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Chapter 1 
Executive Summary 

This first User Wants and Needs report from Dataquest's Semiconduc
tors Worldwide Microcomponents service focuses its attention on the 
ubiquitous embedded processor. Although it does not receive the 
widespread public attention of its programmable brethren, the embed
ded processor market is much larger in terms of revenue and imit 
shipments, more appUcation-focused, and, from a marketing point of 
view, much more challenging. Because of its diversity and application 
specificity, the embedded processor marketplace is still filled with 
opportunity. 

It seems fitting to begin this summary with a brief discussion on the 
importance of cost. Across aU three word widths on which this survey 
focused—8-, 16-, and 32-bit—total system cost was of paramount con
cern. No other measure of importance received such a high rating. The 
next closest rating of importance was again cost related. Designers of 
8-bit systems place considerable weight on the cost of the processor. 
Designers of 16- and 32-bit systems also consider processor cost as 
important, but there is a much larger differential between total system 
cost and the importance of processor cost for these higher-end 
embedded processors. 

In what appears to be a direct contradiction to the cost issues dis
cussed previously, performance was the overwhelming first choice of 
all designers when asked what one critical factor would cause them to 
switch to another processor architecture. Although the designers typi
cally were not using exceedingly high clock rates, it was apparent that 
quick response to external events and/or interrupts as well as the abil
ity to execute a particular time-critical control loop was of paramount 
performance. Simply increasing clock speed causes a nimiber of first-
order effects: processor cost increases, support component costs 
increase, power consumption increases, and printed circuit board lay
out becomes more complex and costly. Each of these adverse effects 
increases the No. 1 area of concern, total system cost. Solving the 
performance problem without significantly raising the total system 
cost is a major opportunity for embedded processor vendors. 

"Wrtually none of the designers surveyed was using fuzzy logic in 
today's applications, while in excess of 40 percent of these sam.e 
designers expected to be using fuzzy logic in two years' time. 
The large majority of designers had definite ideas about what they 
expected from fuzzy logic. These benefits included increased 
performance, less program code, and shorter development time. 

MCRO-SEG-UW-9201 ©1992 Dataquest Incorporated December 31,1992 



1-2 Microcomponents Worldwide 

However, about 15 percent admitted that they did not know why they 
would be using fuzzy logic, and a few honest souls admitted that it 
was a requirement from marketing that fuzzy logic be used. Does this 
mean that we wUl be bombarded with advertisements and sales col
lateral extolling the fact that "This system has fuzzy logic inside," 
without being able to explain what this does for the end user? Let us 
hope not. 

Only a few designers were using a 3V power supply on current 
designs. However, in two years this increases to the range of 15 to 
nearly 40 percent, dependent upon processor word width. Applica
tions that can afford the presence of a voltage regulator will be 
happy to know that JEDEC has officially passed a specification 
covering a regulated 3.3V power supply. The unregulated committee is 
stLU a long way from resolution. Battery-spedfic issues such as maxi
mum and typical operating voltage as well as useful end-of-life vol
tage much be taken into consideration. Both suppliers and users of 
embedded processors should give serious attention to participating in 
these discussions. This attention can vary ftom active participation to 
simply observing. The participation will provide you advance notice of 
any forthcoming standards as well as offer the chance to steer the 
committee's decision. 

For the sake of readability and overall document size, not aU 
responses could be included in this doctmient. We have endeavored to 
select those that would provide the most usefulness to our current and 
future clients. Feedback is welcome and wiU be taken into considera
tion for our next User Wants and Needs document. Clients of the Data-
quest Microcomponents service are welcome to call with questions. 
Dataquest is also able to perform specific single-user consulting 
projects relating to this project. For more information on this service, 
call the Semiconductor Consulting group at (408) 437-8272. 

December 31,1992 ©1992 Dataquest Incorporated MCRO-SEG-UW-9201 



Chapter 2 
Introduction 

This report focuses on the embedded processor requirements of 
designers of systems requiring such processors. It comes from a user's 
perspective. No information gathered for this report, other than 
suggestions for types of questions, came from a supplier. 

The primary sources of data for this report came from an extensive 
survey conducted by Dataquest's Research Operations group as well 
as from personal interviews conducted by analysts in Dataquest's 
worldwide semiconductor organization. 

During the development of the questioimaires used for this report, 
valuable input received by Dataquest's client base was included in the 
finished survey. 

The results are presented in five chapters, as follows: facts about 
embedded processors, relative merits for choosing an embedded 
processor, the importance of development tools, factors impacting the 
processor selection process, and application code. Each section is laid 
out by first providing a a brief description of results on a given ques
tion, which is then followed by a graphical representation of the 
data, broken out by word width. In almost every instance the data 
are represented in terms of today's usage as well as the design 
requirements two years down the road. 

Both users and vendors of embedded processors should benefit from 
the information contained in this report. Vendors will be able to com
pare their current product offerings against the spectrum of what 
designers are using. They can then use the two-year outlook to serve 
as a gmdeline for product planning. Users of embedded processors 
will be able to see how they fit in the current user profQe, and the 
two-year outlook wiU give them a good idea of how close to the 
mainstream their future microprocessor requirements will fall. Because 
small consximers do not always receive the same attention from 
vendors as do large consumers, small users might also use the 
results of this report with a specific supplier as leverage for providing 
some new features or capabilities on next-generation embedded 
microprocessors. 

MCRO-SEG-UW-9201 ©1992 Dataquest Incorporated December 31,1992 
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Chapter 3 
Facts about Embedded Processors 

This chapter deals with specific facts relating to the embedded 
processors: How they are being used and how they will be used in 
two years. 

> 

MCRO-SEG-UW-9201 ©1992 Dataquest Incorporated December 31,1992 



3-2 Microcomponents Woridwide 

External Clock Frequency 
A correlation exists between processor word width and clock fre
quency (see Figures 3-1 through 3-3). In the extremely cost-sensitive 
8-bit applications, more than 95 percent of the designs operate at or 
less than 12 MHz. About 40 percent of 16-bit applications operate at 
or less than 12 MHz, and this can be nearly doubled by offering parts 
at 20 MHz. In contrast, in the 32-bit environment only 16 percent of 
the applications can be addressed by a 12-MHz clock. This increases to 
only 30 percent if the speed is increased to 20 MHz. 

For each word width category, designers expect to use much higher 
performance devices in two years. It is our belief that, although speed 
requirements are increasing, the rate of change to the higher speeds is 
slightly exaggerated. This exaggeration is particularly noticeable at the 
8-bit level, where 8-bit usage in 4-MH2 designs is expected to fall 
from 45 percent to less than 20 percent in two years. The 32-bit 
expected growth is less exaggerated because these devices are typically 
used where performance and cost are more equally weighted. 

Figure 3-1 
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Figure 3-2 
External Qock Frequency, 16 Bit 
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Figure 3-3 
External Qock Frequency, 32 Bit 
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Package Pin Count 

Because of the word width, functionality, and cost required of 8-bit 
processors, more than 50 percent of the applications can be addressed 
by 44-pin packages (see Figure 3-4). At 68 pins, 90 percent of all 8-bit 
applications are satisfied. 

