabytes 2,390 1,149 568 444 311
16 Megabytes 1,652 2,222 2,274 2,606 2,628
32 Megabytes 787 2,027 3,167 3,992 4,510
64 Megabyte 218 697 1,218 2,662 5,598
128 Megabytes 72 409 487 887 1,555
256 Megabytes 6 46 162 333 778
All Others 27 28 73 110 140
Total 6,133 6,997 8,120 11,090 15,550
Source: Dataquest (April 1997)
Table 3-5
Third-Party DRAM Module Revenue by Density, 1996 through 2000 (Percent)
1996 1997 1998 1999 2000
1 and 2 Megabytes 13 0.5 0.1 0 0
4 Megabytes 147 3D 2.0 0.5 0.2
8 Megabytes 39.0 16.4 7.0 4.0 2.0
16 Megabytes 26.9 31.8 28.0 23.5 16.9
32 Megabytes 12.8 29.0 39.0 36.0 29.0
64 Megabytes 35 10.0 15.0 24.0 36.0
128 Megabytes 12 5.8 6.0 8.0 10.0
256 Megabytes 0.1 0.7 2.0 3.0 5.0
All Others 0.4 0.4 0.9 1.0 0.9
Total 100.0 100.0 100.0 100.0 100.0
Source: Dataquest (April 1997)
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Units by Density
Table 3-6 and Figure 3-2 show third-party DRAM module unit shipments
by density for 1996 and a forecast to 2000.

Table 3-6
Third-Party DRAM Module Unit Shipments by Density, 1996 through 2000
(Thousands of Units)

1996 1997 1998 1999 2000

1 and 2 Megabytes 2,550 1,864 451 62 -
4 Megabytes 23,433 15,001 8,736 3,216 1,804
8 Megabytes 31,027 22,583 15,287 12,864 9,019
16 Megabytes 10,720 21,837 30,574 37,787 38,104
32 Megabytes 2,553 9,958 21,293 28,944 32,692
64 Megabytes 282 1,371 4,095 9,648 25,361
128 Megabytes 39 335 819 1,608 3,522
256 Megabytes 2 19 91 301 881
Total 70,605 72,967 81,346 94,430 111,382

Source: Dataquest (April 1997)

Figure 3-2
Third-Party DRAM Module Unit Shipments by Density, 1996 through 2000
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Source: Dataquest (April 1997)
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A small sector of the market needs the ultimate in density in the smallest
form factor and is willing to pay a great premium for it. Enter companies
like Dense-Pac Microsystems and Cubic Memory, which use direct die
attach. This allows the stacking of chips to provide up to eight times as
much DRAM on the same module. Simple Technology uses a more stan-
dard approach by stacking packaged DRAMSs and connecting them by
running sideways circuit cards alongside the stacked DRAMs.
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Chapter 4

Supplier Overview
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The single most striking division in the memory module market is that
two very different types of manufacturers sell the exact same product to
two different types of customers. On one side, we have the DRAM manu-
facturers, which manufacture modules using their own DRAM ICs and
sell them almost exclusively to OEMs. On the other side are third-party
DRAM module manufacturers, which procure DRAM ICs from others,
manufacture the modules, then sell them almost exclusively to the after-
market through retail and distribution and resale channels.

DRAM Manufacturers

DRAM manufacturers sell their modules primarily to system manufactur-
ers or OEMs. DRAM manufacturers can choose customers that meet cer-
tain criteria, such as minimum order size. Dataquest knows of only one
DRAM manufacturer that sells modules directly to end users and very few
others that sell through any retail channels. By not selling to end users and
retail channels, DRAM manufacturers are free from offering extensive
product support. Once a DRAM manufacturer has qualified its product
with an OEM, the level of support needed is minimal because the OEM
clearly understands the product purchased. However, OEMs are willing to
pay an adder for the module only over the price they would have paid for
the individual DRAM chips via existing volume contracts.

Third-Party Manufacturers

Only 25 percent of third-party DRAM module manufacturer revenue
comes from the OEM channel. The majority of their revenue is down-
stream in the channel, either from distributors, computer resellers, or, on a
limited basis, directly to the end user. Third-party module manufacturers
get price premiums in return for smaller orders requiring a high level of
support. End users pay a premium that is highly volatile, gyrating on
daily news flashes related to DRAM availability and price. In return for
higher prices, customers get 24-hour technical support lines, a module
source for out-of-production computers, and the ability to purchase sin-
gle-unit quantities of devices over the telephone using a personal charge
card.

There is currently an increased interest by OEMs in using third-party
module companies, which has put the OEM channel business into a transi-
tion state. Third-party module manufacturers are not replacing DRAM
manufacturers in providing the base memory needs for PC OEMs. What
they are doing is helping OEMs manage their memory module upgrade
business.

This transition is occurring because OEMs can leverage two positive
attributes of a third-party company, flexibility and responsiveness, with-
out paying a cost premium. It is costly for an OEM to run small production
runs for discontinued computers or proprietary modules. Third-party
companies gear their business model for this type of manufacturing. By
using a third-party module manufacturer, the OEM profits from after-
market sales to the installed base of its computers and it avoids the logis-
tics nightmare of manufacturing hundreds of module variations.

©1997 Dataquest 13



' Chapter 5
Third-Party Channel Profile oo e

There are three distinct channels for third-party module manufacturers:

m Distribution and resale

0 Commercial, industrial, and specialized distributors—This group
targets value-added resellers {(VARs), large corporations, retailers,
systems integrators, OEMs, and master distributors.

0 Master resellers/systems integrators (formerly known as
aggregators)}—This group has a split business model, operating half
of its business as a distributor and half as a large corporate reseller/
systems integrator.

® PC OEMs and other system OEMs
® Retail

Table 5-1 shows 1996 third-party DRAM module revenue by channel. The
distribution and resale channel is where the majority of third-party mod-
ules are sold. There is no single approach for memory module manufac-
turers in this channel. Some specialize by product lines (for example,
memory modules for printers), others concentrate on a type of distributor
or reseller, and others champion service, quality, or price.

Table 5-1
' Third-Party DRAM Module Revenue by Channel, 1996

Revenue ($M) Revenue (%)
PC and System OEMs 1,522 248
VAR 1,532 25.0
Distributor 1,339 21.8
Systems Integrator 1,017 16.6
Retail 515 8.4
Mail Order 85 1.4
End User (Business) 57 0.9
End User (Home) - 10 0.2
Others 56 0.9
Total 6,133 100.0

Source: Dataquest (April 1997}

The PC OEM and systerm OEM channel is characterized by third-party
module manufacturers specializing in providing contract module manu-
facturing services for OEMs. Smart Modular Technologies is an example of
a module manufacturer that focuses on the PC OEM channel. The keys to
success in this channel are quick and flexible manufacturing. One of the
reasons this channel is attracting the interest of the larger third-party
module manufacturers is the higher margins it offers.
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Retail channel saies are through retailers, such as Wal-Mart and Best Buy,
or directly to the end user, via mail order or the Internet. PNY Technolo-
gies and Centon Electronics are two memory module companies with sig-
nificant retail presence. The retail channel is particularly harsh on module
manufacturers because of price pressure. Payment methods, forced buy-
backs, and stocking charges are all part of doing retail business. Because of
the normal tendency of DRAM ICs to decrease in price, these attributes of
the retail channel become very difficult to manage. There is also very little
brand loyalty in this channel, aggravating the problem further. Because of
these difficulties, the retail channel is not a popular target for growth.

Penetration Model
Figure 5-1 charts the path of DRAM and DRAM modules from the
DRAM manufacturer to the end user. This figure shows how complex the
module market is. A discussion of the overall module market structure,
including information for modules supplied by DRAM manufacturers and
OEMs, will be included in a Focus Report on modules manufactured by
DRAM companies.
Figure 5-1
DRAM IC and DRAM Module Aftermarket Structure
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Source: Dataquest (April 1997)
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Chapter 6

Main Memory Trends

Figure 6-1

Figure 6-1 shows Dataquest's estimates of main memory sizes from 1988
through 2000, from Dataquest's DRAM Supply/Demand Quarterly Statistics.
Main memory size expands at a rate of 30 percent per year.

PC Main Memory Sizes, 1988 through 2000

Megabyles

100

10—

1
1988

I
1989

i
1990

I 1 I I I I I | |
1991 1892 1993 1994 1995 1996 1897 1998 1999 2000

Q72472

Source: Dataquest (April 1997)
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Figure 6-2 shows the average density of DRAM ICs over the same period.
As the main memory size increases at a rate of 30 percent per year, the rate
of memory per IC increases far more sharply, at 56 percent per year. This
means that the number of DRAM chips in a system should be expected to
decrease slowly, at a rate of 17 percent over time, as shown in Figure 6-3.

This effect impacts the types of DRAMs required on the market. The first
impact was felt in 1995, when the 16Mb DRAM was expected to start to
displace the 4Mb part. This displacement was slowed because DRAM
manufacturers had experience manufacturing only 1-bit-wide and 4-bit-
wide DRAMS, and the version of the 16Mb density that was needed was a
16-bit wide device. The transition from a 4-bit to a 16-bit width was
slowed for about a year because of manufacturing difficulties faced by
most DRAM manufacturers.
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Figure 6-2
PC Main Memory Sizes Compared to Average DRAM Chip Density, 1988 through 2000
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The decrease in number of DRAM ICs used is coupled with a need for
increased bandwidth, a problem that in past years was often approached
through the use of more ICs, put together on a very wide bus. This
approach is not feasible for the future because the number of DRAM ICs
will be decreasing in the system. For this reason, approaches are being
tried that will increase the data output rate of each DRAM chip without
forcing the DRAM ICs to go to 64-bit-wide and 256-bit-wide buses.

Two approaches being considered are the synchronous DRAM (SDRAM)
and the Rambus DRAM (RDRAM). Dataquest expects the SDRAM to
become an important part of PC main memory shipments in 1997. The
standard SIMM interface does not support SDRAM usage, but DIMMs do
support SDRAM, so there will be a progression from the SIMM to the
DIMM format. Intel's 430VX chipset already supports SDRAM, and
Compagq, Dell Computer, Gateway 2000, and others are now using
SDRAM. SDRAMSs will be used in the majority of PCs when DRAM manu-
facturers provide SDRAMSs at price parity with comparable extended data
out {(EDQ) DRAMs.
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. Figure 6-3

Average Number of DRAM ICs Required in a PC, 1988 through 2000
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Personal Computers

Third-party module companies manufacture DRAM modules for any sys-
tem that allows an upgrade, but PCs account for most of the market. Table
6-1 shows the 1996 third-party DRAM module revenue by platform, and
Table 6-2 shows Dataquest’s PC unit shipment forecast by product type.
Dataquest's PC unit forecast provides a useful reference point for the

Table 6-1

potential of aftermarket DRAM modules.

Third-Party DRAM Module Revenue by Platform, 1996

Revenue ($M) Revenue (%)
Desktop and Deskside PCs 3,982 64.9
Mobile PCs 1,254 204
Workstations 322 53
Servers 248 4.0
Printers 232 3.8
Others 95 1.6
Total 6,133 100.0
Source: Dataquest (April 1997)
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Table 6-2
Shipments of Personal Computers to the World by Product Type
) CAGR (%}
1995 1996 1997 1998 1999 2000 1995-2000
Desktop and Deskside
Units (K) 49615 5EB824 68,753 79483 91,705 105,483 16.3
Unit Growth (%) : - 18.6 16.9 15.6 15.4 15.0 -
Mobile
Units (K} 9717 11,958 14,469 17,053 20,029 23,129 18.9
Unit Growth (%) - 23.1 21.0 17.9 17.4 155 -
Server Marketed
Units (K) 839 1,239 1,571 1,924 2377 2,884 28.0
Unit Growth (%) - 47.7 26.8 225 235 21.3 -
Total
Units (K) 60,171 72,021 84,793 98460 114,110 131,495 16.9
Unit Growth (%) - 19.7 17.7 16.1 15.9 152 -

Source: Dataquest (April 1997)
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Chapter 7
Technology

Module Form Factors

Memory modules plug into special slots on the system board. There are
two mainstream modules today, the single in-line memory module and
the duatl in-line memory module. The major types of SIMM slots are
30-pin and 72-pin slots, and the dominant type of DIMM slot is 168 pin.
The 30-pin SIMM was popular until local bus PCs arrived. VESA and PCI
local bus systems generally use a 72-pin SIMM, although some also
accommodate the older 30-pin variety. The shift to DIMMs offers a 64-bit

DPGR-WW-FR-9702

bus on a single module.

Table 7-1 presents 1996 third-party DRAM module revenue broken out by
the module form factor. Table 7-2 presents 1996 third-party DRAM mod-
ule revenue broken out by module width.

Table 7-1

Third-Party DRAM Module Revenue by Module Type, 1996

Revenue ($M)

Revenue (%)

30 SIMM
72 SIMM
72 50 DIMM
144 50 DIMM
168 DIMM
200 DIMM
Others

Total

358
3,540
606
269
822
59
479
6,133

5.8
57.7
9.9
44
13.4
1.0
7.8
100.0

Source: Dataquest (April 1997)

Table 7-2
1996 Third-Party DRAM Module Revenue by Width, 1996
Revenue ($M) Revenue (%)
x8 202 33
x9 267 43
x32 2,846 46.4
x36 1,146 18.7
x64 725 11.8
x72 304 5.0
Others 644 105
Total 6,133 100.0
Source: Dataquest (April 1997)
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Parity/Nonparity

Interfaces
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Parity checking once was a common feature of DRAM modules. This
stems back to the original Wang 9-bit configuration and was driven in part
by the parity checking supported by the Intel 486 microprocessor. One
reason the 486 supports parity is the close relationship between Intel and
IBM, a staunch believer in parity, in the middle 1980s, when the 436 was
being defined.

Today parity is much less popular, although still supported in multiuser
systems. Cost is more important to single-user systems purchasers than
data integrity—the single-system user is willing to put up with a rare mal-
function in order to save an appreciable amount of cost (13 percent off the
price of main memory). Dataquest sees a continuing reduction in the mar-
ket for parity modules, although the market is not expected to disappear
altogether.

Another technology used instead of parity is error correction code (ECC).
ECC corrects single-bit errors automatically and flags two-bit errors,
which are exceptionally rare. Two-bit errors instigate a bad parity bit on
the module’s edge connector, signaling the need for the system to abort the
current instruction stream.

Error correction of this kind is costly and is almost exclusively used in file
servers, where errors cannot be tolerated. As one designer putit, "In a
single-user environment, a bit failure will usually cause the system to lock
up, whereupon the user reboots, usually enhancing the experience with
colorful vocabulary. In a multiple-user system, the entire office has to wait
around while a systems expert is called in to reboot the system."

“There is a wide range of emerging DRAM interface alternatives. All of
these emerging interfaces will cause some discussion when it comes to
DRAM module support, but few look like sure winners. Today's interface
standard for main memory applications is enhanced data out (EDQ, also
known as hyperpage mode), but SDRAM, which is a JEDEC-standard
interface, should become the main memory standard by late 1997 or early
1998. EDO was a relatively simple change from the previous main mem-
ory standard, fast page mode (FPM), and it could be accommodated by the
standard fast page mode module pinout. The switch to SDRAM is more
difficult, requiring a transition to the DIMM module format and an
SDRAM-enabled chipset.

In main memories beyond SDRAM, there are Rambus, a licensed technol-
ogy; SDRAM II; doubie data rate (DDR) SDRAM; SyncLink; Enhanced
Memories' enhanced DRAM (EDRAM); and MoSys' MDRAM. Intel
recently embraced a Rambus-based solution to the main memory needs of
computers in the year 2000.
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From a module perspective, for nearly all of these interfaces, the pins of
the memory module will have to be redefined to support special functions
required to operate these parts. Rambus has taken the initiative and has
issued a specification for a Rambus module that has all of the interface
problems already solved. This is of key importance for the Rambus high-
frequency bus, which communicates at a peak rate of 500 MB/sec on a
byte wide bus. Rambus has realized that the only way to make its interface
operate uniformly in all systems is to exert a very tight control over all
aspects of the bus design, including the specifications for both mother-
board layout and module layout.

Standard versus PC-Specific Parts

DPGR-WW-FR-9702

There are three classes of memory modules, standard, PC specific, and
proprietary, or custem, memory.

w Standard modules: These are multisourced, non-PC-specific memory
modules, with low value added in design or manufacture, and contain-
ing no proprietary architectures, components, or functions that consti-
tute a barrier to entry. Standard parts tend to sell in extremely large
volumes with thin margins.

m PC-specific modules: These constitute the typical modules sold by
third-party companies. These modules are designed for a specific PC or
small range of PCs from a single OEM and typically have no propri-
etary content and are multisourced, but sell in smaller volumes than
standard parts. PC-specific modules typically have mechanical or per-
formance specifications unique to that PC or class of PCs.

m Proprietary or custom modules: These modules are available only from
the OEM or its designated licensee because of some proprietary
attribute of the add-on memory module, such as a custom chip.
Proprietary modules exist but on a very limited scale.

Many third-party module manufacturers advertise the thousands of
PC-specific modules they support. The PC-specific approach enables a
module to be optimized and tested for 100 percent compatibility with the
intended PC. The standard approach offers near 100 percent compatibility
with practicality, in that it is difficult and impractical for retailers and
resellers to stock the thousands of module variations that exist.

Some third-party memory module manufacturers believe that SDRAM
and next-generation DRAM-based machines will require PC-specific
modules. They cite timing issues with these DRAM technologies that
make designing a standard, PC-independent module difficult. Dataquest
expects that a solution will be worked out that enables standard modules
to exist in the future. In any case, because the third-party module industry
is heavily dependent on the installed base of computers, there is no fore-
seeable end to a market for standard modules.
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Issues

The third-party module industry is constantly changing. Once-hotly
contested issues, like software DRAM doublers and intellectual property
infringement, are yesterday's news. There are, however, a number of
issues that continue to be topics of interest.

DRAM Availahility and Pricing

International Trade

DPGR-WW-FR-9702

Almost all third-party module manufacturers Dataquest surveyed listed
DRAM pricing and availability as the most important issues they face.
DRAM pricing is important, but third-party companies can pass this cost
on to their customers. Without a supply of DRAM, third-party module
companies will have no customers.

The importance of DRAM availability is obvious. Third-party module
companies offer a service, assembling DRAM memory modules. Every-
thing they add to this basic task, such as managing distribution, providing
technical support, and offering complete product lines, becomes irrelevant
without a supply of DRAM ICs. DRAM availability is the lifeline of a
third-party module company, and because of this it influences everything
from inventory and cash management to the type of modules the com-
pany manufactures.

As dependent as third-party manufacturers are on DRAM availability,
they have relatively little influence with DRAM manufacturers. A discus-
sion of the relationship between DRAM manufacturers and third-party
module manufacturers is included later in this document, in the business
model section,

International trade issues that impact DRAM pricing and availability are
important to third-party manufacturers. A movement toward a world-
wide zero tariff on semiconductors is occurring, but there are still regions
where this is not the case. In the European Union (EU) there is a semi-
conductor duty for some devices from certain regions of 14 percent.
Because SIMMs and DIMMs are classed as "computer parts” rather than
ordinary semiconductors, memory modules imported into the EU are
subject to a duty at a reduced rate of 3.8 percent.

The associated costs of importing DRAM and DRAM modules into the EU
have resulted in two responses by DRAM manufacturers. One response is
that some DRAM manufacturers have opened manufacturing facilities in
the EU to avoid these costs. The second response is to ship DRAM into the
EU in a module, rather than as DRAM chips, to avoid the higher duty.
Dataquest believes these responses by DRAM manufacturers are the major
reasons behind the lack of penetration of third-party module manufactur-
ers in the EU.
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Another trade issue is the fear of dumping. For example, late last year,
Micron Technology announced that it had filed a request with the U.S.
Department of Commerce to conduct a changed circumstances review that
would investigate DRAM IC dumping by Hyundai and LG Semicon.

In the EU, an antidumping response is DRAM reference pricing. Reference
pricing is a minimum price set to create a floor below which DRAM prices
cannot go. Any manufacturer selling below the reference price is subject to
penalties. In the past, Japanese manufacturers had one blanket reference
price, but Korean manufacturers had individual reference prices based on
the DRAM density. Because DRAM average selling prices (ASPs) were rel-
atively high until early 1996, there was no need for antidumping legisla-
tion, so it was suspended until March 9, 1997. However, during the rest of
1996, DRAM IC prices crashed by about 80 percent.

Suspension of the antidumping measures was reviewed in response to
claims that DRAM IC pricing was so low in the first quarter of 1997 that
DRAM was being sold below cost and therefore dumped into the Euro-
pean market. As a result of this review, the EU announced on March 10,
1997, that reference pricing would be phased inh on DRAM originating in
Japan and Korea.

An interim period, during which reference pricing is to be reintroduced, is
to run from April 1, 1997, until June 30, 1997. This means that no minimum
price will be in force during March 1997 but, from July 1, 1997, full refer-
ence pricing will be in place. For the months of April, May, and June 1997,
an increasing percentage of the full reference price will be applied.

The existing arrangements for calculating individual companies’ reference
prices are to remain. That means that Japanese vendors will have blanket
weighted average reference prices, while Korean vendors will have indi-
vidual ones. Also, during the interim period, Japanese vendors whose cost
structure is lower than the average minimum price will be allowed to sell
below that level.

DRAM reference pricing will have repercussions in both spot and contract
pricing for non-EU-made product. If product canmot be brought into the
EU below a certain price level, buyers will have to make sure their spot
and contract pricing deals are above that threshold when they are taking
ownership of the product in Europe. Likewise, vendors that do not have
production facilities in the EU region may have to pay a duty on product
being imported there. This gives suppliers that produce DRAM inside the
EU a pricing advantage over suppliers that do not.

Historically, antidumping has not been proven to be an effective method
of flattening the playing field. It provides some short-term relief but does
not encourage the players to address the real cause of the problem, such as
DRAM manufacturing over capacity.

©1997 Dataquest April 21,1997




Issuss

27

Quality and Reliability

Interconnections on memory module sighal sockets tend to be plated with
either tin or gold. The differences between the two are not of a great
importance unless the connector is exposed to a corrosive atmosphere,
something which is unlikely for a PC. Generally, tin-plated connectors are
adequate for most applications. Gold is more expensive and is used when
higher reliability is needed.

Using gold was a certain mark of distinction for some system manufactur-
ing companies. For a while Apple and IBM were using gold-plated sockets
on their motherboards. This caused some concern that if tin-plated mod-
ules were inserted into the gold sockets, electrolysis would result, corrod-
ing the connection between dissimilar metals, and that this would cause
the failure of the module, possibly also destroying the socket.

Those in the industry have assured Dataquest that the problem takes
about 30 years to manifest itself, and that even if it were a shorter period,
the life of the computer would be far, far shorter than the time it would
take for corrosion to cause a failure.

However, some consumers still believe that the interconnection of tin and
gold will cause problems, so module manufacturers carry inventory of
both types of modules.

Use of Off-Specification Parts

There is a probability that some third-party module companies manufac-
ture modules from off-specification DRAMs. During periods of DRAM
oversupply, the use of off-spec DRAM is not much of a concern, but dur-
ing DRAM allocation periods, this becomes an issue. In the case of non-
functioning parts, one approach is to populate the module with more
DRAM chips than required if fully functional parts were used. Program-
mable logic can then be used to overlay the nonfunctional sectors with
equivalent-size working sectors from a spare DRAM chip.

The use of off-spec DRAM ICs allows the procurement of parts, when
available, at deep discounts. The most blatant form of this is the manufac-
ture of modules out of DRAMSs that are not fully functional. Dataquest was
not able to collect much data on this phenomenon, since no manufacturers
were willing to admit that they indulged in such activity, yet some made
allegations that their competitors do. This is probably not an important
issue since the availability of off-spec parts is spotty, with iow-volume
availability.

Effects of DRAM Density Transitions on the Module Market
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DRAM ICs follow a predictable trend, where the density of the leading
chip increases by a factor of four every three years. In 1997, the majority of
devices shipped will be 16Mb DRAMSs, whereas three years earlier, in
1994, the leading density was 4Mb, and in 1991 the 1Mb DRAM was the
sales leader. The shift from one density to the nextis driven mainly by
maturation of leading-edge DRAM production processes. This continual
density increase drives down the price per megabyte of memory and has
an interesting effect on the DRAM module market.
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Figure 8-1 shows unit shipments of DRAM ICs by density from 1974
through 1995. Transitions from one density to another are relatively sharp,
and a predictable life cycle repeats itself for each generation of DRAM.
During the transitions from one density to another, adjacent densities
compete with each other for the same sockets. For example, during the
transition from the 4Mb to the 16Mb density in 1996, the two devices com-
peted in price against each other. The 16Mb device has four times as many
bits (or megabytes) as the 4Mb density, so any 16Mb price that is lower
than four times the 4Mb's price makes the 16Mb chip more economical per
megabyte. In 1994, when the manufacturing processes for the 16Mb chip
were much less mature, the price per megabyte for 16Mb chips was signif-
icantly higher than that for 4Mb DRAMs, and the 4Mb chip had a cheaper
price per megabyte than any of its predecessors, so the 4Mb was in a stable
period in which it was the most cost-effective DRAM density.

These two phases in a DRAM's life, the one in which two densities com-
pete for the cheapest price per megabyte and the one in which one density
alone is the most cost-effective, are very important to the overall DRAM
module market. During the phase in which one density is the most
cost-effective, there is no reason for the base memory of a system to switch
from one density to another, so PC OEMs design their motherboards to
have the base memory configuration soldered directly onto the mother-
board. Sockets are provided for upgrades, but the socket used for the base
memory configuration is avoided, and cost savings can be realized.

During the transition phase in the DRAM life cycle where DRAM two
densities are competing for lowest cost per megabyte, the PC OEM’s pur-
chasing department is confronted with a difficult situation of which
DRAM to procure. The transition will take a number of quarters. In order
for the OEM to be able to take advantage of the lower costs, modules are
used during this time for the base memory configuration. This means that
the OEM adds to the motherboard's cost by adding a socket, but this
socket gives the purchasing department more flexibility, since they can
purchase the least-expensive modules of a given density no matter which
DRAM chips are used to populate these modules. At this point, there is a
surge in module unit volumes, and most DRAM manufacturers ship the
bulk of their product in modular form.
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Chapter 9

The Business Model

Strategies

This section outlines the prevailing business practices of a successful third-
party DRAM module manufacturer. One important point to remember
when addressing the third-party business model is the idea that this is a
service business and not a technology business.

The strategies of third-party module companies are closely tied to the
channels they choose to support. As described earlier there are three broad
classes of distribution channels, distribution and resale, retail, and QEM,
At this time, not one third-party manufacturer is a major influence in all
three distribution channels.

In the distribution and resale channel, the strategy is to gain a foothold
with distributors and resellers and then approach the corporate end user
with a sales pitch to pull the product through the distributor or reseller.
There are alliances among the resellers, distributors, and systems integra-
tors and the third-party manufacturers, but these can change quickly
because it really does not matter to the channel whose module they sell.
The retail channel strategy is similar to the distributor and reseller channel
strategy, with the exception that the target is now the home user and smail
business.

Alliances are important for companies following an OEM channel strat-
egy. The value offered by the module company in this channel is logistics
management and consistent manufacturing. In one sense, the OEM chan-
nel is the easiest to participate in because the OEM has a clear understand-
ing of its memory modules needs. The difficulty in servicing this channel
comes from the need to provide a very consistent, high-quality memory
module.

In addition to channel development, design, and manufacturing capabil-
ity, vendor relationships, diversification, and tight business management
are important parts of a module company's business strategy.

Product diversification into nonmemory module products is another
important part of a third-party memory module company’s business strat-
egy. Product diversification is important because third-party module man-
ufacturers wani to maximize their distribution and reseller channel
relationships.

Inventory Management
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Inventory management is arguably the most important part of the third-
party business model because of the tight margins involved. The key to
success is the ability to tum inventory as quickly as possible. Third-party
companies keep the bulk of their inventory as DRAM ICs, enabling manu-
facturing flexibility. DRAM IC inventory is typically between one week
and one month. Finished DRAM module inventory is kept very small, an
amount between three to five days is common.
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A module manufacturer has the majority of its value tied up in DRAM
inventory. This creates a situation in which a well-managed inventory
system becomes a differentiator. The DRAM price decline of 1996 is a
good example of the importance of inventory management. Module man-
ufacturers holding DRAM in inventory faced the potential loss of 10 to

20 percent of their inventory's value every month. Holding out hope for a
short-term uptick in price is not an alternative because product needs to be
sold to provide the capital necessary to purchase more DRAM.

One factor that eases third-party module manufacturers' inventory con-
cerns is that third-party manufacturers are technology followers instead of
technology drivers, and they do not need to precisely forecast DRAM tech-
nology shifts. DRAM manufacturers and PC OEMs need to be precise
about forecasting the future mix of DRAM that the PC memory market
will need. The memory aftermarket lags the leading-edge PC market.
Whether this time lag is a month or a year, the third-party manufacturers
have the opportunity to look at current PC memory configurations and
use that information to forecast what type of memory they need to buy.
This does not solve the problem of where to obtain DRAM, how much to
buy, and when to buy it, but it does ease the concern of whether it should
be EDO DRAM or SDRAM, for example.

Manufacturing Flexibility
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One of the attributes of any module company is its manufacturing flexibil-
ity, which helps in its inventory management. Keeping inventory in
DRAM chips allows the same 16Mb DRAMs to be used in a 4Mb, 8Mb, or
16Mb module, in a SIMM, DIMM, or proprietary module. The time
needed to switch a manufacturing line over to a new module configura-
tion is only a matter of hours.

An example of manufacturing flexibility using 16Mb chips to populate a
x32 SIMM is as follows:

Typical configuration (megabytes): number of chips times (DRAM chip
type)

® 1Mbx32 (4 megabytes): 2 x (IMbx16)

® 2Mbx32 (8 megabytes): 4 x (1Mbx16) or 4 x {2Mbx8)
m 4Mbx32 (16 megabytes): 8 x (4Mbx4) or 8 x (2Mbx8)
s 8Mbx32 (32 megabytes): 16 x {4Mbx4)

Even though there are alternatives, module suppliers typically make the
modules from the most standard DRAM. For 16Mb DRAM, the standard
chips are the 1Mbx16 and 4Mbx4. The 2Mbx8 became "mainstream™ in the
second half of 1995 when the Intel chipset finally supported it. Initially, it
was used to make only 8MB modules, but in the second half of 1996, it was
also used for 16MB modules when 4Mbx4 pricing soared in all markets
because of a lack of supply. Thus, the 2Mbx8 acts as a useful barometer
reflecting the start of the PC base memory transition from 16MB in the end
of 1995 to 32MB in the end of 1996.
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Gash Management

Capital Investment
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Cash management is closely related to inventory management and is
another important attribute of a well-run module company. A module
company with $200 million in annual revenue may have spent $160 mil-
lion on DRAM in that year. This creates an environment that requires the
use of cash from accounts receivable to pay off suppliers. If a module com-
pany does not have a well-run collection process, it is in a situation where
one or two significant defaults could jeopardize its solvency.

Closely related to cash management is a clear understanding of labor
requirements. Successful companies running their own manufacturing
facilities need to do a labor cost analysis. Module manufacturers need a
specialized labor force that is flexible and capable of dealing with hourly
priority changes.

The third-party module industry is filled with privately held companies
that grow using their own retained earnings. This ability to grow from
retained earnings is also why most of these companies have stayed pri-
vate. Kingston Technology, a well-positioned company in the module mar-
ket, is a good example. John Tu and David Sun, Kingston's founders,
started with $7,000 in capital, From this starting point, they grew Kingston
to a billion-dollar business without the help of a bank loan, capital infu-
sion, or equity offering. Kingston even owns its company headquarters
building ocutright.

Revenue growth stopped abruptly for this industry in 1996, and this may
signify a turning point in how the industry looks to fund its growth.
Again, Kingston is a good example. Softbank, a publicly held Japanese
company, acquired Kingston in 1996. Kingston has very strong ties with
DRAM manufacturers and solid penetration into the distribution and
resale channels. Given these advantages, Kingston had a strong position in
this market; however, its owners chose to sell their company.

The primary use for capital in this industry is to purchase DRAM. The sale
of Kingston shows the importance of alliances and purchasing power.
Kingston is now part of a large corporation, which strengthens its already
strong purchasing powet. The importance of purchasing power or alli-
ances with companies that have purchasing power should not be over-
looked. One of the few DRAM-dependent companies to show positive
growth in 1996 was Smart Modular Technologies. Smart Modular has
aligned itself with system OEMs and DRAM manufacturers, abandoning
the traditional distribution and resale channels. It has positioned itself
where, even if it does not have standalone purchasing power, it works
with companies that do.
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Vendor Relationships

It is important to elaborate on the relationship between the third-party
module companies and the DRAM manufacturers.

Naturally, DRAM manufacturers have a relatively simple procurement
procedure if they choose to manufacture modules in-house. The bulk of
the parts used are manufactured in-house. These are transferred at a cost
that reflects the manufacturer's internal accounting practices, where the
internal transfer price is usually set to be one of three options: zero cost,
cost, or prevailing prices. Preferential treatment is often given to the mod-
ule producing division in decisions of allocation, costing, and slippage.

Third-party module manufacturers, on the other hand, must be nimble
purchasers and have placed themselves in novel situations and partner-
ships. Some buy directly from the DRAM manufacturer and have good
ongoing business relationships with major DRAM producers. Others pur-
chase almost exclusively through brokers, putting themselves at the mercy
of the availability of surplus devices. Sometimes this means cheaper
DRAMSs for the SIMM manufacturer, but at other times this means far
more expensive DRAMSs.

A typical memory module company's best approach to procurement is
somewhere in the middle, which requires the ability to maneuver success-
fully among the minefields of both markets. Ideally, a module manufac-
turer has guaranteed access to a steady supply of low-priced, quality
DRAM and access to the right memory technology at the right time. A
blind devotion to either market would not offer this.

Module companies need to maintain relationships with DRAM manufac-
turers. Without these relationships, there is little chance a module com-
pany will be able to weather technology shifts and allocation periods
without losing customers. However, during allocation periods, a module
company faces the fact that the DRAM manufacturer has to prioritize
accounts and it is likely to face an allotment cut. There is also a price pen-
alty during oversupply periods when the spot market offers cheap
DRAM.

Module companies that have grown too dependent on the spot market
face even more difficulties. Although they have the opportunity for signif-
icant cost savings in eversupply periods, they pay a significant price pen-
alty during allocation periods when spot market availability is poor. It is
also true that spot market DRAM is of suspect quality and difficult to

pedigree.

Customer Relationships
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The majority of third-party module companies mention customer relation-
ships as the backbone of their company's operations. Vendor relationships
place a close second, but many companies pointed out that without cus-
tomers, their vendor relationships become moot.
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Outsourcing
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Outsourcing has two meanings for third-party memory module manufac-
turers. One refers to third-party manufacturers that outsource their own
module manufacturing to a contract assembler. The second refers to third-
party manufacturers that offer their module manufacturing services to
OEMs and DRAM manufacturers.

In-house manufacturing capability does not necessarily separate success-
ful third-party memory module manufacturers from the rest. The decision
to use contract assembly is dependent on where the module company sees
its value-add. Companies that believe the value-add is in state-of-the-art
manufacturing insist on running their own manufacturing facility. Com-
panies that believe the value-add is in managing the logistics of purchas-
ing, manufacturing, testing, and distribution may or may not manufacture
their own modules.

Module companies do differentiate themselves by product quality and
availability. If a company does outsource manufacturing, it must ensure it
has a test program sufficient {o guarantee the quality of its product. It also
must maintain a close relationship with the contract assembler to oversee
the day-to-day fluctuations in product mix and to deal with problems as
they arise.

The second type of outsourcing mentioned, offering contract manufactur-
ing services to other companies, is a growing area of interest. Third-party
companies actively offering this service carefully align themselves
between the DRAM manufacturer and OEMs. As mentioned earlier, top-
tier OEMs procure their DRAM and DRAM modules directly from DRAM
manufacturers. Because of this, third-party module companies offer con-
tract manufacturing services to tier two and tier three OEMs that face diffi-
culties obtaining DRAM. This scenario is undergoing a number of
changes.

Top-tier OEMs are embracing third-party memory module manufacturers
in a combined effort to run their upgrade business. This combined effort
offers OEMs the ability to profit from the lucrative aftermarket while
avoiding the pitfalls of managing their own program. This has created an
environment where third-party manufacturers are scrambling to align
themselves with OEM partners. One very public example was the 1996
teaming of Toshiba and Kingston. In this arrangement Toshiba's computer
group will cobrand its modules with Kingston, while letting Kingston run
the upgrade program.

On the flip side, third-party manufacturers are also teaming up with
DRAM manufacturers. DRAM manufacturers run into situations where
they need quick turnaround for key accounts. For unusual requests or
short production runs, this level of support is costly, One cost-effective
approach is to use a third-party module company in these situations. By
doing so, the DRAM company leverages the flexibility and dedication of a
third-party module company while cost-effectively meeting the needs of
their key accounts.
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Barriers to Entry

Although the relationships mentioned above are beneficial to both parties,
it may be best to look at them as marriages of convenience. OEMs and
DRAM manufacturers control the power in these relationships, and they
can easily exercise it by taking their business and their DRAM elsewhere
or creating an in-house equivalent. Dataquest wonders how long it will be
before an OEM or DRAM manufacturer purchases a third-party module
company outright.

This industry is not protected by high barriers to entry. The legion of small
companies that participate in this industry and the relatively low value-
add of placing DRAM on a module demonstrates this. Because manufac-
turing and test can be outsourced, a large part of start-up costs are tied to
the initial purchase of DRAM. Once a company has entered the business,
success is dependent on continually turning the last output into the
financing needed for the next.

What barriers to entry are there? One is company reputation. This indus-
try has a history of transient companies with questionable business prac-
tices. Companies that have established relationships and a strong
reputation for fulfilling their promises are in a good position.

Another potential barrier is the economies of scale in procuring DRAM
ICs. There is a definite pecking order to procuring DRAM. Top-ter OEMs
will get their DRAM ICs before $100 million module cormnpanies, However,
it is difficult for a DRAM manufacturer to ignore a well-capitalized,

$500 million module company.

Terms and Gonditions

Service Issues
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Some third-party DRAM module manufacturers have fostered the habit of
procuring DRAM ICs through brokers. During times of a supply /demand
balance or an oversupply like that of 1996, this can play very much to the
advantage of the spot market buyer. During an undersupply like the one
experienced in 1994 and 1995, this can cause a lot of trouble for spot-mar-
ket buyers. Shortages also spell survival of the fittest, where manufactur-
ers thrive or perish by the relationships they have attained. DRAM
manufacturers have made inroads into the territories held by third-party
module manufacturers simply by their ability to exert control over their
own production of DRAM ICs.

Third-party memory module manufacturers are in a service business, and
success is dependent on providing a complete solution. Because module
companies are in the middle, between DRAM suppliers and PC OEMs,
they have to accommodate whatever directions both of these markets take.
The type of service depends on what part of the channel the third-party
manufacturer supports. Same-day shipping, lifetime warranty, tech sup-
port, and complete product lines are important in the retail and the distri-
bution and reseller channels. The OEM channel is dependent on
manufacturing flexibility and consistency.
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Regional Markets

Although the DRAM IC market is a global effort on a grand scale, regions
still compartmentalize the third-party module market. A worldwide mar-
ket does exist for third-party memory modules, but there is relatively little
penetration outside the United States. Tables 10-1 and 10-2 show the
regional breakout of DRAM module revenue by region. Table 10-3, which
shows Dataquest's PC unit shipment forecast by region, is provided as a

reference point.
Table 10-1
Third-Party DRAM Module Revenue by Region, 1996 through
2000 (Millions of Dollars)
1996 1997 1998 1999 2000
Americas 3966 4,387 4,872 6432 8,864
Japan 650 742 934 1,331 1,866
Europe, Middle East, and Africa 844 1,086 1,340 1,885 2,644
Asia /Pacific 674 783 974 1,442 2,177
Total 6,133 6,997 8,120 11,090 15,550

Source: Dataquest (April 1997)

Table 10-2
Third-Party DRAM Module Revenue by Region, 1996 through
2000 (Percent)
1996 1997 199§ 1999 2000
Americas 64.7 62.7 60.0 58.0 57.0
Japan 10.6 10.6 11.5 12.0 12.0
Europe, Middle East, and Africa 13.8 155 16.5 17.0 17.0
Asia/Pacific 11.0 11.2 12.0 13.0 14.0
Total 100.c 1000 100.0 1000 100.0

Source: Dataquest (April 1997)
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Table 10-3
Unit Shipments of Personal Computers to Each Region
CAGR (%)
1995 1996 1997 1998 1999 2000 1995-2000
Americas
Units (K} 27,040 31,626 36415 41910 48499 56,624 159
Unit Growth (%) - 17.0 15.1 15.1 15.7 16.8
Europe, Middle East, and Africa
Units {K) 14,672 16,269 18,791 21,422 2461 27,704 13.6
Unit Growth (%) - 109 155 140 14.9 12.6 -
Japan
Units (K) 5695 7987 9799 11,352 12,985 14,553 20.6
Unit Growth (%) - 40.2 2.7 15.8 14.4 121 -
Asia/Pacific
Units (K) 6,822 8,705 10,749 13432 16,998 21,161 254
Unit Growth (%) - 27.6 235 250 265 245 -
Woerldwide
Units (K} 60,171 72,021 84,793 98460 114,110 131,495 16.9
Unit Growth (%) - 197 177 161 159 15.2 -

Source: Dataquest (April 1997)

Americas

Europe
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The Americas account for approximately 65 percent of third-party reve-
nue. While there are third-party manufacturers throughout the Americas,
a significant number of third-party companies are located in Southern
California. However, the location of manufacturing isn’t a significant com-
petitive advantage because DRAM modules are relatively small and large
volumes are easily shipped over night.

Dataquest expects third-party DRAM module revenue to increase in
the Americas, but with a decreasing percentage of the entire market.
One reason behind this is that both U.S. and foreign manufacturers are
looking to capitalize on the growing installed base of PCs outside of the
United States.

Europe has become a hot area of interest for memory module manufactur-
ers because of its close similarities to the U.S. market. U.S.-based compa-
nies such as Centon Electronics, Kingston Technology, PNY, Simple
Technology, Smart Modular Technologies, Viking, and VisionTek domi-
nate the European third-party module market. Some of these companies
have established European manufacturing facilities in Europe, and most
module manufacturers have at least one sales office in Europe. However,
because the DRAM vendors themselves manufacture DRAM modules, in
part to avoid paying a higher level of European Union import tariff, the
third-party module manufacturers are competing for a relatively small
slice of a much larger total market.
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Japan

Asia/Pacific

DPGR-WW-FR-9702

Europe produces about 20 percent of the world's PCs, and, in total, the
PC industry in Europe constitutes more than 70 percent of the European
DRAM market. It is this dominant PC element that drives the market for
modules. Because European PC production is centered in the United
Kingdom/Ireland and Germany, it is in these regions that the module
manufacturers are most active.

Over the past 12 to 18 months, there has been a move by some of the larger
module manufacturers that have a global presence to set up manufactur-
ing in Europe, most notably in the United Kingdom /Ireland region. This
increased presence in Europe, by U.S.-based memory module manufactur-
ers in particular, is a move to tackle a number of challenges: warehousing,
import duties, logistics, accounting differences, language barriers, and so
on. Having local manufacture and warehousing in a significant PC manu-
facturing region gives a module manufacturer an edge in responsiveness
and helps to drive cost reductions. Another strong motivator in the move
to local manufacture is the avoidance of the import duties that apply in the
European Union, which affect both DRAM chips and memory modules.

There are companies of European origin manufacturing memory modules
and serving the European market, but these companies tend to focus on
the local national marketplace rather than the pan-European market.

The Japanese market makes up about 11 percent of the third-party module
business. Two Japanese companies, Melco and 1.0. Data, dominate this
region. Both of these companies are Japanese and do almost all of their
business in this region. U.S.-based third-party companies almost com-
pletely ignore the Japanese region. The only U.S. manufacturer that has a
significant presence in this market is Century Micro Electronics. However,
Century's main manufacturing facility is in Japan, and more than half its
revenue is from outside of the United States, which is unusuatl for a
U.S.-based module company.

Based on Dataquest's discussions with U.5. module manufacturers, the
Japanese region is not a targeted growth area. One reason behind this
hesitancy is a fear that the approach these manufacturers have success-
fully implemented in the United States will not work in Japan. The only
U.S. manufacturer that may have an immediate impact in this region is
Kingston. Kingston's interest in this area was the seed that blossomed into
Softbank’s acquisition of Kingston. Because Softbank is a Japanese com-
pany, Kingston may have an easier time attacking this market.

Korean DRAM manufacturers dominate this region, but there is an active
third-party module market in Taiwan. In addition to the Korean and
Taiwanese companies, there are emerging markets, such as China, that
also offer worldwide and national manufacturers an avenue for growth.

©1997 Dataquest April 21,1997



40

Memories Worldwide

DPGR-WW-FR-9702

The U.S. third-party structure of independent third-party memory module
manufacturers does not seem to exist in Korea. Memory-related activity in
that country is closely tied to Korean DRAM manufacturers. There are
companies that manufacture memory modules in Korea; most seem to
manufacture on a contract basis for the DRAM manufacturers, and the
module is sold under a DRAM manufacturer's brand name.

The Taiwanese third-party DRAM module market is similar to the

U.S. market in that the modules are sold to a worldwide base of distribu-
tors, computer resellers, and PC OEMs. The main differences are a heavier
use of the spot market and a lack of branded product. The heavier use of
the spot market is easy to understand, considering that the Taiwan DRAM
spot market was the lowest-cost source of DRAM in the world in 1996.
This enabled Taiwanese third-party manufacturers to purchase the lowest-
priced DRAM chips, which in turn resulted in some of the most aggres-
sively priced DRAM moduies in the world.

Dataquest estimates that between $150 million and $230 million worth of
unbranded modules were manufactured by Taiwan-based third-party
module manufacturers in 1996. The Asia/Pacific market and the world-
wide gray market are where most of this product was sold.

Dataquest believes that the low penetration of “branded” third-party mod-
ules in Japan and Asia /Pacific results from two influences—the strong
presence of DRAM manufacturers in these regions and the lack of a large
installed base of PCs. For the third-party company to offer value, it needs
to leverage a large installed base. The installed base of computers outside
the United States is relatively small. Without an installed base to leverage,
a third-party company becomes dependent on OEM channel business.
This creates a situation where the third-party manufacturer wouid
infringe on the DRAM manufacturer's module territory. In effect, a third-
party structure, as it exists in the United States, is difficult to replicate at
this time in Japan or Korea.
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American Gomputer and Digital Components Inc.

ACDC

440 Cloverleaf Drive

Baldwin Park, California 91706
(818) 336-1388

http:/ /www.acdcmemory.com/

American Computer and Digital Components was established in 1987 as a
memory module manufacturer. ACDC operates a 120,000-square-foot
facility in Southern California, where it manufactures over 2,000 different
types of memory modules. ACDC is active in both the retail and the distri-
bution and resale channels. Dataquest estimates ACDC's DRAM module
revenue to be $480 million in 1996.

Celestica

Celestica Inc.
844 Don Mills Road
North York, Ontario
Canada
\ (416) 448-5790
http:/ /www.celestica.com/

Celestica is a Canadian full-service contract manufacturer with total com-
pany revenue approaching $3 billion in 1995. Celestica can trace its history
back 80 years as a manufacturing facility in Toronto. It has expertise in
design, prototyping, manufacturing, and miniaturization of electronic
assemblies. Celestica employs more than 2,500 individuals at its 900,000-
square-foot facility in North York, Ontario. The company also has a sub-
sidiary, Celestica Corporation, based in New York state.

Celestica was once part of IBM, but it is now independent of IBM and has
manufactured memory modules for other parties on a contract basis for a
number of years. In August 1996, Celestica entered into the distribution of
computer memory products. Celestica has signed contracts with a number
of computer and industrial distributors, like Ingram Micro, making their
products immediately available throughout North America. Although
Celestica is not a traditional third-party company, it should not be over-
looked as a significant competitor with the other companies mentioned in
this report.

Centon Electronics

Centon Electronics Inc.

20 Morgan

Irvine, California 92718
(714) 855-9111

http:/ / www.centon.com/
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Centon Electronics was founded in 1978 by Gene Miscione, its president
and CEO. Originally a distributor of DRAM, Centon began the transition
to memory module manufacturer in 1990, and completed it in 1993.
Centon's 1996 company revenue is estimated to be $220 million.
Although revenue was impacted by 1996's DRAM price declines, 1996's
profit margin was double 1995's level, and DRAM module unit shipments

grew.

The company's goal is to be "a worldwide supplier of memory add-on
solutions through leadership in the design and marketing of new
products to all segments of the market." Strategic partnerships and
long-term relationships with its customers, qualified contract manu-
facturers, and suppliers are the keys Centon has identified to meeting its
goals.

OEM relationships account for the lon's share of Centon's business—

50 percent, the distribution and reseller channel accounts for 30 percent,
and the retail channel makes up the remaining 10 percent. Centon believes
that once all true costs are considered, each of the channels offers similar
margins. Retail, however, is cited as the most difficult channel in which to
participate. Centon maintains its presence in retail through very tight
management.

Centon is shipping about an equal number of FPM and EDQ modules, but
it is moving quickly toward EDO. Centon’s most popular products are
8MB and 16MB EDO SIMMs. DIMMs are growing in significance but are
still considered a differentiator at this time.

Centon believes in emphasizing its operating strengths, which it believes
to be managing the logistics involved in manufacturing memory modules,
not the actual physical assembly of the module. Centon manages its own
planning, procures its own parts, inventories its own components, tests its
own parts, and manages the inventory and distribution of finished goods.
What Centon is content to outsource is assembly.

Four to five subcontract assembly houses are used by Centon at any given
time to manufacture its memory modules. Centon provides complete
assembly Kits to its subcontractors and maintains a support engineering
staff on site. The engineering support is to deal with problems as they
arise and to ensure that proper manufacturing principles are followed.
Before working with an assembler, Centon does a full team review of the
facility and processes used. Centon is also in the process of becoming ISO
9001 certified.

Centon uses both the contract and spot market, at about equal levels, to
obtain its DRAM supply. The split between contract and spot market
usage varies depending on market conditions. Centon uses the spot mar-
ket more than many of its competitors, leveraging its experience as a dis-
tributor. Even though Centon chooses to use the spot market more than
many of its competitors, it also works to maintain strong relationships
with its contract DRAM suppliers. Centon maintains an inventory level of
raw material and finished goods of about two weeks.

