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Errata

On page 15 of PC Graphics Controllers: A Focused Analysis (PSAM-WW-FR-9502), Figure
4-3 was mustitled. The correct title is “Bus Interface Forecast for Desktop Graphics
Controllers.” The figure is also titled incorrectly in the List of Figures. Dataquest regrets
the error and apologizes for any inconvenience. Please insert this page into the inside
front pocket of your PC Semiconductor Applications binder.

For further information, contact Industry Analyst Geoff Ballew at (408) 468-8676 or at
gballew@dataquest.com.
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Intel Adopts Phoenix BIOS Firmware

In a surprise announcement, Intel and Phoenix Technologies revealed a technology alliance with
broad and positive implications for both these companies and the industry at large. Intel will
license PhoemixBIOS 4.0, the current version of the firmware that drives the I/O subsystem in
many personal computers. This BIOS code plays a key role in shaping compatibility across PC
platforms, and it is this compatibility, in turn, that has permitted the growth of the PC industry.
Until now, Intel had been using BIOS code provided by American Megatrends Inc. (AMIBios),
and there had been rumors that Intel was preparing its own BIOS as an alternative to the
AMIBios and PhoenixBIOS. This announcement should kill those rumors.
Intel will acquire 6 percent of Phoenix's outstanding post-transaction shares for an investment of
$10.9 million and has agreed not to increase its ownership of Phoenix beyond 19.9 percent for the
next two years. This preserves Phoenix's independence, and allows it to work with other
microprocessor vendors such as Cyrix and Advanced Micro Devices (AMD). These alternative
x86 vendors need the support of BIOS developers like Phoenix. Intel's prospective entry into the
BIOS business represented a serious threat to such developers. Shareholders of Phoenix

. Technologies, Cyrix, and AMD can breathe a sigh of relief on this account. (AMD's shareholders
still need to hold their breath pending announcement of the results of a disappointing fourth
quarter.)
Phoenix will open a development facility close to Intel's OEM Products and Services Division in
Hillsboro, Oregon, and Intel can now cut back on its own efforts to staff an internal BIOS
development group. BIOS writers need an intimate understanding of hardware and software
issues and are extremely hard to recruit. This may have contributed to Intel's decision to
outsource its BIOS technology from Phoenix.
The agreement should facilitate Intel's plan to continually introduce new technology into the
personal computer market. Intel and Phoenix often duplicated each other's efforts as each added
new features in support of nitiatives like Plug and Play and Desktop Management Interface
(DMI). This new approach leverages Phoenix's development efforts and eliminates a potential
source of incompatibility down the road. For example, Intel will adopt the
Phoenix/Microsoft/Compag/National Semiconductor approach to host-side support for the
forthcoming (in 1996) Universal Serial Bus (USB), a new method for connecting keyboards,
mice, printers, modems, and other peripherals to personal computers. This means that developers
of USB peripherals should not expect to encounter serious differences in the behavior of PCs
based on PhoenixBIOS, at least compared with the BIOS on Intel motherboards.
Of course, a deal that creates winners may also create losers. In this case, the clear winners
include Intel, Phoenix, system vendors (especially those that have developed a liking for Intel
motherboards and PhoenixBIOS firmware), and alternative x86 MPU vendors, which should

' continue to expect support from a stronger Phoenix Technologies. The clear loser in this case is

December 20, 1995 ©1995 Dataquest Incorporated 1
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American Megatrends Inc. (AMI), which had benefited greatly from Intel's success in driving its
motherboards into more and more OEM accounts. AMI appears to have been outflanked by
Phoenix in this matter, and we eagerly await its response.

By Nathan Brookwood
Microprocessor Analyst

December 20, 1995 ©1995 Dataquest Incorporated
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AMD Plugs Sixth-Generation Gap

Just when things were getting boring in the world of microprocessors, AMD livened them up with Friday's
announcement that it would merge with tiny NexGen Microsystems. In a stock swap valued at over $850 million,
AMD gains both the product designs to fill its new Fab 25 and the technologists to fuel further designs down the
road. AMD will also gain access to the Pentium Pro (P6) market only a year after Intel ships its first production
units and before Intel can position itself to deploy the Pentium Pro in the mass market. Intel has never before had
to contend with any competitor having the design skills to create a high-end x86 CPU and the manufacturing skills
to produce it in volume. All this could change with the AMD/NexGen merger, if AMD and NexGen can execute
on their plan.

In Monday's joint press conference, AMD and NexGen explained the thinking that led to the merger, along with a
few details about the Nx686 CPU they intend to introduce in the second half of 1996. The deal is clearly aimed at
long-term benefits and has little impact on the near-term strategies of either company. AMD will continue to
develop SSA/5-75 and K3 CPUs at its Austin, Texas, center and will redeploy those working on the K6 in Austin
to the K5 effort or to the Nx686 effort (soon to be renamed "K6") at NexGen in Milpitas, California. Vinod Dham,
who joined NexGen last spring after spearheading Intel's Pentium efforts, will lead the AMD sixth-generation
campaign. The Nx586 will continue to be produced by IBM al its Essex Junction, Vermont, fab and will be
integrated into AMD's marketing channels.

A midcourse correction to the Nx686 sirategy, already planned by NexGen before the merger, will take on special
significance. Until now, the Nx686, like its Nx586 predecessor, had a unique pinout, and this forced vendors using
NexGen's CPU to use NexGen-specific chipsets, motherboards, and BIOS firmware. This clearly impacted market
acceptance of the Nx386 and probably would have had the same effect on the Nx686. NexGen has finally
acknowledged the need for external bus compatibility and plans to introduce the new K6 in a Pentium-compatible
package—a change from the Nx686 discussed a few weeks ago at the Microprocessor Forum, This means the new
K6 should plug into boards and chipsets designed to accommodate Pentium processors. AMD and NexGen even
plan to increase dramatically the size of the on-chip level one cache to 64KB, compared with the 16KB of the
Pentium Pro, to compensate for the slightly less-efficient nature of the Pentium bus compared with the high-tech
GTL bus found on the Pentium Pro. Intel has been using the incompatibility of the Pentium Pro and Pentium
sockets and buses to further its expansion into the systems business and in the process has been absorbing the
profits that formerly went to infrastructure vendors, which provided chipsets and boards, and system vendors,
which sold differentiated products. These infrastructure vendors are hurting, as anyone who has returned recently
from Taiwan can testify. If AMD and NexGen are able to provide a competitive product in a meaningful time
frame, in large quantities, and in an industry-standard package, it may represent the last hope for those accepting
the challenge of competing with Intel.

The Nx686 will be fabbed in a 0.35-micron five-layer metal process at AMEY's new Fab 25 in Austin. This plant is
now running a four-layer metal process, and AMD is working to expand and add an additionat level of
interconnect. The Nx586 is manufactured by IBM at Essex Junction using a five-layer metal process.

In addition to a two-year head start on its Ké program, AMD also gains a team of veteran CPU designers who have
learned the hard way what it means to produce and sell an x86-compatible CPU. Atliq Raza, who brought focus to
NexGen's previously scattered efforts (remember when it was "NeverGen?") will become AMD's chief technical
officer and brings a set of design skills and methodologies that nicely complement the expertise AMD has built up
over the years in process technology. Vin Dham, a hard-driving, no-nonsense manager al Intel and more recently
al NexGen, assumes overall responsibility for the program. Dana Krelle, a key NexGen marketer, also joined that
company after years at Intel. The cultural and geographic distance between AMD Austin and Intel has limited

November 6, 1995 ©1995 Dataquest Incorporated 1
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cross-fertilization between these two organizations, and this move clearly strengthens AMD's ability to compete in
this arena.

By Nathan Brookwood
Microprocessor Analyst

November 6, 1995 ®1985 Dataquest Incorporated
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S3 Reports 300 Percent Growth in Earnings per Share

53 Incorporated reported earnings per share of $0.20 for the third quarter of 1995, compared
with $0.05 for the same period last year. Total revenue was $84.8 million for this quarter, up
from $30.9 million a year ago. Gross margin improved, also, to 40.2 percent from 38.6 percent a
year ago. A higher mix of 64-bit graphics products appears to have buffered S3's gross margin
from the price erosion (and subsequent lower margin) of 32-bit products.

Manufacturing capacity is still a constraint and could limit unit growth. 53 is working to add
capacity through a joint venture with United Microelectronics Corporation and Alliance
Semiconductor, as well as new foundry agreements with NEC and Goldstar.

Dataquest Perspective
. q p

Strong demand for S3's graphics controllers and a portfolio of multimedia chips (MPEG
decoders and audio codecs) provide a path for unit shipment growth. Every semiconductor
company wants more dollars per PC, and 53 has leveraged its strength in graphics to expand
into a broader range of multimedia products. The company has also taken a step toward the
communications market with the acquisition of software company Floreat.

53 has some interesting parallels with its competitor, Cirrus Logic. Both companies are
technology leaders in the graphics market and have solid relationships with their customers. 53
and Cirrus compete aggressively with each other for the flagship accounts. One example of this
competition is 53's design-win for some high-end Presario PCs from Compaq. Compaq is one
of Cirrus' major accounts, so breaking into the Presario line was a coup for $3. PC OEMs are
still designing graphics on the motherboard - they demand graphics vendors who can provide
volume shipments, bullet-proof software drivers, and proven technology. These requirements
overwhelmingly favor the established graphics vendors for any motherboard-level designs.

The capacity issue is still a barrier to rapid growth, but 53 is striking deals to ensure continued
access to manufacturing. Like its biggest competitor, S3 is pursuing muitiple manufacturing
relationships, including joint ventures and foundry relationships.

October 27, 1995 ©1995 Dataquest incorporated 1
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Demard for PCs is strong, and that spells demand for graphics and all the other ICs required
to build those PCs. The challenge for 53 is to leverage its graphics design-wins into demand for
its other multimedia products. The Cooperative Accelerator Architecture multimedia chipset
will get its first real market test this Christmas. Sales of that chipset will demonstrate 53's
ability to meet that challenge and diversify beyond its core graphics products.

By Geoff Ballew

October 27, 1995 ©1995 Dataquest Incorporated 2
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VLSI Technology Says Two Chips Are Better than Four

VLSI Technology debuted the Lynx chipset for 586-class PCs on June 19. This chipset breaks
new ground in terms of packaging and high level of integration. While other popular chipsets
require four chips, the Lynx chipset requires only two. VLSI achieved this high level of
integration by breaking with the quad flat pack (QFP} packaging tradition. The VL82C541
System Controller is sold in a ball grid array (BGA) package for the greater pin density. The
VI.82C543 ISA controller is sold in a QFP-208 package.

The Lynx chipset is positioned as a high-performance solution with support for EDO DRAM,
multiple levels of concurrency across the MPU, DRAM, and expansion buses, and high PCI
data rates for both short and extended transfers. An IDE interface is integrated into the
V182C541 System Controller and allows both IDE channels to be accessed simultanecusly
instead of multiplexing those signals. Other features include a two-wire interface that boosts

. performance when used with select VLSI graphics accelerators; there also are features that will
allow ISA-based, legacy peripherals to run on the PCI bus.

This two-chip solution supports Pentium microprocessors as well as AMD's K5 family and
Cyrix's M1 family of microprocessors. However, only Pentium processors can take advantage
of the dual-processor features of the Lynx chipset. VLSI announced it would sample the chipset
in August 1995, with volume production ramping sometime during the fourth quarter of 1995.
Pricing for the two-chip solution is $35 per set in 10,000-unit volumes.

Dataquest Perspective

VLSI has created a feature-rich chipset with some compelling advantages over current chipset
offerings. While competitors are pushing three- and four-chip solutions, VLSI has integrated all
of their features into just two chips by using a high-pin-count (352) BGA package for the
system controller. This allows system designers to save board space and enjoy the additional
benefits that a BGA package has to offer, such as reduced coplanarity issues, as compared to
QFP-300 packages and self-alignment during solder reflow. What will these designers do with
the extra board space? We are eager to find out ourselves.

The BGA package does complicate the system board routing, compared to a QFP package,
because of the multiple rows of pins. However, VLSI has chosen a Periphery BGA design so

June 16, 1995 ©1995 Dataquest Incorporated 1
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this chip can be designed onto a board with only two signal layers. Some designers may choose
a more expensive four signal-layer system card, but that is not required.

One other advantage VLSI has with the Lynx chipset is a special interface to select VLSI
graphics accelerators. A system designer choosing a VLSI graphics controller may realize a
gain of up to 15 percent in graphics performance. This appears to be a win/win situation
where system OEMs enjoy higher levels of performance and VLSI enjoys some leverage from
its chipset sales to enter a new business segment and increase its revenue per system.

By Geoff Ballew

N

June 16, 1995 ©1995 Dataquest Incorporated
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Compaq and S3 Bring MPEG to the Motherboard in 1995

The Announcement

Compaq Computer Corporation and graphics chip provider 3 Incorporated June 13 jointly
announced the availability of 53's new multimedia chipset and that Compaq would be using
the new set in its consumer Presario line of products for the 1995 Christmas season. The
chipset, called the Cooperative Accelerator Architecture, comprises an updated Trio graphics
accelerator, an MPEG-1 decoder chip, and an audio DAC. Compagq has stated that the chips
initially will target the mid- to high-end range of the consumer market--meaning PCs
beginning at about $1,799. There will be an initial cost to the consumer of about $100 to put
MPEG on the motherboard in 1995; Compaq plans to offer MPEG hardware as a feature across
all consumer products by the second quarter of 1996.

. The Chips

There are three chips in the set:
® The Trio64V+ graphics/video accelerator, $32 (10,000 units)

m  The Scenic MX1 (for add-in cards) or Scenic MX2 (for motherboard or daughtercard)
MPEG decoder, $35 (10,000 units)

m  The Sonic/ AD programmable audio DAC, $3.85 (10,000 units)

Systems that already have an S3 graphics accelerator with video capability can be upgraded
with a "daughtercard" by the end user, for an expected cost of $100. Add-in cards featuring the
new chipset are expected to cost about $250.

MPEG to Date

There are several implications of this announcement for board vendors, ISVs, and consumers,
This announcement changes the potential for MPEG to finally catch on as the PC codec. The
Open PC MPEG Consortium, cofounded last year by Jazz Multimedia and backed by both
hardware and software companies including Microsoft and Sigma Designs, has been trying to
. promote MPEG despite initial resistance. Once Microsoft backed a Windows AF], the DOS API

June 15, 1995 ©1995 Dataquest Incorporated 1
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followed shortly after. To date, software developers have used Indeo and Cinepak and other
soft codecs, including some proprietary ones, because MPEG lacked a critical mass of PCs with
dedicated hardware for playback. Without an installed base for product, ISVs would not
provide content for an incredibly small market. And because there was no compelling video
content, board vendors claimed they could not sell boards to the consumer market. Dataquest
numbers showed that the installed base for MPEG cards was barely 1 million by the end of
1994, further reinforcing developers' conceptions about the viability of MPEG, especially
because cards were priced at about $350.

Initial Deployment of Hardware

Although the first implementation of MPEG will be on higher-end PCs, the potential for MPEG
hardware is substantial and cannot be overlooked. Compagq is scheduled to ship this product
during Christmas 1995, and several other key PC OEMs will be making similar announcements
in the third and fourth quarters of this year with respect to MPEG hardware and/ or software
implementations. Although it is not clear if they too will be shipping product into the channels
in time for this holiday season, MPEG hardware (or software) will be a given feature in 1996. If
indeed Compaq is the first to ship, this may be a head start on the market.

Chip vendors have been working on integrated solutions combining acceleration and video
playback for some time, but the potential for compelling video titles remained small with the
mass market not buying add-in MPEG cards. ISVs will be able to develop titles using MPEG
without haphazardly trying to guess the average installed base configuration. The general rule
employed in development--write for the lowest common denominator--has kept video from
being widely used for titles. In the next year, as all the OEMs migrate to hardware MPEG
offerings in their products, ISVs will be ensured a base capable of playing their titles at full
screen and 30 frames per second (fps) with little degradation and few artifacts.

What about the MPEG Board and Accelerator Card Vendors?

By 1996 board vendors will find it hard to compete with OEMs offering MPEG hardware on the
motherboard that also includes video and graphics acceleration. The other factor is soft-MPEG.
Microsoft recently announced it was licensing Mediamatics' soft MPEG algorithm for inclusion
in future releases of its Windows operating system subsequent to Windows 95. With soft
playback available, many consumers will not see the need to purchase an add-in card.
Although hardware acceleration is preferable in terms of performance and Windows 95 will
certainly test the boundaries because it is the first 32-bit operating system, there will remain
only a small market for add-in cards in the retail arena. Hardware solutions will be
implemented on the motherboard, and some add-in cards will be bundled at the OEM level.
Furthermore, soft playback on some PC models may very well suffice for the average
consumer.

The Effect on Motherboard Design

To implement the new architecture, the graphics accelerator must be an S3 video-enabled chip.
This can lock out other graphics chip manufacturers that do not offer MPEG decoders of their
own. OEMs may also choose an S3 graphics accelerator for a motherboard without MPEG

June 15, 1995 ©1995 Dataquest Incorporated 2
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capability, in order to sell an MPEG-upgradable machine. Although S3 is pushing the Sonic
audio DAC as part of its multimedia solution, this device only supports the MPEG chip, and
the computer still must have a 16-bit sound card or the equivalent circuitry.

The Critical Hardware Influencer: The Ever-Changing Processor

Another factor influencing the adoption and deployment of MPEG in addition to Windows is
the rapid rate of processor improvements between generations. The next chips from Intel-the
P6, the P7, and beyond--will be able to handle much of the soft playback without constraining
CPU bandwidth. If extra bandwidth is needed, the system will partition to any dedicated
hardware. If such hardware exists on the motherboard itself, there is little need again for the
add-in card.

Will This Jump-Start the MPEG Revolution?

53 and Compaq are betting that MPEG will be the standard of choice for PC video, and are
doing their best to make it so. By colaunching this chipset, and bringing Microsoft and other
ISVs on the bandwagon, they may be able to finally give MPEG the market acceptance needed
to take off.

Allen Leibovitch and Kathy Klotz
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Compaq and S3 Bring MPEG to the Motherboard in 1995

The Announcement

Compaq Computer Corporation and graphics chip provider 83 Incorporated June 13 jointly
announced the availability of S3's new multimedia chipset and that Compaq would be using
the new set in its consumer Presario line of products for the 1995 Christmas season. The
chipset, called the Cooperative Accelerator Architecture, comprises an updated Trio graphics
accelerator, an MPEG-1 decoder chip, and an audio DAC. Compaq has stated that the chips
initially will target the mid- to high-end range of the consumer market--meaning PCs
beginning at about $1,799. There will be an initial cost to the consumer of about $100 to put
MPEG on the motherboard in 1995; Compaq plans to offer MPEG hardware as a feature across
all consumer products by the second quarter of 1996.

. The Chips

There are three chips in the set:
B The Trio64V+ graphics/ video accelerator, $32 (10,000 units)

B The Scenic MX1 (for add-in cards) or Scenic MX2 (for motherboard or daughtercard)
MPEG decoder, $35 (10,000 units)

® The Sonic/ AD programmable audio DAC, $3.85 (10,000 units)

Systems that already have an S3 graphics accelerator with video capability can be upgraded
with a "daughtercard"” by the end user, for an expected cost of $100. Add-in cards featuring the
new chipset are expected to cost about $250.

MPEG to Date

There are several implications of this announcement for board vendors, ISVs, and consumers.
This announcement changes the potential for MPEG to finally catch on as the PC codec. The
Open PC MPEG Consortium, cofounded last year by Jazz Multimedia and backed by both
hardware and software companies including Microsoft and Sigma Designs, has been trying to
promote MPEG despite initial resistance. Once Microsoft backed a Windows AFI, the DOS API
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followed shortly after. To date, software developers have used Indeo and Cinepak and other
soft codecs, including some proprietary ones, because MPEG lacked a critical mass of PCs with
dedicated hardware for playback. Without an installed base for product, ISVs would not
provide content for an incredibly small market. And because there was no compelling video
content, board vendors claimed they could not sell boards to the consumer market. Dataquest
numbers showed that the installed base for MPEG cards was barely 1 million by the end of
1994, further reinforcing developers' conceptions about the viability of MPEG, especially
because cards were priced at about $350.

Initial Deployment of Hardware

Although the first implementation of MPEG will be on higher-end PCs, the potential for MPEG
hardware is substantial and cannot be overlooked. Compagq is scheduled to ship this product
during Christmas 1995, and several other key PC OEMs will be making similar announcements
in the third and fourth quarters of this year with respect to MPEG hardware and/ or software
implementations. Although it is not clear if they too will be shipping product into the channels
in time for this holiday season, MPEG hardware {or software) will be a given feature in 1996. If
indeed Compagq is the first to ship, this may be a head start on the market.

Chip vendors have been working on integrated solutions combining acceleration and video
playback for some time, but the potential for compelling video titles remained small with the
mass market not buying add-in MPEG cards. ISVs will be able to develop titles using MPEG
without haphazardly trying to guess the average installed base configuration. The general rule
employed in development--write for the lowest common denominator--has kept video from
being widely used for titles. In the next year, as all the OEMs migrate to hardware MPEG
offerings in their products, ISVs will be ensured a base capable of playing their titles at full
screen and 30 frames per second (fps) with little degradation and few artifacts.

What about the MPEG Board and Accelerator Card Vendors?

By 1996 board vendors will find it hard to compete with OEMs offering MPEG hardware on the
motherboard that also includes video and graphics acceleration. The other factor is soft-MPEG.
Microsoft recently announced it was licensing Mediamatics' soft MPEG algorithm for inclusion
in future releases of its Windows operating system subsequent to Windows 95. With soft
playback available, many consumers will not see the need to purchase an add-in card.
Although hardware acceleration is preferable in terms of performance and Windows 95 will
certainly test the boundaries because it is the first 32-bit operating system, there will remain
only a small market for add-in cards in the retail arena. Hardware solutions will be
implemented on the motherboard, and some add-in cards will be bundled at the OEM level.
Furthermore, soft playback on some PC models may very well suffice for the average
consumer.

The Effect on Motherboard Design

To implement the new architecture, the graphics accelerator must be an 83 video-enabled chip.
This can lock out other graphics chip manufacturers that do not offer MPEG decoders of their
own. OEMs may also choose an S3 graphics accelerator for a motherboard without MPEG
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capability, in order to sell an MPEG-upgradable machine. Although S3 is pushing the Sonic
audio DAC as part of its multimedia solution, this device only supports the MPEG chip, and
the computer still must have a 16-bit sound card or the equivalent circuitry.

The Critical Hardware Influencer: The Ever-Changing Processor

Another factor influencing the adoption and deployment of MPEG in addition to Windows is
the rapid rate of processor improvemenis between generations. The next chips from Intel--the
P6, the P7, and beyond--will be able to handle much of the soft playback without constraining
CPU bandwidth. If extra bandwidth is needed, the system will partition to any dedicated
hardware. If such hardware exists on the motherboard itself, there is little need again for the
add-in card.

Will This Jump-Start the MPEG Revolution?

53 and Compaq are betting that MPEG will be the standard of choice for PC video, and are
doing their best to make it so. By colaunching this chipset, and bringing Microsoft and other
ISVs on the bandwagon, they may be able to finally give MPEG the market acceptance needed
to take off.

Allen Leibovitch and Kathy Klotz
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Intel: Project Jump-Start

If Intel does not have a specific program with such a title, it is sure acting like it does.
The company seems adamant not to let anything slow the penetration rate of its
microprocessors. Intel is methodically isolating the critical paths that might limit the
growth of a new x86 architecture and then systematically eliminating the obstacle.

In the Beginning ...

This trend might have originated back when Intel was trying to get the industry to
embrace the PCI standard as the local bus of choice. Third-party PC core logic vendors
were focusing their energies on the VESA, or VL, local bus because it had a jump-start
on the market. Intel had a tough time convincing the core logic suppliers to support
PCI. Intel took this effort onto its own shoulders because it believed that the basic
architectural speed bottlenecks had to be eliminated in order for future PCs to get the
full benefit of their higher-performance microprocessors. Intel believed that the VL
local bus solution was just a stopgap measure and the next-generation PCs would need
a higher-performance bus. As a consequence, Intel increased its focus into the PC core
logic marketplace.

The Pentium Battle

An additional driver in this movement was the battle led by the PC behemoths IBM
and Compagq to extend the life of the 486 rather than convert over to Pentium-based
machines. This lack of support from the major PC companies for the Pentium caused
Intel to take matters into its own hands. Intel added emphasis to its PC core logic
program and added significant manufacturing capacity dedicated to building PC
motherboards based on the Pentium microprocessor. Several PC OEMs took advantage
of this and used Intel motherboards as the basis for their lines of Pentium machines.
Foremost in this group are Dell, Packard Bell, and Gateway 2000. These companies
were able to capitalize on the fact that IBM and Compaq were late realizing that the
Pentium brand name was creating a tremendous consumer demand.
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Next: The P6

Despite the fact that the Pentium demonstrated an unprecedented production ramp by
shipping more than 5 million units in 1994, the production ramp actually was
hampered by the lack of availability of 3V SRAMs used for cache memory in Pentium-
based systems. Intel saw this SRAM problem as one that will continue for future
generations of x86 product. The upshot of this was that cache memory availability was
identified as an obstacle for growth for the P6 microprocessor. To eliminate this
obstacle, Intel introduced the P6 with a dual-cavity package. One cavity housed the P6
processor and the other cavity housed a 256KB second-level cache. This does not mean
that Intel intends to go into high-volume manufacture with this product; in fact, it
would prefer that not be the case. It intends to make the transition to a conventional
and lower-cost package as soon as it is convinced that there exists sufficient high-speed
cache memory from third-party suppliers to meet the demand.

Dataquest Perspective

To accelerate the acceptance of new product architectures, Intel has invested substantial
time and money into:

m PC core logic

8 Motherboard manufacture

B Cache memory

8 Dual-cavity package development

These are ongoing efforts, and we do not see the company backing off from this
strategy. In fact, one could speculate, what does Intel perceive as the next obstacle or
bottleneck? Here we can speculate, and the results of this speculation are quite
interesting. The current device that is single-handedly slowing the rapid growth of PCs
is the DRAM and its availability.

486-based machines ship with a minimum 4MB of DRAM and Pentium-based machines
ship with a minimum 8MB of DRAM. These are not optimum configurations for either
type of machine. Both types of machine would ship with 16MB, or more, if the product
were available. Basically speaking, the PC has such a voracious appetite for DRAM
that, if the DRAM industry were to double its capacity overnight, teday's PC would
swallow every DRAM the industry could produce. This is based upon today’s mix of
486- and Pentium-based machines using Windows 3.1 and not some exotic new
architecture or a future operating system. Also, Windows '95 is speculated to need
more than 8MB to run efficiently.
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Will Intel view the general lack of availability of DRAMs as a stumbling block? Will it,
or can it, do anything about this shortage? If Intel has taught us anything, it is that it is
very creative at finding solutions to problems. It would not be a surprise to see Intel
announce a DRAM alliance that involved the commitment of Intel dollars to develop
DRAM capacity. As a minimum, this would be a boon to its internal motherboard
group, which would be guaranteed supply of this precious commodity known as
DRAMs. It might further allow Intel to ship motherboards, fully loaded with more than
the basic memory requirements, which could mean that Intel motherboards would be
able to support the Windows '95 operating system. This would help Intel ramp its
microprocessors faster and provide a compelling advantage for PC OEMs to purchase
motherboards from the giant microprocessor company.

We are not stating that Intel will do such a thing, but if the company’s track record is
any indication, it will not sit still and let outside market forces dictate the acceptance of
an Intel microprocessor. Intel can afford to invest a lot of money to protect its revenue
stream.

Jerry J. Banks
jbanks@dataquest.com
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The Pentium Takes a Leap

Intel Announces a 120-MHz Pentium

Intel Corporation has introduced a new, higher-performance version of its Pentium processor.
According to the company, this Pentium processor operates at 120 MHz, delivers 140
SPECint92 and 103 SPECfp92 of performance, and is available in volume now. This Pentium is
the first volume microprocessor to be built using a 0.35-micron process technology. The new

. technology will allow the Pentium processor die to shrink to half its current size, which should
translate into higher performance, lower power, and higher reliability.

Manufacturing Takes a Bow

This announcement is as much a manufacturing achievement as it is a performance statement.

. Intel's transition from 0.8 microns to 0.6 microns began in earnest less than 18 months ago, and
such a rapid transition to the 0.35-micron geometry indicates that intel is much further along
on its manufacturing road map than earlier estimates. In fact, Intel was caught somewhat off
guard by its own success. The company was not prepared to take full advantage of its good
fortune, and this first product on the 0.35-micron process is not as efficient as it will be when a
fully optimized design is deployed to production.

Time-to-Market Innovation

The Pentium being announced is little more than an optical shrink of the existing 100-MHz
design. In its current incarnation the 120-MHz Pentium is nearly identical to the 100-MHz part
in terms of overall die size and 1/O pad placement. This is in spite of the fact that the actual
microprocessor core is much smaller than the 100-MHz product (also known as the P54C). The
reason for this is that Intel added a wide silicon boundary around the core that makes it the
same size as the P54C die. Intel did this so that it could make use of existing wafer testing
equipment and existing qualified packages. This approach allowed the company to qualify and
bring to market a much higher-performance product in a much shorter time span than if it had
waited to optimize the design, packaging, and test. Such a technique in no way sacrifices
quality or reliability and aliows Intel the time it needs to optimize and qualify the
manufacturing flow of the next version of the product. When the optimized version of the 120-
MHz Pentium is ready, its smaller die size should about double the total number of die per
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wafer. This will provide a tremendous increase in capacity for the product, in addition to the
higher performance it will provide.

Faster Pentiums on the Way

Implications of this announcement are many. First or all, the Pentium receives an early
performance boost. Also, the path to future higher-performance Pentiums is now pulled in
substantially. We estimate that Intel will be able to take the Pentium up to 180 MHz on this
0.35-micron BiCMOS process. This will roll out over the next 12 months as the 133-, 150-, and
finally 180-MHz version.

The P6 also Benefits

The P6 will also benefit from this early technology introduction. When the P6 technology
announcement was made, it was based on a 0.6-micron BiCMOS process. With this process
Intel was estimating a 133-MHz product that could produce a benchmark rating of 200
SPECint92. With this new process technology, the P6 should be hitting the 200-MHz clock rate
within the next 12 months. We estimate that this will increase the P6 benchmark rating to a
little more than 300 SPECint92, which will put it in the performance range of most RISC
microprocessors that will be shipping in volume in the same time frame. An additional benefit
for the P6 is that it will more than likely be moved from its existing BiCMOS process to a more
standard CMOS process. This will have the added benefit of higher yield, shorter
manufacturing throughput times, lower power, and lower cost. We expect the Pentium to
remain a BiCMOS product.