In the 16-bit world, the 50 percent usage point is reached at 64 pins, 
but to reach 90 percent application coverage, packages with more than 
68 pins are required (see Figure 3-5). The most common pin counts of 
more than 68 pins were listed as 84 and 100 pins, respectively. 

The 32-bit devices clearly require very high pin count packages. The 
scope of this survey does not adequately cover this high-end require
ment where only 20 percent of all 32-bit applications can be satisfied 
by a package of 68 pins or less (see Figure 3-6). 

i 
Figure 3-4 
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Figure 3-5 
Package Pin Count, 16 Bit 
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Figure 3-6 
Package Pin Count, 32 Bit 
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Package Type 

Figures 3-7 through 3-9 address the package types of the various word 
width embedded microprocessors. Because of their relatively low pin 
cotmt and low cost requirements, 8-bit processors can typically fit into 
low cost dual-in-line packages (DIPs) and plastic leaded chip carriers 
(PLCCs). These two package types cover 80 percent of aU 8-bit appli
cations. This same application coverage is still expected in two years' 
time, but the mix will move from 50/50 to 56 percent PLCC and 
28 percent DIP. This is no doubt driven by the fact that the 44- and 
68-pin PLCCs are well xmderstood by the manufacturing community 
and that they provide adequate pin count for most 8-bit applications. 
The pin-count requirements of 16-bit processors require a sHghtly 
different mix than that of 8-bit processors (see Figures 3-7 and 3-8); 
84 percent of 16-bit applications can be satisfied using PLCC or pin 
grid array (PGA) solutions. PLCCs are the package of choice by a 
ratio of nearly 3:1 over PGAs. This same relationship is expected to 
continue over the next two years, with slight growth for both package 
types. The high pin coimt and performance requirements of 32-bit 
processors require a different package mix than either 8- or 16-bit 
devices. Because of their superior performance capabilities and high 
pin count offerings, PGAs are preferred by a ratio of more than 2:1 
over quad flat packs (QFPs). Because of recent advances in QFP pack
aging in the areas of both performance and power dissipation, it is 
expected that QFP usage will grow to nearly match the usage of PGAs 
in just two years. 

Figure 3-7 
Package Type, 8 Bit 
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Figure 3-8 
Package Type, 16 Bit 
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Figure 3-9 
Package Type, 32 Bit 
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On-Chip Peripheral Functions 
AU word widths rely upon serial ports and timers (see Figures 3-10 
through 3-12). With the development of the controller area network 
standard, we expect increased reliance upon serial commuiucation. In 
both the 8- and 16-bit applications we see a strong requirement for 
parallel ports. These processors are more efficient at bit manipulation 
and are more cost-effective for many control tasks than are 32-bit 
devices. The high DMA usage of 32-bit processors indicates that these 
processors are more involved with the movement of large amounts of 
data than are their smaller cousins. The lower requirements for 
parallel ports in 32-bit processors seem to support the assirmption that 
they typically work in conjunction with one or more 8- and/or 16-bit 
processors. The 32-bit processors are used for the computation-
intensive and high-speed data movement tasks and the smaller proces
sors are more directly involved with specific control functions that 
require fast interrupt response, efficient timing control, and bit 
manipulation, among others. Of the 40 to 60 percent of processors that 
require on-board nonvolatile memory (NVM) for program store, most 
designers expect their next-generation product to contain a cost-
efficient electrically erasable memory such as flash. The electrically 
erasable requirement increases with processor cost. The next most 
common on-chip peripheral functions required are analog-to-digital 
and digital-to-analog converters, respectively; across all word widths, 
30 to 50 percent of all embedded processors require the ability to con
vert an analog signal to a digital representation of that signal. Only 
18 to 40 percent expect to perform the reverse conversion on-chip. The 
processors that do employ a digital-to-analog conversion reply 
primarily upon a pulse width modulated (PWM) approach. Another 

Figure 3-10 
On-Chip Peripheral Functions, 8 Bit 
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Figure 3-11 
On-Chip Peripheral Functions, 16 Bit 
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Figure 3-12 
On-Chip Peripheral Functions, 32 Bit 
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alternative to digital-to-analog conversion is offered by several proces
sors that provide a PWM output and rely upon system designers to 
implement their own analog conversion. 

On-Chip Data Registers 
On-chip data registers typically are a part of the basic architecture of 
the processor, but while a majority of designers are getting along 
with 32 data registers (see Figures 3-13 through 3-15), the high-level 
languages being used for software development today typically are 
more efficient in a register/accumulator-based machine. Because most 
embedded processor applications contain at least one timing critical 
control loop, it would seem that compilers and architectures need to 
be jointly fine-tuned to provide the most efficient solution. 

Figuie 3-13 
On-chip Data Registers, 8 Bit 
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Figure 3-14 
On-chip Data Registers, 16 Bit 
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Figure 3-15 
On-chip Data Registers, 32 Bit 

<32 64 128 256 
Number of Data Registers 

0 Now 

M 2 Years 

>256 

Source: Dataquest (December 1992) G2003186 

MCRO-SEG-UW-9201 ©1992 Dataquest Incorporated December 31,1992 



3-12 Microcomponents Woridwide 

Supply Voltage 
Although relatively few applications require 3V operation today (see 
Figxires 3-16 through 3-18), that is expected to change significantly in 
the next two years. The conversion to 3Vs in the embedded processor 
world has already occurred in some portable devices, but the main
stream move is still awaiting general availability of 3V-compatible 
products. This issue should be addressed by the recent adoption of a 
regulated 3V standard by the JEDEC council. Many suppliers were 
waiting for a standard to be formally adopted before spending the 
resource dollars required to convert products to a 3V supply. On the 
downside, many 8-bit hand-held applications operate from an imregu-
lated 3V supply consisting of two "AA" or NiCad batteries. Unfor
tunately, the JEDEC standard does not cover the unregulated 
environment. 

Some level heads on the tmregtdated 3V JEDEC committee finally con
vinced the majority of the committee members to first listen to battery 
manufacturers before putting a standard together. Unregulated 3V is 
not a simple matter. It is not uncommon for fully charged NiCad 
batteries to reach 1.6V, which translates to 3.2V in a typical two-cell 
system. Under a load, both NiCad and alkaline batteries quickly dis
charge to their nominal operating voltage of 1.2V, or 2.4V for two 
AA cells. Each of these batteries has a useful end of life voltage of 
about 0.9V. Under this simple scenario, an IC would have to be able 
to operate over a voltage range of 1.8V to 3.2V in a typical two-
AA-cell system. Thus far, the JEDEC committee has not considered a 

Figure 3-16 
Supply Voltage, 8 Bit 
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Figure 3-17 
Supply Voltage, 16 Bit 
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Figtire 3-18 
Supply Voltage, 32 Bit 
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proposal of less than 2.5V. An alternative solution of a three-cell sys
tem would handle the low end of the voltage spectrum but would cre
ate new hurdles at the high end as well as take more space, add 
weight, and add cost to these small form factor, cost-sensitive applica
tions. Some embedded processor companies (for example, Microdiip 
and Philips) have not waited for a standard because they have been 
driven by customer demand to offer 1.8V product. 