©1997 Dataquest Aprit 21, 1997



Third-Party DRAM Module Manufacturer Vendor Profiles 43

Centon believes the entire third-party memory module market is still
growing, and because of this, it expects to grow in size and revenue with-
out having to grow its market share. International, OEM, notebook, and
workstations are all areas targeted by Centon for growth. Centon already
has an international presence, with 20 percent of its sales coming from out-
side of the United States, but it hopes to expand this area.

Century Micro Electronics
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Century Micro Electronics Inc.
4800 Great America Parkway
Santa Clara, California 95054
(408) 748-7788

http:/ / www.century-micro.com/

Century Micro Electronics was founded in 1989 by principals from Japan
and Hong Kong. Dataquest estimates Century’s 1996 worldwide company
revenue to be $400 million. Century did enjoy a higher profit margin in
1996 and an increase in DRAM module unit volume. Century supports all
three distribution channels. About 60 percent of Century's revenue comes
from the distribution and reseller channel. The OEM channel accounts for
a little over 30 percent of revenue. The retail channel and contract manu-
facturing make up the rest. Century's product line includes modules from
1MB to 128MB, with 8MB and 16MB being the most popular in 1996.

Manufacturing is split among Japan, Hong Kong, and the United States.
Fifty percent of Century’s 100 employees are devoted to manufacturing.
Century's main manufacturing facility is located 35 miles southwest of
Tokyo, where Century operates five fully equipped surface-mount
technology lines. In the United States, Century uses contract assembly for
quick turnaround situations to avoid heavy inventory exposure. Decen-
tralized manufacturing allows Century to provide just-in-time service to
its worldwide customer base.

Century's Japanese plant features test equipment with the capability of
performing full printed circuit board (PCB) timing analysis, wave form
measurement, and complete parametric testing. Environmental and
reliability testing, including operational life test, burn-in, and insertion
testing, is also performed.

Century differs from many of its competitors in that more than half its
revenue is derived from outside the United States. The United States is the
largest single region, accounting for 40 percent of Century’s sales. The
Japan and Asia/Pacific regions account for about 50 percent of sales,
which is not surprising considering this is where most of Century's
manufacturing is located.

Century uses both the spot market and contract arrangements with
DRAM suppliers to purchase its DRAM. The dependency on either source
varies considerably, depending on market conditions. Taking advantage of
1996's falling DRAM prices, Century augmented its direct allocation
DRAM with product from the spot market. This action assured Century's
cutomers a consistent supply of product at competitive prices.
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I-0 Data

GoldenRAM

I-O Data

24 Gaiku-1, Sakurada-machi
Kanazawa City 920

Japan

hitp:/ /www.iodata.co.jp/

I-O Data is the second-largest third-party module manufacturer in Japan.

It was founded in 1976 and became a publicly held company in 1991. I-O

Data first started manufacturing memory enhancement products in 1980.

In additien to DRAM modules, I-O data manufactures and sells a full line
of PC peripherals. Dataquest’s estimate of I-O Data's 1996 DRAM module
revenue is $177 million.

GoldenRAM

8 Whatney

Irvine, California 92618

(714) 460-9000

http:/ / www.goldenram.com/

GoldenRAM's product line includes various memory modules for main
memory, graphics and cache applications, CPU upgrades, and hard drives
and CD-ROM kits. Its sales have nearly doubled almost every year since it
first began manufacturing in 1988. Company revenue in 1996 is estimated
to be $180 million. GoldenRAM distributes its product primarily through
the distribution channel, where 60 percent of its modules are sold. The
OEM channel accounts for the remaining 40 percent.

GoldenRAM sources all of its DRAM through contracts with DRAM sup-
pliers. GoldenRAM manufacturers between 6,800 and 7,200 modules a
day and maintains a centralized finished goods and DRAM inventory of
two to three weeks. GoldenRAM expects to be registered to the ISO 9001
standard by June 1997. GoldenRAM's Ramcharge dealer support program
and its Goldenserv corporate end-user support service are aimed at differ-
entiating GoldenRAM-brand modules from generic memory modules.
These programs are aimed at ensuring repeat business. GoldenRAM also
repurchases modules from customers to encourage upgrading. Golden-
RAM breaks even on these purchases.

Kingston Technology
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Kingston Technology Corporation
17600 Newhope Street

Fountain Valley, California 92708
(714) 435-2600

http:/ /www.kingston.com/

In 1987, Kingston Technology was formed to support the emerging market
for memory upgrades. Today, Kingston's objective is to be the OEM of
memory throughout the computer industry. Kingston is by far the largest
of the third-party memory module manufacturers, with estimated
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Ma Laboratories
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company revenue of $1.3 billion in 1996. Kingston has an image and strat-
egy of supporting the high-end, machine-specific memory module market
and avoiding generic, commodity modules. Kingston also sells processor,
networking, and storage upgrades, but these products are completely

overshadowed by memory modules, which account for over 8¢ percent of
Kingston's tevenue. Although company revenue was flat, Kingston expe-
rienced a threefold increase in DRAM module unit shipments in 1996.

Kingston's prominence among memory module manufacturers comes
from its domination of U.S. distribution channels. Kingston's dominant
position in distribution is in contrast to its position in the PC OEM and
retail channels, where it has little or no presence. Kingston had a first
mover advantage in the distribution channel, having entered this channel
before there was any significant competition. This allowed Kingston the
opportunity to develop tight working relationships with its distribution
and reseller customners, without having to worry about cutthroat price
competition. Because Kingston is already so well positioned in the U.S.
distribution channel, it is difficult to forecast above-average growth in this
channel. This constraint explains why Kingston has targeted international
expansion as the best way of expanding this line of business. It also
explains why Kingston is interested in expanding its presence in the OEM
channel. Kingston recently made a public entrance into the OEM channel
when it announced it will supply the memory modules for Toshiba Amer-
ica Information Systems' memory upgrade program.

Kingston has traditionally sourced 100 percent of its DRAM through
contract arrangements with DRAM manufacturers. Even in 1996, when
the spot market provided the opportunity for significant cost savings,

95 percent of Kingston's DRAM was purchased through contracts. King-
ston avoids relying on the spot market for a number of reasons. The most
important is the need to maintain strong relationships with DRAM manu-
facturers. Kingston fears opportunistic use of the spot market would alien-
ate its suppliers, creating the potential for problems during allocation
periods. Kingston's size also prohibits it from relying heavily on the spot
market,

Ma Laboratories

1972 Concourse Drive

San Jose, California 95131
{408) 954-8188

http:/ /www.malabs.com/

Ma Laboratories was founded in 1983 as a PC maker but moved into the
PC upgrade market. Dataquest'’s estimate of Ma Labs’ 1996 DRAM module
revenue is $182 million. In addition to DRAM modules, Ma Labs sells
other PC peripherals, such as CPU upgrades and motherboards.
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Melco

MGV Memory
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Melco Inc.

Kamiya Bldg., Ohsu 4-11-50, Naka-ku
Nagoya 460, Japan

81-52-251-6891

http:/ /www.melcoine.co.jp/

Melco is the leading third-party module manufacturer in Japan. Melco is a
publicly held company, with 357 employees, that manufactures memory
modules and PC peripherals. Dataquest’s estimate of Melco's 1996 DRAM
module revenue is $268 million. Approximately 60 percent of Melco's total
company revenue is derived from DRAM modules.

Melco considered 1996's DRAM price decline as an opportunity for it to
expand its add-on memory board business. To capitalize on this opportu-
nity, it offered stock compensation of about $26 million to dealers so that
lower module prices for Melco memory modules would become effective
in the marketplace immediately. Melco also promoted an advertising cam-
paign targeted at dealers and end users, addressing the opportunities
affordable add-on memory offered. These initiatives had a positive impact
on Melco's DRAM module revenue, which increased 45 percent in 1996.

MGV Memory

29 B Technology, Suite 100
Irvine, California 92618

(800) 440-4648

hitp:/ / www.mgvgroup.com/

MGV maintains its company headquarters in Irvine, California, and a
manufacturing facility in Huntsville, Alabama, MGV's 45,000-square-foot
manufacturing facility is ISO 9001 compliant and can produce over 50,000
memory modules per day. MGV sells its memory products through facili-
ties in Europe, Asia, and North America. Dataquest's estimate of MGV's
1996 DRAM module revenue is $113 million.

MGV is active in all three distribution channels, but it concentrates on the
retail channel, which accounts for the largest portion of its business. MGV
Memory products are available at more than 2,000 retail outlets, including
computer and office product superstores, consumer electronics stores, and
mass merchants in the United States, Canada, Mexico, and Europe. In
1996, MGV's retail strategy included proactive pricing actions for its retail
partners to help manage the DRAM price decline, a just-in-time manufac-
turing system to ease inventory exposure, and a special order program for
proprietary products for notebook and printer memory upgrades.
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PNY Technologies

Simple Technology
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PNY Technologies Inc.

200 Anderson Avenue
Moonachie, New Jersey 07074
(201) 438-6300

http:/ /www.pny.com/

PNY Technologies was founded in 1985 as a memory chip broker. In 1991,
PNY made the transition to third-party memory module manufacturer,
and since then, PNY has progressed from a company with a manufactur-
ing mind-set to one with a design mind-set. PNY operates three manufac-
turing facilities, one at its headquarters in Moonachie, New Jersey, a
second U.S. facility in Santa Clara, California, and a third facility in
Bordeaux, France. PNY will soon move its headquarters to a new
165,000-square-foot facility in Parsippany, New Jersey. PNY's annual sales
have virtually doubled every year since its transition to manufacturer in
1991. Company revenue was flat in 1996, approaching $500 million.
However, DRAM module unit volume increased 400 percent in 1996.

PNY sells its memory modules through the three dominant channels and
is the leading third-party manufacturer in the retail channel, which
includes mail order, where its memory modules are available at over 7,500
retail locations and 22 mail-order catalogs. PNY is as dominant in the retail
channel as Kingston is in the distribution channel. The retail channel
accounts for about 60 percent of PNY's sales.

PNY also provides contract assembly services to semiconductor manufac-
turers and OEMs. PNY'’s high-volume production lines and automated
testing equipment in America and Europe result in a combined surface-
mount placement capacity of more than 200,000 components per hour. In
December of 1994, PNY's New Jersey operation became 150 9001 certified.

PNY sources its parts primarily through contract arrangements with
DRAM suppliers. The spot market is used for about 10 percent of PNY's
DRAM needs.

PNY's approach to the thousands of potential combinations of memory
modules is its UNIMEM asset management program. Fewer than

45 UNIMEM products replace over 1,000 OEM part numbers. PNY uses
this approach to dramatically reduce the amount of inventory its resellers
need to carry. In 1996, PNY favored FPM as its dominant module type,
with a 60/40 split between FPM and EDO. A significant part of PNY's
EDO modules are being packaged as DIMMs. By the end of 1997, PNY
estimates 10 percent of its modules will be SDRAM.

Simple Technology Inc.

3001 Daimler Street

Santa Ana, California 92705
(714) 476-1180

http:/ /www.simpletech.com/
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Founded in 1990 by the Moshayedi brothers as a memory module manu-
facturer, Simple Technology expanded its product line in 1993. Simple
now offers a number of PC-directed products, including small form-factor
memory cards, high-density portable storage devices, and mobile net-
working and communications products. Memory modules are Simple's
primary business, accounting for about 70 percent of Simple's sales. Sim-
ple's 1996 company revenue is estimated to be $165 million. Although
Simple's revenue was impacted by the dramatic DRAM price slide of 1996,
its unit shipments grew over 100 percent when compared to 1995. Twenty
percent of Simple's business is international.

Simple concentrates on the distribution and OEM channels. Simple does
have a retail channel presence, but it is minimal and not a key business
area. The OEM channel accounts for 30 percent of Simple's business, and
the distribution channel accounts for most of the remaining 70 percent.
Simple deals with five or six major OEMs, providing turnkey products for
drop shipping. When dealing with distributors and resellers, Simple main-
tains a same-day shipping policy at a 96 percent success rate.

Simple takes pride in being one of the memory vendors that designs,
engineers, produces, and tests each memory module in-house. Simple
maintains manufacturing plants in the United States, Scotland, and
Canada, with an additional plant planned for the Pacific Rim. The com-
bined manufacturing space Simple has is about 130,000 square feet. Simple
Technology is undergoing the final qualification procedures for ISO 9001
standards. Simple expects certification will be completed within the first
quarter of 1997.

About 90 percent of Simple's DRAM is obtained via contact arrangements
with Japanese manufacturers. Simple's inventory level has been worked
down from 45 days to around 21 days. Inventory is maintained in a mix of
finished goods and raw material.

Simple expects growth to come from a number of areas, including
expanded OEM sales and an increased international presence. Simple, like
most module manufacturers, expanded as quickly as its monthly cash
flow would allow, but it has made the big jump to strategically growing its
OEM business. Simple's presence in the OEM market was helped greatly
in the allocation years of 1994 and 1995. Simple hopes to expand the OEM
channel to 40 or 50 percent of its total module business in 1997.

Smart Modular Technologies
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Smart Modular Technologies Inc.
4305 Cushing Parkway

Fremont, California 94538

(510) 623-1231

http:/ /smartm.com/

Launched as an independent memory module maker in 1988, Smart
Modular Technologies offers its products under the Smart and Apex Data
brand names to leading OEMs and distribution channels in the computer,
printer, networking, and telecommunications industries. Smart is made up
of three divisions: the Memory Products division, the Embedded
Computer division, and the Apex Data Products division.
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Smart's company revenue for 1996 was a little over $400 million, an
increase of 46 percent from 1995's revenue of $275 million. Smart's success
in 1996 may seem odd when compared with its third-party competitors,
most of which had negative revenue growth, and with DRAM manufac-
turers, whose revenue dropped almost 40 percent. One reason behind
Smart's success is the OEM channel. One of the most visible trends in 19%6
regarding third-party module manufacturers was the move to establishing
OEM relationships. Smart was already well established in this channel and
has leveraged its position to continue its strong growth pattern. Smart,
however, is aware of the pitfalls of unmanaged growth, citing a concern
about adding customers faster than capacity.

Smart is unusual for a third-party memory module manufacturer because
it is one of a few that is publicly held (Nasdaq: SMOD) and its memory
modules are targeted 100 percent at the OEM channel. Smart's strength is
in its manufacturing capability. This area is where Smart provides value-
add to its customers. The benefits Smart offers to its OEM customers are
speed and flexibility in manufacturing. Typically, large computer OEMs
are slower to turn around their production lines to new product variations
than a focused company like Smart. Smart leverages its capability to offer
quick turnarounds to OEM customers when needed and then drop ship
the product with the OEM brand name to the desired location. Because of
its strengths, Smart is service oriented and not intent on owning the tech-
nology it manufactures. In fact, in some instances, Smart’s customers pro-
vide their own parts and design.

Over 90 percent of Smart's business comes from DRAM modules. Right
now, the modules are about equally split between EDO and FPM DRAM,
with SDRAM starting to make its presence felt. Sixteen megabyte and
32MB are the most popular densities, while SMB modules are being
shipped at an increasingly slower rate.

Smart runs three manufacturing facilities: a 90,000-square-foot facility in
Fremont, California, a 25,000-square-foot facility in Puerto Rico, and a
50,000-square-foot facility in Scotland. To facilitate round-the-clock design
service, the company operates an additional design center in Bangalore,
India. At this time, Smart ships more than 1.2 million units a month and is
in the process of becoming ISO 9001 certified.

Southland Micro Systems
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Southland Micro Systems

7 Morgan

Irvine, California 92718

(714) 380-1958

hitp:/ / www.southlandmicro.com

Southland Micro Systems designs, develops, manufactures, and markets
RAM, cache, and video memory upgrades for personal computer systems.
The majority of Southland's DRAM module revenue comes from the dis-
tribution and resale channel, but memory module contract manufacturing
for OEMs is growing in importance. Historically, European sales account
for the largest part of Southland's sales, but Southland expects to expand
its market recognition and presence in the United States.
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Dataquest’s estimate of Southland’s 1996 DRAM module revenue is

$218 million. Southland, like most of its third-party competitors, signifi-
cantly increased unit volume in 1996, even though company revenue
decreased. Southland expects 1997 to be a strong year, and to capitalize on
this opportunity, it is planning on expanding capacity by 400 percent in
1997.

Technology Works Inc. (TechWorks)
4030 W. Braker Lane

Austin, Texas 78759

(512) 794-8533

http:/ / www.techwrks.com /

Founded in 1986, TechWorks manufactures add-on performance products
for personal computers, laser printers, and workstations. TechWorks man-
ufactures modules for all types of computers, but it specializes in the
Apple platform. In addition to DRAM modules, TechWorks sells other PC
peripherals, such as 3-D graphics accelerators. Dataquest's estimate of
TechWork's 1996 DRAM module revenue is $120 million.

TechWorks has more than 140 employees worldwide and distributes its
products in more than 15 countries. The company's worldwide headquar-
ters are in Austin, Texas, with European sales and service headquarters
located in the United Kingdom.

Unigen

45388 Warm Springs Blvd.
Fremont, California 94538
(800) 826-0808

http:/ /www.unigen.com/

Unigen was founded in 1991. Originally, Unigen concentrated on the dis-
tribution and reseller channel, but in 1996 it changed its business strategy
to focus on the OEM channel. Dataquest's estimate of Unigen's 1996
DRAM module revenue is $80 million. Although 1996 was a difficult year,
Unigen did increase its unit volume by 300 percent.

Unigen operates a 40,000-square-foot manufacturing facility in Fremont,
California. There are currently 55 employees and four operating manufac-
turing lines at this facility. This facility can produce up to 25,000 modules
per shift. In addition to Unigen's U.5. facility, it maintains a design center
in Taiwan. Unigen is considering expanding its Taiwan facility to full pro-
duction capability and possibly opening a new facility in Europe.

Viking Components

11 Columbia

Laguna Hills, California 92656
{714) 643-7255

http:/ / www.vikingmem.com/
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VisionTek
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Viking Components was founded in 1988 by President and CEO Glenn
McCusker. Originally, Viking was a memory sales and distribution com-
pany, but Mr. McCusker decided that the best way to grow his company
was to invest in on-site design and manufacturing capability. In addition
to memory upgrades, Viking's product line has also expanded to include
PC Cards and connectivity products.

Viking's business plan focuses on the reseller part of the distribution chan-
nel. The OEM channel accounts for a small part of Viking's business, and it
is an area Viking is interested in expanding. In 1996, Viking's company
revenue remained flat at an estimated $260 million, and the company
experienced a 400 percent increase in the number of units shipped. How-
ever, it was a challenging year from a customer service point of view, with
customers increasingly looking for price protection.

Viking is in the process of preparing to move to a new company headquar-
ters in Rancho Santa Margarita, California. The new facility will be 130,000
square feet, with 25,000 square feet devoted to manufacturing. The move
is expected to occur in the second quarter of 1997, To better serve the Euro-
pean market, Viking has also opened a manufacturing facility in Dublin,
Ireland.

Inventory control and quality management are keys to Viking's business
model. DRAM is primarily sourced directly from Japanese and Korean
manufacturers. Most product is maintained in an unfinished state to
increase flexibility. At this time, inventory is turned twice a month.

VisionTek

1175 Lakeside Drive
Gurnee, IL 60031

(847) 360-7500

http:/ / www.visiontek.com/

VisionTek was founded by Chairman of the Board Allen J. Sutker and
Chief Executive Officer Mark Polinsky in 1988. The company’s mission is
to "consistently deliver first to the market, value-added peripheral and
memory products that meet the highest standards for quality and value.”
VisionTek's 1996 company revenue is estimated to be $300 million, and it
experienced unit volume growth of three to four times 1995's level. The
distribution channel accounts for approximately 70 percent of VisionTek's
business, with OEM relationships accounting for the remainder. VisionTek
has no presence in the retail channel.

In addition to memory modules, VisionTek offers a full line of peripheral
products such as fax/modems, PC Cards, and hard drive and processor
upgrades. To help its resellers and corporate customers, VisionTek offers
an inventory buyback program and various "Tek" support programs.

VisionTek’s memory modules are designed and manufactured on-site, at
the company's 60,000-square-foot corporate headquarters in Gurnee,
Illinois. VisionTek also designs and manufactures on an OEM and contract
basis. In the OEM channel, VisionTek considers itself a logistics partner,
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helping with the ups and downs of inventory management. DRAM is
sourced primarily through contract relationships with DRAM suppliers,
with little spot market use. Inventory levels are measured in the number
of days, with no huge stockpiles of any one memory module.

Growth in 1997 is expected to come from an enhanced sales program
targeting major accounts. VisionTek’s own direct salesforce will target the
accounts, fulfilling the order through the most convenient distribution or
reseller channel for the customer.

Wintec Industries Inc.

Wintec Industries Inc.

4280 Technology Drive
Fremont, California 94538
(510) 770-9239

http:/ /www.wintecind .com/

In 1988, Wintec Industries established a flexible manufacturing environ-
ment dedicated to designing and manufacturing high-performance mem-
ory modules. In addition to modules, Wintec distributes CPUs, cache
memory, hard disk drives, multimedia hardware, and motherboards.
Company revenue approached $700 million in 1996, with an estimated
$395 million coming from DRAM modules. DRAM revenue was flat, but
there was over a threefold increase in unit volume. Wintec's primary target
for its memory modules is the distribution and reseller channel, with little
OEM and retail channel presence.

Wintec designs its products to provide cost-effective solutions that meet
the highest standards of compatibility and quality. Price and turnaround
time are two important competitive concerns for Wintec.

Other Third-Party Memory Module Manufacturers
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In addition to the companies included in the vendor profile section, there
are many other companies involved in manufacturing and supplying
third-party memory modules. A nonexhaustive list of those companies
follows.

1st Tech Corp.

12201 Technology Blvd., Suite 130
Austin, Texas 78727

(512) 258-3570

Acculogic

13715 Alton Parkway
Irvine, California 92718
(714) 454-2441

Admor Memory Ltd.

217 Technology Dr., Suite 100
Irvine, California 92718

(714) 789-7292
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All Components
14990 Landmark Blvd.
Dallas, Texas 75240
(972) 248-1027

AMT International

2393 Qume Dr.

San Jose, California 95131
{408) 432-1790

Anacapa Micro Products Inc.
2465 Portola Rd.

Ventura, California 93003
(805) 339-0305

Bettencourt Enterprises

1725 De La Cruz Blvd., Suite 3
Santa Clara, California 95050
{408} 986-8056

BJS Electronics Incorporated
2161 Del Franco St.

San Jose, California 95131-1570
(408) 435-2888

Cambex Corporation

360 Second Ave.

Waltham, Massachusetts 02154
{617) 890-6000

Camintonn /Z-RAM Corporation
22 Morgan Street

Irvine, California 92718

(714) 454-1500

Champion Memory Products
749 Miner Rd.

Cleveland, Ohio 44143

(216) 646-2500

The Chip Merchant

4870 Viewridge Ave.

San Diego, California 92123
(619) 268-4774

Computer Peripherals Inc.
7 Whatney

Irvine, California 92718
(714) 454-2441

Data 1 Inc.

6416 Parkland Dr.
Sarasota, Florida 34243
(941) 751-3336
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Dataram Corporation

P.O. Box 7528

Princeton, New Jersey 08543
(609) 799-0071

Delkin Devices Inc.

3245 Greyling Drive

San Diego, California 92126
(619) 586-0123

Elkco Corp.

41-A N. Main St.

North Grafton, Massachusetts 1536
(508} 839-2111

Enhance Memory Products
18730 Oxnard Street, #202
Tarzana, California 91356
(818) 343-3066

First Source International Inc.

7 Journey

Laguna Niguel, California 92656
(714) 448-7750

Flash Electronics

48607 Warm Springs Blvd.
Fremont, California 94539
(510) 440-2840

G & G Assemblers

15561 Producer Lane, Suites I & |
Hunfington Beach, California 92649
{714) 373-6767

GEE Technical Co. Ltd.

4F-4, No. 351, Sec. 2, Chung Shan Rd.

Chung Ho, Taipei, Taiwan, ROC
(886) 2-225-2716

H Co Computer Products Inc.
16812 Hale Ave.

Irvine, California 92714

(714) 833-3222

Hypertec Pty. Ltd.

61 Talavera Rd

North Ryde NSW 2113

Sydney, New South Wales, Australia
612 805 0111
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K. X. Adtech
Meguro-Higashiyama Building
1-4-4, Higashiyama, Meguro-Ku
Tokyo, Japan

03-3710-9591

K. K. Hagiwara Syscom
Nishiki-Park Building

2-4-3, Nishiki, Naka-Ku

Nagoya City, Aichi Prefecture, Japan
052-223-1301

Kaga Electric K. K.
1-26-1, otoha, Bunkyo-Ku
Tokyo, Japan
03-3942-5228

Kai Fu Electronic Ltd.

Room 1103, Conic Investment Building,
Hok Yuen St.

Hung Hom, Hong Kong

(852) 2774 4668

KT Technology

Hé&M Minami-aoyama E. 301
5-11-14 Minami-aoyama
Minata-Ku, Tokyo 107, Japan
(81) 3-5485-8494

Marco International Inc.
9 Parklawn Dr.

Bethel, Connecticut 06801
{203) 830-8000

Memory Card Technology

141 Duesenberg Dr., Suite 12
Westlake Village, California 91362
(805) 494-1395

Memory Corporation

Dalkeith Palace

Dalkeith, Edinburgh, EH22 2NA
0131 654 2576

Memory Experts International Inc.
7750 Henri Bourassa West No. 102
Montreal, PQ H4S 1W3, Canada
(514) 333-5010

Micro Memory Inc.

954(} Vassar Avenue
Chatsworth, California 91311
(818) 998-0070
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Mobel Electronics

477 A Ave. Delmar

Pointe-Claire, PQ H9R 4AS5, Canada
(514) 426-5588

Nevada Computer

684 Wells Rd.

Boulder City, Nevada 89005-1717
(702) 294-0204

Nitronic
Aalsmeerderweg 191
1432 CL Aalsmeer
The Netherlands

31 297 347-706

Pacific Force Technology Ltd.
1605 W. E]l Camino Real
Mountain View, California 94040
(415) 968-9685

PHCEON Inc.

1996 Lundy Ave.

San Jose, California 95131
(408) 432-8030

PMC

17702 Mitchell N.
Irvine, California 92714
{714) 851-8242

Princeton Technology Inc.
2552 White Rd.

Irvine, California 92714
(714) 851-7776

Quadrant Compoenents Inc.
4378 Enterprise St.
Fremont, California 94538
(510) 656-9988

SIMMSaver Technology Inc.
1820 E. First St.

Wichita, Kansas 67214

(316) 264-2244

Sphinx Computer
Brunntalerstr. 2
D-85649 Hofolding
Germany

49 8104 66 33 0
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Stracon Inc.

1672 Kaiser Ave. No. 1
Irvine, California 92714
(714) 851-2288

Telecomputer Inc.

17481 Mount Cliffwood Circle
Fountain Valley, California 92708
(714) 438-3993

Transcend Information Inc.
1645 N. Brian 5t.

Orange, California 92667
{714) 921-2000

U S Modules

1435 McCandless Dr.,
Milpitas, California 95035
(408) 946-9105

Workstation Direct

55 Holly Hill Lane
Greenwich, Connecticut 06830
(203) 661-1600

©1997 Dataquast
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Which Way Is Up?

Micron Technology Inc. announced earnings for the first quarter of fiscal year
1998, which ended November 27, 1997. Net income for the quarter was $95.6
million ($0.04 per fully diluted ghare) on net galegs of $955 million. This
compares to net income of $72 million ($0.33 per fully diluted share} on net
sales of $946 million for the fourth qguarter of fiscal 1997.

Micron's performance last quarter shows how difficult the DRAM market
continues to be. As many consider Micron to be the industry cost leader for
16Mb DRAEM, one must wonder how poorly Micron's competitors are doing. Key
results include the following:

B Micron experienced an average selling price (ASP}) decline of 25 percent
to just under $5 for the quarter. This compares with a decline of 13
percent for the previous gquarter and 75 percent for fiscal 199%7.

. B Gross margin on semigonductor products declined from 44 percent in the
fourth quarter of fiscal 1997 to 32 percent for the first quarter of
fiscal 19957.

B Capital spending for fiscal 1998 is still expected to be in the range of
3600 million to $1 bhillion, depending in a large part on the pricing
situation.

From an operations perspective, Micron revealed that test, particularly for
synchronous DRAM (SDRAM), remains a bottleneck. Micron made headway addressing
the assembly problems it faced last guarter but said that test may take three
to six more months to correct. The test bottleneck limited Micron's bit growth
to 6 percent for the quarter. Micron believes that without this bottleneck,
bit growth may have been an additional 10 percent. Micrcon believes the test
bottleneck will continue to limit bit growth, most likely to low double digits
per quarter for the fiscal year.

The test problem is primarily due to the technology transition to SDRAM. Next
year's expected transition to PC/1l00-compliant SDRAM only adds to this burden.
Micron way find some solace in the likelihood that many of its competitors are
faced with the same difficulty. Micron said that SDRAM accounted for about 70
percent of its shipments and that for the past two months, more than 70
percent of its wafer starts have been synchronous DRAM. It seems that the
vear-long anticipated SDRAM transition has finally occurred-—a reported 100
pergent of contract purchasing by Micron's original equipment manufacturer
. {OEM) clients is SDRAM.

December 17, 1997 ©1997 Dataquest 1
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The spot market/contract mix remained steady at 15 percent/85 percent.
Although it is difficult to find any comfort in DRAM pricing, Micron's ability
to move away from the spot market over the last year has saved it quite a bit
of additional discomfort. Micron stated that it is selling 16Mb DRAM at around
$3.80, but with downward price pressure toward current spot market pricing,
which ranges from $2.50 to $3.00, depending on speed and crganization. The
$3.50 price most likely includes a 10 to 20 percent adder that Micron
mentioned it is getting for SDRAM. The 10 to 20 percent price adder probably
adds little teo the profitability of SDRAM, considering the increased test cost
asgociated with the technology.

Micron continues to ramp 16Mb production, but it expects the bit crossover
with €64Mb devices to occur in the second half of calendar year 1998. This
represents an aggressive ramp for Micron's 64Mb DRBM because it is now
shipping only small volumes of this device. Micron's current 64Mb production
is around half a million units per month, with prices from $15 to $18.

Datagquest Perspective

Based on the questions asked of Micron during the conference call, two
financial industry concerns stand out: What impact will the financial crisis
in Korea have on the DRAM market? Is it possible for Micron to be profitable
next quarter?

Micron's take on the Korean currency crisis is that it really doesn't impact
the company or the cost of DRAM significantly. Dataguest disagrees. The
difference of opinion is rooted in the currency denomination of Korean DRAM
manufacturer debt and variakle cost. Micron believes that most of Korea's
debt, material, and factory equipment cost is denominated in U.&. dollars and
vyen. In this case, while Korean DRAM manufacturers would enjoy added sales
revenue in national currency terms as the won depreciates against the deollar,
they are alsoc paying out more won to get dollars to service their dollar-
denominated costs and heavy debt. The result is a push. Micron also believes
that, with the current rapid price depression, if a cost advantage does exist,
it spells relief only for a very short time, possibly a week.

Dataquest believes that a significant amount of Korean DRAM manufacturer debt
is internally obtained in local currency. In this case, the Korean government
and national banks are subject t¢ the exchange rate risk. The relative cost to
the Korean DRAM companies decreases as the won depreciates because they get
more won per dollar in sales transactions outside Korea, but the cost of
internally derived debt remains the same. The same is true for labor and any
materials purchased in Korea. The impact to Micron and other non-Korean DRAM
manufacturers is the potentially lower cost basis for Korean DRAM
manufacturers if there is sustained local currency depreciation. This would
make a difference in a dumping case, because cost plus 8 percent is regarded
as the floor for acceptable pricing.

The profitability question depends on where pricing goes in the next quarter.
Micron and all its competitors, including Korean DRAM manufacturers, would be
helped by a slowing in DRAM price depreciation. Unfortunately, as long as
there is industrywide overcapacity, too many manufacturers would need to

December 17, 1997 ©1997 Dataquest 2
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regtrain their production to affect this immediately-—a very unlikely
scenaric.

The currency situation should eventually help Micron and other DRAM companies
in more stable financial environments. It will become inecreasingly difficult
for Korean DRAM companies to find new financing to add capacity and to make
technolegy improvements to existing fabs. This eventually will allow the
market to catch up to the supply of DRAM and allow a return to a more
profitable DRAM market.

By George Iwanyc

December 17, 1997 ©@1997 Dataquest 3
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Motorola to Phase Out of DRAM Business

In a decision deemed consistent with its new focus, Motorola Incorporated announced today
that it will phase out its limited participation in the DRAM market. According to Motorola, this
decision will have no impact on employment or on long-term relationships with Toshiba and
Siemens.

Motorola's second quarter 1997 results will be negatively impacted by this action, with a
charge of about $170 million against pretax second quarter earnings related to the write-
down of both technology development costs and manufacturing equipment.

Motorola will work closely with its DRAM customers to assure that they obtain other
sources of supply, in a market that has abundant capacity.

Motorola's DRAM resources will be allocated to other technologies, including
proprietary fast SRAM and integrated flash and EEPROM.

Motorola will maintain its joint-venture partnerships with both Toshiba and Siemens
but will convert its share of production capacity to other products over time.

Motorola's joint venture with Toshiba, Tohoku Semiconductor's newest facility, which
now produces 16Mb DRAMSs, will gradually shift operation to logic products, including
leading-edge microprocessors and application-specific integrated circuits (ASICs).
Motorola's production of 16Mb DRAMSs in that facility will cease by year's end; the
DRAM capacity for Toshiba will be maintained until the logic conversion is completed
in 1998.

The Motorola/Siemens White Oak Semiconductor joint-venture facility under
construction in Richmond, Virginia, wifl use DRAMs to ramp to volume production,
with Siemens selling both companies' share of output. After volume production is
reached, Motorola will convert its share of the facility’s capacity to produce proprietary
fast SRAMs.

Motorola reminded Dataquest that it has purposely maintained limited participation of less
than 5 percent in the DRAM market since the mid-1980s, principally through the company's
joint-venture production partnership with Toshiba. During the past three years, Motorola's
share of the DRAM market has been less than 2 percent.

July 2, 1997 91997 Dataquest 1
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Dataquest Perspective

Rumors have indicated for a while that something was afoot here. About a month ago,
Motorola backed out of its development joint venture with IBM, Siemens, and Toshiba. There
were rumors over a week ago that the White Oak facility was going to be stopped midstream.
Members of Motorola's management have been touring the country briefing analysts and the
press that they planned to restructure the company to play a decreasing role in markets that
did not easily fit within the overall company's direction.

The spirit of this move was stated simply by Motorola to be the "redeployment of resources to
higher-value technology, especially fast SRAMs and flash memory, a market in which
Motorola is committed to become a market leader.”

Motorola followed this announcement with a conference call to give additional detail:
@ The $170 million in anticipated charges will comprise two parts:

@ An advance payment of technology fees that Motorola agreed to pay Siemens for
the development of the 64Mb DRAM technology. Rather than pay this fee over the
scheduled five years, Motorola has elected to pay over 50 percent of the fee this
quarter and to pay the balance over the next two years.

O The write-off of the book value of DRAM development and test equipment at the
Tohoku joint venture fab. This equipment will not be used by Motorola after 1997.

m  Motorola will produce 64Mb DRAMs from the beginning of production at the White
Oak facility (mid-1998) until the middle of the year 2000.

m  Siemens will sell Motorola's share of the 64Mb output from the White Oaks fab.
Motorola will pay Siemens a distribution fee for this service. During this time, Motorola
will have no visible presence in the DRAM market.

Despite Motorola's candor, there are still several interesting points to consider. If the company
stops manufacturing 16Mb DRAMs at the end of this year, yet doesn't start to produce 64Mb
DRAMSs until the middle of next year, will it at all be able to maintain a standing in the market?
It appears that Motorola is planning to take advantage of the wide availability of product on
the market to move customers to its former competitors' DRAMs. (Toshiba and Siemens will
have an easy job recovering Motorola's business, since there should be little, if any,
requalification needed for OEMs to switch from a Motorola part to its equivalent from
Motorola's partners.)

Given that Motorola's DRAM revenue and SRAM revenue last year were both about $500
million and assuming that the revenue per wafer for Motorola's kind of SRAMs is considerablv
higher than that for commodity DRAMSs, can Motorola find a market for all of the SRAMs it
intends to produce?

July 1, 1997 ©1997 Dataquest
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Another question that comes to mind is why Motorola would push to get out of the DRAM
market altogether just when all other DRAM manufacturers seem to be moving toward
developing embedded DRAM technology for their ASIC processes.

Motorola's current presence in the flash memory market is negligible. Can the company ramp
its business quickly enough to take advantage of all the capacity that is freeing up? Many other
companies have similar goals, including Motorola's flash partner, Mitsubishi, yet these
companies all seem to stumble over the technical difficulties of producing flash memories.

Some equipment manufacturers will be pleased to hear that this move should cause the
company's capital investments to increase, as the company purchases equipment to convert its
DRAM lines to logic processes. Motorola committed to stay on schedule for its capital
investments at the White Oak facility, apparently the only facility in which the company was
investing in DRAM capital equipment.

So is this a good move or a bad move?

Dataquest anticipates that the move from DRAMSs to SRAMSs, flash, and logic will be costly in
the short term, with increased capital costs, the mentioned one-time charges, difficulties in
finding room to expand in certain markets, and the difficulties in changing processes,
especially flash memory. Despite the short-term troubles, this looks like a move in the right
direction for the long term.

Wall Street analysts have made favorable comments in news reports, saying that the company
had not shown a commitment to the market for several years and that the capital costs were
significant enough that participation represented a poor use of this resource for a company
with such a limited market share.

We are forced to wonder whether upper management at the company didn't look at the DRAM
business that Motorola was doing and say, "Why are we doing this to ourselves?"

By jim Handy and George Iwanyc

July 1, 1997 ©1997 Dataquest 3
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Korean Manufacturers Further Cut DRAM Production

In an announcement carried by the Dow Jones News Service, South Korea's three major semiconductor
makers announced on Tuesday, July 1, that they will temporarily suspend DRAM production this summer
as a part of their effort to prevent further price declines.

Samsung said it will shut down the lines from July 26 to August 1. It will also stop purchases of raw and
basic materials for the chips. Hyundai and LG Semicon said they will take similar actions, making the lines
idle for five days.

Dataquest Perspective

Dataquest has been waiting and watching for this announcement for about a month now, and we are a
little surprised at the small size of the steps taken. A five-day closure over the course of a quarter amounts
only to under 6 percent of the days in the quarter, and a similar percentage of the output of these plants.
Because Korean manufacturers make only about 30 percent of the world's DRAM, this amounts to a
production cut of less than 2 percent of the world's capacity.

At the end of January 1997, much coverage was given to a production cutback by Korean DRAM
producers, done to try to stabilize the then seemingly uncontrolled DRAM market. Although the suppliers
were hazy in terms of unit cutbacks, this threat of action was enough to push the red panic button of
shortages in many markets. It did result in short-term DRAM price increases in both the contract and spot
market channels.

However, by the end of February, spot market prices started to drop, fueled by the combination of better-
than-anticipated product availability and lower-than-expected customer demand. Likewise, buyers in the
contract segment reported that their Korean suppliers had no trouble in satisfying customer upsides,
regardless of size. By the middle of second quarter contract prices started to drift south, although little
media attention was given to this trend! At the time of writing this article, trading of DRAM product in the
spot market remained lighter than usual despite excellent availability and ever-declining prices. This
would lead many to believe that, despite the cutback announced in January, there was still more product
produced than demanded by customers. Many would deduce that either the production cutback was
negligible or that it never really occurred. Is this annocuncement of a complete production freeze for five
days going to be any different?

Returning to the theme of inventory, many ask where the excess product is coming from. OEMs continue
to maintain their policy of minimal in-house inventory, so it is clearly not coming from this channel. This
means that the excess product must originate from further back in the supply chain (that is, from the

July 2, 1997 91997 Dataquest 1
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suppliers themselves or their trading companies). This would tie in with the rumors abounding of certain
suppliers holding on to large inventories. This is the DRAM that they continue to produce, despite a lack
of customer orders. If the rumors are to be believed, the inventory holdings are on the order of three to
eight weeks. Although Dataquest doubts that suppliers are really holding up to two months of inventory
across the board, it does believe that most suppliers are holding more than a week's worth of product.
Thus, a production shutdown of five days in the slowest quarter for DRAM sales should have no impact

on the market.

To summarize, this announcement needs to be viewed from a larger perspective. The market is currently
oversupplied, the third quarter is always sluggish for sales, numerous technology transitions are

occurring, prices are falling again (albeit in a controlled manner in the spot market). Thus, this should be
seen as one more step, with many more to follow, by manufacturers to try to stabilize the DRAM market.

By Jim Handy and Evelyn Cronin

July 2, 1997 ©1997 Dataguest 2
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An End to DRAM Antidumping Legisiation in Europe

After three months of equivocating, the European Union (EU) is to lift the DRAM antidumping
legislation currently imposed on Japanese and Korean vendors.

On March 10, 1997, the EU announced the phased reintroduction of DRAM antidumping
legislation after a period of suspension. However, Dataquest understands that, in a U-turn, the
EU will announce the lifting of its legislation on June 25, 1997, when its antidumping
comunittee next convenes. At that meeting, nevertheless, the European Electronic Components
Association (EECA) is expected to propose that the EU continue to demand a price
undertaking from Korean and Japanese DRAM manufacturers, citing the European disclosure
document of March 18, 1997, that confirmed a threat of further commercial damage to the
European DRAM market because of DRAM dumping in Europe.

At the same time as the EECA's representations, however, the Korean and Japanese

. manufacturers will offer to commit themselves to a voluntary price-monitoring framework.
This framework is thought likely to involve an industry-to-industry "gentlemen’s" agreement
among the various trade bodies and industry associations representing the interested parties.
The EECA considers it inappropriate for the European Commission (EC) to recommend such
industry agreements, hence the Association's request for a continuation of the current DRAM
legislation in Europe. Nevertheless, Dataquest understands that no opposition to the joint
Japanese/Korean proposal is anticipated from any individual EU member state, so the EU
antidumping committee will recommend acceptance of this proposal to the EC, which then will
formally ratify the decision. Antidumping measures could be lifted officially by August 1, 1997.

Dataquest Perspective

It would be harsh to suggest that this decision by the EU acknowledges the failure of its DRAM
reference pricing measures in Europe. In fact, DRAM vendors themselves pulled back from a
prolonged DRAM bloodbath in the second half of 1996 by regulating production levels when it
became obvious that the industry was experiencing global DRAM oversupply. This action
caused DRAM prices to rise from less than $4 per megabyte to nearer $5 per megabyte,
effectively circumventing any European DRAM reference price. Recently, however, after
several months of stability, DRAM prices have started to decline once more, and reference
pricing could have started to play a role in the European market. Could this be the motivation
behind the Japanese and Korean companies' move?

June 26, 1997 ©1997 Dataquest 1
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The EECA, which perhaps is being bullied into accepting the Japanese and Korean companies'
proposal, obviously is concerned about the consequences of a lack of legislation. In the
meantime, the proposed agreement will have to be taken at face value; its true worth will
become apparent only when DRAM market forces inevitably drive prices down in the future.

By Richard Gordon and Edmund Gemmell

June 26, 1997 ©1997 Dataquest



.-
® Dataquesh LERT

251 River Oaks Parkway * San Jose « CA + 95134-1913 « Phone 408-468-8000 + Fax 408-954-1780

Micron Announces Earnings—Now We Know What
Happened in May

Micron Technology Inc. reported net income of $97 million on net sales of $965 million for the
third quarter of fiscal year 1997, ended May 29. This compares to the reported net income of
$143 million on net sales of $876 million for the second quarter of fiscal year 1997. (Micron's net
income for the fiscal second quarter benefited from a $200 million-plus gain from the sale of
subsidiary stock, so net income comparisons are less useful.) By contrast, net income for the
third quarter of the prior fiscal year was $58 million on net sales of $771 million. Also, Micron's
operating income rose to $169 million during the third quarter of fiscal 1997. The means
improvement over $77 million for the second quarter of fiscal 1997 and $98 million for the third
quarter of fiscal 1996.

There were two parts to a conference call between Micron and analysts on June 16, with the
first part covering Micron Electronics (PC and other manufacturing) and the second part on
Micron Technology (semiconductors). Overall, the Micron Electronics call seemed defensive,

. while the Micron Technology call was more upbeat but with some concerns. This report
focuses on semiconductors, especially DRAM.

Micron revealed the following information during its earnings conference call:

m Net sales of the company's semiconductor memory products were $511 million in the
third quarter of fiscal year 1997, compared to $402 million in the second quarter and
$416 million in the third quarter of the prior fiscal year.

B Gross margins on sales of semiconductor memory products improved to about 49
percent in the third quarter of fiscal 1997, compared to 32 percent in the second quarter
and 38 percent in the third quarter of fiscal 1996.

m  Megabit production of semiconductor memory increased by 31 percent in the third
quarter of fiscal 1997 over the second quarter of fiscal 1997.

m Micron's average selling price (ASP) for the fiscal third quarter was $8.25, which is a
mild increase over the fiscal second quarter 1997 price. Pricing fell somewhat during the
last month of the quarter. Micron's current contract price as of June 1997 is in the low-
to-mid-$7 range, and its spot price is just below $7.

Dataquest Perspective

Micron's semiconductor recovery continued in the third fiscal quarter, and the company
. benefited from both higher DRAM ASPs and increased DRAM production. Micron continues

June 18, 1297 ©1997 Dataquest 1



v

MMRY-WW-DA-9709 Memories Worldwide

to improve its production process through shrinks. For 16Mb DRAM, Micron currently
produces about 450 gross dice per wafer, but it expects this to increase to 600 gross dice per
wafer by the end of the year. For synchronous DRAM (SDRAM), gross dice per wafer is
expected to be about 650 by the end of the year. Micron reports that 16Mb SDRAM yields are
similar to those of extended data out (EDO) parts.

Micron is changing its image of waiting for high-volume economic returns before ramping the
next DRAM transition device. Although Micron is not abandoning its business model, it will
produce viable devices in the same time frame as its competitors. The results of this effort can
be seen in the recent steep ramp of SDRAM in the fiscal third quarter and the start of 64Mb
production in this fiscal quarter. Fiscal third quarter SDRAM production was 1.3 million units,
with 1 million of that coming in the last month. Micron expects to manufacture 10 million
SDRAM units in the fiscal fourth quarter. Production of 64Mb is expected to be a few hundred
thousand units.

During the fiscal third quarter, Micron shifted its business away from the spot market, which
accounted for 30 percent of its business. The spot market typically accounts for 40 to 50 percent
of its business. Micron acknowledged some seasonal summer slowdown in DRAM demand
(that is, modules). Micron noted that this stowdown did not occur last year. The company also
expressed a belief that its focus on contract business will sustain it for the next several months
in terms of demand and avoidance of a sharp DRAM price drop.

Two areas of concern are a growing inventory level and, as indicated, a recent DRAM price
slide. Finished goods inventories grew from two or three days at the end of the fiscal second
quarter —late February —to about three weeks at the end of the third fiscal quarter —late May.
Although bit production grew some 31 percent, taking into account the inventory growth,
Dataquest estimates that Micron's actual bit shipments to the market grew between 8 and 12
percent. As mentioned earlier, DRAM pricing softened during May 1997. Micron said that the
price decline is in part to blame for the growing inventory level. Micron choose to stay away
from low-priced spot market business during late May because of concern that the low spot
prices would mean pressure for contract prices.

The company generates about 15,500 8-inch wafers per week using a 0.35-micron process.
Effort is just starting on a 0.3-micron process. Capital spending should total just over $600
million for fiscal year 1997 and $1 billion for fiscal 1998. Near-term spending will focus on test
equipment (including Lehi, Utah, fab activity} and not on extra silicon out. With wafers
remaining at the level of 15,000 per week, Micron will count on improved yields and the next
16Mb shrink to grow bit production. The conservative goal for this quarter is 20 percent DRAM
bit production growth.

The overall tone of the Micron Technology call was that the semiconductor business continues
to improve and that the company should do all right despite lurking summer doldrums.
Micron could do well quite well later this calendar year and early next year, especially if 16Mb
SDRAM demand surges.

By George Twanyc and Ron Bohn

June 18, 1997 ©1997 Dataquest 2



Dataquesh LERT

251 River Oaks Parkway * San Jose » CA » 95134-1913 « Phone 408-468-8000  Fax 408-954-1780

A Confusing Picture in DRAMs: The Oversupply that
Many Call an Undersupply

Along with the most recent semiconductor forecast, Dataquest has just published an update of
the DRAM Supply/Demand Quarterly Statistics report (DSDR-WW-MS-97Q1, April 1997), and
the results of the supply and demand analysis present a confusing picture. This Dataquest
Alert aims to clarify exactly what is happening in the DRAM market.

Data from Supplier Surveys

Our DRAM supply and demand outlook has changed from prior expectations largely because

. of a recent, abrupt change in 16 Mb shipment patterns. Led most visibly by Korean-based
suppliers, some DRAM companies managed, starting in February 1997, to decrease their
supply of 16Mb DRAM. The suppliers managed to control 16Mb DRAM shipments more
skillfully than expected. The result? The worldwide DRAM market has moved, at least for the
short term, closer to supply and demand balance than originally forecast. For example,
Dataquest had expected DRAM bit shipments to exceed demand by more than 5 percent
during the second and third quarters of 1997. By contrast, we now expect relatively close
balance between DRAM supply and demand during these quarters.

In order to control the market this way, production has had to be fine-tuned to avoid building
swelling inventories. If DRAM suppliers do successfully manage 16Mb DRAM inventory
levels, the market should remain relatively balanced during midyear 1997. Dataquest's latest
semiconductor forecast is based on this assumption. If 16Mb DRAM inventories do not
decrease during second quarter 1997, however, a large supply of 16Mb devices might flow into
the market during the late second quarter or early third quarter. (The latter scenario would
mean a supply and demand more consistent with our prior expectations.)

The DRAM market remains as volatile as ever, so we view today's supply and demand balance
as a fragile balance. The impact of reduced 16Mb shipments varies across world regions, with
sharper impact in Asia/Pacific, Japan, and Europe. The word "shortage" to date sounds more
frequently in those regions than in the American region.

YI3INZNITVA VIHVIA
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The recent dramatic market change has centered mostly on the so-called spot market. The large
oversupply of 16Mb abruptly disappeared from the spot market by the end of February 1997 —

with concomitant strong upward pressure on spot pricing. Highlighting the turbulent nature of
the market at the time of writing this article, 16Mb DRAM spot market prices have decreased.