Manufacturing Rollout

The rollout of the process that started in Intel's Oregon facility known as D1 will next move to
Intel's Fab 11 in New Mexico, which is expected to come online during the second half of 1995.
The new Arizona fab known as Fab 12 will come online within six months of this occurrence. It
is clear that maintaining a manufacturing leadership position is a very high priority for Intel.
Intel's capital spending outlay was $2.4 billion in 1994; it is expected to be about $2.9 billion in
1995. Furthermore, the company's R&D budget was about $1.1 billion in 1994 and is expected
to increase to $1.3 billion in 1995.

Price, Availability, and Positioning

The 120-MHz part initially will sell for $935 in 1,000-piece quantities and is available now. We
expect this price to be rapidly reduced to make room at the high end for soon-to-be-announced
faster versions of the Pentium, as well as the next-generation P6.

Intel is treading on new ground in terms of price and position. It is an enviable position to have
such a plethora of high-performance products released in such a short time frame, but it calls
for the development of a new price reduction model. Now that Intel has successfully
introduced its next-generation microprocessor, the P6, in half the time of its predecessor

March 28, 1995 ©1995 Dataquest Incorporated 2



Dataquest Alest Semiconductor Directions in PCs Worldwide

products, Intel's marketing team will be stretched to get the most out of each successive
microprocessor without slowing the adoption of next-generation product. Conversely, it does
not want the buying public to fall into the trap of always waiting for the next version, thus
killing the market for today's product.

Competitors Must Try Harder

Intel's competitors all have fifth-generation x86 products with more sophisticated architectures
than the Pentium. This typically allows them to execute more instructions in a single cycle and
makes them more efficient. However, Intel is making rapid strides in the technology side that
may erase this architectural advantage.

Intel is the world's largest semiconductor vendor. It is No. 1 in terms of microprocessor
revenue and shipments, and it continues to outspend its competitors. With the money it is
investing, the direction it is heading, and the speed at which it is moving, Intel will be a very
formidable competitor for some time to come. Because it is the leader, the followers are bound
to be able to add more sophisticated design techniques. The only problem is that the leader is
now running very fast and may be very difficult to catch.

Jerry |. Banks

jbanks@dataguest.com

Courtesy of Dataquest's new semiconductor program entitled " Semiconductor Directions in PCs."
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DRAM the Memories: Full Speed Ahead

NeoMagic Corporation today unveiled its long-awaited graphics solution for the portable
marketplace. The fundamental difference between NeoMagic's approach and that of the other
vendors in the graphics controller market is the integration of display memory on-chip with
the controller. Yes, that means DRAM and logic on a single chip.

Dubbed the MagicGraph NM2070 series, this family of graphics controllers contains the
following functions:

® SuperVGA graphics accelerator

m RAMDAC
. 8 Frequency synthesizer
@ VESA video I/F
& Power management
m  LCD controller
m Display memory
In this first product series, display memory consists of 1MB of on-chip DRAM.

Although it did not disclose much in the way of process parameters, the company did disclose
that it was making use of a 16Mb DRAM process—the die is "slightly larger than a 16Mb die
and the package is a little more expensive.” As Table 1 shows, although a 16Mb DRAM process
may match today's advanced logic processes in terms of lithography, its interconnect capability
is extremely limited. Most logic processes today have at least three layers of metal for
interconnect. These additional metal layers are used to reduce die size and resistance and, as a
result, increase performance. Furthermore, logic processes are tuned to maximize transistor
speed. Although DRAM designs also attempt to maximize speed, the first priority of the
process and device engineers is a functioning and reliable DRAM cell. As a consequence, it is
difficult to build a high-speed logic design with a DRAM process.
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Table 1

Nominal 16Mb DRAM Process
Lithography Metal Layers
0.55 Micron 2

Source: Dataquest (March 1995)

NeoMagic claims to have been able to work through this dilemma, and the result is a high-
speed, low-power logic design tightly coupled with on-chip DRAM.

Portable Market Feature Set: Power, Size, and Performance

The high-level integration, when combined with on-chip power management and a 3.3V power
supply, results in a specified power consumption of less than 400mW. The company claims
that a discrete solution made up of a controller and two DRAMs will consume nearly 1W. Such
a savings will be welcomed by the portable computer community of OEMs that have a very
miserly power budget with which to work.

Another feature of the high level of integration is that the company is able to provide a 128-bit
memory interface to the controller while simultaneously reducing total system package count
from three chips to one and pin count from about 270 to a single 176-pin thin quad flat pack
(TQFP). This results in a reported board space savings of 60 percent. This is another powerful
feature for the space-constrained portable world.

An additional benefit is that the 128-bit interface allows for a high-memory bandwidth. This
wide bus helps offset the fact that the logic transistors are not optimized for performance. The
result is performance levels reported to exceed those of discrete 64-bit desktop systems despite
having a controller designed with transistors optimized for a DRAM process.

Dataquest Perspective

[f NeoMagic can bring this chip to market, it will have succeeded where many others have
failed. Combining logic with DRAM is not a new story by anyone's measure; designing a
product that is manufacturable is. The benefits of integration are well known, well chronicled,
and are at the very heart of the semiconductor industry's phenomenal growth. The battle cry of
"smaller, cheaper, faster" has been heard from the lips of designers for more than three decades
and shows no signs of letting up. If NeoMagic is successful in this product launch, it will no
doubt encourage many others to try to follow suit with integrated products of their own. It is
not yet clear whether NeoMagic wields enough intellectual property clout to discourage
competitors from following its lead.

A critical issue not disclosed was that of price. The NeoMagic solution will only be successful
in mainstream portable applications if it can compete with existing discrete solutions on a price
basis as well as provide all the stated features. Selling the value of smaller board space, lower
power, lower inventory, and higher quality, among other things, has been tried in the past and
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is only successful in a handful of applications. Designers have grown accustomed to receiving

the benefits of integration for free and will become very shortsighted if the cost of the new
solution does not at least match that of the prior solution.

NeoMagic is focusing its efforts on the portable market, where it offers compelling reasons to
buy. Although this market is much smaller than the desktop market, it is growing quickly,
which allows the company to establish a presence in the market as a technology innovator. As
its technology comes down the learning curve and its growth demands require a larger market,
the company will have plenty of time to move into the high-volume world of desktop PCs.

Jerry |. Banks
jbanks@dataquest.com

This Dataquest Alert is distributed as a courtesy of Datagquest's new semiconductor program PC
Semiconductor Application Markets Worldwide, which covers semiconductors in the PC. For

information on this program contact your Dataquest representative or send an e-mail to the author at
jbanks@datagquest.com.
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PowerPC Goes Consumer

A New Spin for the PowerPC

IBM and Motorola have jointly announced the PowerPC 602 microprocessor. The PowerPC
32-bit instruction-set-compliant 602 is intended to compete in the low-cost, yet high-
performance space of the consumer electronics market.

The 602 is a 32-bit architecture that can issue up to two instructions per cycle to its four parallel
execution units: integer execution unit, floating point unit, branch unit, and load/store unit. It
follows the lead of the 603e by offering an improved load/ store unit that requires only one
clock cycle for cache access. The floating pomt unit is optimized for single-precision operations,
but double-precision operations are trapped for software emulation. The FPU is pipelined such
that when the pipeline is full a single-precision multiply-add instruction can complete every
clock cycle. The branch unit allow the 602 to perform branch speculation and instruction. The
602 includes a power management unit that, among other features, can dynamically power
down each of the execution units when not in use on a per-cycle basis.

Instructions for the 602 can execute out of order. However, the instructions complete and write
back in program order.

The 602 interface protocol allows multiple masters to compete for system resources through a
central externat arbiter. The 602 provides a three-state coherency protocol that supports the
modified, exclusive, and invalid (MEI) cache states. This protocol is a compatible subset of the
modified/exclusive/shared/invalid (MESI) four-state protocol and operates coherently in
systems that contain four state caches. The 602 supports single beat and burst data transfers for
memory accesses and memory-mapped [/O. A single multiplexed bus interface is used for
transferring both 32-bit addresses and 64-bit data.

Tabie 1 shows the vital statistics of the 603e,

The 602 has already received public endorsements from The 3DO Company and from
Matsushita Electric Industrial Co. Both compares will be including the 602 in future 3DO
designs such as the 3DO Multiplayer from Matsushita and the M2 Accelerator from 3DO,
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Table 1

Technical Specifications of the PowerPC 602
Technology 0.5um CMOS, four-layer metal
Die Size 7.04 x 7.04mm (49 mm?)
Number of Transistors 950,000

Instruction Cache 4KB (write back)

Data Cache 4KB (write back)

Performance 40 SPECint92 at 66 MHZz (est.)
Signal I/O 98

Power Supply 3.3V 0.3V

Power Dissipation 1.2W at 66 MHz

Packaging Plastic quad flat pack (144 pins)

Souwrce: BMMotoroia

Dataquest Perspective

Although the 602 has not yet seen silicon, the estimated specifications do not seem
unreasonable and should be quite achievable. And given the track record of the PowerPC
aliance for working first-time silicon, we expect the 602 to follow suit, as it does not appear to
be attempting any radical changes in the basic PowerPC architecture.

The power performance ratio of the 602 does not match that of other recent announcements of
companies or alliances going after the same marketplace. However, with the high profile 3DO
design wins for the 602, the PowerPC family becomes one of the broadest families of
microprocessors in the industry, with design wins ranging from the consumer game market to
notebooks, desktop computers, and all the way to technical workstations. With such a broad
range of applications in the fold of the PowerPC alliance, it would seem a sure bet that at least
some of these designs will result in high volumes for the alliance.

Jerry J. Banks
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PowerPC 603 Gets a Face-Lift

Minor Modifications Provide Significant Performance Boost

IBM and Motorola have jointly announced the PowerPC 603e microprocessor. This is a much
improved version of the 603 architecture that has not yet seen its way into volume
manufacture, and for a variety of reasons may not.

The basic architecture of the 603e remains the same. It is a 32-bit architecture that can issue
three instructions per clock to five parallel execution units: integer execution unit, floating
point unit, branch unit, system unit, and load/store unit. The primary architectural difference
between the two processors is that the 603e has doubled the sizes of both the on-chip data and
instruction primary caches. Table 1 shows the vital statistics of the 603e.

. Table 1

Techmical Specifications of the PowerPC 603e

Technology 0.5um CMOS, four-layer metal
Die Size 8.4 x 11.67mm (98 mm?)
Number of Transistors 2.6 million
Performance 120 SPECint92 and 105 SPECHIt92 and 100 MHz
Signal /O 165
Power Supply 3.3V 15 percent
Power Dissipation 3W at 100 MHz
Packaging Ceramic quad flat pack (240 pins)
Ball grid array (16 x 16)

Source: iBM/Motorola

The dramatic performance improvement of the 603e stems from three basic changes in the
design. One is the increase in size of both on-chip caches from 8KB each to 16KB each. This
doubling of on-chip cache will result in a significantly higher "hit ratio" when the processor is
looking at the on-chip cache for its next instruction and/ or data, before having to look off-chip
to either a slower secondary cache or an even slower yet main memory location. The second is
a modified load/store unit that eliminates a full cycle, when compared to the 603. The
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load/ store unit in the original unit requires two cycles to execute a cache access, whereas the

modified unit on the 603e requires only a single cycle. Both of these features provide a
significant performance boost, but the 603 had some physical limitations limiting its clock

speed.

The joint Apple, IBM, and Motorola PowerPC design group in Somerset, WNew-=Xaskgperformed
extensive analysis of the physical layout and timing of the original 603 and was able to identify
some critical speed paths that prevented the design from operating at higher clock speeds.
Once these were identified and eliminated, the path was open to increase the clock speed. of the
device. This combined effort resulted in a dramatically improved product with a SPECint to
frequency ratio of 120 percent.

The 603e has also become a little more user-friendly, from a system perspective. The internal
clock multiplier is programmable in one-half-step increments from 1x to 4x. A beneficial
example of this finer granularity is evident in 40-MHz motherboard designs that can now be
upgraded to the 100-MHz 603e by selecting the 2.5x clock multiplier. Such a feature allows the
system designer more flexibility in optimizing performance and system cost. It also allows
existing designs based on the 80-MHz 603 to be easily upgraded to the 100-MHz 603e with
minimal system implications.

Dataquest Perspective

The 603e should see immediate success in applications that were originally targeted to use the
original 603 product. It is no secret that system vendors were less than satisfied with the
original 603's performance. The 603e's performance rating of 120 SPECint92 at a typical power
consumption of 3W is quite respectable and should translate into a very competitive notebook
platform. At the very least we would expect to see Apple announcing Power Book notebooks
based upon the 603e in the very near future. IBM has announced that it will use the 603e in a
mobile product, but it is unclear what success such a product will have in the market unless it
will run a Macintosh operating system.

Jerry J. Banks
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PC Directions in Semiconductors

Technology Analysis

1 +1 =12 Integration Propels Modem and Audio Functions on a
Collision Course

Abstract: Modem and audio functions are becoming standard features on PCs. These fea-
tures are checklist items for the consumer and small office/lhome office (SOHO) markets and
are making inroads into the corporate PC market, as well. This document provides forecasts
for both the modem and audio chipset markets and discusses the collision course that these
two technologies are taking. Synergy between these two markets is driving integration at
both the board and chip level, creating a variety of hardware options for adding these and
other features to PC designs.

By Geoff Ballew

Major Shift in Modem Chipset Market

PC user demand for connectivity is pushing modems closer to becoming a
standard feature for PCs. The transition of home PCs from computing tools
to communications tools, as well as changes in the business world, are driv-
ing this demand. Modems make new sources of information accessible by
connecting personal computers to other computers over vast public and
private networks. Figure 1 and Table 1 show Dataquest's forecast for world-
wide shipments of PCs and modem chipsets. Modem chipsets are defined
as one or more chips that provide the modem functions.

Note that the five-year compound annual growth rate (CAGR) for modem

chipsets is lower than that for PCs. This does not mean that fewer PCs will
have modem functions; in fact, quite the opposite is true. It does highlight a
shift in how modem functions are sold to the end user, which in turn affects
the market dynamics for modem chipsets.
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Figure 1
Worldwide Forecast for PC and Modem Chipset Markets
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Table 1
Worldwide Forecast for PC and Modem Chipset Markets
CAGR (%)
1994 1995 1996 1997 1998 1999 1994-1999
Modem Chipset Units (K) 21,531 26,489 31,733 36,396 37,211 37,166 115
Modem Chipset ASP ($) 26.3 22.2 21.0 20.3 20.2 20.7 -4.7
Modem Chipset Revenue ($M) 566 587 667 738 751 770 6.3
PC System Shipments (K) 47,876 57,564 68,712 79,313 92,355 107,000 174
Motherboard Shipments (K) 4,404 5,476 6,738 7,992 9,582 11,190 20.5
Total PC Unit Shipments (K) 52,280 63,040 75,450 87,305 101,937 118,190 17.7
Ratio of Modem Chipsets to 41.2 42.0 42.1 41.7 36.5 314
Total PCs (%)

Source: Datagquest (November 1995)
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Modem sales today are a combination of retail sales and sales to PC OEMs.
Over the next four years, modem sales to PC OEMs will grow faster than
retail sales and will be the primary driver for market growth in 1998 and
1999. For the purposes of this document, retail sale is defined as the sale of a
modem directly to an end user, whether it is an internal or an external
modem. The market for external modems is almost entirely a retail market;
PC OEMs that provide modem functions in their PCs prefer add-in card
modems.

Retail sales have been robust for two reasons. First, the increasing popular-
ity of online services and access to the Internet has caused many new users
to purchase modems for their existing PCs, which did not have modems
installed. Second, many modem users upgrade their modems more fre-
quently than their PCs because modem speeds have been increasing and
the cost to upgrade is relatively small. Modem speeds are slow compared to
other data transfer rates in even a low-end PC, and modem users are
sensitive to that performance botileneck.

This market is changing, however. Dataquest believes that the retail sales of
modems directly to end users will decline, and that sales to PC OEMs will
drive market growth at the end of this decade. There are two reasons for
this. First, modems are now standard features for PCs targeted at the con-
sumer and small office/home office (SOHQO) markets, so it is unnecessary
for the buyer to purchase a modem directly. Second, modem speeds are not
increasing as fast as they have previously, which reduces the incentive for
users to buy a new modem. Dataquest expects modem speeds to peak at
28.8 Kbps, the current standard known as V.34, for communication over
standard telephone lines.

Without faster modems, the retail upgrade market will decline gradually
as the installed base becomes saturated with V.34 modems. The addition of
digital simultaneous voice and data (DSVD) to V.34 modems in 1996 will
help postpone the decline until 1998. DSVD will allow modem users to
transfer voice and data simultaneously over a single telephone line.
Although some techniques for this exist today, they are less sophisticated
than DSVD and involve switching between voice and data modes rather
than processing both streams simultaneously. Not every modem user will
have a V.34 modem, but those users willing to upgrade will not find new
modems compelling if they do not have significantly enhanced features.
Other users may be content with V.32bis modems, which operate at

14.4 Kbps.

Users who demand greater performance may upgrade to digital modems
using integrated service digital network (ISDN) lines instead of standard
analog telephone lines {(plain old telephone service—POTS). ISDN modems
and services are available in some locations today, but cost and availability
issues will delay widespread adoption. Dataquest forecasts that 11 million
ISDN lines will be in use by the year 2000, so ISDN modems will remain
high-end products through that time. In other words, analog modems are
expected to dominate the market at least through the end of this decade.
Figure 2 shows the market positioning of modem standards through 1999.

©1995 Dataguest Incorporated December 11, 1995
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Figure 2

Market Positioning of Modem Standards
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Modem chipsets are rarely implemented on the motherboard because of
Federal Communications Commission (FCC) certification issues. Modems
are considered FCC Class A devices, while motherboards are generally FCC
Class B devices. However, if a designer adds a modem chipset to a mother-
board design, the motherboard becomes a Class A device and must meet
the more stringent Class A specification. For this reason, modem chipsets
are typically implemented on add-in cards or as external modems.

The Audio Market Marches On

PSAM-WW-TA-9502

Useful? Maybe. Fun? Yes. Either way, audio features are more common in
PCs today than ever before. With capabilities ranging from "business” audio
(that is, no Sound Blaster compatibility for games) to high-end wavetable
solutions, PCs just want to be heard these days. Audio capabilities have
already become standard features for PCs targeted at the consumer and
home office markets. The corporate market is a tougher nut to crack
because many information systems managers still question the need for
audio features in the workplace. Notebook PCs are one exception to this
rule; the target market is the corporate world, but audio features are becom-
ing common. Of course, Apple Macintosh computers have always had
built-in audio capabilities, whether they were selling into consumer or
business accounts. Figure 3 and Table 2 show the forecast for worldwide
shipments of PCs and PC audio chipsets. Audio chipsets are defined as one
or more chips that provide the audio functions. Note that 1998 is a mile-
stone; it is the first year that Dataquest believes more computers will be
configured with audio features than without.

©1995 Dataquest Incorporated December 11, 1995
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Figure 3
Forecast for PCs and PC Audio Chipsets
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Table 2
Forecast for PCs and PC Audio Chipsets
CAGR (%)
1994 1995 1996 1997 1998 1999  1994-1999
Audio Chipset Units (K) 20,996 26,978 33,889 42,762 55,173 65,184 25.4
Audio Chipset ASP ($) 16.14 15.00 13.64 12.48 11.55 10.56 -8.1
Audio Chipset Revenue ($M) 338.9 404.7 462.2 533.7 637.2 688.3 15.2
PC System Shipments (K) 47,876 57,564 68,712 79,313 92,355 107,000 17.4
Motherboard Shipments (K) 4,404 5476 6,738 7,992 9,582 11,190 205
Total PC Unit Shipments (K) 52,280 63,040 75450 87,305 101,937 118,190 17.7
Ratio of Audio Chipsets to 40.2 428 449 49.0 54.1 55.2
Total PCs (%)

Source: Dataquest (November 1995)

PSAM-WW-TA-9502 ©1995 Dataquest Incorporated December 11, 1995
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The PC audio market is a mix of add-in cards and motherboard implemen-
tations. For 1995, the audio add-in card market represents about half of the
total demand for audio chips, while motherboard implementations account
for the other half. Motherboard implementations are heavily skewed
toward Macintosh and notebook PCs, but that is changing. Multimedia PCs
with x86 microprocessors will increasingly have audio functions imple-
mented on the motherboard. Dataquest expects motherboard implementa-
tions to represent over 70 percent of the demand for audio chipsets by 1999,
with add-in card implementations absorbing the remainder. In that year, 40
percent of PCs and motherboards sold will have audio functions integrated
onto the motherboard, compared to only 20 percent in 1995.

The CAGR for audio chipset shipments is substantially higher than that for
total PC unit shipments (25.4 percent versus 17.7 percent). This highlights
the migration of audio features into a higher percentage of PCs sold.

Multifunction Solutions Will Dominate

As demand grows for audio and modem functions in PCs, these two feature
sets are propelled on a collision course. The synergy between the modem
and audio markets is tied to common signal-processing elements as well as
competition for system resources. If a PC OEM buys an audio card and an
add-in card modem, it is purchasing some semiconductor devices twice;
both cards require their own codecs and amplifiers.

Competition for resources is also an issue because the modem chipset
vendors have added call-processing features such as voice mailboxes and
speakerphone capabilities to their chipsets. If a user wants to answer a tele-
phone call using the modem as a speakerphone, then the modem needs
control of the speakers as well as control of the microphone. But the speak-
ers and microphone are plugged into the sound card, and nobody wants to
pay for a second set of speakers and microphone for the modem. The situa-
tion is worse if the user happens to be playing a game or an audio CD and is
actually using the speakers at the time the telephone rings.

Multifunction cards are the trend of the future. Board vendors have taken
the first integration step by creating dual-function cards that use two
chipsets—one audio chipset and one modem chipset. Figure 4 shows the
layout of one of these combination cards.

This example is an Aztech audio card with a Rockwell chipset for the
modem functions and other telephony features. All of these functions can
be integrated into a single chipset, but there is little overlap between the
audio chipset vendors and the modem chipset vendors. Rockwell has over
60 percent of the modem chipset market but does not participate in the
audio chipset market. Aztech designs its own chipsets for the audio market
but does not design modem chips. Two exceptions are Creative Laborato-
ries and Cirrus Logic; both of these companies sell audio products as well
as modem products. Cirrus’ products are sold at the chip level, while
Creative sells at both the chip level and the board level. Either one of those
companies could conceivably produce a dual-function chipset that provides
both feature sets by integrating its current products.

One company has already introduced a dual-function chipset. The Quartet
chipset from Sierra Semiconductor provides audio, modem, fax, and speak-
erphone functions in a single chipset.

PSAM-WW-TA-9502 ©1995 Dataquest Incorporated December 11, 1995
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Figure 4
Board Layout for a Dual-Function Audio and Modem Card
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There are also alternatives to dedicated chipsets. Dedicated chipsets are
defined as chipsets in which device compatibility and compliance to stan-
dards is designed at the hardware level. Several companies have stepped
away from fixed-function designs and are using special processors that run
software to provide specific functions and device compatibility. Two
examples are known as digital-signal processors (DSPs) and media engines.
Figure 5 shows the current application areas for media engines and DSPs.

Media engines and DSPs are more expensive than fixed-function chipsets,
but they are also more flexible. PC OEMs and end users can add new func-
tions simply by adding software rather than adding silicon. That level of
flexibility could make them less expensive than buying several fixed-func-
tion chipsets. Media engines are generally more powerful than DSPs and
can handle some graphics and motion-video processing as well as offload
some tasks from the CPU. Three companies promoting media engine prod-
ucts are Philips Semiconductor, Chromatic Research, and MicroUnity. Phil-
ips and Chromatic are targeting the PC market for their products, which are
named Trimedia and Mpact, respectively. MicroUnity appears to be target-
ing non-PC consumer devices such as digital set-top boxes. One example of
a D5P-based solution is the Mwave chip from IBM. Mwave chips are ship-
ping in some IBM PCs. Figure 6 shows a road map for hardware implemen-

tation trends.

Figure 5
Function Map for Alternative Hardware Solutions
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Source: Dataquest (November 1995)
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Figure 6
Hardware Implementation Trends
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Dedicated chipsets are the least expensive solutions today, so alternative
solutions need to be cost-effective on a price-per-function basis to gain
significant market share.

Dataquest Perspective

PSAM-WW-TA-8502

PCs are being used more frequently as communications tools, and this shift
is driving the market for both audio and modem chipsets. Semiconductor
vendors are adding value to their products by integrating multichip solu-
tions for audio and modem functions onto a single chip as well as pushing
performance levels to new heights. Audio and modem functions have
already been integrated at the board level by a couple of vendors, and that
trend will continue until those functions are integrated into a single dual-
function chip. At the same time, those dedicated chipsets will be challenged
by alternatives that use generic processing capability and provide func-
tional compatibility through software.

Media engines could take significant market share from dedicated chipsets
in 1997 or 1998, but cost of implementation will continue to be an issue and
may delay broad-based acceptance. DSPs have a lower price point than
media engines and could challenge dedicated chipsets in 1996, but cost
remains an issue. If those solutions can handle digital modem functions at
full ISDN speeds, they could dominate the top end of the modem market
because of their additional functionality. Otherwise, the cost issue will
determine how quickly the market shifts from dedicated chipsets to new
alternatives.

©1995 Dataquest Incorporated December 11, 1985
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Research Brief

A Review of the International Solid State Circuits
Conference (ISSCC)

Abstract: The IEEE's recent annual International Solid State Circuits Conference, ISSCC
1995, is a showcase of the R&D efforts of the leaders in the semiconductor industry. This
year's conference was a fascinating show heralding the "giga" era. Gigabit DRAMs took
. center stage, while gigabaud communications, gigaflop DSPs, and giga-instructions-

per-second CPUs will fill out the rest of the information superhighway chip complement.
Intel announced the next-generation x86 microprocessor at this San Francisco conference.
Many other extremely interesting innovations in memories, communication, data conver-
sion, and even neural networks were presented, along with papers selected on their value,
innovation, and the fact that a device was made to work in a laboratory environment.
By Jim Handy (Memories Worldwide) and Jerry Banks (Microcomponents Worldwide)

The Conference Is Over, but Many Interesting Memories Linger On

DRAM

In light of the new era of gigabit DRAMSs (2 to the 30th power, or
1,073,741,824 bits), NEC, Hitachi, and even Toshiba (the last of which was
the only one of the three to not show a gigabit device) had evening parties
to show off the cream of their research staffs to the press and analysts. At
the NEC showing, one general manager waved in front of the audience a tie
bar built around a gigabit die that looked to be almost two inches on each
side. NEC's approach to producing this behemoth is to manufacture a wafer
full of 256 Mb DRAMs, find four adjacent working devices, and saw the
wafer in such a way as to leave these four together, effectively making a
1Gb monolithic device. Surprisingly, NEC does not call this wafer-scale
integration.
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A more interesting trend in the show was the embracing of the concept of
merging ASIC and DRAM technologies. There was a workshop about this
subject the day before the conference, a paper by Toshiba showing an
"Embedded DRAM" to be used with a sea of gates, and a position taken in
the "DRAMs for Graphics” evening panel that the best choice for future
graphics controllers would be to combine the frame buffer with the
graphics accelerator ASIC.

What would drive this? Certain DRAM applications, such as MPEG decod-
ers for set-top boxes and multimedia, and graphics accelerator cards, use a
relatively fixed amount of DRAM on the order of 24Mb. This is limited by
the resolution of the display, a statistic that does not change much over an
extended period. Soon (before the turn of the century), 24Mb will be less
than half of the density of a standard 64Mb DRAM, leading researchers to
wonder how to use the rest of the die. It certainly looks as though this
approach could catch on, but we stilt do not see too much SRAM added to
today's ASICs (with rare exceptions, such as Sony's cache chip). So we
cannot truly tell whether the DRAM/ ASIC approach will be well accepted
down the road.

One evening session promised to be an honest debate about the best DRAM
architecture to use when implementing video systems. The session prom-
ised so much that it played to a packed aunditorium. Unfortunately, six of
the seven panelists were from semiconductor companies whose corporate
position advocated one architecture or another, with only one company
being an actual user of the devices, so the session ended up looking like the
sort of posturing usually seen in trade shows. The sentiment we heard from
audience members we later encountered was one of disappointment.

SRAM

Three extremely fast SRAMs were revealed by Toshiba (with Hewlett-
Packard), NEC, and Hitachi, spanning access times from 3ns to 1ns. The
scariest was a wave-pipelined device of Hitachi's that used a multiphase
phase-locked loop incorporating a voltage-controlled oscillator made out of
arectangular array of 96 amplifiers. This design actually came from another
ISSCC paper presented in an earlier year.

Flash Memory

As usual, everybody in the industry seemed to be ready to show off some
new flash memory design. This is encouraging, but it would be refreshing
to see some real activity in the market, enough to pose a threat to the stran-
glehold Intel and AMD have on flash, with a combined market share of
almost 90 percent.

Seven flash papers were presented by Intel, Mitsubishi, Hitachi, Matsushita
(with SunDisk), Toshiba, and, for the {irst time, Samsung. All but one fea-
tured 3.3V operation, indicating the resounding agreement that flash is des-
tined for portable operation. Intel presented its experimental approach of
storing multiple bits on a single cell, thereby multiplying the bit storage and
slashing the per-bit price. Two of the remaining six papers dealt with 16Mb
designs, and the rest with 32Mb designs, showing a sincere desire on the
part of the flash manufacturers to get into business on the highest rational
densities.

©1995 Dataquest incorporated May 29, 1995
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Ferroelectrics

Two papers (one from Rohm and one from Matsushita, Symetrix, and

the University of Colorado) focused on the use of ferroelectrics. It surprised
us a little that the 1Gb DRAMSs presented by Hitachi and NEC in the DRAM
session did not use ferroelectric dielectrics, as we have been predicting

for years. The ferroelectric papers were about techniques to design nonvol-
atile memories using this technology. One offered a lifetime of 10?2 cycles
(1 trillion), while the other offered 10® (10 trillion), highlighting the major
strength of ferroelectrics over flash of a much higher number of read/
write cycles. Today's flash devices offer about 10° (1 million) cycles, or a
10-millionth as many.

The P6: Not Just Another x86

PSAM-WW-RB-9502

Intel's new microprocessor, now known as the P6, is proof positive that
Intel has truly halved the development time of succeeding generations of
x86 microprocessors. The P6 comes just two years after the Pentium. All
prior generations of x86 microprocessors had taken four to five years
between generations.