Fuzzy Logic Use/Planned Use with Embedded Processor 
Although an almost immeasurable number of designs employ fuzzy 
logic, a tremendous ntimber of designers expect to be using fuzzy 
logic in two years (see Figures 3-19 through 3-21). The percent of 
designs expected to use fuzzy logic is virtually identical for all three 
word-width categories. 

This step function increase again appears to be overly optimistic. 
Although fuzzy logic clearly appears to offer some real advantages in 
some specific applications (sudi as balancing three brooms end to end 
in a 2-dimensional environment), it is not yet xmderstood well enough 
by enough designers to allow them to put it to good use. Designing-in 
fuzzy logic will require suppliers to educate the users about the 
benefits of using fuzzy logic. It will also require significant system 
expertise to determine when and how fuzzy logic can be used to best 
advantage. Given these considerations, we believe that fuzzy logic's 
penetration into embedded applications will be somewhat slower than 
is here indicated. 

Figure 3-19 
Fuzzy Logic Use with Embedded Frocessoi/ 8 Bit 

Yes (0%) 

Using Fuzzy Logic Today? Using Fuzzy Logic in Two Years? 

i 
Source: Dataquest (December 1992) G2003190 

December 31,1992 ©1992 Dataquest Incorporated MCRO-SEG-UW-9201 



Facts about Embedded Processors 3-15 

Figure 3-20 
Fuzzy Logic Use with Embedded Processor, 16 Bit 
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Figure 3-21 
Fuzzy Logic Use with Embedded Processor, 32 Bit 
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Expected Fuzzy Logic Benefits 
Depending upon processor word width, 10 to 15 percent of the 
designers who expect to use fuzzy logic in the next two years do not 
know why (see Figures 3-22 through 3-24). Some were honest enough 
to state that it was a marketing requirement that fuzzy logic be used 
(it was not specified by marketing how or for what purpose fuzzy 
logic would be used). Well more than half of the designers believed 
that performance would be improved. No. 2 on the list was a reduc
tion in program code, with development time reduction coming in a 
distant third. 

Although fuzzy logic has demonstrated some impressive statistics 
when compared to Boolean logic in some specific applications, it is not 
yet mature enough or imderstood well enough by mainstream design
ers to achieve all of the benefits claimed by its supporters. We are 
strong believers in the ultimate success of fuzzy logic, but we see a 
longer development period before it is able to achieve all of its claims. 

Figure 3-22 
Benefits Expect to Achieve from Using Fuzzy Logic, in 2 Years, 8 Bit 
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Figure 3-23 
Benefits Expect to Achieve from Using Fuzzy Logic, in 2 Years, 16 Bit 
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Figure 3-24 
Benefits Expect to Achieve from Using Fuzzy Logic, in 2 Years, 32 Bit 
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Embedded Microprocessors Used per System 
Nearly 60 percent of the systems using 8-bit embedded processors 
today are uniprocessor systems (see Figure 3-25). The expectation is 
that in two years this percentage will drop below 50 percent, although 
this seems a little too rapid, given the long history of 8-bit uniproces
sor systems. 

The 8-bit results are in sharp contrast to the 16- and 32-bit results 
shown in Figures 3-26 and 3-27, where less than 30 percent of today's 
designs involve uniprocessor systems. Within the 16-bit category, 
the number of uniprocessor systems is expected to drop to nearly 
15 percent in just two years. The number of processors per system in 
two years in a 32-bit environment is expected to maintain the same 
usage profile as today. 

Embedded processor applications nearly always place cost as their 
No. 1 criterion, with performance coming in second. In the 8-bit arena 
this is reflected in the large number of tmiprocessor systems, as shown 
in Figure 3-25. If more performance is needed, it is more likely that a 
designer will choose a 16- or 32-bit solution rather than attempt a 
multiprocessor design. 8-bit processors typically are not well suited 
for multiprocessing applications unless each process function is 
clearly defined and separated. Figure 3-27 shows a dear dichotomy 
between uniprocessor systems and multiprocessor systems in a 32-bit 
environment. At the high end of embedded applications, a designer 
wiU choose a 32-bit uniprocessor implementation because he or she 

Figxure 3-25 
Embedded Microprocessors Used per System, 8 Bit 
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Figure 3-26 
Embedded Microprocessors Used per System, 16 Bit 
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Figure 3-27 
Embedded Microprocesssors Used per System, 32 Bit 

Percent 

3 5 - f l 

0 Now 

M aVsars 

T 
2 3 4 

Number of Microprocessors 

Source: Dataquest (December 1992) 0200)138 

MCRO-SEG-UW-9201 ©1992 Dataquest Incorporated December 31,1992 



3-20 Microcomponents Woridwide 

must get the most performance out of a limited space. If the applica
tion is not space- or cost-constrained, the designer will go for a 
large—greater than five—^number of processors. These 32-bit proces
sors typically are better suited for multiprocessing tasks than are their 
smaller cousins. 

One point that will require future clarification is the word width of 
the other processors in the mtiltiprocessing environments. It should 
not be assxmied that they match the word width of the primary 
processor in all cases. 

ASICs Required to Achieve Design Goais 
As the word width of the embedded processor increases, so does the 
need for ASICs (see Figvires 3-28 through 3-30). At the low end of the 
spectrum, less than one-quarter of the applications make use of ASICs 
in addition to the processor. This is because of the tj^icaUy low cost 
and small form factor reqiiirements in these applications. It appears 
that, for 8-bit applications, cost overrides all other considerations, 
including such basics as feature differentiation. 

Both 16- and 32-bit applications make more use of ASICs. Nearly half 
of today's 16-bit applications use ASICs, while nearly three-quarters of 
the current 32-bit applications require ASICs. 

Figure 3-28 
ASIC Required in Addition to the Embedded Processor, 8 Bit 
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I Figure 3-29 
ASIC Required in Addi t ion to the Embedded Processor, 16 Bit 
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Figure 3-30 
ASIC Reqtured in Addition to the Embedded Processor, 32 Bit 
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The two-year outlook for aU three word widths calls for an increase in 
the use of ASICs. However, again we believe that it is necessary to 
moderate the 8-bit projection shown in Figure 3-28. There is no com
pelling evidence to suggest that 8-bit embedded processors will be 
used in such dramatically new ways that will require a drastic change 
from the past. As the rapid price erosion of gate arrays continues, we 
do expect ASICs to continue to become more cost-effective. However, 
this nearly step function increase from 23 percent to 62 percent in two 
years' time seems to come more from a designer's desire to use an 
ASIC than from the applications reqviirement. 

The 32-bit application requirement shown in Figvire 3-30 is indicative 
of the relatively higher costs and longer lead times associated with 
these systems. Although gate array costs and lead times are shrinking, 
they still require weeks to turn around prototypes and tj^ically 
require a second pass design before all of the bugs are worked out. 
These additional months of development time can cause a company 
to miss the entire market window of some 8-bit applications, 
whereas 32-bit applications will normally have a longer window for 
development as well as for the market opportunity. 