A Gonvergence of Pricing

The easiest way to frame the current "shortage " pricing trend is to rank DRAM purchasers or
sales channels into three tiers. At the bottom is the spot market, at the top are OEM contracts
(with top-tier system manufacturers), and sandwiched somewhere in the middle are "contract"
purchases made by module manufacturers. We use the term "contract” with caution, as these
agreements often bear little resemblance to the OEM version. The former concentrates almost
exclusively on the lowest buying price, the latter on reducing total cost of ownership. The
former is short-term gain oriented, the latter long-term forward looking. The three tiers can be
characterized by three words: stability (the OEM tier), volatility (the module manufacturers),
and opportunism (the spot market).

Generally, the OEM tier has priority in the event of new product releases — allocation
situations, among others. Also, most memory suppliers aim to ship the majority of DRAM
through this channel. The OEM channel leads in terms of technology adoption and
implementation, while the module manufacturers tend to lag somewhat. The spot market just
redistributes whatever is available.

At the end of 1996, spot market buying prices were considerably lower than OEM prices. Many
vendors used the spot market as a product redistribution channel, causing pricing and
availability to remain excellent. However, by the beginning of February, it became clear that
certain suppliers were consciously de-emphasizing the spot market. Deliberately, product was
no longer sold in that channel, and the desired affect was achieved. Almost overnight,
availability reduced dramatically, and prices started to soar. It would appear that the spot
market had dried up as a repository for cheap product.

At almost the same time, Dataquest began to hear of price rises from the module channel. The
memory suppliers began to impose pricing structures resembling the OEM segment on the
module manufacturers channel.

So the middle-tier (the module manufacturers) prices are rising to meet the prices seen in the
major OEM contracts, and, because of rising spot-market prices, these companies are forced
either to pay up or take their business elsewhere,

Usually, one of the characteristics of an undersupplied DRAM market is that spot market
DRAM prices are consistently higher than contract prices. Even though this is occurring at the
moment, Dataquest does not believe that it symbolizes an allocation or undersupplied market.
Supplier production cutbacks (whether fact or fiction) have created this situation, not increased
user demand. This is the crucial point. There continues to be more than enough DRAM
production capacity to meet supply.

May 2, 1997 ©1997 Dataquest 2
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It is clear that the suppliers' moves have been directed at the less stable sales segments, namely
the spot market and the module manufacturers. These channels remain volatile, and it takes
little for prices to come down (as was seen in mid-April when a number of sources deposited
16Mb product in the channel — prices plummeted by up to 20 percent over two days). Some
brave companies are beginning to try to increase OEM contract pricing, but the reasons are less
straightforward and are linked to synchronous DRAM release plans and 16 Mb-to-64Mb
migration, among other reasons. It is also worth emphasizing that, while prices may rise, they
are nowhere near prices of a year ago.

An Ahundance of Capacity

The definition of "supply” that Dataquest uses in the DRAM Supply/Demand Quarterly Statistics
report is not to be confused with actual DRAM manufacturing capacity ~it is manufacturers'
shipment forecasts. DRAM supplier shipments, production, and capacity are three different
numbers today. There is plenty of DRAM capacity that could be brought on line at a moment's
notice. For this reason, we are referring to today's balance as "fragile."

From a capacity perspective, Dataquest estimates that we are in 20 to 25 percent overcapacity
today, lessening to an overcapacity of 10 to 15 percent by year-end 1997. We expect to be
passing over equilibrium by the fourth quarter of 1998 and entering undercapacity in 1999.
Tight supply should last 15 to 24 months before overcapacity re-emerges later in 2000. This
scenario is reflected in Dataquest's current capital spending forecast.

Equipment and material companies should be aware that today's fragile balance will not create
a new need for capital spending. Although it is true that some capacity is trying to be
redirected to other processes and devices, this is a slow process. Further, through a pricing
survey just completed in the foundry industry and through discussions with companies, we
are starting to hear confirmation of oversupply in the logic sector, even at the leading-edge
0.35-micron technoelogy.

For further information and discussion on industry capacity and capital spending plans, please
refer to Year-End 1996 Forecast: Capital Spending, Wafer Fab Equipment, and Silicon Markets
(SEMM-WW-MT-9603, March 17, 1997). For information from the foundry area, please refer to
several reports available from the Semiconductor Contract Manufacturing Services Worldwide
program on supply and demand and pricing trends.

By Masahiro Suzuki, Semiconductors Japan

Ron Bohn, Research Operations

Evelyn Cronin, Semiconductor Supply and Pricing Worldwide

Clark Fuhs, Semiconductor Equipment, Materials, and Manufacturing Worldwide
Jim Handy, Memories Worldwide

James Seay, Research Operations
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Pentium ll: Intel's Modular Approach to Restraining
Cache SRAM Competition

Now that the Pentium II has been officially announced, Dataquest can discuss what we have
found from Intel and others about the processor. More important, we can discuss the effects
that the Pentium II will have on the cache SRAM market. In brief, the approach Intel is taking
should raise cache SRAM average selling prices (ASPs) for a few suppliers but will harm those
that count most on the PC cache SRAM market.

Intel's Modular Processors

The Pentium Il is a relatively large module (although, according to Intel, the proper name is
"single-edge contact cartridge,” or SECC) containing the CPU and a secondary cache for a PC or

. other high-end x86 system. The processor is an extension of the Pentium Pro, which, according
to Intel, was not a multichip module.

The Pentium II is not the first processor module Intel has pioneered. Earlier this year, the
company introduced a module aimed at the notebook PC market. Both of these assemblies
contain two SRAM chips in addition to the processor and some other logic. The approach is a
middle ground between the external caches that have been used in PCs exclusively, so far, and
the multichip module used in the Pentium Pro processor. The approach is sound from a
technical standpeint, as current interface and test standards limit the maximum bandwidth of
chip interconnects unless a modular approach is used.

The Chosen Few

As does any major consumer of ICs, Intel appears to have decided to limit the number of
sources it uses for its chips. Rumors indicate that only three or four sources will be used.

A rumor that circulated last year was that Intel was guided in making this decision by input
from major SRAM manufacturers. According to this rumor, these manufacturers told Intel that
they would cease supporting cache chips for Intel processors because the roots of the current
cache SRAM oversupply appeared to lead back to Intel. When faced with the possibility that
Intel modules would be supported with SRAMs from second-tier and third-tier manufacturers,
Intel agreed to severely limit the number of sources it would use, cutting competition and
assuring participants of at least a small profit.

May 8, 1997 ©1997 Dataquest 1
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Although we do not have an official list of the vendors Intel has chosen, we do know that:
m Intel showed off a Pentium Il board containing Mitsubishi SRAMs.
@ Intel has shown portable modules based on NEC SRAMs.

® Dataquest would guess that other suppliers might include Hitachi, Samsung, Sony, and
Motorola.

Intel's normal strategy is to ramp new processors quickly in order to deter attempts by its
competitors to catch up. Dataquest's processor forecast shows slot 1 (Pentium II) and mobile P6é
processors to account for the majority of processors shipped in 1998. This indicates that there
will be a rapid displacement of those processors that can use cache procured through
independent sources of supply.

Dataquest Perspective

This promises to be a difficult time for many SRAM vendors. At one point, Dataquest counted
45 manufacturers of PC cache SRAM chips. Many of these vendors are smaller fabless
companies that took advantage of the low barriers to entry in the market and the lack of
vendor loyalty at many PC OEMs. Many of these companies sold nothing except SRAM chips
for the PC cache market.

Soon this market will disappear, and these vendors will be forced into markets where sales are
based on more than simply price and availability or into markets for which the barriers to entry
are not quite so low. Assuming that the number of suppliers to the PC cache SRAM market
will gradually erode to four, the other 41 or so suppliers have a lot of planning to do in order to
stay in business.

By Jim Handy
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Flash Companies Have Slow First Quarter

The major flash companies recently released financial results that show a slowing trend in the
flash memory market. Except for Advanced Micro Devices, all of the selected companies had
lower revenue for first quarter 1997 than fourth quarter 1996. There is a glimmer of hope in the
future with product introductions just happening now that should give better pricing strength.

Intel

Intel Corporation is, of course, is the world's largest semiconductor supplier. It is also the
largest flash memory vendor, but the results of this division do not affect the overall Intel
numbers much. Dataquest estimates that Intel's 1996 flash revenue was about $1 billion, or an
average of $250 million per quarter. Compare that to the $6,448 million in total first quarter
1997 revenue shown in Table 1 and it is clear that from a financial standpoint flash memory is

. not that signiticant to Intel. But it was important enough for the company to say in its press
release that "flash memory units shipped during the quarter set a record; however, pricing
pressure continued, resulting in sequentially slightly lower revenue.” This is somewhat
puzzling, because the company also says that it is capacity constrained (or "sold out"), which
usually means pricing stability. Dataquest believes that Intel was more interested in market
share than revenue and profit and was making this its priority and driving it via pricing,
Perhaps its new read-while-write boot-block chip will give the company a better pricing
structure now.

Table 1
Intel Quarterly Revenue and Income {(Thousands of U.S. Dollars)
Quarter Ended Quarter Ended Quarter Ended
March 29, 1997 December 28, 1996 March 31, 1996
Revenue 6,448,000 6,440,000 4,644,000
Net Income 1,983,000 1,910,000 894,000

Source: Inted

AMD

Advanced Micro Devices Inc. had its overall sales grow 11 percent from fourth quarter 1996,
and AMD said that "revenue growth was led by flash memories." This gave the company an
. unexpected profit, compared to Wall Street estimates. Intel, in contrast, had flat sequential total
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revenue and decreasing flash revenue. AMD discloses its sales of nonvolatile memory (NVM),
shown in Table 2. Nonvolatile memory sales at AMD are mostly flash memory. Because AMD
has been having trouble fielding a competitive processor to Intel, the NVM group has been the
largest revenue souice for AMD, making it much more important for AMD than for Intel. In
first quarter 1997 and fourth quarter 1996, NVM revenue was 33 percent of AMD's total, down
from 39 percent in first quarter 1996.

Table 2
AMD's Quarterly Revenue and Income (Thousands of U.S. Dollars)
Quarter Ended Quarter Ended Quarter Ended
Maxch 30, 1997 December 29, 1996 March 31, 1996
Revenue 551,999 496,868 544,212
NVM Revenue 184,000 162,000 210,000
Net Income 12,951 -21,243 25,327
Source: AMD
Atmel

Atmel Corporation's first quarter 1997 results, as seen in Table 3, were disappointing because
of "strengthening of the dollar, pricing pressure in the nonvolatile business, and delays in the
qualification of our new flash products," according to the company. Atmel says that its new 49
Series flash, Data Flash, and AVR Flash Microcontrollers are now being sampled to customers.
Atmel's NVM focus is mostly on lower-density flash and EEPROM devices, which have seen
price erosion that was rapid in the past but is moderating now. If the new products come up as
they should, cautious optimism for the future would be appropriate.

Table 3
Atmel Quarterly Revenue and Income (Thousands of U.S. Dollars)
Quarter Ended Quarter Ended Quarter Ended
March 31, 1997 December 29, 1996 March 31, 1996
Revenue 252,946 281,112 240,096
Net Income 38,738 53,644 44 909

Source: Atmel

SanDisk

SanDisk Corporation is the largest independent supplier of flash storage systems, mostly
PCMCIA flash cards, using proprietary flash chips manufactured for it with foundry
agreements; it is a fabless flash company. It is also making a name for itself in intellectual
property licensing, as can be seen in Table 4. SanDisk is a company in transition, from the
industrial/commercial sector serviced with PCMCIA to a consumer market satisfied with the
CompactFlash form factor. Product revenue has been decreasing both sequentially and on a
year-to-year basis. CompactFlash needs to be successful to bring sales back up, and this could
be an uphill battle because its competition is the Intel/ AMD Miniature Card and the
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Toshiba/Samsung Solid-State Floppy Disk Card. But SanDisk is winning this battle, based on
design-wins to date. Stay tuned, this will be an interesting story to follow.

Table 4
SanDisk Quarterly Revenue and Income (Thousands of U.S. Dollars)
Quarter Ended Quaxter Ended Quarter Ended
March 31, 1997 December 31, 1996 Marxch 31, 1996
Revenue 21,444 26,250 20,739
Royalty Revenue 3,250 4,250 1,250
Net Income 2,125 4,383 3,054

Source: SanDisk

SST

Silicon Storage Technology Inc., a fabless flash chip company, had a bad quarter. It lost $2.5
million, which is sequentially down from last quarter and a really big drop from a year ago. A
large factor in this was a charge of about $3.2 million to reduce the carrying value of inventory
to its approximate replacement cost, which, if ignored, would have given the company an
operating profit. For the future, it has negotiated lower costs with its foundry partners,
including one with Taiwan Semiconductor Mfg. Co. that will give it 0.5-micron lithographic
capability now and 0.35-micron and smaller further down the road. Another company story to
keep a watch on.

Table 5
SST Quarterly Revenue and Income (Thousands of U.S. Dollars)
Quarter Ended Quarter Ended Quarter Ended
Maxch 31, 1997 December 31, 1996 March 31, 1996
Revenue 17,092 23,491 23,023
Net Income -2,519 737 4,199
Source: S5T

By Bruce Bonner
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Six SRAM Companies Report Mixed Quarterly
Sales/Profits

Profitahility Depends on Focus Markets

While the DRAM market continues to absorb the bulk of the world's attention, owing mainly to
its superior size, the SRAM market had a much worse 1996, and some companies appear to be
on a recovery track, while others are still suffering the effects of a very dramatic price decrease.
This Dataquest Alert compares the most recent quarterly results of six publicly traded SRAM
manufacturers and compares the winners' strategies against the losers'. In general, companies
that depended highly on cache memories did poorly, and companies that had portfolios more
focused on telecommunications were able to move into marginal profitability.

. The Winners: Cypress and IDT

Two companies that posted profits in the first calendar quarter were Integrated Device
Technology Inc. and Cypress Semiconductor Corporation. What differentiates these two
companies? Both focus on differentiated SRAMs for use mainly in telecommunications
applications. IDT, in fact, has such a focus on telecommunications that the company has
recently decided to split its market definition of telecom into two parts: telecom and datacom,
which together accounted for 51 percent of the company's most recent quarter's revenue.
Cypress announced that the company had made first revenue shipments of a proprietary first
in/ first out (FIFO, mainly used in telecom applications) and a data separator IC, although the
company is still heavily invested in PC cache chips, as is evidenced by its showcase
HyperCache chipset and first revenue shipments of the ill-fated 32Kx32 SRAM.

Cypress posted a net income of nearly $5 million, up 280 percent from the prior quarter, on
sales of $126 million, up 11.4 percent from last quarter's revenue of $113.1 million. Despite
lower average selling prices in the March quarter, the company says that it increased unit
volume and improved its gross margin by 1 percent, from the 33.5 percent reported last quarter
to 34.6 percent. IDT's sales rose 9.2 percent, from $131 million the prior quarter to $143 million
in the first quarter, and moved from a $43 million net loss in the prior quarter to a $2 million
net income in the quarter ended March 30.
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The Losers: Alliance, 1SS, Logic Devices, and Paradigm

All of the companies that lost money are far more reliant on the cache memory market than on
the telecommunications market. In general, this means that the companies make fast 256K and
1Mb SRAMSs, mainly in the 32Kx8, 128Kx8, and 32Kx32 configurations. Paradigm Technology
Inc. differs a little in that the company specialized in a 32Kx18 synchronous cache SRAM that
commanded extremely high average selling prices (over $25) until the cheap 32Kx32 came
along. This $3 alternative was too attractive to pass up for many system designers, even if
system throughput suffered a bit when the x32 part was used. Paradigm's market suddenly
shifted to the cheaper alternative, and this has been a difficult obstacle to overcome.

All these manufacturers performed extremely well during the PC cache SRAM shortage of
1995, but when the serious 32Kx32 oversupply started late in that year, those companies that
were highly focused on the PC cache SRAM market lost much of what they had.

Alliance Semiconductor Corporation increased sales by nearly 20 percent, from $25.2 million in
the December quarter to $30.1 million last quarter, but still posted a net loss of $2.8 million,
about double the prior quarter’s $1.3 million net loss. Alliance has tried to get away from its
overreliance on the PC cache SRAM market by expanding into DRAMs. Now 60 percent of its
revenue comes from DRAMSs, but both markets are oversupplied, and the company is still
highly reliant on the PC market for its sales. Alliance is making no apologies and sees the loss
this quarter as a step toward profitability in the next quarter,

Integrated Silicon Solution Inc. had a modest revenue increase —last quarter's revenue was
$25.8 million, up 9 percent from the prior quarter's revenue of $23.6 million, trimming losses to
$1.5 million from a loss of $1.7 million in the prior quarter. Although Paradigm Technology's
revenue for the first quarter totaled $3.6 million, 16 percent higher than the $3.1 million the
company achieved in the previous quarter, the company still posted a net loss of $2.6 million.
Paradigm moved from being a fab-owning company to a fabless company in the prior quarter,
a move that caused the company to post a $13 million loss in that quarter. Although this
trimmed its operating expenses, it makes it tough to compare this quarter's loss te that of the
prior quarter.

From a revenue standpoint, Logic Devices Inc. was the worst-hit company of the lot, with
revenue of $2.0 million, down a whopping 40 percent from the prior quarter’s $3.4 million in
revenue. LDI ended up posting a 0.3 million loss for the quarter, which it attributed to a
number of causes, including order cancellations, tooling costs, and difficulties in ramping
down its foundry commitments. We should note that the most recently posted earnings for
LDI were those of the December quarter, which the company announced nearly three months
after the quarter’s close.

Dataquest Perspective

Most companies take pains to assure that they are not overreliant on one particular customer,
geography, technology, or end market. The quarterly financial results examined here attest
well to that point. Companies overly vested in the PC cache SRAM market had a poor quarter,
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whereas those with a more diverse product offering were able to come back into profitability.
We will look at these same companies next quarter to see what changes management has made
to improve their situation.

By Jim Handy and George Iwanyc
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Intel Teaches Flash the Three Rs

Intel Corporation has introduced a new flash memory that uses a hybrid hardware-plus-
software approach to allow concurrent reading and writing in a single flash chip. The notable
features of the new Smart 3 Advanced Boot Block chips are:

m  Faster "write suspend" timing
m Development tools that allow near simultaneous read and write operation
m Improved blocking organization
m 1.8V interface compatibility with 2.7V minimum supply voltage
B Read access time of 120ns
. m 4 Mb, 8 Mb, and 16Mb densities

m  48-lead TSOP and micro-BGA packaging

Dataquest Perspective

This introduction continues the saga of the Intel-Advanced Micro Devices Inc. voltage slugfest.
AMD recently brought out a 2.2V part (read and write) that has a 150ns read access speed.
Now Intel responds with a part that is compatible with 1.8V but still requires 2.7V, which gives
it a better access time of 120ns. Both companies have high-volume kickoff customers for their
parts, which validates a market demand and need for their respective approaches. Obviously
there is no one "right” answer here. Also, we can look forward to an AMD rejoinder in the
future.

The reason that these parts can coexist in the market is that their customers, digital cellular
handsets and two-way pagers, are desperate for system voltage reductions. Lowering system
voltage extends the run time and shrinks the size of their batteries, and they will accept
anything that helps. Also, these systems are so full of "bleeding-edge" technology anyway that
a sole-source flash chip is not a large problem. The AMD part fills the need of a system that
uses a slow processor, so the reduction to 2.2V is all positive. The Intel part keeps the access
time down to 120ns while allowing the rest of the digital logic to go to 1.8V, which will make
other designers happy. Dataquest expects a wide range of vendeors to eventually have
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1.8V-only parts (probably with tunneling erase, as opposed to the current hot electron
technique used in NOR flash); this introduction is on the road to the 1.8V holy grail.

But the bigger news here is the concurrent read-while-write solution. Bill Howe, the vice
president and general manager of the Intel flash division, says his strategy is "do not solve
something in hardware {the flash chip] when you can do it in software." While this is not a new
idea, its application to memory is novel. It also avoids a 10-to-12 percent cost increase for
duplicate control circuitry in a hardware-only implementation. But why does someone want a
design like this anyway?

The Intel product will be attractive to portable equipment manufacturers that need to store
both a small amount of data and a larger amount of code that might need to be updated in the
future. Today, solving this puzzie requires two chips: a flash memory and an EEPROM. With
the Intel hardware-plus-software approach, the EEPROM can be removed from both the design
and the cost of the product. Intel will not charge extra for this feature, but all vendors do have a
price adder for the lowest-voltage offerings. So Intel is teaching flash memory the three Rs
(reading, writing, and arithmetic). Its strategy is to allow a flash chip to read and write, with
the software doing the arithmetic. Dataquest believes this is a well-thought-out and weli-
executed product offering that includes some great development tools that will allow it to
compete effectively with hardware-only solutions.

By Bruce Bonner
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Intel Reenters DRAM Market—NOT!

Intel Corporation and Samsung Electronics Co. announced yesterday that Intel is making an
unspecified size equity investment in Samsung Electronics' $1.3 billion advanced
semiconductor memory fabrication plant now under construction in Austin, Texas. When it
begins operation later this year, it will be able to produce 25,000 8-inch (200mm) wafers per
month with a 0.35um lithography. The fab is capable of building either 16Mb or 64Mb dynamic
random access memory (DRAM) chips.

Intel executive vice president Dr. Gerhard Parker said in a press release, "Intel believes that an
adequate supply of memory components that maximize the system performance of the PC
platform is important for the future growth of the PC industry. ... We have taken an equity
position in Samsung's advanced memory manufacturing plant to help assure a stable supply of
these advanced memory products.”

In an interview with Dataquest, an Intel spokesman characterized the investment as a
"minority position” in the plant, meaning it is less than $650 million. He also said that Intel has
a "right, but not obligation" to purchase the product, which will be 64Mb packaged devices.

Dataquest Perspective

Unless you just got back from a year-long vacation on Mars, you know that there is no
shortage of DRAM manufacturing capacity in the world this year or next, and so you have to
wonder why Intel made any investment in this area. Dataquest believes that Intel did it to lock
in a supply of synchronous DRAM for the second half of 1997. Intel fears that the performance
of its new Pentium (P55C) and P6 (Klamath) designs with MMX may be constrained by
memory bandwidth, and the incremental performance of 66 MHz SDRAM over 66 MHz EDO
may be needed to unlock these processors' performance potential. There's little incentive for
end users to upgrade if the new machines do not run any faster than the old ones, and limits
on memory bandwidth might create just such a situation. It doesn't make any sense for Intel to
re-engineer the CPU, core logic and motherboard, and then to discover there's not enough
SDRAM to go around, just when it's needed to maintain the flow of system-level products to
end users. So, if an SDRAM shortage were to emerge, Intel (and its friends) want to be first in
line for limited supplies.

A recent Dataquest analysis of the DRAM market came to the conclusion that the PC market
will quickly switch to SDRAM from EDO DRAM in the second half of 1997. This will cause a

February 14, 1997 ©1996 Dataquest 1
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serious shortage of synchronous devices and a serious oversupply of EDQ in the fourth quarter
of 1997 and the first quarter of 1998. Currently Samsung, NEC, Toshiba, and Hitachi are
shipping SDRAM in volume.

Of course, Intel could have solved this problem by ordering huge quantities of SDRAM at
current prices for delivery later in the year. In fact, this was precisely the path Intel followed in
1995 when it feared an EDO shortage. Intel locked in a good position in 4Mb EDO DRAMS at
only $13.50 per chip. The shortage never materialized, and Intel took a bath when it unloaded
its position at $10.00 per chip, resulting in a $100 million writedown in the fourth quarter of
1995. The new arrangement with Samsung basically provides an option on all these devices,
but Intel won't have to exercise the option if the market doesn't develop in the manner Intel
anticipates today.

By Bruce Bonner and Nathan Brookwood

February 14, 1997 91996 Dataquest 2
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SCRIPT

Welcome to Dataquest’s Memories Preliminary Market Share Telebriefing. In the room are
representatives of the Memories Worldwtde service, Bruce Bonner, George Iwanyc, and myself,
Dataquest’s Semiconductor Supply and Pricing Service, Mark Giudici and Evelyn Cronin, and Clark Fuhs
of Dataquest’s Semiconductor Equipment, Materials and Manufacturing Service.

We will be recording this call for possible later transcription. To protect your identity, the operator has
given each participant an identification number. This number is the only way you will be identified during
the call. We will proceed according to the following format. After a review of Dataquest’s 1996
Preliminary Market Share rankings and a short discussion about the reasons we believe that each
company has moved from their 1995 position, which should last approximately 20 minutes, the floor will
be opened to questions. Foliow the keystroke sequence the operator will give you to get in queue to ask
a question. When your number is called, you will be placed on the conference line, and you may ask your
question and receive your answer. Due to the high number of anticipated questions, we ask that each
person limit themselves to a single question after which we will proceed to the next caller. And now to
our Preliminary Market Share numbers.

HH R HH R R AR R

Dataquest’s ranking of Semiconductor manufacturers occurs in two phases: Preliminary and Final. Our

Preliminary Market Share exercise is a “First Estimate™ at the size of the different semiconductor

markets, based upon surveys from manufacturers tempered with a modicum of sanity checks. The
.surveys were performed in November, so no companies were yet aware of their year-end numbers.

Over the course of the following three months, Dataquest will be reconciling the numbers we collect from
semiconductor suppliers with numerous inputs from other industry barometers, suppliers’ own financial
statements, competitive information, trend analysis, and a myriad of other sources. These new numbers,
our “Scrubbed” estimates, will then be taken back to the manufacturers for thetr comments, and, after a
final pass, will be released as our Final Market Share numbers in May.

The data we will share in this teleconference is that “First Guess” - our preliminary market share. We
expect to see certain changes occur when our final version is released, up to, and including, changes in
rank. Still, we have heard from most of our clients that they would rather have a rough estimate early in
the year instead of having to wait until we finalize our market share statistics. This is why we are
releasing prefiminary numbers this week.

By Dataquest’s preliminary estimates, the 1996 MOS memory market dropped more than 32 percent
from 1995 revenues, an $18 billion drop from 1995°s $55.3 billion to 1996°s total market of $37.3 billion.
Dataquest’s preliminary estimate of the 1996 DRAM market is $25.6 billion, down from $42.2 billion in
1995. DRAM revenue growth had been the major factor in the memory market's revenue upswing from
1992 through 1995, but as DRAM revenue declined in 1996 by nearly 40 percent, with average selling
prices dropping by three-fourths, the entire MOS memory market followed it down. Even excluding
DRAM, other factors like a severe SRAM oversupply and dramatically reduced mask ROM demand
made the non-DRAM 1996 memory market decline by 10 percent, even in spite of a 46 percent increase
.in the size of the flash memory market. This represents a major change from the past three years of
growth that exceeded 40 percent per year. Our preliminary estimate is that the SRAM Market in 1996
was $4.7 billion down 24% from 1995’s $6.3 billion. Nonvolatile memories are estimated to have been
$6.5 billion last year, a 4% increase from 1995°s $6.2 billion. This, added together with our “Other MOS



Mgmc)ri?,s” category, shows a total MOS memory market for 1996 of $37.3 billion, down 33% from
1995’5 $55.3 billion.

a DRAM is where the biggest changes occurred. The highly profitable 1995 DRAM market had a

.relatively measured descent over the whole of 1996, When we compare the drop in DRAM prices to the
drop in PC cache SRAM prices, the DRAM drop is considerably slower, even though it was extremely
painful for suppliers. The 40% drop in revenues of the overall market was matched by some suppliers,
beaten by others, and avoided to a degree by the rest. In general, there was very little change to the
ranking of DRAM suppliers from 1995 to 1996, with the only exception being that LG Semicon revenues
dropped less than the company’s nearest competitors, Toshiba and TI, allowing LG to skip ahead of thost
two companies to move from Number 7 in 1995 to number 5 in 1996. Here is the preliminary 1996
DRAM market Ranking for the top-ten DRAM manufacturers:

1996 Rank
1 Samsung
2 NEC
3 Hitachi
4 Hyundai
5 LG Semicon
6 Toshiba
7 Texas Instruments
8 Micron Technelogy
9 Mitsubishi
10 Fujitsu

.Moving on to SRAM, the PC cache SRAM segment, the largest identifiable segment in the widely
scattered SRAM market, lurched suddenly from a 1995 shortage to a late-1995/Q1 1996 oversupply of
unheralded proportions. The result was a sudden drop of 15ns 3-Voit 32Kx8 prices from $2.50 to as low
as $0.60. 32Kx32s, which until November of 1995 maintained prices just below $30 dropped to prices
just above $3. The effect of this drop was to dramatically reduce the sales of all of those SRAM firms
who heavily depended on PC cache SRAMs for their revenues. Prices for other SRAMs, like the large
slow SRAM market and the “extremely high-speed SRAM” niche market, were far more stable, and
followed more typical price declines. Samsung and Hitachi, by Dataquest’s preliminary 1996 estimates,
maintained their first-rank and second-rank positions, respectively. Both of these firms are broad-range
SRAM suppliers. The lower eight firms in the top ten SRAM suppliers list were in the top-ten list for
1995, but their positions were dramatically shuffled. The following is Dataquest’s preliminary rank of the
top ten SRAM manufacturers for 1996;

E
5
:

Samsung

Hitachi

Toshiba

NEC

Motorola

Mitsubishi

Cypress Semiconductor

Sony

Integrated Device Technology
Winbond
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Fdr’ this telebriefing, we will examine nonvolatile memories as a whole, since the entire nonvolatile
memory market is approximately the same size as the SRAM market. Interestingly enough, the top six
suppliers of nonvolatile memories are also the top six suppliers of flash memories. This attests to the
strength of the flash memory market and to that market's growing importance to all of nonvolatile
memories. Intel maintained the first-place ranking in the nonvolatile memory market for the second year
in a row even though flash memory is the only nonvolatile memory technology Intel makes. Although the
top six companies' flash memory ranking is usually different from their nonvolatile memory ranking, this
is simply because many of these companies have other nonvolatile revenue streams in the mask ROM,
EPROM, and EEPROM markets.

By Dataquest’s preliminary analysis, the top ten nonvolatile memories manufacturers for 1996 were:

1996 Rank
1 Intel
2 5GS-Thomson
3 Advanced Micro Devices
4 Atmel
5 Sharp
6 Fujitsn
7 Macronix
8 NEC
9 Texas Instruments
10 Samsung

Although Sharp had a dramatic loss of business in the mask ROM market, which the company continues
to dominate, Sharp's flash sales increased, keeping the company in the top five nonvolatile memory
suppliers worldwide. SGS-Thomson expanded all of its nonvolatile memory businesses (EPROM,
EEPROM, and flash) to move ahead to the No. 2 position from 1995's No. 4 rank. A significant drop in
Toshiba's mask ROM revenue moved that company out of the top 10 to make way for Samsung, a more
stable contributor to the mask ROM market and a new entrant to the flash memory market.

Please recall that these are preliminary numbers, and that there may be changes in ranking when our final
market share numbers are announced in the second quarter.

R R AR

This concludes our introductory statement. We will now accept questions from our callers.
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Dataquest's Preliminary 1996 Memories Market Share:
Trouble on Many Fronts

Dataquest's preliminary compilation of the 1996 MOS memory market shows more than a 32
percent revenue decline when compared to 1995 revenue; the result is an $18 billion revenue
drop to a total market of $37.3 billion. DRAM revenue growth had been the major factor in the
memory market's revenue upswing from 1993 through 1995, but as DRAM revenue declined in
1996 by nearly 40 percent, with average selling prices dropping by three-fourths, the entire
MOS memory market followed it down. Even excluding DRAM, other factors like a severe
SRAM oversupply and dramatically reduced mask ROM demand made the non-DRAM 199
memory market decline by 10 percent, even in spite of a 46 percent increase in the size of the
flash memory market. This represents a major change from the past three years of growth that
exceeded 40 percent per year.

Table 1 shows Dataquest's preliminary 1996 memory market sizing for DRAM, SRAM, and
. nonvolatile memories worldwide.
Table 1
1995 and 1996 Memory Markets — Preliminary (Millions of U.S. Dollars)
Preliminary 1996
Category 1995 Revenue Revenue 1995-1996 Growth (%)
DRAM 42,234 25,599 -39
SRAM 6,257 4,729 -24
Nonvolatile 6,239 6,459 4
Other MOS Memory 534 523 -2
Total MOS Memory 55,264 37,310 -33

Source: Dataquest (January 1997)

Top 10 DRAM Suppliers of 1996

Dataquest's preliminary ranking of the top 10 worldwide suppliers of DRAMSs in 1996 is shown
in Table 2. Samsung maintained its No. 1 position, mostly because of the company's 4 percent
superiority over next-ranked NEC. The top four manufacturers have retained the same
rankings as last year, despite the troubles in the market. Our preliminary results show LG
Semicon moving ahead two positions to displace Toshiba and Texas Instruments. This appears

January 15, 1997 ©1997 Dataquest 1
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to be a benefit of reduced consumption by Hitachi of products manufactured under the LG
Semicon/Hitachi manufacturing alliance that Hitachi declined to market this year. Mitsubishi
and Fujitsu maintained their No. 9 and No. 10 positions, respectively.

Table 2
Preliminary 1996 Rankings and Market Shares for the Top 10 DRAM Suppliers
1996 Rank 1995 Rank Preliminary 1996 Market Share (%)
1 1 Samsung 17
2 2 NEC 13
3 3  Hitachi 10
4 4 Hyundai 8
5 7 LG Semicon 7
6 5  Toshiba 7
7 6  Texas Instruments 7
8 8  Micron Technology @
9 9  Mitsubishi 5
10 10 Fujitsu B

Source: Dataquest (January 1997)

1996's Top 10 SRAM Suppliers

Dataquest's preliminary 1996 ranking of the top 10 worldwide suppliers of SRAMs is shown in
Table 3. As with DRAMSs, Samsung maintained its No. 1 position and grew revenue in a
market in which most suppliers' revenue declined. Hitachi, which had been SRAM market
leader for every year that Dataquest studied the market until displaced by Samsung in 1995,
maintained its No. 2 ranking by more than three percentage points of market share above next-
ranked Toshiba. Below Hitachi was considerable turbulence, yet all of the top 10 manufacturers
from 1995 are on our preliminary top 10 list for 1996.

Nonvolatile Memories

In nonvolatile memories, Dataquest's preliminary ranking of the top 10 worldwide suppliers is
shown in Table 4. The top six suppliers of nonvolatile memories are also the top six suppliers
of flash memories, although the companies' flash memory ranking is different, owing to these
companies' varying contributions to the mask ROM, EPROM, and EEPROM markets. This
attests to the strength of the flash memory market and to that market's growing importance to
all of nonvolatile memeories. More important, Intel, whose sole nonvolatile memory offering is
flash memory, maintained the first-place ranking in the nonvolatile memory market for the
second year in a row. Although Sharp had a dramatic loss of business in the mask ROM
market, which the company continues to dominate, Sharp's flash sales increased, keeping the
company in the top five nonvolatile memory suppliers worldwide. 5GS-Thomson expanded all
of its nonvolatile memory businesses (EPROM, EEPROM, and flash) to move ahead to the No.
2 position from 1995's No. 4 rank. A significant drop in Toshiba's mask ROM revenue moved
that company out of the top 10 to make way for Samsung, a more stable contributor to the
mask ROM market and a new entrant to the flash memory market.

January 15, 1997 ©1997 Dataquest pd
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Table 3
Preliminary 1996 Rankings and Market Shares for the Top 10 SRAM Suppliers
1996 Rank 1995 Rank Preliminary 1996 Market Share (%)
1 1 Samsung 15
2 2  Hitachi 13
3 6  Toshiba 10
4 5 NEC 9
5 3  Motorola 8
6 8 Mitsubishi 6
7 9 Cypress Semiconductor 5
8 4 Sony 5
9 10  Integrated Device Technology 4
10 7  Winbond 3

Source: Dataquest (January 1597)

Table 4
Preliminary 1996 Rankings and Market Shares for the Top 10 Nonvolatile Memory
Suppliers

1996 Rank 1995 Rank Preliminary 1996 Market Share (%)
1 1 Intel 15
2 4 5GS-Thomson 12
3 3  Advanced Micro Devices 11
4 5  Atmel 11
5 2 Sharp 8
6 8  Fujitsu VI
7 10  Macronix &
8 7 NEC 4
9 9  Texas Instruments 4

10 11 Samsung 4l

Source: Dataquest (January 1997)

It should be noted that these are preliminary revenue estimates and rankings. Dataquest will
finalize the market share and product data during the second quarter of 1997, at which time we
will issue more detailed data.

By Jim Handy, Memories Worldwide

January 15, 1097 ©1997 Dataquest ]
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Korea's DRAM Costs: What a Difference a Low Won Makes
Cypress’ Surprising Road to a Lower Fourth Quarter

WSTS Revises DRAM Numbers for Entire Year to Date
DRAM Corner

- Rumors, Rumors, and More Rumors!
-~ DRAM Fab Delays in Japan

. Korea's DRAM Costs: What a Difference a Low Won Makes

With the significant depreciation of the Korean won against other world
currencies, there has been concern about the effect of the won's slide on
worldwide DRAM prices. We at Dataquest find that there is a misconception
about the magnitude of the effect of the depreciation of the won on the
DRAM. Many think that prices will not be affected significantly by the won's
recent 50 percent devaluation against the dollar. This is as far from the truth
as it could be. The won's devaluation should be expected to have a
phenomenal near-term effect on the asking price for a 16Mb DRAM in
today's oversupplied market. Figure 1 shows a DRAM cost breakdown.

Current DRAM prices are cost-based. This means that most manufacturers
are selling their DRAMs at the minimum prices they can justify. The bottom
price of DRAM sales to the United States and Europe is limited by
antidumping legislation—in order to protect local suppliers, DRAMs are not

allowed to be sold into these markets at prices below their cost to
manufacture.

The natural question to ask, then, is what effect the falling won will have on
the cost to manufacture a 16Mb DRAM. The following is an estimate of the
percentage breakdown of these costs, along with each components'
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Figure 1

sensitivity to the exchange rate. Transactions based in won are likely to
become extremely inexpensive to the world market, while Korean
transactions carried out in foreign currencies are likely to move very little.

m  Equipment: Equipment costs account for about 32 percent of the cost of a

DRAM chip. Although some in the United States believe that Korean
DRAM manufacturers' cost of equipment is realized in foreign currency,
this is only true in the rare cases in which an equipment manufacturer
leases its product to the fab. In most cases, the capital equipment is
purchased with a bank loan. Many of these loans are guaranteed by the
Korean government and are drawn on Korean banks in won.

Materials: Materials consume about another one-third of the cost of the
DRAM. They can be broken down into several components, the majority
of which are won-based, thus likely to impact the foreign cost of a
DRAM when translated to a foreign currency:

0 Gas: Gases tend to be locally produced, either through an on-site
plant or at the chemical manufacturer. Because very little in the way
of bulk gases is likely to be imported, these transactions tend to be in
local currency. Only a few, more exotic specialty gases are imported.

0 Chemicals: With the exception of certain exotic chemicals, Dataquest
finds that the chemicals used in Korean wafer fabs are from the
chemical-producing arms of Korean conglomerates. Once again, these
would be purchased in won, and prices would not fluctuate much
during this sort of devaluation.

Breakdown of Costs of a DRAM IC

]

}
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Source: Dataquest (December 1997)
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0 Photoresist: Photoresist is one material likely to be purchased from a
foreign supplier, such as Shipley, TOK, Hoechst, or others. These
prices would increase in a devaluation of local currency.

0 Sputtering targets: A high percentage of sputtering targets is
produced by non-Korean suppliers such as Tosoh and MRC. These
transactions are most likely to be conducted in foreign currencies at
depreciated won exchange rates.

0 Masks: There are mask shops in Korea that are probably used by all
Korean manufacturers. Further, some of the large manufacturers
have captive maskmaking operations. Payment to these shops would
be in won; however, the raw glass used to make these masks will be
procured from foreign suppliers using foreign currencies.

a  Labor: The cost of labor (fixed plus variable) usually accounts for only 13
percent of the overall processing costs of the DRAM.

m  Test: The 10 percent or so of a DRAM's cost involved in test follows
much of what has been said here about equipment and labor. Workers
are paid in won. Bank loans are made in won. These costs will follow the
depreciation of the won against foreign currencies.

m Wafers: Raw wafers are produced in Korea for LG Semicon by LG Siltron
and for Samsung by Posco-Huls. Wafer cost accounts for about 5 percent
of the cost of a DRAM. The only Korean manufacturer that would need
to purchase a significant portion of its raw wafers from a foreign source
would be Hyundai. With the exception of Hyundai, this cost is likely to
fall with the falling won.

m Packaging/assembly: The 4 percent attributed in Figure 1 to packaging is
a particular strength of Korean companies. As such, it is a business that
is most likely to be conducted in won, and packaging costs should fall
with the fall of the won.

s Ultilities/power and facilities: Combined, these two categories account
for about 4 percent of the cost to manufacture a DRAM. All of these are
won-based in Korea and will fall with the falling won exchange rate.

There is some issue about the equipment costs. Some point out that any
Increases in capital expenditure will need to be transacted in dollars or yen.
Although this is true, capital expenditure made in the current year is
generally slated for use in production one or two years in the future. This
means that any equipment being used to produce today's DRAMs was
purchased before the won's slide.

Even so, there is some question of how the equipment is carried on the
books. Korean tax laws allow the depreciation of fab capital equipment
within 18 months to two years. Although the internal bookkeeping for these
companies for the purposes of Korean tax laws may have already completely
depreciated the equipment used in the fabs, there is the likelihood that the
U.S. Department of Commerce or the European Commission will require a
new set of books to be drawn up using a less aggressive depreciation
schedule for use in any antidumping suit.

©1997 Dataquest January 12, 1998
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If a Korean DRAM manufacturer is paying for its equipment in won, then
who bears the burden of a currency devaluation? The banks are shouldering
this, and this is part of the reason why an International Monetary Fund
bailout was needed early in December.

The upswing of this entire argument is that the costs to produce a DRAM in
Korea are, at a minimum, 55 percent linked to the won and are quite likely
more sensitive than that to the won's fluctuations. This implies that other
countries are a very long way from seeing the bottom of 16Mb DRAM prices.
Dataquest would not be surprised to see 16Mb DRAMSs contracts drawn at
prices below $2.50 by the middle of 1998.

Clark Fuhs, Semiconductor Equipment, Materials, and Manufacturing Worldwide,
clark.fuhs@dataquest.com
Jim Handy, Memories Worldwide, jim handy@dataquest.com

Cypress’ Surprising Road to a Lower Fourth Quarter

Cypress Semiconductor Corporation announced that it would fail to meet
analysts’ expectations for the fourth quarter, ending December 29. The
analysts' revenue estimates for Cypress are $152 million to $155 million,
versus the company's current estimates in the range of $140 million to $143
million.

Cypress has given two causes for the lower sales numbers: a $5 million
shortfall in wafer-foundry revenue because of lower orders from its foundry
customers and a $10 million shortfall in SRAM revenue because of a timing
problem in ramping up the production of SRAMs at Cypress’ Round Rock,
Texas, fab. This fab has previously produced nonvolatile memories,
programmable logic, and data communications products, but not SRAMs.

DQ Take

At first blush, it seems really peculiar that Cypress would have had trouble
both selling its excess fab capacity and needing more fab capacity to produce
SRAMSs. Whatever the trouble, this promises to be a short-lived problem but
one that flies in the face of Cypress’ "no excuses” management style.

Jim Handy, Memories Worldwide, jim.handy@datagquest.com

WSTS Revises DRAM Numbers for Entire Year to Date

MMRY-WW-DP-9733

For those who track World Semiconductor Trade Statistics DRAM statistics
closely, we provide a friendly note that all 1997 DRAM statistics, with the
exception of seven months of sales to Japan, have been corrected. This
includes all unit shipment figures, some of which changed by as much as 7
percent. Revenue corrections stayed at or below 6 percent. A call to the
Semiconductor Industry Association revealed that revised inputs were
submitted by one or more of the participants. We do not wonder, based on
the locale of the changes, where these companies are headquartered.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

©1997 Dataguest January 12, 1998
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Rumors, Rumors, and More Rumors!

Perhaps the two most spectacular rumors that have crossed our desks lately
are that Texas Instruments Inc. and Nippon Steel Semiconductor will be
getting out of the DRAM business. The former was a story carried in an
electronics trade magazine out of the United Kingdom and the latter came
straight out of Nikkei.

The TI rumor has actually been around for a while. About a month after
Motorola announced its departure from the DRAM business, this rumor
surfaced in Japan. The correspondent who wrote the TI story also happens to
be in Japan. Both then and now, it was refuted immediately by TI, which
appears to still be actively increasing its staffing levels in spite of today's
challenging business environment. Nippon Steel Semiconductor has also
told us that there is no truth to the rumeor that it is abandoning this business
and that not only will the company proceed in its DRAM business, but it
also plans to expand its business to include a logic foundry business. Dow
Jones quoted one spokesman as saying, "We're not getting out of the DRAM
business, we're just adding the logic business.” It appears that Nippon Steel
Semiconductor will be delaying its entry into the 64Mb market for the time
being and will redirect the capacity slated for the 64Mb DRAM to produce
logic.

Hyundai appears to be the sole company about which some of these rumors
may be true. According to one British newspaper and the Washington Post,
Hyundai is mothballing its Dunfermline, Scotland, fab for up to 12 months.
The company has recently announced that it has opened phase 2 of its
Eugene, Oregon, facility but appears ready to postpone construction of
phase 3 until things get better in the DRAM business.

DRAM Fab Delays in Japan

The Nihon Keizai Shimbun has quoted the following announcements of
DRAM fab construction push-outs by Japanese manufacturers:

m Hitachi Ltd. will postpone the opening of its new Naka plant by a year.
m Toshiba Corporation plans to delay building a ¥130 billion plant in Iwate.

m Mitsubishi Corporation and Fujitsu Ltd. may cut capital spending in the
next fiscal year by 10 percent to 20 percent.

Richard Gordon, Semiconductors Europe, richard.gordon@gartner.com
Masahiro Suzuki, Semiconductors Japan, masahiro.suzuki@dataquest.com
Jim Handy, Memories Worldwide, jim. handy@dataguest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them by
e-mail to ron. bohn@dataquest.com.

©1997 Dataquest January 12, 1998
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Comments and suggestions should be sent to:

Carole Phillips (carole.phillips@dataquest.com}
Phone: (408) 468-8376
Fax: (408) 954-1780

Dataquest’s Tactical Memories Newsletter
251 River Oaks Parkway, San Jose, California 95134

Dataquest’s Tactical Memories Newsletter is Dataquest's fortnightly online newsletter
providing analysis and market intelligence for high-tech professionals in the
worldwide semiconductor memories market. The report is available exclusively to
clients of Dataquest’s Memories Worldwide program. Distribution of this and any
other Dataquest document within your organization is limited to the terms of your
license agreement.
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Korean Monetary Crisis
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South Korea and the International Monetary Fund (IMF) have agreed to a
rescue package totaling $57 billion. South Korea agreed to implement
IMF-recommended measures to revitalize its faltering economy in return for
accepting the bailout fund. Even with the agreement, there are fears that the
bailout may not succeed and that Korea's links to other Asia/Pacific
countries may endanger those countries, as well.

DQ Take

With the stringent management and restructuring requirements of the IMF
bailout, the Korean semiconductor industry is planning to cut next year's
capital investment by 30 to 50 percent, compared to this year. Korean DRAM
manufacturers fear that their cutbacks could result in a drastically dwindling
share of the world market, with market share lost particularly to Japanese
and Taiwanese companies. The threat of shrinking market share is
something Korean DRAM manufacturers haven't been accustomed to; they
have enjoyed steady market share growth since 1990.

Samsung, currently the world's leading DRAM producer, is expected to
implement a 30 percent cut in overall investment and is considering further
cuts in coming weeks. Samsung's plans are to earmark W800 billion to
W900 billion for semiconductor and LCD investment next year and

W400 billion to W500 billion on research and development. LG Semicon and
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Hyundai are also cutting back investment. LG Semicon plans to lower
investment by 30 percent, or W1.05 trillion to W1.10 trillion for next year,
while Hyundai is considering a 40 percent cut. As with Samsung, both LG
Semicon and Hyundai have yet to make their investment plans final.

What impact will these cutbacks have on projects already under
consideration? LG Semicon is expected to delay the construction of its
second LCD plant in southern Korea. LG Semicon and Hyundai are
re-examining their plans to construct DRAM fabs in the United Kingdom,
although both expect to go ahead with plans as scheduled. Most expansion
plans for DRAM fabs in the United States by Samsung, LG Semicon, and
Hyundai are expected to be suspended. Dongbu, which earlier this year
announced plans to enter the semiconductor industry, decided to postpone
this indefinitely, citing difficulties in borrowing money.

It will take one to two years for next year's cutbacks in Korean investment to
make a significant impact on company market share and DRAM industry
capacity. There is more than enough capacity already to support current
demand, and as all manufacturers continue to shrink their 16Mb and 64Mb
devices, industry overcapacity will continue through most of 1998 and
possibly into 1999. To put device die size into perspective, the average die
size of 16Mb DRAM at the end of 1998 will be 60 percent of the average die
size of 4Mb DRAM at the end of 1995.

Taiwanese DRAM manufacturers will have a significant impact on when the
market comes into balance. If Taiwanese companies continue with their
aggressive expansion, the equilibrium point may be pushed out three to six
months, well into 1999. Before the IMF actions, the Taiwanese companies
planned to increase capital spending in local currency (NT$) by 10 percent.
In U.S. dollar terms, this may actually represent declining capital spending
because of currency devaluation (more on this later). The Korean cutback in
spending may encourage Taiwanese DRAM vendors to accelerate
investment in an effort to take market share away from the Koreans. If
Korean companies cut their capital spending as indicated and if Taiwanese
companies continue with their capital spending plans for foundry, memory,
and joint ventures, Taiwan may surpass Korea in capital spending in 1998.
However, not all Taiwanese DRAM vendors are expected to increase capital
spending—at this time, Mosel Vitelic and Powerchip are expected to
decrease their capital spending in 1998, and others may follow.

Dataquest believes there is a good possibility that Taiwanese manufacturers
won't implement their aggressive capital spending plans. The Taiwanese
companies are newcomers to the DRAM industry and haven't experienced
prior industry downturns. As they gain experience in the current downturn,
they may decide to stop DRAM spending abruptly. This will come with the
realization that, while aggressive expansion will buy market share, it will
also lengthen the DRAM industry downturn.

On top of all the changes in Korea's financial situation and the long-term
effects of the IMF bailout plan, there is also the short-term phenomenon of a
currency devaluation adding to the problem. Korea, Taiwan, and even Japan
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have seen the value of their currencies slide dramatically in relationship to
the U.S. dollar as well as against European currencies (see Figure 1).