Intel does not call its approach to the newly revealed P6 CPU a multichip
module, although the difference between Intel's approach and an MCM
was utterly lost on us, as well as on others in the audience. The Pé uses a
CPU chip with level-one caches similar in size and construction to those on
the Pentium, then augments this with a 256KB secondary cache SRAM die
mounted in the same package. Lots of fancy new architectural twists, many
borrowed from the more advanced variations of the i960, have been added
to push the performance significantly above that of the Pentium. The
processor is designed to be connected to as many as three other CPUs on
the same bus, supporting tightly coupled multiprocessing architectures.
(Ironically enough, Intel Scientific Computers only uses loosely coupled
processor arrays, so this twist will not be of any help to it.)

The heart of the architecture is what Intel refers to as "Dynamic Execution,”
the unique combination of three processing techniques the Pé uses to speed
up software — multiple branch prediction, data-flow analysis, and specula-
tive execution:

m Multiple branch prediction: First, the processor looks multiple steps
ahead in the software and predicts which branches, or groups of instruc-
tions, are likely to be processed next. This increases the amount of work
fed to the processor.

a Data-flow analysis: Next, the P6 analyzes which instructions are depen-
dent on each other's results, or data, to create an optimized schedule of
instructions.

@ Speculative execution: Instructions are then carried out speculatively,
and possibly out of order, based on this optimized schedule, keeping all
the chip's superscalar processing power busy and boosting overall soft-
ware performance.

©1995 Dataquest Incorporated May 29, 1995
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The P6 is very fast, will rapidly scale to higher frequencies, and is built for
high-volume manufacture. It uses a fine-grain 11-stage pipeline in which no
single stage is required to perform a significant amount of work. This will
allow Intel to rapidly increase the performance by simply increasing the
clock. We believe that the present product announcement of 200 SPECint92
at 133 MHz is quite conservative. We would not be too surprised to see the
Pé approach 400 SPECint92 in 12 to 18 months.

A detailed manufacturing and capacity analysis gives us reason to believe
that Intel is bringing enough fab capacity online to support a production
ramp for the P6 that could exceed that of the rapidly ramping Pentium.

This basically is a very fast scalable design. It is intended for the main-
stream desktop and will be 2 mainstream notebook processor in 1997. Intel
has the manufacturing muscle in place, and the closest significant competi-
tor is still a generation behind.

Dataquest Perspective

As always, memories played an important role at the ISSCC, and we expect
them to continue to do so. The job of the Dataquest anatysts, then, is to sort
out which ones should enjoy success, and to try to determine when and
how their success will be attained. This will figure into any long-term
prognostications we will make in future publications.

Allin all, it was a fascinating show. There were lots of stunning advance-
ments, like the mere fact that the 1Gb DRAM was introduced two-—not
three —years after the first paper heralding a 256Mb DRAM, or NexGen's
use of IBM's five-layer metallization, along with C4 bonding and more
precise layout tools, to reduce its die size by more than 40 percent without
reducing process geometries.
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Research Brief

1994 PC Core Logic Market Share Leadership—Uneasy Lies
the Head That Wears the Crown

Abstract: In this Research Brief, Dataquest lists the top 10 vendors in the market for PC
core logic chipsets. We also analyze the various competitors and provide our expectations
for success in 1995.

. By Jerry Banks

Still No. 1: VLSI Technology

A familiar name is at the top of the list of PC core logic market leaders,
according to a recent Dataquest survey. VLSI Technology is once again No.
1in terms of overall PC core logic unit shipments (see Table 1). In 1994 VLSI
held off all challengers vying for the No. 1 position in total PC core logic
chips. Although the company's market share fell from 21 percent in 1993 to
17.9 percent in 1994, VLSI was still able to hold off the hard charge of Tai-
wan-based Silicon Integrated Systems (SIS). In 1994 SIS grew at a pace
nearly double that of the PC core logic industry, leaping over both United
Microelectronics (UMC) and Opti. At its current pace, SIS should overtake
VLSI in 1995 in terms of total PC core logic chipsets shipped. Both UMC
and Opti grew in the 20 percent range and were able to hold off the chal-
lenge of Intel, whose meteoric rise may propel it above both SIS and VLSI
into the No. 1 position before 1995 is finished. The only company to outper-
form Intel in terms of growth was the Cirrus Logic subsidiary, Pico Power.
Its 469 percent growth rate, based entirely upon the company's notebook
product offerings, propelled the company from the No. 10 position to No. 8.
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Table 1
Top 10 Core Logic Chipset Producers, Worldwide (Thousands of Units)
1994 1993 Percentage Market
Rank Rank Company 1993 Total 1994 Total Change Share (%)
1 1 VLSI 7,392 9,047 224 17.9
2 4 Silicon Integrated Systems 4,652 8,600 84.9 17.0
3 2 UMC 6,800 8,200 206 16.2
4 3 Opti 6,344 7,775 226 15.4
5 7 Intel 1,500 5,300 2533 10.5
6 5 Acer 3,900 4,200 7.7 8.3
7 6 ACC Microelectronics 1,983 2,563 20.2 51
8 10 Cirrus/Pico Power 325 1,850 469.2 3.7
9 8 Chips & Technologies 1,400 1,700 21.4 34
10 9 Symphony 410 860 109.8 1.7
Others 800 535 -33.1 1.1
Total Shipments ' 35,506 50,630 426

Source: Dataquest (May 1995)

Growth Adjusted

The 43 percent market growth is skewed somewhat by the rapid transition
of PC OEMs, Compagq and IBM, switching from the use of custom PC core
logic to standard, off-the-shelf PC core logic. As was estimated in an earlier
report from Dataquest's Semiconductor Directions in PCs program, the use
of custom PC core logic in desktop PCs fell from 15 percent in 1993 to 9 per-
cent in 1994 and is expected to fall to less than 5 percent in 1995, while the
use of custom PC core logic in notebook PCs fell from 41 percent in 1993 to
32 percent in 1994 and is expected to approach 15 percent in 1995. We
expect this trend to continue into the future because major OEMs are
rapidly disbanding, or significantly reducing, internal PC core logic R&D
efforts. Because Dataquest does not include the captive PC core logic ship-
ments in its market share calculations, the growth of the overall PC core
logic market is overstated by about 6.3 percent for 1994. Adjusting for this,
the overall market for PC core logic grew by 37 percent. The 43 percent
growth figure reflects the average growth experienced by the merchant
market suppliers that were able to replace the custom products previously
used, in addition to the growth of the PC and motherboard upgrade
markets.

Dataquest Perspective

PSAM-WW-RB-9501

PC core logic chipsets are as critical to the overall performance of the PC as
any other component in the system. The PC core logic chips are the inter-
face between the MPU complex (microprocessor and cache memory) and
the rest of the PC. These chips manage the system resources that make up
the PC. Many of the critical performance bottlenecks — such as the cache
algorithms, DRAM refresh, memory management, power management,
expansion bus control, local bus control, and DMA control— are handled
directly by the PC core logic chips. A poorly designed chipset architecture
will severely cripple a PC's performance, completely independent of the
microprocessor used in the system.
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The PC core logic market is undergoing significant changes. In order to
compete in this arena it is essential to understand where the market has
been, how it has changed, the dynamics affecting that change, and where
the PC core logic market is going. In an upcoming publication, Dataquest
will provide further details on this dynamic market. This report will start
with a historical backdrop featuring the players, the product features, desk-
top versus notebook feature requirements, market size, and market share, It
then will work forward to the present, where it discusses the issues chang-
ing the market, and finally will take a look at the future in terms of market
size and feature set, and then give the foundation of what it will take to win
in this highly competitive market.

The dynamics of this market are such that, if one of today's leaders loses
track of the market for the briefest of moments, the entire makeup of the
leader board shown in Table 1 will change. It is essential to track this mar-
ket closely and measure competitors' progress and determine which of the
players is best positioned for the future and why.

©1995 Dataquest incorporated May 29, 1995
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Dataquest Predicts

Future Trends for DRAM Interface in PCs

Abstract: New types of DRAM are necessary to alleviate performance bottlenecks associ-
ated with memory in PCs. Current techniques for increasing bandwidth create new problems
and increase system cost by requiring larger memory increments. This document describes a
number of current and future types of DRAM and explains the advantages and disadvan-
tages of using these memory technologies in PCs. Also, a discussion of memory granularity
(what it is and why it is important) is included. PC OEMs are concerned about availability
and multivendor sourcing, so the ultimate success of any one of these memory technologies
depends upon general logistics as well as price and performance. All of these issues are con-
sidered for Dataquest's road map of DRAM I/O structures in PCs through the year 2000.
By Geoff Ballew

PC Designers Need Faster BRAM 1/0

Personal computer designers are demanding greater DRAM bandwidth to
keep pace with performance increases for microprocessors and graphics
controllers. Memory bandwidth is simply the capacity to move data in and
out of the memory bank. It is often measured in megabyte per second, so a
higher number indicates better performance. PC designers want the
improved bandwidth for as little additional cost as possible. Increased
bandwidth is important for both the main memory and the graphics mem-
ory because these areas are becoming performance bottlenecks. CPU clock
speeds continue to rise dramatically, so main memory needs to deliver both
data and instructions at higher rates. Also, graphics standards are moving
to higher refresh rates as well as more demanding types of information,
such as motion video and 3-D graphics. These trends create a widespread
need for greater memory bandwidth.
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Figure 1

One technique already employed is simply using a wider memory bus.
Pentiums are 32-bit microprocessors, but have a 64-bit memory bus. Many
graphics controllers also have a 64-bit bus. This technique creates addi-
tional problems because of memory granularity. For a thorough discussion
of memory granularity, refer to the last section of this document. This sec-
tion reprints an October 31, 1994, article on memory granularity by
Dataquest Principal Analyst Jim Handy.

The solution is to use new and faster DRAM architectures. There are many
contenders at this time, but the field will narrow quickly as the industry
chooses the next standard. Figure 1 shows a road map for the acceptance of
new types of DRAM for different applications.

DRAM Architecture Trends in PCs

Main Memory

Engineering Desktop Multimedia Graphics
Workstations Productivity

Source:Dataquest (August 1995)
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Fast Page-Mode DRAM

Fast page-mode DRAM is currently the mainstream choice for DRAM in
PCs, but its popularity is forecast to fade over the next two years. It is an
asynchronous design without any burst features. Fast page-mode memory
simply does not provide the bandwidth that designers require. Dataquest
expects fast page-mode memory to fade quickly as the transition from 4Mb
devices to 16Mb devices continues.

VRAM

VRAM is a type of dual-ported DRAM. Its main application has been
graphics memory because of the need for the graphics controller to update
the frame buffer without interrupting the screen refresh. VRAM sells for a
premium of roughly 60 percent over standard DRAM and is therefore cost-
prehibitive. Standard DRAM replaced VRAM in the low- and midrange
graphics applications in 1993 because of the cost differentiai.

High-performance applications are still using VRAM because of the dual-
port feature. VRAM has one parallel port and one serial port, but the
parallel port cannot access the memory core while the serial buffer is being
reloaded. Pixel data for an entire scan line is moved to the serial port's line
buffer with a single request. Once that request is fulfilled, the memory core
is accessible through the parallel port until the next line of pixel data is
needed. This makes the memory core accessible to the graphics controller a
higher percentage of the time than is possible with standard DRAM. The
result is more time for the graphics controller to update the frame buffer
without disrupting the screen refresh.

Extended data out DRAM (EDC DRAM) is already shipping from a num-
ber of suppliers and may account for as much as 20 percent of the 1Mbx4
devices in 1995. EDO DRAM is also referred to as hyper-page-mode DRAM
and is an asynchronous memory architecture. Dataquest expects EDO
DRAM to replace fast page-mode DRAM over the next two years, with
almost all production capacity converted from fast page-mode to EDO by
1997. EDO DRAM will be particularly strong at the 16Mb device level, but
is likely to lose some ground to synchronous DRAM (SDRAM) in 1998 and
be almost completely replaced by the year 2000. Dataquest does not expect
EDO DRAM to compete effectively at the 64Mb device level. Bus width
requirements combined with higher bit densities will favor synchronous
memory devices.

Burst EDO DRAM

Burst EDO DRAM is a variant of EDO DRAM championed by Micron
Technology. Dataquest believes that if burst EDO DRAM is accepted by
the marketplace it could delay the acceptance of synchronous DRAM by
alleviating the current bandwidth problem. Additional suppliers are critical
to the success of burst EDO DRAM because OEMs may hesitate to commit
to a single-source DRAM technology. As a long-term solution, burst EDO
DRAM does not address the bus width issue, so it is unlikely to compete
effectively at the 64Mb level.

©1995 Dataquest Incorporated August 28, 1995
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Figure 2

Synchronous DRAM

Dataquest believes that synchronous DRAM (SDRAM) will be the long-
term winner in the DRAM market. SDRAM's acceptance has started at the
16Mb level, but shipments will be a small part of the market until 1997 and
will then grow quickly. Figure 2 shows this trend. Expect SDRAMs to ship
in dual-bank packages in the near term with configurations such as
1Mbx8x2, 2Mbx4x2 and 512Kbx16x2. The dual-bank packages allow data to
be interleaved between the two banks. Dataquest believes that SDRAM will
be the standard architecture at the 64Mb device level because of bandwidth
and bus width issues. Synchronous DRAM will allow designers to use a
much narrower interface because the burst characteristics of SDRAM can be
used to emulate a wide bus. The minimum amount of memory a system
requires will be reduced by moving back to narrower buses because a sin-
gle DRAM could fill the entire bus. For example, a single x16 DRAM would
meet the minimum requirements for a 16-bit bus, compared to four devices
for today's 64-bit Pentium memory bus. OEMs could configure their PCs
with as much or as little memory (down to a single device) as consumers
are willing to pay for.

DRAM Unit Volume by Interface Type
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An additional benefit from using SDRAM for PC main memories is the
opportunity to eliminate the secondary cache SRAM. Some low-end PCs
today are designed without secondary cache memory, which reduces their
overall performance because of the relatively slow access times for asyn-
chronous DRAM. Synchronous DRAM interfaces can accept addresses at
the rate of one or two per clock cycle, which means faster access to a ran-
dom address when compared to asynchronous memory. These faster access
times may be enough of an improvement that cache SRAM will not be
attractive for low-end PCs on a price-per-performance basis. Dataquest
does not expect secondary caches to disappear, though. Midrange and
higher-performance PCs will most likely continue to have caches, as well as
some low-end PCs.

Rambus DPRAM

Rambus DRAM (RDRAM,) is a type of synchronous DRAM. Rambus has
design-wins already from Nintendo, Silicon Graphics, and Cirrus Logic,
but many designers have adopted a wait-and-see attitude foward RDRAM.
Additional design-wins in the near term would greatly boost designer con-
fidence and might speed the acceptance of other types of synchronous
DRAM. Dataquest believes that RDRAM's biggest competitor in the next
few years to be JEDEC-standard SDRAM.

What’s All This "Granularity” Stuff, Anyhow?

PSAM-WW-PD-9502

The term "granularity” is a new one to DRAM marketers, and its meaning
can be a little difficult to grasp. This section will try, in the simplest possible
terms, to explain the term in such a way that it not only will make sense, but
will also stay with the reader.

Bits versus Bytes

First of all, let us look at two different conventions: the one used for

chips versus the one used for computers. Chip suppliers and users talk
about the number of bits in a memory chip. The current hot chip is the
4-megabit (Mb) density, and the upcoming generation is the 16Mb density.

System-level memory users measure memory size in megabytes (MB).
SIMMs (single in-line memory modules) provide a way to add a lot of this
memory to systems. In the recent past, SIMMs came in 1MB sizes. The cur-
rent standard is the 4MB SIMM. Today, the base level of main memory
shipped in most PCs is 4MB.

Converting from bits to bytes is easy: a byte is eight bits. "Byte" is just a
slurred way of saying "by eight,” the standard width for main memory sys-
tems 25 years ago. To derive bytes from bits, just divide the bits by eight to
get bytes, then use an uppercase "B."

Table 1 shows some current densities of DRAMSs (in bits) and the corre-
sponding number of bytes held by each chip.

Now that we have a way of translating the chip's density to the amount it
adds to the system, let us see the number of DRAM chips required to make
a system or a SIMM, Table 2 shows how many chips it takes for the densi-
ties shown in Table 1 to make either a 1IMB or a 4MB SIMM or main
memory.

©1995 Dataquest Incorporated August 28, 1985



] Semiconductor Directions in PCs

Table 1

Converting DRAM Sizes from Bits to Bytes .
Bits Bytes
1Mb 128KB
4Mb 512KB (half megabyte)
16Mb 2MB

Source: Dataquest {October 1994)

Table 2

Chips Required to Build Certain Size Main Memories

Number of Number of Number of

Memory Size 1Mb Chips 4Mb Chips 16 Mb Chips
1MB 8 2 *
2MB 16 4 1
4MB 32 8 2
SMB 64 16 4
16MB 128 32 . ]
Bytes per Chip 128KB 512KB 2MB

*A B memory cannot be built out of a 16Mb (2MB) chip.

Source: Dataquest (October 1994)

Processor Bus Widths

Now let us change to a completely different side of the argument. Different .
processors have different data bus widths. Let us avoid going into a techni-

cal deep end. Just remember that the number of wires carrying data into

and out of the processor must match the number of wires running into and

out of the DRAMSs. This does not mean every DRAM, but rather that the

number of wires coming from the DRAM array must match the number

from the CPU.

Table 3 shows a long history: the number of input-output (1/O) pins on the
data bus of x86 processors.

Table 3

Data Bus Widths of x86 Processors
Model Data Bus Width (Bits)
8086 16
8088 8
80286 16
80386DX 32
803865X 16
486 (AlD) 32
Pentium 64

Source: Dataquest (October 1994)
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We will limit the rest of the article to the 486 and Pentium processors, with
their 32-bit and 64-bit data buses. The reason that bus widths have been
gradually increasing is that more data can be processed if more bytes can be
gotten into and out of the processor. Doubling the bus width doubles the
traffic through this potential bottleneck. This is a somewhat expensive way
to increase the throughput of the processor, so designers move from one
width to another with some hesitation.

Table 2 shows that a 4MB main memory can be built of eight half-megabyte
{512KB or 4Mb) chips. For the 486 we will need 32 data bus pins, so these
data or I/Q pins will be spread out among the eight DRAM chips. The
DRAM we will want to use has four [/Q pins, since 4 x 8 = 32. This fits well
with the most popular current DRAM chip, the 1Mx4 DRAM. For a 4MB
main memory on a Pentium system we still need eight 4Mb DRAM chips,
but to satisfy a 64-bit bus, these chips must have 64/8 =8 1/0 pins. We
will explain the difficulty in this approach shortly, but for the meantime
make a mental note to look for advertisements for Pentium systems offering
4MB main memories. It is much easier to find memories starting at twice
that size, and these memories can be built out of 16 1Mx4 DRAM chips

(16 x 4 = 64).

DRAM Organizations

We divert briefly for a history lesson. All DRAMs are presented in multiple
organizations. For example, the 1Mb density shipped either as a 1Mx1 or as
a 256Kx4. This means that the 1Mx1 version had a single data bit available
at a time (on a wire to the outside world). By contrast, the 256Kx4 version
had four bits available. Because both contained the same amount of bits, the
four-bit version (256Kx4) had one quarter as many locations for locating or
addressing four bits within the chip. In a similar vein, the 4Mb density
comes today as a 4Mx1 or a 1Mx4, with limited shipments being made in
the 512Kx8 and 256Kx16 organizations.

The 16Mb chip is available in limited volume as a 16Mx1, a 4Mx4, a 2Mx8,
and a 1Mx16. More data bits in the memory chip (the number after the "x")
mean a higher pin count and a bigger device package. Figure 3 illustrates
the organization of key 16Mb DRAMs.

Ever since the development of the first 1Kb DRAMs, there have only been
two widths offered: x1 and x4. Nobody ever asked for wider DRAMSs. Even
for the current generation of the 4Mb density, the highest-volume parts,
and the parts first developed, were the 1Mx4 and the 4Mx1 organizations.
DRAM manufacturers have always introduced only these two products,
and testing and 1/O design have never been challenging since DRAM bus
widths never changed. Suppliers introduced the first 16 Mb density DRAMs
in the same way as their predecessors —in the 16Mx1 and 4Mx4 organiza-
tions. If suppliers did any differently, they would encounter new and diffi-
cult problems. Potential problems range from power dissipation through
noise, speed, die size, and pin count to tester throughput.

The Problem

Now back to the number of chips used to build a system. Remember that a
4MB main memory in a Pentium system would require the use of eight 4Mb
DRAM chips? Well, this is not at all a commodity part, and although the

©1995 Dataquest Incorporated August 28, 1995
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Figure 3

Organizations of 16Mb DRAMs

4Mx4 2Mx8 1Mx16

16Mx1
Note: Drawings not to scale
Source: Dataquest (October 1994) G4006003
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device does exist (its organization is 512Kx8), it is hard to find and com-
mands a price premium.

To make matters worse, let us move on to the 2MB DRAM chip, more
conventionally called the 16Mb density. Just two 16Mb devices (properly
configured) make a 4MB main memory. So on the 486 system, with its
32-bit bus, the DRAM chips required each need to be 16 bits wide. These
chips are the ones that promise to be the most popular in the near term.
Unfortunately, their current availability is slim, so heavy use of the 1Mx4
should continue through next year.

Figure 4 illustrates how a 1IMx32 SIMM (based on eight 1Mx4 DRAMs) is
connected to a 32-bit data bus like the 486 processor.

Once again, the Pentium poses a new brand of problem. The Pentium's
64-bit bus needs a split between two chips in a 4MB system built of 2MB
chips. Each chip would need to be 32 bits wide, which is not a device that
anybody has on the drawing boards yet. Of course, 16Mb chips of half that
width, the 1IMx16, easily build into 8MB main memory for Pentium
systems.

Granularity

So what is the definition of the term "granularity"? Granularity refers to the
incremental size of main memory system users want to add to their system.
This also means the minimum configuration with which a system ships.
These two meanings are the same. Today's granule is 4MB. Some argue that
this is set by price. The current cost for 4MB is about $100.

©1995 Dataquest Incorporated August 28, 1995
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Figure 4

Connecting 1Mx4 DRAMs to a 32-Bit Bus

Eight
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Source: Dataquest (October 1994) G400B004
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This argument works toward the granule being the amount of memory that
$100 buys. Whenever 8MB starts to cost this much, this camp will argue
that the popular granule size will be 8MB. This will cause the 1IMx16
version of the 2MB DRAM to lose market to the 2Mx8 version. Dataquest
anticipates such a shift to occur in 1996.

So far all of the arguments center around the PC. What about other forms of
computing systems? The reason for the PC focus is that PCs account for a
growing share of the DRAMs consumed. The portion exceeds 60 percent of
DRAM consumption. Where the PC market goes, the DRAM market
follows.

Still, there are applications that use the x4 and x1 versions of the 2MB
DRAM. Most workstations and file servers still use 32-bit processors, and
if we turn our math around a bit, we can see that these chips can build
reasonably sized main memories for such systems. A 32-bit bus built of
4Mx4 2MB DRAMs would need to use eight chips, making the main mem-
ory size eight times 2MB, or 16MB. This is a good granule for a workstation.
A 32-bit bus built of 16Mx1 2MB DRAMs would need to use 32 chips, mak-
ing the main memory size 32 times 2MB, or 64MB. This immediately puts
us into the realm of heavyweight computers like superworkstations and
midrange computers. You can see that the market becomes more and more
limited the narrower the device becomes.

©1995 Dataquest Incorporated August 28, 1995
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Dataquest Perspective

Memory bandwidth is a performance bottleneck in today's PCs. The current
technique to improve bandwidth has been simply to use a wider bus, but
this creates additional problems by increasing the minimum amount of
memory a system requires, as well as increasing the upgrade increment.
These issues are tied to memory granularity, as discussed above. New types
of DRAM are necessary to alleviate the bandwidth issue without requiring
wider and wider buses. Dataquest expects the solution to come in two
stages.

Stage one is a shift from fast page-mode DRAM to EDO DRAM and has
already started. This stage only partly addresses the bandwidth issue,
because EDO DRAM is an asynchronous design. EDO DRAM will most
likely be the largest-selling type of DRAM at the 16Mb level, but will lose
popularity at the 64Mb level because of the difficulty in manufacturing
memory devices with wide interfaces. Wide buses and memory granularity
issues will continue to be a problem until stage two.

Stage two is a shift to synchronous DRAM or variations of SDRAM like
Rambus DRAM. Dataquest expects stage two to begin in 1997, with the
larger share of the DRAM market shifting to synchronous DRAM by the
year 2000. Synchronous DRAM is expected to be the dominant DRAM
architecture at the 64Mb device level.

The timing and specific directions of these shifts may be more dependent
upon price and multiple vendor sourcing than upon strict device technol-
ogy. PC OEMs need improved performance, but are working with narrow
margins and high DRAM prices right now. Semiconductor vendors need to
assure PC OEMs that parts shortages or single-source pricing will not be
issues. Commodity pricing and multivendor sourcing will speed accep-
tance of new DRAM architectures.
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Dataquest Predicts

The PC Processor: What's Hot, What's Not

Abstract: This report discusses the hottest issues taking place in the PC microprocessor
market. Included is an analysis of the quarterly shipment history and an eight-quarter
Jorecast for the 486, Pentium, and P6 microprocessors. We discuss the major players as well
as the latest status on their various PC microprocessor product offerings. This report also
analyzes the ever-shrinking product life cycles of the x86 microprocessors and the ever-
shrinking performance gap between the RISC and CISC microprocessor architectures.

By Jerry Banks

Setting the Stage—1994: The Year of the 486, the Quarter of the Pentium

Although 1994 saw record shipments of 486 microprocessors, the phenome-
nal acceptance of the Pentium in the fourth quarter of 1994 provides an
indication that the 486 has already seen its peak. More than 43 million units
of 486 microprocessors were shipped, with the 486DX2 family making up
the bulk of those shipments (see Figure 1).With the advent of the clock-
multiplier technology for x86 microprocessors, single-clock variations of
the 486 microprocessor began a rapid falloff beginning in the first quarter of
1994 (see Figure 1). This rapid decline continued throughout the year. We
expect it to accelerate in 1995.

In conjunction with the 486 unit shipment life cycles, the 486 average selling
price has been in a state of decline. The 486DX2 has declined to the point
where it sits on top of the single-clocked 486DX, thus all but eliminating the
original 486DX as a product category. The 486SX also has fallen off rapidly.
Some high-volume purchasers were able to purchase a clock-doubled ver-
sion of the 486SX for $50 or less by the end of 1994. This is clearly an area
where Intel, Advanced Micro Devices (AMD), and Cyrix do not want to
participate: Intel because of its need to protect its high margins, AMD
because of its limited fab capacity and need to maximize revenue, and
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Figure 1
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Cyrix because designing and manufacturing small, low-cost die is not its
forte. Perhaps only Texas Instruments has the ability and/ or desire to con-
tinue to drive this low-cost market.

When Is a "Flaw" Not a "Flaw"?

PSAM-WW-PD-9501

The Pentium processors' success seemed anything but assured as late as
December 1994. The now infamous Pentium "flaw" definitely caused a few
Pentium users a lot of grief, but more than a few Intel employees worked
many hours and lost much sleep during the fourth quarter of 1994 trying to
resolve this potentially disastrous issue. The history of how this incident
initially was mishandled by Intel has been well documented. But despite
Intel's earlier mishandling, it did come clean with its solution and most, if
not all, parties are now quite satisfied with Intel's final response. The world
also learned that it is worth at least $475 million to ensure the design
integrity of a microprocessor. Despite the uproar in the media and on the
Internet, Intel still was able to ship 5 million Pentium processors in 1994,
with the bulk of that coming in the fourth quarter (see Figure 2). This tre-
mendous acceptance was driven by a user community consumed with the
desire for more performance. Few, if any, seemed concerned with all the
flap about a flaw that the average layperson could not understand. Perhaps
the "Field of Dreams" theory espoused by Intel is true: "Build it and they
will come." The Pentium is the most successful microprocessor in history at
this stage of its life cycle.

©1995 Dataquest Incorporated April 24, 1995
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Figure 2

Pentium Shipment History
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Dataquest Predicts

Although the second generation of the Pentium (referred to as the P54C)
began to rapidly gain on the first-generation product (also known as P5),
the P5 still shipped more than half the total Pentium volume in the year.

The 586-series microprocessor, led by Intel's Pentium processor, will
overtake the 486 as the processor of choice in 1995 and will continue as the
processor of choice through 1996. It will ship in record unit volumes during
that time frame, with shipments peaking in late 1996.

What Does the Future Hold?

PSAM-WW-PD-9501

The clock-tripled 486 series (also known as the DX4) is the new growth
category within the 486 series microprocessor. This variation of the 486 is
providing 100-MHz performance with a 33-MHz bus, thus carrying on the
tradition of maintaining the use of low-cost 33-MHz motherboard ICs while
milking more performance out of the microprocessor. This allows the MPU
manufacturer to increase prices for the added value of 100-MHz perfor-
mance without impacting the end system cost. All of the necessary system
cost reductions are coming out of the other motherboard components that
continue down on the 33-MHz learning curve (the non-MPU exception to
this is DRAM, which is in the midst of a continuing shortage situation). The
only alternative to the motherboard left for the non-MPU and non-DRAM
suppliers is to move up in the performance realm of the Pentium and/or
integrate more functions in order to add sufficient value to stem the rapid
price erosion.

As is seen in Table 1 and Figure 3, only the clock-tripled 486 products are
expected to show any growth in 1995. We expect the growth to tail off by
late 1995, with a rapid decline continuing into 1996. Although the 486 is in
decline, it will still ship nearly 33 million units in 1995 and nearly 8 million
units in 1996.

©1995 Dataquest Incorpotated April 24, 1995
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Table 1
486 Quarterly Forecast (Thousands of Units)
Q1/95 Q2/95 Q3/95 Q4/95 Q1/96 Q2/96 Q3/96 Q4/96
45 1,537 929 650 493 286 155 69 24
4D 589 505 528 275 49 25 12 0
4D2 4,853 4,167 3,121 2,159 1,116 536 226 201
4DX4 1,990 2,974 4,054 4,088 3,830 3,073 2,254 1,414
Source: Dataquest (April 1995)
Figure 3
486 Quarterly Forecast
Thousands of Units
—=— 45 —a— 4DX2
—a— 4D —e— 4DX4
| Q1 Q2 Q3 Q4 | Qi Q2 Q3 Q4J
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Source: Dataguest (April 1895)

Pentium Futures

PSAM-WW-PD-9501

The Pentium is on an unprecedented rise. Despite its shaky fourth quarter
in 1994 (from a public relations viewpoint), the Pentium seems destined to
break all previous shipment records. It was often speculated during the
fracas caused by the flaw that the Pentium processor's reputation was
permanently damaged and that the production ramp rate for the Pentium
would be severely impacted. The latter speculation, as it turns out, is
exactly on the mark, although the impact is not quite what the doomsayers
(Dataquest was not in this group) were predicting. The Pentium shipped

5 million units in 1994 and is on a run rate to exceed 25 million 1995 —what
an impact the flaw had on the Pentium's run rate! The 5 million unit ship-
ments in its first full year of production is a world's record, and the run rate
it is on for 1995 indicates it will break all previous records in its second full
year of production as well. Once again the old adage is proven: The only
bad publicity is no publicity. The Pentium is on an unprecedented volume
ramp. We are sure that Intel would have preferred that the whole issue had
never come up, but one could argue that the current run rates would not
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have been possible without the massive manufacturing effort Intel put
together at the end of last year. This accelerated effort was organized as
part of a recovery plan to get the fixed Pentium into production as fast as
possible and develop replacement products for the potential returns of the
flawed product. Without this monumental effort, the company would prob-
ably still be on its prior plan to ship only in the low-20 million-unit range
(which would still have been a world record run rate).