Total ASIC Gate Count Requirement Today and In Two 
Years 
The total ASIC gate count requirement for 8-bit systems shown in 
Figure 3-31 demonstrates classic peak-vaUey-peak performance in gate 

Figure 3-31 
Total ASIC Gate Count Required, 8 Bit 

Percent 

S Now 

M 2 Years 

<10K 25K 50K 

Gate Count 
100K l̂OOK 

Source: Dataquest (December 1992) GXKXSZfS i 

December 31,1992 ©1992 Dataquest Incorporated MCRO-SEG-UW-9201 



Facts about Embedded Processors 3-23 

Figiure 3-32 
Total ASIC Gate Count Required, 16 Bit 
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Figure 3-33 
Total ASIC Gate Count Required, 32 Bit 
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array design starts by density. Most low-end gate array designs use 
classical sdiematic capture and operate at the gate level. As density 
requirements increase, this classical approach is no longer viable 
because of time constraints. Designers are forced to use high-level 
design, which is more time efficient but much less gate efficient. This 
results in a rapid transition from sub-10,000-gate designs to greater 
than 50,000-gate designs. A paradigm for this is a letter attributed to 
Abraham Lincoln in which he opened by apologizing to his reader for 
writing such a long letter as he did not have the time to write a 
shorter one. Although the two-year outlook does not show such a 
dramatic dichotomy, it is skewed somewhat because of the designers 
who expect to use ASICs in the future. Many of these designers will 
be either forced to stay with a standard product solution or they will 
see how quickly a 25,000- or 50,000-gate design can balloon to a 
100,000-gate design, because of the inefficiencies of design tools. 

Many of the current 25,000-gate designs shown in Figures 3-32 and 
3-33 for both 16- and 32-bit designs were just beyond the range of the 
10,000-gate range and were then likely performed with traditional 
schematic capture techniques. The moderation of the peak-vaUey-peak 
forecast for the 16-bit applications is because of the expected use of 
ASICs by designers who are not using ASICs. We expect to see a 
sharper peak develop in the 100,000 density, in a two-year time frame, 
than is shown here. The 32-bit forecast for gate array/ASIC densities 
shown in Figure 3-33 is based upon a higher number of designers 
using ASICs than for either the 8- or 16-bit forecasts. The expectations 
of this relatively more experienced group begin to show the classic 
peak-valley-peak shape for their next generation of designs. 
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Chapter 4 
Relative Merits for Choosing an Embedded 
Processor ^^^^^.^^^^^^^^^m. 

This chapter covers questions relating to the relative importance of 
various factors that might influence a designer's selection of a particu
lar processor architecture. Respondents were asked to respond using 
a scale of one to five, with one being "not at all iraportant" and five 
being "very important." Each question asked for their opiiuon 
regarding today's project and then asked them to speculate two years 
from now on the relative importance of each topic for some future 
project 
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Device and System Cost 
Figures 4-1 through 4-6 refer to the No. 1-mentioned criterion for 
embedded applications: cost. It is interesting to note that the cost of 
the individual processor is given significant importance at the 8-bit 
level, but much less importance at the 16- and 32-bit level. This by 
itself is not too surprising, but all three word widths equally weight 
the importance of the ever-elusive total system cost. On the surface 
this would seem to indicate that the window is open for 8-bit vendors 
to integrate more functions or offer some imique solution in the 
attempt to offer an overall lower-cost solution to the user despite hav
ing a higher-priced 8-bit processor. Urvforttmately, this is not so easily 
achieved. The 8-bit application commimity is pretty weU trained to 
look for a low-cost processor and is extremely difficult to convince 
otherwise. Any such attempts must not rely too heavily upon the 
esoteric cost savings generally associated with higher integration, 
such as less board space, lower power, less inventory, and fewer pins. 
Although these are not trivial benefits, system designers have grown 
to expect to receive these benefits for free and if the highly integrated 
solution does not at least match the device cost of the older discrete 
solution, they are reluctant buyers. The lone exception to this rule are 
those that are space constrained. These designers are being forced to 
meet a small form factor (for example, a 1.8-inch hard disk drive) and 
are sometimes willing to accept a higher component cost, for a while. 

What is clear from these six figures is that cost is king. Any h i^er -
cost solutions must have an overwhelmingly compelling reason to 
capture a design. 

Figiire 4-1 
Importance of Device and System Cost, 8 Bit 
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Figure 4-2 
Importance of Device and System Cost, 16 Bit 
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Figure 4-3 
Importance of Device and System Cost, 32 Bit 
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Figxire 4-4 
Importance of Total System Cost, 8 Bit 
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Figure 4-5 
Importance of Total System Cost, 16 Bit 
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Figure 4-6 
Importance of Total S}rstem Cost, 32 Bit 
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Performance 
Performance is the fundamental issue that troubles all designers of 
embedded systems as well as vendors of embedded processors. That 
issue can be characterized as foUows: cost is king, but I need perfor
mance. Figures 4-7 through 4-9 indicate the relative importance of per
formance. Although it does not rate as high as cost, it is rated high 
enough so as to not be ignored. If the revenue stream from a value-
added noncommodity product is the "Beauty" of embedded proces
sors, then the dichotomy of cost versus performance is the "Beast." 
Increasing the clock rate of a processor t37pically will require a more 
advanced process, which in turn will not be as cost-efficient as an 
older, more stable process. Additionally, raising the processor clock 
rate will in turn require higher-performance memories and peripher
als, which in turn will increase the overall system cost. Also, at some 
point in the frequency game more-sophisticated printed circruit board 
techniques must be used to eliminate noise and maintain system reli
ability and integrity. Increasing the clock rate of these tj^icaUy CMOS-
based systems wUl also have a dramatic effect on power consumption, 
which we wiU soon see is the third-most critical component. 

Vendors are left with the never-ending chore of searching for ways to 
offer higher performance, lower power, and lower cost. This should 
soimd fairly familiar to anyone who manufactures ICs. Unfortunately, 
the old tried and true techniques of "shrink it and it'll go faster" 
are no longer adequate. In many of these embedded applications, 

Figiire 4-7 
Importance of Performance, 8 Bit 

Importance 
- 1 

Very 

Somewhat 

Neutral 

Not Very 

Not at All 

^ ^ ^ ^ 

0 

J^PM^M^MMk^^ 

1 1 1 
10 20 30 

Percent 

p;m%;%m5;%^ 

0 2 Years 

M Today 

1 
40 6 

r 
0 

Source: Dataquest (December 1992) GZ0a321l 

December 31,1992 ©1992 Dataquest Incorporated MCRO-SEG-UW-9201 



Relative l\/lerits for Clioosing an Embedded Processor 4-7 

Figure 4-8 
Importance of Performance, 16 Bit 
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Figiire 4-9 
Importance of Performance, 32 Bit 
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particularly for 8- and 16-bit applications, performance is critical in 
specific control loops. In these relatively low-end applications, high
speed number crunching capability is not a requirement. What is 
needed is for the processors to react quickly to outside stimulus, such 
as an interrupt, perform some specific function, and then return to 
their normal monitoring and/or housekeeping chores. There are appU-
catioiis where the processor is running at fuU speed all of the time, 
but these are not the norm for most embedded applications. As a con
sequence, simply offering a device at a faster clock rate is not an 
appropriate solution for most applications. This is the beauty of 
embedded processors—the opportunity to offer nontraditional value. 
This nontraditional value typically is able to be protected intellectually 
and offers the vendor a imique advantage in the marketplace. 