Figure 1
Foreign Currency Purchasing Power Relative to the Dollar
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This chart has been normalized to January 1996 to show that an item with a
fixed local currency price that could be purchased in the United States for $1
in January 1996 could be purchased in November 1997 for $0.84 if it came
from Japan, $0.86 if it came from Taiwan, and $0.76 if it came from Korea. Of
course, DRAM per-megabyte prices descend at a relatively steady rate

(28 percent per year), but the effects of currency rate changes layer on top of
this. If the manufacturing cost, measured in won, of a Korean DRAM drops
at 28 percent per year over the course of 1997, and if in that same time the
won dropped 20 percent (which it did), then the minimum price that could
be charged for that DRAM in the United States without triggering
antidumping measures would have dropped 42 percent! This implies that
there should continue to be exceptional price slides for DRAMs from Japan,
Korea, and Taiwan into the United States and Europe. This has a great
impact on the worldwide market because, in 1996, Japan, Korea, and Taiwan
had a combined share of 77 percent of the DRAM market, and DRAM
consumption in the United States and Europe accounted for 56 percent of the
world market.

This, though, is not the end. The November average tells only a part of the
story. As of December 10, when this was being written, the won had
dropped to 54 percent of its January 1996 level. The end of the drop is not in
sight today. Korean manufacturers accounted for only 34 percent of 1996
DRAM sales, so the impact of the price slide will not perfectly match the
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exchange rate drop times normal DRAM price declines. The effect will be
less than this; however, it will be important!

In short, DRAM prices, which have been falling at a rate based largely upon
the cost of manufacture, should continue to fall faster than this rate as long
as Korean, Taiwanese, and Japanese currencies continue to slide against
European and American currencies.

Chang Soo Kim, Dataquest Korea, changsoo.kim@dataguest.com

Jerry Yeh, Dataguest Taiwan, jerry.yeh@dataquest.com

Jim Handy, Memories Worldwide, jim. handy@dataquest.com

George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com

Clark Fuhs, Semiconductor Equipment, Materials and Manufacturing Worldwide,
clark fuhs@dataquest.com

AMD Introduces 1.8V Flash and New Package

Advanced Micro Devices Inc. has released an 8Mb flash memory that
requires a sole supply as low as 1.8V. The device's initial access time is
170ns, but it will be available in 100ns and 120ns versions next quarter. The
package options are 48-pin TSOP or 48-ball fine-pitch ball grid array (FBGA).
The Am29SL800-170 is priced at $8.70 for the industrial temperature range
and $8.35 for commercial temperatures. AMD's flash pariner, Fujitsu, will
also sell the part.

DQ Take

This part has a number of firsts and twists. The most notable first is it is fully
1.8V powered, pulling out in front of Intel in the continuing horse race
between AMD and Intel. The twist is that AMD broke ranks with Intel on
some joint technical agreements concerning packaging and interface; this
marriage didn't even last through the honeymoon!

The 2.0V supply specification (plus or minus 0.2V} is a key item for the
target market—next-generation digital cellular handsets. Dataquest expects
22 million of these handsets to ship in 1998, and 43 million in 2001. The
100ns speed at 1.8V is impressive, especially with an industrial temperature
range of negative 40° to 85°. AMD said that its main technical innovation for
the SL is an improved peripheral transistor with higher gain and lower
turn-on threshold voltage, achieved by thinning the gate oxide from 150 to
100 angstroms. In addition, the company continues to use negative gate
erase (NGE) and wordline boost techniques, allowing it to obtain the fast
speed at low voltage. An on-chip charge pump supplies the higher voltages
required for programming and erase, but because current requirements are
small, its size can be minimized, reducing the impact on die size. The device
consumes much less energy than comparable 3V flash chips from AMD.

AMD has decided to abandon the micro-BGA packaging approach it at first
appeared to be doing with Intel. The company said it did not allow for easy
density upgrades in designs because micro-BGA requires a unique ball
pattern matched to die size, meaning it would potentially change with
product design refinements and density increases. Instead, AMD has

MMRY-WW-DP-9732 ©1997 Dataquest December 22, 1997


mailto:changsoo.kim@dataquest.com
mailto:yeh@dataquest.com
mailto:jim.handy@dataquest.com
mailto:george.iwanyc@dataquest.com
mailto:clark.fuhs@dataquest.com

Memories Worldwide

DRAM Corner

MMRY-WW-DP-9732

adopted the Japanese FBGA package that Sharp and Fujitsu are using for
flash. This is another key cellular telephone area because of the competitive
drive by handset vendors to shrink size (Dick Tracy "wristwatch” models are
now being discussed!). A future advantage of micro-BGA over FBGA,
however, is the ability to apply packages on an intact wafer, so perhaps
micro-BGA may only be ahead of its time, instead of dead. AMD was also
walking hand in hand with Intel on the common flash interface (CFI)
specification. This was in response to ATA mass-storage suppliers such as
SanDisk that do not require system changes for increasing density, much as
rigid disk drives do not require them in PCs. Because the SL is not aimed at
the mass-storage market, CFI was not required. An interesting tidbit from
the press conference was that AMD is developing a mass-storage flash
technology that is a mixture of NOR and NAND, so that it is the device that
must be concerned with those standards.

The bottom line is that flash memory continues its awesome rate of technical
innovation, spurred by large cellular phone customers and their fear of
competitors nipping at their heels. AMD has opened the 1.8V hunting
season for flash.

Bruce Bonner, Memories Worldwide, bruce. bonner@dataquest.com

Melco Inc., a Japanese computer peripherals and memory module
manufacturer, said it will acquire a 68.1 percent stake in TechWorks Inc., a
Texas-based module manufacturer. Melco said that it plans to use the
affiliation with TechWorks to expand its production and sales to the U.S. and
European markets. Before this acquisition, less than 10 percent of Melco's
DRAM module revenue is believed to come from outside Japan.

Third-party module companies have merged or been acquired in the past,
but Dataquest wonders whether this acquisition will be the symbolic start of
a wave of acquisitions. Melco adds strategically with this acquisition. Other
large third-party manufacturers may be considering similar actions.
Expanding sales channels, adding design, manufacturing, and test capability
(particularly for SDRAM), gaining vendor and customer relationships,
adding a regional presence, and growing revenue are some reasons that
companies may choose to acquire other module companies. Smaller module
companies may choose to merge with each other, hoping to become more
competitive with their larger competitors. There is also a possibility that
some DRAM manufacturers are considering a third-party acquisition to add
a low-volume, quick-turn, flexible manufacturing capability to complement
their current capabilities.

George Iwanyc, Memories Worldwide, george.iwanyc@dataguest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them by
e-mail to ron.bohn@dataquest.com.
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. WSTS September Figures: DRAM's Big Drop

Figure 1 shows the latest World Semiconductor Trade Statistics (WSTS)
figures for DRAM sales, expressed in dollars per megabyte. The drop in
September is bigger than any month-to-month drop since August of 1996.
This brings about the question: Are prices falling below where they should
be? Dataquest thinks not.

DQ Take

Look at the trend line (the smooth one). This line shows the average

28 percent-per-megabyte decline Dataquest has noted during the past 23
years. Although DRAM prices have fallen to this line—and perhaps a little
below it in January and February—in general, the market is falling at a
normal and predictable rate (about 28 percent per year). Dataquest expects
this trend to continue until demand catches up with today's capacity, which
is expected to be seen in late 1998. After that, prices should raise above this
line, as they have in previous times of market firmness. Why do they not
drop below the line? The main reason is that antidumping provisions assure
that manufacturers do not sell significant quantities of a product below their
cost to manufacture. Manufacturing costs descend at a predictable rate, and
the lowest contract prices will follow this trend. Since the bulk of the DRAM

vz JELA

OPY

-

FILE COPY:
MARIA VALL

Dataquest

Program: Memories Worldwide

Product Code: MMRY-WW-DP-9731

Publication Date: December 15, 1997

Filing: Perspective

(For Cross-Technology, file in the Semiconductor Regional Markets and Manufacturing binder)



2 Memaories Worldwide
business is contract, rather than spot market, business, prices on average will
not drop significantly below the trend line.

Figure 1

WSTS DRAM Price per Megabyte versus Trend Line
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Jim Handy, Memories Worldwide, jim handy@dataguest.com

COMDEX—PC100 or Bust?

MMRY-WW-DP-9731

COMDEX may not be the biggest event for DRAM companies, but the
volume of announcements made during COMDEX indicates it wasn't just a
week of fun in Las Vegas, either.

m  Hyundai Electronics Company Ltd. announced plans to introduce both
16Mb and 64Mb SDRAM designed for PC100. In addition to its PC100
announcement, Hyundai unveiled before COMDEX a working SLDRAM
test chip.

® LG Semiconductor Ltd. announced what it believes is the first 64Mb
concurrent RDRAM and unveiled plans to be the first to supply Direct
RDRAM for PC main memory in mid-1998. LG Semiconductor also
announced its fifth-generation 16Mb SDRAM, which operates at 133
MHz and a chip-scale package design that uses a patented bottom-
leaded plastic technique.

©1997 Dataguest December 15, 1997
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®  Micron Technology In¢. announced that it is sampling 125-MHz 64Mb
SDRAM.

m  NEC Corporation unveiled the technical specifications of Virtual Channel
Memory.

8 Samsung announced that it manufactured 64Mb SDRAM that meets the
PC100 specification. Samsung also announced that it achieved
functioning first prototypes of 64Mb DDR SDRAM and working samples
of 16Mb and 18Mb concurrent RDRAM. Samsung's stated goal for its
concurrent RDRAM is to lead the industry into volume production early
in 1998.

#® Siemens announced the availability of PC100-compliant 64Mb DRAM
samples.

DQ Take

It doesn't take a genius to figure out what DRAM companies are thinking
about—PC100-compliant SDRAM and what will follow. The question that
remains is when will chipsets that support 100-MHz SDRAM, DDR SDRAM,
and Direct RDRAM be available? The answer is today for the first two, and
possibly the second half of 1998 for the third, based on LG Semiconductor's
timetable for direct RDRAM.

Ali/ Acer Labs said they have demonstrated a chipset (currently available for
sampling} at COMDEX, the Aladdin V, that supports 100-MHz SDRAM. The
Aladdin V also supports FPM, EDQ, and four DIMM sockets. VIA showed
its Apollo VP3 chipset that supports DDR SDRAM, as well as FPM, EDO,
and SDRAM. It is worth noting that the VP3's DRAM interface is 66 MHz for
both SDRAM and DDR SDRAM.

What about Intel Corporation? Well, its 100-MHz SDRAM-capable chipset is
still expected in the first half of 1998 and should be in volume production by
the middle of next year. The Ali and VIA chipsets support socket 7, so they
are not an option for Intel's Pentium II, which comes in the modular slot 1
format. It will be interesting to see if the availability of competing chipsets
that support DDR SDRAM will make a difference to Intel and its memory
road map.

The availability of Intel’s chipsets is critical for enabling DRAM technology
transitions. Intel primed DRAM manufacturers to expect 66-MHz SDRAM in
early 1997, but demand really didn't start to ramp until the 440LX chipset
became available in the second half of 1997. Next year's 100-MHz SDRAM
transition is a tougher challenge from a technology standpoint, but it offers
interesting possibilities for both DRAM companies and third-party module
vendors. The fear from Intel's and a PC manufacturer’s point of view is that
the tight PC100 timing parameters will make it difficult to bounce between
different DRAM vendors.

If this compatibility problem materializes, it may be a saving grace for the
DRAM manufacturers that get qualified with top PC OEMs. [t looks as
though 1998 will be another oversupplied year, but qualified PC100 SDRAM
vendors may be able to enjoy a little price protection. The same should hold
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true for third-party module companies looking to develop OEM
relationships. The companies that can prove they have the manufacturing
and testing capability for PC100-compliant SDRAM modules will benefit.

Dataquest expects that one unfortunate by-product of the PC100 effort will
be the availability of untested 100-MHz SDRAM modules in the aftermarket.
Intel is making detailed module design guidelines available to all interested
parties, which will help small third-party module vendors compete.
Unfortunately, these vendors may not be able to afford the test equipment
needed to fully test these modules.

The transition from FPM to EDO to SDRAM all occurred with chipsets that
could handle more than one memory type. The transition to direct RDRAM
is expected to come with a chipset that only supports direct RDRAM. It's
unclear how this will impact direct RDRAM's acceptance. Lack of flexibility
combined with Intel's less-than-sterling track record in managing DRAM
transitions may lengthen the transition. There is also the possibility that
having only one choice will result in a much quicker acceptance. Either way,
if the 1999 direct RDRAM timetable is met, next year's COMDEX may be
where the first PCs implementing this technology are publicly unveiled.

George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com

Intel Sues SST over Flash Memory Patents

MMRY-WW-DP-9731

Intel has filed suit against Silicon Storage Technology, alleging patent
infringement of its flash-memory designs. SST plans to countersue and said
it will report Intel to the Federal Trade Commission, which began a broad
inquiry into Intel's practices in September involving three Intel patents.

DQ Take

Boys, boys, can't you get along at all? The flash memory industry is
becoming known for both fast growth and fast lawyers, with the latest salvo
fired by Intel toward small flash memory vendor SST, which responded with
cries of angst that big, bad Intel is being a bully, picking on someone much
smaller than itself. And besides, SST says, it is not infringing Intel's patents.

The real motivation here is that SST is something of a competitive iceberg for
Intel because of its aggressive technology licensing program. SST has done
deals with SANYO, Taiwan Semiconductor Mfg. Co., ISD, Winbond
Electronics Corporation, Seiko-Epson, and Analog Devices, either for
producing embedded flash memory or as a manufacturing partner for S5T.
What this means is that SST is teaching many companies how to make its
flavor of flash (so-called "Super Flash), even if, theoretically, it is limited to
be included in multifunction chips. The most worrisome companies for Intel
are the ones in Taiwan, since they will try to win business using low price as
an incentive. This lowers the market prices for other companies, including
Intel, which is scrambling to make money with flash right now. We expect
Intel to keep the pressure on SST because of the large shadow it casts.

Bruce Bonner, Memories Worldwide, bruce. bonner@dataquest.com
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Another Taiwanese Company Licenses DRAM Technology

. Macronix International Company Ltd. entered the DRAM market through a
technology alliance with Matsushita Electric Industrial Co. Ltd. Matsushita
licensed its 16Mb and 64Mb DRAM technology to Macronix, which will
manufacture 16Mb DRAM on a foundry basis and then sell the output to
Matsushita. Macronix expects to begin manufacturing of 64Mb DRAM in
1998. Macronix's long-term goal is not to be a commodity DRAM
manufacturer, but to use its own logic process with Matsushita's DRAM
technology to develop and sell a line of embedded memory devices under
Macronix's brand name.

DQ Take

Macronix's agreement with Matsushita will help in two ways. The
immediate benefit is that adding standard 16Mb DRAM to Macronix's
product mix will help increase the utilization rate for its new 8-inch fab. The
long-term benefit is that it adds strategically to Macronix's intellectual
property portfolio. Companies with the most reusable intellectual property
should have an advantage in the embedded memory market. Macronix
already has experience with mask ROM, EPROM, and flash memory
technologies, and it is adding DRAM capability with this agreement. It
should be possible for Macronix to use its logic capability to add SRAM
technology. When combined, this gives Macronix the building blocks needed
for embedded memory.

. Having the building blocks, however, doesn't ensure success. Many DRAM,
SRAM, and nonvolatile memory companies are looking at ways to improve
their own revenue stream and fab utilization with embedded memory
products. From the logic side, ASIC and ASSP vendors are adding memory
technology to their product portfolios. The embedded memory market
promises to be very crowded. Success will depend not only on having all
memory technologies and a process that optimizes for both logic and
memory, but an ability to get design-wins. The design-win mentality may
ultimately be the hardest addition for most memory companies because of
their experience selling standard, commodity products.

Jerry Yeh, Dataquest Taiwan, jerry.yeh@dataguet.com
George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com

DRAM Corner

Rambus Seeing Encouraging Results

Hambrecht & Quist analyst Robert Chaplinsky was recently quoted as
saying that Rambus Inc.'s efforts with Intel were "well ahead of plan” in their
work together to develop a Rambus-compatible chipset.

Success has been a long time coming at Rambus, and it appears now to be at
. the brink of arrival. The initial Rambus concept appears to have been
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devised about 1989, and since then, the company has persevered for a
number of years driving the world toward its vision of increased PC

performance. Despite threats from DDR and SLDRAM, both of which had
announcements at COMDEX, the PC market appears to be moving with
strong inertia toward the adoption of the Rambus standard.

Nan Ya Expands DRAM Capacity

Nan Ya announced that it will begin construction on January 1, 1998, of an 8-
inch wafer fabrication plant at a total cost of NT$45 billion. The plant will
produce 64Mb and 256Mb DRAM using 0.18-micron technology. With this
addition, Nan Ya is expected to experience the largest amount of capacity
growth among Taiwanese DRAM vendors next year. Nan Ya is also offering
foundry capacity, but it lost an opportunity to gain foundry business from
United Microelectronics Corporation after UICC's fire, which Holtek
consumed.

In addition to the new fab construction, there is a rumor that Nan Ya's
technology agreement with Oki may end. There is no evidence indicating
that Nan Ya is looking for another partner. It looks like Nan Ya is taking the
same approach as Vanguard, another Taiwanese DRAM manufacturer. One
difference, however, is Vanguard is forced to manufacture only memory
(DRAM especially) by one of its major investors, the Taiwanese government.
This limitation is in force for three years after Vanguard's inception.
However, Vanguard will soon be freed of this limitation.

Jim Handy, Memories Worldwide, jim handy@dataquest.com
ferry Yeh, Dataquest Taiwan, jerry.yeh@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them by e-mail to
ron.bohn@dataquest.com.
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. Intel Flash—Still a Leader?

When Intel Corporation recently announced lower-than-expected third
quarter 1997 results, much of the blame was pinned on the performance of
its flash memory division. Subsequently, its deal with Digital Equipment
Corporation has allowed Intel to push out development of its Texas logic fab
and switch the planned output of the up-and-coming Israel fab from flash
memory to logic. With unit shipments of flash memory exploding globally,
even Intel admits that unit demand is high. So what's happening to Intel's
flash memory business that justifies a scaling down of production capacity?

DQ Take

The prevailing conditions in the flash market at present are certainly not to
Intel's liking. Dataquest believes that Intel has lost significant market share
in 1997 as a result of very aggressive price competition, particularly from
Intel's partner Sharp Electronics Corporation, but also from the Advanced
Micro Devices Inc./Fujitsu Ltd. camp, and it has been suggested that this
has led to a loss of business at some key accounts. For example, in Europe at
one time, Intel was a sole supplier to a certain telecommunications company
deep within the Arctic Circle. However, recent anecdotal evidence,
confirmed by a Dataquest teardown analysis of a GSM handset, has
established the presence of a competitor's flash product in a
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Figure 1

current-generation model. Intel's dependence on the GSM handset market in
Europe leaves it vulnerable to a competitive challenge, and this is what
appears to be happening now. Rumors from other regions tell a similar

story.

Intel is not the sort of company to suffer fools gladly. Such is the level of its
corporate ego that it quickly divests itself of any product line in which it
loses a dominant position. Remember SRAM, DRAM, EPROM, and
EEPROM? Intel was once at the forefront of all these memory technologies,
but over the years, all have been discarded. And it’s easy to see why.
Through its microprocessor business, the company has gotten used to gross
margins of 50 percent-plus. In the early 1990s, a similar magnitude of gross
margin was also available in the flash memory business. Allocation was
widespread, and the flash vendors could hold customers to ransom. But
Intel's market share, as shown in Figure 1, has continued to drop over the
years as the market has grown. For the record, Intel says that it is making its
other flash fabs more efficient and that it will not now need the Israel fab.
Dataquest remains skeptical.

Flash Memory Industry Revenue and Intel's Flash Memory Market Share, 1992 to 1996
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In the past, flash memory acquired a reputation as a quirky product that was
difficult to manufacture. Also, tightly specified programming algorithms
meant that implementation in systems required a high degree of technical
support. These "teething problems” meant that flash was expensive and its
undoubted flexibility could be afforded only by customers that had an
absolute need. However, the leading flash vendors persevered with the
technology, and for a couple of years, the business opportunity fitted well
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with the Intel model—that is, high demand, controlled supply, falling costs,
and high average selling prices (ASPs).

However, times change, and the flash market is becoming a commodity
business more akin to DRAM than to microprocessors. High unit volumes,
increased competition, and sharply declining ASPs now characterize the
market. Although not all segments operate in this manner, it is more and
more the case.

Is it time for Intel to bail out of flash memory? Dataquest will release 1997
market share data next year, and the answer may well determine the future
of flash at Intel. In other words, watch this space.

Richard Gordon, Dataquest Europe, richard.gordon@dataguest.com
Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com

Tough Times In Taiwan
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A recent article in the Asian edition of the Wall Street Journal ("Taiwan Chip
Makers Lose a Supply-Demand Gamble") reported on the difficult
environment faced by Taiwanese semiconducter manufacturers.

DQ Take

Dataquest believes that the development of the Taiwan semiconductor
industry will follow the same path as the PC industry in Taiwan. For many
years, Taiwanese manufacturers have tried to develop their own brand-name
PCs, with limited success. There are some small brand-name PC
manufacturers in Taiwan, but only Acer has become a worldwide brand
name. However, from a manufacturing point of view, many companies have
built successful business models around production for major OEM clients.

Taiwan's semiconductor foundry industry puts the OEM manufacturing
model into practice and continues to show promise. However, Taiwanese
DRAM manufacturers face challenges as they fight to develop a presence in
the DRAM industry. Today, Taiwan's DRAM companies are maneuvering
for market share with competitively priced 16Mb DRAM. The biggest
challenge is whether Taiwanese manufacturers should continue to develop
their own independent manufacturing capability for next-generation DRAM
or whether they should partner with others to manage the high cost of new
fabs. A decision to partner would symbolize a move toward offering
independent design services and away from company-owned
manufacturing.

Taiwanese DRAM companies may not be able to make the decision to invest
in company-owned fabs independently, but only in the context of larger
vertically integrated information technology (IT) solution companies. Nan Ya
Technology is a good example. Nan Ya is part of the Formosa Plastics
Corporation. Few people are familiar with Formosa Plastics, but they may
know some of the following companies: Nan Ya Technology, First
International Computer Inc. (a PC and notebook manufacturer), VIA
Technologies Inc. (a core logic design house), or Formosa Komatsu Silicon
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Corporation (a 20,000-unit-per-month 8-inch silicon wafer plant, a joint
venture with Komatsu Electronics). All these companies are part of the
Formosa Plastics Group. FPG also has its own printed circuit board
manufacturing capability. Combined, these companies represent a very
vertically integrated IT company group.

The semiconductor industry depends on creative solutions, such as foundry.
Taiwan's pioneering role in foundry services shows it has something to offer
the semiconductor world. Taiwan also possesses resources such as qualified
engineers, capital, and a growing demand for PCs, consumer electronics,
and other electronic equipment. The Wall Street Journal article states correctly
that Taiwan's semiconductor manufacturers do face many problems, but the
dire outlook it presents may be a bit pessimistic.

Jerry Yeh, Dataquest Taiwan, jerry.yeh@dataguest.com

ProMOS Technologies Inc. Opens Chip Plant in Taiwan

MMRY-WW-DP-9729

ProMOS Technologies Inc., a joint venture of Mosel Vitelic Inc. and Siemens
AG, celebrated the formal opening of its new wafer fab in Hsinchu, Taiwan.
The 8B-inch wafer facility enables both partners to begin high-volume 64Mb
DRAM production.

The joint venture, formed only 11 months ago, represents a total capital
investment of around $1.7 billion over three years. ProMOS employs 1,100
people and will be running at full capacity by the end of this year, beginning
with 20,000 8-inch wafer starts per month of its initial product, the 64Mb
DRAM chip on 0.35-micron technology. The 64Mb DRAMSs are based on a
technology that Siemens developed with [BM and Toshiba Corporation.
Within the next three months, Mosel Vitelic and Siemens will expand their
64Mb portfolio with the release of configurations of 64Mb synchronous
DRAMs (SDRAMs).

DQ Take

In September, Mosel Vitelic signed a contract under which Siemens will
deliver to Mosel Vitelic 50 percent of the output of 16Mb DRAM and
SDRAM from Siemens’ new plant in North Tyneside, England. However,
with the current unsteady price of 16Mb DRAM, this addition may not
actually increase Mosel Vitelic's earnings. With the ProMOS joint venture,
Mosel is preparing for 64Mb DRAM. Initially, the agreement calls for both
Mosel Vitelic and Siemens to purchase ProMOS products for resale. Sixty-
two percent of ProMOS's 64Mb DRAM will be labeled with Mosel Vitelic's
brand name.

Mosel Vitelic has also licensed 256 Mb manufacturing technology from
Siemens and may participate in IBM, Toshiba, and Siemens' DRAM joint
development project, but an agreement has not yet been reached. If its
participation is granted, Mosel Vitelic is expected to become the first
Taiwanese company to acquire 1Gb DRAM technology. The cooperation in
both original technology and joint-venture manufacturing between Mosel
Vitelic and Siemens is significant. Other partnerships involving Taiwanese
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companies include Texas Instruments Inc./TI-Acer, Toshiba/Winbond
Electronics Corporation, and Mitsubishi Corporation/Powerchip
Semiconductor Corporation.

Mosel Vitelic was the first Taiwanese company to license Japanese
technology when it opened its 6-inch-capable wafer fab with transferred and
licensed DRAM technology from Oki Electric Industries Company Lid., in
1994. Today, Mosel Vitelic is the first Taiwanese semiconductor company to
set up a joint-venture company with a European semiconductor company.
The result is the first Taiwanese facility to produce 64Mb DRAM.

Jerry Yeh, Dataquest Taiwan, jerry.yeh@dataquest.com

Dataquest Semiconductor Gonference Memories Recap

MMRY-WW-DP-9729

Sparks Fly in Flash Panel at Semiconductor Conference

At Dataquest's annual Semiconductor Conference last week, leaders of the
flash memory industry participated in a panel discussion. The market
leaders, Intel and AMD), were represented by their vice presidents and
general managers, Bill Howe and Walid Maghribi, respectively. Dan Auclair
of SanDisk Corporation and Dr. H.K. Lim of Samsung gave a mass storage
perspective, with Bruno Beverina, vice president of SGS-Thomson, and Miin
Wu, president of Macronix International Company Ltd., giving an
international flavor to the event. Crisp opening statements were given by the
participants, then questions were taken from the floor.

The theme of the panel was "will big or better win?" and various
interpretations emerged from the discourse. Mr. Wu pointed out that when
the market matures and existing applications dominate, large manufacturing
concerns can bring learning-curve efficiencies to bear to increase market
share. But this transition can be postponed by adding new applications to
the market, delaying the switch to a commodity mode. He also disclosed a
new flash array architecture, the Paired Array Contactless AND (PAC-AND)
design, that can do muitilevel cell (MLC) also. Another MLC surprise was
supplied by Mr. Beverina when he disclosed that SGS-Thomson will present
a paper early next year on 4-bit per cell storage, which the company has
working in the lab now. He also gave an impassioned vision of flash
memory adding value to global communications networks and adding more
“intelligence” to electronic systems because of flash's nonvolatile rewritable
capability. Mr. Auclair was another MLC cheerleader, with SanDisk's D2
technology, which came to market first. He said digital cameras will be a
"monster market" for flash cards, and SanDisk's CompactFlash small-form-
factor card standard is clearly leading the design-win horse race in this
market.

Mr. Howe presented Intel's new StrataFlash MLC vision, including its use in
existing code storage applications. In contrast, Mr. Maghribi said MLC is
only suitable for mass-storage applications, but he sees that market
expanding to 20 percent of the total flash market, from the current 10
percent. He also said that AMD will introduce a mass storage-optimized
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technology that is not MLC and that AMD has made significant market share
gains at the expense of Intel. Finally, weighing in on the "big" side of the
equation, Samsung showed the commonality of DRAM and flash
manufacturing and technology, which was hardly surprising, given that
Samsung is the world's largest DRAM manufacturer.

Overall, the event showed the diversity and energy of the flash memory
industry, from geographic, business, and technology positions. All
participants said that pricing was very poor, with intense competition
depressing all types but especially depressing 4Mb and 8Mb parts. But all
agreed that the market is growing in terms of units and bits and that it wil
continue to grow for the foreseeable future.

Bruce Bonner, Memories Worldwide, bruce bonner@dataguest.com

System-Level integration

Three panelists presented their views in a Dataquest Semiconductor
Conference session on the semiconductor market of tomorrow. Nathan
Brookwood presented his microprocessor forecast, Bryan Lewis and Jordan
Selburn presented their view of the way that intellectual property would be
used to produce system-level integration (SLI), and Jim Handy presented a
piece on the need for and the current offerings in embedded DRAM and
other embedded memory categories. The following is a summary of the
points of the paper on embedded DRAMs.

Embedded DRAM technology suffers from the availability of a phenomenal
number of good solutions, ranging from embedded SRAM to external
DRAM, and even further, to a complete restructuring of the design to
remove the need for DRAM altogether!

Some good reasons for using embedded DRAM are:

m  Lower power

8 Lower chip count

a Greater bandwidth

Some good reasons for not using embedded DRAM are:

m Higher costs

m  Difficulty in test

a Difficulty in processing
@ Limited sourcing

One of the significant factors that can drive the costs of an embedded DRAM
solution higher than that of other choices is the difference between a logic IC
process and a DRAM process. Logic processes focus on achieving the
highest speed through high transistor gain and low-resistance interconnect.
DRAM processes compromise gain and interconnect resistance to produce
physically small capacitors with high capacitance and low leakage. To
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combine these processes, the process complexity must be increased,
increasing the cost of the die significantly.

There are indeed several great applications, however, for embedded DRAM.
Many of these applications have a lot of characteristics in commeon:

8 They use memories that are large in comparison with the largest SRAMs
that can be efficiently integrated onto an application-specific IC (ASIC)
die.

# The memory size does not change significantly over time, even though
the density of the average DRAM increases at an annual rate of more
than 60 percent.

m  They are produced in high unit volumes.

This means that we can expect to see increasing use of embedded DRAM in
applications like rigid disk drives, graphics accelerators, DVD players and
recorders, digital set-top boxes, and some other applications of increasing
importance in the longer term.

In the presentation, die photos were shown for a half-dozen currently
available devices based on embedded DRAM technology. Embedded DRAM
is here now! The only question is, where does it make the greatest economic
sense?

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

During the most recent DRAM shortage—which now seems a distant
memory-—a client said that the DRAM market is either "on" or "off.” When it
is on—usually meaning a shortage—it is something that everyone talks
about all the time. When it is off—read "oversupply"—everyone avoids it
like the plague. At Dataquest's recent Semiconductor Conference, our Direct
Products sales team said attendees really enjoyed talking about wireless
semiconductor applications, radio frequency ICs, global positioning systems,
system-level integration, and other topics—but not DRAM.

Against this backdrop, Dataquest recently issued its DRAM Supply and
Demand Quarterly Statistics: Fourth Quarter 1997 Outlook. We expect the
current oversupply to last through most of 1998. What are DRAM
companies to do, meanwhile?

As shown in the Fourth Quarter Qutlook, most Japan-based and Korea-based
suppliers see 64Mb SDRAM as the place to be. In the worst case, 64Mb
SDRAM profit margins might prove quite narrow, but this appears more
attractive to them than the brutal reality of the highly competitive 16Mb
market. The emergence of Taiwanese suppliers into the 16Mb market means
a 16Mb de-emphasis for Japanese and Korean suppliers.

So what are some of the numbers, based on Dataquest estimates? For fourth
quarter 1997, NEC Corporation and Samsung will be the only companies
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with 64Mb SDRAM monthly shipment rates of 1 million {(or higher). By the )
second quarter of 1998, they will be joined by Fujitsu, Hyundai Electronics
Company Ltd., and Toshiba. For 1998, NEC and Samsung will each ship .

nearly 50 million units of 64Mb SDRAM. For 1999, Fujitsu, Hitachi, Hyundai,
Mitsubishi, and Toshiba will exceed 50 million units—while NEC and

Samsung surpass 100 million units of 64Mb SDRAM. LG Sernicon Co. Ltd.
will also be making large quantities of 64Mb SDRAM, but some are likely to
carry the Hitachi brand name.

What about 16Mb SDRAM? For the fourth quarter of 1997, Dataquest
expects Micron Technology Inc. to ship more than 10 million units per
month, with NEC and Texas Instruments not far behind. For 1998, Micron
and Texas Instruments should each ship more than 150 million units of
16Mb SDRAM. NEC and Samsung will each likely exceed 100 million units,
but, as indicated, their focus has already shifted to the 64Mb SDRAM
density.

Ronald A. Bohn, Research Operations, ron.bohn@dataquest.com
James Seay, Research Operations, james.seay@dataquest.com.

Dataquest welcomes DRAM tactical reports from readers. Please send themn by
e-mail to ron.bohn@dataquest.com.

Comments and suggestions should be sent to:

Carole Phillips (carole.phillips@dataquest.com)
Phone: (408) 468-8376
Fax: (408) 954-1780

Dataquest’s Tactical Memories Newsletter
251 River Oaks Parkway, San Jose, California 95134
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. DRAM Spot Market Slips Another Notch

Figure 1 shows statistics for the DRAM spot market since the most recent
slide began in April. This was after some price increases stemming from the
late-January announcements of Korean cutbacks. The two metrics are the
American IC Exchange's lowest price per megabyte for 4Mb and 16Mb, any
organization, extended data out (EDO) or fast page mode (FPM), and
electronics retail chain Fry's Electronics' lowest price for a DRAM module.

DQ Take

Although the chart shows a relatively steady slide, the last week saw an
unusual 16 percent drop in the Fry's price, which was reflected by the spot
market prices we heard on the street. The AICE price dropped only

7.5 percent; however, this appears to be a late response to the market

conditions.

How far can this go? Dataquest believes that contract prices are currently
limited by antidumping concerns and are likely to stay at a cost-driven
downward slope matching history's average price-per-bit decline of 28
percent per year. The spot market, however, is not entirely responsive to
such measures and could very well drop further in the future. This depends
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on the response of both buyers and sellers in the winter holiday market. s
Many DRAM manufacturers were looking to the 1997 holiday season as a
time when prices would firm up, but most builds for that season happen in .

or before October. It appears that the hopes of the DRAM manufacturers
may have outstripped the needs of OEMs and that there is now a greater
surplus on the market than there would have been otherwise.

Figure 1
DRAM Spot Market Price per Megabyte, 1997
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Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Dongbu Group to Produce 64Mb DRAM in 1999

The Dongbu Group, Korea's 22nd-largest conglomerate, announced on

Wednesday it will enter the semiconductor industry through a technological

team-up with IBM. Dongbu said it will invest a total of 2 trillion won (about

$2 billion) to establish a plant to produce advanced DRAM chips, beginning

in 1999. The plant, which will be part of Dongbu Electronics, will process a

monthly output capacity of 30,000 8-inch wafers, processing them into 64Mb

DRAMs and next-generation 128Mb and 256Mb DRAMs. Production

capacity will grow to 36,000 wafers a month by 2001. Dongbu is expected to

finish construction of the production facilities by the end of May 1999. The .

MMRY-WW-DP-9730 ©1997 Dataquest December 1, 1997
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facility is located on 990 square kilometers in Eumsung-gun, North
Chungchong Province.

DQ Take

This is similar to the deals that Texas Instruments Inc. struck with the Acer
Group, Kobe Steel Ltd., and the government of Singapore. Dongbu will bear
all investment costs for the project, and IBM will provide the technology
needed to produce the next-generation DRAMs. To fund the project, Dongbu
will spend 600 billion won of the group’s own capital and borrow 700 billion
won from domestic financial institutions, while attracting the remaining $1.1
billion in foreign capital. Dongbu has already secured $900 million in foreign
capital and is negotiating with the state-run Korea Development Bank to
mobilize additional loans through a syndicated loan formula, in which a
number of domestic banks are participating.

The contract reached between Dongbu and IBM covers the transfer of
DRAM-related design and manufacturing technology from IBM to Dongbu.
IBM also agreed to purchase finished memory products and to participate in
the joint development of next-generation semiconductor technology.

Dongbu will dispatch workers to IBM for training, and IBM technology
experts will visit Dongbu as part of its technology-transfer program this
year. In a related development, Dongbu Electronics will increase the number
of its employees from 200 to 1,200 by the end of 1998. Dongbu, which is
currently involved in the steel, chemical, and finance industries, will become
the fourth Korean company to make DRAMs.

C.5. Kim, Dataguest Korea, changsoo kim@dataguest.com

Third-Party Module Manufacturers Gontinue to Expand Capacity

MMRY-WW-DP-9730

Simple Technology Inc. and SMART Modular Technologies Inc. both
recently announced plans to expand their respective manufacturing
capability. Simple Technology announced the expansion of its headquarters
in Santa Ana, California, by 25,000 square feet, to 75,000 square feet. The
additional space is to add four new manufacturing lines for PC memory and
peripheral products. Simple also announced it will operate three shifts at its
Santa Ana location and its Scotland facility to increase output.

SMART Moedular Technologies announced that it has reached an agreement
with the government of Puerto Rico to lease an 83,000-square-foot facility in
Aguada, Puerto Rico. This new facility will replace SMART's 23,000-square-
foot facility in Arecibo, Puerto Rico. The company plans to move to the new
facility in late November. The announcement also indicated that SMART
expects to add 400 new jobs in Puerto Rico over the next three years.

DQ Take

From a revenue and unit shipment perspective, 1997 appears to be following
the same pattern as 1996 for third-party module manufacturers—strong unit
growth, but industry revenue growth stifled by falling DRAM prices.
Industry unit growth does seem to be slowing. When Dataquest surveyed

©1997 Dataguest December 1, 1997


mailto:changsoo.kim@dataquest.com

Memories Worldwide

third-party manufacturers last year, many indicated unit shipment growth
rates ranging from 100 to 300 percent over 1995. Based on recent
conversations, many of the same companies expect growth rates of about
100 percent this year.

SMART and Simple represent different variations of the third-party business
model. SMART is dedicated to providing module design and manufacturing
services for OEM customers. SMART's model has worked well the last two
years; it is one of the few third-party module companies to grow revenue.
Simple is more representative of third-party module companies because it
primarily supplies the channel, distributors, resellers, and system
integrators, while developing its OEM business.

Because both companies are adding capacity, it looks as though both OEM
and channel customers continue to demand product from third-party
sources. One must wonder, however, if all third-party companies will add
capacity while experiencing slumping revenue. Adding to the problem is the
current transition to synchronous DRAM (SDRAM}, which adds difficulty to
designing and testing modules. Depressed revenue and increasing test costs
may force some third-party companies to slow their capital expenditure,
which may result in a concentration of business among a handful of larger
third-party companies capable of expanding in tough times.

George Iwanyc, Memories Worldwide, george. iwanyc@dataguest.com

Korean Companies Intensify Efforts for Next-Generation DRAM

MMRY-WW-DP-9730

Searching for the right path for next-generation DRAM, Korean DRAM
manufacturers are intensifying their efforts to develop high-speed DRAM
that can improve PC performance. Samsung Electronics Company Ltd.
announced that it has developed the world’s first 64Mb double data rate
(DDR) SDRAM, while LG Semicon Co. Ltd. announced it has begun mass
production of the world's fastest 18Mb Rambus DRAM (RDRAM).

0Q Take

Samsung's DDR SDRAM, as its name indicates, has a data rate double that
of synchronous DRAM (SDRAM), the current high-end DRAM for PCs.
DDR was proposed by a group of DRAM companies, including Samsung, as
an alternative to Direct RDRAM and was standardized by the Joint
Electronic Device Engineering Council (JEDEC) this summer. Samsung
played a leading role in the standardization process and is the first company
to develop DDR SDRAM based on the standard.

While Samsung is focusing on DDR SDRAM, LG Semicon is putting more
weight on Direct RDRAM. Direct RDRAM, although capable of offering
higher data rates than DDR SDRAM, is expected to be more expensive to
produce because of its larger die size and an associated licensing fee.
According to some DRAM manufacturers, Direct RDRAM will be about 20
percent more expensive than SDRAM, a large cost penalty. This
characteristic has made Samsung and other DRAM makers stop short of
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fully committing themselves to Direct Rambus, even though the technology
has been endorsed by Intel Corporation.

The Direct RDRAM specification has only just been announced, and there
has not been enough time since the start of development for manufacturers
to produce working Direct Rambus parts. How then can LG Semicon
demonstrate its commitment to the Rambus technology? LG Semicon has
begun mass production of the predecessor to the Direct Rambus, the 18Mb
RDRAM, which is already being used for graphics memory in PCs. LG
Semicon expects RDRAM to rapidly take market share from synchronous
graphics DRAM (SGDRAM) in the graphics memory market. Although LG
Semicon is making a push for its RDRAM in the graphics market, the
company's main concern lies in introducing Direct RDRAM to the main
memory market as early as possible. RDRAM is the technology base that is
being used by Rambus Inc. to develop Direct RDRAM.

Samsung and Hyundai Electronics Industries Co. Ltd. also support Direct
RDRAM and are working to develop it, but .G Semicon appears to be much
more strongly committed to this technology. Direct RDRAM is generaily
expected to debut in 1999, but LG Semicon is determined to develop it in the
first half of 1998 and establish leadership in the development and production
of the new chip. One of the first companies to license RDRAM technology
from Rambus, LG Semicon hopes its long development experience with
RDRAM will help it attain this goal.

C.S. Kim, Dataguest Korea, changsoo kim@dataquest.com

There have been four interesting SRAM announcements in the last two
weeks. Cypress Semiconductor Corporation, Integrated Silicon Solution Inc.,
and Paradigm Technology Inc. each introduced 64Kx16 fast SRAMs
designed to be used with digital signal processor (DSP) chips. Intel
announced that it will be producing a cost-reduced version of the Pentium II
that does not contain an L2 cache.

DQ Take

SRAM manufacturers that have not been picked by Intel as vendors for the
L2 cache chip for the Pentium II have been busily working on strategies that
will allow them to stay in business. One approach has been to focus on
telecommunications. It appears that the three 64Kx16 devices (which, at a
cursory glance, appear to be incompatible with each other) are a move in this
direction. We have seen no indication that any of these three companies has
been qualified as a source to Intel for the Pentium II L2 cache SRAM IC. On
the other hand, now that there is to be a Pentium II without an integrated L2
cache, there is a glimmer of hope that some of the 20-odd suppliers of the
32Kx32 will have a chance to supply cache SRAMs to maverick PC
companies that design their own systems with external caches, perhaps on a
module. This should be fun to watch.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com
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Reuters picked up the LG Semicon announcement mentioned earlier with
some confusion. It reported that "the Rambus DRAMSs would be used as
graphics memory units in computer workstations, servers, digital television
sets, and automated teller machine switching systems from next year.” We at
Dataquest are not certain what benefit the Rambus channel brings to
automatic teller machines. We were also amused that the article states that
"the chips are expected to be used as central processing units." Watch out,
Intel!

SLDRAM Test Chips

On a more serious note, there is some other work being done as an
alternative to the RDRAM, and that is the SLDRAM (formerly known by the
name "SyncLink"—until this name was found to be copyrighted by a modem
manufacturer). SLDRAM is an open specification with no royalties attached,
targeted to offer the same bandwidth as the Rambus interface. In an
announcement released on October 31, Hyundai and Mitsubishi Corporation
announced that they have delivered SLDRAM test chips for approval by the
SLDRAM Consortium. This is a milestone in the effort to produce this
alternative interface in time for it to be considered as an alternative to the
Rambus architecture. Intel has stated that it reserves the option of backing
down from its stated Rambus migration plan, and it appears that the
SLDRAM Consortium is trying hard to make this happen.

New NEC Fab for 128Mb DRAM?

A report on the Japan Economic Newswire states that NEC Corporation
plans to add a $1.2 billion wafer fab to its Roseville, California, site to
produce 128Mb DRAMs (although NEC has not officially announced this
and will not confirm this story). The article says that production is scheduled
to start in 2000. We have heard that many Japanese companies are bullish on
this density since it was first requested by Compaq Computer Corporation,
and the new fab appears to be a ramification of NEC's faith in the part. Our
main reservation about the chances of success for the 128Mb DRAM chip
(among the many we have) is that the device has been conceived to solve
certain granularity problems that will result from the fact that a 32-bit-wide
version of the 256Mb DRAM will probably not be mass-produced. If Rambus
DRAMSs are widely used in PCs in 2001, or even in 1999, as Rambus Inc.
appears to believe, the problem of needing a 32-bit bus for granularity
disappears. This implies that the NEC fab will be unnecessary at about the
time it is expected to ramp into production.

NEG Virtual Channel Memory

NEC announced, in a highly technical presentation, its Virtual Channel
Memory, or VCM. The technical specifications of VCM were unveiled at the
COMDEX show on November 17, 1997. VCM is a core technology that will
enhance existing memory architectures, such as SDRAM.

NEC says that VCM technology is expected to reduce latency and improve
throughput in practically any memory device, including SDRAM, EDO,
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FPM, DDR, and Rambus. The core architecture will be marketed by NEC as
an open industry standard. NEC also plans to garner industry support from
memory and chipset manufacturers and major OEMs.

Although the announcement leaves out a lot of details, this technology is an
attempt to solve a problem that has been overlooked so far. Processors have
been accelerated through higher clock rates, and cache memories have been
added. DRAM input/output bandwidth is benefiting from an onslaught of
new technologies, from EDO through SDRAM, DDR, Rambus, and
SLDRAM. The only part left out of the equation so far has been the core
speed of the DRAM itself. In essence, NEC is proposing that the DRAM core
(or any other memory technology, for that matter) have a cache added,
controlled by an external cache controller.

The technology has been used before by Mitsubishi, and the differences
among the Mitsubishi CacheDRAM, the MoSys MDRAM, and the new NEC
technology are very subtie. All have multiple internal SRAM copies of the
row buffer that can be used to accelerate the apparent operation of the
memory core. The major difference between the CacheDRAM, the MDRAM,
and NEC's approach is that NEC wants to promote an open standard, while
the two predecessors had limited sourcing. Limited sourcing causes limited
acceptance. If NEC is able to get industrywide support, there is a good
chance that this technology will be adopted.

NEC takes pains in its announcement to point out that the new technology is
the result of a project that was initiated and conducted in the United States
by design resources at NEC Electronics. NEC opened a U.S. R&D arm about
two years ago, and this announcement helps show that good things can be
developed away from company headquarters.

Jim Handy, Memories Worldwide, jim handy@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them by
e-mail to ron.bohn@dataquest.com.
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B Fall Forecast Telebriefing
B DRAM Corner

-The Dielectric Difference

Fall Forecast Telebriefing

Memories Worldwide held a telebriefing on Friday, October, 17, 1997, to

discuss Dataquest's fall memories forecast. A review of the material
presented in the telebriefing follows.

Figure 1 shows Dataquest's MOS memory fall forecast. Worldwide MOS
memory revenue should total $32.8 billion for 1997, a decrease of almost 13
v percent from 1996 revenue of $37.6 billion. This is an extension of the 1996
cyclical decline in DRAM. By the second half of 1998, Dataquest expects to
see a successful return to a normal market. Although much of the profit has
evaporated in SRAM and flash memory, Dataquest still expects that 1997

will be a profitable year in these markets. However, we expect 1997 to be the
least profitable year in DRAM since 1992, if not before.

Dataquest sees long-term growth in most segments, including DRAM,

SRAM, flash, and EEPROM, but flat performance in the EPROM and ROM
markets. Memory revenue should grow at a compound annual growth rate
(CAGR) of 27.3 percent between 1997 and 2001, with worldwide revenue

reaching over $87 billion in 2000 before retreating slightly to just over $86
billion in 2001.
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Figure 1

MOS Memory Revenue, 1995 to 2001
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DRAM

Worldwide 1997 DRAM revenue should decline to $22.0 billion, from $25.8
billion in 1996, a decrease of 14.6 percent. Worldwide DRAM revenue should
total nearly $63 billion by 2001 and will peak in 2000 at over $68 billion.

Dataquest expects very strong PC demand throughout the forecast horizon,
with worldwide unit shipments of PCs to more than double during the 1997-
to-2001 period; PC shipments should expand from fewer than 71 million
units in 1996 to nearly 152 million units in 2001. The amount of DRAM in
each PC is likely to more than quadruple during this period. The amount of
factory-installed DRAM had tripled from 8MB in 1995 to 24MB by the end of
1996. By 2001, most PCs are expected to have main memory sizes
approaching 128MB, the current memory size of many workstations and
network file servers.

Late this year, the conversion of the PC market from extended data out
(EDO) to synchronous DRAM (SDRAM) will pose great difficulties for many
DRAM manufacturers. Intel Corporation has recently shown Pentium II
systems that don't support anything except SDRAM. Suppliers already
strong in SDRAM will see their average selling prices (ASPs) rise slightly
and will see their share of the market increase, while SDRAM laggards will
lose market share and suffer from mushrooming EDO inventories. This will
result in SDRAM shortages and a worsening oversupply of EDO, which
should be expected to last for four months.

SRAM

Dataquest has adjusted the SRAM forecast downward for 1997, and we now
expect 1997 worldwide SRAM revenue to total just under $4 billion, a 16
percent decrease from a disappointing 1996 total of $4.7 billion. This change

©1997 Dataquest October 27, 1997
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is brought about by the continuing price slides that began with 1996's
32Kx32 crash. Nonetheless, Dataquest expects a strong rate of SRAM
revenue growth in the long term. SRAM revenue will expand at a 30 percent
annual rate from 1997 to 2001. Total SRAM unit shipments will hover at
about 1 billion units through the term of this forecast, but ASPs should rise
above their current extremely low levels.

The PC cache market is oversupplied in 1997 and in 1998 will be sourced
through Intel Corporation, which will purchase these parts at aggressive
prices. For this reason, the high-speed 1Mb market continues to suffer from
low prices. Dataquest no longer believes that Intel's bundling of the 32Kx32
will cause prices for cache SRAMs to increase substantially.