So, Intel once again lands on its feet. Was this luck or planning? Having a
problem with your flagship product dragged across all forms of media all
over the world is not exactly a lucky thing to have happen. Yet it is also dif-
ficult to give Intel a lot of planning credit. What is remarkable is how
quickly the company reacted. Nearly the entire microprocessor group was
mobilized to support the effort to resolve the problem, and the manage-
ment team reacted quickly to modify its position until it finally came up
with a very acceptable resolution in a relatively short time.

The Pentium Glones Arrive

PSAM-WW-PD-8501

Although the expected shipment of the upcoming K5 microprocessor from
AMD is being touted as the first real competitor to the Pentium processor,
the first company to ship a Pentium-class processor outside of Intel is the
oft-maligned Nexgen. This eight-year-old company has always had the
dream to be the first with the next-generation x86 microprocessor. For
nearly its entire existence, the company has been thwarted in its efforts by
Intel's product introductions and then by AMD's entry in the market as the
only real x86 competitor. Nexgen was constantly resetting itself and look-
ing to the future.

The time for joking apparently has ended. With its announcement of the
Nx586 in 1994, Nexgen became the first non-Intel manufacturer of a Pen-
tium-class product. In fact, with the first quarter of 1995 now being fin-
ished, Nexgen still holds that title. The company still needs to add a
floating-point unit to its current product because the current coprocessor
strategy is giving some doubts to the OEM community. The recent
announcement of an agreement between Compaq and Nexgen should help
Nexgen gain some credibility with more tier-one and tier-two PC OEMs.
The next biggest hurdle that Nexgen must overcome is the timely introduc-
tion of a 686-series product. It took eight years for this product —can Nex-
gen match or beat today's current two-year development cycle for next-
generation products? Only time will tell, but so far the word is that it is well
on its way.

AMD's K5 is coming. Our best estimates are that it will start shipping in the
second half of 1995 and will contribute at least 300,000 units to the Pentium
series shipments for 1995. The only real obstacle holding up the K5 appears
to be manufacturing capacity. The company's long-awaited Fab 25 in
Austin, Texas, will give it a much-needed boost. This 8-inch, or 200mum,
submicron facility is expected to propel AMD into a much more competi-
tive position. The facility will be able to tum out 486s by the millions and
should be sufficient to launch the K5 effort in earnest. The K5 is a more effi-
cient architecture than Intel's Pentium and should provide up to a 30 per-
cent performance edge at similar clock frequencies. This performance
advantage does pose a slight marketing challenge for the company. The
company historically has introduced an x86 product with a higher clock
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rate than a similar Intel product. It would then offer this product at the
same price as the lower-frequency Pentium product. This higher-perfor-
mance, lower-price strategy was quite successfully employed by AMD in
the 286-, 386-, and 486-generation products. The problem it faces now is
that the earlier-generation products used clock frequency as the measure of
performance and the K5 achieves its performance advantage at the same
clock frequency as intel's Pentium. It will be a difficult educational process
to convince buyers that the AMD part has superior performance when they
have been trained to look for clock frequency as the metric for performance.
One opticn is the route taken by Nexgen. Nexgen claims that its perfor-
mance operating at 93 MHz is the same as the Pentium operating at 100
MHz. So, it markets its 93-MHz products as Nx586-100. This option is not
perceived by all as the most optimum solution. For one thing, the buying
public may perceive this as deceptive. For another, using nonstandard
clock frequencies poses new challenges for designers. It will be interesting
to see how AMD overcomes this marketing problem created by engineering
innovation.

The third expected entrant into the Pentium clone wars is Cyrix. The
introduction of the much-heralded M1 microprocessor was overshadowed
by its monstrous die size. The M1 measures 19.3 x 20.2mm. The only known
die larger is the experimental digital signal processor chip from Analog
Devices, which contains 4Mb of SRAM and was developed for MIT. The
M1's die size is not suited for volume manufacture. The company has
launched a massive die reduction effort that should get it into a competitive
position when the product is expected to sample in late 1995. In the mean-
time, Cyrix has scaled down the original M1 architecture to get a product to
market sooner. This new product is known as the M1-SC and is not a Pen-
tium-class product. It will be targeted at DX4 sockets. The 100-MHz version
is expected to provide the performance of a 75-MHz Pentium. The M1
should start shipping sometime late in the second quarter. Cyrix has stated
that it will stop the manufacture of all current-generation 486 products by
the fourth quarter of 1995 and devote all of its manufacturing capacity to
the M1-SC and M1 when it is available. As more of a marketing statement,
Cyrix has reclassified the M1 as a 686-class processor than the 586 or
Pentium class at which it was originally announced. Our position is that
we will leave the M1 as part of our 586-series forecast.

1995: Pentiom Growth Explosion

PSAM-WW-PD-9501

The widespread user acceptance of Pentium-based PCs is driving the unit
volumes for this class of product to record levels (see Figure 4 and Table 2).
Inte] will represent the lion's share of this volume, but the introduction of
586-series product by AMD, Cyrix, and Nexgen also will help fuel this
growth phenomenon. Our forecast calls for 29 million 586-series product to
ship in 1995. This explosive growth is expected to continue into 1996, and
the only event that can slow the 586-series growth expectation is the pro-
duction of the next-generation 686 series, which already has been kicked off
with Intel's P6 product announcement. For a comprehensive look at the P6,
please refer to Dataquest's Focus Report entitled, P6: A Summary for Systems
Manufacturers (NGPC-WW-FR-9501, published April 10, 1995).
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Figure 4
Pentium Forecast
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Table 2

Pentium Forecast (Thousands of Units)

Q1/95 Q2/95 Q3/95 Q4/95 Q1/96 Q2/%6 Q3/96 Q4/96
586 Series 4,328 5,986 8238 10,588 12,564 13,622 14,023 13,560
686 Series 0 0 50 250 625 1,250 2,290 3,885

Source: Dataquest {April 1995)

Uncharted Territory

PSAM-WW-PD-9501

The introduction of the P6 microprocessor a mere two years after the intro-
duction of the Pentium establishes a new benchmark in microprocessor
introductions. The speed of the technology treadmill has doubled. Viewed
another way, the time to develop a next-generation microprocessor has
been cut in half. This puts tremendous pressure on all microprocessor ven-
dors with an eye on the desktop that Intel now dominates. Most, if not all,
of these competitors already had established design flows that would allow
them to either maintain a performance lead or surpass Intel in the near
future. Intel has just raised the bar, and it is not at all clear whether all the
current competitors can match this effort.

The P6 also has introduced new architectural techniques that until now had
been relegated to the realm of RISC microprocessors. The P6 makes use of
branch prediction, out-of-order execution, and speculative execution, has
six execution units, and is superpipelined with a fine-grain strategy that
will allow rapid scaling of the processor clock. Traditional thinking would
have the current performance gap between RISC microprocessors and CISC
microprocessors rapidly increasing over time (see Figure 5).
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Figure 5

RISC versus CISC: Traditional View
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The performance gains of the P6 and future expectations for P7 and the con-
tinuing work being performed by the Intel-HP alliance for the P8 give rea-
son to believe that the performance advantage of RISC microprocessors will
be short-lived. The first P6 product will be introduced at a clock frequency
of 133 MHz and an integer benchmark rating of 200 SPECint92. This clearly
places Intel at the top of the x86 performance charts. The P6 also is begin-
ning to make serious inroads into the RISC camp on the basis of integer per-
formance. We should see a P6 integer benchmark of about 300 SPECint'92
by this time next year, and the x86 performance ramp should bring it onto a
par with the highest-performance RISC microprocessors by the end of the
decade.

New Marketing Challenges

PSAM-WW-PD-9501

When the first P6 products begin shipping in volume in the third quarter of
1995, it will mark the first year we will see three distinct generations of x86
microprocessors having significant impact on the PC market in the same
year. With each distinct generation spawning higher-performance deriva-
tives, price and positioning strategies have to be completely reworked. As
is shown in Figure 6, each successive generation of x86 is reaching volume
production faster than the prior generation. In addition to reaching volume
production status sooner, the production ramp itself is steeper for each
succeeding generation.

Marketing teams that were learning how to deal with this shortening of
time to production are now seeing the product retirement rate also begin to
accelerate. With the two-year development cycle in place, we will see much
steeper declines after the microprocessors' peak shipment year, which will
result in much shorter life cycles. Managing product price and positioning
in this new scenario takes on new challenges. How long can a company
extract revenue out of a product without stepping too hard on the prior
generation while not slowing the acceptance of the new generation? How
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Figure 6
. x86 Product Life Cycles
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does a company introduce a new-generation product without making the
existing revenue stream obsolete? These are questions that have plagued
the electronics industry for well more than a decade (how many remember
the "Osborne Effect"?) and are becoming more complex. Product marketing
has been taking on an increasingly important role as companies strive to
maximize revenue without sacrificing the future. This balancing act, which
has never been an exact science, is becoming less exact all the time and
requires careful management. Product marketeers that understand the
market, the competitive forces, and their companies' capabilities will
become critical assets to any corporation.
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This document provides microprocessor unit shipment data for all com-~
pute applications. Compute functions involve user-changeable software
rather than fixed, inaccessible software. Examples of compute applica-
tions include PCs, workstations, and home video hardware. Embedded
functions involve software that is fixed and defines the functionality of
the device. Embedded applications include printers and fax machines.

The data in this report is broken out by CISC and RISC architectures.
CISC processors dominate the compute microprocessors market at

94.9 percent, including the x86 family and the 68K family. RISC
microprocessors make up 5.1 percent of the total compute microproces-
sor market. RISC compute microprocessors currently shipping include
SPARC, MIPS, PowerPC, PA-RISC, and Alpha.

The word width of a microprocessor is determined by the maximum
word width of the software that can be run by the architecture. This is
defined by the computed accuracy of a single ADD instruction. If an
architecture can perform a 32-bit ADD in a single instruction, then itis a
32-bit architecture. This is independent of the input/output (1/0) bus
width or the width of the integer unit. Examples of 32-bit MPUs include
80386, 80486, and 68000.

The data provided in Tables 1 through 7 captures shipments of all
processor vendors with sales into the merchant market and excludes
shipments of vendors with strictly captive sales.
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Table 1

Ranking of Worldwide Shipments of Compute Microprocessors, by Company ‘

(Thousands of Units)
1994 1993 1993 1994 Percent 1994 Market
Rank Rank Company Units Units Change Share (%)
1 1 Intel 28,045 38,525 374 64.7
2 2 Advanced Micro Devices 6,790 8,210 209 138
3 3  Motorola 5444 4,330 -20.5 7.3
4 5 IBM 947 3,515 271.2 5.9
5 6  Cyrix 900 2,382 164.7 4.0
6 4 Texas Instruments 1475 1,940 315 3.3
7 9 Fujitsu 78 180 130.8 03
8 7  Chips & Technologies 126 147 16.7 0.2
9 8 NEC 95 120 26.3 02
10 11 Toshiba 61 74 213 0.1
11 12 Digital Equipment Corporation 30 65 116.7 0.1
12 10  Integrated Device Technology 64 64 0 0.1
13 NM  UMC 0 25 NA *
14 13 Weitek 30 10 -66.7 NA
NM 14  Cypress Semiconductor 25 0 -100.0 NA
NM 15 LSl Logic 25 0 -100.0 NA
NM 16  Performance Semiconductor 4 0 -100.0 NA .

Total MPU 44,139 59,587 35.0 100.0

Note: All compute microprocessors are 32-bit and greater.
*Calculated value is less than 0.1 percent

NA = Not available

NM = Not meaningful

Source: Dataquest (July 1985)
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Table 2
' Worldwide Shipments of Compute Microprocessors—CISC and RISC
(Thousands of Units)
1994
Compute Percentage Percentage
Company MPU CISC RISC CISC RISC
Total Market 59,587 56,557 3,030 94.9 3.1
North American Companies 59,188 56,532 2,656 95.5 4.5
Advanced Micro Devices 8,210 8,210 0 100.0 0
Chips & Technologies 147 147 0 100.0 0
Cyrix 2,382 2,382 0 100.0 0
Digital Equipment Corporation 65 0 65 0 100.0
IBM 3,515 1,515 2,000 43.1 56.9
Integrated Device Technology 64 0 64 0 100.0
Intel 38,525 38,440 85 99.8 0.2
Motorola 4,330 4,298 32 99.3 0.7
Texas Instruments 1,940 1,840 400 794 20.6
Weitek 10 0 10 0 100.0
Japanese Companies 374 0 374 0 100.0
Fujitsu 180 0 180 0 100.0
NEC 120 0 120 a 100.0
Toshiba 74 0 74 0 100.0
. Asia/Pacific Companies 25 25 0 100.0 0
UMC 25 25 0 100.0 0
Source: Dataquest (July 1995)
PSAM-WW-MS-8502 ©1935 Dataquest Incorporated July 31, 1995
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Table 3
Each Company’s Shipments of 32-Bit and Greater Compute Microprocessors to the ‘
World (Thousands of Units)
1993 1994 Percent 1994 Market
Architectural Word Width Units Units Change  Share (%)
32-Bit 43,885 59,264 35.0 99.5
North American Companies 43,807 59,059 34.8 99,1
Advanced Micro Devices 6,790 8,210 209 138
Chips & Technologies 126 147 16.7 0.2
Cypress Semiconductor 25 0 -100.0 0
Cyrix 900 2,382 164.7 49
IBM 947 3,515 271.2 5.9
Intel 28,045 38,525 374 64.7
LSI Logic 25 0 -100.0 0
Motorola 5444 4,330 -20.5 7.3
Texas Instruments 1475 1,940 31.5 33
Weitek 30 10 -66.7 0
Japanese Companies 78 180 130.8 03
Fujitsu 78 180 130.8 03
Asia fPacific Companies 0 25 NA 0
UMC 0 25 NA 0
>32-Bit 254 323 27.2 0.5
North American Companies 98 129 31.6 0.2
Digital Equipment Corporation 30 65 116.7 0.1
Integrated Device Technology 64 64 0 0.1
Performance Semiconductor 4 0 -100.0 0
Japanese Companies 156 194 244 0.3
NEC 95 120 26.3 0.2
Toshiba 61 74 213 0.1
Total MPU 44,139 59,587 35.0 100.0

NA = Not available
Source: Dataquest (July 1995)
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Table 4

Ranking of Each Company’s Shipments of 32-Bit and Greater Compute CISC

Microprocessors to the World (Thousands of Units)

1994 1993 1993 1994 Percent 1994 Market
Rank Rank  Company Units Units Change  Share (%)
1 1 Intel 27,975 38,440 374 68.0
2 2 Advanced Micro Devices 6,790 8210 20.9 145
3 3 Motorola 5373 4,298 -20.0 7.6
4 5 Cyrix 900 2,382 164.7 4.2
5 4 Texas Instruments 1,200 1,540 28.3 2.7
6 6 IBM 872 1,515 73.7 27
7 7 Chips & Technologies 126 147 16.7 0.3
8 NM UMC 0 25 -100.0 *
Total MPU 43,236 56,557 30.8 100.0
*Caleulated value of less than 0.1 percent
NM = Not meaningful
Source: Dataquest {(July 1995)
Table 5
Ranking of Each Company’s Shipments of 32-Bit and Greater Compute RISC
Microprocessors to the World (Thousands of Units)
1994 1993 1993 1994 Percent 1994 Market
Rank Rank Company Units Units Change Share (%)
1 4 IEM 75 2,000 2,566.7 66.0
2 1 Texas Instruments 275 400 455 13.2
3 3 Fujitsu 78 180 130.8 59
4 4 NEC 95 120 26.3 40
5 6 Intel 70 85 214 28
6 8 Toshiba 61 74 21.3 24
7 9  Digital Equipment Corporation 30 65 116.7 21
8 7  Integrated Device Technology 64 64 0 21
9 5 Motorola 71 32 -54.9 1.1
10 10 Weitek 30 10 -66.7 0.3
NM 11 Cypress Semiconductor 25 0 -100.0 NA
NM 12 LSI Logic 25 0 -100.0 NA
NM 13 Performance Semiconductor 4 0 -100.0 NA
Total MPU 903 3,030 235.5 100.0
NA = Not avallable
NM = Not meaningful
Source: Dataquest (July 1995)
PSAM-WW-MS-9502 ©1995 Dataquest Incorporated July 31, 1995
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Table 6
Shipments of Each Compute Microprocessor Family to the World
(Thousands of Units)

Percent 1994 Market

Family 1993 Units 1994 Units Change Share (%) Type
x86 37,863 52,259 38.0 87.7 CIsC
Intel 27,975 38,440 374 64.5 CIsC
Advanced Micro Devices 6,790 8,210 20.9 13.8 CisC
Cyrix 900 2,382 164.7 4.0 CIsC
Texas Instruments 1,200 1,540 283 26 CISC
IBM 872 1,515 73.7 2.5 CIsC
Chips & Technologies 126 147 16.7 0.2 CisC
UMC 0 25 NM 0 CIsC
68K 5373 4,298 -20.0 7.2 CIsC
Motorola 5373 4,298 -20.0 7.2 CISC
68EC040 918 2,622 185.6 44 CIsC
63030 3,439 1,200 -65.1 20 CIsC
68040 1,016 475 53.2 0.8 CIsC
68060 0 1 NM 0 CIsC
SPARC 433 590 36.3 1.0 RISC
Texas Instruments 275 400 45.5 0.7 RISC
Fujitsu 78 180 130.8 0.3 RISC
Weitek 30 10 -66.7 0 RISC
Cypress Semiconductor 25 0 -100.0 0 RISC
LSI Logic 25 0 -100.0 0 RISC
MIPS 224 258 15.2 04 RISC
NEC 95 120 26.3 0.2 RISC
Toshiba 61 74 213 0.1 RIsC
Integrated Device Technology 64 64 0 0.1 RISC
Performance Semiconductor 4 0 -100.0 0 RISC
PowerPC 75 2,000 2,566.7 34 RISC
IBM 75 2,000 2,566.7 34 RISC
ALPHA 30 65 116.7 0.1 RISC
Digital Equipment Corporation 30 65 116.7 0.1 RISC
Other RISC 141 nz7 -17.0 02 RISC
Intel 70 85 214 0.1 RISC
Motorola 71 32 -54.9 0.1 RISC
Total MPU 44,139 59,587 35.0 100.0
NA = Not available

NM = Not meaningfut
Source: Dataquest {July 1995) .
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Table 7
' Shipments of Compute x86 Microprocessors to the World (Thousands of Units)
Architectural 1993 1994 Percentage Market
Product Word Width Units Units Change Share (%)
14865X 32 11,850 13,295 12.2 254
486DX2 32 6,700 12,802 91.1 245
Pentium 32 325 5,040 1,450.8 9.6
i486DX 32 7,750 4,135 -46.6 79
AMA486DX2 32 150 3,155 2,003.3 6.0
AM386DX 32 4378 2,550 -41.7 4.9
1486DX4 32 0 2,002 NA 38
4865X 32 872 1,515 737 29
14865X2 32 0 1,000 NA 1.9
AM486DX 32 400 930 132.5 1.8
AM3865X 32 1,863 910 -51.1 17
80486DX 32 25 878 3,412.0 1.7
804865X 32 250 847 2388 1.6
TMS4865LC 32 750 740 -1.3 1.4
TMS486DLC 32 400 700 75.0 1.3
8048651L.C 32 525 600 14.3 11
AMA486S 32 0 600 NA 11
. 14865L 32 1,350 166 -87.7 03
80386XX 32 90 105 16.7 0.2
TMS4865 32 50 100 100.0 0.2
AM486DX3 32 0 65 NA 0.1
80486DDLC 32 100 57 -43.0 0.1
803865X 32 36 42 16.7 0.1
UM386 32 0 25 NA 0
Total MPU 37,863 52,259 NA 100.0

NA = Not available
Source: Dataquest (July 1895}
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. Chapter 1

ntroduction and Meth0d0l 00y me———————
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This document provides reference information and analysis about the per-
sonal computer application market for semiconductors. Specific areas of
information include:

m PC system market size (in production terms) in revenue, units, and
average selling price

m PC systemn market and product feature trends

@ Hardware architecture trends and semiconductor device opportunities
m Semiconductor content and market forecast

m Listings of key OEMs

The information in this report is gathered from both primary and second-
ary sources. Primary sources include surveys and interviews of industry
vendors and customers, as well as analyst knowledge and opinion. Some
of the primary sources include Dataquest's own industry services.
Secondary sources include various governmental and trade sources on
sales, production, trade, and public spending, Semiconductor content
assumptions are based on both surveys of producing OEMs and physical
teardown evaluations by Dataquest analysts of representative systems.

The forecast methodology is based on various methods and assumptions,
depending upon the area. To form a solid basis for projecting system
demand, capital, government, and consumer spending assumptions are
made for various regions of the world. For specific markets, saturation
and displacement dynamics are considered as well. Key exogenous factors
such as new software introductions, exchange rates changes, and govern-
ment policies are also considered. Semiconductor content forecasts are
based upon interviews of system marketers and designers (including
makers of enabling semiconductor technology) along with an analysis of
historical trends.

Project Analysts: Geoff Ballew and Dale Ford

©1995 Dataguest Incorporated k]



. Chapter 2

Personal Computer Markets

Market and Production Trends

PSAM-WW-MT-9502

Personal Computers
Market and production trends in PCs are as follows:

& Although notebook and subnotebook computers have enjoyed strong
growth, desktop systems will continue to dominate the computing plat-
form because of their lower manufacturing costs, the ability to handle
robust configurations with large amounts of storage, and their role in
offering the fastest and latest computing technologies.

m Notebooks have enjoyed solid unit and revenue growth because of their
ability to replicate desktop environments with features such as Win-
dows appilications, the introduction of more powerful microprocessors
such as the Pentium, and larger hard drive capacities.

m Ultraportable and notepad shipments continue to surge with popular
offerings from Apple, Olivetti, Gateway 2000, Hewleti-Packard, and
others. This market is expected to exceed notebook shipments world-
wide by the end of 1998.

» Shipments of laptops and transportable units continue to decline as
smaller notebook systems make them unattractive.

8 In the world of mobile computing, handheld devices such as PDAs
have commanded incredible attention as they have captured the imagi-
nation of consumers and manufacturers alike. Dataquest has defined
two categories for these handheld devices:

o Expandable organizers: These are computers that typically measure
3.0 x 6.0 x 0.75 inches and weigh less than a pound. They are distin-
guished by the capability to have the user add applications and
memory, and the fact that expansion is proprietary to a particular
device or family. The operating systems typically are proprietary.
The market for these devices is expected to peak at more than
0.5 million unit shipments in 1995 and then slowly shrink to fewer
than 0.4 million by 1999.

0 Standard handheld computers: These devices typically measure
4 x 7 x 1 inches and weigh about a pound. They are distinguished
from expandable organizers by their adherence to hardware and soft-
ware compatibility standards. The operating systems are open and
licensed, and application development and memory expansion are
open to third-party developers and may be distributed in a standard
format (such as PCMCIA). PDAs fall into this category.

® Strong growth in the worldwide home PC market will continue across
all regions. This sector is projected to account for nearly half of all PC
shipments in 1998 in the United States, the most mature market.

® Microsoft's new mainstream operating system "Windows 95" was
launched in the second half of 1995 with actual product sales beginning
on August 24. Its multitasking nature will have an impact on hardware
such as SCSI controllers. It also will raise the demand for memory,
forcing users to upgrade to 12MB or more.

©1995 Dataquest Incorporated 3
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m Emerging markets and regions will account for a sharply increased
proportion of shipments by 1998.

m The multimedia-ready PC market continued its torrid growth in 1994.
Shipments of complete multimedia systems grew fourfold from 1993 to
1994, reaching 10.3 million shipments. Dataquest expects sales of com-
plete multimedia systems to continue to grow during the next five
years.

m Major PC manufacturers will continue to place a strong emphasis on the
branding of PCs.

m Manufacturing strategies are dictated by economies of scale with strong
influence from free trade zones, the availability of components, and the
quality and price of labor. The trend is toward assembling PCs close to
the end market or at least final configuration being executed on demand
close to the end market.

® There is a clear trend toward using turnkey or contracted manufactur-
ing sources such as Intel, SCI, and Solectron.

Figures 2-1 to 2-3 and Tables 2-1 to 2-7 present Dataquest's worldwide
PC market forecasts. Figures 2-4 and 2-5 show the regional variation in
markets and production from 1994 to 1999. Figure 2-6 illustrates the North
American PC and workstation motherboard production forecast given in
Table 2-8.

Figure 2-1

Worldwide Personal Computer Shipments by Microprocessor Type

(Thousands of Units) (Includes Motherboard Upgrade Market; Excludes Standard
Handhelds)

Thousands of Units
120,000 — o
% lIl] Others(8088/86/
eeteretes 286/Others)
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30'000 _ \ D 68xxx

\ Pentium/Future

60,000 — \ B 486

40,000 \

20,000 £ §

0 T T N T
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9504854

Source: Dataquest (October 1995)
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Figure 2-2
Worldwide Desktop/Deskside Personal Shipments by Microprocessor Type
(Includes Motherboard Upgrade Market)

- NN (-
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Source: Dataquest (October 1395)

Figure 2-3
Worldwide Mobile Personal Computer Shipments by Microprocessor Type
Thousands of Units
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Source: Dataquest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Table 2-1 .
Worldwide Personal Computer Market by Product Type* ‘
CAGR (%)
Product Type 1993 1994 1995 1996 1997 1998 1999  1994.1999
Desktop/Deskside
Units (K) 32,712 39,219 46,623 54,056 60,865 70,221 81,419 15.7
ASP (5K) 1.80 1.87 1.95 1.90 1.84 1.79 1.74 -1.4
Factory Revenue ($M) 59,039 73,297 91,012 102579 112,204 125,847 141,916 14.1
Transportable
Units (K) 76 122 39 32 18 16 15 -34.2
ASP (SK) 411 6.72 6.69 6.07 538 4.92 451 7.7
Factory Revenue ($M) 312 817 262 194 97 79 68 -39.2
Laptop
Units (K) 170 47 13 0 0 0 0 -100.0
ASP (3K) 390 5.04 4,98 0 0 0 0 -100.0
Factory Revenue ($M) 662 237 63 0 0 0 0 -100.0
Notebook/ Tablet
Units (K) 5,477 7489 9414 11,559 12,379 13,077 12,780 11.3
ASP ($K) 2.35 249 2.52 2,36 232 218 2.06 -3.7
Factory Revenue ($M) 12,851 18,638 23,746 27,256 28,696 28,554 26,369 7.2
Uliraportable/ Notepad
Units (K) 417 1,007 1479 3,065 6,051 9,041 12,786 66.3
ASP (5K) 1.67 1.83 1.78 1.79 1.77 1.70 1.64 2.3
Factory Revenue ($M) 697 1,846 2,639 5473 10,727 15337 20,922 62.5
Standard Handheld
(Palmtop)
Units (K) 237 390 542 775 1,225 2600 5,245 68.2
ASP ($K) 0.57 0.82 0.48 0.46 0.41 0.35 0.35 -158.7
Factory Revenue ($M) 135 318 258 357 502 913 1,842 421
Motherboard Upgrades
Units (K) 2,759 4404 5476 6738 7992 9582 11,120 20.5
ASP (5K) 1.25 1.32 140 1.39 1.33 1.28 1.24 <12
Factory Revenue (SM) 3449 5814 7673 9362 10,655 12,238 13,887 19.0°
Total PC (Including
Handheld and
Motherboard Upgrade)
Units (K) 41,847 52,677 63,586 76,225 88,530 104,537 123,435 18.6
ASP (3K) 19 20 2.0 2.0 1.9 138 1.8 -2.2
Factory Revenue ($M) 77,144 100,968 125,653 145,222 162,881 182,969 205,004 15.2

*ASP and factory reverwe include standard peripherals and memory upgrades installed up to the point of sale,
Source: Dataquest (September 1995)

PSAM-WW-MT-8502 ©1995 Dataquest Incorporated November 13, 1995
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Table 2-2
Worldwide Personal Computer Shipments by Microprocessor Type
(Thousands of Units) (Includes Motherboard Upgrade Market; Excludes Standard
Handhelds)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1998
386 9,873 1,432 47 0 0 0 0 -100.0
486 26,619 41,693 28,923 9,667 416 0 0 -100.0
Pentium/Future 227 4,451 28,746 58,681 78,342 91,183 104,279 87.9
68xxx 4,609 3,503 2461 47 158 0 0 -100.0
RISC PC 76 1,161 2,863 6631 8,389 10,754 13,911 64.3
Others (8088/86/ 286/ Others) 205 40 o 0 0 0 0 -100.0
Total 41,609 52,280 63,040 75450 87,305 101,937 118,190 17.7

Source: Dataquest (September 1985)

Table 2-3

Worldwide Desktop/Deskside Personal Computer Shipments by Microprocessor Type

(Thousands of Units) (Includes Motherboard Upgrade Market)

CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
386 7,875 1,075 35 0 0 0 0 -100.0
486 23,187 34,062 21,608 7,754 53 0 0 -100.0
Pentium/Future 227 4,429 25832 46,745 61,333 70,524 80,929 78.8
68xxx 3,954 2,858 1,960 471 158 0 0 -100.0
RISC PC 75 1,161 2,662 5,825 7313 9,279 11,680 58.7
Others (8088/86/ 286/ 113 38 0 0 0 0 0 -100.0
Others)
Total 35471 43,623 52,097 60,795 68,857 79,803 92,609 16.2
Source: Dataquest (October 1295)
Table 24
Worldwide Mobile Personal Computer Shipments by Microprocessor Type
(Thousands of Units) (Excludes Standard Handhelds)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
386 1,998 357 12 0 0 0 0 -100.0
486 3,432 7,631 7,315 1,913 363 0 0 -100.0
Pentium/Future 0 23 2914  11,93¢ 17,009 20,659 23,350 299.8
68xxx 615 645 M 0 0 0 0 -100.0
RISCPC 1 0 201 806 1,076 1,475 2,231 -
Others (8088/86/ 286/ 93 2 0 0 0 0 0 -100.0
Others)
Total 6,139 8,657 10,943 14,655 18448 22,134 25,581 242