Power Consumptidn 
Although the emphasis placed on power consumption is not as high 
as either cost or performance, its importance is increasing dramatically 
for all three word widths covered in this report. In the 8-bit realm, 
41 percent of those who responded believe that power consumption is 
somewhat to very important (see Figure 3-10). Although this statistic 
does not change in the next two years, the number of people who 
believed that it was not very or not at all important decreased from 
45 to 27 percent. Power constimption is somewhat or very important 
for 32 and 43 percent, respectively, for 32- and 16-bit processors. 
However, it is expected that this wiU increase to about 54 percent 
for both word widths in a two-year time frame (see Figures 4-11 
and 4-12). 

i 

i 
Figure 4-10 
Importance of Power Constunption, 8 Bit 
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Figure 4-11 
Importance of Power Consumption, 16 Bit 
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Figure 4-12 
Importance of Power Consumption, 32 Bit 
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On-Chip Functionality 

On-chip functionality did not receive an overwhelming number of 
very or somewhat important votes; the range was from 41 to 52 per
cent (see Figures 4-13 through 4-15). But it did receive an extremely 
low incidence of not at aU or not very important votes, ranging from 
13 to 20 percent. Also, in every case the combination of "not at all" 
and "not very" respondents decreased in the two-year time frame and 
the nxmiber of "somewhat" or "very" respondents jumped dramati
cally. This might indicate that a wise vendor would actively solicit 
new product input from its major customers as well as input from 
major noncustomers ki markets that the vendor would like to pene
trate. It appears that designers are able to get by with the on-chip 
ftmctions they now have, but they would like something more suitable 
for future designs. 

i 

i 
Figure 4-13 
Impoitance of On-Chip Functionality, 8 Bit 
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Figure 4-14 
Importance of On-Chip Functionality, 16 Bit 
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Figure 4-15 
Importance of On-Chip Functionality, 32 Bit 
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Vendor Stability 

The heavy weighting given to the importance of vendor stability at 
the design engineer level did come as a surprise (see Figures 4-16 
through 4-18). Less than 10 percent of the respondents, in any word 
width category, rated this topic not very or not at all important. It 
appears that tihe days of a designer going for the most "elegant" 
solution have gone away. Designers have been trained to be concerned 
about a new improven company. 

i 

Switching to a new architecture is not a trivial task. Switching to a 
new architecture and a new or tmknown company will require con
siderable upfront corporate positioning on the part of the vendor if it 
wants a chance to show its wares to today's design community. 

i 
Figure 4-16 
Importance of Vendor Stability, 8 Bit 
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Figure 4-17 
Importance of Vendor Stability, 16 Bit 
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Figure 4-18 
Importance of Vendor Stability, 32 Bit 
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Chapter 5 
Development Tools 

This chapter deals primarily with the importance of development tools 
and support. The questions were asked in the context of how impor
tant these various topics are in relation to selecting the particular 
architecture or vendor of the next embedded processor. Figtires 5-1 
through 5-3 simply confirm the importance of development tools 
when evaluating a new processor and/or vendor. The following 
sections delve into more depth on this issue. 

> 

> 
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Figure 5-1 
Importance of Development Tools, 8 Bit 
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Figtire 5-2 
Importance of Development Tools, 16 Bit 
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Importance of Development Tools, 32 Bit 
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Importance of In-Circuit Emulators (ICEs) 
Despite the volumes of articles being written by editors in the trade 
press and the marketing collateral being tossed by processor and soft
ware vendors about the capabilities of simulation models, the majority 
of today's designers still continue to use an in-circuit emulator. This 
preference holds for primarily 8- and 16-bit processors (see Figures 5-4 
and 5-5). That is not to say that other development/debug tools are 
not used or considered valuable. It is just that they caimot completely 
displace the real-world environment of the target system. However, 
designers of systems using 32-bit processors are much less likely to 
require the availability of an ICE (see Figure 5-6). 

i 

i 
Figure 5-4 
Importance of In-Circuit Emulators, 8 Bit 
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Figure 5-5 
Importance of In-Circuit Emulators, 16 Bit 
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Fig:iu:e5-6 
Importance of In-Circuit Emulators, 32 Bit 
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Importance of Software Development Tools 
Software development tools are a critical factor for success in the 
embedded marketplace. It woiild be suicide to enter this arena 
without a comprehensive software tools program. This program must 
include a major effort in developing relationships with third-party tool 
developers. Most designers wUl revolt if they are forced to learn how 
to use yet another piece of software. It would go a long way toward 
eUjoiinating a critical barrier if the software tool of a new processor 
had the same look and feel as the tools the designer is currently 
using. 

As can be seen from Figures 5-7 through 5-9, the overwhelming 
majority of designers rate this category important in their processor 
selection criteria. 
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Figure 5-7 
Importance of Software Tools When Selecting a Microprocessor, 8 Bit 
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Figiire 5-8 
Importance of Software Tools When Selecting a Microprocessor, 16 Bit 

Somewhat 

Neutral 

Not Very 

Not at All 

T ^ T " 
10 

—T" 
20 

; 
30 

Percent 

^ 

0 2 Years 

@ Today 

40 
- T " 
50 60 

Source: Dataquest (December 1992) G2CnX!30 

Figure 5-9 
Importance of Software Tools When Selecting a Microprocessor, 32 Bit 
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Evaluation Boards Used to Develop Application Software 
About 40 to 60 percent of the designers make use of an evaluation 
board when first developing the target code for the application (for 
details see Figures 5-10 through 5-12). 
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Figure 5-10 
Evaluation Boards Used to Develop Application Software, 8 Bit 
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Figure 5-11 
Evaluation Boards Used to Develop Application Software, 16 Bit 
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Figiure 5-12 
Evaluation Boards Used to Develop Application Software, 32 Bit 
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Simulation Models Used to Develop Application Software 
As the word width of the processor increases, we begin to see an 
increase in the reliance on simulation models (see Figures 5-13 through 
5-15). Less than 40 percent of designers of 8-bit based applications 
make use of such tools; for 32-bit applications, this jiimps to 60 perr 
cent. Across the entire survey, it became apparent that the designers 
of 32-bit systems were much more likely to use or require the use of 
higher-level tools than were designers involved with either 8- or 16-bit 
designs. 
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Figure 5-13 
Simtdation Models Used to Develop Application Software, 8 Bit 
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Figure 5-14 
Simulation Models Used to Develop Application Software, 16 Bit 

Source: Dataquest (December 1992) 02003336 

Figure 5-15 
Simulation Models Used to Develop Application Software, 32 Bit 
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Importance of a Real-Time Operating System 
This report has shown that in the next two years designers wUl be 
much more interested in having the ability to transfer to another 
architecture. The ability to preserve as much existing application code 
as possible when transferring to another processor architecture is one 
driving force for the reliance upon a standardized real-time operating 
system (RTOS). 