Telecommunications continues to increase its importance in the SRAM
market, consuming growing quantities of all densities of SRAMs at all speed
ranges. Dataquest sees continuing demand, especially in telecom, for 256K
parts in speed ranges from 10ns through 44ns. This is in spite of this part's
discontinuance in PC caches because of the widespread availability of
inexpensive 32Kx32s,

Nonvolatile Memory

The four nonvolatile memory technologies reflect differing market
characteristics, although at times they compete head-on for applications.
Flash memory—the emerging nonvolatile technology—is enjoying rapid bit
and unit growth in 1997. However, prices have come down faster than this
growth, creating a flat revenue trend, compared to last year. A wide range of
applications use EEPROMSs, including industrial, telecommunications, and
consumer systems. Diversified applications mean a bright long-term outlook
for the EEPROM market. In contrast, the mask ROM market has depended
heavily on video game demand. ROM suppliers, however, are shifting their
focus to other applications, such as laser printers. EPROMs are losing
designs to flash memory, with unit shipments and revenue expected to be
down from 1996.

Dataquest expects each to perform differently in the forecast window. Flash
should continue to expand and benefit over the forecast horizon from the
continued emergence of lJow-voltage handheld systems for telecom and
computing applications. The outlook for EPROM shows a relatively flat
market, despite the advent of more flash capacity coming on line, This is
because EPROM manufacturing costs should remain below those of flash

" memory, and the product will simply move into a niche as long as it is

supplied, which suppliers guarantee Dataquest will be a very long time.
EEPROM market revenue quietly surged during 1996, and we expect
impressive growth for the next several years. EEPROM market revenue will
exceed both ROM and EPROM revenue in 1997, a reversal of history. The
mask ROM market should be down but should bounce back through the
forecast period.

Worldwide flash memory revenue should approach $3 billion for 1997, fora
diminutive 6 percent growth rate over 1996—especially in light of its five-
year CAGR of 21 percent. Dataguest sees the flash market trisecting into
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three distinct segments: low-voltage code store, mass data storage, and a
generic "vanilla” type for the broad range of smaller applications.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com

George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com
DRAM Corner

MMRY-WW-DP-9728

Hitachi Ltd. has announced that it will ship its 256Mb DRAM in a 400-mil
package, skipping over the 500-mil package that most of its competitors will
initially produce. The company says that it will do this using a new process,
including a change in dielectric type.

The Dielectric Difference

Dataquest asked around and found that Hitachi will be using tantalum
pentoxide (Ta,0,) as the storage dielectric. We are hearing that some of the
technical integration issues that have held the technology back are now
being solved.

Tantalum pentoxide will be used for the storage dielectric because it has a
higher dielectric constant than today's predominant DRAM dielectric, S,N..
The higher the dielectric constant, the more charge the capacitor can hold
and the denser the DRAM can be made. To put it another way, the higher
dielectric constant is necessary to achieve a higher capacitance within a
smaller capacitor area. NEC Corporation used BST—(BaSr)TiO,—for its
experimental sample of 4Gb DRAM. The dielectric constant of tantalum
pentoxide is higher than SN, and lower than BST.

The current problem with higher-dielectric-constant materials is that these
materials are difficult to use in conjunction with today's silicon processes.
These difficulties are slowly being overcome.

Some dielectric constants are:
Silicon dioxide: 4

Silicon nitride: 6
Tantalum oxide: 25

PZT: 400 to 600

BST: 700 o 800

Tantalum oxide will be implemented first, because it is compatible with
polysilicon structures. After that, some companies will use PZT, and others
will use BST.

Masahiro Suzuki, Dataquest Japan, masahiro.suzuki@dataquest.com

Clark Fuhs, Semiconductor Equipment, Materials, and Manufacturing Worldwide,
clark.fuhs@dataquest.com

Jim Handy, Memories Werldwide, jim.handy@dataquest.com
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Dataquest welcomes DRAM tactical reports from readers. Please send them by
e-mail to ron.bohn@dataquest.com,
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Micron Technology Reports Quarterly Earnings

MARIA VALENZI

Micron Technology Inc. reported earnings for the fiscal fourth quarter of
1997 and fiscal year 1997 on September 22. This article focuses on the
quarterly results announced, especially for the semiconductor and DRAM
business.

For the fourth quarter of fiscal year 1997, Micron Technology's net sales were
$946 million and net income was $72 million, or $0.33 per fully diluted share,
compared to net sales of $965 million and net income of $97 million ($0.44
per fully diluted share) for the third quarter of 1997.

DQ Take
The recent quarter was quite challenging, and the company is glad that
quarter is now behind it. Key results included the following;:

m  Average selling prices (ASPs) for the company's semiconductor memory
products declined 13 percent in the fourth quarter of 1997, compared to
the third quarter.
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Figure 1

m  Gross margins on the company's semiconductor memory products
declined from 49 percent in the third quarter to 44 percent in the fourth
quarter of 1997.

® DRAM and other semiconductor ASP declines exceeded Micron's ability
to reduce costs for these products.

The analyst conference call with Micron as usual provided lots of insight into
today's DRAM environment. Highlights include:

®m Anassembly and test bottleneck prevented Micron from shipping as
many DRAMs as possible; factors such as the migration to synchronous
DRAM (SDRAM) in part explain the bottleneck.

m  Micron does about 85 percent of its DRAM business via contracts and
sells the other 15 percent on the spot market—a dramatic reversal from
six to 12 months ago and in line with the company's goal of focusing on
the more stable contract business. This transition away from the spot
market is shown in Figure 1.

Micron's Transition away from Spot Market Sales
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Micron reported the following 16Mb DRAM pricing trends as of mid-
September 1997:

m  Spot pricing ranged from $5.20 to $5.30.

m Contract pricing was 5 percent to 10 percent higher (a likely range of
$5.45 to $5.85).

As Dataquest has noted before, Micron is likely to be the market's lowest-
cost 16Mb DRAM producer, so the company can remain profitable at these

©1997 Dataquest October 13, 1997




Memories Worldwide

prices. Micron had indicated last quarter, however, that it really desired a
contract price of $7 or more. A price under $5 for 16Mb DRAM would mean
more challenge for Micron—and a lot of heartburn for other DRAM
suppliers.

In response to a question from Dataquest, Micron said it will migrate to 0.25-
micron technology in early or mid-calendar year 1998. By the end of 1997,
the 0.3-micron process will represent 100 percent of Micron's manufacturing
technology. In response to another analyst's question, Micron said it will be
able to perform 0.25-micron processing without the need for deep-UV
stepper technology.

Ronald A. Bohn, Research Operations, ron.bohn@dataguest.com
James Seay, Research Operations, james.seay@dataquest.com.

Antidumping Charges in the SRAM Market

MMRY-WW-DP-9727

Alliance Semiconductor Corp. responded to a preliminary determination by
the U.S. Department of Commerce that Alliance should pay a duty of 59.06
percent on the importation of Taiwan-fabricated SRAMSs. The preliminary
decision was issued in response to a petition filed in February 1997 by
Micron Technology claiming that a number of companies, including
Alliance, sold SRAMs in the United States in 1996 below "fair value.” The
Commerce Department also announced that antidumping duties of up to
113.85 percent should be imposed on other companies that manufacture
SRAMs in Taiwan or Korea and import these products into the United
States.

Alliance's president said that the company believes this decision is
unjustified and that it will vigorously contest the Commerce Department's
preliminary determination.

DQ Take

Our eyes popped when we first saw the 113 percent number! Thinking that
this was based on the damages done, Dataquest called the International
Trade Commission, and a representative explained that the duty was
retribution for those companies that ignored the department’s orders to
supply data for the investigation. These companies were TI-Acer, which
doesn't even make SRAMs (and probably thought the order was a mistake),
Advanced Microelectronics, and Best Integrated Technology Inc., companies
that do not deal in the United States and probably do not see a need to
comply with a law in a country in which they conduct no business.

The ITC also explained how U.S.-based companies could be penalized if they
produced products overseas and sold them at a price below cost that was
injurious to their competition. This point is a little difficult to grasp.

The companies named in the original suit were Winbond Electronics
Corporation, Alliance, Integrated Silicon Solution Inc., United
Microelectronics Corporation, Mosel Vitelic Inc., Vanguard International
Semiconductor Corp., Hualon Microelectronics Corporation, Lien Hsing
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Integrated Circuits, Chia Hsin Livestock Corporation, Etron Technology Inc.,
G-Link, Utron, Kes Rood Technology Taiwan Ltd., Taiwan Memory
Technology Inc., Best Integrated Technology, Asian Specific Technology
Limited, Samsung Electronics Company Ltd., Hyundai Electronics Company
Ltd., and LG Semicon Co. Ltd. Because we have not yet seen the text of the
finding, we do not know of the status of any companies but those named in
an Electronic Buyers” News article that ran last week. Rumors indicate that the
Taiwanese company names (many of which are so obscure that they even
avoid Dataquest's eye) and the names of U.S. companies that manufacture in
Taiwan were taken from Taiwanese newspapers. Dataquest’s understanding
is that TI-Acer wasn't even named in the original complaint!

Jim Handy, Memories Worldwide, jim.handy@datagquest.com
Mark Giudici, Semiconductor Supply and Pricing Worldwide,
mark.giudici@dataquest.com

Sabrina Chiou, Dataguest Taiwan, sabrina.chiou@dataquest.com

FRAM Technology Update

MMRY-WW-DP-9727

Matsushita Electric Industrial Company Ltd. announced that it has acquired
more than 10 patents for ferroelectric (FRAM) technology in the United
States and that it has about 200 FRAM technology patents pending,.
Matsushita has applied for the FRAM patents in both the United States and
Japan.

D@ Take

The 10 Matsushita patents are for memory cell and circuit construction and
are based on the Y-1 method of Symetrix Corporation. Matsushita believes
that other FRAM designs may infringe on Matsushita’s patents. Currently,
FRAM development is categorized as either Ramtron-type or Symetrix-type
technology.

Ramtron International Corp.'s FRAM licensees are Fujitsu Ltd., Toshiba,
Hitachi, Samsung, Rohm Company Ltd., and SGS-Thomson Microelectronics
B.V.; Symetrix’s licensees are Matsushita, NEC Corporation, and Siemens
AG. The following quote from Ramtron's form 10Q} dated August 14, 1997,
gives an indication of how important these licenses are for Ramtron:

"The Company is continuing its efforts to improve existing internal
manufacturing capabilities and obtain commercial production of its FRAM
products through its alliance partners, which the Company believes is
essential to its future profitability.”

There is already a significant level of effort devoted to the mass production
of Ramtron-based FRAM technology. The Matsushita patents should help
push the mass-production capability for the Symetrix process. The Symetrix
technology is believed to be superior to Ramtron's in access speed and
number of write operations.

Masahiro Suzuki, Semiconductors Japan, masahiro.suzuki@dataquest.com
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SIMMs, DIMMs, and Now RIMMs

Eighteen companies, including DRAM, memory module, connector, clock
chip, and test equipment manufacturers, announced support for Rambus
Inc.’s Direct Rambus DRAM (RDRAM). In related announcements, both
Kingston Technology Corp. and SMART Modular Technologies Inc., two of
the 18, made joint statements with Rambus that they will manufacture and
distribute memory modules that support the Direct Rambus high-speed
memory interface. The announcements coincide with Rambus' disclosure of
the Direct Rambus main memory system packaging at the inaugural Intel
Developer Forum in Burlingame, California. The Direct RDRAM modules
for use in PC main memory will be known as Direct Rambus RIMM
modules.

0Q Take

There are two important points in these announcements. One is that
technology advances in DRAM may change the landscape of the third-party
memory module industry. And the second is that Rambus is actively
preparing the infrastructure needed to manage the transition to this new
interface.

Third-party memory module manufacturers pride themselves on being
service-oriented companies and not necessarily technology leaders. The
current transition to SDRAM, and then the following transition to next-
generation memories like Rambus, will challenge their business model. The
design, manufacture, and test of SDRAM and Rambus modules will prove to
be much more daunting than the board stuffing of the past, which may
trigger an industry consolidation. Kingston and SMART, both well-
positioned, are stating with their announcements that they are committed to
succeeding in this changing market. Dataquest expects that many of the
other top module companies will follow with similar announcements.

The infrastructure issue is critical for Rambus. Intel's memory road map
designates 1999 as the starting point for the transition to Direct Rambus in
PC main memory. For this to have any chance of occurring, not only will
Direct RDRAM chips and an associated chipset have to be available, but the
memory system infrastructure (testers, modules, connectors, and so on) will
also have to be ready.

George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com

Moore's Law Intact Despite Multllevel Flash

MMRY-WW-DP-9727

In the last issue of this newsletter, we covered Intel's multilevel flash
announcement, which even Intel said "goes beyond Moore's law."” Moore's
law, as most will remember, states that the number of transistors on a chip
seems to increase at a relatively predictable rate, based on three factors:
shrinking line geometries, increasing die sizes, and an extra "something” Dr.
Moore called "cleverness.”
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Dataquest believed that the use of individual memory cells to store two bits
instead of one did not go beyond Moore's law but instead fell within the
often-overlooked cleverness category.

Dataquest spoke with Dr. Moore this week, and he refuted even this. He
pointed out that the findings of his papers, so often called Moore's law,
projected the number of transistors on a chip and had nothing to do with
how they were used. We were wrong. But, then, so was Intel!

Interestingly, Dr. Moore himself says that his findings are often
misrepresented. He started his 1995 paper by saying: 'The definition of
‘Moore's law' has come to refer to almost anything related to the
semiconductor industry that when plotted on semilog paper approximates a
straight line. | hesitate to review its origins and by doing so restrict its
definition.”

Anyone wishing to receive a bad photocopy of Moore's two papers from
1975 and 1995 is welcome to contact Carole Phillips at the phone number or
e-mail address shown at the end of this newsletter.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com
Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com
Nathan Brookwood, Microcomponents Worldwide,
nathan.brookwood@dataquest.com

Texas Instruments DRAM Rumor

Oddly enough, Dataquest was asked this week to confirm or deny a rumor
that Texas Instruments is leaving the DRAM market. Dataquest has heard
nothing like this. TI's top-level public comments are that it expects that
DRAM revenue in the long term will continue to be about 15 percent to 25
percent of total revenue. Digital signal processing (DSP) will be one key
driver and DRAM will be the other to its process technology, product
portfolio, and intellectual property portfolio. TI wants to keep DRAM capital
risk low (which will be executed through the joint venture and funding route
with competitors such as Hitachi, governments, and major customers), but
no signals point toward a TI DRAM market exit.

There is no good reason for TI to get out of DRAMSs. TI gets everybody else
to do the capital investing for it and exchanges this for the rights to its
technology. This is pretty profitable for Tl, when its royalties are added to its
DRAM profits. Why would a company even think of getting out of such a
business?

Earlier this year, Motorola Incorporated announced that it planned to leave
the DRAM market. Maybe the rumor got these two companies confused
with each other.
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Samsung Says There Is No Premium for Synchronous over EDO
From a PaineWebber Incorporated report on an analyst tour to Korea,
Dataquest extracted the following information:

"Samsung is the largest 64Mb DRAM producer, with 20 to 25 percent of
64Mb output presently synchronous, expected to grow to 40 percent by
December; however, there is no price premium for SDRAM over EDO."

Although this appears to be news, Samsung and NEC have been saying that
SDRAM carried no price premium for about one and a half years.

Why? Well, when companies can pick which EDO business to take, they can
avoid taking EDO orders for prices lower than those for SDRAM. The same
holds true for the 4Mb-to-16Mb crossover and the 16Mb-to-64Mb crossover,
which Samsung expects to happen late this year, although this might be
effected by raising the 16Mb price rather than by lowering the 64Mb price.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them
by e-mail to ron.bohn@dataquest.com.
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. Intel Announces Multilevel Cell Flash with Great Fanfare

Intel Corporation announced a 64Mb flash memory dubbed "StrataFlash"
that uses a multilevel cell (MLC) technique that dramatically increases
capacity per chip, and reduces the cost per bit. The device, 28F640]5, has
only 32 million cells to store 64 million bits using a two-bits-per-cell MLC
method. Intel positioned the technology as "moving beyond Moore's law,"
and states that it "allows Intel to be one chip generation ahead of the
industry." It said the chip is now available for samples, and production will
start in the first quarter of 1998 at a price of $29.90 in quantities of 10,000.

i
!

— g

5 DQ Take
i; ed This story was widely covered by the popular daily press, including a front
n - page article in the New York Times, as a breakthrough event that will have a
3y~ broad effect. Later stories were more subdued than the original Times article,
O & which tried to link MLC to processing speed—which is not the case. Not only
Vit T is this applicable only to memories, flash memory alone can use it to
e advantage. So why is it significant?
= The breakthrough is in storing more than a bit per cell. This gives a density
improvement that is akin to building a high rise on a plot of land that
previously had a single-story structure. More people will fit on a given lot,
. Program: Memories Worldwide
Product Code: MMRY-WW-DP-9726
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Figure 1

but at some extra cost. The same is true for MLC flash, with the overhead
cost associated being around 10 percent. Ignoring this overhead cost,
Figure 1 shows the ideal cost benefits of adding more bits per cell. It shows
diminishing returns of implementing more levels per cell. So this technique
does not break Moore's law (double density /speed every 18 months), it
merely gives a temporary boost that will allow flash to get closer to the
lithography leader of the semiconductor industry, DRAM.

Incremental Cost Reduction for Multiple-Bits-per-Cell Storage
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Other companies have been shipping MLC flash already, but not as a
separate standalone memory chip like Intel's. SanDisk Corporation has been
shipping high-density solid-state disk memory cards using 64Mb MLC chips
since last quarter, and Integrated Storage Devices has been selling single-
chip voice recorders using MLC in EEPROM since 1992. Samsung
Semiconductor Inc. is already selling a 64Mb NAND flash memory (single
bit per cell) for about the same price as Intel, $30; one could see Intel's move
as a catch-up tactic. The importance of this announcement is as a signal that
flash can use MLC in high volume and that flash will become a true mass-
storage medium, as hard disk drives are in personal computers, but at a
much higher cost per megabyte. It will not replace disk drives!

What it will be used for is solid-state mass storage in applications that can
benefit from cheaper nonvolatile memory, such as digital cameras and
handheld computers/organizers, perhaps using Windows CE. For instance,
this could be enabling to high-quality digital photography because it lowers
the user cost of storing the coming megapixel images to less than a dollar,
which is acceptable because the flash memory cards are reusable after the
pictures are downloaded to a PC. Further, Dataquest believes this will allow
mass-storage flash memory to drop to $1/megabyte within three years,

©1997 Dataquest September 29, 1997
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promoting its widespread use to support the "digitalization” of consumer
electronics.

Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com

IDT, Micron, and Motorola ZBT SRAMs

MMRY-WW.-DP-9726

Integrated Device Technology Inc., Micron Technology Inc., and Motorola
Incorporated have announced a cooperative agreement to market SRAMs
based on the Zero Bus Turnaround (ZBT) architecture. The three companies
have agreed to manufacture and market proprietary products based on the
same architecture and product pinouts.

ZBT SRAMs are ideal for high-end networking products requiring high
bandwidth, such as switches and routers. The ZBT architecture, as opposed
to other forms of synchronous SRAMs, provides users with 100 percent bus
utilization by eliminating idle bus turnaround cycles.

IDT, Micron, and Motorola have established a common pinout for 3.3V 4Mb-
density ZBT SRAMs allowing for a future upgrade path to 8Mb and 16Mb
densities. All three vendors will be offering 3.3V 4Mb ZBT SRAMs in
128Kx36 and 256Kx18 configurations. The 4Mb SRAMs are packaged in 100-
pin thin quad flat packages (TQFPs) with initial speed grades of 133 MHz for
the pipelined version and 66 MHz for the flow-through version. Initial 3.3V
4Mb samples are expected early in calendar year 1998.

DQ Take

Just when you thought you had seen your last confusing acronym, along
comes another. ZBT, despite what you may think, is a very logical means of
providing slightly more bandwidth in the highest-speed synchronous
systems. What it means to these three companies, all of which are weary of
the difficult pricing brought about by a massively oversupplied PC cache
market, is an opportunity to keep a comer of the market operating in a
higher-profit-margin area.

The device appeals to the telecommunications market, one that has been
good to Motorola and IDT. It is a little surprising to see Micron on the team,
since it has been downplaying its role in the SRAM market for the past two
years, and it both is and is not a surprise to see that Cypress Semiconductor
Corporation'’s name is not on the list. Cypress and IDT have always been
rivals, to the point that it is not surprising to see a lack of cooperation on this
specification, yet Cypress has aligned itself more and more with the needs of
the telecom market and therefore should be interested in a device that is
interesting to its own customers. It appears that Cypress has decided to
follow its own direction with a similar device, the NoBL, which stands for
"no bus latency.” This part is supposed to be pin-compatible with the ZBT
device, further adding to the list of acronyms.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com
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NEC and Toshiba Announce Production of 16Mb SGRAMs

DRAM Corner

MMRY-WW-DP-9726

NEC Corporation and Toshiba Corporation have both announced 16Mb-
density synchronous graphics RAMS (SGRAMSs). NEC sampled the device
as early as last March. Operating at up to 143 MHz, both companies’ 16Mb
SGRAMSs have a bandwidth of 572 MB/sec. Both vendors' devices conform
to the Joint Electron Devices Engineering Council (JEDEC) SGRAM
standard.

SGRAM features include wide 1/0 bus width (32 bits), increased effective
bandwidth, and write-per-bit (WPB) and block-write features. The 16Mb
devices are organized as 256K words x 32 bits x 2 banks. This organization is
oriented toward the resolution and color needs of a high-performance 1280 x
1024 display.

Toshiba'’s chip currently runs at 100 MHz and is based on a 0.45-micron
CMOS DRAM process. The NEC part is manufactured on a 0.35-micron
process and runs at the full 143-MHz speed.

Customer samples of the Toshiba device are available now priced at $15 in
quantities of 1,000. Full production is scheduled for fourth quarter 1997.
NEC's 16Mb SGRAM is available for about $11 in quantities of 10,000.

Toshiba also announced that it is developing next-generation SGRAM
devices, which include a die shrink to 0.25 micron and additional features
such as single data rate (SDR) and double data rate (DDR) with 100-MHz
and 125-MHz performance levels.

DQ Take

Just as the 8Mb SGRAM is reaching mass acceptance, the 16Mb part is
making its debut. Interestingly enough, the 8Mb market is one in which
Toshiba did not participate. The company says that it felt that it had the
graphics market covered with Rambus and extended data out (EDO).

These parts are already supported by several graphics controllers, including
Matrox Graphics Inc.'s engines and S3 Inc.'s VIRGE/GX. This should help it
rapidly gain acceptance in systems needing higher performance than that
which could be easily achieved using the 8Mb device.

Jim Handy, Memories Worldwide, jim.handy@dataguest.com

SLDRAM Standard Responds to Rambus Heat

The SLDRAM Consortium released specifications for its first reference
devices. These specifications, released on September 15, were not due until
early 1998 and so were significantly ahead of schedule. The specification is
for a 400-Mbps/pin 64Mb SLDRAM (formerly called SyncLink DRAM). The
consortium plans subsequent generations with increasing density and
bandwidth, to 1Gb, 800 Mbps/pin and beyond. The SLDRAM specification
is available now through the consortium’s Web site: www.sldram.com.
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The development of a 64Mb SLDRAM meeting the new specification is in
advanced stages at MOSAID Technologies Inc. of Canada, with the
participation of other consortium members' engineers. The device, using
Siemens’ 0.25-micron process, will be a reference device for all consortium
members to ensure compatibility with the SLDRAM specifications. Samples
are expected to ship in the second quarter of this year. Test chips
incorporating SLDRAM drivers, receivers, and timing adjustment circuits
have been fabricated by both Hyundai Electronics Company Ltd. and
Mitsubishi Corporation.

Standardization of SLDRAM is proceeding with the presentation of
packages, pinout, command format, and interface specifications at JEDEC
and the final IEEE specification, P1596.7.

Micron announced to Electronic Buyers® News that the company plans to
sample its own implementation of the SLDRAM in the first half of 1998. The
company said it will be first to demonstrate both working SLDRAM silicon
and a functional chipset next year in an attempt to persuade Intel to drop its
Rambus PC design.

The plan to sample the Micron SLDRAM in the first half of 1998 should put
the company well ahead of any Direct RDRAM chip samples, allowing
Micron to get a significant advantage with computer OEM designers, based
on the fact that the final Direct RDRAM specification has not yet been
delivered to licensees.

Meanwhile, JEDEC, in its first-ever overseas meeting, held in Taipei,
approved specifications for DDR synchronous DRAMSs, although certain
issues still need to be resolved. DDR uses both the rising and falling edge of
the clock cycle for data manipulation. The 125-MHz clock speed DDR
specification supports data rates of 250 MB/sec on an 8-bit-wide device and
twice that on a 16-bit-wide device.

Rambus Inc., on the other hand, is succeeding in rounding up the stragglers,
now with Intel on its side. The latest company to announce a Direct RDRAM
license is IBM.

DQ Take

As Rambus gains a following, the alternatives to Rambus technology seem to
be working harder and harder to get to the point at which they can make a
difference to what appears inevitable. Intel has been known to change
direction at the last minute, and there is a slim chance that the SLDRAM
consortium or another technology could displace Rambus entirely; however,
Dataquest thinks that this is against the odds.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Several Gapacity Expansion Projects Announced

NEG and Siemens Investments in Singapore and Malaysia

NEC plans to build a new assembly and test facility in Singapore by
December 1998 and to invest an additional $200 million in its Singapore
operations by the year 2000. NEC has so far invested about $350 million in
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its Singapore operations since the unit's founding as a semiconductor
manufacturing base in 1976. As a result of the expansion, NEC expects to
hire 600 more employees and raise the facility's production volume to more
than 2.5 times its current level. The new factory will assemble and test 64Mb
and 256Mb DRAMs, application-specific ICs (ASICs), and other components.

Meanwhile, Siemens AG will invest another $83 million to modernize a
similar plant in Malacca, Malaysia. Over the past decade, Siemens has
invested about $3 billion in its two semiconductor factories in Malaysia,
which produce memory chips and electronic components.

Toshiba IBM Dominion Fah Goming on Line
Toshiba and IBM began operations on September 15 of their 50-50 joint
venture 64Mb DRAM wafer fab in Manassas, Virginia.

The venture, called Dominion Semiconductor, will become the first plant in
the United States to mass-produce next-generation 64Mb DRAM chips,
according to the leading Japanese and U.S. computer makers. The plant will
initially make 64Mb DRAMs using 0.35-micron lithography. From the
second half of the fiscal year ending in March 1999, it will shift to more
sophisticated 0.25-micron products, moving to the 256Mb DRAM in the
future.

When it reaches full operation, the $1.7 billion plant’s capacity will exceed
27,000 wafers per month. The number of employees is expected to rise to
1,200 in 1999 from 470 at present.

Fujitsu Expands Gresham, Oregon, SDRAM Fah

Fujitsu Microelectronics Inc. opened an expanded 545,000-square-foot facility
in Gresham, Oregon, more than doubling its U.S. manufacturing capacity.
The enlarged facility, which will cost more than $1 billion, will produce
64Mb synchronous DRAMs (SDRAMS). Mass production will begin in
October. The 8-inch, 0.32-micron facility is expected to employ about 600
technicians and professionals when it reaches full production.

Fujitsu Ltd., FMI's parent company, has been shipping 64Mb SDRAM chips
manufactured in Japan for more than a year.

DQ Take

It is nice to continue to see announcements of increasing capacity in the face
of the current difficult DRAM market. In prior times, capacity expansion has
suffered severely from the effects of an oversupply. Is the industry maturing
in its response to the ebb and flow of DRAM market tides?

Jim Handy, Memories Worldwide, jim . handy@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them by
e-mail to ron. bohn@dataquest.com.,
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PC-100 SDRAMs and Intel's 440LX Chipset

NZUE .~

MARIA VALE

Last week was pretty stirring, with the introduction on Monday of Intel
Corporation's 440LX chipset and Micron Technology Inc.'s announcement
the very next day of a 125-MHz 16Mb synchronous DRAM (SDRAM). Intel's
440LX chipset is expected to be used in PCs with SDRAM main memories,
and Micron's 2Mx8 SDRAM is aimed squarely at the PC-100 specification for
PCs with a 100-MHz system bus speed. The week before, SMART Modular
Technologies Inc. introduced a line of 100-MHz modules "in compliance with
new component and module specifications.” We should explain that the PC-
100 specification had not been formally announced by Intel at the time.
Figure 1 shows the 440LX chipset shipment forecast.

DQ Take

There is a lot of talk about the technical issues causing the switch from EDO
to SDRAM. Many believe that the increase SDRAM produces in computing
horsepower alone does not warrant the transition, although the adoption of
AGP might bring about a change in that thinking. Some here at Dataquest
believe that competitive marketing will cause PC OEMs to differentiate their

products based on main memory type, whether or not the performance
difference is significant.

DataqQuest
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Figure 1
Recently Introduced 440LX Chipset Will Dominate System
Shipments in 1998
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We have recently heard that some PC OEMs plan to simplify their inventory
management by producing only PCs using SDRAM. On the other hand,
some Japanese DRAM manufacturers are reducing their SDRAM
production, based on the poor benchmark improvements SDRAM brings to
440LX-based systems in comparison with extended data out (EDO), and are
hoping that the 440BX will produce a better opportunity for SDRAM success
next year.

The 400LX is putting DRAM manufacturers in a difficult position, because
the technology most needed to meet the PC-100 specification is something
smaller than 0.35 micron, and most have lined themselves up to produce
0.25 micron as their next process. The 0.25-micron process is targeted at the
64Mb density and is less efficient at producing 16Mb devices than it is at
producing the 64Mb DRAM. Should Intel drive the market from 66 MHz to
100 MHz too soon (which is expected to start late in the first half of next
year), it might cause granularity problems. DRAM manufacturers will
support PC-100 with 64Mb SDRAMs, while PC OEMs will want to purchase
PC-100 16Mb SDRAMs.

The 100-MHz target is tough for other reasons, too. Modules need to be
optimized significantly in order not to ruin the tricky timing required in PC-
100 systems. For this reason, module manufacturers that can design,
manufacture, and test 100-MHz PC-100-compliant modules deserve a pat on
the back.

Masahiro Suzuki, Semiconductors Japan, masahiro.suzuki@dataquest.com
Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Ron Bohn, Research Operations, ron.bohn@dataquest.com

Nathan Brookwood, Personal Computer Semiconductors and Applications
Worldwide, nathan.brookwood@dataquest.com
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Market Rebhound?

Robertson Stephens and Company LLC, an investment banking firm, said on
Thursday that it expects a strong rebound in the PC industry such that
Intel's third quarter revenue will be up 5 percent. It believes that Intel had a
much better July and August than first expected. Intel initially gave
guidance of flat third quarter revenue. It also expected Intel to have a better-
than-expected fourth quarter because PC demand continues strong.

Robertson Stephens said that PC demand is strong, with several PC
companies indicating strong year-over-year growth. Dell Computer
Corporation reported unit growth up 60 percent in their July quarter,
Compaq Computer Corporation’s unit growth was up 84 percent in July and
more than 60 percent in August. Regionally, North America is doing better
than expected, Europe is also doing better than expected, Japan is on plan,
and Asia/Pacific seems to be slightly below plan.

DQ Take

Dataquest has been hearing of bad bookings in both July and August from
DRAM companies, which are hoping that this quarter will be heavily loaded
at the back end. Meanwhile, prices are about as soft as they can be.

Although we do not doubt it for a minute, we find it strangely ironic that the
same PC market that is driving Intel's success and in which unit volumes are
increasing for most regions of the world is a painful market for DRAM
manufacturers. This all boils down to the nature of an oversupply and
should not be expected to end until the demand/capacity balance that
Dataquest's Supply and Demand Quarterly Statistics Worldwide program
has been forecasting for the past two years.

Joe Grenier, Semiconductor Device Programs, joe.grenier@dataquest.com
Jim Handy, Memories Worldwide, jim.handy@dataquest.com
George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com

European Expansion, Part Il
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Kingston Technology Corp. announced that plans have been approved for a
50,000-square foot European manufacturing facility in Dublin, Ireland.
Kingston will invest about $10 million over the next five years, with the
support of Ireland’s Industrial Development Agency, or IDA Ireland. The
facility is expected to begin operation in early 1998.

DQ Take

In the previous Tactical Memories Newsletter, Dataquest addressed the
importance of global coverage for third-party module companies that want
to manufacture for DRAM companies and OEMs. With this announcement,
Kingston is adding its name to the list of U.S. manufacturers that operate or
have announced plans for European manufacturing facilities.

Kingston has expanded quickly from a company that relied on contract
manufacturing to a company that now has opened or announced in-house
manufacturing capability in the United States, Ireland, and Taiwan. It is no
coincidence that this expansion follows closely after Kingston's dedication to
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Table 1

providing manufacturing services to OEMs. With these facilities, Kingston
will be manufacturing in the three regions that Dataquest believes constitute
a minimum for global coverage (the United States, Europe, and
Asia/Pacific).

George Iwanyc, Memories Worldwide, george.twanyc@dataguest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them
by e-mail to ron.bohn@dataquest.com. The recent comments and questions
are appreciated.

64Mb DRAM: A $30 Price This Month?

Recent reports have indicated that some first-tier DRAM buyers would win a
$30 price for 64Mb during calendar fourth quarter 1997. Much to suppliers’
consternation, perhaps buyers will win it this quarter. Reports from Asia
show that several suppliers now offer 64Mb at $30. At least one major
supplier was offering the x16 device for a price of about $29. Expect more
reports on the incredibly shrinking 64Mb price.

Micron Shrinks 16Mb Die helow 30 Square Millimeters

Speaking of shrinks, reports continue circulating of 16Mb die shrinks. For
example, Samsung Semiconductor Inc. reportedly has shrunk its 16Mb die to
a size of 35 square millimeters.

The King of Shrinks

Micron, however, ranks as the "king of DRAM shrinks."” Dataquest wrote a
consulting report in 1996 on Micron's die shrink strategy. It stated that,
based on historical data, "it would seem reasonable to expect a 16Mb

(DRAM) die from Micron having a size of 28 square millimeters...” after
1996.

Table 1 highlights some of the history behind this die size projection.

Estimated DRAM Die Size History for Micron Technology (as of September 1997)

Density

DRAM Initial Die Size Total Number of Time for Total Latest Die Shrink Size
(Sq. mm) Shrinks to Date = Number of Shrinks (% of Initial Die Size)

64K
256K
1Mb
4Mb
1leMb
64Mb

15 2 3 years 60
50 3 4 years 38

101 6 7 years 18

100 6

141 5 6 years to date 20

208 Not available 3 years to date <50

6 years 17

Source: Dataquest {September 1957)
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We should note that Micron's most recently developed shrink likely will not
enter volume production until 1998. The number of 16Mb dice per 8-inch
wafer (from the 28-square millimeter die) could total 900. By contrast, the
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current die—with a size of just over 40 square millimeters—generates more
than 600 16Mb dice per 8-inch wafer.

64Mb Die Shrink Expectation

The information in the table indicates that, if historical trends prevail, Micron
will shrink its 64Mb die to a size of about 40 square millimeters within
several years.

Ronald A. Bohn, Research Operations, ron.bohn@dataguest.com
James Seay, Research Operations, james.seay@dataquest.com
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@  WsTS Analysis Indicates DRAM Recovery

Figure 1 shows two rates of growth of the DRAM market plotted over each
other: the 3/12 moving average (solid line), and the 12/12 moving average
(dashed line). These curves are based on World Semiconductor Trade
Statistics (WSTS) total DRAM market from January 1990 to June 1997.

Dataquest Europe regularly watches similar statistics for the overall
semiconductor market in Europe. The crossover points for these two curves
are indicators of a change in the market. The chart in Figure 1 shows total
semiconductors worldwide rather than total semiconductors in Europe.

The crossover points are in April 1995 and March 1997 (marked with vertical
lines), two apparently inauspicious dates from a DRAM market standpoint.
Conspicuous in their absence are June 1992 (when prices first started to
flatten) and December 1995 (when the collapse began).

The formulas used to construct the curves are:

m  3/12: For December 1996, (October + November + December 1996)/
(October + November + December 1995) -1

m 12/12: For December 1996, (Sum [January - December] 1996)/
(Sum [January - December] 1995) -1
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Figure 1

3/12 and 12/12 DRAM Growth Rates, December 1990 to June 1997
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DQ Take
It's always interesting to look at these curves with hindsight and try to
explain what happened!

Aside from the rate of change of the 12/12, which is important in itself (and
which dramatically follows the steep drop throughout 1996), the crucial
points are the crossovers between the 3/12 and the 12/12. When the 3/12
crosses the 12/12, it tells us that the 12/12 curve is about to go througha
turning point (usually about a quarter ahead). The crossover in April 1995
was a precursor of the DRAM crash in late 1995 and early 1996. There is
some lag because even when the 12/12 is falling, it is still exhibiting growth
until it falls below the x axis.

The crossover in March 1997 is a good sign because it predicted that the
12/12 would go through a minimum turning point—as it did a couple of
months later. This should give us some confidence that a DRAM recovery is
under way, although it may take several months for this to become apparent.

December 1995 on the graph shows the DRAM industry right on the edge of
a cliff. As each subsequent month went by, the rolling annual growth
dropped like a stone as more of the lower-revenue months were included in
the averages.

Richard Gordon, Semiconductors Europe, richard.gordon@gartner.com
Jim Handy, Memories Worldwide, jim.handy@dataquest.com
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Is There a 128Mb DRAM Market?

Recently, 128Mb DRAM has been a frequent subject of discussion. A leading
PC OEM asked selected DRAM companies to make 128Mb DRAM to support
the OEM's granularity requirements. Now, breaking the traditional
quadrupling pattern for DRAM capacity growth, major DRAM
manufacturers are inclined to nominate 128Mb as the next generation after
the 64Mb device.

DQ Take

The OEM considers a 128Mb part to be the most efficient way to configure a
64MB main memory for PCs. For a microprocessor with a 64-bit bus width,
four 8Mbx16 versions of the 128Mb DRAM provide an easy means of
building a 64MB main memory. Although the same memory could be built
with only two 256Mb DRAMs, these parts would have to be made using an
8Mbx32 configuration. This high number of 1/0 pins is expected to present a
problem to DRAM manufacturers. Products with wide outputs require
additional interconnections and increasing die size, and they suffer from
high levels of ground noise, limiting the maximum speed of the device and
otherwise reducing yield.

Some DRAM makers are working vigorously and plan to ship monolithic
128Mb samples using a 256Mb process in the first half of 1998, Others plan to
introduce a two-chip implementation sooner by using stacking technology.

Dataquest does not publish 128Mb DRAM statistics in the current version of
the DRAM Supply/Demand Quarterly Statistics report. But we expect this
device to influence demand and the balance status of 64Mb in 1998.

Masahiro Suzuki, Semiconductors Japan, masahiro.suzuki@dataquest.com

SanDisk Inks Risky Cross-License Agreement

MMRY-WW-DP-9724

Samsung Electronics Company Ltd. and SanDisk Corporation announced
that they have signed a cross-licensing agreement for flash memory-related
patents. Under the agreement, Samsung and SanDisk have licensed each
other's patents covering design and manufacture of flash memory products,
giving both companies worldwide rights to use those patents. Also, this
agreement resolves all the disputes between the companies before both the
International Trade Commission and the U.S. District Court of Northern
California. Specific terms of the agreement are confidential.

DQ Take

Dataquest predicted in the last issue of the Tactical Memories Newsletter that
the flash memory cross-license agreement between Toshiba Corporation and
SanDisk would pressure Samsung to settle also, because they are a team
promoting NAND-style flash. Bingo—this happened fast! Samsung
obviously felt it needed to maintain participation in the largest market for
flash, North America, from which the ITC action removed it. Dataquest
assumes this deal is similar to the Toshiba agreement, which seems to be a
per-unit royalty instead of a lump-sum payment such as the one that the

©1997 Dataquest September 1, 1997
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company received from Sharp, because no financial disclosures have been
made. U.S. laws require publicly traded companies to disclose significant
transactions quickly.

The really interesting twist on this is that the small-form-factor card that
SanDisk is promoting, CompactFlash (CF), is also the reason for Samsung's
growing success with its flash chips. CompactFlash is an open standard
based on the rigid disk drive ATA electrical interface standard, which
effectively masks the type of flash chip used in a card. SanDisk has been
using this feature with its proprietary flash devices, based on NOR flash
technology.

The clever thing some OEMSs, such as Simple Technology Inc., are doing is
designing CF cards with NAND chips. Doing this increases the credibility
and support for the CF standard, aiding SanDisk. But NAND chips have
much better write performance than NOR chips, almost 10 times better, so
there is potential for Samsung to dominate the CF market that SanDisk
started! Also, Samsung is the world's largest memory manufacturer and has
the capability to drive the flash chip cost low enough to hurt SanDisk overall.
But for right now, SanDisk has done something smart by being able to
participate in a competitor's success via royalty payments and getting a
potential CF supporter back on track.

Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com

Third-Party Expansion Gontinues in Europe

MMRY-WW-DP-9724

Memory Card Technology, a Denmark-based third-party module
manufacturer, is building a new 55,000-square-foot corporate, design, and
manufacturing facility in Aarhus, Denmark. The manufacturing facility is
scheduled to open in May 1998 and will be set up to include 10
manufacturing lines to produce memory module and PC card products.

D@ Take

Dataquest wonders how important regional positioning is to succeeding in
the third-party memory module world. Considering that memory modules
are small and easily shipped in volume throughout the world, one can argue
that module-rich California can feed the world's appetite for third-party
modules. However, anyone with product stuck on a shipping dock or in a
United Parcel Service warehouse knows how delicate a balance overnight
shipping can be.

MCT's growth over the last five years supports the argument that regional
location does matter. With revenue approaching $100 million, MCT has
capitalized on the opportunity that Europe offers. MCT has about doubled
revenue every year since its inception in 1992, with sales almost exclusively
to Europe. MCT benefits from the preference of many OEMs and resellers for
using regionally close manufacturers.

Traditionally, third-party companies concentrate on aftermarket sales
opportunities, but faced with declining industry revenue in 1996 and a
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continuing soft 1997, they are scrambling to establish revenue-enhancing
relationships with OEMs and DRAM manufacturers to provide module
manufacturing services. This musical chairs-like scramble impacts the
importance of regional location. OEMs and DRAM manufactures will choose
to work with companies that not only provide high quality and service but
that are also strategically located. This implies that it is important to have
manufacturing capability in the United States, Europe, and Asia/Pacific, at a
minimum.

OEM and DRAM companies can approach outsourced manufacturing in two
ways—through relationships with many manufacturers that are regionally
dispersed or with a single manufacturer that has global capability. Dataquest
suspects that both approaches will be implemented, but with a nod to global
players. Any third-party company that is serious about contract
manufacturing should look closely at the business models of large electronic
equipment contract manufacturers such as Solectron, Jabil, SCI, and
Celestica. Not only are these companies competitive threats, they have
worldwide capacity already in place.

George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them
by e-mail to ron.bohn@dataquest.com.

64Mb DRAM: $30 Price by the End of 19977

Current reports indicate that the 64Mb price has fallen to the $35 level on
some transactions. As noted in the prior report, several top-tier suppliers
target a $30 price for the 64Mb part for major customers by or before the end
of 1997. Current trends indicate that some first-tier DRAM buyers will win a
$30 price for 64Mb during calendar fourth quarter 1997. Assuming that they
will, the question shifts to whether they will get this price in early fourth
quarter or much later in the year.

Bog Days of August

In American baseball, the season has hit the hot, humid, and tiring "dog days
of August." Some teams know now that they no longer have any
championship potential—but they must keep playing for another one and
one-half months. The first-place team wishes that the season ended today—
with it as champion—but it must play another six weeks and even more, if it
is "lucky" in the postseason.

This sounds a lot like the DRAM market. Many suppliers are experiencing
slower business. DRAM has moderated somewhat on a seasonal business,
and pricing has really weakened. Meanwhile, conflicting PC market reports,
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centering on hard-to-confirm reports of a channel inventory buildup, concern
DRAM suppliers.

Hope Springs Eternal ...

For baseball teams, hope springs eternal from February through March—the
so-called springtime "preseason"—because every team, no matter how
hopeless, could optimistically imagine having an opportunity to emerge as
the ultimate champion.

For DRAM suppliers, hope springs eternal during the dog days of August
that fourth quarter business will boom and they will meet or exceed the
year's revenue and profit goals. For this year, Dataquest expects robust
fourth quarter DRAM demand, but current pricing trends dampen the
revenue and profit outlook.

Most suppliers will not be able to profitably sell a 64Mb DRAM for $30 by
the end of 1997. They would love to sell 16Mb parts for $7.50 or more but
instead confront sub-$6 price expectations from major customers. For DRAM
suppliers, all of the 1997 cheering might already be over.

Looking forward, 16Mb pricing could be especially aggressive and ugly for
them during the first half of 1998. By second quarter 1998, a growing number
of suppliers will likely be ramping 64Mb supply. Major buyers will likely
have secured low pricing on 16Mb parts late in 1997 and early in 1998. This
could set the stage for a second quarter 1998 4:1 crossover to 64Mb DRAM at
a price level that would have been almost unfathomabie to DRAM suppliers
just several months ago.

Ron Bohn, Research Operations, ron.bohn@dataguest.com

Comments and suggestions should be sent to:

Carole Phillips {carole phillips@dataquest.com)
Phone: (408) 468-8376
Fax: (408) 954-1780
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Intel Pushes Specification for PC Cameras without Its Flash Cards

Intel Corporation has released a design guideline that will enable the
development of what it says will be low-cost, easy-to-use PC cameras for use
with Intel-based computers. The Portable PC Camera '98 design guideline,
which outlines how PC cameras can be used to capture, enhance, store, and
share images and connect easily to the PC, is supported by 25 companies,
including Hewlett-Packard Company, Eastman Kodak Company, and
Microsoft Corporation. As shown in Figure 1, Dataquest believes the digital
still camera market will grow to almost 6 million units by the year 2000, and
the small form-factor cards for them will expand to nearly 18 million units.

DQ Take

The interesting part of this announcement, from a memory perspective, is
not what is here, but what is not. First, this is mostly a PC specification, not
really a camera spec. The file format in question, FlashPix, is not one meant
for digital film or even for transferring data from the camera to the PC by a
cable, but rather for PC-to-PC movement. The call for an MMX-class
processor is somewhat redundant because the market is moving that way
quickly. The strong suggestion to use Universal Serial Bus (USB) as the
connection from the camera to the PC is the most significant, but still very
obvious, part of the communique. All this is meant to give a clear set of PC

Dataquest
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features for OEMs to have for a "school and holiday season 1998" push '
campaign that will have digital cameras bundled with specially configured
PCs. .

Figure 1

Unit Shipments of Digital Still Cameras and Small Form-Factor Flash Memory Cards
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But what came out after the paper announcement was released was that,
while Intel would of course like to see everyone use its Miniature Card
standard for removable storage, the company was not pushing hard for it
compared to the FlashPix (which has nothing to do with flash memory).
Worse yet, in this application, the Miniature Card is in direct competition
with USB to get digital images back to the PC. If you have one, you do not
need the other. When it came down to telling PC OEMs what to put into a
system—USB or a Miniature Card slot—the answer was USB. Flash cards are
to be used to expand the storage capacity of the camera, not for data
interchange.

This reference design came out of Intel's Digital Peripherals Division, not the
Memory Components Division that actually promotes flash cards. But it
indicates that behemoth Intel is not 100 percent behind Miniature Card.
Since it is in a fierce battle with SanDisk's CompactFlash products and
Toshiba and Samsung's Solid-State Floppy Disk Card (SSFDC) products for
camera design-wins, this does not bode well. CompactFlash already has a
sizable lead in the market, and Dataquest sees the battle for the digital film
standard being fought more and more between CompactFlash and SSFDC in
the future, with the Miniature Card getting few invitations to design parties

from now on. .

©1997 Dataquest August 25, 1997
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Bruce Bonner, Memories Worldwide, bruce bonner@dataquest.com
. Jou Cassell, Multimedia Consumer Semiconductor Application Markets,
jon.cassell@dataquest.com

The 300mm Team-Up?

The Nihon Keizai Shimbun reported that Toshiba Corporation and NEC
Corporation plan to partner with IBM and Samsung Electronics Company
Ltd., respectively, in desighing 300mm-capable fabrication facilities for
256Mb DRAM. The fabs are expected to begin production in 1999. The
Nikkei also reported that Hitachi will spend ¥150 billion to construct a
300mm fab at its Naka site to come on line in 1999.

DQ Take

Dataquest believes the correct way to look at this is that Toshiba will work
with IBM and NEC will work with Samsung to develop production
equipment for 300mm wafers, not that the partnerships will run joint fabs.
The possibility of these companies running joint 256Mb DRAM fabs exists,
but it is not a certainty at this time.

NEC has denied reports of an agreement on joint construction of a 300mm
fab. Dataquest believes that NEC will start 300mm operation in 1999, but
NEC has not made an official announcement yet.

. Dataquest believes that this additional Toshiba and IBM fab could come on
line only after 2000. At that time, a 300mm-capable fab will not be a special
choice any more. Toshiba and IBM have not made a solid decision yet, but
the fact that they did not deny the story when Dataquest asked them about
it, as NEC did, is significant.

The Hitachi investment in a new fab is already under way. The new facility's
finished shell is located next to the current N1 fab (4Mb DRAM,
microcontroller, and ASIC) and N2 fab (16 /64Mb DRAM). The Naka plant is
currently going through a transition; N2 will be used for microcontrollers as
well as DRAM, as opposed to the original plan for 16/64Mb DRAM. N2 is
the first Hitachi fab to use 0.30-micron technology in mass production.

Masahiro Suzuki, Semiconductors Japan, masahiro.suzuki@dataquest.com
Yoshihiro Shimada, Semiconductors Japan, yoshihiro.shimada@dataquest.com

SanDisk Signs Up Toshiba with Flash Patent Gross-Licensing Agreement

Toshiba Corporation and SanDisk Corporation announced that they have

signed a cross-licensing agreement for flash memory-related patents. Under

the agreement, Toshiba and SanDisk have licensed each other's patents

covering design and manufacture of flash memory products, giving both

companies worldwide rights to use those patents. Specific terms of the
. agreement are confidential.

MMRY-WW-DP-9723 @1997 Dataquest August 25, 1997
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DQ Take

This is really a coup for SanDisk. Toshiba invented flash memory and
therefore has a very powerful intellectual property portfolio. If the company
wanted to, it could have made life very difficult for SanDisk. The press
release said that the terms were confidential, but under U.S. securities rules,
any significant transaction must be disclosed, and since none was, one can
assume that not a lot of money changed hands. By contrast, when SanDisk
signed a deal with Sharp in December and received a significant licensing fee
that boosted its financial results, it shouted it from the rooftops. Inasmuch as
the company is staying very much on the ground floor, this agreement
appears to be more a nonaggression pact than a cash generator.