Source: Dataguest (October 1995}

PSAM-WW-MT-9502
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Table 2-5
Worldwide Personal Computer Revenue by Microprocessor Type (Millions of Dollars) .
{Includes Motherboard Upgrade Market; Excludes Standard Handhelds)*

CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999

386 13,617 1,453 40 0 0 0 0 -100.0
486 54,022 76429 53,261 14,388 564 0 0 -100.0
| Pentium/Future 1,075 13,913 62,747 118,429 148015 164,845 181,489 67.1
68xxx 8,081 5872 373 592 181 0 0 -100.0
| RISC PC 74 2938 5604 11,458 13,620 17210 21,671 49.1
Others (8088/86/ 286/ Others) 140 22 0 0 0 0 0 -100.0
Total 77,009 100,627 125,388 144,866 162,380 182,055 203,160 15.1

*Factory revenue includes standard peripherals and memory upgrades installed up to the point of sale.
Source; Dataquest (September 1995)

Table 2-6
Worldwide Desktop/Deskside Personal Computer Revenue by Microprocessor Type*
(Millions of Dollars) (Includes Motherboard Upgrade Market)

CAGR (%)

1993 1994 1995 1996 1997 19986 1999  1954-1999

386 9,829 948 27 0 0 0 0 -100.0
486 44,844 57074 36,285 10,964 67 0 0 -100.0
Pentium /Future 1,075 13,720 54,558 90,684 111,196 123,743 138,159 58.7
68xxx 6,590 4,410 2,725 592 181 0 0 -100.0
RISC PC 72 2,938 5,088 9,703 11416 14,342 17,643 431
Others (8088/86/ 286/ 78 21 1] 0 0 0 0 -100.0

Others)

Total 62,488 79,111 98,683 111,942 122,860 138,085 155,802 145

*Factory reverue includes standard peripherals and memory upgrades instalied up 1o the point of sale.
Source; Dataquest (September 1995)

Table 2-7
Worldwide Mobile Personal Computer Revenue by Microprocessor Type* (Millions of
Dollars) (Includes Motherboard Upgrade Market; Excludes Standard Handhelds)

CAGR (%)

1993 1994 1995 1996 1997 1998 1999  1994-1999

386 3,788 505 13 0 0 0 0 -100.0

486 9,179 19355 16,976 3,424 497 0 0 -100.0

Pentium/Future 0 193 8,189 27,745 36819 41,102 43,330 195.3

68xxx 1,491 1,462 1,011 0 0 0 0 -100.0

RISC PC 2 0 516 1,755 2,204 2,868 4,028 -

Others (8088/ 86/ 286/ 62 1 0 0 0 0 0 -100.0
Others)

Total 14,521 21,516 26,705 32924 39,520 43970 47,358 17.1

“Factory revenug includes standard peripherals and memory upgrades installed up to the point of sale.
Source: Dataquest (September 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 2-4
Regional Personal Computer Markets (Unit Shipments)

1994 1999

Rest of
World
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Rest of
World
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North
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Asia/Pacific
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Japan
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Europe
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Total = §52.7 Million Total = $123.4 Million

Source: Dataguest (October 1995)

Figure 2-5
Regional Personal Computer Motherboard Production (Unit Shipments)

1994 1999
North
America
(25.6%)
Asia/Pacific- . "
ROW Asia/Pacific-
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(50.4%) Europe
(22.9%)
Europe
(24.7%)
Japan
(7.0%)
Total = $52.7 Million Total = $123.4 Million

9504866

Source; Dataquest (October 1995)
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Figure 2-6
North American Motherboard Production
Thousands of Units
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Source: Dataguest (October 1995)
Table 2-8
North American Motherboard Production by Microprocessor Type
(Thousands of Units)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
486 7,725 9,883 5,767 199 0 0 0 -100.0
Other x86, 68xxx, and CISC 2,765 984 74 0 0 0 0 -100.0
Pentium/Future 127 1,905 8,443 15,813 17,441 19,348 20,994 61.7
RISC PC
(Power, Alpha, MIPS, Others) 0 568 1,510 2,261 2,300 2,568 2,788 37.5
Standard Handheld (Palmtop) 130 160 184 229 303 511 888 40.9
Total 10,747 13,500 15,979 18,503 20,043 22,427 24,669 12.8

Source: Dataquest (September 1985)

PSAM-WW-MT-8502 ©1995 Dataquest Incorporated November 13, 1995
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Tables 2-9 and 2-10 list the key OEMs ranked by revenue and unit ship-
ment market share. For the first time in more than a decade, a company
other than IBM or Apple Computer leads the world in PC shipments in
1994, Compaq Computer not only leapfrogged the perennial PC shipment
leaders, but did so in dramatic fashion by shipping 847,000 more PCs than
any other manufacturer. Unable to continue grabbing market share away
from the clone makers in 1994, the large PC suppliers were forced to turn
their guns on each other, with Compagqg and Packard Bell winning the bat-
tle. They were the only companies in the top five to increase their share of
the market in 1994.

Table 2-9
Personal Computers Worldwide Revenue Market Share
(Percentage)*

1993 1994

Compagq 92 10.5
IBM 11.8 8.8
Apple ' 10.1 85
NEC 5.3 5.5
Packard Bell 1.7 39
Toshiba 23 37
Dell 3.6 33
Gateway 2000 2.2 2.7
Hewlett-Packard 1.9 2.7
Acer 1.2 2.3
Other Vendors 50.7 48.2

*Does not include motherboard upgrade revenue

Source: Dataquest (September 1985)

Table 2-10

Personal Computers Worldwide Unit Market Share (Percentage)*

1993 1994

Compaq 8.05 10.03
IBM 10.84 8.26
Apple 943 8.26
Packard Bell 2,94 5.16
NEC 4.16 4.05
AST Research 2.68 2.72
Dell 3.02 268
Hewlett-Packard 1.75 2.66
Acer 1.41 2,63
Toshiba 1.73 2,53
Other Vendors 53.99 51.02

*Does notinclude motherboard upgrade shipments

Source: Dataquest (Septermber 1995)

©1995 Dataguest Incorporated November 13, 1995
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Systems Technology and Architecture Trends

PSAM-WW-MT-9502

The technology road maps of PCs and workstations principally are driven
by the twin factors of economy and improved end-user features. PC
makers typically try to give the buyer more features with each new prod-
uct generation while maintaining price points. Workstation makers are
known more for emphasizing performance and other features, although
the low end of the workstation market is attempting to be competitive
with the high end of the PC range. Some specific trends are listed in the
following sections.

Personal Gomputers
Trends in PCs are as follows:

® Desktop power demand will come from servicing graphical user inter-
face (GUI) and WYSIWYG-oriented applications including processing
{compressing and decompressing); store, forward, and read multimedia
(OLE enabled); and real-time multimedia such as desktop videoconfer-
encing. Networking support increasingly will require faster servicing as
transfer rates soar (for example, toward 100 Mbps over Ethernet) and
the size and frequency of transferred files and e-mail soar as well.

m Expect continued proliferation of variations on the Pentium theme as
Intel, Advanced Micro Devices, and Cyrix cover the entire price/ perfor-
mance/ power consumption spectrum.

a The Power PC alliance will continue to be a major element in Apple,
IBM, and other units.

m The backplane bus, long pointed out as one of the bottlenecks limiting
PC performance, will be supplemented by the local bus with domina-
tion by the PCl standard. ISA, EISA, and other buses will continue to
exist for some time because of the vast bulk of add-in cards based on
these buses.

8 Plug-and-play PCs, with support from major players such as Microsoft,
Intel, Compaq, AMD, and others, will be a significant feature in the
drive to make PCs more user-friendly.

B The "green® PC as stimulated by the Energy Star program and similar
requirements coming out of Europe should become a viable selling
point for future PCs.

® The SCSI interface has had a short-term upswing in use for accessing
larger disk capacities, disk arrays, CD-ROM drives, and other peripher-
als such as scanners. Because SCSI is more expensive to implement, IDE
and its enhanced version (EIDE} will remain the dominant RDD inter-
face.

® Serial and paralle]l 1/ O have remained fairly constant, but now new
technologies such as 1394/ Firewire, Access.bus, and universal serial
bus (USB) are vying to displace those trusted standbys.

® The USB standard was rolled out with strong support from Intel,
Microsoft, and Compaq at the Windows Hardware Engineering Confer-
ence '95 (WINHEC '95). This local bus for the PC will provide a com-
mon standard for communicating among PCs, modems, scanners,
joysticks, keyboards, mice, monitors, and printers.

©1995 Dataguest Incorporated November 13, 1995




Personal Computer Markets

@ The worldwide PC Card market started to take off in 1994 with

3.4 million unit shipments. Customers and vendors have started to
realize how PC Cards can help mobile workers be more productive by
enabling them to simply and quickly add new capabilities to their
mobile devices. While modem cards were by far the largest market in
terms of unit shipments in 1994, vendors will need to incorporate multi-
ple functions in PC Card technology in order to stay viable in the long

term.

8 A key trend in mobile technology will be the purchase of skeleton
systems by users that are then enhanced with shrink-wrapped PCMCIA
RDDs, memory cards, and communications features.

m Other key trends in mobile computing will include commercialized
low-power-consuming components, standardization of operating volt-
age for circuits and components at 3V/3.3V, continued increases in
sophistication of battery management, improved battery technology,

and effective handwriting/ voice recognition.

Table 2-11 highlights projected trends in PC technology. Figure 2-7 shows

areas that offer opportunities for enhancement.

Tables 2-12 through 2-16 provide forecasts for key PC and workstation

technologies.
Table 2-11
The Evolving PC
Standard Features 1993 1955 1997 Trend
Main Memory (MB) 4-6 812 16-20 To wider organizations,
sub-70ns, and cache
replacement. Toward
EDO Architecture
cru* 386 and 486 (SX/  486DXx/Pentium Pentium/ Toward more power and
DX)/68K PowerPC PowerPC/ higher price/
Pentium Pro performance ratio
Cache (K) 64/128 128/256 256 Possible integration with
MPU or Core Logic
Bus* ISA etal. ISAwithVL/PCI  ISA with PCI PCI dominant and higher-
speed versions of PCI
Video VGA/Mac(l/4MB 32/64-bit 64-bit Accelerated  Addition of digital video
buffer) Accelerated GUI GUI (IMB buffer) and 3-D features
(LMB buffer)
Accelerated/Mac  Motion Video
Acceleration
Storage IDE/SCSI BEDE/SCSI EIDE/SCSI Enhanced IDE (EIDE) will
dominate
Local [/O RS-232/422 RS-232/422 RS-232/422/USB  Toward USB, possible
entrance of 1394/
Access.bus

*And corresponding core logic

Source: Dataquest (September 1995)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated
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Figure 2-7
PC Performance Enhancement Opportunities

Processing Bottlenecks

Satisfied
User

Data Disk I/O Main Memory I/O Video Output

VL, PCI Bus N\ VL, PCI Bus

Faster Disk Controllers Deeper/Faster Cache VRAM
Faster Read Channel Fast DRAM Alternatives Deeper Buffer
Window Acceleration

9504869

Source: Dataguest (September 1995)

Table 2-12
Worldwide PC Bus Requirements (Percentage of Total or Category)

1993 1994 1995 1996 1997 1998 1999

AT/ISA Total 68 70 70 67 65 64 64
ISA Oniy 18 6 1 0 0 0 0
With VL 81 75 50 23 5 1 1
With PCI 1 19 49 77 95 99 9
EISA Total 3 3 3 3 3 2 2
EISA Only 79 23 8 4 2 0 0
With PCI 21 77 92 96 98 100 100
MCA Total 3 2 1 1 1 0 0
Proprietary/Specialty 10 8 7 8 8 9 10
Proprietary/Specialty Only 100 100 95 92 0 85 85
With PCI 0 0 5 8 10 15 15
No Bus (Notebook, among Others) 16 18 19 21 23 24 24
Total 100 100 100 100 100 100 100

Source: Dataquest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Table 2-13
Worldwide Penetration of PCMCIA/PC Card Slot Forecast (Thousands of Slots}

1993 1994 1995 1996 1997 1998 1999
With One or More Type II Slots 4,86% 10,389 14,545 16,751 19,173 21,571 23,813
With One or More Type 111 Slots 1,889 4,040 5,333 5,973 6,272 5,958 5,482

Source: Dataquest (October 1995)

Table 2-14
Worldwide PC (Host) Storage Interface Requirement
(Percentage of Category)
1993 1994 1995 1996 1997 1998 1999
x86/ 68xxx/ Others
IDE/AT 84 85 86 88 90 92 94
SCSI (I/11/11) 16 15 14 12 10 8 6
FC-AL/SSA/1394 0 0 0 0o 0 0 0
Total 100 100 100 100 100 100 100
Pentium and Future PC
IDE/AT 10 76 85 86 85 83 80
SCSI (I/11/ 1) 90 24 15 13 13 12 10
FC-AL/SSA/1394 0 0 0 1 2 5 10
Total 100 100 100 100 100 100 100
RISC PC
IDE/AT 2 10 .14 16 17 17 17
SCsI (1/11/10) 98 90 86 82 79 75 69
FC-AL/SSA /1394 0 0 0 2 4 8 14
Total 100 100 100 100 100 100 100

Source: Datagquest (October 1895)

Table 2-15
Worldwide PC Graphics Standard Penetration (Motherboard-Based or Add-In)

1993 1954 1995 1996 1997 1998 1959

VGA (Percentage of Total) 56 28 5 1 0 0 0
Accelerated VGA
(Percentage of Total) 41 66 77 45 14 2 0

Accelerated VGA + Motion
Video and Future Features
{Percentage of Total) 0 3 18 54 86 98 100

Others (XGA, pre-VGA) 3 3 0 0 0 0 .0
Source: Dataquest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Table 2-16

Worldwide Embedded Communications and Multimedia in PCs (Percentage of Total) .
1993 1994 1995 1996 1997 1998 1999
Overall PC
Modem 1.3 16 i8 2.0 2.3 25 28
LAN 1.0 1.5 29 6.0 10.0 17.0 26.0
Uss - - - 8.0 35.0 94.0 100.0
Sound I/O 14.0 16.0 19.0 25.0 34.0 45.0 56.0
Graphics 44.0 46.0 50.0 55.0 57.0 60.0 63.0
MPEG Decoder (%) " - - 4.3 35 28 20
General-Purpose DSP (%) 0.1 05 1.0 20 30 4.0 5.0
Desktop/Deskside PC
Modem 14 1.5 1.7 20 24 2.7 3.0
LAN 1.0 20 4.0 7.0 13.0 220 33.0
UsB - - - 10.0 40.0 98.0 100.0
Sound 1/0O 120 13.0 15.0 20.0 27.0 36.0 46.0
Graphics 34.0 35.0 40,0 44.0 46.0 490 530
MPEG Decoder (%) . . - 5.0 38 2.5 1.0
General-Purpose DSP (%) 0.1 04 0.8 1.6 2.3 3.2 4.0
Mobile PC
Modem 2.0 20 20 20 20 20 20
LAN 0.1 0.1 0.1 0.1 0.1 3.1 0.1
USE - - - 20 20.0 80.0 100.0
Sound [/O 23.0 290 36.0 46.0 60.0 76.0 92.0
Graphics 100.0 100.0 100.0 100.0 100.0 100.0 100.0
MPEG Decoder (%) - - - 12 24 3.9 56
General-Purpose DSP (%) 0.2 0.9 1.8 3.6 55 7.0 8.5

Source: Dataquest (October 1985)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995



Chapter 3
' Market Semiconductor Trends for PCS m—e—cem—————_——

Semiconductor Market Opportunities and Technology Trends

Semiconductor market opportunities and technology trends are
as follows:

m New generations of Pentium (Pentium Pro, P7, and P8), PowerPC,
Alpha, PA-RISC, SPARC, and MIPS processors will drive future PCs,
wotkstations, and servers. Future trends include internal frequencies
soaring past 100-MHz for PCs and toward 200-MHz for workstations.
Multiprocessing features will also be available in many workstations
and high-end PCs.

m Proprietary processors such as ARM will continue to be used in
palmtop devices.

m PCs with 8 to 12MB average DRAM main memory in 1995 will move to
32MB DRAM in 1998.

B Increased opportunities will emerge for fast/synchronous DRAMs as
MPU speeds outstrip conventional memory architectures.

8 Bursting, MPU-specific SRAM will be used for cache design. SRAM
modules are becoming more popular.

m New chipsets to support MPUs and the new buses (particularly PCI}
. will continue to emerge.

m Mixed-signal accelerated window graphics on a single chip (with
RAMDAC) will be mainsiream. High-resolution (1024 x 768, 16-color)
3-D graphics (Open GL) and digital video feature will become more
prevalent.

m Mixed-signal I/ O chips will support high-speed storage and peripher-
als communications (EIDE, SCSI, 1394/ Firewire). Chips integrating
LAN and SCSI control will complement existing super 1/O functions.

B Sound and video codecs and I/ O functions will be used in multimedia
systems. Microsoft, IBM, and Apple are continuing to provide
multimedia and telephony interfaces to their operating systems.

Figures 3-1 to 3-4 provide block diagrams for generic Pentium desktop,
Power Macintosh, generic notebook, and Apple Newton systems.

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated 17




Semiconductor Directions in PCs

18

JIU:22IN0S

L9038

(=

LK)
. - -
o T
N/ N Y.
18Uy avepe|uy soepo
v¥SI3 $ng vsi3 goepou| \| aoepalL) sng ys1a
oauod T 1| lonuon 3T
g30d K o83
oddng JBRINOY)
$10[5 uoisuedxg v saoyng
vSIa 8 snax loulh
WOMIBN  ¥siQ preH 149 1
Jejlonuoeg | | selonuo) Jouqry lelqy aoepap|
+ * + WG tg-2e] | idnueiy vwa 10d ng 10d
3{j0NuoD 20BIRIY| i8j0uoD ¥ £
NV 1S0S saiydeso ,0S3 83F2£28 ,830d |@3asiezs _.
22 D)
MW w MW . .y r
W Tod >
Apeey 25 eleQ _o._EoOﬂv ;.q oy
-_‘_ .4 > </
eoRpa| aaBHE| eoBpey| usDy
21Eq 13d [T T aoRMaN| sng10d [ 20
200 % U0
Buppeyn Ndq
uoleieUaE) A sbel | ol L, Y _‘“ﬁ_.n.__oo._cnnwwu
Awed o A Bajsidd | HEVEHIST
e jonuan
moMﬂME_ K o’ WU LT aoepe SSeIppy
LT d WOG1-NT e [0AUON soepaU|
©leq 150H Asowoiy e | nua NGO 180H o
- \|‘ v .b 8
= & NETT | s -
«OWO0d XEres .

L 4

] H "9 eeq  -Xa1XTEEVES
b

$seIppY ,_ _‘
L.

1OI0s

>

1wEdD 10d o) | ,

ndd
wajued

sng [1Dd Sursn D4 dopysaq paseg-minnuaj SLsUsD)

1-¢ 2mErg

November 13, 1995

©1995 Dataquest Incorporated

PSAM-WW-M1-9502



Market Semiconductor Trends for PCs 19

Figure 3-2
Power Macintosh Hardware Architecture
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Source: Dataguest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995



Semiconductor Directions in PCs

20

{a66). :aquialdes) isenbairQ.BeoINog

RARYOSE

Wepowy
eund an
1104 (B80S 19OIUDD

o

JBjioauos
Aedsig

1950140 wibo) ez00 jo wed eq B

Addng
on0d

1gjenued lohuoD sng

plecgdey 101BIBUBE) Y200

A

19))04u0
aawaad

O/ essydusd
JMdW

wjioaued
JNYHA

JaH/Qd4

wX 1l
Safae

werdey(] Yo0Ig JO0qIION ILIIUID)

g-¢ amBry

©1995 Dataquest Incorporated November 13, 1995

PSAM-WW-MT-9502



¢096-LIN-MM-INVSd

pajesodioon) Jsanbereq G610

G661 ‘cl JequisAoN

Figure 3-4

Apple Newton MessagePad Block Diagram

ARM
610
CPU

System
RAM

i

1[

System
ROM

Serial
Communications
Controller

1L

Newton System Bus — Control, Data, and Address Lines

-l e

‘v
A/D
Convertar

-

Main
Battery

Backup

Battery

Temperature

Sensor

Card
Connector

PCMCIA

Mini-Din 8-
Serial Port

o]  Tablet

I

'

I

)

)

IR I
S S

Low-Speed j

IR

;

Power Tablet
RAM ROM able
System Control
Control Contiol Control
Catendar SCC Control
Arbiter DMA
Cantrol
Tirners s
............... DMA
................................. PWM
Parallel Bus \éolum?
interface Control ontro
AlO LCD ARM sSCC
Control Control Conteol Control

M M B e B G W L e B B whr T B W e G M W e S N SN ml S N SN e em mm

e S W SN e = w8 e e am

Speaker

9504873

Source’ Apple, PC Week

$9d 10} SPUai] 10}ONPUOIIWRS JDUEW

(¥



Chapter 4

Semiconductor Market Size and Forecast for PCs -
and Workstations

Figures 4-1 through 4-3 and Tables 4-1 through 4-2 provide forecasts and
illustrations of semiconductor opportunities in the PC and workstation
markets, including a focus on opportunities by region, system type, and
semiconductor device type.

Figure 4-1
Worldwide PC Semiconductor Market

Millions of Dollars Thousands of Units
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Source: Dataquest (October 1995)
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Figure 4-2
PC Semiconductor Revenue by Region
1994 1999
Japan
(9.0%)
North America
25.6%
Europe North America Eun ( )
(24.3%) (36.7%) (25 ge/f)
Asia/Pacific- Asia/Pacific-
ROW ROW
(30.0%) (40.0%)
Total = $27.8 Billion Total = $92.3 Billion
9505864
Source: Dataquest (October 1995)

Figure 4-3
Worldwide PC Semiconductor Consumption by Product Type

1994
Standard Handheld (Palmtop) (0.3%)

1999

Standard Handheld (Paimtop) (0.79%)
|

Mobile
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Mobile
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Source: Dataguest (October 1995)
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Table 4-1
Worldwide PC Production and Semiconductor Market (Less Peripherals; Includes
Standard Handhelds)*

CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
Complete PC Systems
Units (K) 39,087 48,266 58,106 69487 80,538 94,955 112,245 18.4
Factory ASP (8) 1,441 1,541 1,605 1,573 1,515 1,427 1,348 -2.6
Factory Revenue ($M) 56,323 74,379 93,253 109,323 121,989 135493 151,359 15.3
Semiconductor 430 526 638 711 765 760 743 7.2
Content ($)
Semiconductor 16,799 25,375 37,069 49390 61,590 72,203 83,436 269
TAM (M)
Desktop/Deskside PC Systems
Units (K) 32,712 39219 46,621 54,057 60,865 70,221 81419 15.7
Factory ASP ($) 1.30 1.37 1.45 1.44 1.38 132 1.29 -1.2
Factory Revenue ($M) 42,456 53,719 67,740 77,829 84,118 93,023 104,806 14.3
Semiconductor 444 555 669 731 806 807 796 75
Content ($)
Semiconductor 14,527 2.,776 31,212 39490 49,069 56,666 64,806 244
TAM ($M)
Mobile PC Systems
Units (K) 6,376 9,047 11,485 15430 19,673 24,734 30,826 27.8
Factory ASP ($) 2.17 2.28 222 2.04 1.92 1.72 1.51 .7.9
Factory Revenue ($M) 13,867 20,659 25,512 31,491 37,869 42468 46,553 176
Semiconductor 356 398 510 642 636 628 604 8.7
Content ($) :
Semiconductor 2,272 3,508 5,856 9,899 12,521 15,536 18,630 38.9
TAM (8M)
Motherboard Upgrades
Units (K) 2,759 4,404 5,476 6,738 7,992 9,582 11,190 20.5
Factory ASP ($) 1,250 1,320 1,401 1,389 1,333 1,277 1,241 -1.2
Factory Revenue ($M) 3,449 5,813 7,672 9,356 10,6563 12,236 13,887 19.0
Semiconductor 444 556 669 73 806 807 796 7.5
Content (8}
Semiconductor 1,225 2,445 3,666 4,922 6,443 7,732 8,907 29.5
TAM ($M)
Total Production
Units (K) 41,846 52,670 63,582 76,235 88,530 104,537 123,435 18.6
Factory ASP ($) 1,428 1,523 1,587 1,557 1,498 1,413 1,339 -2.5
Factory Revenue ($M) 59,772 80,192 100,925 118,682 132,642 147,729 165,246 15.6
Semiconductor 431 528 641 713 768 765 748 7.2
Content ($)
Semiconductor 18,024 27,820 40,735 54,312 68,033 79,935 92343 271
TAM ($M)

*Includes graphics, serial/parallel 1/O, storage adapters, and memory SIMMS installed up to point of sale
Source:Dataguest (October 1995)
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Table 4-2

North American PC Production and Semiconductor Market (Less Peripherals; Includes ‘
Motherboard Upgrades and Standard Handhelds)*

CAGR (%)

1993 1994 1995 1996 1997 1998 1999  1994-1999

Units (K) 10,747 13,500 15,979 18,503 20,043 22,427 24,669 12.8

Factory ASP ($) 1,522 1,547 1,622 1,580 1,537 1,436 1,378 -2.3

Factory Revenue ($M) 16,357 20,885 25,918 29,235 30,806 32,205 33,994 - 10.2

Semiconductor 665 756 884 960 1,005 981 959 4.9
Content ($)

Semiconductor 7,147 10,199 14,125 17,763 20,143 22,001 23,650 18.3
TAM (SM)

*Includes graphics, serial/parallel /O, storage adapters, and memory SIMMS installed up to point of sale
Source: Dataguest (October 1995)

Semiconductor Opportunities by System

Figures 4-4 through 4-16 and Tables 4-3 through 4-5 detail semiconductor
opportunities by system.

Figure 4-4

Worldwide PC Semiconductor Market by Microprocessor Type (Including
Motherboard, Graphics, Storage, Serial/Parallel /O Adapters, and Add-On Memory
Installed up to Point of Sale)
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Figure 4-5
Worldwide Desktop/Deskside PC Semiconductor Market by Microprocessor Type*

(Including Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On
Memory Installed up to Point of Sale)
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Figure 4-6
Worldwide Mobile PC Semiconductor Market by Microprocessor Type (Including ‘

Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On Memory
Installed up to Point of Sale)
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Figure 4-7
Average Overall PC System Semiconductor Content (Including Motherboard, Graphics,
Storage, Serial/Parallel /O Adapters, and Add-On Memory Installed up to Point of Sale)
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Figure 4-8
Average Desktop/Deskside PC System Semiconductor Content (Including

Motherboard, Graphics, Storage, Serial/Parallel /O Adapters, and Add-On Memory
Installed up to Point of Sale)
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Figure 4-9
Average Mobile PC System Semiconductor Content (Including Motherboard, Graphics,
Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to Point of Sale)
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PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-10
Overall Pentium PC Semiconductor Content Trend (Including Motherboard, Graphics,
Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to Point of Sale)
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9504881

Source: Dataguest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-11

Desktop/Deskside Pentium PC Semiconductor Content Trend (Including Motherboard,

Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to
Point of Sale)

1994 1999

Core Logic (5.6%) Core Logic (4.3%)
| Cache Memory (2.8%) | Cache Memory (2.4%)
| | Storage Control (1.4%) | Storage Control (1.5%)
i | . Nonvolatile Memory (0.7%) | | Nonvolatile Memory (0.1%)
. | T Others (3.7%) ([~ _Others (6.8%)

MPU
(45.8%)

MPU
(34.4%)

Main Memo .
(35.7%) e Main Memory

(45.1%)

Graphics (4.3%) Total =$1,078 Graphics (5.4%) Total = $814

9505872

Source: Dataquest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-12

Mobile Pentium PC Semiconductor Content Trend (Including Motherboard, Graphics,
Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to Point of Sale)
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Source: Dataquest (October 1995)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated
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Figure 4-13
Overall RISC PC Semiconductor Content Trend (Including Motherboard, Graphics,
Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to Point of Sale)
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Source: Dataquest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-14

Desktop/Deskside RISC PC Semiconductor Content Trend (Including Motherboard,
Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to

Point of Sale)
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Figure 4-15

Mobile RISC PC Semiconductor Content Trend (Including Motherboard, Graphics,
Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to Point of Sale)
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Figure 4-16

Standard Handheld (Palmtop) Semiconductor Content Trend (Including Motherboard, ‘
Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to

Point of Sale)
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Table 4-3
Worldwide PC Semiconductor Market by System* (Millions of Dollars) (Includes
Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-on Memory
Installed up to Point of Sale)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
386 PC 2,832 442 13 0 0 0 0 -100.0
486 PC 13,006 19,845 13,820 4,698 153 0 0 -100.0
68xxx PC 1,689 1,672 1,046 208 59 0 0 -100.0
Pentium PC and 341 4,794 23,543 44,469 61510 72,119 82,565 76.7
Future
RISC PC 57 971 2,207 4,797 6,136 7474 9,164 56.7
Palmtop PC 38 74 106 140 176 343 613 52.7
Other PCs (Including 61 . 0 0 0 0 0 -100.0
8088, 8086, 80286)
Total 18,024 27,820 40,735 54,312 68,033 79,935 92,343 271
Year-to-Year 51 54 46 33 25 17 16
Growth (%)

“Inciudes motherboard upgrade market
Source: Dataquest (October 1995}

Table 4-4

Worldwide Desktop/Deskside PC Semiconductor Market by System* (Millions of
Dollars) (Includes Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and
Add-on Memory Installed up to Point of Sale)

CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
386 PC 2,273 308 9 0 0 0 0 -100.0
486 PC 11,599 16,743 10,607 3,835 20 0 0 -100.0
68xxx PC 1,452 1,419 852 208 59 0 0 -100.0
Pentium PC and 341 4,772 21,340 36,079 49953 57,792 65,862 69.0
Future
RISC PC 56 971 2,069 4,291 5,481 6,606 7,851 519
Other PCs (Including 3 10 0 0 0 0 0 -100.0
8088, 8086, 80286)
Total 15,752 24,222 34,879 44413 55512 64,399 73,712 249
Year-to-Year 50 54 44 27 25 16 14
Growth (%)

*Inciudes motherboard upgrade market
Source: Dataquest (October 1995)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated

November 13, 1995
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Table 4-5

Worldwide Mobile PC Semiconductor Market by System (Millions of Dollars) (Includes .
Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-on Memory

Installed up to Point of Sale)

CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
386 PC 559 135 4 0 0 0 0 -160.0
486 PC 1,408 3,102 3,213 863 134 0 0 -100.0
68xxx PC 237 253 194 0 0 0 0 -100.0
Pentium PC and 0 22 2,203 8390 11,557 14,326 16,703 276.6
Future
RISC PC 1 0 138 506 655 867 1,314 -
Palmtop PC 38 74 106 140 176 343 613 52.7
Other PCs (Including 30 12 0 0 0 0 0 -100.0
8088, 8086, 80286)
Total 2,272 3,508 5,856 9,809 12,521 15,536 18,630 38.9
Year-to-Year 58 58 63 69 26 24 20
Growth (%)}

Source: Dataquest (October 1295)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1985
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Semiconductor Opportunities by Device Type

Figures 4-17 through 4-27 and Tables 4-6 through 4-22 detail
semiconductor opportunities by device type.