Designers of 32-bit systems have once again led the way, but designers 
for both 8- and 16-bit systems wiU approach the 32-bit world's reliance 
on RTOSs over the next two years (see Figures 5-16 through 5-18). No 
RTOS in the embedded marketplace has approached the dominance 
achieved by EKDS or UNIX in the compute marketplace. This makes 
the task of the vendors of embedded processors that much more 
challenging, because they must court multiple third-party RTOS 
developers to cover as many possible applications as possible. 
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Figure 5-16 
Importance of a Real-Time Operating System, 8 Bit 
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Figure 5-17 
Importance of a Real-Time Operating System, 16 Bit 
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Figure 5-18 
Importance of a Real-Time Operating System, 32 Bit 
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Chapter 6 
Factors Impacting the Processor Selection 
Process ^ ^ . . ^ . ^ ^ ^ ^ . ^ ^ ^ . . — ^ 

This chapter deals with key issues that a designer considers when 
choosing a particular embedded processor for an application. 

I 

I 
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Importance of Application Support 
As the complexity of the processor increases, the importance of appli
cation support also increases. If a designer is using an architecture 
with which he or she is already familiar in the same way as used 
before, the designer does not believe that the support is needed. As 
soon as a new feature is added or if the architecture is being used in a 
different way or if it is a wholly new processor, then application sup
port becomes critical. Basically, if a vendor wants to be a suppHer of 
value-added product, then a design-in philosophy is critical. If a 
vendor's sole purpose is to clone someone else's standard architecture 
and feature set, then a design-in philosophy becomes far less impor
tant. Figures 6-1 through 6-3 demonstrate this fact. The long-time 
designer of 8-bit-based applications seems much more at ease 
operating without application support than does the designer of the 
32-bit-based system. 
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Figure 6-1 
Importance of Application Support, 8 Bit 
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Figiire 6-2 
Importance of Application Support, 16 Bit 
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Figure 6-3 
Importance of Application Support, 32 Bit 
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Importance of Pre-Existing Application Software 
The results of the question on the importance of pre-existing applica
tion software at the 8-bit level seem to contradict real-life instances 
that required the transition from one architecture to another. The 
16-bit respondents weighted pre-existing application code much more 
heavily than did the 8-bit respondents (see Figures 6-4 and 6-5). At the 
32-bit level, less than one-third of the respondents believed that pre
existing application software was an unimportant consideration when 
considering the move to another processor architecture (see Figure 
6-6). This response is backed up by the strong desire to standardize on 
a real-time operating system that we observed in Figure 5-18. It is 
again apparent that designers at the 32-bit level are more attuned to 
the concept of portable software than are those designing at the 
8-bit level. 
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Figure 6-4 
Importance of Pre-Existing Application Software, 8 Bit 
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Figure 6-5 
Importance of Pre-Existing Application Software, 16 Bit 
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Figure 6-6 
Importance of Pre-Existing Application Software, 32 Bit 

Innportance 

Very 

Somewhat 

Neutral 

Not Very 

Not at All 

0 2 Years 

@ Today 

m 

Source: Dataquest (December 1992) G2£n3246 

IVICRO-SEG-UW-9201 ©1992 Dataquest Incorporated December 31,1992 



6-6 Microcomponents Woridwide 

Importance of Being Abie to Switch between Processor 
Architectures 
This transition between processor architectures has been likened to 
giving birth to an elephant—long and painful. At the 8-bit level, less 
than 14 percent rate the ability to switch between processor architec
tures as either somewhat or very important, in part because 8-bit 
processors are well understood and their source of supply and sup
port is a known commodity. The 16-bit respondents provided the most 
dynamic shift observed in the entire survey. Only 5 percent believe 
that this is somewhat or very important today. However, the percen
tage believing that it wUl be either somewhat or very important to 
switch in two years grows to 45 percent. This is no doubt because of 
the large number of 16-bit designers who expressed a desire to switch 
their design from 16- to 32-bit for the next-generation system. The 
respondents in the 32-bit category highly weight this capability as 
somewhat or very important, both today and in two years. This is 
consistent with the large number of respondents answering somewhat 
or very to the question regarding the importance of pre-existing 
application software shown in Figures 6-7 through 6-9. 

Figure 6-7 
Importance of Being Able to Switch between Processor Architectures, 8 Bit 
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Figure 6-8 
Importance of Being Able to Switch between Processor Architectures, 16 Bit 

Not Very 

Not at All 

0 2 Years ^ Today 

40 

Source: Dataquest (December 1992) GKJoa&w 

Figure 6-9 
Importance of Being Able to Switch between Processor Architectures, 32 Bit 
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Importance of Prior Experience with tiie Processor 
Arciiitecture 
Across all word width categories, responses to the question on the 
importance of prior experience with processor architecture was heavily 
weighted toward the somewhat or very important rating (see Figures 
6-10 through 6-12). These results faU right in line with the question 
relating to the importance of pre-existing application software, which 
was also rated heavily on the important side of the scale. Factors such 
as quick time to market also come into play. 

The heavy import given here underscores the fact that, when attempt
ing to unseat the incumbent processor, a new vendor must make the 
change appear to be as painless as possible. This will require applica
tions support, tools, and overall customer support during this 
sometimes traumatic experience. 
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Figure 6-10 
Importance of Prior Experience with the Processor Architecture, 8 Bit 
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Figure 6-11 
Importance of Prior Experience with the Processor Architecture, 16 Bit 
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Figure 6-12 
Importance of Prior Experience with the Processor Architecture, 32 Bit 
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Critical Factors Proliibiting tlie Switcli to Anotlier 
Processor Arcliitecture 

The question on factors prohibiting the switch to another processor 
architecture combines many of the earlier questions that dealt with 
the importance of a particular topic on a standalone basis. Here we 
can see the relative weighting among various topics very clearly. 
Figure 6-13 supports the earlier results from 8-bit designers, which 
showed the importance of price and pre-existing application software 
and the relative imimportance of experience with ttie architecture. As 
expected, the overall leading factor in the 8-bit arena is price, followed 
closely by pre-existing application software. Figxure 6-14 indicates the 
relative importance of performance, with price coming in a close third 
and experience with the existing architecture a closer second. And 
finally. Figure 6-15 shows an even wider delta between the No. 1-rated 
topic and that of price. This is consistent with our earlier findings, 
which show that designers of 32-bit systems are more concerned with 
a variety of topics than they are with price. 