But the real significance of this deal is the pressure it applies to Samsung.
Samsung is a licensee of the NAND-type flash that Toshiba developed.
NAND is optimized for mass storage, which is the same market SanDisk is
after, and Samsung has been much better at producing and marketing it than
Toshiba has been. In short, Samsung is a much bigger threat to SanDisk than
is Toshiba. If SanDisk can make Samsung pay it every time it sells a NAND
chip, any damage can be minimized or perhaps turned into an opportunity,
if the royalties are high enough.

SanDisk was recently successful in petitioning the U.S. International Trade
Commission to bar Samsung NAND flash devices from the United States for
patent infringement. Samsung thought it could tough it out by redesigning
its parts, but Toshiba's taking SanDisk's side in the fight has to make the
company question its position. It's time now to watch Samsung and see if it
is going to blink.

Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com

Robertson Stephens Semiconductor Conference Review

MMRY-WW-DP-9723

Robertson, Stephens & Company LLC, a stock brokerage, recently held its
11th Annual Semiconductor Conference, at which top executives from
various semiconductor-related companies presented the highlights of their
financial and technological performance to financial and industry analysts.
The companies represented all parts of the semiconductor industry,
including wafer manufacturing, front- and back-end equipment
manufacturing, semiconductor manufacturing, and technology
development.

DQ Take

The memory companies that presented at Robertson Stephens stuck to the
four P's: products, processes, partnerships, and prices. New products and
improved processes are keys to financial strength, and partnerships, whether
with foundries, technology partners, or customers, enable the high cost of
technology development to be managed. But ultimately, the success of these
companies comes down to supply and demand and the prices that result.
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SRAM

SRAM manufacturers were well represented at the conference. Alliance
Semiconductor Corp., Cypress Semiconductor Corporation, Integrated
Device Technology Inc., and Integrated Silicon Solution Inc. all presented.
Each company expressed a reserved optimism, stating that SRAM demand
continues to show strength and that average selling prices (ASPs) are
stabilizing. Another common message was that these companies are not just
SRAM companies anymore. With Intel Corporation changing the PC cache
game, product diversification is a must for these companies to succeed.

Founded originally as a DRAM manufacturer, Alliance switched to SRAM.
In the last year, Alliance has changed its focus again to a broad memory base
of DRAM, SRAM, graphics memory, and flash. Alliance targets DRAM to
contribute 40 to 45 percent of company revenue, SRAM follows at about 490
percent, graphics memory at 10 to 15 percent, and flash at about 1 percent.
At a $6 16Mb DRAM price, Alliance said that its DRAM business is
profitable, and over 90 percent of its DRAM business is with module makers.
Alliance also said that any excess capacity is used to manufacture DRAM.

Cypress Semiconductor's president bounced from presenting the company's
health to a critique of the way stock analysts determine the value of a stock,
then to the strategy the company now uses. Cypress is bent on increasing
manufacturing efficiencies, even on products at the end of their life cycles.
The company will also try to keep the share of revenue from memory
products in the current low range of 40 percent. The main message was that
there is a lot of money to be made in products on the trailing edge of
technology and that Cypress does a good job of gaining market share for
SRAMSs that other companies have chosen not to produce. Another way of
putting it is that Cypress is determined to take a larger and larger share of
shrinking markets, until it achieves total market share for a market that has
diminished to nothing. Do not get us wrong. There is profitability in selling
64-bit SRAMs at gross margins higher than 90 percent.

IDT's message is "enabling a connect world." Specialized memories for
communications accounted for about 40 percent of company revenue. SRAM
is the next largest at about 30 percent, with logic at 20 percent and
microprocessors at 10 percent. IDT hopes to continue to decrease the SRAM
portion while increasing the microprocessor contribution. One area that IDT
wants to improve is capacity utilization, which is keeping its fixed-cost
allocation high.

ISSI presented its trademarked Fab-Lite business model, a hybrid of fab and
fabless. Although ISSI works with foundries for its production (the fabless
part of its model), the "Fab-Lite” idea comes from joint-venture and
partnership capital investments that ISSI has entered into with its foundries.
From a product perspective, ISS1 is a broad-based memory company,
offering SRAM, DRAM, flash, EPROM, EEPROM, and embedded memory
products. SRAM dominates ISSI's company revenue today, accounting for 80
percent of revenue, but the one-year goal is for SRAM to decrease to 50
percent, DRAM to account for 20 to 30 percent, nonvolatile for 20 percent,
and embedded for 5 percent.

©1997 Dataquest August 25, 1997
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DRAM

As most of the companies that presented were U.S. based, only two large
DRAM manufacturers were present, Micron Technology Inc. and Texas
Instruments Inc. Although many people still think of Texas Instruments as
only a DRAM company, its internal and external focus is set on digital signal
processing (DSP), not DRAM. TT's dependence on DRAM is relatively small,
as only 15 to 20 percent of company revenue is from DRAM. Micron's
presentation, however, was dedicated to DRAM.

Micron may be changing its image as a technology trailer, but it is clear that
Micron is not changing its dedication to process improvements and shrinks
for the current dominant density. Micron is working on optimizing its 64Mb
DRAM capability, but it openly questions the business sense of moving
quickly to 64Mb, as DRAM leaders NEC and Samsung are.

Micron continues to focus on improving 16Mb production, and it mentioned
that two shrinks are in the works, with the goal of 900 dice per wafer by the
end of the year. The switch to synchronous DRAM (SDRAM) is not expected
to be a major difficulty; Micron said that its SDRAM process is outyielding
extended data out (EDO). SDRAM accounts for 15 percent of Micron’s
output today, and it is expected to account for 25 to 30 percent by the end of
the year. Overall bit growth is expected to be about 20 percent.

Capital spending for fiscal year 1997 is expected to be $575 million and for
fiscal year 1998 somewhere between $600 million and $950 million. These
capital expenditures are to maintain capability, not to add capacity. There
are no new plans for Lehi at this time, but once the decision is made, it is
expected that between 14 and 18 months will be needed to get the front end
running well.

Addressing price and inventory, Micron said that spot market activity
ranged from a low of $5.80 to the mid-$6 range. Micron's contract price is
about $0.50 more than spot pricing for similar DRAM configurations. Micron
also said that with a $6.10 ASF, margins would not improve and that its
inventory level was three weeks and two days.

George Twanyc, Memories Worldwide, george.iwanyc@dataquest.com
Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them
by e-mail to ron.bochn@dataquest.com.

Near-Term 64Mb DRAM Profit Outiook

Several top-tier suppliers target a $30 price for the 64Mb part for major
customers by or before year-end 1997. Their expectation is that few
competitors will be able to profitably match the $30 price. If so, this means
challenging market conditions for suppliers that have started or are about to
start their 64Mb ramp.
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Implications

With suppliers striving to maintain a 16Mb contract price of $6 for the rest of
this year, the most obvious implication of a year-end $30 price for 64Mb
devices is no 4:1 crossover this year, except for very select major customers.
If 16Mb contract pricing slips below $6 during fourth quarter 1997, the
timing of the 4:1 crossover to 64Mb could delayed well into 1998—especially
bad news for suppliers that are ramping now with expectations of an early
1998 4:1 crossover.

The top-tier suppliers that target a profitable $30 64Mb by later this year also
expect a $7 price for 16Mb parts. This is close enough to a 4:1 crossover that
major customers can choose to migrate aggressively to the 64Mb device
during late 1997 or early 1998. If 16Mb contract pricing dips to the $6 level
later this year, the major customers of top-tier suppliers will still be at the 5:1
level—meaning that they can comfortably move to the 64Mb part during
early 1998.

The scenario becomes more complicated, however, for suppliers that will be
unable to profitably make and sell the 64Mb part for $30 later this year. If
16Mb pricing falls below the $6 level during fourth quarter 1997, then major
customers will see a 6:1 differential (or higher) between 64Mb and 16Mb
parts. There will be no clear "5:1 signal” for customers of such suppliers—
nothing to set the stage for the 4:1 price crossover to 64Mb devices in the
next quarter or so. The ugly reality could become persistently strong 16Mb
DRAM through much of 1998, which is bad news for suppliers now heavily
shifting to 64Mb devices.

Micron Will Do Well

As noted before, Micron Technology could and should do very well under
such a scenario. The company has demonstrated 64Mb capability but has
publicly stated its strong emphasis on 16Mb devices well into 1998. With a
sub-$5 cost of manufacture for 16Mb devices—now likely approaching the $4
level for SDRAM versions—the company will quite likely do well the rest of
this year, and especially well if the 64Mb price crossover stalls next year.

Ron Bohn, Research Operations, ron.bohn@dataquest.com
James Seay, Research Operations, james.seay@dataquest.com
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. Shift to 64Mb DRAM Not as Sudden as It Sounds

Given all the talk about accelerated movement toward the 64Mb DRAM, one
would expect that an unprecedented change was taking place. This, of
course, would be indicated by a change in the growth of the average density
of all DRAMs combined. This has not been happening, according to

4 Dataquest's analysis of World Semiconductor Trade Statistics (WSTS) data
ok through last May.
[

The data in Figure 1 shows the average density of all DRAM chips shipped
each month from the beginning of 1991 through May 1997, the most recent
data available from WSTS. If there is any change in density increases, it
appears that the trend may actually be tapering off slightly.

production is being reduced significantly in order for the major producers to
shift their focus to the 64Mb density, then we would expect the curve in
Figure 1 to show a more upward trend than the historical line. This would

account for a more dramatic shift to the new density. This is obviously not

=
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§ If the stories Dataquest has been hearing are true, that 16Mb DRAM
<
<
S the case.
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Figure 1
Average DRAM Density, January 1991 to May 1997
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Dataquest does not attribute much to the minor inflections in the curve of
Figure 1 but believes that these are simple erratic variations in the market. It
appears that the shift to the 64Mb density is occurring at a rate consistent
with historical shifts in DRAM densities. Surprisingly enough, although

curve encompasses the difficult transition from the 4Mb density to the 16
density, when the x16 version of the 16Mb DRAM held back acceptance o
that density, we see no leveling off of the density fransition at that point,

either. It looks as if this again may have been a point at which there was l?(
much talk of a break with past trends but litile proof that it actually £
happened. ) e
Jimt Handy, Memories Worldwide, jim.handy@dataquest.com L
Next-Generation Memory Update =

Texas Instruments Inc. and Rambus Inc. announced that T has takena -~
broad license for Rambus’s high-bandwidth memory-interface technology. TI
will incorporate the technology into several next-generation products,
including digital signal processors (DSPs), communications application-
specific ICs (ASICs), and DRAMs.

MMRY-WW-DP-9722 ©1997 Dataquest August 11, 1997
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Fujitsu also recently licensed Rambus technology for incorporation into its
DRAM products. In addition to Fujitsu's licensing of Rambus technology,
word is that Fujitsu will begin shipping samples of its double-data rate
(DDR) type of DRAM late this year.

DQ Take

While synchronous DRAM (SDRAM) is still waiting in the wings to become
the dominant DRAM technology, the next-generation contenders seem to get
all the attention. Rambus leads the way in the next-generation arena, and,
with TI's licensing of Rambus' technology, all of the top 10 DRAM vendors
are now accounted for. The DDR DRAM and SLDRAM camps have
considerable ground to make up, but both continue to hold out hope that
they can catch up by presenting working silicon.

The TI announcement is significant in that TI is the first company to
announce a Rambus license for DSP ICs and communications ASICs. Initial
DSP and ASIC products implementing Rambus technology are scheduled to
sample early in 1998. TI's Rambus-based DRAM products will come at a
later date, and TI plans to use the Direct Rambus interface in its 64Mb and
higher-density DRAM devices.

Fujitsu's initial DDR DRAM will be a 64Mb device targeted for use in PCs,
with follow-up plans to expand the DDR product to other applications, such
as workstations. Fujitsu, already strongly positioned in SDRAM, is
positioning its DDR, Rambus DRAM, and SLDRAM products in order to
maintain the profitability of its memory operations.

The listed lineup of Fujitsu's future memory products exemplifies how
confusing next-generation DRAM product positioning is. SDRAM is the
obvious first step, but, as mentioned earlier, DRAM manufacturers are still
waiting for PC companies to make the across-the-board transition to
SDRAM. The first step is the only easy step, and the longer it takes, the more
unlikely a 1999 transition to any next-generation memory is. DDR and
SLDRAM look as though they will be made, but will Intel support them in
its chipset designs? Rambus has a proven track record and Intel’s mind
share, but it is still looked at as the higher-cost solution.

George twanyc, Memories Worldwide, george.iwanyc@dataquest.com

Submicron Looks for Help

MMRY-WW-DP-9722

Submicron Technology, a Bangkok-based IC wafer foundry start-up and a
subsidiary of the Alphatec Group, is struggling. A recent Electronics Buyers’
News article (July 14, 1997) stated that employees have not been paid in the
last two months and that they are threatening to resign if they are not paid
by the end of this month.

DQ Take

The sources Dataquest spoke with indicate that Submicron is in survival
mode and that it would take a lot to pull the company out now. To survive

©1997 Dataquest August 11, 1997
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the current dire situation, Submicron needs an investor with deep pockets,
technology expertise, and a strong reputation.

Because of its mounting problems, especially financial, Submicron needs to
attract an investor within three to six months. The Thai government is a
possible investor, but it cannot offer the needed technology expertise.

Addressing the dissatisfied employee issue, some reports circulating say that
Chartered Semiconductor Manufacturing Ltd. Singapore has taken out
recruiting ads in Bangkok newspapers. If so, C5M is grabbing the
opportunity to benefit from Submicron’s problems.

Ken Ng, Semiconductors Asia/Pacific, Singapore, ken.ng@dataguest.com

Integrated Device Technology Inc. announced a new member of its
synchronous first-in first-out (FIFO) buffer memories. The new device is a
bidirectional bus-matching device with a single 36-bit-wide bidirectional port
on one side and two unidirectional ports (one incoming, one outgoing) that
match the intended application of fiber-optic networks. One advantage of the
approach is that it can be cascaded at high speeds to allow for considerable
depth increases.

DQ Take

With this announcement, IDT is reiterating its intent to continue the
company's dominance of the FIFO market. Dataquest estimates that this
market is around $200 million worldwide. The company owns as much as
two-thirds of the market, and although it has been thwarted at times by up
to 28 potential competitors, it has continued to keep the bulk of this market
to itself.

Procter & Gamble, a U.S. consumer products company, has shown that the
dominant player in the market can be extremely difficult to displace. This
implies that IDT is in a very good position to keep this market, as well as a
couple of other markets—multiport memories and SRAM modules—to itself.
All of these are businesses in which Dataquest expects the company to
continue to thrive.

IDT finds that the bulk of its FIFOs and multiport memories are used in
telecommunications applications (certainly a growing market) and is
aligning the company to better serve the telecommunications market.

This certainly looks like an approach that could help the company to grow
and keep continued strength while the SRAM market, which has been both
good and bad to IDT in the past, continues to suffer the uncertainties that
have caused IDT its recent losses.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com
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Dataquest welcomes DRAM tactical reports from readers. Please send them
via e-mail to ron.bohn@dataquest.com.

Korea Fights Back in U.S. Dumping Case

According to a Dow Jones International News Service report, South Korea
will file a suit with the World Trade Organization accusing the United States
of keeping improper antidumping duties on its computer memory chips.
The announcement from Korea's trade ministry came after the U.5.
Department of Commerce decided on the July 17 to preserve antidumping
sanctions, imposed since 1993, against imports of South Korean 16Mb
DRAMSs, saying the penalties must be kept because of the possibility of
future South Korean dumping. According to the Korean Foreign Ministry,
this extension is a violation of WTO rules.

South Korean companies first demanded the removal of the sanctions,
saying they were no longer valid, in May 1996. DRAMs are one of South
Korea's key exports, accounting for as much as 10 percent of the country’s
exports in 1995.

The two countries must begin negotiations within 10 days of the filing or
face a WTO panel ruling on the dispute.

DQ Take

Although semiconductor companies traditionally are run by relatively
apolitical souls, this appears to be far from the truth in Korea. The Korean
manufacturers are fighting back, using the political process to right a wrong.
From the United States, this looks very different from what we have seen in
earlier antidumping cases against Japanese companies, where an agreement
was reached through negotiation rather than through a showdown.

Although it is difficult to anticipate how this suit will be resolved, Dataquest
suspects that a positive outcome for Korean companies would have a
dramatic influence on one of the strategies that Micron Technology has
pursued for several years. Micron is often the first to ask the U.S. DOC to
investigate allegations of dumping.

Jim Handy, Memories Worldwide, jim handy@dataquest.com
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e Intel Pushes Specification for PC Cameras without Its Flash Cards

Intel Corporation has released a design guideline that will enable the
development of what it says will be low-cost, easy-to-use PC cameras for use
with Intel-based computers. The Portable PC Camera '98 design guideline,
which outlines how PC cameras can be used to capture, enhance, store, and
share images and connect easily to the PC, is supported by 25 companies,
including Hewlett-Packard Company, Eastman Kodak Company, and
Microsoft Corporation. As shown in Figure 1, Dataquest believes the digital
still camera market will grow to almost 6 million units by the year 2000, and
the small form-factor cards for them will expand to nearly 18 million units.

DQ Take

The interesting part of this announcement, from a memory perspective, is
not what is here, but what is not. First, this is mostly a PC specification, not
really a camera spec. The file format in question, FlashPix, is not one meant
for digital film or even for transferring data from the camera to the PC by a
cable, but rather for PC-to-PC movement. The call for an MMX-class
processor is somewhat redundant because the market is moving that way
quickly. The strong suggestion to use Universal Serial Bus (USB) as the
connection from the camera to the PC is the most significant, but still very
obvious, part of the communique. All this is meant to give a clear set of PC

Dataquest
. Pragram: Memories Warldwide
Product Code: MMRY-WW-DP-9723
Publication Date: August 25, 1997
Filing: Perspective
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But what came out after the paper announcement was released was that,
while Intel would of course like to see everyone use its Miniature Card
standard for removable storage, the company was not pushing hard for it
compared to the FlashPix (which has nothing to do with flash memory).
Worse yet, in this application, the Miniature Card is in direct competition
with USB to get digital images back to the PC. If you have one, you do not
need the other. When it came down to telling PC OEMs what to put into a
system—USB or a Miniature Card slot—the answer was USB. Flash cards are
to be used to expand the storage capacity of the camera, not for data
interchange.

This reference design came out of Intel's Digital Peripherals Division, not the
Memory Components Division that actually promotes flash cards. But it
indicates that behemoth Intel is not 100 percent behind Miniature Card.
Since it is in a fierce battle with SanDisk's CompactFlash products and
Toshiba and Samsung's Solid-State Floppy Disk Card (SSFDC) products for
camera design-wins, this does not bode well. CompactFlash already has a
sizable lead in the market, and Dataquest sees the battle for the digital film
standard being fought more and more between CompactFlash and SSFDC in
the future, with the Miniature Card getting few invitations to design parties

from now on. .

©1997 Dataquest August 25, 1997
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Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com
. Jon Cassell, Multimedia Consumer Semiconductor Application Markets,
jon.cassell@dataguest.com

The 300mm Team-Up?

The Nihon Keizai Shimbun reported that Toshiba Corporation and NEC
Corporation plan to partner with IBM and Samsung Electronics Company
Ltd., respectively, in designing 300mm-capable fabrication facilities for
256Mb DRAM. The fabs are expected to begin production in 1999. The
Nikkei also reported that Hitachi will spend ¥150 billion to construct a
300mm fab at its Naka site to come on line in 1999.

0Q Take

Dataquest believes the correct way to look at this is that Toshiba will work
with IBM and NEC will work with Samsung to develop production
equipment for 300mm wafers, not that the partnerships will run joint fabs.
The possibility of these companies running joint 256Mb DRAM fabs exists,
but it is not a certainty at this time.

NEC has denied reports of an agreement on joint construction of a 300mm
fab. Dataquest believes that NEC will start 300mm operation in 1999, but
NEC has not made an official announcement yet.

. Dataquest believes that this additional Toshiba and IBM fab could come on
line only after 2000. At that time, a 300mm-capable fab will not be a special
choice any more. Toshiba and IBM have not made a solid decision yet, but
the fact that they did not deny the story when Dataquest asked them about
it, as NEC did, is significant.

The Hitachi investment in a new fab is already under way. The new facility's
finished shell is located next to the current N1 fab (4Mb DRAM,
microcontroller, and ASIC) and N2 fab (16/64Mb DRAM). The Naka plant is
currently going through a transition; N2 will be used for microcontrollers as
well as DRAM, as opposed to the original plan for 16/64Mb DRAM. N2 is
the first Hitachi fab to use 0.30-micron technology in mass production.

Masahiro Suzuki, Semiconductors Japan, masahiro.suzuki@dataquest.com
Yoshthiro Shimada, Semiconductors Japan, yoshihiro.shimada@dataquest.com

SanDisk Signs Up Toshiba with Flash Patent Cross-Licensing Agreement

Toshiba Corporation and SanDisk Corporation announced that they have

signed a cross-licensing agreement for flash memory-related patents. Under

the agreement, Toshiba and SanDisk have licensed each other's patents

covering design and manufacture of flash memory products, giving both

companies worldwide rights to use those patents. Specific terms of the
. agreement are confidential.

MMRY-WW-DP-9723 ©1997 Dataquest August 25, 1997
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DQ Take .
This is really a coup for SanDisk. Toshiba invented flash memory and
therefore has a very powerful intellectual property portfolio. If the company
wanted to, it could have made life very difficult for SanDisk. The press
release said that the terms were confidential, but under U.S. securities rules,
any significant transaction must be disclosed, and since none was, one can
assume that not a lot of money changed hands. By contrast, when SanDisk
signed a deal with Sharp in December and received a significant licensing fee
that boosted its financial results, it shouted it from the rooftops. Inasmuch as
the company is staying very much on the ground floor, this agreement
appears to be more a nonaggression pact than a cash generator.

But the real significance of this deal is the pressure it applies to Samsung.
Samsung is a licensee of the NAND-type flash that Toshiba developed.
NAND is optimized for mass storage, which is the same market SanDisk is
after, and Samsung has been much better at producing and marketing it than
Toshiba has been. In short, Samsung is a much bigger threat to SanDisk than
is Toshiba. If SanDisk can make Samsung pay it every time it sells a NAND
chip, any damage can be minimized or perhaps turned into an opportunity,
if the royalties are high enough.

SanDisk was recently successful in petitioning the U.S. International Trade
Comunission to bar Samsung NAND flash devices from the United States for

patent infringement. Samsung thought it could tough it out by redesigning

its parts, but Toshiba's taking SanDisk's side in the fight has to make the .
company question its position. It's time now to watch Samsung and see if it

is going to blink.

Bruce Bonner, Memories Worldwide, bruce.bonner@dataguest.com

Robertson Stephens Semiconductor Conference Review

Robertson, Stephens & Company LLC, a stock brokerage, recently held its
11th Annual Semiconductor Conference, at which top executives from
various semiconductor-related companies presented the highlights of their
financial and technological performance to financial and industry analysts.
The companies represented all parts of the semiconductor industry,
including wafer manufacturing, front- and back-end equipment
manufacturing, semiconductor manufacturing, and technology
development.

DQ Take

The memory companies that presented at Robertson Stephens stuck to the

four P's: products, processes, partnerships, and prices. New products and

improved processes are keys to financial strength, and partnerships, whether

with foundries, technology partners, or customers, enable the high cost of

technology development to be managed. But ultimately, the success of these

companies comes down to supply and demand and the prices that result. .
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SRAM

SRAM manufacturers were well represented at the conference. Alliance
Semiconductor Corp., Cypress Semiconductor Corporation, Integrated
Device Technology Inc., and Integrated Silicon Solution Inc. all presented.
Each company expressed a reserved optimism, stating that SRAM demand
continues to show strength and that average selling prices (ASPs) are
stabilizing. Another common message was that these companies are not just
SRAM companies anymore. With Intel Corporation changing the PC cache
game, product diversification is a must for these companies to succeed.

Founded originally as a DRAM manufacturer, Alliance switched to SRAM.
In the last year, Alliance has changed its focus again to a broad memory base
of DRAM, SRAM, graphics memory, and flash. Alliance targets DRAM to
contribute 40 to 45 percent of company revenue, SRAM follows at about 40
percent, graphics memory at 10 to 15 percent, and flash at about 1 percent.
At a $6 16Mb DRAM price, Alliance said that its DRAM business is
profitable, and over 90 percent of its DRAM business is with module makers.
Alliance also said that any excess capacity is used to manufacture DRAM.

Cypress Semiconductor’s president bounced from presenting the company's
health to a critique of the way stock analysts determine the value of a stock,
then to the strategy the company now uses. Cypress is bent on increasing
manufacturing efficiencies, even on products at the end of their life cycles.
The company will also try to keep the share of revenue from memory
products in the current low range of 40 percent. The main message was that
there is a lot of money to be made in products on the trailing edge of
technology and that Cypress does a good job of gaining market share for
SRAMs that other companies have chosen not to produce. Another way of
putting it is that Cypress is determined to take a larger and larger share of
shrinking markets, until it achieves total market share for a market that has
diminished to nothing. Do not get us wrong. There is profitability in selling
64-bit SRAMs at gross margins higher than 90 percent.

IDT's message is "enabling a connect world.” Specialized memories for
communications accounted for about 40 percent of company revenue. SRAM
is the next largest at about 30 percent, with logic at 20 percent and
microprocessors at 10 percent. IDT hopes to continue to decrease the SRAM
portion while increasing the microprocessor contribution. One area that IDT
wants to improve is capacity utilization, which is keeping its fixed-cost
allocation high.

ISSI presented its trademarked Fab-Lite business model, a hybrid of fab and
fabless. Although ISSI works with foundries for its production (the fabless
part of its model), the "Fab-Lite" idea comes from joint-venture and
partnership capital investments that ISSI has entered into with its foundries.
From a product perspective, 1SSl is a broad-based memory company,
offering SRAM, DRAM, flash, EPROM, EEPROM, and embedded memory
products. SRAM dominates ISSI's company revenue today, accounting for 80
percent of revenue, but the one-year goal is for SRAM to decrease to 50
percent, DRAM to account for 20 to 30 percent, nonvolatile for 20 percent,
and embedded for 5 percent.

©1997 Dataquest August 25, 1997
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DRAM

As most of the companies that presented were U.S. based, only two large
DRAM manufacturers were present, Micron Technology Inc. and Texas
Instruments Inc. Although many people still think of Texas Instruments as
only a DRAM company, its internal and external focus is set on digital signal
processing (DSP), not DRAM. TI's dependence on DRAM is relatively small,
as only 15 to 20 percent of company revenue is from DRAM. Micron's
presentation, however, was dedicated to DRAM.

Micron may be changing its image as a technology trailer, but it is clear that
Micron is not changing its dedication to process improvements and shrinks
for the current dominant density. Micron is working on optimizing its 64Mb
DRAM capability, but it openly questions the business sense of moving
quickly to 64Mb, as DRAM leaders NEC and Samsung are.

Micron continues to focus on improving 16Mb production, and it mentioned
that two shrinks are in the works, with the goal of 300 dice per wafer by the
end of the year. The switch to synchronous DRAM (SDRAM) is not expected
to be a major difficulty; Micron said that its SDRAM process is outyielding
extended data out (EDO). SDRAM accounts for 15 percent of Micron's
output today, and it is expected to account for 25 to 30 percent by the end of
the year. Overall bit growth is expected to be about 20 percent.

Capital spending for fiscal year 1997 is expected to be $575 million and for
fiscal year 1998 somewhere between $600 million and $950 million. These
capital expenditures are to maintain capability, not to add capacity. There
are no new plans for Lehi at this time, but once the decision is made, itis
expected that between 14 and 18 months will be needed to get the front end
running well.

Addressing price and inventory, Micron said that spot market activity
ranged from a low of $5.80 to the mid-$6 range. Micron's contract price is
about $0.50 more than spot pricing for similar DRAM configurations. Micron
also said that with a $6.10 ASP, margins would not improve and that its
inventory level was three weeks and two days.

George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com
Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them
by e-mail to ron.bohn@dataquest.com.

Near-Term 64Mb DRAM Profit Outiook

Several top-tier suppliers target a $30 price for the 64Mb part for major
customers by or before year-end 1997. Their expectation is that few
competitors will be able to profitably match the $30 price. If so, this means
challenging market conditions for suppliers that have started or are about to
start their 64Mb ramp.
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Implications

With suppliers striving to maintain a 16Mb contract price of $6 for the rest of
this year, the most obvious implication of a year-end $30 price for 64Mb
devices is no 4:1 crossover this year, except for very select major customers.
If 16Mb contract pricing slips below $6 during fourth quarter 1997, the
timing of the 4:1 crossover to 64Mb could delayed well into 1998—especially
bad news for suppliers that are ramping now with expectations of an early
1998 4:1 crossover.

The top-tier suppliers that target a profitable $30 64Mb by later this year also
expect a $7 price for 16Mb parts. This is close enough to a 4:1 crossover that
major customers can choose to migrate aggressively to the 64Mb device
during late 1997 or early 1998. If 16Mb contract pricing dips to the $6 level
later this year, the major customers of top-tier suppliers will still be at the 5:1
level—meaning that they can comfortably move to the 64Mb part during
early 1998.

The scenario becomes more complicated, however, for suppliers that will be
unable to profitably make and sell the 64Mb part for $30 later this year, If
16Mb pricing falls below the $6 level during fourth quarter 1997, then major
customers will see a 6:1 differential (or higher) between 64Mb and 16Mb
parts. There will be no clear "5:1 signal” for customers of such suppliers—
nothing to set the stage for the 4:1 price crossover to 64Mb devices in the
next quarter or so. The ugly reality could become persistently strong 16Mb
DRAM through much of 1998, which is bad news for suppliers now heavily
shifting to 64Mb devices.

Micron Will Do Well

As noted before, Micron Technology could and should do very well under
such a scenario. The company has demonstrated 64Mb capability but has
publicly stated its strong emphasis on 16Mb devices well into 1998. With a
sub-$5 cost of manufacture for 16Mb devices—now likely approaching the $4
level for SDRAM versions—the company will quite likely do well the rest of
this year, and especially well if the 64Mb price crossover stalls next year.

Ron Bohn, Research Operations, ron.bohn@dataquest.com
James Seay, Research Operations, james.seay@dataquest.com
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Micron Dominates the DRAM Business: Fact or Fiction?
Taiwanese Companies Set Their Sights on 12-Inch Fabs
Intel and Sharp Introduce 32Mb Flash Memory with CFI
Update on Europe’s Review on DRAM Dumping
Brighter Times for SRAM Companies?

DRAM Corner
- Will NEC Ship 128Mb SDRAM in Early 1998?

. -"Who's on First” in DRAMs?

Micron Dominates the DRAM Business: Fact or Fiction?

The July 7 edition of Electronics Buyers’ News published an article stating that
Micron Technology Inc. had superseded Samsung Electronics Company Ltd.
in DRAM market share and now held 20 percent of the DRAM market. The
finding was attributed to an unnamed analyst at Merrill Lynch, a U.S. stock

brokerage.

Although things are moving in a positive direction at Micron, Dataquest still
believes that the company is lower than Samsung in overall DRAM sales and
that some miscalculations may have been made in this recent analysis.
Micron does appear to have ramped its 16Mb DRAM shipments to the
highest level in the industry, but the company's shipments of the 64Mb
density—the device to which the historical market leaders are turning their
attention—are still extremely small. Thus, Micron's overall DRAM revenue
by Dataquest's estimates is less than both Samsung's and NEC

Corporation's.

The analysis referred to in the EBN article appears to have made two key
assumptions: first, that the gross dice-per-wafer (DPW) number Micron gave
out in a recent analysts' teleconference (detailed in a Dataquest Alert sent to
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Figure 1

Memories Worldwide clients on June 18) was the yielded DPW; and second,
that all 15,000 wafers per month that Micron started were used to build
16Mb DRAMs. Using these assumptions, we arrive at the 30 million 16Mb
DRAMSs per month that propel Micron to these heights. If we assume a more
typical yield in the 80 percent to 85 percent range, and we assume that
around 85 percent of Micron's wafer starts go to the 16Mb DRAM, we arrive
at a more realistic figure of about 20 million 16Mb DRAMs per month. That
still puts Micron in the lead at this density, ahead of the 18 million units per
month shipped by Samsung and the 13 million to 15 million units shipped
monthly by NEC, Hitachi Ltd., and Texas Instruments Inc. This number
would place Micron third in DRAM revenue, after Samsung and NEC, still
far ahead of the eighth-place position Micron held in Dataquest's 1996
DRAM market share rankings.

Figure 1 shows Micron's DRAM unit shipments by density compared to
those of the market as a whole. The vertical axis on the right and the thin
lines represent the entire market. The right-hand vertical axis and the thick
lines represent Micron's shipments, including Dataquest estimates for the
third quarter of this year. This chart shows that since the 4Mb density,
Micron appears to have decided to aggressively increase its share of the
market (from the 15 percent level it pursued in prior generations). It looks as
though Micron is taking a new direction, something the company mentioned
in a recent conference call.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Micron's DRAM Unit Shipments Relative to the DRAM Industry
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Taiwanese Companies Set Their Sights on 12-Inch Fahs

. Texas Instruments-Acer announced the planned investment of NT$100
billion in two stages to expand its DRAM production capability before the
year 2000. TI-Acer, Taiwan's largest producer of DRAM chips, is also
planning three more fabs to produce DRAM after the year 2000.

DQ Take

In the past few weeks, many Taiwanese semiconductor companies,
including TSMC, UMC, Winbond, Mosel Vitelic, Powerchip, VIS, Nan Ya,
and TI-Acer, announced new 12-inch wafer fab investments. It makes one
wonder why these announcements came in such close proximity, since some
companies didn't reveal much detail on their new projects.

The one thing that looks certain is that these Taiwanese semiconductor
companies will continue new fab investments, but it is hard to predict what
will happen after the year 2000. In the short term, the DRAM market is still
facing overcapacity. This overcapacity, coupled with the high cost of
building a 12-inch wafer fab, suggests that joint ventures and alliances are
the best approach for investment by these companies.

Turning to the TI-Acer announcement, the company will continue to invest

in the future, but market conditions are moderating this to some degree. One

example is TI's withdrawal from its proposed new fab in Thailand. This puts

increased importance on TI-Acer's Taiwanese investment. The expansion of

TI-Acer to 12-inch is inevitable but will require a revised agreement between
. TI and Acer.

By the way, it is expected that TI-Acer will go public by the end of this year.
The company recently received approval from the Taiwanese Stock
Foundation.

Jerry Yeh, Semiconductors Asia/Pacific, Taiwan, jerry.yeh@dataquest.com

Intel and Sharp Introduce 32Mb Flash Memory with GFi

Intel Corporation and Sharp Electronics Corporation introduced this week a
new line of symmetrically blocked 16Mb and 32Mb flash memories for both
2.7V and 5V operation. The chip includes a new feature from the "NOR 4"
(Intel, Fujitsu, Sharp, and Advanced Micro Devices Inc.) named the
Commuon Flash Interface (CFI) that allows descriptive information to be
obtained from the chip that may be used by systems such as digital cameras
and programmers to categorize the chip. It will be available in micro-BGA
packaging and standard packages, and it can be programmed as fast as

2 psec/byte at 5V or 6 psec/byte at 2.7V. The 16Mb version is sampling now,
with production planned for September, and the 32Mb is expected to sample
in fourth quarter 1997 and be available for volume delivery in first quarter
1998.

MMRY-WW-DP-9721 ©1997 Dataguest August 4, 1997
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DQ Take

The significant aspects of this announcement are the density and the CFI
interface. With respect to density, Samsung and Toshiba have been shipping
a 32Mb NAND flash memory for some time, and Intel is finally catching up.
This presumably is a precursor to the 64Mb multilevel cell (MLC) product
Intel has been promising, which it is now saying will be released this fall.
Meanwhile, in the real world, a NAND 64Mb part is already being sampled
and a 128Mb MLC version is being worked on. High density lowers price
per bit, and Toshiba is saying that an 8MB (64Mb}) Solid-State Floppy Disk
Card (SSFDC) will have a sample price of $30, or about $4 per megabyte,
which is in the same ballpark as DRAM.

Flash chips have used JEDEC identifiers to allow programming machines to
determine the manufacturer and density of a memory. CFI improves upon
this with a "minidata sheet” stored in the control logic of the device that
gives memory size, byte/word configuration, block configuration, necessary
voltages, and timing information. This is desirable because the designs of
new flash chips have been evolving quickly as higher densities are released,
making higher densities incompatible with lower ones. For applications that
have fixed functionality, such as digital cameras, that cannot have their
software drivers updated periodically for the latest in-vogue flash chip, iron-
clad backward compatibility is a necessity, not an option.

The CFI interface is envisioned for Miniature Card applications. The
competition here is the ATA-based CompactFlash cards from SanDisk,
which have the advantage of being "device independent,” meaning the
system has no visibility of the specific vagaries of a particular manufacturer's
flash memory chip specifications. CFI can give a similar freedom if an OEM
design engineer takes advantage of the feature. The problem with CFI is not
its function, but its birthday. ATA has been available for many years with
rigid disk drives (RDDs), and CompactFlash seems to be winning the war
for small form-factor flash cards, in part because of the lack of a viable
alternative. CFI's coming on the scene at this late date probably will not be
enough to affect CompactFlash.

Bruce Bonner, Memories Worldwide, bruce.bonner@dataquest.com

Update on Europe's Review on DRAM Dumping

MMRY-WW-DP-9721

The Dataquest Alert sent to Memories Worldwide and Semiconductors
Europe clients two weeks ago expressed expectations that the European
Union would announce the lifting of its antidumping legislation on June 25.
But it appears that the DRAM antidumping item was dropped from the June
25 committee meeting. This delay was taken to wait for related events to
unfold in the United States.

DQ Take

Dataquest has heard that the U.S. antidumping case brought by Micron is
supposed to be heard July 16 and that the EU wants to wait for the outcome.
The assumption is that no evidence of dumping is going to be found in the
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U.S. case, and this is expected to "persuade” the European Electronic
Components Association (EECA) to drop its complaint in Europe. The
Korean and Japanese vendors are then expected to agree to monitor prices to
prevent dumping in the future.

Richard Gordon, Semiconductors Europe, richard gordon@dataquest.com

Brighter Times for SRAM GCompanies?

DRAM Gorner

MMRY-WW-DP-9721

Both Paradigm Technology and Integrated Silicon Solution Inc. made more
positive announcements than they have had in the past.

Calling the current business climate challenging, Paradigm announced that it
has seen an increase in orders for some of its high-speed SRAMs and that
market demand appears to be improving in the growing telecommunications
and networking markets. The company says that it has booked more orders
this quarter than in any other quarter in the past year.

ISSI announced that the outlook for its revenue for the quarter just ended
will be slightly higher than the $25.8 million for the previous quarter but
lower than the company's earlier target. Citing push-outs from specific
customers in the disk drive and communications areas, which have delayed
shipments into the next quarter, the company expects to see a loss for the
quarter ended June 30.

ISS] said that it sees some stability in average selling prices (ASPs) and
believes that the industry trends are improving, despite the recent push-
outs.

DQ Take

It is interesting to note that the two companies cite the communications
industry as one that has caused change—for a positive impact on one
company and a negative impact on the other.

The SRAM market continues to be a tough one to deal with. Dataquest will
continue to watch the many players and report on their health as SRAM
vendors transform their business away from the once-open PC cache market.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Dataquest welcomes DRAM tactical reports from readers. Please send them
via e-mail to ron.bohn@dataquest.com. Thanks for recent comuments.

Will NEC Ship 128Mb SDRAM in Early 19982

NEC reportedly is proceeding aggressively on the development project for
its 128Mb synchronocus DRAM (SDRAM). NEC plans to provide samples of
100-MHz 128Mb SDRAM in first quarter 1998 and move to mass production
during second quarter 1998. This schedule marks acceleration of NEC's
original release schedule.

©1997 Dataquest August 4, 1997
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NEC plans to set the price of 128Mb SDRAM around 2.3 times higher than
the 64Mb DRAM price. The company plans to use a 0.22-micron process for
the one-chip solution. Product configurations will include the 32Mbx4,
16Mbx8, and 8Mbx16 geared for workstation, PC server, and high-
performance computers. NEC also plans to release a 4Mbx32 device targeted
for PCs during third quarter 1998.

Some of the product specifications are: memory array: four-bank type; Vdd,
3.3V; access time, 6.5ns; interface, LVTTL or SSTL; package, 54-pin TSOP.

Dataquest has also heard that Samsung may accelerate the release of its
128Mb SDRAM. A 128Mb SDRAM is a part Dataquest would expect to see
in about 1999, and NEC's timetable is a full year ahead of that. A major
influencing factor is the availability of Intel's 440LX chipset, which Dataquest
expects to be in the fourth quarter of 1997. The 4401.X chipset allows the use
of SDRAM and the Advanced Graphics Port (AGP).

"Who's on First” in DRAMs?

Reports that Micron now has the world’s highest monthly 16Mb DRAM
production rate have caused consternation for some Asian-based DRAM
suppliers.

16Mb DRAM

Samsung publicly expressed little concern because its strategic and
emotional focus will be on 64Mb and higher densities. For some Asian-based
DRAM suppliers, however, the news from Boise, Idaho (Micron's
headquarters), is disturbing because it means Micron will gain—or has
already gained-—considerable 16Mb market share at their direct expense.
While many Korean- and Japan-based suppliers throttled down or diverted
16Mb capacity for the past year—and shifted DRAM marketing efforts to the
64Mb density—Micron relentlessly focused on the 16Mb device. The result:
Micron generates a 50 percent margin on 16Mb DRAMs and will likely
remain quite profitable while many competitors struggle through the 1997
PC/DRAM summer doldrums.

256Mb DRAM

Meanwhile, Micron shocked some competitors when it announced during
late June 1997 that the company had provided 256Mb samples to Dell. This
shatters the public's image of Micron as a DRAM technology laggard that
inherits the mature markets, such as 16Mb DRAMSs in 1997. Some
competitors were convinced that Micron had a "secret” alliance partner that
gave the 256Mb technology to Micron. The rumors went something like, "No
way could Micron—alone—develop this leading-edge technology so soon.”
From what Dataquest has learned, Micron did it alone. Rumors about secret
DRAM alliances involving Micron will likely swirl for some time.
Regardless, it seems Micron has moved, on its own, to the top tier of DRAM
technology companies.

Ron Bohn, James Seay, Research Operations, ron.bohn@dataguest.com
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Flash Solid-State Disk—The Idea That Keeps Coming Around

Abstract: This document explores the use of flash memory for mass storage applications,
specifically as a solid-state disk (SSD). The value of a flash SSD and business and technical
issues are identified and discussed.

By Bruce Bonner

. Introduction

The concept of making a solid-state replacement for mechanical rotating
storage has almost a magical quality for those in the semiconductor memory
business and has been pursued ever since rigid disk drives (RDDs) were
introduced for mainframe computers. The undeniable technical advantages
always attract those driven to develop superior products, but a higher cost
per bit usually brings the dreamers back to earth quickly.

Specifically, MOS memory, such as DRAM, SRAM, or flash, has been used
to replace mechanical RDDs for many years. Usually it is done for technical
reasons, but occasionally it will provide a lower cost, too. This Perspective
explores the choices and issues associated specifically with flash memory
mass storage used as a disk drive replacement. A related topic, removable
storage as memory cards, is not directly addressed but is discussed in other
Dataquest documents, such as the Dataquest Perspective "Flash Memory

Digital Film Standards Battle Heats Up," (MMRY-WW-DP-9713, June 2,
1997).

VALENZU

MARIA

For the purposes of this Perspective, a solid-state disk (S5D) is defined as a
system-level product containing semiconductor memory that usually has a
standard disk drive hardware interface. Another variation is a system that
has a memory interface but uses system software to emulate RDD operation.
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Advantages of Flash SSD

MMRY-WW-DP-9720

Technical Advantages

Semiconductor memory in general, and flash specifically, is technically
superior to mechanical disk drives. Period. It is fast, rugged, low power, and
small compared to an RDD. Because flash is also nonvolatile, it is an
attractive substitute for a disk drive. The one issue, of course, is that flash is
more expensive per megabyte—more on this later.

Any semiconductor memory is faster than a mechanical device because
electricity will always outrun something physical. Memories are specified in
nanoseconds, disk drives are specified in milliseconds; the difference is a
million-to-one ratio! For many years, DRAM SSDs have been used in file
servers and transaction-based systems to give instantaneous performance
increases over RDD. These systems are expensive and mission-critical, so
cost is not an issue. Flash's single performance issue is write speed, with the
best available chip being about 1MB/ sec in effective recording speed (erase
plus program). Even inexpensive desktop disk drives outperform this by
five to 10 times. But is this a critical specification? In many cases, no, either
because the system is using flash for another technical reason or because
flash devices can easily be used in parallel to improve write speed
dramatically. DRAM can also be used for “plug in the wall” applications
because nonvolatility is not a big issue where a uninterruptable power
supply (UPS) can be used.

For portable systems, the advantage of semiconductor memory is a
ruggedness that disk drives can only fantasize about. Flash cards usually
have a 1,000g shock specification, operating or nonoperating; RDD
specifications are 10 times lower than this. A drop to a concrete floor is not
an issue for the memory chip, only for the packaging that surrounds it.
Connectors are a weak point for operational conditions because of electrical
noise creation. At the device level, a memory chip is no more susceptible to
shock than any other chip, so the weakness is at the system level.

Another physical attribute of semiconductor memory is its small size.
Although the areal density (bits/mm?) of flash is about the same as that of
an RDD, its footprint will be much smaller than that of a disk drive for a
small amount of storage, such as one chip's worth. For larger capacities,
three-dimensional packaging techniques can create dense, rugged storage;
hence, flash is used in aerospace applications in this manner. The real
limiting factor is cost per megabyte, not physical packing density.

Finally, flash memory consumes very little power compared to the
instantaneous power dissipation of RDDs. Again, this is the advantage of a
solid-state medium over a mechanical one. But flash also conserves energy
because it goes on instantly and therefore can be powered down without the
resulting "power up" delay that forces RDDs to remain on for longer than
they should be. Low-voltage operation—3.3V now, going to 1.8V in the
future——is another key solid-state value.

©1997 Dataquest July 28, 1997
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Financial Advantages

Flash memory and rigid disk drives have fundamentally different cost
curves. Flash offers a constant price per megabyte; the first byte costs the
same as the last one, and there is little overhead in using flash memory chips
in a computer system. RDD, on the other hand, has a "floor” price of about
$200 for a single-platter drive. Electronic components, casting, motors,
platter, and read/write heads give a high fixed cost for an RDD assembly.
However, adding platters and read /write heads to an existing drive design
for extra capacity is relatively cheap; the first byte of an RDD is very
expensive and the last one is free (almost). This is shown in Figure 1. The
key value in the figure is the intersection of the two curves, which is the
point at which flash is cheaper for smaller capacities and RDD is cheaper for
larger ones. This is called the crossover point.

Figure 1
Flash versus RDD Cost Curves
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Source; Dataquest (June 1997)

RDD is much less expensive than flash for capacities over the crossover point
because of the steep slope of the flash cost curve. Unless there are strong
technical reasons to use flash, the exira cost usually motivates designers to
use creative shock-mounting solutions to baby the RDD and make it viable
in the application. As shown in Figure 2, all of this points to a flash SSD
"sweet spot” of less than $200.

Flash Technology Alternatives

MMRY-WW-DP-9720

Flash memory is relatively new as a memory technology and is evolving in
three directions: low voltage optimized, mass storage optimized, and generic
for many applications. Even in the mass storage category alone, there is a

technology battle developing among major memory vendors.

©1997 Dataguest July 28, 1997
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Figure 2
Flash Solid-State Disk Opportunity Area
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NOR

NOR technology flash memory is derived from EPROM technology, with the
ultraviolet erase mechanism replaced by an electrical erase feature. It has
very fast read times, as low as about 50ns, but much slower write times. The
fast read time is necessary to allow for direct code (program) execution with
an attached microprocessor or microcontroller. Currently, the largest NOR
flash device density in production is 16Mb. The sponsors of NOR in the
marketplace are market leaders Intel Corporation and Advanced Micro
Devices Inc., which gives it a cost advantage with economy of scale. But
NOR's inherent price per bit is somewhat higher than that of other
alternatives. For code store use, data reliability is very important, with a
typical specification of 10 years. The long-term mass storage strategy for
NOR is to use multilevel cell techniques to effectively decrease the cell size.

Multilevel Cell NOR

Multilevel cell (MLC) storage is a technique to increase the bits per mm?2 in
memory devices. Although theoretically possible with almost any type of
memory, it is being pursued with the most enthusiasm with flash memory.
Because the floating gate used in flash can easily store a variable quantity of
charge, it is possible to define more than the traditional binary ("high" or
"low") states. The number of states required for n bits is 2" thus, 2 bits needs
four states, 3 bits needs eight, and 4 bits needs 16. The variable stored charge
causes the turn-on threshold voltage, V_, of the flash cell to change, allowing
sensing of charge level. For example, for a 2-bit multilevel cell, a V. from
zero to 1.0V could equate to a binary value of "00,” 1.0V to 2.0V would be
"01," 2.0V to 3.0V would be "10," and 3.0V to 4.0V would be "11."

©1997 Dataguest July 28, 1997
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System Issues
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NAND

NAND flash was invented by Toshiba Corporation in Japan, which also
invented flash memory. It has licensed it to Samsung in Korea, the world's
largest memory and DRAM manufacturer. This technology has been aimed
at mass storage from the beginning, so it has many features convenient for
SSD design: fast write/erase, small block size, extra bit storage for error
correction code {(ECC) check bits, and a serial interface to reduce pin count.
In addition, the flash cell design is minimized by not having separate
electrical connections to every bit, with four cells connected in series. In
contrast to NOR's perfect data reliability, NAND is assumed to have some
“hard" defects and "soft" errors when reading stored information. Write
speed has been enhanced by using tunneling instead of the channel hot
electron (CHE) mechanism used in NOR devices.

Others

SanDisk Gorporation

It should be noted that there are other mass storage-optimized flash memory
technologies available. The most successful to date is from SanDisk, which
focuses on system-level SSD products, mostly memory cards. SanDisk has
developed proprietary "split gate” flash devices, built in outside foundries,
that minimize on-board control circuitry in favor of placing it in a central
controller. This reduces duplicate functionality in each chip in multidevice
cards. They are NOR-type devices, which have a slower write speed using a
CHE technique but include a separate erase element that shortens the erase
delay. Although SanDisk does not sell discrete flash chips to others,
coniroller-memory chipsets are available for OEMs.

Silicon Storage Technology Inc.

SST has developed what it calls SuperFlash technology aimed at mass
storage applications. It uses a tunneling write mechanism to increase
performance. The company has a full explanation of this on its World Wide
Web pages (http:/ /www.ssti.com). This was originally the corporate focus,
but the company expanded inte code store products to maintain profitability
when the flash mass storage market was slow to develop.