Figure 4-17

Worldwide Total PC Semiconductor Market by Device Type

(Including Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On
Memory Installed up to Point of Sale)
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Source: Dataquest (October 1295)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-18
Worldwide Desktop/Deskside PC Semiconductor Market by Device Type* .

(Including Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On
Memory Installed up to Point of Sale)
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*Includes motherboard upgrade market
Source:Dataguest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-19

Worldwide Mobile PC Semiconductor Market by Device Type (Including Motherboard,
Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On Memory Installed up to
Point of Sale)
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Source: Dataquest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-20
Worldwide Microprocessor Opportunities in PCs

1995 1997
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Source: Dataguest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-21
Worldwide Microprocessor Opportunities in Desktop/Deskside PCs*

1995 1997
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Pentium/Future
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Total = $24.2 Billion 2505880

“Includes motherboard upgrade market
Source: Dataquest (October 1985)

PSAM-WW-MT-8502 ©1995 Dataquest incorporated ’ November 13, 1995
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Figure 4-22
Worldwide Microprocessor Opportunities in Mobile PCs .
1995 1997
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9505881

Source; Dataguest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-23

Worldwide Core Logic Opportunities in PCs

1995
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Source: Dataquest (October 1995)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated

November 13, 1995
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Figure 4-24
Worldwide Core Logic Opportunities in Desktop/Deskside PCs* .
1995 1997
RISC PC (7.2%)
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80486
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Total = $3.3 Billion

*Includes motherboard upgrade market
Source: Dataquest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-25
Worldwide Core Logic Opportunities in Mobile PCs

1985 1987
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‘Source: Dataguest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-26
Worldwide Aftermarket DRAM/VRAM Memory Demand in PCs (Includes Memory
Purchased for Installation in PCs after PC System Point of Sale)
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Source: Dataguest (October 1895)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Figure 4-27
Total DRAM/VRAM Consumption in PCs (Millions of Dollars)
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Source: Dataquest (October 1995)

Table 4-6

Worldwide Total PC Semiconductor Market by Device Type (Millions of Dollars)
(Includes Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On
Memory Installed up to Point of Sale)

CAGR (%)

1993 1994 1995 1996 1997 1998 1999  1994-1999

Memory™ 8,879 14,471 22,684 30,695 38,287 42,844 48,252 27.2
Microprocessor/FPU 6,026 9,113 12,386 16,503 20,598 25465 30,293 27.2
Core Logic 1,013 1,356 1,779 2,005 2,709 3,577 4,163 25.2
Graphics 925 1,044 1,167 1,320 1,578 1,873 2,029 14.2
Storage Control 490 510 713 956 1,109 1,292 1,521 244
Others 753 1,405 2,101 2,948 3,885 5,040 6,271 349
Total Semiconductor 18,087 27,899 40,830 54426 68,166 80,092 92,528 271

Percentage Growth 51.2 54.2 46.4 333 25.2 17.5 155

*Includes nonvolatile graphics BIOS memory
Source: Dataguest (October 1995)

PSAM-WW-MT-9502 ©1995 Dataquest Incorporated November 13, 1995
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Table 4-7

Worldwide Desktop/Deskside PC Semiconductor Market by Device Type® (Millions of
Dollars) (Includes Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and
Add-On Memory Installed up to Point of Sale)

CAGR (%)

1993 199 1995 1996 1998 1999  1994-1999

Memory* 7,744 12417 19,231 25,172 31,638 34963 38,644 25.5

Microprocessor/FPU 5,348 8,251 10,948 13,634 16,737 20,396 24,249 241

Core Logic 841 1,102 1,440 1,487 2,093 2,830 3,288 244

Graphics 784 843 924 1,025 1,199 1,381 1,524 12.6

Storage Control 431 447 628 810 1,050 1,228 2.4

Others 658 1,226 1,785 2,375 3,043 3,897 4,918 320

Total Semiconductor 15,806 24,287 34,957 44,504 55615 64,518 73,851 249
Percentage Growth 504 53.7 43.9 273 16 14.5

Yincludes motherboard upgrade market

Ancludes nonvolatile graphics BIOS memory

Source; Dataquest (October 1995)

Table 4-8

Worldwide Mobile PC Semiconductor Market by Device Type (Millions of Dollars)
(Includes Motherboard, Graphics, Storage, Serial/Parallel I/O Adapters, and Add-On
Memory Installed up to Point of Sale)

CAGR (%)

1993 1994 1995 1996 1998 1999 1994-1999

Memory* 1,135 2,054 3,453 5523 6,649 7,881 9,608 36.1

Microprocessor/FPU 678 862 1,438 2,869 3,861 5,069 6,044 47.6

Core Logic 173 253 538 518 747 874 281

Graphics 141 201 243 295 492 504 20.2

Storage Control 50 63 85 146 242 203 36.2

Others 95 179 316 572 1,143 1,352 49.9

Total Semiconductor 2,281 3,611 5,874 9,922 12,551 15,573 18,676 389
Percentage Growth 57.6 58.3 62.6 68.9 241 19.9

*"Includes nonvolatile graphics BIOS memory

Source: Dataquest (October 1995)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated

November 13, 1995
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Table 4-9
Worldwide Semiconductor Memory Demand in PCs by Device* (Millions of Dollars)
(Inctudes Memory Installed in Factory and Add-On Memory Installed up to Point of
Sale)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
DRAM/VRAM 818 13,226 20,864 28512 35780 40,329 45,520 28.0
SRAM 395 834 1,327 1,819 2,201 2,210 2,419 23.7
EPROM/OTP/RCM 23¢9 164 49 18 0 0 0 -100.0
Flash 60 246 444 346 306 306 313 4.9
Total 8,879 14,471 22,684 30,695 33,287 42844 48,252 27.2

*Includes nonvolatile graphics BIOS memory

Source; Dataquest {October 1995)

Table 4-10

Worldwide Semiconductor Memory Demand in Desktop/Deskside PCs and
Motherboard Upgrades by Device* (Millions of Dollars) (Includes Memory Installed in
Factory and Add-On Memory Installed up to Point of Sale)

CAGR (%)

1993 1994 1995 1996 1997 1998 1999  1994-1999

DRAM/VRAM 7041 11331 17,670 23449 29554 32982 36,610 264
SRAM 371 793 1,189 1453 1,870 1781 1,840 183
EPROM/OTP/ROM 186 117 37 14 0 0 0 -100.0
Flash 46 176 335 257 214 200 194 20
Total 7744 12417 19,231 25172 31638 34,963 38,644 25.5

*Includes nonvolatile graphics BIOS rmemory

Source;Dataquest (October 1995)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated

November 13, 1985
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Table 4-11

Worldwide Semiconductor Memory Demand in Mobile PCs by Device* (Millions of
Dollars) (Includes Memory Installed in Factory and Add-On Memory Installed up to

Point of Sale)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
DRAM/VRAM 1,045 1,895 3,194 5,063 6,226 7,347 8,910 36.3
SRAM 24 42 138 366 331 428 580 69.1
EPROM/QOTF/ROM 53 47 12 5 0 0 0 -100.0
Flash 13 70 109 89 92 106 118 111
Total 1,135 2,054 3,453 5,523 6,649 7,881 9,608 36.1

*Includes nonvolatile graphics BIOS memory

Source: Dataquest (October 1995)

Table 4-12

Worldwide Aftermarket DRAM/VRAM Memory Demand in PCs (Includes Memory
Purchased for installation in PCs after PC System Point of Sale)

CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
Total DRAM/VRAM 84 137 186 235 347 550 748 404
(Millions of Mega-
bytes)
Total Revenue ($M) 2,228 3,527 4,889 5,915 6,238 7,151 8,223 18.4
Installed Base of PCs 106 125 153 185 223 264 298 189
(Millions of Units
End of Previous
Year)
Source: Dataquest {October 1995)

PSAM-WW-MT-8502

©1995 Dataquest Incorporated

Novemnber 13, 1995
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Table 4-13
Worldwide Semiconductor Memory Demand by Total PC System (Market Value by
Function; Millions of Dollars)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
386 PC
Main OEM and POS Add-On 1,438 232 7 0 0. 0 0 -100.0
Display Buffer 324 37 1 0 0 0 0 -100.0
Cache 50 7 0 0 0 0 0 -100.0
Nonvolatile 37 & 0 0 0 0 o -100.0
Total 1,848 282 9 0 0 0 0 -100.0
486 PC
Main OEM and POS Add-On 4,368 8419 7,187 2,685 91 0 0 -100.0
Display Buffer 940 1,067 203 k4] 7 0 0 -100.0
Cache 39 633 366 110 0 0 o -100.0
Nonvolatile 113 195 158 45 1 0 0 -100.0
Total 5739 10,313 8,613 3,181 100 0 0 -100.0
68xxx PC
Main OEM and POS Add-On 749 948 583 135 37 0 0 -100.0
Display Buffer 222 199 112 17 3 0 ¢ -100.0
Cache 4 3 3 1 0 0 0 -100.0
Nonvolatile 69 55 27 2 1 o 0 -100.0
Total 1,044 1,204 726 155 40 0 0 -100.0
Pentium and Future PC
Main OEM and POS Add-On 96 1,711 10,136 20,593 30,002 33657 37470 854
Display Buffer 8 114 757 2,064 1,962 2,236 2611 87.1
Cache 8 134 773 1,352 1,902 1,805 1,840 689
Nonvolatile 2 35 157 153 125 91 63 12.2
Total 113 1,994 11,822 24162 33,992 37,789 41,983 83.9
RISC PC
Main OEM and POS Add-On 32 451 1,026 2,343 3,375 4,156 5133 62.6
Display Buffer 48 151 334 302 280 306 4.9
Cache 35 149 287 214 224 254 48.7
Nonvolatile 9 16 17 13 11 8 <19
Total 37 543 1,340 2,981 3,904 4.670 5702 60.0
Palmtop PC
Main OEM and POS Add-On 12 23 36 70 85 181 326 70.0
Display Buffer 0 0 Q 0 Q \ 0 -
Cache 0 0 0 0 0 0 0 -
Nonvolatile 14 31 41 32 33 47 57 13.0
Total 27 54 78 102 118 228 agz 48.0
(Contirued)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated

November 13, 1995
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Table 4-13 (Continued)

Worldwide Semiconductor Memory Demand by Total PC System (Market Value by
Function; Millions of Dollars)

CAGR (%)
1953 1994 1995 1996 1997 1998 1999  1994-1999
Other PC .
(Including 8088, 8086, 80286)
Main OEM and POS Add-On & 1 0 0 0 0 0 -100.0
Display Buffer 1 0 0 0 0 0 0 -100.0
Cache 0 0 0 0 o 0 0 -
Nonvolatile 0 0 0 0 0 0 0 -100.0
Total 7 1 0 0 0 0 0 -100.0
Total PC
Main OEM and POS Add-Cn 6,700 11,784 18975 25826 33,590 37994 42928 29.5
Display Buffer 1,498 1,465 1,925 2,756 2,274 2,516 2,917 14.8
Cache 382 812 1,290 1,749 2,116 2,029 2,094 209
Nonvolatile 236 3 398 250 173 149 128 174
Total 8,817 14,392 22589 30581 38,154 42,688 48,067 27.3

Source: Dataquest {October 1995)

PSAM-WW-MT-9502

©1995 Dataquest Incorporated

November 13, 1995
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Table 414
Worldwide Semiconductor Memory Demand for Desktop/Deskside PC Systems
(Market Value by Function; Millions of Dollars)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
386 PC
Main OEM and POS 1,185 189 & L) ‘0 0 0 -100.0
Add-On
Display Buffer 287 28 1 0 0 0 0 -100.0
Cache 46 7 0 0 0 0 0 -100.0
Nonvolatile 30 4 0 0 0 0 0 -100.0
Total 1,548 228 7 0 0 0 0 -100.0
486 PC
Main OEM and POS 3,839 6,929 5,346 2,146 11 b 0 -100.0
Add-On
Display Buffer 846 872 711 293 1 0 0 -100.0
Cache a2 615 348 107 0 0 0 -100.0
Nonvolatile 87 135 118 40 0 0 0 -100.0
Total 5,083 8,551 6,523 2,586 13 0 0 -100.0
68xxx PC
Main OEM and POS 649 833 485 135 37 @ 0 -100.0
Add-On
Display Buffer 193 162 90 17 3 0 0 -100.0
Cache 3 2 3 1 0 0 0 -100.0
Nonvolatile 60 45 21 2 1 0 0 -100.0
Total 905 1,042 599 155 40 0 0 -100.0
Pentium and Future PC
Main OEM and POS % 1,704 9,247 16701 24,553 27211 29,733 77.1
Add-On
Display Buffer 8 113 680 1,764 1,656 1,834 2,226 81.4
Cache 8 133 694 1,077 1,671 1,574 1,608 64.5
Nonvolatile 2 35 141 122 o8 71 49 . 6.8
Total 113 198 10762 19,663 27977 30,689 33615 76.1
RISC PC
Main OEM and POS 32 451, 964 2,100 3,030 3,696 4,394 57.6
Add-On
Display Buffer 2 48 140 293 263 241 257 39.9
Cache 3 35 143 268 199 207 232 46.0
Nonvolatile 1 9 15 15 12 9 7 52
Total 37 543 1,262 2,677 3,504 4,154 4,890 55.2
(Continued)
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Table 4-14 (Continued)

Worldwide Semiconductor Memory Demand for Desktop/Deskside PC Systems
(Market Value by Function; Millions of Dollars)

CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
Other PC (Including
8088, 8086, 80286)
Main OEM and POS 3 1 0 0 0 0 Q -100.0
Add-On
Display Buffer 1 0 0 0 0 0 0 -100.0
Cache 0 0 ] 0 0 0 0 -
' Nonvolatile 0 0 0 0 0 0 0 -100.0
Total 4 1 0 ] 0 0 0 -100.0
Total PC
Main OEM and PCS 5,803 10,108 16,048 21,082 27,631 30,907 34,127 27.6
Add-On
Display Buffer 1,338 1,223 1.622 2,367 1,923 2,075 2,483 15.2
Cache 371 793 1,189 1,453 1,870 1,781 1,840 18.3
Nonvolatile 179 228 295 179 111 80 56 -24.6
Total 7,691 12,352 19,153 25,081 31,535 34,843 38,505 25.5

Source: Dataquest (October 1995)
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Table 4-15
Worldwide Semiconductor Memory Demand for Mobile PC Systems (Market Value by
Function; Millions of Dollars)
CAGR (%)
1993 1994 19955 1996 1957 1998 1999 1994-1999
386 PC
Main OEM and POS 253 43 1 0 0 1] 0 -100.0
Add-On
Display Buffer 36 9 0 0 0 0 0 -100.0
Cache 3 1 0 1] L 0 0 -100.0
Nonvolatile 7 1 0 0 0 0 0 ~100.0
Total 300 54 2 0 0 0 0 -100.0
486 PC
Main OEM and POS 529 1489 1,841 539 80 9 @ -100.0
Add-On
Display Buffer 94 195 193 48 7 0 0 -100.0
Cache 7 17 17 3 0 o 0 -100.0
Nonvolatile 26 60 40 5 1 0 0 -100.0
Total 656 1,762 2,090 595 87 0 0 -100.0
68xxx PC
Main OEM and POS 100 115 98 Q Q ¢4 o -100.0
Add-On '
Display Buffer 30 37 23 0 0 0 0 -100.0
Cache 1 0 1 0 ¢ 0 0 -100.0
Nonvolatile 9 10 5 0 0 0 0] -100.0
Total 139 162 127 0 0 0 0 -100.0
Pentium and Future PC
Main OEM and POS B & 890 3,802 5.450 6,446 7,736 154
Add-On
Display Buffer 0 1 77 300 306 403 385 266.2
Cache 0 1 78 275 232 231 232 220.3
Nonvolatile 0 0 16 31 27 21 14 138.8
Total 0 8 1,061 4,498 6,015 7,100 8,368 304.4
RISC PC
Main OEM and POS 4 o 62 243 345 460 739 v
Add-On
Display Buffer 0 0 11 41 39 38 49 -
Cache 0 0 5 19 15 16 22 -
Nonvolatile v 0 1 2 2 1 1 -
Total 0 ¢ 79 305 400 516 812 -
{Continued)
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Table 4-15 (Continued)
Worldwide Semiconductor Memory Demand for Mobile PC Systems (Market Value by
Function; Millions of Dollars)

CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
Palmtop PC
Main OEM and POS 12 23 36 70 85 181 326 70.0
Add-On
Display Buffer 0 0 0 0 0 0 0 -
Cache 0 0 ] 0 0 0 0 . -
Nonvolatile 14 3 41 32 33 47 57 13.0
Total 27 54 78 102 118 228 382 48.0
Other PC ({Including
8088, 8086, 80286)
Main OEM and POS & o 0 B 0 & o ~100.0
Add-On
Display Buffer 1 0 0 0 0 0 0 -100.0
Cache 0 0 o 0 0 0 D -
Nonvolatile 0 0 0 0 0 0 0 -100.0
Total 4 o 0 o 0 0 0 -100.0
Total PC
Main OEM and POS 897 1,677 2,927 4,744 5,959 7,087 8,801 393
Add-On
Display Buffer 161 242 303 389 351 441 434 12.4
Cache 11 19 102 296 246 247 254 68.1
Nonvolatile 57 103 14 70 63 69 72 -6.9
Total 1,126 2,040 3,436 5,500 6,620 7,844 9,562 36.2

Source: Dataquest {October 1995}
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Table 4-16
Average Memory Configuration Assumptions by Overall PC System
(Megabytes per System)
' 1993 1994 1995 1996 1997 1998 1999
386 PC
Main (OEM) 4.00 4.00 4.00 NM NM NM NM
Main Add-On! 0.84 1.90 1.89 NM NM NM NM
Display Buffer 0.90 1.00 1.00 NM NM NM NM
Cache (KB) 64.00 64.00 64.00 NM NM NM NM
Nonvolatile? 0.13 013 0.13 NM NM NM NM
486FC _
Main (OEM) 44 591 7.75 8.80 9.13 NM NM
Main Add-On? 1.02 1.4 1.69 2.24 3.05 NM NM
Display Buffer 0.97 1.00 119 1.40 1.00 NM NM
Cache (KB} 115.62 162.72 151.53 160.34 27.94 NM NM
Nonvolatile? 0.14 0.15 0.25 0.45 0.28 NM NM
68xxx PC
Main (OEM) 487 726 8.00 .00 12.00 NM NM
Main Add-On! 0.53 2.58 0.99 3.37 1.00 NM NM
Display Buffer 1.00 1.00 1.00 1.00 1.00 NM NM
Cache (KB) 64.00 64.00 128.00 128.00 256.00 NM NM
Nonvolatile? 0.50 0.50 0.50 0.50 0.50 NM NM
Pentium and Future PC .
Main (OEM) 12.00 11.98 9.90 10.80 15.78 21.55 26.55
Main Add-On! 2.00 2.00 3.50 3.15 5.49 6.85 611 |
Display Buffer 1.00 1.00 1.00 1.40 1.39 1.89 228 |
Cache (KB) 256.00 256.00 256,00 256.00 456.42 454,00 454.68
Nonvolatile? 0.25 0.25 0.25 0.25 0.25 0.25 0.25
RISC PC
Main (OEM) 11.95 12.00 9.93 10.88 15.87 21.73 26.68
Main Add-On! 2.00 2.14 3.68 3.17 6.48 8.00 6.87
Display Buffer 1.00 1.50 2.00 2.00 2.00 2.00 200
Cache (KB) 256.00 256.00 494,03 480.88 479.16 476.89 470.94
Nonvolatile? 0.25 0.25 0.25 0.25 0.25 0.25 0.25
{Continued)
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Table 4-16 (Continued)

Average Memory Configuration Assumptions by Overall PC System

(Megabytes per System)

1993 1994 1995 1996 1997 1998 1999
Palmtop PC

Main (OEM) 1.00 1.25 1.60 2.50 3.25 4.00 4.00
Main Add-On! 0 0 0 0 0 0 0
Display Buffer 0 0 0 0 0 0 0
Cache (KB) 0 0 0 0 0 0 0
Nonvolatile? 2.00 2.50 3.50 4.00 425 4.50 4.50

Yimeludes memory added through systermn point of sale
2Excludes graphics BIOS typically using a 32K x8 EPROM/OTP
Nl = Not meaningful

Source: Datagquest (October 1995)
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Table 4-17

Average Memory Configuration Assumptions for Desktop/Deskside PC Systems
(Megabytes per System}

1993 1994 1995 1996 1997 1998 1999
386 PC

Main (OEM) 4.00 4.00 4.00 NM NM NM NM
Main Add-On! 1.00 2.40 2.40 NM NM NM NM
Display Buffer 1.00 1.00 1.00 NM NM NM NM
Cache (KB) 64.00 64.00 64.00 NM NM NM NM
Nonvolatile? 0.13 0.13 0.13 NM NM NM NM
486PC

Main (OEM) 4.50 6.00 8.00 9.00 10.00 NM NM
Main Add-Onl 1.00 1.40 1.40 2.00 2.00 NM NM
Display Buffer 1.00 1.00 1.25 1.50 1.00 NM NM
Cache (KB) 128.00 192.00 1$2.00 192.00 0.00 NM NM
Nonvolatile? 013 0.13 0.25 0.50 0.50 NM NM
68xxx PC

Main (OEM) 5.00 8.00 8.00 8.00 12.00 NM NM
Main Add-Onl 0.40 2.60 1.40 3.37 1.00 NM NM
Display Buffer 1.00 1.00 1.0 1.00 1.00 NM NM
Cache (KB) 64.00 64.00 128.00 128.00 256.00 NM NM
Nonvolatile? 0.50 0.50 0.50 0.50 0.50 NM NM
Pentium and Future PC

Main (OEM} 12.00 12.00 10.00 11.00 16.00 22.00 27.00
Main Add-On! 2.00 2.00 3.60 3.20 6.24 7.68 6.40
Display Buffer 1.00 1.00 1.00 1.50 1.50 2.00 250
Cache (KB) 256.00 256.00 256.00 256.00 512.00 512.00 512.00
Nonvolatile? 0.25 0.25 0.25 0.25 0.25 0.25 0.25
RISC PC

Main (OEM) 12.00 12.00 10.00 11.00 16.00 22.00 27.00
Main Add-On! 2.00 214 3.76 333 7.02 8.64 7.20
Display Buffer 1.00 1.50 2.00 2.00 2.00 2.00 2.00
Cache (KB) 256.00 256.00 512.00 512.00 512.00 512.00 512.00
Nonvolatile? 025 0.25 0.25 0.25 0.25 0.25 0.25

Tincludes memory added through system point of sale
2Excludes graphics BIOS typically using a 32K x8 EPROM/OTP
NM = Not meaningful

Source; Dataquest (October 1995)
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Table 4-18
Average Memory Configuration Assumptions for Mobile PC Systems
(Megabytes per System)

1993 1994 1995 1996 1997 1998 1999
386 PC

Main (OEM) 4.00 4.00 4.00 NM NM NM NM
Main Add-Onl 0.20 0.12 0.03 NM NM NM NM
Display Buffer 0.50 1.00 1.00 NM NM NM NM
Cache (KB) 64.00 64.00 64.00 NM NM NM NM
Nonvolatile? 0.13 0.13 0.13 NM NM NM NM
486PC

Main (OEM) 4.00 5.50 7.00 8.00 9.00 NM NM
Main Add-On! 112 1.60 2.56 3.20 3.20 NM NM
Display Buffer 0.75 1.00 1.00 1.00 1.00 NM NM
Cache (KB) 32.00 32.00 32.00 32.00 32.00 NM NM
Nonvolatile? 0.25 0.25 0.25 0.25 0.25 NM NM
68xxx PC

Main (OEM) 4.00 4.00 8.00 NM NM NM NM
Main Add-On? 1.40 2.48 -0.60 NM NM NM NM
Display Buffer 1.00 1.00 1.00 NM NM NM NM
Cache (KB} 64.00 64.00 128.00 NM NM NM NM
Nonvolatile? 0.50 0.50 0.50 NM NM NM NM
Pentium and Future PC

Main (OEM) NM 8.00 9.00 10.00 15.00 20.00 25.00
Main Add-Onl! NM 2.00 2.60 2.96 2.80 4.00 5.12
Display Buffer NM 1.00 1.00 1.00 1.00 1.50 1.50
Cache (KB) NM 256.00 256,00 256.00 256.00 256.00 256.00
Nonvolatile? NM 0.25 0.25 0.25 0.25 0.25 0.25
RISC PC

Main (OEM) 8.00 NM 9.00 10.00 15.00 20.00 25.00
Main Add-Onl 2,00 NM -2.64 22,00 -2.80 -4.00 512
Display Buffer 1.00 NM 2.00 2.00 2.00 2.00 2.00
Cache (KB} 256.00 NM 256,00 256.00 256.00 256.00 256.00
Nonvolatile? 0.25 NM 0.25 0.25 0.25 0.25 0.25
Palmtop PC

Main (OEM} 1.00 1.25 1.60 2.50 3.25 4.00 4.00
Main Add-On! 0 0 0 0 0 0 0
Display Buffer 0 0 0 0 0 0 0
Cache (KB) 0 0 0 ¢ 0 0 0
Nonvolatile? 2.00 2.50 3.50 4.00 4.25 4.50 4.50

Yncludes memory added through systermn point of sale
2Exciudes graphics BIOS typically using & 32K x8 EPROM/OTP
NM = Not meaningfui

Source: Dataquest (October 1995)

PSAM-WW-MT-8502 ©1895 Dataquest incorporated November 13, 1995



Ghapter 5

Input/Output and Dedicated Systems

Key Trends

PSAM-WW-MT-9502

Tables 5-1 through 5-8 detail system and semiconductor market data on
selected computer 1/O systems and high-volume dedicated systems such
as copiers and expandable organizers.

Sound Boards
Key trends in sound boards are as follows:

® Market ramp-up continues through 1995, then saturation points are hit
for the home market. PC motherboard embedded sound 1/0O becomes
more prevalent in later years for "home" and mobile PC use.

® Microsoft has adopted DSP Group’s TrueSpeech technology as a
compression standard. Several vendors already support ADPCM for
compression.

B Movement to 16 bit is nearly complete. Wave-table synthesis is gaining
market share.

m Key chip functions include FM and wave-table synthesis (IMB to 4MB
ROM-based), ASSP/ ASICs (mixed-signal and digital CMOS), audio
amplifiers, and mixers. SCSI host adapters are found on many boards.
IDE (fast IDE) is becoming more prevalent.

Graphics Boatds
Key trends in graphics boards are as follows:

m There is steady replacement by embedded motherboard chips.

m Boards are moving to greater than 1Kx1K-pixel resolutions, accelerated
BitBLT-based, 64-bit data paths, and RAMDAC technology moving
from 85 MHz to 135 MHz. Also, digital video, 3-D, and sound capability
are appearing in the high-end boards.

® DRAM, and especially EDO DRAM, is becoming more cormmon. Mini-
mal buffers start at 1MB and move to 4MB with optional SIMMs. Most
high-end add-in boards have separate RAMDAC, and in some case dig-
ital video functions are being integrated.

Digital Video Boards

Key trends in digital video boards are as follows:

8 There will be continued penetration into the multimedia content
creator market (software title development, market communications,
and training). Playback board growth will be limited to full-screen
15- to 30-fps acceleration. Other opportunities exist for TV tuner,
capture pass-through, and integrated audio and graphics boards.

©1995 Dataquest Incorporated . 65
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B MPEG 1 decode boards became popular in 1994. Use of MPEG chips on
PC motherboards will begin in late 1995 on some models.

8 Key semiconductor opportunities include compression decoders for
MPEG and JPEG, among others (and encoders for real-time algo-
rithms), PAL/NTSC to CCIR decoders and encoders, ASICs (CMOS),
digital video processors (scaling, among others), and DRAM/VRAM
pixels buffers.

Leading digital video board OEMs worldwide are ATI, Creative
Technologies, Diamond Multimedia, FutureTel, IBM, Intel, Matrox, Media
Vision, Optibase, Optivision, Orchid, Sigma Desxgns, SuperMac, and
Video Logic.

Monitors
Key trends in monitors are as follows:

m Color will grow to 98 percent of the market in 1999.

m 15 inches will become the predominant size in 1995; 16/17 inches will
be predominant in 1997.

® There will be a chip content of about $5 for primarily video amplifier
(moving to 135 MHz) and CRT controls.

Keyboards

The trend in keyboards is commodity items moving toward ergonomic
and wireless versions.

Leading keyboard OEMs worldwide are Keytronic, Silitek, and
MaxiSwitch.