Figure 6-13 
Critical Factors Prohibiting the Switch to Another Processor Architecture, 8 Bit 
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Figure 6-14 
Critical Factors Prohibiting the Switch to Another Processor Architecture, 16 Bit 
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Figure 6-15 
Critical Factors Prohibiting the Switch to Another Processor Architecture, 32 Bit 
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The Most Critical Factor that Wouid Cause a Switch to 
Another Processor 

The question on which is the most critical factor that would cause a 
switch to another processor forced the respondent to select the single 
most critical factor for which a switch to another processor architec
ture would be made. A short list was given, with an available "other" 
category. It is important to note that performance was the response 
given most frequently. This result includes the cost-sensitive 8-bit 
microcontroller applications where cost was given such a heavy 
weighting. Cost did place a respectable second for this question, and if 
price was given as one of the possible responses, it might have 
matched or displaced the position of performance as the most critical 
factor. For both 16- and 32-bit respondents, performance was an over
whelming response when selecting the one reason that would cause 
someone to switch architectures (see Figures 6-16 through 6-18). 
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Figure 6-16 
Most Critical Factor that Would Cause a Switch to Another Processor, 8 Bit 
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Figure 6-17 
Most Critical Factor that Would Cause a Switch to Another Processor, 16 Bit 
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Figure 6-18 
Most Critical Factor that Would Cause a Switch to Another Processor, 32 Bit 
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Chapter 7 
Application Code 

This chapter deals with the various types of prograiruxiing languages 
used to develop application software for the target system, as well as 
the nvimber of lines of code typically developed for each. 
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Language Used for Application Software Development 
Figure 7-1 shows the heavy reliance designers of 8-bit systems place 
on using assembly language. However, this reliance is expected to fall 
off rapidly. The use of C or C++ is expected to grow. These high-level 
languages are efficient in the development of code for 8-bit 
microprocessors. It is much more likely that C or C++ is used for 
some nontime-critical portions of the application software and that 
assembly language is used to fine-tune tiie timing of the critical con
trol subroutines. Designers of 16-bit systems have a somewhat easier 
task in converting over to C or C++ simply for architectural reasons. 
However, the rapid transition shown in Figure 7-2 seems more reflec
tive of a designer's wishes than needs. Only in the 32-bit category 
were architectures fully developed with high-level languages in mind. 
Figure 7-3 shows the penetration that the high-level languages C and 
C++ have made into the 32-bit embedded processing world. 
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Figure 7-1 
Language Used for Application Software Development, 8 Bit 
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Figure 7-2 
Language Used for Application Software Development, 16 Bit 
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Figure 7-3 
Language Used for Application Software Development, 32 Bit 
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Lines of Applications Software Written for tlie Application 
Figures 7-4 through 7-6 show a wide range of lines of application soft
ware written for each processor word width. However, to capture a 
quick understanding of the relative lines of code for each word width, 
it is prudent to take a look at the 80 percent point—that is, find the 
number of applications code that would cover at least 80 percent of 
the applications for today and for two years out. Using this method, 
8-bit applications currently require 32,000 lines, moving to 64,000 in 
two years; 16-bit applications jump from 64,000 lines to 128,000. 32-bit 
appHcatiorw can get by with 128,000 lines today, but in two years the 
80 percent point is pushed out to 256,000. 

If we take this one more step and translate lines of code into the 
amount of nonvolatile memory required to implement this code, about 
40 percent of aU 8-bit applications require more code than can be 
placed on-chip. In the 16-bit world, about 90 of aU applications require 
an external program store. Nearly 100 percent of all 32-bit embedded 
applications must use an external program store. 

Figtire 7-4 
Lines of Application Software Written for the Application, 8 Bit 
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Figure 7-5 
Lines of Application Software Written for the Application, 16 Bit 
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Figure 7-6 
Lines of Application Software Written for the Application, 32 Bit 
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Chapter 1 

Executive Summary 

Microcomponents is a large and fast-growing business, driven by the 
demand for greater performance, functional features, and user con
venience of a wide array of electronic equipment. With more than 
$11.7 billion in 1991 revenue, microcomponents represents 20 percent 
of the total semiconductor business, which is estimated at nearly 
$60 billion. Furthermore, microcomponents is perhaps the segment 
most crucial to the semiconductor industry, driving the basic equip
ment architectures that in turn affect the types and quantities of other 
semiconductors consumed. This report details the trends in demand, 
industry competition, and product forecasts behind the development 
of this thriving business. 

Major Findings 
Major findings of this report are as follows: 

• The microprocessor segment is dominated by the 80x86 family of 
microprocessors, which represents nearly 75 percent of current 
revenue. Direction for this family is largely dictated by Intel, which 
accotmts for more than 80 percent of this revenue and has a com
pletely dominant position within this line of products. A new genre 
of vendors is entering the mainstream competition for this business; 
their combined efforts will strengthen this family's position and in 
turn weaken Intel's dominance. 

• Dataquest believes that 80x86 dominance will continue but will 
begin to diminish, reaching 65 percent of revenue by 1996 in an 
overall trend toward open-systems RISC (OSR) microprocessors. 
Market development for OSR microprocessors is enabled primarily 
by Microsoft and its VWndows NT operating system, which effec
tively will produce a level playing field among microprocessor 
families. In another vein, this trend is driven by IBM and Apple, 
the world's largest personal computer companies, which are 
attempting to bring hardware differentiation and profit margins 
back to the mainstream computing market. 

• Microprocessors designed for use in embedded applications are 
showing strong growth, with dramatic increases anticipated for 
sales into one of the most exciting new applications, hand-held elec
tronic devices. This single application will have a pronoxmced effect 
on microprocessor technology, primarily driving the leading edge in 
integration level and power dissipation. 

MCRO-SEG-MT-9201 ©1992 Dataquest Incorporated Decemtier 21,1992 



1-2 Microcomponents Worldwide 

• Microprocessor (and microperipheral) revenue overwhelmingly is 
dominated by North American companies; Dataquest believes that 
this will continue throughout this forecast period. 

• The microperipheral segment really represents a collection of inter
face functional areas that share a common demand factor, the 
growth of microprocessors, but have differing driving forces that 
shape their success and obsolescence. Dataquest believes that 
microperipherals in total will grow, but at a rate diminished by the 
integration of their functionality within the microprocessors they 
support. 

• Dataquest believes that system core logic and math coprocessor 
micToperiphals will be hardest hit by microprocessor integration, 
showing nearly flat growth and declining sales, respectively. On the 
other hand, graphics, communications, and mass storage controllers 
will flourish as system performance demand increases for these 
critical functions, which will remain outside the microprocessor. 

• The microcontroller segment is not dominated by any single 
product family or architecture, but is largely controlled by the 
regional base of equipment production, which is primarily Japan for 
consumer goods, Dataquest believes that microcontroller products 
offer similar feature sets at different price/perfonnance levels and 
that demand is driven more by the companies and their programs 
for customization, design support, and development tools than it is 
by product merits. 

• Microcontroller revenue is dominated by Japanese companies 
selling the bulk of their products in Japan; Dataquest believes 
that this will continue throughout this forecast period but will be 
diminished substantially by the growth of Motorola in all regions 
of consumption. 