Hitachi Ltd. and Mitsubishi Gorporation

Hitachi and Mitsubishi have developed what they call AND flash, which is
somewhat similar to NAND but is (surprise!} optimized for mass storage.
Hitachi is now starting to ship with a 32Mb density.

Error Gorrection

The primary difference between nonvolatile semiconductor memory aimed
at code store applications and those focused on data storage applications is a
tolerance for errors. Code store use, such as being connected to a
microcontroller in an appliance, requires data to be perfect always.
Otherwise the microcode, and the appliance, will malfunction, which is not
allowed. Data storage is different in that the information retrieval time can
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include a delay for error correction, allowing the signal-to-noise ratio of the
memory to decrease, which in turn allows the density to be pushed to the
upper limits.

Thus, error detection and correction (EDAC) is a key issue in flash SSD
system design. Perhaps the most important aspect of this function is
detecting errors to prevent propagation of corrupted data files by unknowing
users. This is especially true with removable media, such as memory cards.
Once an error is detected, it must be corrected, with either a hardware or
software approach possible. The system cost of a software approach is lower,
but the correction time is longer, so this is used in cases where errors are
infrequent. However, frequent errors would benefit from a hardware design,
which can do "on the fly" error correction to maximize system throughput.

Contreller Location and System Interface

A controversial subject in the flash industry is the best location for the
controller required to manage flash mass storage media. Some argue that a
dedicated microcontroller should be used for the "care and feeding” of the
flash media. This approach lends itself to having a disk drive interface, such
as the AT Attachment (ATA) interface used in most PCs, for the system
connection, Another option is to use the system processor, a Pentium or K6,
for instance, to perform the function under the direction of software drivers.
This approach lends itself to the SSD having a address-data bus memory
interface.

The advantages of a dedicated controller are:

m  ATA interface

0 Transparent RDD emulation

a Compatibility—built-in system "drivers”

0 Isolation from device specifications and idiosyncrasies
8 Optimized algorithms for lowest cost per bit
The advantages of a software-driven architecture are:

® Minimum hardware cost
® Minimum system hardware complexity

None of these benefits is perceivable by the end user if the operating system
has native support for both styles, so debates over which is best are decided
on a system-by-system basis.

Architecture

The overall design strategy of a flash device aimed at mass storage
applications is different from one destined for code store use. The practical
requirement for some level of RDD emulation steers an architecture toward
mimicking the operational characteristics of rotating magnetic storage. The
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disk organization of sectors, tracks /cylinders, and surfaces must somehow
be respected, and the erase block size of the flash devices is the key
specification on this quest.

Blocking

Flash memories have separate write and erase functions, with a byte/word
granularity for writes and a block granularity for erases. Early flash chips
imitated the EPROMs from which they were developed and therefore had
only one erase block. This was appropriate for code store applications, but
for data storage, smaller blocks are needed to allow for efficient rewriting of
existing data blocks. If the block is too large, extra time and effort must be
expended because an entire block may need to be erased if even a small
portion of it needs to be changed. Also, most flash SSD designs choose to use
one or two extra blocks as temporary storage, so a large block size carries a
larger penalty for this than a small block size. Specifically, the size of RDD
blocks is 512 bytes, NOR flash typically has 64KB blocks, NAND devices are
between 4KB and 8KB, and split-gate memories have the "magic” size of 512
bytes.

Array Efficiency and Gost per Bit

The purpose of a memory is to store information—that is, bits. The part of a
memory chip that does this is the cell array; all other circuitry is overhead
and does not add value (bit storage) to the device. The ratio of the square
millimeters used by the array divided by the total chip area is called "array
efficiency” and is a key metric in tracking the cost per bit. NOR chips have a
better array efficiency than NAND chips, but the NAND flash cell is smaller,
usually giving it a total die size advantage. Also, NAND use focuses on
mass storage, following in DRAM's footsteps by maximizing density, which
NOR does not do because code storage does not require it. NAND vendors
are now shipping 32Mb products and sampling 64Mb products. NOR
vendors are just beginning to sample 64Mb MLC chips, with production
shipment expected in 1998.

Speed

Code storage flash parts are usually used in a "read mostly" manner where
read speed is paramount and write speed is inconsequential because the chip
is rarely reprogrammed. Data storage applications reverse this situation,
with the write operation occurring frequently and therefore being more
important. The complication with flash is that two operations, erase and
write, must be performed for a complete overwrite operation. Designers
using NOR flash, with its larger block sizes, usually try to have erases done
in the background, minimizing the impact of one-second erase times.
NAND, with a smaller block size, has erase times on the same order of
magnitude as writes, with effective write speeds of about 1MB/ sec,
compared with one-tenth that for NOR-based chips.

Packaging

Packaging is a key issue in the flash memory industry, especially when flash
is incorporated in cellular telephones. The drive for miniaturization has
given birth to chip scale packaging (CSP), in which the printed circuit board
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footprint approximates the memory die size. The package size is not critical
for data storage flash except when it is used in a small-form factor memory
card such as CompactFlash, Miniature Card, or Solid-State Floppy Disk Card
(SSFDC). Then it increases packing density and card storage capacity.
Another technique to minimize packing cost is to minimize package pin
count, which can be done by making 1/0 serial instead of parallel. This
offers some help, but because the chips are high density and not pad limited,
reducing pins only minimizes package cost, not chip cost.

Dataguest Perspective

Flash is technically superior to mechanical mass storage in all respects except
one: cost. It is fast, rugged, low power, and small compared to RDDs. When
the required capacity is low, the cost issue is not relevant, so flash is the
medium of choice. The type of flash, NOR or NAND, for instance, that is
best for mass storage is being debated now, and no standards exist, but
Dataquest expects them to emerge in the coming years. When this occurs,
the flash memory market will increase its growth because of increased
demand.
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Event Summary

A Bright Spring for Some

Abstract: Dataquest’s memories forecast shows promise for some and questions for others.
The DRAM market is still in oversupply, but a turnaround is expected. The flash market
continues to expand, while many SRAM manufacturers face an unattainable PC cache
market, This Perspective transcribes the material covered in Dataquest’s spring forecast
telebriefing.

By George Iwanyc and Jim Handy

Introduction
This Perspective is a transcription of Dataquest's spring memories forecast
telebriefing. Telebriefing participants were:
m Jim Handy, George Iwanyc, and Bruce Bonner of Dataquest's Memories
Worldwide program
m  Mark Giudici and Evelyn Cronin of Dataquest’s Semiconductor Supply
and Pricing Worldwide program
m  Clark Fuhs of Dataquest's Semiconductor Equipment, Manufacturing,
and Materials Worldwide program
m  Ron Bohn of Dataquest's Research Operations group
Forecast Highlights

m Dataquest has put together a new forecast for the memory market. This
forecast shows the DRAM market continuing to dominate the overall
memory market, followed by nonvolatile memories and then by SRAMs.
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‘®  Dataquest forecasts the MOS memory market to hit $111 billion in the
year 2000, then to suffer a downturn in 2001, dropping to $99 billion.

m DRAMSs in 2001 will be a $67 billion market, down from $82 biilion in
2000.

m SRAMSs, after their 1996 decline, are back on a 25 percent compound
annual growth rate (CAGR) path that will move the market to $14 billion
in 2001.

m Of the nonvolatile technologies, flash memory is already nearly twice as
large as the next larger market, EPROMs, and will grow at a CAGR of 30
percent to reach $9.5 billion in 2001,

m Dataquest is forecasting moderate growth for mask ROM after a period
of stagnation and a flat EPROM business.

m EEPROMs will grow to $3.5 billion in 2001, fueled mainly by worldwide
use in the smart card technology so prevalent today in Europe.

Underlying Assumptions

The memory business has been undergoing substantial changes over the
past year, and it has been more difficult to tell where the market is going
now than it has been in the past. Certain factors that influence this are:

A significant DRAM overcapacity is still in play, although manufacturers
are moderating capacity utilization.

The transition from the 4Mb to 16Mb DRAM density is nearly complete;
however, there will be challenging conversions later this year from
extended data out (EDO) to synchronous DRAM (SDRAM), from 5V to
3V, from single in-line memory modules (SIMMs) to dual in-line
memory modules (DIMMs), and so on, all of which confuses the art of
forecasting,.

Certain DRAM vendors are trying to accelerate their changeover from
the 16MDb density to the 64Mb density.

Intel has announced two new PC-targeted processor modules that
incorporate cache SRAMs.

Flash is displacing EPROM in new system designs.

There is oversupply in certain segments of the flash memory market as it
continues to develop. This market is beginning to see an increasing
number of competitors.

Video games, recently the major market for mask ROMs, are now
shifting to the use of CD-ROMs and cheap DRAMs.

Forecast Methodology

Dataquest’s forecast methodology includes the following:

MMRY-WW-DP-9719
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m A review of consumption trends using Dataquest's wide range of
forecasts for the markets for computing, telecommunications, and other
equipment that uses semiconductors

® Consideration of the effects of wafer fabrication capacity and the effects
of overcapacity or shortages on the market

m  Surveys of manufacturers, not only to review their shipment history but
also to determine their production plans and pricing expectations

m Estimates of the impact of technology changes on the market and of
suppliers’ ability to follow, and users’ willingness to accept, those
changes

m  Review of significant statistical trends in the market

Analysis by Technology

MMRY-WW-DP-9719

DRAM

It is interesting to compare the year 1997 against the year 1996. Despite a 12
percent increase in unit production and a transition from the 4Mb to the
higher-priced 16Mb density that did not happen until the middle of 1996,
1997 revenue is expected to be 2 percent lower than 1996 revenue, at $25
billion this year versus 1996's $26.5 billion. Because profitability in early 1996
was still quite high, 1997 is the year in which Dataquest expects to see the
lowest profits in the DRAM market of the past five years. Although
manufacturers have been moderating capacity utilization to reduce
availability and to increase prices, depreciation of their excess capacity still
counts against the bottom line.

Although Dataquest expects to see continuing addition of moderate amounts
of capital equipment during 1997, expenditure will be gated by profitability,
and major expansion projects that were to be funded out of this year's profits
have been put on hold. This will become a problem in the fourth quarter of
1999, when Dataquest forecasts an undersupply, not of the magnitude of the
one from 1992 to 1995, but enough to drive up prices and to cause an
industry cycle. This undersupply will last only until early 2000, then
Dataquest expects a surge of capacity to be put on line, reducing DRAM
prices nearer to costs. Through the market's peaks and valleys, Dataquest
forecasts a CAGR of 19 percent for DRAMs from 1996 to 2000, where the
market will be moving to about the $100 billion level.

In the short term, Dataquest expects to see difficulties stemming from a too-
rapid conversion from EDO to SDRAM in PCs in the second half of this year.
Suppliers already strong in SDRAM will see their average selling prices
(ASPs) rise slightly and will see their share of the market increase, while
SDRAM laggards will lose market share and will suffer from growing EDO
inventories.

There are two possible scenarios for 1997, one indicating a price fall and the
other a price rise. On one hand, the current higher pricing for DRAMs is a
tenuous situation that could fall apart at any time. Should any DRAM
manufacturer determine that prices are good enough to warrant an increase
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in unit production, the spot market would again plummet and 16Mb DRAM
prices would drop to cost-based levels of as low as $6. On the other hand,
manufacturers in Korea, buoyed by the results produced to date by their
production cutbacks, believe that they will be able to raise the 16Mb DRAM's
price to $12 contract and $15 spot this quarter. Dataquest's forecast assumes
the midpoint between these scenarios, with a 16Mb DRAM price of $9.00.

5till, Dataquest's PC group has noted that the first quarter of this year has
seen near-record growth, with PC units up 21.3 percent over the first
quarter of last year. If this heated market keeps up, there could be a healthy
rise in DRAM consumption that would give a needed boost to the market.
Although acceptance of DRAM in non-PC applications such as DVD, set-top
boxes, and video games is rising significantly, these markets are sfill very
small, and their impact is negligible.

SRAM

Until this year, the PC cache market was the biggest and most attainable
target for budding SRAM manufacturers. A few savvy chip designers, with
the help of some workstations and contract foundry and back-end
manufacturing plants, could compete in this largest portion of the SRAM
market. This has changed. Now Intel is bundling the cache with its Pentium
II and notebook modules. As does any major purchaser, Intel has limited its
qualification efforts, reducing the number of competitors to a rumored three
or four players from a field of some 50 SRAM manufacturers. This would
imply that the other 47 manufacturers will have to find other markets to
target. Some are going after other SRAM markets, while others, such as
Alliance, G-Link, and ISSI are moving to DRAMs. Although this is a difficult
period for those on the outside, the net effect of this reduced competition will
be a price increase in the PC cache SRAM market, causing Dataquest to
forecast solid growth in the fast SRAM market from now until the end of the
forecast period.

As in most years before, the 1997 slow SRAM market is larger than the fast
SRAM market. This situation reversed itself for the first time during the
SRAM undersupply of 1995 and returned to normal in 1996. Dataquest
anticipates continuing growth of the use of slow SRAMs, and despite a
recent lag in the rate of the migration from one density to the next,
Dataquest still sees slow SRAMs as a strong market. Many successful SRAM
manufacturers will stay with the slow SRAM market. Slow SRAMs are used
in an extremely broad range of applications and in most cases are not
challenged by any other technology.

Dataquest forecasts total SRAM sales of $5.4 billion this year, up 14 percent
from 1996's $4.7 billion market. Growth from 1996 to 2000 will be 25 percent,
producing revenue in 2001 of $14.3 billion.

Flash

The flash memory market continues to grow and prosper as the base of large
applications grows, with four now breaking away from the pack, as
measured by unit consumption. In the personal computer market, a flash
BIOS has become standard with the dominance of Pentium-class machines.
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The explosion of digital cellular telephone sales has likewise created a boom
market for flash manufacturers able to provide high-density, low-voltage
devices. High-end rigid disk drives and automotive power train applications
persist as large flash users, but with moderate growth. Future large users of
flash bits look to be digital still cameras, internetworking routers and hubs,
and digital set-top boxes.

Dataquest expects the flash market to grow from a record $2.8 billion in 1996
to $3.4 billion in 1997 and $9.4 billion in 2001, with a five-year CAGR of 30
percent. Unit expansion will start from 1996's 376 million units to 513 million
units in 1997, eventually becoming 964 million units in 2001. Average
density will break through the 4Mb level in 1997, but Dataquest still expects
the 1IMb density to edge out 4Mb devices as the highest unit volume density
this year. By 2001 Dataquest expects average density to almost quadruple to
15Mb, driven by high-density applications such as digital photography.
Dataquest expects the 128Mb density to be shipping in volume that year.

Other Nonvolatile Memories

Mask ROM has seen hard times with the conversion of video games from
carfridges to CD-ROMs, a move that was helped significantly by 1996's
DRAM price slide. Lower DRAM prices allowed game console
manufacturers to lower the price of the console to a point at which mass
consumption was spurred. Although this resulted in a slowing of the mask
ROM market, all sectors outside of video games continue to use ROMs in
growing numbers, and the market will resume growth after it hits bottom
this year. Dataquest forecasts 1997 revenue of $1.4 billion, rising to $2.3
billion in 2001,a modest CAGR of 14 percent.

EPROM is a stronger market than Dataquest has forecast in the past. Despite
the appeal of flash memory, EPROM revenue appear to be leveling off, with
overall market ASPs rising as competition drops out and as unit volumes
decrease very slowly. Dataquest forecasts flat revenue of around $1.3 billion
for the EPROM market through the term of the forecast.

The EEPROM market grew a healthy 31 percent last year, fueled by an
explosion of consumer electronics devices and increasing use in PCs.
Dataquest forecasts a 27 percent CAGR through the term of this forecast,
resulting in year 2001 revenue of $3.5 billion. Dataquest expects the
EEPROM market to surpass mask ROM revenue this year and for this to
continue to be the second-largest nonvolatile market through the term of the
forecast.

Overall, the new Dataquest memories forecast is a combination of both
optimism and pessimism. Dataquest believes in the overall health of the
market and expects the DRAM oversupply to resolve itself and turn into a
regular cycle during the term of this forecast. Dataquest expects to see
continuing health in the SRAM market, despite some serious adjustments in
the supplier base. The nonvolatile market will see growing dominance of
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flash memory, with EEPROM gaining a significant position. Mask ROM will
grow at its pregame rate, and EPROM will continue to slog along.

Questions and Answers

MMRY-WW-DP-9719

Q: Will you comment on your forecast for the flash market in 1997, based
upon the relatively flat first quarter growth in 1997 versus 1996?

Bruce Bonner (BB): We still expect that digital cellular telephones and the
new applications coming on line will, in fact, make flash revenue grow
faster. Revenue will also increase as the market switches over to higher-
density parts that have higher ASPs. For example, the current density in
cellular telephones is about 8Mb, but we expect a transition to 16Mb, which
has a higher ASP.

Q: I think you mentioned that the average cost to manufacture 16Mb DRAM
is about $6. Based on this and your perceptions, what is the average cost to
manufacturing 64Mb devices right now, and which companies are able to
manufacture 64Mb profitably today?

Jim Handy (JH): I would like clarify that the $6 figure is not a cost to
manufacture, but that is what we view as a minimum cost-based price that
will not trigger dumping charges. We believe cost is about 10 percent lower
than the $6 price. Since 64Mb DRAM is not in mass production by most
manufacturers, there is a very broad range of costs to manufacture 64Mb
DRAM.

Clark Fuhs (CF): As Jim mentioned, the 64Mb DRAM cost is pretty much all
over the map. I believe the average is about five times the 16Mb cost at this
point, which would place it in the $25-t0-$30 range.

Q: Does Dataquest have a specific embedded flash study, and if so, is there a
sneak preview you can give us with the basic growth rates that apply to that
market?

JH: We call it system-level integration, and we are actually looking at it
through several programs at Dataquest. The ASICs Worldwide program has
looked at it (ASIC-WW-DP-9609, ASIC-WW-DP-9705) and the Embedded
Microcomponents Worldwide program is deciding whether or not to do
something. There is a lot of what some would call embedded flash already in
existence, and so we have to decide what to include and what to exclude in
those markets. However, I expect that in the next two quarters, you will see
a new Dataquest report come out that addresses this issue.

Q: You said that there is some discussion of a half-step DRAM generation,
specifically 128Mb DRAM. Would you or any of the analysts present
comment on what you think of that proposition?

JH: What's fueling that discussion most of all is the reluctance of DRAM
manufacturers to convert to a 32-bit-wide organization, coupled with the
granularity needs of PC manufacturers. It's kind of funny that processes are
only generated through four times the prior density. Manufacturers do not
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generate new processes oriented around two times the prior density,
probably because of the economics. We think that if 128Mb parts are
produced using 256Mb technology it will be in a x16 width, because nobody
wants to make a 32-bit-wide 256Mb part.

CF: The DRAM product cycle has been typically driven by economics. The
design, the product migration issues, and the transition costs drive the
industry to at least a three- to four-year cycle in order to make a certain
generation minimally profitable.

When we look at it in terms of comparable growth rates of bits per unit, the
industry usually runs about 45 to 50 percent from a technology driven
perspective. The growth rate of megabytes per PC has historically been in
the low thirties, so the number of DRAM chips per PC is actually coming
down. About a year and a half ago, we proposed that the four times DRAM
cycles would actually lengthen the five- to six-year time frame because of
this difference in growth rates. If that were to lengthen to seven years, then
you could envision a profitability cycle that would include a two-times jump
in DRAM density.

Q: When do you think the crossover between a 16Mb and 64Mb DRAM will
occur, and, with that, please specify which width?

Mark Giudici (MG): The inputs to our pricing survey are being compiled
right now. Prior to that survey, we expected mid-1998 to be the potential
crossover point using a 4.5-times multiple. With the firming of the DRAM
market, that may change.

Evelyn Cronin (EC): One important point is that the 16Mb-to-64Mb price
crossover will occur far in advance of the volume crossover. This is one of
the things that makes this crossover different from other density crossovers.

Q: Could you give me the percentage of the DRAM market that you think
will be synchronous DRAMSs in 1997, 1998, and 1999?

JH: There are two ways that we look at this. One is from the production
plans that we get from DRAM manufacturers and the other is what the
demand appears to be. If you believe that SDRAM is going to be handled by
the PC market the same way EDO was, then what you can expect is a pretty
violent changeover toward the end of this year. This is what we have been
warning all our clients about. Purchasers need to be aware that they need to
line up sources of supply, and manufacturers need to be aware that if they
are not manufacturing synchronous devices by the end of this year, they are
going to be left with a lot of inventory of EDO DRAM.

The production plans that we get from manufacturers indicate that they
think there is going to be a graceful transition. We believe that DRAM
manufacturers are talking to their customers, so this has a measure of
credibility. However, Intel came to us when it made its Rambus
announcement late last year and told us that by the end of last year, all high-
end and desktop systems were using SDRAM. We think that Intel's SDRAM
projection was a little bit premature. We think that Intel is going to push to
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have SDRAM used in all PCs by the end of this year, and we believe this will
occur unless there is too little supply of SDRAM. For the 16Mb density, the
synchronous transition is going to be very dramatic late this year. For all
densities, 1998 should be at least 90 percent SDRAM.

Q: Could you comment on the dumping charges that have been filed against
Korean and Taiwanese SRAM manufacturers and the impact this might have
on U.S. producers and SRAM pricing?

JH: The dumping charges are written in a very confusing way. We have a
number of American companies being hit with dumping charges, and we do
not know how that works. What we are reading into these charges is that
there is no legitimate way for Micron to go after Samsung with DRAM, so it
used SRAMs as a way to go into that. Micron has made a statement that it
filed these charges on behalf of Japanese SRAM manufacturers, and we
haven't spoken to Micron about that. The impact it is having is not really
anything special.

Where we expect to see a big impact to PC cache manufacturers is in Intel's
sourcing of the SRAMs for the Pentium II cartridge and the mobile PC
module. If Intel decides to go with manufacturers A, B, and C, then
everybody else in the business will be left out. This takes away a very large
part of the PC cache SRAM market, which is where the dumping issue was,
and makes it into a market that is "hands off" to every small company.

Q: What are your DRAM bit growth assumptions for 1997 and 19987

JH: Our bit growth assumption is based largely on DRAM manufacturers’
responses, They shared these figures with us for the DRAM Supply/Demand
Quarterly Statistics report (DSDR-WW-MS-97Q)2). Bit growth in 1997 is 73
percent, and in 1998, it comes down a little bit to 54 percent. Our overall
compound growth rate of bits is 69 percent from 1996 to 2001.

Q: Semiconductor companies have been ordering some new equipment to
eventually shrink their line widths from 0.35 micron to 0.25 micron for both
16Mb and 64Mb DRAM. Can you comment on the impact this will have on
pricing, and when you expect this to happen?

CF: One-quarter-micron capable equipment is being shipped into the world
today, and most companies we talk to will introduce some sort of 0.25-
micron process by the end of the year or by early next year. The full impact
of that 0.25-micron shrink will not likely be until toward the later part of
1998 into 1999. This is a normal course of this business. Shrinks increase the
number of bits that can go on a wafer by about 25 percent a year, on average.

This is a normal course of events and will add to the capacity in the industry
as it normally does. It really isn't anything extremely special except during
lean times, such as now, when transitions can happen a little faster because
manufacturers have time to do it. During tight times, it takes a little bit
longer than normal because they do not have time, as they are normally
worried about production yields and ramps.
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Q: 1just wanted to clarify the point of DRAM bit growth. If I recall correctly,
that is slightly higher in terms of consumption than we have historically seen
in the industry. Could you comment a little about that?

JH: If you look back at our numbers for 1993 to 1996 (shown in Table 1), 69
percent is not out of line with those numbers for the bit growth rate.

Table 1

DRAM Bit Growth Rate, 1993 to 1996
Year Bit Growth Rate { %)
1993 64
1994 53
1995 83
1996 78

Source: Dataquest (July 1997)

Q: Intel preannounced the fact that it is seeing slow order growth for its new
Pentiums. Could you comment on how that is going to affect your forecast
for the bit growth rate, the pricing, and the market in general for memories?

CF: Intel’s press release says that the leading-edge processors are
experiencing stronger demand, so I think that is pretty much counter to your
comment. There is no comment in Intel's release about the unit volume. The
company made comments about its revenue expectations being down 5 to 10
percent sequentially from the first quarter.

There are a couple of factors that put this into perspective:

® Intel normally makes its price cuts during the second quarter.
® Intel is in a product transition phase.

m  There are a couple of other microprocessor companies that are taking aim
at Intel.

First quarter PC unit shipments came in slightly above expectations, and it
wouldn't be totally unreasonable if PC growth in the second quarter came in
a little bit under as a result, but that is probably a normal minor fluctuation
in the market. When the final analysis is done by the end of the year, we still
feel our PC unit forecast at 18 percent is on course.

Q: I was wondering if you could tell me when you see the fabs that were
delayed or put on hold in 1996 and 1997 starting to make announcements
again?

CF: Those fabs that were technology or strategically oriented started to
reaccelerate last November and December. That was to be expected, and it is
why there has been some sequential strength in the equipment market in the
first half of this year. Recently, there has been a second wave of fab delays.
We think that these will start accelerating again in the second half or so.

Q: If you see SDRAM dominating through 1998, does that mean you see a
change over to Rambus in the first quarter of 1999?
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JH: What we are looking at with Rambus is the same kind of phenomenon
that we saw with SDRAM. SDRAM is a technology that probably could have
been manufactured over a year ago. Designers and management
organizations have taken a long time to embrace SDRAM, for a number of
reasons. They expected it to be more expensive, and it was a different
technology. There is also incredible resistance to new design technologies
when the old technology is seen as a satisfactory solution.

The same reasons make us anticipate a little later adoption of Rambus than
the 1999 date that Intel has told us. We anticipate that there will be minor
changes made to the SDRAM architecture, similar to the changes made by
EDO to the fast page mode architecture. EDO slipped SDRAM adoption, and
we think that with minor changes to the SDRAM architecture it will allow
the adoption of Rambus to slip, too. Rambus looks like the technology of the
future, but we are skeptical about the 1999 adoption, and we think that 2001
is a more realistic year for the adoption of Rambus technology.

Q: Following up on the synchronous question, if I hear you correctly, you
are saying that there is potential for a real SDRAM shortage at the 16Mb
density level. How long do you think that shortage might last in light of
today's capacity?

JH: Capacity is not the issue. Our position is based on our understanding of
the technology differences of SDRAM versus EDO DRAM and what we saw
during the fast page-to-EDO conversion. I always tell people that Intel woke
up one morning and said that it was going to change all the PCs over to
EDO that day. When that happened, it took DRAM manufacturers about
two months to get their run rates in line with demand for EDO. During that
time, there was an oversupply of fast page mode and a shortage of EDO.

We expect to see the same phenomenon from a run rate management
standpoint for SDRAM. However, EDO was usually done with a laser option
or bonding option, so it took only about one week from the time somebody
decided to adjust the run rate until run rates out of the factory door reflected
those adjustments. With SDRAM, every vendor that we know of uses a
completely new mask set from EDO, and that takes about two months to
process through a fab. Add the two months to process through the DRAM
fab to the two months it takes for manufacturers to get production in line
with the market's needs, and the result is a four-month crisis when there will
be a shortage. That's what we are telling people to brace themselves for,
especially on the purchasing side.

Q: What percentage of total DRAM worldwide output is shipped as
modules, and what is the growth rate through the year 20007

George Iwanyc {(GI): We believe that the amount of DRAMs shipped in
modules to be around 70 to 75 percent. As for a forecast, we will not have
those numbers until September or October.

JH: George Iwanyc has just done a report on the module market in which he
examines the business of all the third-party DRAM module manufacturers
worldwide (Third-Party DRAM Module Manufacturer Study, DPGR-WW-FR-
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9702, April 21, 1997). That report is available outside the Memories
Worldwide program, and if you are interested in the module market, you
might want to contact a Dataquest salesperson to get a copy of that.

Q: Who do you see as the biggest beneficiary of Intel's purchase of cache
SRAM?

JH: What we know is that the module that Intel gave us to demonstrate its
mobile computer module had an NEC SRAM on it. We also know that the
Pentium II that it passed around for us to look at had Mitsubishi SRAMs,
which is surprising because we didn't know that it was one of the
candidates. Now, given that Hitachi and Samsung are the No. 1 and No. 2
SRAM manufacturers and that we know that Samsung took a very strong
position in the 32Kx32, then we would expect those two companies to be in
on it. We would expect Sony, which also took a very strong position on the
32Kx32, to be in on it, and I would guess that Motorola is a contender on
that. There isn't any other company that really comes to mind, so I have
named five companies. The limit is expected to be three or four, so who gets
left out of that party, I do not know.
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- "Bridled Optimism” Still Prevails at Micron

. The End of an Era: Fry's Ads Drop DRAMs

Although it is not a part of the regular analysis that the Dataquest Memories
Worldwide program provides to its users, we have amused ourselves by
comparing the lowest weekly spot market prices reported by the American
IC Exchange (AICE) against the lowest DRAM single in-line memory
module (SIMM) prices given in the advertising supplement that the Silicon
Valley store Fry's Electronics inserts into every Friday's issue of the San Jose
Mercury News (Silicon Valley's leading newspaper). The results, missing a
few dates, are shown in Figure 1.

For those who are unfamiliar with Fry's, the company runs a number of
electronics "superstores” in California that sell computers, stereos, electronic
components, snack foods, magazines, and toiletries, all under the same roof.
The company aggressively advertises its electronics products and uses
several loss leaders (products sold to the consumer at prices below the
store's cost) to get the customers into the shop.

The chart seems to back up the notion that DRAM SIMMs were being sold at
a loss, because the advertised prices were lower than the spot prices quoted
by AICE. However, the AICE price is usually the starting point for spot
market price negotiations. These prices are open to downward price
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movement if the purchaser is buying in large volumes. Fry's has bought in
volume and is passing the savings on to customers, but we suspect that Fry's
is losing some money in the process.

Figure 1

Lowest Price per Megabyte: Fry's SIMMs versus AICE DRAM ICs
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On a greater scale, ever since the big price fall of 1996 rippled through to the
end user, Fry's has advertised its SIMMs on the front page of its Friday
advertising supplement. Last week was the first week that Fry's did not
feature SIMMs in its advertisement. We suspect that this is because of the
fact that DRAM pricing over the past few months has not suffered the
alarming drops experienced in 1996 and is therefore much less of an
attention grabber in Fry's advertisements. This would naturally remove the
incentive to advertise SIMMs on the front page.

Dataquest does not take this to mean that spot market pricing is stabilizing.
Excess product in both the contract and spot market channels, coupled with
the continued above-demand output by manufacturers, has created a
situation where current spot market trading of DRAM is almost zero despite
excellent pricing and availability. This trend is set to continue until demand
catches up with manufacturing capacity, which Dataquest does not expect
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until late 1998 (see Dataquest's DRAM Supply/Demand Quarterly Statistics
reports). While the trend continues, any persons or companies buying in
reasonable volume through this channel can negotiate to their heart's
content! Brokers will fight tooth and nail to get the much prized but rare
order. If dropping the price will get them the business, that's what will be
dorne.

Jim Handy, Memories Worldwide, fim handy@dataquest.com
Evelyn Cronin, Semiconductor Supply and Pricing Worldwide,
evelyn.cronin@dataquest.com

Tl and Vanguard Sign Cross-License Agreement

Texas Instruments Inc. and Vanguard International Semiconductor
Corporation announced they have reached a 10-year worldwide
semiconductor cross-license patent agreement. This is the first
semiconductor patent agreement between Tl and a Taiwanese company
other than TI's joint venture with Acer Group. The new license will run until
2007, and TI will receive royalty payments throughout the life of the
agreement. Under the agreement, VIS and TI will have the use of each
other's patents involved in making semiconductor products.

DQ Take

Up to this time, VIS has been shipping DRAM into the United States using a
"memorandum of understanding” between the two companies stating that a
contract is being negotiated. Under the new agreement, TI will receive
royalty payments from 1996 through 2007. The company started to ship
DRAM to the United States in September 1996, and the United States now
accounts for 30 percent of the company's sales.

Unlike other Taiwanese DRAM vendors, VIS was the only DRAM company
without a technology alliance with a foreign company. The company came
into being as a result of a government-sponsored project, originally with the
limitation that 80 percent of the company’s products had to be memory.
Despite the DRAM downturn market, the company's long-term
development in the memory field is unchanged. As a start-up company, VIS
has sold its DRAM in the spot market for years; however, the company is
starting to provide chips to Kingston Technology, which announced a total
$100 million investment in Far East Kingston Technology to manufacture
DRAM modules.

Jerry Yeh, Semiconductors Asia/Pacific, Taiwan, jerry.yeh@dataguest.com

Electronic Engineering Times' Surprise Synclink Obituary

MMRY-WW-DP-9718

Dataquest was surprised, to say the least, to see the following story run in
Electronic Engineering Times this week:

"The SyncLink DRAM consortium has halted the effort to develop a high-
bandwidth DRAM for desktop computers. The momentum that's behind the
Intel-backed Rambus DRAM and the double-data-rate (DDR} synchronous
DRAM left the SyncLink partners facing development costs for a part that
was unlikely to penetrate the desktop or server markets, backers said. Masao
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Taguchi, who heads DRAM technology development at Fujitsu Ltd., said his
company will put its engineering resources into DDR and Direct Rambus
DRAMs."

The same issue of EE Times reported that Motorola and Apple planned to
support SyncLink in their upcoming G4 processor. Also, representatives of
Mosaid, the company that is working on the SyncLink demonstration chip,
visited Dataquest and discussed their progress with the effort.

DQ Take

The fur flew when members of SyncLink and Fujitsu heard of this news
itemn, and a meeting was immediately scheduled between Fujitsu's Taguchi
and the author of the article. We expect to see a retraction this Monday. The
SyncLink consortium (www.SLDRAM.com}) has assured us that it is
continuing to run along on target and that the consortium continues in its
intent to displace Rambus as the next-generation DRAM interface.

Amazingly enough, Hambrecht & Quist, a stock brokerage dealing
extensively in high-tech businesses, raised its price target for Rambus based
on this erroneous story!

The American author Mark Twain put it best after he read a newspaper
article that stated that he had passed away: "Rumors of my death are greatly
exaggerated."

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Micron Ships 256Mb DRAM Samples

MMRY-WW-DP-9718

In a press release from Dell Computer Corporation, Micron Technology Inc.
was revealed to have sampled 256Mb DRAMs to Dell for use in Dell’s high-
end workstations. The parts were said to be the first such samples delivered
by Micron, and the headline read that these were the "first to begin
architectural development and validation for next-generation Dell servers
and workstations."

DQ Take

Micron Technology has a reputation of being a latecomer to the market for
any new DRAM density. It appears that the company is trying to get over
that image and is taking advantage of the delivery of these parts to show
that it is serious about pursuing business a generation ahead of the current
state of the art. Micron said that this was a step into moving its 0.25-micron
process into production.

Perhaps we will see a change, under Micron's new president Steve Appleton,
so that the company reputed to be the technology laggard will become a
competitor on an even standing with the others in the top 10 ranking of
DRAM manufacturers.

Jim Handy, Memories Worldwide, jim.handy@dataguest.com
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We welcome DRAM tactical reports from readers. Please send them via
e-mail to ron.bohn@dataquest.com.

The “Latest" DRAM Inventory Rumors
By the time this article has appeared, there will probably have been more
recent DRAM inventory rumors that will supersede it.

Regardless, at Micron Technology's mid-June 1997 earnings conference call,
the company mentioned during the question-and-answer session that it
hears there are two to two and a half months of DRAM market inventory. By
contrast, Micron'’s inventory at the very end of May 1997 stood at two to
three weeks (versus two to three days at the very end of February 1997).
Micron also mentioned that it had heard that Samsung apparently believed
the DRAM market inventory level was less than two months.

The point is this—DRAM inventory, a hard-to-verify number, likely has
increased as of early summer 1997. As recently as late April or early May,
some DRAM suppliers stood convinced that DRAM inventory would be
quite tight now—meaning a good third calendar quarter 1997 and an even
better fourth quarter. Now that "summer 1997 PC doldrums” is the new
refrain, however, many DRAM companies plan to quietly survive until, they
hope, demand surges during the September or October 1997.

“Bridied Optimism" Still Prevails at Micron

Meanwhile, Micron remains more upbeat. From Dataquest's perspective,
Micron should do all right despite lurking summer doldrums. Micron could
do quite well later this calendar year and early next year, especially if 16Mb
SDRAM demand surges.

A key reason is Micron's 16Mb DRAM manufacturing efficiencies. For
example, Dataquest estimates that Micron likely enjoys a manufacturing cost
of $4.25 or less for this cash cow product. Perhaps the cost is even much
lower (perhaps below $4).

Also, Dataquest believes that Micron continues to push 16Mb yields to ever-
higher levels.

Yield Estimate: Micron's 16Mh DRAM

The following is an estimate by Dataquest of Micron's 16Mb extended data
out (EDO) DRAM yield for the February and May 1997. We base the
estimate on information derived from the recent conference call, Dataquest
estimates, and related sources. All information shown is Dataquest
estimates.

® 8-inch wafers per week: 15,000 (stated in teleconference)

m Additions to inventory during the quarter (two to three weeks, minus the
two to three days’ inventory from the previous quarter): two weeks. (The
lower this is, the lower the yield.)

® Weeks in quarter (adjusted for 52-week year): 12.5. (The higher this is,
the lower the yield.)
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Dice per 8-inch wafer: about 500. (The higher this is, the lower the yield.)
Quarterly 16Mb DRAM average selling price: $8.25

Gross 16Mb DRAM dice per quarter: 94 million

Dollar additions to DRAM inventory: $124 million

DRAM sales + DRAM inventory additions: $635 million

DRAM production value in dollars: $773 million

Yield (sales + dollar additions to inventory)/DRAM dollar production =
82 percent

Micron has neither confirmed nor denied these estimates, in large part
because Dataquest not asked it to do so. We should also note that our
detailed model shows a range of yield estimates depending on assumptions.
Most scenarios fell within 81 percent to 88 percent. The result shown is likely
conservative but reasonable. The key point is that Dataquest believes that
Micron was able to achieve 85 percent or better yields on 4Mb DRAMs,
which led to its spectacular financial results in late 1994 though mid-1996.
The company now shows signs of doing the same with the 16Mb DRAM
during the next year or less. Micron's yields on the 16Mb synchronous
DRAM, to competitors’ chagrin, already approach those of 16Mb EDO
DRAMSs. As indicated, Micron should do well if 16Mb SDRAM demand
surges during the September and October 1997,

By Ron Bohn, Research Operations, ron.bohn@dataquest.com
James Seay, Research Operations, james.seay@dataquest.com

Comments and suggestions should be sent to:

Carole Phillips (carole.phillips@dataquest.com)
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Fax: (408) 954-1780
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Event Summary

A Bright Spring for Some

Abstract: Dataquest’s memories forecast shows promise for some and questions for others.
The DRAM market is still in oversupply, but a turnaround is expected. The flash market
continues to expand, while many SRAM manufacturers face an unattainable PC cache
market. This Perspective transcribes the material covered in Dataquest's spring forecast

telebriefing.
By George Iwanyc and Jim Handy

. Introduction

This Perspective is a transcription of Dataquest's spring memories forecast
telebriefing. Telebriefing participants were:

Jim Handy, George Iwanyc, and Bruce Bonner of Dataquest's Memories

<< "
sl Worldwide program
m  Mark Giudici and Evelyn Cronin of Dataquest's Semiconductor Supply

2 and Pricing Worldwide program

L m Clark Fuhs of Dataquest's Semiconductor Equipment, Manufacturing,
S and Materials Worldwide program
% <>J: ®  Ron Bohn of Dataquest's Research Operations group
= = Forecast Highlights
— < m Dataquest has put together a new forecast for the memory market. This
w > forecast shows the DRAM market continuing to dominate the overall

memory market, followed by nonvolatile memories and then by SRAMs.
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Dataquest forecasts the MOS memory market to hit $111 billion in the
year 2000, then to suffer a downturn in 2001, dropping to $99 billion.

DRAMSs in 2001 will be a $67 billion market, down from %82 billion in
2000.

SRAMs, after their 1996 decline, are back on a 25 percent compound
annual growth rate (CAGR) path that will move the market to $14 billion
in 2001.

Of the nonvolatile technologies, flash memory is already nearly twice as
large as the next larger market, EPROMs, and will grow at a CAGR of 30
percent to reach $9.5 billion in 2001.

Dataquest is forecasting moderate growth for mask ROM after a period
of stagnation and a flat EPROM business.

EEPROMs will grow to $3.5 billion in 2001, fueled mainly by worldwide
use in the smart card technology so prevalent today in Europe.

Underlying Assumptions

The memory business has been undergoeing substantial changes over the
past year, and it has been more difficult to tell where the market is going
now than it has been in the past. Certain factors that influence this are:

A significant DRAM overcapacity is still in play, although manufacturers
are moderating capacity utilization.

The transition from the 4Mb to 16Mb DRAM density is nearly complete;
however, there will be challenging conversions later this year from
extended data out (EDQ) to synchronous DRAM (SDRAM), from 5V to
3V, from single in-line memory modules (SIMMs) to dual in-line
memory modules (DIMMs), and so on, all of which confuses the art of
forecasting.

Certain DRAM vendors are trying to accelerate their changeover from
the 16Mb density to the 64Mb density.

Intel has announced two new PC-targeted processor modules that
incorporate cache SRAMs.

Flash is displacing EPROM in new system designs.

There is oversupply in certain segments of the flash memory market as it
continues to develop. This market is beginning to see an increasing
number of competitors.

Video games, recently the major market for mask ROMs, are now
shifting to the use of CD-ROMs and cheap DRAMs. -

Forecast Methodology

Dataquest's forecast methodology includes the following:

MMRY-WW-DP-9719
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m A review of consumption trends using Dataquest's wide range of
forecasts for the markets for computing, telecommunications, and other
equipment that uses semiconductors
m Consideration of the effects of wafer fabrication capacity and the effects
of overcapacity or shortages on the market
m  Surveys of manufacturers, not only to review their shipment history but
also to determine their production plans and pricing expectations
8 Estimates of the impact of technology changes on the market and of
suppliers’ ability to follow, and users’ willingness to accept, those
changes
m  Review of significant statistical trends in the market
Analysis hy Technology

MMRY-WW-DP-5719

DRAM
It is interesting to compare the year 1997 against the year 1996. Despite a 12

percent increase in unit production and a transition from the 4Mb to the
higher-priced 16Mb density that did not happen until the middle of 1996,
1997 revenue is expected to be 2 percent lower than 1996 revenue, at $25
billion this year versus 1996's $26.5 billion. Because profitability in early 1996
was still quite high, 1997 is the year in which Dataquest expects to see the
lowest profits in the DRAM market of the past five years. Although
manufacturers have been moderating capacity utilization to reduce
availability and to increase prices, depreciation of their excess capacity still
counts against the bottom line.

Although Dataquest expects to see continuing addition of moderate amounts
of capital equipment during 1997, expenditure will be gated by profitability,
and major expansion projects that were to be funded out of this year's profits
have been put on hold. This will become a problem in the fourth quarter of
1999, when Dataquest forecasts an undersupply, not of the magnitude of the
one from 1992 to 1995, but enough to drive up prices and to cause an
industry cycle. This undersupply will last only until early 2000, then
Dataquest expects a surge of capacity to be put on line, reducing DRAM
prices nearer to costs. Through the market's peaks and valleys, Dataquest
forecasts a CAGR of 19 percent for DRAMs from 1996 to 2000, where the
market will be moving to about the $100 billion level.

In the short term, Dataquest expects to see difficulties stemming from a too-
rapid conversion from EDO to SDRAM in PCs in the second half of this year.
Suppliers already strong in SDRAM will see their average selling prices
(ASPs) rise slightly and will see their share of the market increase, while
SDRAM laggards will lose market share and will suffer from growing EDO
inventories.

There are two possible scenarios for 1997, one indicating a price fall and the
other a price rise. On one hand, the current higher pricing for DRAMs is a
tenuous situation that could fall apart at any time. Should any DRAM
manufacturer determine that prices are good enough to warrant an increase
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in unit production, the spot market would again plummet and 16Mb DRAM
prices would drop to cost-based levels of as low as $6. On the other hand,
manufacturers in Korea, buoyed by the results produced to date by their
production cutbacks, believe that they will be able to raise the 16Mb DRAM's
price to $12 contract and $15 spot this quarter. Dataquest’s forecast assumes
the midpoint between these scenarios, with a 16Mb DRAM price of $9.00.

5till, Dataquest’s PC group has noted that the first quarter of this year has

v seen near-record growth, with PC units up 21.3 percent over the first
quarter of last year. If this heated market keeps up, there could be a healthy
rise in DRAM consumption that would give a needed boost to the market.
Although acceptance of DRAM in non-PC applications such as DVD, set-top
boxes, and video games is rising significantly, these markets are still very
small, and their impact is negligible.

SRAM

Until this year, the PC cache market was the biggest and most attainable
target for budding SRAM manufacturers. A few savvy chip designers, with
the help of some workstations and contract foundry and back-end
manufacturing plants, could compete in this largest portion of the SRAM
market. This has changed. Now Intel is bundling the cache with its Pentium
I1 and notebook modules. As does any major purchaser, Intel has limited its
qualification efforts, reducing the number of competitors to a rumored three
or four players from a field of some 50 SRAM manufacturers. This would
imply that the other 47 manufacturers will have to find other markets to
target. Some are going after other SRAM markets, while others, such as
Alliance, G-Link, and ISSI are moving to DRAMs. Although this is a difficult
period for those on the outside, the net effect of this reduced competition will
be a price increase in the PC cache SRAM market, causing Dataquest to
forecast solid growth in the fast SRAM market from now until the end of the
forecast period.

As in most years before, the 1997 slow SRAM market is larger than the fast
SRAM market. This situation reversed itself for the first time during the
SRAM undersupply of 1995 and returned to normal in 1996. Dataquest
anticipates continuing growth of the use of slow SRAMs, and despite a
recent lag in the rate of the migration from one density to the next,
Dataquest still sees slow SRAMs as a strong market. Many successful SRAM
manufacturers will stay with the slow SRAM market. Slow SRAMs are used
in an extremely broad range of applications and in most cases are not
challenged by any other technology.

Dataquest forecasts total SRAM sales of $5.4 billion this year, up 14 percent
from 1996's $4.7 billion market. Growth from 1996 to 2000 will be 25 percent,
producing revenue in 2001 of $14.3 billion.

Flash

The flash memory market continues to grow and prosper as the base of large
applications grows, with four now breaking away from the pack, as
measured by unit consumption. In the personal computer market, a flash
BIOS has become standard with the dominance of Pentium-class machines.
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The explosion of digital cellular telephone sales has likewise created a boom
market for flash manufacturers able to provide high-density, low-voltage
devices. High-end rigid disk drives and automotive power train applications
persist as large flash users, but with moderate growth. Future large users of
flash bits look to be digital still cameras, internetworking routers and hubs,
and digital set-top boxes.

Dataquest expects the flash market to grow from a record $2.8 billion in 1996
to $3.4 billion in 1997 and $9.4 billion in 2001, with a five-year CAGR of 30
percent. Unit expansion will start from 1996's 376 million units to 513 million
units in 1997, eventually becoming 964 million units in 2001. Average
density will break through the 4Mb level in 1997, but Dataquest still expects
the 1Mb density to edge out 4Mb devices as the highest unit volume density
this year. By 2001 Dataquest expects average density to almost quadruple to
15Mb, driven by high-density applications such as digital photography.
Dataquest expects the 128MDb density to be shipping in volume that year.

Other Nonvolatile Memories

Mask ROM has seen hard times with the conversion of video games from
cartridges to CD-ROMs, a move that was helped significantly by 1996's
DRAM price slide. Lower DRAM prices allowed game console
manufacturers to lower the price of the console to a point at which mass
consumption was spurred. Although this resulted in a slowing of the mask
ROM market, all sectors outside of video games continue to use ROMs in
growing numbers, and the market will resume growth after it hits bottom
this year. Dataquest forecasts 1997 revenue of $1.4 billion, rising to $2.3
billion in 2001,a modest CAGR of 14 percent.

EPROM is a stronger market than Dataquest has forecast in the past. Despite
the appeal of flash memory, EPROM revenue appear to be leveling off, with
overall market ASPs rising as competition drops out and as unit volumes
decrease very slowly. Dataquest forecasts flat revenue of around $1.3 billion
for the EPROM market through the term of the forecast.

The EEPROM market grew a healthy 31 percent last year, fueled by an
explosion of consumer electronics devices and increasing use in PCs.
Dataquest forecasts a 27 percent CAGR through the term of this forecast,
resulting in year 2001 revenue of $3.5 billion. Dataquest expects the
EEPROM market to surpass mask ROM revenue this year and for this to
continue to be the second-largest nonvolatile market through the term of the
forecast.

Overall, the new Dataquest memories forecast is a combination of both
optimism and pessimism. Dataquest believes in the overall health of the
market and expects the DRAM oversupply to resolve itself and turn into a
regular cycle during the term of this forecast. Dataquest expects to see
continuing health in the SRAM market, despite some serious adjustments in
the supplier base. The nonvolatile market will see growing dominance of
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flash memory, with EEPROM gaining a significant position. Mask ROM will
grow at its pregame rate, and EPROM will continue to slog along.

Questions and Answers

MMRY-WW-DP-9719

Q: Will you comment on your forecast for the flash market in 1997, based
upon the relatively flat first quarter growth in 1997 versus 1996?

Bruce Bonner (BB): We still expect that digital cellular telephones and the
new applications coming on line will, in fact, make flash revenue grow
faster. Revenue will also increase as the market switches over to higher-
density parts that have higher ASPs. For example, the current density in
cellular telephones is about 8Mb, but we expect a transition to 16Mb, which
has a higher ASP.

Q: I think you mentioned that the average cost to manufacture 16Mb DRAM
is about $6. Based on this and your perceptions, what is the average cost to
manufacturing 64Mb devices right now, and which companies are able to
manufacture 64Mb profitably today?

Jim Handy (JH): I would like clarify that the $6 figure is not a cost to
manufacture, but that is what we view as a minimum cost-based price that
will not trigger dumping charges. We believe cost is about 10 percent lower
than the $6 price. Since 64Mb DRAM is not in mass production by most
manufacturers, there is a very broad range of costs to manufacture 64Mb
DRAM.

Clark Fuhs (CF): As Jim mentioned, the 64Mb DRAM cost is pretty much all
over the map. I believe the average is about five times the 16Mb cost at this
point, which would place it in the $25-to-$30 range.