Table 5-1
Worldwide Sound Board Application Market
CAGR {%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
Board Units (M) 4.7 13.7 144 15.0 15.7 16.4 17.9 535
Board ASP (%) 93.0 64.6 50.0 44.0 3%.0 35.0 32.0 -13.1
Board Factory Revenue ($M) 4404 8831 7185 6611 6122 5753 5731 -8.3
16-Bit Penetration (%) 65.0 970 990 1000 100.0 1000 1000
Semiconductor Content () 186 161 150 136 125 116 106 -8.1
Semiconductor Market ($M) 881 2208 2156 2050 1959 1898 189.1 -3.0
ASSP/ASIC ($M) 370 94.9 92.7 840 744 72.1 71.9 -5.4
Synthesis ($M) 335 81.7 754 65.6 549 53.2 53.0 -83
Analog/Discrete {$M) 13.2 331 32.3 30.7 27.4 266 26.5 4.4
Memory/Others (M) 44 110 151 246 392 380 3738 279

Source: Dataguest (August 1995)
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Table 5-2
Worldwide Sound Board OFEMs (1994 Unit Share)
Company Percent
Creative Technologies/Labs 66
Aztech 19
Media Vision 4
Cardinal 3
Others 8
Source; Dataquest (August 1995)
Table 5-3
Worldwide Graphic Board Application Market
CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
Board Units (K) 4,020 8423 8408 8,846 9466 9,924 10,191 3.9
Board ASP ($) 218 160 141 125 112 104 97 9.5
Board Factory Revenue {($M) 876 1,344 1,187 1,109 1,064 1,030 988 -6.0
Semiconductor Content ($) 76 57 51 45 40 a7 35 9.5
Semiconductor Market ($M) 07 484 427 399 383 371 356 -6.0
Source; Dataguest (August 1995)
Table 5-4
Worldwide Graphic Board OEMs (1994 Percentage)
Company Percent
Diamond Computer 20
ATI ' 14
Matrox 14
RasterOps 13
Radius/SuperMac 10
Others 29

Source: Dataquest (August 1995)
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Table 5-5
Worldwide Digital Video Board Application Market
CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
Board Units (K) 2320 6050 1,139.0 14640 1,713.0 1815.0 1,967.0 115
With Compression and/
or Decompression 350 1690 448.0 589.0 695.0 7440 5800 5.3
With TV Tuner 30.0 100.0 2500 3400 4250 5000 750.0 246
Board ASP (%) 3875 3100 2790 2511 2260 2034 1831 -8.1
Board Factory Revenue ($M) 1395 187.6 3178 3676 3871 3692 360.1 13.9
Semiconductor Content ($) 929 878 78.2 67.2 575 528 48.2 -11.3
Semiconductor Market ($M) 216 531 89.1 98.4 98.5 95.9 24.8 12.3
TV Signal Processsing ($M) 05 1.5 38 51 6.4 75 11.3 49.6
Video Scaling/Processing ($M) 93 200 285 293 274 23.6 23.6 34
Compression/ . 1.6 5.9 11.2 11.8 11.1 9.7 75 5.0
Decompression ($M)
Memory (DRAM/ VRAM) ($M) 91 227 400 450 451 460 426 13.4
Others (M) 1.2 3.0 5.7 7.3 8.6 9.1 o8 26,6
Source: Dataquest {August 1995)
Table 5-6
Worldwide Monitor Application Market
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994-1999
System Units (K) 33,865 41,227 48,211 55422 61,243 68,836 76,725 13.2
System ASP ($) 356 352 356 366 368 375 364 0.7
System Factory Revenue ($M) 12,054 14,494 17,140 20,300 22,550 25,820 27,900 14.0
Semiconductor Content ($) 5 S 5 5 S 5 5 2.2
Semiconductor Market (M) 157 188 231 274 304 361 n 15.7
Source: Dataguest (August 1995)
Table 5-7
Worldwide Monitor Label/OEMs (1994 Percentage)
Company Percent
Compaq 7
IBM 6
NEC 6
Apple 6
Samtron 4
Packard Bell 4
CTX International 4
Philips 3
Others ) 61

Source; Dataguest (August 1995)
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Table 5-8
Worldwide Keyboard Application Market
CAGR (%)
1993 1994 1995 1996 1997 1998 1999  1994.1999
System Units (K 46,318.8 55,961.6 653044 75797.7 85541.1 975276 110,180.8 14.5
Semiconductor
Content (3) 25 2.5 25 25 25 2.5 2.5 0.2
Semiconductor
Market ($M) 113.5 1371 160.0 185.7 2006 238.9 273.2 14.8

Source: Datagquest (August 1995)

PSAM-WW-MT-8502 ©1995 Dataquest Incorporated November 13, 1995
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Market Analysis

Quarterly x86 Gompute Microprocessor Forecast

Abstract: This microprocessor forecast is an update to the previous forecast dated June 1995,
The scope of this document is limited to compute applications for x86 microprocessors and
does not include embedded applications. The forecast includes considerable changes in the
market opportunity for Pentium and Pentium Pro microprocessors. There are two principal
reasons for this. First, the PC market appears to be more robust than forecast, resulting in
greater demand for MPUs. Second, new information about the Pentium Pro’s performance
when running 16-bit software has reduced the market opportunity for that MPU until the
installed base of software shifts to 32-bit code or the performance issues of running 16-bit
code on the Pentium Pro are resolved.

By Nathan Brookwood

Higher Expectations for Unit Shipments

Dataquest increased its x86 unit forecast through the end of the decade,
compared with the June forecast, as the robust PC market continues to
exceed expectations, driving increased demand for CPUs. Table 1 and
Figure 1 show the anticipated unit growth for x86 CPUs and x86-based PCs
through 1999. CPU unit shipments exceed PC unit shipments because of the
use of x86 CPUs in non-PC compute applications, along with inventory in
the channel. Name-brand OEM x86 PCs correlate with complete systems
sold by "traditional" PC vendors, as tracked by Dataquest. Other x86 PCs
include PCs assembled by "no-name" resellers and assemblers, along with
chip and motherboard upgrade purchases.
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Table 1
x86 Personal Computer and x86 Compute Microprocessor Shipment Comparison
(Thousands of Units)
CAGR (%)
1993 1954 1995 1996 1997 1998 1999 1994-1999
x86 MPU for Compute
Applications 45,575 52,593 65,573 73,500 80,850 96,000 105,500 14.9
Name-Brand OEM x86 PCs 34,464 43,621 52,729 62,308 71,633 82715 94,500 16.7
Other x86 PCs 2441 3,998 4990 6,040 7,125 8,468 9,779 19.6
Total x86 PCs 36,905 47,619 57,719 68,348 78758 91,183 104,279 17.0
Difference between x86 MPU
and x86 PCs 8670 4974 7854 5152 2,092 4,817 1,221
Source: Dataquest (November 1995)
Figure 1
x86 Personal Computer and MPU Shipment Comparison
Thousands of Units
120,000
100,000
809000-
60,000 =
40,000
—i— x86 MPU for Compuie Applications
20,000 =
—e— Tolal x86 PCs
T T T | T
1993 1994 1995 1986 1997 1998 1889
asoseT2

Source: Dataquest (November 1995)

Pentium Pro Will Ramp More Slowly than Anticipated

Dataguest reduced its Pentium Pro (formerly P6) forecast to 100,000 units
for the last quarter of 1995 and to 2.5 million units for all of 1996. While we
continue to have the highest expectations for the eventual success of this
next-generation architecture, we believe demand for this product will be
lower than previously expected, owing largely to the somewhat disappoint-
ing 16-bit performance of this CPU. In previous intergenerational transi-
tions, desktop users could count on improved performance from the latest
generation and demand was limited only by the high initial price of the
newest products. The Pentium Pro delivers this performance boost only in

PSAM-WW-MA-9504

©1995 Dataquest Incorporated
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full 32-bit environments (such as Windows NT and UNIX), but in 16-bit
environments (such as DOS, Windows 3.1, and even much of Windows 95),
performance gains are marginal and sometimes nonexistent when com-
pared to a far less costly system based on earlier Pentium designs. Thus, the
high-value, performance-sensitive desktop applications that previously
migrated first to the newest technology, regardless of cost, will not migrate
to Pentium Pro in large numbers. '

Servers have traditionally been a key market segment for early deployment
of more powerful CPUs, and Intel clearly targeted the Pentium Pro at this
market as well, with support for four-way muitiprocessor configurations
built into the basic Pentium Pro design. Technical concerns have forced Intel
to constrain initial server configurations to single- and dual-processor
systems only, and it appears that these technical issues will not be fully
resolved before the second quarter of 1996. This will limit initial Pentium
Pro demand within the enterprise server market.

In the near term, the Pentium Pro fits best in low-end enterprise server

and technical workstation markets. It clearly offers compelling price/
performance advantages in these segments when compared with typical
RISC-based competitors. However, neither of these segments generates
high unit demand for CPUs, compared with traditional desktop PC vol-
umes. Dataquest anticipates that, even with these constraints, Intel will sell
2.5 million Pentium Pros in 1996, more than double the volume of all the
projected RISC-based workstations and servers that year, but a far cry from
the 5 million Pentium processors sold in the earlier generation's first year of
existence.

Dataquest anticipates that demand for Pentium Pro will increase as the
installed base of software applications migrates from its current 16-bit ori-
entation to 32 bits. Even so, a few key components of Windows 95 system
code continue to operate in 16-bit mode, and these components will drag
down overall system performance. Future versions of Windows 95 will, we
hope, take on an increasingly 32-bit character and will go a long way
toward allowing Pentium Pro systems to demonsirate clear performance
advantages for mass-market deskfop applications, when compared with
Pentium processors at similar clock speeds. We see such a scenario unfold-
ing in 1997.

Table 2 and Figure 2 show Dataquest’s unit forecast for Pentium and
Pentium Pro CPUs by quarter through the end of 1996. Table 3 combines a
look back at historic unit shipments for earlier x86 generations with a look
ahead to shipments over the next four years. Figure 3 is a graph of x86 life
cycles by generation.

Table 2
586 and 686 Compute MPU Forecast by Quarter (Thousands of Units)

Q1/95 Q2/95 Q3/95 Q4/95 Q1i/96 Q2/96 Q3/96 Q4/96
586-Class 4,807 6,649 9,150 12,000 14,000 15,000 16,000 17,000
686-Class 0 0 0 100 250 500 750 1,000
Source: Dataguest {(November 1995)

PSAM-WW-MA-9504 ©1995 Dataquest Incorporated November 27, 1995
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Figure 2

586 and 686 Compute MPU Forecast by Quarter
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Source: Dataquest {(November 1985)
Alternative x86 Vendors

PSAM-WW-MA-9504

Advanced Micro Devices (AMD) continues to hold the No. 2 position
within the x86 CPU market, although 486 pricing is eroding rapidly and
AMD's K5 program has encountered several highly visible delays. If AMD
can stabilize its design and demonstrate price and or price/performance
advantages in 1996, it remains wel positioned from a manufacturing capac-
ity standpoint to maintain its No. 2 position. Dataquest believes that the
recently announced merger of AMD and NexGen Microsystems could
allow AMD to become a serious player in the 686 generation at about the
same time that Intel can begin to move the Pentium Pro into high-volume
desktop market segments. Solid execution will be required on the part of
AMD and NexGen to realize this potential.

Cyrix has now positioned its 5x86 M1sc processor against Intel's Pentium
line and its 6x86 M1 CPU against the Pentium Pro. Shipments of both mod-
els have begun; Dataquest anticipates that Cyrix can ship about 500,000
5x86 units in 1995 and fewer than 100,000 6x86 during that period. Cyrix's
ability to deliver competitive-performance 6x86 devices economically
awaits the successful introduction of the die-shrunk version of the M1 in
late 1995 or early 1996.

©1995 Dataquest Incorporated November 27, 1995
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Table 3 (Continued)
x86 Product Forecast for Computing Applications

CAGR (%)
1993 1994 1995 1996 1997 1998 1999 1994-1999
80886-Class
Units (K) 0 0 0 0 0 0 500 NM
ASP (%) NM NM NM NM NM NM 900 NM
Revenue ($K) 0 0 0 0 0 0 450,000 NM
Total Compute x86
Units (K) 45,575 52,593 65,573 73,500 80,850 96,000 105,500 149
ASP (3) i 154 175 214 244 276 279 305 1.7
Revenue ($K) 7,040,643 9,228 656 14,014,528 17,960,000 22,337,500 26,800,000 32,200,000 284
Name-Brand OEM x86 PCs
(K Units) 34464 43,621 52,729 62,308 71,633 82,715 94,500 16.7
Other x86 PCs (K Units) 2,441 3,998 4,990 6,040 7125 8,468 9,779 19.6
Total x86 PCs (K Units) 36,905 47,619 57,719 68,348 78,758 91,183 104,279
Difference between x86 MPU
and x86 PCs 8,670 4,974 7,854 5,152 2,092 4,817 1,221

NM = Not meaningful
Source: Dataquest (Novernber 1985)
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Figure 3
. Life Cycles of x86 Products (Thousands of Units)
Thousands of Units
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Market Analysis
PC OEMs Shift Cost of Memory to PC Buyers

Abstract: The DRAM and PC markets are inherently intertwined: PCs consume more
DRAM than any other application and DRAM is the largest single cost in a typical PC. The
current dynamic between these two markets is increasingly interdependent because unit
growth for PCs and their increasing memory requirements continue to create demand for
DRAM. This high demand has kept prices up and has created a growing point-of-sale
market for PC memory because PC OEMs are caught between consumer demands for more
memory and relatively constant average selling prices for PCs. The average PC appears to
. have less memory than the average buyer demands, so PC buyers are adding more mega-
bytes at the point of sale.
By Geoff Ballew

PC and DRAM Markets Are Still Strongly Correlated

The high correlation between DRAM and personal computer revenue is
tied to the fact that DRAM represents the largest single cost in a typical PC.
When DRAM is in short supply, as it is now, PC OEMs are squeezed
between demands for larger memory sizes and relatively constant (or even
declining) PC prices. As process technologies improve, semiconductor
devices are supposed to become smaller, faster, and cheaper, but the severe
DRAM shortage has caused prices for many DRAM devices to increase
from 1994 to 1995 rather than decrease. DRAM prices are expected to ease
slightly from 1995 to 1996 and then follow a more traditional model where
prices decline appreciably over time.

The higher DRAM prices affect the PC industry because most other compo-
nents (notably microprocessors) are declining rapidly in price for a given
performance. Larger microprocessors generally require larger amounts of
memory, so computer buyers expect more memory to be offered in the
basic models with relatively constant average selling prices. As long as

Dataquest
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DRAM prices were declining, PC OEMs could install more memory each
year for about the same cost per system. Average selling prices for PCs
have remained relatively constant over time because OEMs add as many
features to new models as they can without increasing or compromising the
historical price points. This strategy works well as long as component
prices decline for a given capacity or level of performance. However, when
the new models have a faster MPU, better graphics, and a larger rigid disk
drive, users want more memory to complete the package. If memory prices
do not decline at the rate that other components' prices decline, then OEMs
are faced with either spending more per system on DRAM or configuring
their models with less DRAM than buyers expect. Dataquest believes that
the typical PC is underconfigured when it is shipped from the factory, and
this creates increasing demand for add-in memory at the point of sale of
the PC.

Tables 1 and 2 and Figures 1, 2, and 3 show the latest forecasts for world-
wide PC unit shipments and revenue.

Table 1
Worldwide PC Market Shipment Forecast by Product Type (Thousands of Units)
CAGR (%)
1994 1995 1996 1997 1998 1999  1994-1999
Desktop/Deskside 39,219 45,984 53,056 58,815 66,421 74,419 13.7
Mobile 8,664 11,278 14,656 18,448 22,134 25,581 24.2
Total 47,883 57,262 67,712 77,263 88,555 100,000 15.9

Percentage Growth

223 19.6 18.2 14.1 14.6 12.9

Source:Dataquest (August 1995)

Figure 1

Worldwide PC Market Shipment Forecast by Product Type (Thousands of Units)
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Figure 2
. Worldwide PC Market Revenue Forecast

Millions of U.S. Dollars
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Figure 3
. Worldwide PC Shipment Forecast by Microprocessor Type
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Figure 3 shows PC unit shipments by microprocessor, with the numerical
data in Table 2. The lion's share of PC units are forecast to have 586-class-
and future x86 MPUs. Intel's rapid introduction of faster versions of the
P54C (120-MHz and 133-MHz versions this spring alone) and aggressive
pricing ensure that shipments of the Pentium MPU will increase at a record
pace. The P6 is not broken out from the 586-class and future x86 category,
but will have shipments of a couple of hundred thousand units by the end
of this year and rapid growth in 1996 and 1997.

Dataquest Perspective

As a consequence of the short supply of DRAM, PC manufacturers are
likely to produce PCs with less memory than the average user requires.
This has the effect of passing on the cost of the memory to the consumer
without significantly increasing the advertised price for the PC. Those buy-
ers who demand additional memory will pay for it themselves, increasing
the total market for point-of-sale memory revenue, which is not reflected in
system unit prices. It is a "hidden" way of increasing the average selling
price without impacting standard configuration prices. An additional bene-
fit for the PC manufacturer is greater inventory flexibility. By reducing the
total amount of DRAM their assembly operations consume, these manufac-
turers have reduced the probability that a DRAM inventory shortage will
affect their production schedule.

Semiconductor vendors are advised to consider the point-of-sale upgrade
market when planning their products. DRAM vendors should see a larger
market outside of their large OEM accounts as more memory is added at
the point of sale of PCs. Other semiconductor vendors may realize some
benefit from this dyramic as PC OEMs search for ways to add features and
value to their standard models without requiring more DRAM. Some
examples might be a faster modem, better graphics controller, or audio
features.

Figures 4 and 5 show a forecast for the average megabytes per system
installed by the PC manufacturer (factory-installed megabytes) and the
average megabytes per system purchased by the user at the point of sale
(POS megabyties). The gap between the top line on both figures (total

Table 2

Worldwide PC Shipment Forecast by Microprocessor Type (Thousands of Units)
CAGR (%)
1994 1995 1996 1997 1998 1999 1994-1999
Preg80386 32 0 0 0 0 0 -100.0
80386 1,323 530 0 0 0 0 -100.0
80486 38,261 25,748 7,801 1,490 494 0 -100.0
586-Class and Future x86 4,004 26,100 53,500 68,093 78,421 87,500 853
68xx 3,214 1,950 426 140 0 4] -100.0
RISC PC 1,044 2,934 5,985 7,540 9,640 12,500 64.3
Others— CISC 3 0 0 0 0 0 -100.0

Total 47,883 57,262 67,712 77,263 88,555 100,000

Source: Dataquest (August 1995)
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Figure 4
Megabytes per System for Mobile PCs
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Figure 5
Megabytes per System for Desktop PCs
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megabytes) and the factory-installed megabytes line is equal to the POS
megabytes line. Figure 5 shows this best - the gap between total megabytes
and factory-installed megabytes starts to increase in 1993 but gets wider
and wider through 1994, 1995, and 1996. This gap represents the additional
memory that PC buyers must purchase to have the systems they want.
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Market Analysis

Graphics Controllers: Who Is at the Top?

Abstract: This newsletter provides the latest market share and unit shipment statistics for
graphics controllers in desktop and mobile PCs. These final statistics are a preview of the
information in the upcoming Graphics Focus Report, which will provide market analysis in
addition to detailed market statistics.

By Geoff Ballew

1994's Rankings Look a Lot Like 1993's

The 1994 market share rankings do not show much change from 1993. The
top four companies in each category (mobile units, desktop units, and total
units) in 1993 remained in the top four in 1994, although there was some
jockeying for position: S3 took the No. 3 spot from Tseng Labs in the
desktop market, and Western Digital overwhelmed Cirrus Logic to take
the No. 1 slot on the mobile side with over 100 percent growth.

Figure 1 and Table 1 show the company rankings for all desktop and
mobile PC graphics controller unit shipments. Figure 2 and Table 2 show
the company rankings for all desktop PC graphics controller unit ship-
ments. Figure 3 and Table 3 show the company rankings for all mobile PC
graphics controller unit shipments.

Look for detailed market analysis of this data in the upcoming Graphics
Focus Report. These statistics are published in this newsletter to give our
clients access to them as quickly as possible.
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Figure 1
Graphics Controller Unit Shipments Worldwide
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Table 1
Graphics Controller Unit Shipments Worldwide (Thousands of Units)
1994 1993 1993 1994  Percentage 1994 Market
Rank Rank Units Units Change Share (%)
1 1 Cirrus Logic 16,500 26,000 57.6 474
2 2 Trident Microsystems 6,436 7,903 22.8 144
3 4 S3 4,000 6,000 50.0 109
4 3 Tseng Labs 4,100 4,600 12.2 8.4
5 8 Western Digital 1,430 3,175 122.0 5.8
6 6 ATI 1,500 2,500 66.7 4.6
7 7 Chips & Technologies 1,461 2,013 37.8 3.7
8 13 Sierra Semiconductor 0 750 NA 14
9 5 Oak Technology 1,700 705 -58.5 1.3
10 11 5-MOS Systems 25 500 1,900.0 0.9
11 9 Weitek 350 452 29.1 0.8
12 10 Matrox 75 150 100.0 0.3
13 12 Opti 0 100 NA 0.2
Total Market 37,577 54,848 46.0 100.0
NA =Notapplicable
Source: Dataguest (July 1995)
PSAM-WW-MA-9502 ©1995 Dataquest Incorporated July 31, 1995
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Figure 2
Desktop Graphics Controller Unit Shipments Worldwide
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Table 2
Desktop Graphics Controller Unit Shipments Worldwide (Thousands of Units)
1994 1993 1993 1994 Percentage 1994 Market
Rank Rank Units Units Change Share (%)
1 1 Cirrus Logic 15,000 24,500 63.3 51.0
2 2 Trident Microsystems 6,436 7,903 22.8 16.4
3 4 S3 4,000 6,000 50.0 125
4 3 Tseng Labs 4,100 4,600 12.2 9.6
5 6 ATI 1,500 2,500 66.7 5.2
6 10 Sierra Semiconductor 0 750 NA 1.6
7 5 Oak Technology 1,695 689 -59.4 14
8 8  Chips & Technologies 161 513 218.6 1.1
9 7 Weitek 350 452 29.1 0.9
10 9 Matrox 75 150 100.0 0.3
Total Market 33,317 48,057 44.2 100.0
NA =Notapplicable
Source: Dataquest (July 1995)
PSAM-WW-MA-9502 ©1995 Dataquest Incorporated July 31, 1995
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Figure 3
Mobile Graphics Controller Unit Shipments Worldwide
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Table 3 .

Mobile Graphics Controller Unit Shipments Worldwide (Thousands of Units)

1994 1993 1993 1994  Percentage 1994 Market
Rank Rank Units Units Change Share (%)
1 2 Western Digital 1,430 3,175 122.0 46.8

2 1 Cirrus Logic 1,500 1,500 0 221

3 3 Chips & Technologies 1,300 1,500 15.4 22,1

4 4 S-MOS Systems 25 500 1,900.0 74

5 6 Opti 0 100 NA 1.5

6 5  Oak Technology 5 16 220.0 0.2
Total Market 4,260 6,791 59.4 100.0

NA =Not applicable
Source: Dataguest (July 1995)
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PC Directions in Semiconductors

Technology Analysis

1 + 1 =17 Integration Propels Modem and Audio Functions on a
Collision Course

Abstract: Modem and audio functions are becoming standard features on PCs. These fea-
tures are checklist items for the consumer and small officel/home office (SOHO) markets and
are making inroads into the corporate PC market, as well. This document provides forecasts
for both the modem and audio chipset markets and discusses the collision course that these
two technologies are taking. Synergy between these two markets is driving integration at
both the board and chip level, creating a variety of hardware options for adding these and
other features to PC designs.

By Geoff Ballew

Major Shift in Modem Chipset Market

PC user demand for connectivity is pushing modems closer to becoming a
standard feature for PCs. The transition of home PCs from computing tools
to communications tools, as well as changes in the business world, are driv-
ing this demand. Modems make new sources of information accessible by
connecting personal computers to other computers over vast public and
private networks. Figure 1 and Table 1 show Dataquest's forecast for world-
wide shipments of PCs and modem chipsets. Modem chipsets are defined
as one or more chips that provide the modem functions.

Note that the five-year compound annual growth rate (CAGR) for modem

chipsets is lower than that for PCs. This does not mean that fewer PCs will
have modem functions; in fact, quite the opposite is true. It does highlight a
shift in how modem functions are sold to the end user, which in turn affects
the market dynamics for modem chipsets.
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Figure 1
Worldwide Forecast for PC and Modem Chipset Markets .
Thousands of Units
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Table 1
Worldwide Forecast for PC and Modem Chipset Markets .
CAGR (%)
1994 1995 1996 1997 1998 1999  1994-1999
Modem Chipset Units (K) 21,531 26,489 31,733 36,396 37,211 37,166 11.5
Modem Chipset ASP ($) 26.3 222 21.0 20.3 20.2 20.7 -4.7
Modem Chipset Revenue ($M) 566 587 667 738 751 770 6.3
PC System Shipments (K) 47876 57564 68,712 79313 92,355 107,000 17.4
Motherboard Shipments (K) 4,404 5,476 6,738 7,992 9,582 11,190 20.5
Total PC Unit Shipments (K) 52,280 63,040 75450 87,305 101,937 118,190 17.7
Ratio of Modem Chipsets to 41.2 42.0 42.1 417 36.5 314
Total PCs (%)

Source: Dataquest (November 1995)

PSAM-WW-TA-9502 ©1995 Dataquest Incorporated December 11, 1995
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Modem sales today are a combination of retail sales and sales to PC OEMs.
Over the next four years, modem sales to PC OEMs will grow faster than
retail sales and will be the primary driver for market growth in 1998 and
1999, For the purposes of this document, retail sale is defined as the sale of a
modem directly o an end user, whether it is an internal or an external
modem. The market for external modems is almost entirely a retail market;
PC OEMs that provide modem functions in their PCs prefer add-in card
modems.

Retail sales have been robust for two reasons. First, the increasing popular-
ity of online services and access to the Internet has caused many new users
to purchase modems for their existing PCs, which did not have modems
installed. Second, many modem users upgrade their modems more fre-
quently than their PCs because modem speeds have been increasing and
the cost to upgrade is relatively small. Modem speeds are slow compared to
other data transfer rates in even a low-end PC, and modem users are
sensitive to that performance bottleneck.

This market is changing, however. Dataquest believes that the retail sales of
modems directly to end users will decline, and that sales to PC OEMs will
drive market growth at the end of this decade. There are two reasons for
this. First, modems are now standard features for PCs targeted at the con-
sumer and small office/home office (SOHQ) markets, so it is unnecessary
for the buyer to purchase a modem directly. Second, modem speeds are not
increasing as fast as they have previously, which reduces the incentive for
users to buy a new modem. Dataquest expects modem speeds to peak at
28.8 Kbps, the current standard known as V.34, for communication over
standard telephone lines.

Without faster modems, the retail upgrade market will decline gradually
as the installed base becomes saturated with V.34 modems. The addition of
digital simultaneous voice and data (DSVD) to V.34 modems in 1996 will
help postpone the decline until 1998. DSVD will allow modem users to
transfer voice and data simultaneously over a single telephone line.
Although some techniques for this exist today, they are less sophisticated
than DSVD and involve switching between voice and data modes rather
than processing both streams simultaneously. Not every modem user will
have a V.34 modem, but those users willing fo upgrade will not find new
modems compelling if they do not have significantly enhanced features.
Other users may be content with V.32bis modems, which operate at

14.4 Kbps.

Users who demand greater performance may upgrade to digital modems
using integrated service digital network (ISDN) lines instead of standard
analog telephone lines {plain old telephone service—POTS). ISDN modems
and services are available in some locations today, but cost and availability
issues will delay widespread adoption. Dataquest forecasts that 11 million
ISDN lines will be in use by the year 2000, so ISDN modems will remain
high-end products through that time. In other words, analog modems are
expected to dominate the market at least through the end of this decade.
Figure 2 shows the market positioning of modem standards through 1999.

©1995 Dataquest incorporated December 11, 1995
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Figure 2

Market Positioning of Modem Standards
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Modem chipsets are rarely implemented on the motherboard because of
Federal Communications Commission (FCC) certification issues. Modems
are considered FCC Class A devices, while motherboards are generally FCC
Class B devices. However, if a designer adds a modem chipset to a mother-
board design, the motherboard becomes a Class A device and must meet
the more stringent Class A specification. For this reason, modem chipsets
are typically implemented on add-in cards or as external modems.

The Audio Market Marches On

PSAM-WW-TA-9502

Useful? Maybe. Fun? Yes. Either way, audio features are more common in
PCs today than ever before. With capabilities ranging from "business” audio
(that is, no Sound Blaster compatibility for games) to high-end wavetable
solutions, PCs just want to be heard these days. Audio capabilities have
already become standard features for PCs targeted at the consumer and
home office markets. The corporate market is a tougher nut to crack
because many information systems managers still question the need for
audio features in the workplace. Notebook PCs are one exception to this
rule; the target market is the corporate world, but audio features are becom-
ing common. Of course, Apple Macintosh computers have always had
built-in audio capabilities, whether they were selling into consumer or
business accounts. Figure 3 and Table 2 show the forecast for worldwide
shipments of PCs and PC audio chipsets. Audio chipsets are defined as one
or more chips that provide the audio functions. Note that 1998 is a mile-
stone; it is the first year that Dataquest believes more computers will be
configured with audio features than without.

©1995 Dataquest Incorporated December 11, 1995
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Figure 3
Forecast for PCs and PC Audio Chipsets
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Table 2
Forecast for PCs and PC Audio Chipsets
CAGR (%)
1994 1995 1996 1997 1998 1999  1994-1999
Audio Chipset Units (K) 20,996 26,978 33,889 42,762 55,173 65,184 254
Audio Chipset ASP ($) 16.14 15.00 13.64 12.48 11.55 10.56 -8.1
Audio Chipset Revenue ($M) 338.9 404.7 462.2 533.7 637.2 688.3 152
PC System Shipments (K) 47,876 57,564 68,712 79,313 92,355 107,000 17.4
Motherboard Shipments (K) 4,404 5,476 6,738 7,992 9,582 11,190 205
Total PC Unit Shipments (K) 52,280 63,040 75,450 87,305 101,937 118,190 17.7
Ratio of Audio Chipsets to 40.2 42.8 44.9 49.0 54.1 b5:2
Total PCs (%)

Source: Dataquest (November 1995}
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The PC audio market is a mix of add-in cards and motherboard implemen-
tations. For 1995, the audio add-in card market represents about half of the
total demand for audio chips, while motherboard implementations account
for the other half. Motherboard implementations are heavily skewed
toward Macintosh and notebook PCs, but that is changing. Multimedia PCs
with x86 microprocessors will increasingly have audio functions imple-
mented on the motherboard. Dataquest expects motherboard implementa-
tions to represent over 70 percent of the demand for audic chipsets by 1999,
with add-in card implementations absorbing the remainder. In that year, 40
percent of PCs and motherboards sold will have audio functions integrated
onto the motherboard, compared to only 20 percent in 1995.

The CAGR for audio chipset shipments is substantially higher than that for
total PC unit shipments (25.4 percent versus 17.7 percent). This highlights
the migration of audio features into a higher percentage of PCs sold.

Multifunction Solutions Will Dominate

PSAM-WW-TA-9502

As demand grows for audio and modem functions in PCs, these two feature
sets are propelled on a collision course. The synergy between the modem
and audio markets is tied to common signal-processing elements as well as
competition for system resources. If a PC OEM buys an audio card and an
add-in card modem, it is purchasing some semiconductor devices twice;
both cards require their own codecs and amplifiers.