Q: Does Dataquest have a specific embedded flash study, and if so, is there a
sneak preview you can give us with the basic growth rates that apply to that
market?

JH: We call it system-level integration, and we are actually looking at it
through several programs at Dataquest. The ASICs Worldwide program has
looked at it (ASIC-WW-DP-9609, ASIC-WW-DP-9705) and the Embedded
Microcomponents Worldwide program is deciding whether or not to do
something. There is a lot of what some would call embedded flash already in
existence, and so we have to decide what to include and what to exclude in
those markets. However, I expect that in the next two quarters, you will see
a new Dataquest report come out that addresses this issue.

Q: You said that there is some discussion of a half-step DRAM generation,
specifically 128Mb DRAM. Would you or any of the analysts present
comment on what you think of that proposition?

JH: What's fueling that discussion most of all is the reluctance of DRAM
manufacturers to convert to a 32-bit-wide organization, coupled with the
granularity needs of PC manufacturers. It's kind of funny that processes are
only generated through four times the prior density. Manufacturers do not
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generate new processes oriented around two times the prior density,
probably because of the economics. We think that if 128Mb parts are
produced using 256Mb technology it will be in a x16 width, because nobody
wants to make a 32-bit-wide 256Mb part.

CF: The DRAM product cycle has been typically driven by economics. The
design, the product migration issues, and the transition costs drive the
industry to at least a three- to four-year cycle in order to make a certain
generation minimally profitable.

When we look at it in terms of comparable growth rates of bits per unit, the
industry usually runs about 45 to 50 percent from a technology driven
perspective. The growth rate of megabytes per PC has historically been in
the low thirties, so the number of DRAM chips per PC is actually coming
down. About a year and a half ago, we proposed that the four times DRAM
cycles would actually lengthen the five- to six-year time frame because of
this difference in growth rates. If that were to lengthen to seven years, then
you could envision a profitability cycle that would include a two-times jump
in DRAM density.

Q: When do you think the crossover between a 16Mb and 64Mb DRAM will
occur, and, with that, please specify which width?

Mark Giudici (MG): The inputs to cur pricing survey are being compiled
right now. Prior to that survey, we expected mid-1998 to be the potential
crossover point using a 4.5-times multiple. With the firming of the DRAM
market, that may change.

Evelyn Cronin (EC): One important point is that the 16Mb-to-64Mb price
crossover will occur far in advance of the volume crossover. This is one of
the things that makes this crossover different from other density crossovers.

Q: Could you give me the percentage of the DRAM market that you think
will be synchronous DRAMSs in 1997, 1998, and 19997

JH: There are two ways that we look at this. One is from the production
plans that we get from DRAM manufacturers and the other is what the
demand appears to be. If you believe that SDRAM is going to be handled by
the PC market the same way EDO was, then what you can expect is a pretty
violent changeover toward the end of this year. This is what we have been
warning all our clients about. Purchasers need to be aware that they need to
line up sources of supply, and manufacturers need to be aware that if they
are not manufacturing synchronous devices by the end of this year, they are
going to be left with a lot of inventory of EDO DRAM.

The production plans that we get from manufacturers indicate that they
think there is going to be a graceful transition. We believe that DRAM
manufacturers are talking to their customers, so this has a measure of
credibility. However, Intel came to us when it made its Rambus
announcement late last year and told us that by the end of last year, all high-
end and desktop systems were using SDRAM. We think that Intel's SDRAM
projection was a little bit premature. We think that Intel is going to push to
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have SDRAM used in all PCs by the end of this year, and we believe this will
occur unless there is too little supply of SDRAM. For the 16Mb density, the
synchronous transition is going to be very dramatic late this year. For all
densities, 1998 should be at least 90 percent SDRAM.

Q: Could you comment on the dumping charges that have been filed against
Korean and Taiwanese SRAM manufacturers and the impact this might have
on U.S. producers and SRAM pricing?

JH: The dumping charges are written in a very confusing way. We have a
number of American companies being hit with dumping charges, and we do
not know how that works. What we are reading into these charges is that
there is no legitimate way for Micron to go after Samsung with DRAM, so it
used SRAMs as a way to go into that. Micron has made a statement that it
filed these charges on behalf of Japanese SRAM manufacturers, and we
haven't spoken to Micron about that. The impact it is having is not really
anything special.

Where we expect to see a big impact to PC cache manufacturers is in Intel's
sourcing of the SRAMs for the Pentium I cartridge and the mobile PC
module. If Intel decides to go with manufacturers A, B, and C, then
everybody else in the business will be left out. This takes away a very large
part of the PC cache SRAM market, which is where the dumping issue was,
and makes it into a market that is "hands off" to every small company.

Q: What are your DRAM bit growth assumptions for 1997 and 1998?

JH: Our bit growth assumption is based largely on DRAM manufacturers’
responses. They shared these figures with us for the DRAM Supply/Demand
Quarterly Statistics report (DSDR-WW-MS-97()2). Bit growth in 1997 is 73
percent, and in 1998, it comes down a little bit to 54 percent. Our overall
compound growth rate of bits is 69 percent from 1996 to 2001.

Q: Semiconductor companies have been ordering some new equipment to
eventually shrink their line widths from (.35 micron to 0.25 micron for both
16Mb and 64Mb DRAM. Can you comment on the impact this will have on
pricing, and when you expect this to happen?

CF: One-quarter-micron capable equipment is being shipped into the world
today, and most companies we talk to will introduce some sort of 0.25-
micron process by the end of the year or by early next year. The full impact
of that 0.25-micron shrink will not likely be until toward the later part of
1998 into 1999. This is a normal course of this business. Shrinks increase the
number of bits that can go on a wafer by about 25 percent a year, on average.

This is a normal course of events and will add to the capacity in the industry
as it normally does. It really isn't anything extremely special except during
lean times, such as now, when transitions can happen a little faster because
manufacturers have time to do it. During tight times, it takes a little bit
longer than normal because they do not have time, as they are normally
worried about production yields and ramps.
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Q: I just wanted to clarify the point of DRAM bit growth. If I recall correctly,
that is slightly higher in terms of consumption than we have historically seen
in the industry. Could you comment a little about that?

JH: If you look back at our numbers for 1993 to 1996 {shown in Table 1}, 69
percent is not out of line with those numbers for the bit growth rate.

Table 1

DRAM Bit Growth Rate, 1993 to 1996
Year Bit Growth Rate ( %)
1993 64
1994 53
1995 83
1996 78

Source: Dataquest {(July 1997)

Q: Intel preannounced the fact that it is seeing slow order growth for its new
Pentiums. Could you comment on how that is going to affect your forecast
for the bit growth rate, the pricing, and the market in general for memories?

CF: Intel's press release says that the leading-edge processors are
experiencing stronger demand, so I think that is pretty much counter to your
comment. There is no comment in Intel's release about the unit volume. The
company made comments about its revenue expectations being down 5 to 10
percent sequentially from the first quarter.

There are a couple of factors that put this into perspective:

Intel normally makes its price cuts during the second quarter.
Intel is in a product transition phase.

There are a couple of other microprocessor companies that are taking aim
at Intel.

First quarter PC unit shipments came in slightly above expectations, and it
wouldn't be totally unreasonable if PC growth in the second quarter came in
a little bit under as a result, but that is probably a normal minor fluctuation
in the market. When the final analysis is done by the end of the year, we still
feel our PC unit forecast at 18 percent is on course.

Q: [ was wondering if you could tell me when you see the fabs that were
delayed or put on hold in 1996 and 1997 starting to make announcements
again?

CF: Those fabs that were technology or strategically oriented started to
reaccelerate last November and December. That was to be expected, and it is
why there has been some sequential strength in the equipment market in the
first half of this year. Recently, there has been a second wave of fab delays.
We think that these will start accelerating again in the second half or so.

Q: If you see SDRAM dominating through 1998, does that mean you see a
change over to Rambus in the first quarter of 19997
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JH: What we are looking at with Rambus is the same kind of phenomenon
that we saw with SDRAM. SDRAM is a technology that probably could have
been manufactured over a year ago. Designers and management
organizations have taken a long time to embrace SDRAM, for a number of
reasons. They expected it to be more expensive, and it was a different
technology. There is also incredible resistance to new design technologies
when the old technology is seen as a satisfactory solution.

The same reasons make us anticipate a little later adoption of Rambus than
the 1999 date that Intel has told us. We anticipate that there will be minor
changes made to the SDRAM architecture, similar to the changes made by
EDO to the fast page mode architecture. EDO slipped SDRAM adoption, and
we think that with minor changes to the SDRAM architecture it will allow
the adoption of Rambus to slip, too. Rambus looks like the technology of the
future, but we are skeptical about the 1999 adoption, and we think that 2001
is a more realistic year for the adoption of Rambus technology.

Q: Following up on the synchronous question, if I hear you correctly, you
are saying that there is potential for a real SDRAM shortage at the 16Mb
density level. How long do you think that shortage might last in light of
today's capacity?

JH: Capacity is not the issue. Our position is based on our understanding of
the technology differences of SDRAM versus EDO DRAM and what we saw
during the fast page-to-EDO conversion. [ always tell people that intel woke
up one morning and said that it was going to change all the PCs over to
EDO that day. When that happened, it took DRAM manufacturers about
two months to get their run rates in line with demand for EDO. During that
time, there was an oversupply of fast page mode and a shortage of EDO.

We expect to see the same phenomenon from a run rate management
standpoint for SDRAM. However, EDO was usually done with a laser option
or bonding option, so it took only about one week from the time somebody
decided to adjust the run rate until run rates out of the factory door reflected
those adjustments. With SDRAM, every vendor that we know of uses a
completely new mask set from EDO, and that takes about two months to
process through a fab. Add the two months to process through the DRAM
fab to the two months it takes for manufacturers to get production in line
with the market's needs, and the result is a four-month crisis when there will
be a shortage. That's what we are telling people to brace themselves for,
especially on the purchasing side.

Q: What percentage of total DRAM worldwide output is shipped as
modules, and what is the growth rate through the year 2000?

George Iwanyc (GI): We believe that the amount of DRAMs shipped in
modules to be around 70 to 75 percent. As for a forecast, we will not have
those numbers until September or October.

JH: George Iwanyc has just done a report on the module market in which he
examines the business of all the third-party DRAM module manufacturers
worldwide (Third-Party DRAM Module Manufacturer Study, DPGR-WW-FR-
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9702, April 21, 1997). That report is available outside the Memories
Worldwide program, and if you are interested in the module market, you
might want to contact a Dataquest salesperson to get a copy of that.

Q: Who do you see as the biggest beneficiary of Intel's purchase of cache
SRAM?

JH: What we know is that the module that Intel gave us to demonstrate its
mobile computer module had an NEC SRAM on it. We also know that the
Pentium II that it passed around for us to look at had Mitsubishi SRAMs,
which is surprising because we didn't know that it was one of the
candidates. Now, given that Hitachi and Samsung are the No. 1 and No. 2
SRAM manufacturers and that we know that Samsung took a very strong
position in the 32Kx32, then we would expect those two companies to be in
on it. We would expect Sony, which also took a very strong position on the
32Kx32, to be in on it, and I would guess that Motorola is a contender on
that. There isn't any other company that really comes to mind, so I have
named five companies. The limit is expected to be three or four, so who gets
left out of that party, I do not know.
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System-Level Integration ASICs Add Embedded DRAM

Abstract: In the early 1990s, the first steps toward system-level integration brought
microprocessors and SRAM onto ASICs. Advanced silicon process techniques now allow
one-transistor DRAM memory to join the other components on-chip in a giant step toward
single-chip systems. This Perspective analyzes embedded DRAM technology and presents a
forecast for this market through the year 2001.

By Jordan Selburn

. Single-Chip Systems in the Homestretch

There is a strong and accelerating trend in the ASIC industry toward system-
level integration (SLI), that is, placing higher levels of the total system
functionality on a single chip. Starting in the early 1990s, the widening
availability of processor cores such as the ARM and MIPS microprocessors
and the Oak DSP has made the first step to SLI a reality. Integration of
mixed-signal capability, including digital-to-analog (D/A) and analog-to-
digital (A /D) converters has reduced the system chip count further. The next
candidate for widespread integration on an ASIC is single-transistor
memory; with this embedded DRAM, the single-chip system becomes less of
a dream and more of a soon-to-be realizable goal.

Dataquest forecasts that ASICs containing embedded DRAM will account for
a significant percentage of the ASIC market by the year 2001. Especially
significant is that this segment contains some of the highest added value,
and hence the highest potential profit margin, designs, and these devices are
going into some of the highest-growth markets, such as graphics controllers
and digital video, among others.
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The conventional approach to system memory has placed small memory
caches on the logic chips (usually ASICs), with the much larger main
memory implemented in standalone DRAMSs. The fundamental differences
between a silicon process optimized for logic and one optimized for
DRAM—primarily an emphasis on interconnect technology versus capacitor
construction—have prevented significant integration until recently. Today
we are beginning to see a merger of logic and memory in something known
as embedded DRAM, This can be defined as a product that includes large
amounts (more than 100,000 gates) of random logic and single-transistor (1T)
DRAM on a single chip.

What Benefits Does Embhedded BRAM Bring?

Most of the advantages to bringing system memory on-chip are quite
straightforward. In brief, embedded DRAM allows the following:

m Few discrete components, hence less printed circuit board (PCB) area,
higher reliability, and lower assembly costs

m  Potentially lower parts cost, particularly if the logic design is I/ O-limited
(that is, there is some unused silicon area in the die core); note that the
overall pin count also decreases by eliminating wide memory buses

m  Higher performance through direct access to the DRAM instead of
through 1/0O pairs and PCB traces

w Lower bit-usage requirement through the finer granularity of embedded
memory

m Higher performance through system architecture optimization—for
example, very wide memory buses such as 256 bits, 512 bits, or even
1,024 bits

Embedded DRAM Implementation

There are two approaches to embedding single-transistor DRAM into an
ASIC. Starting with a logic-optimized process, vendors such as Samsung

incorporate 1T DRAM through a quasi-merged logic/memory process. This |

attempts to preserve logic density and performance but does result in
somewhat lower memory density. Conversely, most vendors start with a
memory process to embed DRAM into logic. At present, there are two ways
in which this can be accomplished, differing in the manner in which the
charge-storage device is built: stacked capacitor or trench capacitor.

Most standalone DRAMSs today are built with stacked capacitors. Layers of
dielectric are sandwiched between polysilicon layers to build the capacitors.
This technology is well-established and provides for integration of .
substantial amounts of memory on-chip. This has exacted a cost in logic
density and performance from various trade-offs, such as interconnect for
DRAM that has traditionally been limited to two layers and is not
aggressively pitched, severely restricting logic density.
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A more recent innovation is the trench capacitor, which places the dielectric
in a trench etched into the substrate. This approach has several advantages
over stacked capacitors, such as higher cell capacitance, a smaller impact on
logic density, and higher maximum performance. Table 1 compares stacked
and trenched capacitor implementations.

Table 1
One-Transistor DRAM Comparison

Stacked Capacitor Trench Capacitor

Maximum On-Chip Memory 64Mb 128Mb
(0.25-Micron Generation)

Cell Capacitance 25fF 40fF

Maximum Performance 150 MH= 166 MHz

Source: Dataquest {April 1997)

Alternatives to Emhedded DRAM

SRAM

Historically, ASICs have put small (relative to DRAM) amounts of memory
on-chip with static RAM (SRAM). SRAM on an ASIC can be built of either
logic gates (typically on a gate array) or out of dedicated six-transistor (6T)
SRAM bit cells (typically for cell-based or embedded array designs). An
SRAM memory block is much faster than an equivalent DRAM
implementation but can be 10 times larger or more in area. For the 0.35-
micron generation, a practical upper bound is about 1Mb of 6T SRAM on-
chip. (All references to gate geometry refer to the drawn gate length of the
transistor.)

Three-Transistor DRAM

A hybrid approach to large on-chip memory, the three-transistor (3T) DRAM
is built with a pure logic-optimized process, allowing integration of
significant amounts of memory (up to 16Mb) with no negative impact on
logic density. Rather than buiiding a standalone capacitor (that is, stacked or
trench), the gate capacitance of one of the three transistors is used for charge
storage. The result is a memory block about 40 percent smaller than a 6T
SRAM implementation but one that is about 60 percent slower and has
slightly higher power consumption. Also, the 3T DRAM needs refresh
circuitry, which is unnecessary for SRAM. In the 0.35-micron generation, a
practical upper bound is about 2Mb of 3T DRAM on-chip.

Standaione DRAM

The traditional approach to incorporating large blocks of memory in a
system is standalone, standard-part DRAMSs. As these are commodity parts,
the cost is quite low per bit, assuming that all of the available memory on a
chip is used; however, the amount of memory on a chip may not correspond
well with the user’s specific requirements because of the coarse granularity
(1Mb, 4Mb, 16Mb, for example) of standard parts. A standalone DRAM
solution also offers lower performance, higher power consumption, higher
parts count, and more PCB area than an embedded DRAM solution.
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There are some recent enhancements to standalone DRAM that can offer
substantial improvements. Rambus DRAM, for example, at 500 MB/sec, has
much higher performance than standalone DRAM and also reduces the
ASIC's pin count, allowing a smaller die in some cases. These enhanced
memories, however, generally come at a higher cost and usually do not
reduce PCB area or power consumption.

Packaging Solutions

Multichip module (MCM) packages offer another approach to integrating
memory with logic. By placing standalone DRAM and an ASIC on a high-
performance substrate within a single package, it can look to the outside
world as if the memory had been embedded on-chip. Performance and PCB
area are usually enhanced in an MCM, although the cost is higher, primarily
because of yield issues. At present, MCM remains a potential solution for the
future.

Another innovative packaging solution is physically mounting a standalone
DRAM directly on the ASIC. For now, however, this remains strictly a
research project.

Table 2 shows the current state of the art for embedded DRAM, and
represents the memory technology available in the 0.25-micron generation of
ASICs. These ASIC products will begin prototype production in the latter
half of 1997, with full production beginning to ramp in mid-1998. Figure 1
demonstrates the evolution of embedded memory technology through the
0.18-micron generation. These products will be introduced in 1998, with full
production beginning in 1999; the 0.18-micron generation will become the
mainstream ASIC technology starting in 2000 to 2001.

Embedded Memory Players

Table 2

Table 3 shows a sample of ASIC supplier strategies for bringing system
memory onto the logic chip. Virtually all of the leading ASIC vendors have
either already announced support for embedded 1T DRAM or are exploring
the concept and technology.

Embedded Memory Comparison

DRAM Process Logic Process
Stacked Trench

Capacitor Capacitor 3T DRAM 6T SRAM

Logic Density

Power Consumption

Maximum Memory Performance

Maximum On-Chip Memory +++ +++ +

++ ++ +++ +++

+ ++ +

1Mb Approximate Area 2.5 mm’ 2.5 mm’ 16 mm’ 24 mm
{0.25-Micron Generation)

= - + 4+

++

Note: +++ shows best performance; - shows worst.
Source: Dataquest (April 1997)
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Table 3
Representative ASIC Vendors' Memory Offerings
Stacked Trench
Capacitor Capacitor 3T DRAM 6T SRAM
NEC X X
LSI Logic X X
Fujitsu X X
Toshiba X X X
Lucent Technologies X
Texas Instruments X X
IBM X
VLSI Technology X X
Samsung X X

Source: Dataguest (April 1897)

Embedded DRAM

MMRY-WW-DP-8705

Applications
When to Merge Main Memory with Logic

Integrating system memory on-chip with logic and processors has the
potential for significant benefits. Some applications require the higher
performance attainable through the direct signal path to memory, some
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portable systems are driven to reduce parts count and board area, and all
designs benefit from lower costs. Characteristics of designs that will see a
greater degree of these benefits are summarized below:

m I/O-limited designs, where there is unused area within the core area of
the die can have memory placed into this area at essentially no cost other
than a somewhat lower yield. There is a further advantage in a reduction
of the pin count through elimination of the off-chip memory interface.
LAN switch chips are an example of this type of design.

m Designs with a performance bottleneck in the main memory interface can
eliminate the 1/O pairs and intervening printed circuit board wiring by
bringing the memory on chip. Embedded memory can also be optimized
for performance in that specific application, as opposed to generic
standalone DRAM. 3-D graphics controllers fall into this category.

m Portable applications are driven to reduce size and extend battery life.
Embedded DRAMSs reduce chip count (hence PCB area) and reduce the
system power consumption. Digital video camcorders and digital still
cameras are typical for this type of design.

Leading designs that will incorporate embedded DRAM are:

PC graphics controllers
Workstation graphics controllers
Digital video camcorders

Digital still cameras

LAN switches and hubs

Hard disk drives

Personal digital assistants (PDAs)

® Printer controllers

Selected applications, with specific memory requirements and forecasts, are
discussed in more detail in the following sections.

When Nof to Use Embedded DRAM

Despite its advantages, there are still many applications that do not benefit
(and may even suffer) from using embedded DRAM. The converse of the
characteristics in the above section are contraindications for bringing main
memory on-chip. Core-limited designs housed in a desktop system that have
large amounts of available PCB real estate and are powered from the wall
socket are less likely candidates for embedded DRAM; for the foreseeable
future, standalone DRAM will continue to offer a substantially lower price
per bit than any embedded DRAM. Examples of this type of system include
set-top boxes and desktop PC core logic, among others.

Specific Application Requirements
The following three examples from the computer (PC graphics controller),
consumer {digital video camcorder), and communications (LAN/WAN
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switches and hubs) markets illustrate the spectrum of needs for and uses of
embedded memory.

PG Graphics Gontrollers

Among the first applications to bring substantial amounts of memory onto
the die are graphics controllers. The performance requirements as well as
amount of memory used for graphics continue to increase as monitor
resolutions improve and greater bit-depths (from 8- to 16- and ultimately 24-
bit color) become common. As a consumer product, PCs also need to
continue to bring these expanding capabilities to the market very cost-
effectively. A typical mobile PC graphics system (shown in Figure 2) in 1997
has the following memory requirement:

1024 x 768 pixels at 16 bits/pixel: 1.6MB

Multimedia and video clips: 0.2MB

3-D texture buffer: 0.2MB

s Total: 2.0MB

This amount could easily increase to 4MB by the year 2000.

Mobile PC systems, which are driven to reduce chip count and power
consumption in addition to the performance and cost requirements
mentioned, have already embraced embedded DRAM. The first product in
this market, an application-specific standard product (ASSP) with 1.1MB of
DRAM on-chip, began production in 1996.

Desktop systems have even more demanding requirements than mobile
PCs, with higher resolution, greater color depth, and additional multimedia.
In 1997, an average new desktop PC has 2MB to 4MB of video memory, and
this is expected to double by 2000. However, until the video performance
requirements demand embedded DRAM (not until sometime after 2001),
this market segment will continue to use the lower-cost standalone video
RAM (VRAM) or synchronous graphics RAM (SGRAM) memory.

With the advent of digital television, there will be a new market for graphics
controllers very similar to PC graphics. Like the desktop PC, this market is
driven primarily by cost and will not move to embedded DRAM until
performance needs require it; this, combined with a production ramp still
several years off, makes digital TV only a very minor contributor to the
embedded DRAM market until after 2001.

Digital Gamcorders

Digital video camcorders (DVCs), introduced in the mid-1990s, have to
balance performance, low power dissipation, small form factor, and cost.
Second-generation camcorders, using 0.35-micron ASICs, have a system
architecture shown in Figure 3. The total amount of DRAM in the system
varies between 1MB and 2MB, depending on the specific camcorder, and is
split about evenly between the error-correction and shuffling functions. The
1997 retail price for a DVC is about $2,000, which is over the spending limit
of most consumers outside of the Japanese market. Integration of system

©1997 Dataguest June 30, 1997
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memory is essential to make DVCs cost-effective enough to become a
household item worldwide.

Figure 2
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Trends in the digital video camcorder market include MPEG encoding in the
third generation of DVC (MPEG-1, with MPEG-2 in a following generation
sometime after 2000), which will be introduced in 1998. This generation will
be implemented in the 0.25-micron ASICs introduced in 1997, which
becomes the mainstream ASIC technology in 1999 to 2000. Memory usage
will increase to about 4MB to accommodate the needs of the MPEG encoder
and the increased resolution of the third-generation DVC. SRAM is also used
extensively in DVCs and, with the improved performance of embedded over
standalone DRAM, could be replaced by embedded DRAM in a unified
memory architecture for further die cost reductions.

Tabletop digital videocassette recorders (DVCRs) are unlikely to acquire any
significant market penetration before the end of the decade; the prospect of
recordable DVD may severely impact the possibility of any sizable DVCR
market. As in the PC market, the lower cost of standalone DRAM will push
the introduction of embedded memory into either of these products past
2001. The possibility exists, however, that some manufacturers may opt to
use a common system for both portable and set-top products; this would
accelerate the use of embedded DRAM in the DVCR and recordable DVD
market somewhat.

©1997 Dataquest June 30, 1987




¢

Memories Worldwide

Figure 3
Digital Video Camcorder Block Diagram
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LAN Switches and Hubs

The telecommunications market has the LAN and wide area network (WAN)
market as its earliest adopter of embedded DRAM. Routers, which typically
offer a small amount of base memory standard for data storage, with
optional upgrades (through memory modules similar to PCs), are not a good
candidate to bring main memory on-chip. In contrast, LAN hubs and
switches use memory for program storage as well as buffering, and in this
very competitive market are pushed to continually bring down the cost per
port. As LANs move to 100 Mbps and eventually to Gigabit Ethernet,
memory performance will become another factor accelerating the move to
embed DRAM. Typical memory usage for LAN switches is 2MB for an eight-
port switch; although the per-port memory requirement will remain about
constant, the aggregate demand for ports is expanding rapidly. Dataquest
predicts that the number of ports sold annually will increase by about two
times from 1997 to 2001.

The WAN market, particularly remote access servers and data concentrators,
also requires large amounts of memory and, like LANS, will begin to become
a factor in the embedded memory market by the end of the decade. Home
offices and telecommuting will drive substantial growth for WANSs, and
several million ports are expected to be sold in 2000. WANs use the memory
for data buffering and program storage and have typically 4MB to 32MB per
system.

Public switch networks, in contrast to LANs and WANSs, typically have a
very long life cycle. With systemns in use for 10 to 20 years or more, this
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application segment will not be significant for embedded DRAM before the

year 2001.

Embedded DRAM Forecast

Methodology and Assumptions

The following forecast was calculated in a demand-driven approach. For the

years involved in the forecast (1997 to 2001), Dataquest analyzed the markets

using embedded DRAM most intensively. The total logic and memory
contents were forecast (based on application forecasts and semiconductor
content analysis) for each application; then, a percentage of this total was
forecast to be realized as embedded DRAM. It is important to note that this
approach allows for the differing rates of embedded memory adoption for
each application, taking into account application-specific factors such as
design lifetime, advantages and disadvantages of different memory

solutions, and technical requirements, among others.

For the baseline case (see below for a discussion of forecast variance), major
assumptions included a predictable decrease in the price per bit of
standalone memory and production availability of 0.25-micron drawn gate
length ASICs beginning in 1998, becoming mainstream in 1999 to 2000.

1997-t0-2001 Forecast
Table 4 and Figure 4 show the five-year forecast for embedded DRAM
broken out by application. The expected year 2000 revenue of over $4 billion
shows 40-times growth from 1997; while this is a very rapid ramp, this
growth reflects the strength of the SLI trend, and the revenue still represents
only about 4 percent of the total standalone DRAM forecast.

On an application basis, the growth in the embedded DRAM market is
dominated by three applications: graphics controliers, disk drive controllers,
and networking (LAN/WAN hubs and switches), which will account for
almost 75 percent of the total in 2000.

Table 4
Worldwide Embedded DRAM Revenue Forecast by Application
(Millions of Dollars)
1997 1998 1999 2000 2001
Graphics Controllers 60 160 580 1,380 2,100
Disk Drives 5 90 350 1,050 1,700
Digital Video 10 50 140 390 650
Networking 35 120 460 1,160 1,900
Other Applications 0 40 150 480 1,400
Total Embedded DRAM 110 460 1,680 4,460 7,750

Source: Dataquest (April 1997)

MMRY-WW-DP-9717
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Figure 4
Embedded DRAM Forecast
Millions of Dollars
8,000
Other
7,000 Applications
6,000
Networking
5,000
4,000+ Digital Video
3,000
Disk Drives
2,000
1,000 — Graphics
Controllers
0
1997 1998 1999 2000 2001
972580

Source: Dataquest (April 1997)

MMRY-WW-DP-9705

Forecast Variance

For each application, Dataquest also evaluated risk factors in the forecast
(note that risk refers to upside as well as downside potential). These have
been aggregated and result in the total embedded DRAM forecast
distribution in Figure 5. Downside scenarios include:

m A faster-than-expected decline in the price of standalone DRAMs,
making embedded memory less cost-competitive in some markets

m Delays in the production ramp of 0.25-micron ASIC technology

m Mainstream, cost-effective production capability of alternate technologies
such as MCMs

Conversely, upside scenarios to the baseline include:

m A lack of memory production capacity, leading to a price increase in
standalone DRAMs

m  Accelerated introduction of 0.18-micron ASIC technology, with even
greater levels of embedded DRAM

m Increasing demand for memory-intensive, highly cost-sensitive
consumer applications

Figure 5 shows the cumulative probability distribution of the embedded
DRAM forecast for 2000; that is, based on the above factors, there is a 10

©1997 Dataquest June 30, 1997
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percent probability that the worldwide revenue will be below about $3,900 4
million and a similar probability that the revenue will exceed about $5,100 .
million. Equivalently, the 2000 forecast can be considered as normally

distributed, with a mean of about $4,500 million and a standard deviation of

about $450 miltion.

Figure 5
Embedded DRAM Revenue Forecast Cumulative Probability Distribution, 2000
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Dataquest Perspective

Just as embedded microprocessors represented a quantum leap in ASIC
capability, embedded DRAM brings system-level integration one giant step
closer to fulfillment. Although the technology enabling practical embedded
DRAM is relatively recent and some technical trade-offs and questions
remain, it is clear that this is a market poised for explosive growth. Many of
the application areas with the highest growth potential, such as graphics
controllers, require this technology to realize that growth. Within a few
years, embedded DRAM will join processor cores as part of the technology
portfolio required of an ASIC vendor in pursuit of high-end business.

The embedded DRAM scenario is somewhat similar to that of embedded 6T

SRAM. SRAM was brought onto the ASIC in about 1990. Today, seven years

later, a majority of ASICs (and virtually all of the SLI designs) contain some

6T SRAM. Embedded DRAM will see a ramp at least as fast as SRAM as the

demand for memory bits continues to skyrocket. While embedded DRAM is

clearly going to have a profound influence on the ASIC industry, the .
standalone DRAM industry should remain relatively untouched by this

trend over the next five years.

MMRY-WW-DP-9717 ©1997 Dataquest June 30, 1997
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« Looking qualitatively beyond 2001, Dataquest sees continued strong growth
. for embedded DRAMs—to the point where a majority of SLI ASICs and

ASSPs will contain some amount of embedded 1T memory. Even
programmable logic is likely to embrace this technology at some point
beyond 2001 in the form of large fixed memory blocks. This likelihood
should serve as a warning flag to all industry participants that they must
develop an embedded DRAM solution or risk relegation to a low-margin,
commodity niche of the ASIC market.

MMRY-WW-DP-9705 ©1997 Dataquest June 30, 1997
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TI/Vanguard Cross-License Agreement
DRAM Corner
- A Peek into Rambus' IPO Prospectus

. Taiwanese Suppliers Ramp Lithography for 64Mb DRAM

Taiwanese DRAM manufacturers are starting to transition from 64Mb from
16Mb devices in parallel with converting from 0.45-micron to 0.35-micron
process lithography. This is expected to make 64Mb memories cost-effective
) compared to 16Mb chips when using 8-inch wafers. This continues the
{ﬁ inexorable "shrink" DRAM trend shown in Figure 1. The following section
describes the status of specific Taiwan companies.

ProMOS Technologies

ProMOS Technologies, a joint venture between Mosel Vitelic Inc. and
Siemens, plans to ship its first 64Mb in October 1997. This will also be the
first Taiwanese 64Mb shipment. Two production lines will be ready for
64Mb using 0.35-micron process technology. A 0.25-micron line will be used
for company's 256Mb DRAM, with a pilot run planned to start in fourth
quarter 1998.

Tl-Acer

TI-Acer's 8-inch wafer fab (Fab 1B) is now using 0.35-micron process
technology and plans to upgrade to a 0.28-micron process. The company is
now producing 16Mb SDRAM using 0.35-micron process technology. Pilot
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production of 64Mb SDRAM will start next month. Fab 2 is now in
operation, after having been delayed.

Figure 1

DRAM Feature Size versus Time
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Vanguard International Semiconductor Gorporation
Vanguard has completed the process migration from 0.5-micron to 0.35-
micron technology. The company is starting 16Mb SDRAM pilot production

now, and 64Mb DRAM pilot production will start in the first quarter of 1948.

The company acquired design technology from Etron Technology for SMB'
synchronous graphics RAM (SGRAM) products.

Nan Ya Technology Gotporation

Nan Ya produces 22,000 wafers per month for 16Mb DRAM with a 0.35-
micron process technology and is expected to reach full capacity of 30,000
wafer per month in the fourth quarter of 1997. The company will start 64M'b
pilot production on the second quarter of 1998.

Taiwan Semiconductor Mfg. Go. -
TSMC now produces 16Mb DRAM for Fyjitsu and expects to produce 64Mb
DRAM in the fourth quarter of this year. All the company's 8-inch fabs are
running 0.35-micron process technology. Fab 5 will shift its target to 0.25
micron in 1998,

United Microelectronics Corporation

UMC continues to be the world's largest 4Mb DRAM supplier because of a
delay in ramping 16Mb DRAM. Shipments of 16Mb DRAM will begin this
month. UMC is producing Alliance's and Taiwan Memory's 16Mb DRAM

products.

©1997 Datagquest June 30, 1997
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Winbond Electronics Gorporation

Winbond expects to ship Toshiba's 64Mb DRAM from Fab 4, with a
maximum capacity of 15,000 wafers per month, in the third quarter of 1998.
Most of its 64Mb DRAM output will carry Toshiba's brand name; the rest
will be Winbond's.

Powerchip Semiconductor Corporation

Powerchip's fab produces 16Mb DRAM; the company expects to start 64Mb
DRAM production in the fourth quarter of 1997. Powerchip is a joint venture
between Taiwan's UMAX Group, Japan's Mitsubishi Electric, and
Kanematsu Corporation.

By Jerry Yeh, Semiconductors Asia/Pacific, Taiwan, jerry.yeh@dataguest.com

Is Intel Still Backing Rambus?

MMRY-WW-DP-9716

The following comes from an interview in Electronic Buyers’ News of Intel's
new CEQ, Craig Barrett (Electronic Buyers’ News, June 9, 1997, page 8). It
shows that Intel may not be as firmly committed to Rambus as some would
expect.

EBN: What generation do you see the Rambus 2 or equivalent memory being
in (used in PCs)?

Barrett: Essentially, you have all of the DRAM suppliers out looking at what
it takes and figuring out what they are going to do, and Rambus is one
solution. There are other solutions that people are betting on in that area.
Everyone is in the development stages right now.

EBN: You're open, then, to other solutions?

Barrett: We may have a favorite solution, but I think these things are never
over until they're over.

DQ Take

Dataquest is advising clients that we believe that the conversion of Intel PCs
to Rambus should not be expected until 2001. We base this on several inputs,
mainly the optimistic dates given out by Intel in other forecasts of DRAM
technology changes and the inherent reluctance of system designers to make
revolutionary design changes before absolutely necessary. Dataquest
believes that there will be upgrades to the synchronous DRAM (SDRAM)
interface, similar to the extended data out (EDQO) and fast page mode (FPM)
upgrades to page mode DRAM, that will delay the acceptance of Rambus by
two years. By that time, there is the possibility that another option will have
been proven feasible, possibly SyncLink or something as yet undisclosed,
which could give Rambus a run for its money. In the meantime, Rambus is
the most likely contender, and all it will have to do is to wait for the
inevitable conversion from SDRAM to the next-generation interface.

Jim Handy, Memories Worldwide, jim. handy@dataquest.com

©1997 Dataquest June 30, 1997


mailto:ierry.yeh@dataquest.com
mailto:jim.handy@dataquest.com

4

Memories Worldwide

Dongbu Entering Semiconductor Business

A recent Dow Jones International News Service article about South Korea's
Dongbu Group, a company focused on the construction, financial, chemical,
and stee] industries, stated that the company plans to move into the
semiconductor industry through a technological alliance with foreign
electronics companies.

According to a spokesperson quoted in the articie, Dongbu is considering
the manufacture of 256Mb DRAMs by obtaining related technology from
overseas. The group has been in contact with such companies as IBM. The
group's goal is to start commercial DRAM production by the year 2000.

0Q Take

This is an interesting time for a new entrant to decide to enter the DRAM
market. The market is in serious overcapacity, and it takes some nerve to
suggest entry into the market when conditions are so tough. Still, Dongbu
has the capital resources of a large conglomerate, a recipe that has proven
successful for the three current Korean DRAM manufacturers, so it should
have a chance at making its mark on the world.

Jim Handy, Memories Worldwide, jim handy@dataquest.com

TI/Vanguard Cross-License Agreement

MMRY-WW-DP-9716

Texas Instruments Inc. and Vanguard announced that they have reached a
10-year worldwide semiconductor cross-license patent agreement. Under the
agreement, Vanguard and TI will have the use of each other's patents
involved in making semiconductors. TI will receive royalty payments
throughout the life of the agreement. TI also said it signed a 10-year
semiconductor patent cross-license agreement with NEC, under which TI
will receive royalty payments from 1996 through 2005. Financial terms were
not disclosed for either agreement.

DQ Take

Vanguard had been restricted early in its history to shipping DRAMSs only to
countries that did not honor U.S. patent rights. Dataquest would suspect
that the discounts required by the purchasers of these devices may have
been more significant than the royalties TI was seeking. It would be the
purchaser's responsibility to see that the DRAMs did not get built into a
system that was shipped to the United States or Europe—quite a tough
restriction! TI reports that this is the first semiconductor patent agreement
between TI and a Taiwanese company other than TI's joint venture with the
Acer Group. We can take this to mean that T is expecting other, similar
agreements to follow.

Morris Chang, chairman and CEO of Vanguard, stated that the cross-license
agreement with TI is fair to both sides. We take this to mean that the royalty
burden carried by Vanguard will not deter the company from competing in
this cost-driven market.

Jim Handy, Memories Worldwide, jim handy@dataquest.com
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DRAM Gorner

MMRY-WW-DP-9716

We welcome DRAM tactical reports from readers. Please send them via e-
mail to ron.bohn@dataquest.com.

A Peek into Rambus' IPO Prospectus

The information in this section is based not on rumors but rather on the
prospectus dated April 24, 1997, for the initial public offering of Rambus Inc.
stock. This report focuses on the development status of Rambus licensees,
and future articles will examine other portions of the prospectus. The
company was founded in March 1990, and its fiscal year ends on September
30.

Top-Level View

At the outset, it should be noted that Rambus neither manufactures nor sells
semiconductors that use its high-speed chip-to-chip interface technology.
Instead, Rambus licenses its technology on a nonexclusive basis to
worldwide semiconductor companies that manufacture and sell Rambus
DRAMSs (RDRAMS}) and logic ICs containing Rambus application-specific IC
(ASIC) cells, or RACs, to systems companies. Products to date serve
consumer multimedia, PC multimedia, and workstation multimedia
applications (that is, not PC main memory). Systems companies need no
Rambus license.

RACs have generated most of Rambus' revenue, which totaled just over $14
million for calendar year 1996 and nearly $6 million for calendar first quarter
1997. The company generates revenue from contract fees and from royalties.
In terms of financial accounting, this means contract revenue is recognized
on the income statement along with royalty revenue. Also, deferred contract
revenue is reported on the balance sheet. Significant royalty revenue
streamed to the company primarily from NEC, starting calendar fourth
quarter 1996 ($1.4 million) and continuing through first quarter 1997 ($1.5
million). This revenue mostly derived from RACs used in Nintendo's 64-bit
game system,

The maximum royalty rate for the RDRAM is about 2.5 percent. The
maximum rate for the RAC is about 5 percent. The rates apparently vary on
a company-by-company basis, depending on original agreements. The rates
can decline on the basis of time or volume shipments.

RDRAM Licensees
The following summarizes the status of development of each of the 10
RDRAM licensees as of April 24, 1997:

m Hitachi: 64Mb RDRAM in development
® Hyundai: 16/18Mb RDRAM and 64Mb RDRAM in development

m LG Semicon: 16/18Mb RDRAM starting production; 64Mb RDRAM in
development

®  Micron: 64Mb RDRAM starting development

©1997 Dataquest June 30, 1997
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Mitsubishi: 64Mb RDRAM starting development
MoSys: Specialized 16Mb multibank RDRAM in development .
NEC: 16/18Mb RDRAM in production; 64Mb RDRAM in development

Oki: 16/18Mb RDRAM starting production; 64Mb RDRAM in
development

Samsung: 16/18Mb RDRAM and 64Mb RDRAM in development

Toshiba: 16/18Mb RDRAM in production; 64Mb RDRAM in
development.

Related Licensee Information

RAC licensees include Chromatic Research, Cirrus Logic, IBM, Intel, LSI
Logic, and SG5-Thomson, as well as LG Semicon, NEC, and Toshiba. In
addition to the RDRAM and RAC licensees, two other companies are
developing products using Rambus technology on a confidential basis.
Meanwhile, TSMC, a nonlicensee, has developed and will be able to produce
RACs for fabless Rambus licensees.

Intel License

The Intel license centers on the development of a main memory controller.

The two companies are working to develop an extension of the Rambus

interface technology optimized for the PC main memory segment. The "risk

factor” discussion in the prospectus highlights the lack of any assurance

whatsoever about any element of the November 1996 agreement between the

two companies. The anticipated development for this new RDRAM .
technology—assuming resolution of technical barriers—is two years from

the prospectus date.

Ron Bohn, Research Operations, ron.bohn@dataquest.com

Comments and suggestions should be sent to:

Carole Phillips (carole.phillips@dataquest.com)
Phone: (408) 468-8376
Fax: (408) 954-1780

Dataquest’s Tactical Memories Newsletter
251 River Oaks Parkway, San Jose, California 95134

Dataquest’s Tactical Memories Newsletter is Dataquest’s fortnightly online
newsletter providing analysis and market intelligence for high-tech
professionals in the worldwide semiconductor memories market. The report
is available exclusively to clients of Dataquest's Memories Worldwide
program. Distribution of this and any other Dataquest document within
your organization is limited to the terms of your license agreement.
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-A Taste of DRAM Profitability

. SMART Modular Shows Promise of Growth for 1997

SMART Modular Technologies Inc. announced results for its second quarter,
which ended April 30, 1997. Net sales for the fiscal quarter increased 38
percent to $143.7 million from $104.1 million in the second quarter of fiscal
year 1996. Net income for the second quarter rose 59 percent to $9.5 million
from $6.0 million earned in the same quarter last year.

DQ Take

Figure 1 shows SMART's net sales and net income for the last six fiscal
quarters. Over this period, SMART has outperformed its third-party
competitors, while navigating a difficult DRAM market. Comparing
SMART's results to its third-party competitors and the DRAM industry as a
whole shows that from calendar year 1995 to 1996, SMART's DRAM module
revenue grew 47 percent, while third-party DRAM module revenue declined
12 percent and DRAM IC revenue declined by almost 40 percent. So far in
1997, SMART continues to grow in a relatively flat DRAM market, with a

9 percent growth rate from the fiscal first quarter to the second quarter.

A

Strong unit growth, strong regional growth in Europe, and continued
interest by PC OEMs in subcontracting DRAM module manufacturing for
their options and upgrade business are driving SMART's success. Is SMART
the only company benefiting? No. Kingston Technology, Simple Technology,
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Viking Components, and many other third-party companies are also
profiting from OEMs that outsource module manufacturing. The main .
difference between SMART and the other companies mentioned is their
business models. SMART focuses on the OEM channel, while most of its
competitors derive the majority of their revenue from the distribution and
reseller channel.
Figure 1
SMART Modular Quarterly Revenue and Net Profit
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Source: SMART Modular Technologies Inc.

The difference in business models explains the revenue growth discrepancy.
A strong OEM market helps third-party companies, but it especially helps
SMART. A strong distribution and reseller market would benefit SMART's
competitors more than it would SMART. In any case, the three factors
driving SMART's success, strong unit growth, growth in Europe, and
continued growth in OEM business, are also true for the third-party market
as a whole. This bodes well for a return to revenue growth in the third-party
market in 1997.

George Iwanyc, Memories Worldwide, george.iwanyc@dataquest.com

EEPROM and Cash Cards Ready for Takeoff

MMRY-WW-DP-9715

It seems as if smart card and EEPROM announcements were the thing to do
this week. That makes us feel more confident about the upcoming Dataquest
EEPROM forecast.

Siemens announced that it is developing a highly sophisticated memory chip

for Visa International, designed for use in prepaid card applications with

small transaction values, such as in electronic purses. New functionality

includes improved security through dynamic data authentication. Siemens .
will begin delivering these new chips to Visa during 1997. The new chip is
backward-compatible with another Siemens chip that is already in use in

©1997 Dataquest June 16, 1997
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Visa Cash projects worldwide. Siemens predicts an intense demand for
electronic purse applications requiring the small transaction values and cost-
effective solutions that the disposable Visa Cash card provides. The most
visible implementation took place during the Olympics’ July 1996 Summer
Games in Atlanta, when nearly 1.5 million Visa Cash cards using Siemens'
smart card chips were produced.

Sun Microsystems Inc. has announced new Java dialect destined for use in
smart cards. This version of Java has been stripped down to permit
execution of applets within the minimal hardware environment of a smart
card. The new version of Java includes security features to reduce the
possibility that the smart card's data will fall into the wrong hands. The Java
dialect, called JavaCard, was developed by the JavaSoft group at Sun
specifically for smart cards. It permits small numbers of applets to be
executed on tiny microcontrollers with only a few kilobytes of ROM and less
than 1KB of RAM. That capability has caused interest among credit card
companies, including Visa International, which plans to use Java in the
smart cards it introduces to the U.S. market. Rival Mastercard, though, is
said to be using a competitor to Java that goes by the name "Multos.”

Meanwhile, Microchip Technology Inc. unveiled its 32Kb serial EEPROM.
designed to enhance functionality for memory-intensive applications such as
digital cellular phones and data acquisition systems.

Jim Handy, Memories Worldwide, jim.handy@dataquest.com

Winbond Financing Fourth Fab via Bonds

MMRY-WW-DP-9715

Winbond Electronics Corporation will submit an application to issue

NT$4 billion of 10-year convertible bonds later this week. Proceeds from the
target bonds will be used to establish its fourth wafer fabrication plant. The
plant's target capacity is 20,000 to 25,000 eight-inch DRAM wafers a month.
The plant will require a total investment of NT$22 billion. The factory is
slated to do a pilot run in the fourth quarter of this year, and commercial
runs are scheduled for the first quarter of next year.

The company also has plans to invest in a third plant by the year 2000, which
will make 15,000 eight-inch SRAM wafers a month.

DQ Take

Although the current market is not welcoming to new DRAM investment,
Winbond appears to believe that the problems of today's overcapacity will be
short-lived enough that this company should enter the market in a big way
in 1998. We wish it luck. Although Dataquest sees a DRAM shortage
looming in late 1999, the 1998 market is expected to be oversupplied until
late 1998 and should be in balance from late 1998 to late 1999. This move of
Winbond's indicates that it plans to be an important supplier for the long
term. It can't hurt that Winbond is in a DRAM technology exchange alliance
with Toshiba Corporation. With this combination of financing and
leadership technology, the company should do well if it can weather the
near-term storm.
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Meanwhile, Samsung is starting to purify the air in the clean room of its
Austin, Texas, 64Mb DRAM fab. Samsung's $1.3 billion plant should be in
pilot production by fall
Jim Handy, Memories Worldwide, jim.handy@dataquest.com

DRAM Corner

We welcome DRAM tactical reports from readers. Please send them via e-
mail to ron.bohn@dataquest.com.

A Taste of DRAM Profitability

May has been a good news/bad news month for suppliers of DRAM. The
bad news is that few 16Mb suppliers have been able this month to push
contract pricing above the $10 level. Meanwhile, spot pricing in locales like
Singapore has moved toward the $7 level. The good news, however, is that a
growing set of 16Mb suppliers is returning to profitability because of
continuing improvement in 16Mb manufacturing costs. Companies prefer
not to reveal DRAM profit margins. Sketchy reports circulate, however, that
some DRAM suppliers are either approaching profitability for the first time
in about a year or are about to widen what have been scanty profit margins.

Micron Technology Inc.

For example, Micron Technology now ranks among the lowest-cost
manufacturers of 16Mb DRAM. The company likely enjoys a manufacturing
cost under $5 for this part. Micron apparently is executing well its strategy of
dramatically increasing the number of 16Mb dice per eight-inch wafer. The
company had been getting fewer than 500 16Mb dice per eight-inch wafer,
with a long-term goal of getting more than 600 per wafer. Micron might have
achieved that goal already. If so, the company might set an even higher
goal—nearly 700 16Mb dice per eight-inch wafer.

Although Micron has been marginally profitable on 16Mb DRAM for a
while, the market timing is especially good for the company right now.
Competitors' low yields on 64Mb devices quite likely mean healthy 16Mb
demand for the rest of 1997 and well into 1998. Many Japan-based and
Korea-based suppliers have downplayed the 16Mb market during this
year—which creates an ideal scenario for companies like Micron, Texas
Instruments, and Siemens, which have continued to ramp up the high-yield
16Mb device. Although Micron's DRAM profits would skyrocket with a
$10-plus price for the 16Mb device, the company should do well if pricing
stays above the range of $6.50 to $7 for the next several quarters.

Micron s fiscal third quarter 1997 ended on May 31. During May, the
company likely did a skillful job of reducing DRAM inventory. In mid-June,
the company will announce quarterly financial results. As usual, we should
learn a lot about the state of the DRAM market from this, including
profitability at that time.
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NEC Corporation

Unofficial reports indicate that NEC is now garnering a wider profit margin
from DRAM. The company is setting the stage now for a 64Mb DRAM
ramp; however, DRAM profits will center on the high-yield 16Mb part
during calendar year 1997. NEC is doing a good job of generating profit on
today's cash cow (the 16Mb part} while positioning itself for a long-term
market leadership position in the next-generation 64Mb density.

A looming question for NEC and other suppliers will be the timing of the 5:1
64Mb price crossover. Will this occur during third quarter 1997, meaning,
that the 4:1 crossover will occur during fi