Competition for resources is also an issue because the modem chipset
vendors have added call-processing features such as voice majlboxes and
speakerphone capabilities to their chipsets. If a user wants to answer a tele-
phone call using the modem as a speakerphone, then the modem needs
control of the speakers as well as control of the microphone. But the speak-
ers and microphone are plugged into the sound card, and nobody wants to
pay for a second set of speakers and microphone for the modem. The situa-
tion is worse if the user happens to be playing a game or an audio CD and is
actually using the speakers at the time the telephone rings.

Multifunction cards are the trend of the future. Board vendors have taken
the first integration step by creating dual-function cards that use two
chipsets—one audio chipset and one modem chipset. Figure 4 shows the
layout of one of these combination cards.

This example is an Aztech audio card with a Rockwell chipset for the
modem functions and other telephony features. All of these functions can
be integrated into a single chipset, but there is little overlap between the
audio chipset vendors and the modem chipset vendors. Rockwell has over
60 percent of the modem chipset market but does not participate in the
audio chipset market. Aztech designs its own chipsets for the audio market
but does not design modem chips. Two exceptions are Creative Laborato-
ries and Cirrus Logic; both of these companies sell audio products as well
as modem products. Cirrus' products are sold at the chip level, while
Creative sells at both the chip level and the board level. Either one of those
companies could conceivably produce a dual-function chipset that provides
both feature sets by integrating its current products.

One company has already introduced a dual-function chipset. The Quartet
chipset from Sierra Semiconductor provides audio, modem, fax, and speak-
erphone functions in a single chipset.

©1995 Dataquest Incorporated December 11, 1995
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There are also alternatives to dedicated chipsets. Dedicated chipsets are
defined as chipsets in which device compatibility and compliance to stan-
dards is designed at the hardware level. Several companies have stepped
away from fixed-function designs and are using special processors that run
software to provide specific functions and device compatibility. Two
examples are known as digital-signal processors (DSPs) and media engines.
Figure 5 shows the current application areas for media engines and DSPs.

Media engines and DSPs are more expensive than fixed-function chipsets,
but they are also more flexible. PC OEMs and end users can add new func-
tions simply by adding software rather than adding silicon. That level of
flexibility could make them less expensive than buying several fixed-func-
tion chipsets. Media engines are generally more powerful than DSPs and
can handle some graphics and motion-video processing as well as offload
some tasks from the CPU. Three companies promoting media engine prod-
ucts are Philips Semiconductor, Chromatic Research, and MicroUnity. Phil-
ips and Chromatic are targeting the PC market for their products, which are
named Trimedia and Mpact, respectively. MicroUnity appears to be target-
ing non-PC consumer devices such as digital set-top boxes. One example of
a DSP-based solution is the Mwave chip from IBM. Mwave chips are ship-
ping in some IBM PCs. Figure 6 shows a road map for hardware implemen-
tation trends.

Function Map for Alternative Hardware Solutions

Graphice and
Mation Video Chipset MPU
AN Chipset Media Engine
Audio Chipsst Modem/Fax Chipset
DSP
SE0AE07

Source: Dataquest (Novernber 1995)
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Figure 6

. Hardware Implementation Trends
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Dedicated chipsets are the least expensive solutions today, so alternative
solutions need to be cost-effective on a price-per-function basis to gain
significant market share.

Dataquest Perspective

PSAM-WW-TA-9502

PCs are being used more frequently as communications tools, and this shift
is driving the market for both audio and modem chipsets. Semiconductor
vendors are adding value to their products by integrating multichip solu-
tions for audio and modem functions onto a single chip as well as pushing
performance levels to new heights. Audio and modem functions have
already been integrated at the board level by a couple of vendors, and that
trend will continue until those functions are integrated into a single dual-
function chip. At the same time, those dedicated chipsets will be challenged
by alternatives that use generic processing capability and provide func-
tional compatibility through software.

Media engines could take significant market share from dedicated chipsets
in 1997 or 1998, but cost of implementation will continue to be an issue and
may delay broad-based acceptance. DSPs have a lower price point than
media engines and could challenge dedicated chipsets in 1996, but cost
remains an issue. If those solutions can handle digital modem functions at
full ISDN speeds, they could dominate the top end of the modem market
because of their additional functionality. Otherwise, the cost issue will
determine how quickly the market shifts from dedicated chipsets to new
alternatives.

©1995 Dataquest Incorporated December 11, 1995



10

PC Directions in Semiconductors

Dataquest
B 0 e corporaton

For More information...

Geoff Ballew, Industry Analyst.........cooovvinninieiennnnns (408) 468-8676
Internet address ... ghallew@dataquest.com
Vi £aX cooicerreninreensrris it sss s sesnesses s (208) 954-1780

The content of this report represents our interpretation and analysis of information generatly available o the public
ot released by responsible individuals in the subject companies, but is not guaranteed as to accuracy or completeniess.
1t does not contain material provided to us in confidence by our clients. Reproduction ar disclesure in whole or in
part to other parties shall be made upon the written and express consent of Dataquest.

©1995 Dataquest Incorporated—Reproduction Prohibited

Dataquest is a registered trademark of A.C. Nielsen Company

e


mailto:gballew@dataquest.com

Competitive
Dynamics

Semiconductor Directions in PCs

Technology Analysis

Trends for Peripherals Controllers in PCs

Abstract: Peripherals controllers are the key to moving information into or out of your
computer. Standard PC peripherals such as monitors, disk drives, keyboards, mice, serial
ports, and parallel ports require dedicated silicon inside the PC as well as in the peripheral
itself. This document examines trends in the implementation of peripherals controllers in
the host PC for graphics, keyboards, serial ports, and parallel ports. Specific examples of the
1/0 implementations of 16 recent PC designs are provided from Dataquest's PC Teardown
program, which documents the semiconductor content of PCs shipping today.

By Geoff Ballew

Integration Marches Onward

The trends for I/O controllers in PCs are classic examples of semiconductor
integration. Those who haven't looked at a new PC design lately may be
surprised at how few ICs are required to create a full-featured design.
Fewer ICs are needed to implement all of the standard 1/ O functions, such
as disk and keyboard controllers, as well as serial and parallel ports.
Graphics solutions are also more highly integrated as new features are
added without increasing chip count. Figure 1 shows a system card from a
Packard Bell multimedia PC. This system card is an example of the trends
identified in this document.

Graphics Controllers Get New Functions on a Single Chip

Graphics controllers are excellent examples of integration trends. Previ-
ously, these controllers required several support chips such as RAMDACs
or clock generators for a functional graphics subsystem. That is simply no
longer the case. Single-chip solutions are now available from all major ven-
dors complete with the features that today's PC buyers demand. Graphics
memory remains off chip, so these single-chip solutions do require memory
components for a functional graphics subsystem. Many single-chip
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Figure 1

System Board from a Packard Bell Legend 417CDT
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Figure 2

solutions were available last year, but they did not include the advanced
features, such as 64-bit processing and motion video acceleration, that are
increasingly common today.

A typical graphics subsystem now consists of only three ICs (the graphics
controller and two 4Mb DRAMS) with some connectors, a crystal, and some
passive components. That low part count is a significant improvement over
the previous designs, which required as many as eight or nine ICs. The
additional ICs were RAMDAC S, clock generators, and standard logic used
as line buffers. Figure 2 shows a section of an older graphics subsystem
layout compared to a newer design. This figure is not to scale, but the
differences in design complexity and required board space are easily seen.

This year is the final chapter for external RAMDACSs and clock chips for
mainstream graphics applications. Table 1 lists the graphics controllers
designed into 16 PCs examined by Dataquest over the past year. This table
shows integrated solutions from Cirrus Logic, 83, Chips & Technologies,
and Western Digital, as well as one less-integrated solution. Note that only
four of the 16 systems have an external RAMDAC and that all four of those

Actual Board Layouts for Two Desktop PC Graphics Subsystems
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Table 1

Graphics Implementations for 16 PCs

Supplier Part Number Package Bus Used Bit Width
Acer Acros 486DX/2-66 Cirrus Logic GD5428 POQFP-208 VL 32
IBM Aptiva 330 Cirrus Logic GD5426 PQFP-208 VL 32
AST Bravo LC 4/100t Cirrus Logic GD5428 PQFP-208 VL 32
Packard Bell Legend 25CDT -Cirrus Logic GD5428 PQFP-208 VL 32
HP Vectra XM 4/100i ‘83, 5GST 86C864, STG1702 RAMDAC PQFP-208, PL.CC-44 PCI 64
Compay Presaric 954 CD5S Cirrus Logic GD5434 PQFP-208 VL 64
Digital HiNote Ultra CT450 Chips & Technolo_lgﬁ 65545 PQFP-208 VL 32
HP Omnibook Western Digital 90C24 PQFP-208 VL 32
DEC Celebris 590 53 86C864, 86C716 RAMDAC PQFP-208, PLCC-68 PCI 64
AST Bravoe MS P90 Cirrus Logic GD5434 PQFP-208 PCI 64
Dell Opliplex XM 590 S3 86C864, 86C716 RAMDAC PQFP-208, PLCC-68 PCl 64
Packard Bell Legend 417CDT Cirrus Logie GD5430 PQFP-208 PCY 32
IBM PC 750 53 86C864, 86C716 RAMDAC PQFP-208, PLCC-68 PCl 64
Hewlett-Packard Vectra XB Cirrus Logic GD5430 PQFP-208 PCI 32
Micron P120 Millenia S Trio64 PQFP-208 PCl 64
Toshiba Satellite Pre T2150CDT Chips & Technologies 65545 PQFP-208 VL 32

Source; Dataquest (October 1995)
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have the same graphics controller. $3's Vision864 64-bit graphics
controller does not have an integrated RAMDAC. This product has been
replaced by the Trio64, which does have an integrated RAMDAC and is
designed into the Micron PC shown on Table 1.

Delays in bringing the Trio64 to market caused OEMSs using the Vision864
to continue using external RAMDACs longer than they had planned. Now
that all major graphics providers are shipping their volume products with
integrated RAMDACS, external RAMDACSs will be used primarily for niche
markets willing to pay extra for higher RAMDAC performance. Integrated
RAMDAC s are implemented in CMOS and do not match the speed or ana-
log accuracy that BiICMOS RAMDACSs have, so the trade-off is a question of
price versus performance.

The bus interface used for graphics controllers is largely tied to the micro-
processor choice: PCI for Pentium systems and VL-bus for 486s. One
exception to that general rule is the Vectra XM 4/100i, which uses a PCI bus
despite the fact that it has a 486DX/ 4. To simplify their product lines during
the transition from VL-bus to PCI, several graphics vendors designed their
parts with support for both bus standards. One example shown in Table 1 is
the Cirrus Logic GD3434. In the Compaq Presario 954 CDS this chip was
wired to the VL-bus, but in the AST Bravo MS P90 the same part was used
on a PCI bus. Only one bus is used at a time, of course, but support for mul-
tiple bus standards demonstrates a level of integration that simplifies pro-
duction and inventory management. It reduces the likelihood that either
the vendor or the OEM will be stuck with inventory because it supports the
wrong bus.

Bit width is shifting to 64-bit designs. Only two of the seven Pentium sys-
tems used 32-bit graphics controllers. The other five all had 64-bit designs.
The 486 systems shipped this year generally had 32-bit graphics controllers.
Expect shipments of 32-bit graphics controllers to decline as the 486 weath-
ers another year or two of low-end PC designs. The volume shipments of
graphics controllers moving forward will be increasingly weighted toward
the 64-bit chips.

A few companies are working to integrate the graphics memory onto the
graphics controller chip. This is a difficult task because of the differences in
the manufacturing processes used for memory as compared to logic prod-
ucts. It is unlikely that anyone will produce a price-competitive product
that integrates logic and memory for production within the next 12 months.
However, Dataquest believes that demand for an integrated product would
be high from OEMs striving to deliver greater functionality at traditional
price points.

The bottom line for trends in graphics subsystems is simply fewer 1Cs.
Current product offerings from all of the major graphics vendors provide
the functions that PC buyers demand integrated into a single controller
chip. As buyers demand more functions, expect those functions also to be
integrated onto the single controller chip. Graphics memory will continue
to require additional chip count for the short term and probably even
through the next two or three years.

©1995 Dataquest Incorporated November 13, 1985
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Super 1/0 Chips Get New Features

Super I/ O controllers are ormnipresent in PC designs today. These chips
provide an array of features, including, at a minimum, a floppy disk drive
controller, a basic serial port, and a basic parallel port. Many Super [/O
chips also have an IDE interface, support for an infrared port, and
enhancements fo the basic serial and parallel ports. All of these features
are frequently packed into a single 100-pin PQFP package. Super I/O con-
troilers were originally introduced in 5V versions but are now available in
3.3V designs. The 3.3V Super 1/O chips bring OEMs one step closer to PC
designs that operate entirely at 3.3V for system board logic.

The latest enhancement to Super I/ O chips is the integration of additional
features. These new chips are called Ultra I/ O chips by Standard Microsys-
tems (SMC) and include an 8042-compatible keyboard controller, ROM
BIOS, and even a real-time clock. National Semiconductor has also updated
its Super 1/ O product lire to include keyboard controllers and real-time
clocks. Ultra I/O chips from SMC and the updated Super 1/O chips from
National Semiconductor are typically packaged in 160-pin PQFPs.

Table 2 shows the chips used for general 1/O functions in 16 different PCs.
One system, the Packard Bell Legend 417CDT, stands out as a trendsetter.
Figure 1 showed the board layout for this PC, including the PC87306 Super
I/ O chip from National Semiconductor. The PC87306 is one of the new
breed of Super 1/O chips with an integrated keyboard controller and real-
time clock. Note that 13 of these PCs feature standard Super 1/O controllers
with a separate keyboard/mouse controller. These 13 systems represent the
typical PC design today. The remaining two systems use custom solutions
as well as custom core logic. The Super I/ O and Ultra I/O product markets
are dominated by National Semiconductor and SMC. Their representation
here (13 of 16 systems) is indicative of their presence in the market, but this
list is biased toward North American designs. United Microelectronics Cor-
poration (UMC) scored the design win for the Aptiva 330 as well as for
other designs not listed here.

Single-Chip R$232 Transceivers Replace Three Other Chips

New RS-232 transceiver ICs provide both the line driver and line receiver
functions, which previously required three separate pieces of standard
logic. Table 3 shows the number of standard logic parts used for the serial
ports in 16 PCs, Typical designs today use two line driver ICs and three line
receiver ICs for a dual serial port configuration or three pieces of standard
logic (one driver and two receivers) for a single serial port. Note that three
designs use only one piece of standard logic. All three of these PCs (two
notebooks and one desktop) have a single serial port and use a transceiver
chip to replace both the line driver and line receiver ICs: IC count just
dropped from three chips to one for a single serial port. A dual port design
would use two ICs instead of the five shown on most of the designs listed in
Table 3.

PSAM-WW-TA-9501 ©1995 Dataquest Incorporated November 13, 1995
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Table 2
Super I/O and Keyboard Controller Implementations for 16 PCs
Keyboard Controller
Super I/O Part Number Supplier Part Number Supplier
Acer Acros 486DX/2-66 Custom ALl Custom ALl
IBM Aptiva 330 82C863 UMC 8042 Intel
AST Bravo LC 4/100t 37C651 SMC 82C114 VLSI
Packard Bell Legend 25CDT 37C665 SMC 82C42 Intel
HP Vectra XM 4/ 1001 37Co65 SMC Custom NEC
Compaq Presario 954 CDS  87332VL] National 82C114 VLS|
Digital HiNote Ultra CT450 87334VL] National Custom Hitachi
HP Omnibook 37C665 SMC Custom Mitsubishi
DEC Celebris 590 37C665 SMC 82C42 Intel
AST Bravo MS P90 37C665 AST Custom Intel
Dell Optiplex XM 590 87332VL) National PC9011 National
Packard Bell Legend 87306 National Integrated into Super I/O -
417CDT
IBM PC 750 87332VL) National 8042 Intel
Hewlell-Packard Vectra XE 87332VL]J National Custom NEC
Micron P120 Millenia 37C665 SMC 8242 Intel
Toshiba Satellite Pro Custom Toshiba Custom Toshiba
T2150CDT

Source: Dataquest (October 1395)
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Table 3
Standard Logic Used for Serial Ports
Number Number of
of Parts Serial Ports Type of Parts
Acer Acros 486DX/2-66 S 2 2 drivers, 3 receivers
IBM Aptiva 330 5 2 2 drivers, 3 receivers
AST Bravo LC 4/100t 5 2 2 drivers, 3 receivers
Packard Bell Legend 25CDT 3 1 1 driver, 2 receivers
HP Vectra XM 4/100i 5 2 2 drivers, 3 receivers
Compaq Presario 954 CDS 3 1 1 driver, 2 receivers
Digital HiNote Ultra CT450 1 1 1 transceiver
HP Omnibook 1 1 1 transceiver
DEC Celebris 590 5 2 2 drivers, 3 receivers
AST Bravo MS P90 5 2 2 drivers, 3 receivers
Dell Optiplex XM 590 5 /A 2 drivers, 3 receivers
Packard Bell Legend 417CDT 1 1 1 transceiver
IBM PC 750 2 1 2 drivers, 3 receivers
Hewlett-Packard Vectra XE 5 2 2 drivers, 3 receivers
Micron P120 Millenia 5 2 2 drivers, 3 receivers
Toshiba Satellite Pro T2150CDT None None NA

NA = Not applicable

Source: Dataquest (October 1995)

Dataquest Perspective

The result of these trends is simply that it takes fewer ICs to provide the
basic functions in a PC, even as those "basic" functions grow in capability.
These integration trends impact virtually all PC designs because the func-
tions discussed here are universal. Every standalone PC needs a graphics
controlier, a floppy disk drive controller, a keyboard controller, serial and
parallel ports, and a real-time clock. These chips will face new competition
from competing designs as other standards, such as Universal Serial Bus,
vie to replace multiple ports (serial, parallel, keyboard, and mouse) with a
single multifunction port. Until then, these new chips effectively reduce
board space and chip count without compromising on features. Semicon-
ductor vendors supplying real-time clocks, keyboard controllers, and stan-
dard logic beware — your piece of the PC just got smaller.
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PC Memory Trends Are Both DIMM-Witted and Savvy

Abstract: The personal computer market is plagued by high competition on one side and
increasing memory component costs on the other side, The worldwide DRAM shortage and
strong yen have resulted in stable or increasing DRAM prices. What is a PC OEM to do in
this market? The answer: Tailor memory configurations in PCs to specific target markets to
keep costs low. This article highlights trends in main memory configuration for office desk-
top, consumer multimedia, and notebook PCs.

By Geoff Ballew

Introduction

Gross margins for PC OEMs are squeezed between severe price competi-
tion for personal computers and increasing prices for main memory
devices. Memory is the largest single expense in a typical PC. DRAM repre-
sents about one-third of the manufacturer's direct costs, so memory prices
and availability have a profound impact on system prices. PC OEMs are
striving to minimize this impact by tailoring their computer models specifi-
cally to the computing needs and budget of each target market. This article
highlights trends in this area. All of the data for this analysis is taken from
Dataquest's PC Teardown Reports service and is provided in Table 1.

4MB? | Need a Minimum of 8MB ...

The most significant change to factory-installed memory configurations
over the past year is the growth of the minimum amount of memory for
mainstream configurations. Most PCs today are shipping with 8MB instead
of 4MB factory-installed memory, probably because of a combination of
software needs and the 64-bit memory bus of Intel's Pentium microproces-
sor. Because the most common organization for DRAM is 1Mbx4, a typical
configuration for a Pentium system is 16 of these devices. Each device is
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Table 1

Standard and Expanded Memory Configurations

Type System MPU MPU Type Total MB Max. MB Soldered Modules Organization Voltage Speed (ns)
Office Desktop Acer Altos 900 4B65X-33 486 4 36 4 SIMM ThMx4 5 70
Office Desktop Vobis Highscreen 486DX2-66 486 4 3z 0 4MBSIMM 1Mx4 5 70
Colani
Office Desktop AST Bravo LC 4/100t  486DX4-100 486 8 64 0 4MBSIMM 1Mx4 5 60
Office Desktop AST Bravo MS P90 Pentium-90  Pentium 8 128 0 4MBSIMM 1Mx4 5 70
Office Daskiop Dell Opliplex 466/Le  486DX2-66 486 8 64 0 8MBESIMM 1Mx4 5 70
Office Desktop Digital Celebris 590 Pentium-90  Pentium 8 128 0 4MBSIMM 1Mx4 5 70
Office Desktop HP Vectra M2 433/s 4865X-33 486 8 96 ¢ 8MBSIMM 1Mx4 5 70
Office Desktop HP Vectra XM2 4/100i 486DX4-100 486 8 96 0 8MBSIMM 1Mx4 5 70
Office Desktop Dell Optiplex XM 590 Pentium-90  Pentium 16 128 0 8MBSIMM TMx4 5 70
Consumer AcerAcros 486D2X2/66 4B6DX2-66 486 4 36 4 SIMM TMx4 5 70
Multimedia
Consumer IBM Aptiva 330 4865X2-50 486 4 64 ¢ 4MB SIMM 1Mx4 5 70
Multimedia
Consumer Apple Performa 638 68LC040-66 68040 8 36 4 4MBSIMM TMx4 5 70
Multimedia
Consurmer Compagq Presario 4865X2-66 486 ] 64 4 4MBSIMM 1Mxd 5 70
Multimedia CDS BsO
Consumer Compag Presario 486DX4-100 486 & 104 8 SIMM 1M=x4 5 70
Multimedia CDs 954
Consumer Packard Bell Legend  486DX2-66 486 8 64 4 4MBSIMM 1Mx4 5 70
Multimedia 25C0T
Consumer Packard Bell Legend  Pentium-75  Pentium 8 72 ¢ 4MBSIMM 1Mx4 5 70
Multimedia 17CDT
Notebook A pple PowerBook 6BLC040-50 68040 4 36 4 Custom 1Mxd4 5 80
540C
Notebook Compagq LTE 486DX2-40 486 4 24 4 Custom 1Mx4 3 70
Elite 4/40 CX
Notebook DEC HiNote 486DX2-50 486 8 24 8 DIMM TMx16 33 70
Ulira CT450
Notebook Dell Latitude XP 450  486DX2-50 486 B 36 4 4MB DIMM 1Mx4 5 80
Notebook HP Omnibook 4000C  486DX4-100 486 8 32 Custom 2Mx8 5 70
Notebook Toshiba Satellite Pro  486DX4-100 486 32 8 DIMM 1Mx16 33 70
TQ150CDT
Source: Dataquest (July 1995)
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4 bits wide, so 16 devices create a memory bank that is IMb deep and

64 bits wide, which is the same width as the Pentium bus and is 8MB total.
The bar was raised for 486 systems when Pentium systems started shipping
with 8MB of memory as a minimum, and most manufacturers have
upgraded their standard models to a minimum of 8MB of memory. This
trend is observable across all categories of mainstream PCs: office desktops,
consumer multimedia PCs, and notebooks.

SIMM, DIMM or None of the Above

PSAM-WW-PA-9502

The packaging for main memory devices demonstrates how PC OEMs are
tailoring their products to specific markets. For desktop or deskside PCs,
single in-line memory modules (SIMMs) are the most common packing for
main memory. SIMMs are popular because they mount into standard sock-
ets without soldering. Because they are standard modules, they can be
purchased from multiple vendors and with different amounts of memory
installed on each one. As shown in Table 1, all of the office desktop and
multimedia PCs use standard SIMMs for memory expansion.

Oftice PCs and consumer PCs are different with regard to standard mem-
ory. In this case, standard memory is the memory installed on the system
by default as a standard feature of that particular model. Almost all of the
office deskiop PCs examined here have the standard memory installed on
SIMMs. This relationship is turned upside down for consumer multimedia
PCs, however. All but two machines have some or all of their base memory
soldered down on the system card rather than mounted on SIMMs. This is a
trade-off between two different sets of costs.

Implementing memory on SIMMs requires additional parts such as SIMM
sockets and bare SIMM printed circuit boards (PCBs), but does use less
space on the system card. One major benefit is increased inventory flexibil-
ity because SIMMs can be installed on the system card during final assem-
bly for the whole PC. If PC manufacturers manage their inventory on a just-
in-time (JIT) model, then they can reduce their inventory holding costs for
DRAM by reducing the length of time the DRAM is held in inventory
before final assembly of the PC. This has the added advantage of decou-
pling the system card assembly from the DRAM availability. If no DRAM is
soldered to the system card, then assembly can continue even if DRAM
shipments are delayed. Of course, DRAM availability still affects a manu-
facturer's schedules for final assembly of the PC itself. This increased flexi-
bility does come at a cost, however. A 4MB SIMM is more expensive than
the cost of the memory chips alone. One rule of thumb for DRAM SIMM
prices is 110 percent of the cost of the memory devices themselves. For
example, a SIMM that sells for $110 will have about $100 worth of memory
devices installed on it.

In spite of the logistics advantages enabled by using SIMMs, several OEMs
for consumer multimedia PCs have chosen to solder some or all of the fac-
tory-installed memory to the system card. This policy requires the memory
to be purchased and in inventory before the system card assembly can be
done. It also reduces the flexibility for changing the memory configuration.
To change the memory configuration, the PCB must be redesigned or one of
the memory expansion sockets must be used for factory-installed memeory,
which is the case for three of the multimedia systems examined here.

©1995 Dataquest Incorporated July 17, 1995
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Using a combination of soldered-down and SIMM-based memory appears
to be a fence-straddling policy where the manufacturer would like to use
only soldered-down memory but is compelled to hedge against DRAM
shortages by reducing the per-system amount of soldered-down memory.
The cost of this trade-off is the continued (but reduced) probability that
production is interrupted by DRAM part shortages, in addition to the
higher cost per megabyte of the SIMM-based memeory. SIMM sockets are
necessary for memory expansion regardless of whether the factory-
installed memory is SIMM-based, but manufacturers that avoid soldered-
down memory entirely reap benefits in terms of simplified board design
(both space and complexity) in addition to the freedom from the logistics
hassles associated with the short supply of DRAM.

The latest trend in main memory packaging for notebook computers is the
increasing popularity of standard modules. Until recently, most notebook
and ultraportable (subnotebook) designs used custom memory modules for
memory expansion. Factory-instalied memory was either soldered-down or
provided on the same types of custom modules used for memory expan-
sion. Packaging methods are changing in favor of more standard memory
modules. These new modules are dual inline memory modules (DIMMs)
and are very similar to SIMMs with two exceptions: DIMMs are half the
size and require a double-sided socket.

DIMM sockets have two rows of 36 pins each; SIMM sockets have a single
row of 72 pins. Some SIMMs do have memory mounted on both sides of the
card, but PIMMs are truly two-sided in terms of electrical contact with the
socket. SIMM sockets make physical contact with both sides of the SIMM,
but contacts on the top and bottom are shorted together {(connected electri-
cally) instead of carrying unique sigrals. In short, a DIMM is a SIMM that
has been folded in half and bent over onto itself.

Table 1 shows that half of the notebooks listed use DIMMs for memory
expansion. What makes this statistic compelling is the fact that all three of
those systems are recent designs. The two oldest notebook designs in Table
1 are the Apple PowerBook and the Compaq LTE Elite, both of which use
custom modules for memory expansion. DIMMs are rapidly gaining accep-
tance as the preferred memory module because they offer to notebook man-
ufacturers the same advantages that SIMMs offer to desktop PC
manufacturers: a standard memory interface and configuration flexibility.
End users benefit also because they are no longer required to purchase
additional memory through a single source, as is the case with custom
memory modules.
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MPU Complex in 1994: 18 PCs Examined in Depth

Overview

Cold, Hard Cache

Abstract: The personal computer market is both competitive and price-sensitive. To stay in
business, PC manufacturers must balance feature set versus production cost and tailor their
product lines to specific markets. Design trends in the microprocessor complex show how
designers are trimming costs on systems targeted ai the home market and the office market
without sacrificing the features these buyers demand. Two design trends discussed here
involve secondary cache implementation and microprocessor upgradability.

By Geoff Ballew

Although 1994 was a big year for Pentium, 486 machines were still the most
popular in terms of total sales. The year 1995 will see the Pentium overtake
the 486, so it is important to examine the changes in the design of the micro-
processor complex as this shift continues. This article examines the second-
ary cache implementation and the microprocessor upgradability of 18 PCs.
These PCs are representative of the typical PCs sold in 1994 and were exam-
ined as part of the PC Teardown Project at Dataquest. A complete list of
these systems is in Table 1.

Secondary cache is a requirement in today's desktop PCs, although
experts disagree how much cache memory PCs should have. However,
once a PC manufacturer has decided to include secondary cache, there are
a number of implementation options. This section highlights trends in the
amount of cache memory installed in PCs and the shift in both packaging
methods and operating voltage as the mainstream PC grows from a 486 to
a Pentium.
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Table 1

Cache Memory by Target Market

Factory-
Target Installed Maximum Cache MPU
Market PC MPU Cache (KB) Cache (KB) Voltage Voltage MPU Upgrade Path
Home IBM Aptiva 330 4865X2-50 0 0 NA 5V DX4 OverDrive
Home Compagq Presario CDS 860 4865X2-66 0 256 5V 5V P24T OverDrive
Home Acer Altos 900 4865X-33 0 256 5V 5V DX4 OverDrive
Home AcerAcros 486DX2-66 486DX2-66 0 256 5V 5V P24T OverDrive
Home Packard Bell Legend 25 CDT 486DX2-66 0 512 5V 5V P24T OverDrive
Office NCR 3227 486DX2-66 0 0 NA 5V P24T OverDrive
Office Hewletl-Packard Vecira M2 4/33s 486DX-13 0 256 5v 5v P24T OverDrive
Office Dell Optiplex 466/ Le 486DX2-66 128 128 5V 5V DX4 OverDrive
Office Dell Dimension XPS 466V 486DX2-66 128 256 5v 5V P24T OverDrive
Office Gateway 2000 4DX2-66 486D X2-66 128 256 5V 5V P24T OverDrive
Office Vobis Highscreen Colani 486DX2-66 128 256 5V 5V DX4 OverDrive
Office Dell Dimension XPS P60 Pentium-60 256 256 5V 5V P54C OverDrive
Office Compaq Deskpro XL 450 486DX2-50 256 256 5V 5V P24T OverDrive
Office Dell Dimension XPS 4100V 486DX4-100 256 256 5V 3.3v No upgrade
Office AST Bravo LC 4/100t 486DX4-100 256 256 5V 33v P24T OverDrive
Office -AST Bravo MS P Pentium-90 256 256 3.3V 3.3v Future MPU
Office Dell Optiplex XM 590 Pentium-90 256 512 5V 33v Future MPU
Office Digital Celebris 5%0 Pentium-90 256 512 33V 33V Future MPU

NA = Notapphcable
Source: Dataquest (April 1995)
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