Project analyst: Ken Lowe 
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Chapter 2 
Microcomponent Market Overview 

Microcomponents represents a collection of highly intelligent digital 
logic ICs, manufactured primarily from MOS process technology, 
and used in nearly every type of electronic equipment. Though 
revenue from microcomponents predominantly results from tiieir 
use in computer systems, revenue from noncomputer applications 
(called embedded applications) is increasing rapidly. This market 
and the industry that serves it are highly affected by developments 
in system software, the directions of which are discussed later in (his 
chapter. 

Market Size and Segmentation 
As shown in Figure 2-1 and Table 2-1, microcomponents represent a 
large and growing market, forecast to grow from $11.7 billion in 1991 
to more than $21.5 billion in 1996, nearly doubling its size in five 

Figure 2-1 
Microcomponent Industry Forecast 

Millions of Dollars 
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Source: Dataquest (December 1992) dzcasssi 
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Table 2-1 
MicTocomponent Industry Forecast, All Segments 
(Millions of U.S. Dollars) 

Microprocessors 

Microperipherals 

Microcontrollers 

Total 

1990 

2,375 

2,986 

3,959 

9,320 

1991 

3,859 

3,020 

4,855 

11,734 

1992 

4,512 

3,293 

5,244 

13,049 

1993 

5,052 

3,306 

6,090 

14,448 

1994 

5,977 

3,652 

7,291 

16,920 

1995 

7,094 

4,005 

8,307 

19,406 

1996 

8,354 

4,614 

8,624 

21,592 

Source: Dataquest (December 1992) 

years. Microcomponents comprise three major product segments, 
defined as follows: 

• Microprocessors: Single-chip devices with internal CPU circuits that 
can execute external instructions and perform control functions as 
programmed via software stored in external memory components. 
These devices typically include an instruction decoder, arithmetic 
logic unit, registers, and other logic to control execution. 

• Microperipherals: Single or multichip devices used with 
microprocessors (or microcontrollers) to augment or enhance the 
CPU performance and perform the primary interface functions to 
external devices. These devices fall imder distinctive categories of 
system core logic, math coprocessors, graphics/imaging controllers, 
conununications controllers, and mass storage controllers, among 
others. 

• Microcontrollers: Single-chip devices that perform system control 
functions within an overall electronic device without the need for 
other support circuits or external memory. These include the essen
tial elements of a basic microprocessor, as well as extensive I/O 
functions, processing memory (RAM), and program store memory 
(ROM/EPROM). The revenue included in this category includes 
digital signal processing (DSP) devices lonless otherwise stated. 

Microprocessors, cvirrently the second largest segment, will exhibit the 
highest overall growth over the forecast period, more than doubling 
sales and nearly taking over as the top segment. Microperipherals, the 
smallest segment, will show the slowest growth at slightly more than 
50 percent. They will be negatively impacted by the integration of 
traditional microperipheral functions into microprocessors. Microcon
trollers, the largest segment, will show strong growth after 1992. This 
segment has flattened somewhat because of recessionary conditions in 
Japan in markets where they are consumed. A complete analysis of 
the trends, competitive vendors, and forecast assvimptions is covered 
in later chapters of this report 

December 21,1992 ©1992 Dataquest Incorporated MCRO-SEG-MT-9201 
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Industry Competitive Structure 
Tlie microcomponent market is clearly led by Intel, which is the 
reigning king of microprocessors at 64 percent of revenue share 
(see Figure 2-2 and Table 2-2). Intel is raiUced No. 1 in microperipher-
als, and fourth in overall microcontroller revenue. Motorola took 
second place and gained substantial revenue from aU three segments; 
it was second in microprocessors, second in microcontrollers, and third 
in microperipherals. Tiiird-place NEC held the leading position in 
microcontrollers, but with much less significant positions held in 
microprocessors (sixth) and microperipherals (fifth). The remainder 
of the top 10 vendors follow about this same pattern, with Hitachi, 
Mitsubishi, and Toshiba, and Matsushita gaining the primary revenue 
from microcontrollers, Texas Instruments from DSPs (part of microcon
troller revenue), and AMD from microprocessors. National, at No. 9, is 
the exception and has a fully balanced revenue mix from all three 
subsegments. 

Figure 2-2 
1991 Top 10 Companies' Factory Revenue from Shipments of Microcomponent 
ICs to the World 

Matsushita (2.7%) 
National Semiconductor (2.9%)-

Advanced Micro Devices (3.5%)-

Texas Instruments (3.6%)-
Tosiiiba (3.8%) 

Mitsubishi (4.6%) 
Hitaclii (4.9%) NEC (9.7%) 

Total = $11.87 Billion 

Source: Dataquest (December 1992} 02002583 
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Table 2-2 
Top 50 Companies' Factory Revenue from Shipments of Microcomponent ICs to the World 
(Millions of U.S. Dollars) 

8 
1 

s 
o 
30 
O 
cn m 

1991 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

14 

15 
15 

17 

18 

19 

19 
21 

22 

1990 
Rank 

1 

3 

2 

4 

5 

6 

7 

11 

8 

9 

12 

13 

15 

14 

10 
21 

17 

16 

18 

19 
23 
22 

Intel 

Motorola 

NEC 

Hitachi 
Mitsubishi 

Toshiba 
Texas Instruments 

Advanced Micro Devices 

National Semiconductor 

Matsushita 

Fujitsu 

Philips 

Western Digital 
SGS-TTiomson 

Chips & Technologies 
VLSI Technology 

Cirrus Logic 
Oki 

Sharp 

Siemens 
LSI Logic 

Zilog 

1990 
Revenue 

2,726 

970 

981 

546 
441 

386 

320 

218 
309 

250 
213 
193 

148 

175 

240 

105 
129 

131 
124 

116 
93 

100 

1991 
Revenue 

3,578 

1,171 

1,149 

583 
543 

454 

429 

416 
341 

321 

244 
212 

209 
167 

165 

165 
151 
137 

134 

134 
115 

110 
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Table 2-2 (Continued) 
Top 50 Companies' Factory Revenue from Shipments of Microcomponent ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

23 
24 
25 
26 
26 
28 
29 
30 
31 
31 
33 
34 
35 
36 
37 
38 
39 
39 
39 
42 
43 
44 

1990 
Rank 

26 

24 

20 

29 

35 

42 
NM 

27 

25 

32 

31 

33 

37 

34 

35 
40 

27 

38 

38 
44 

41 
NM 

Sony 
Sanyo 

Harris 

United fclGkia^eNEiltiieb^^^ 
Ricoh 

Cypress Semiconductor 

Dallas Semiconductor 
Standard Microsystems 

Weitek 

NCR 

Matra MHS 

nr 
AT&T 

Performance Sesiokntid^icbjr ^ 

Samsung 
Rohm 

Rockwell 

Analog Devices 

Integrated Device I^i^^cigy 
Seiko Epson 
Microchip Technology 

Winbond 

1990 
Revenue 

43 
71 

110 
39 
22 
15 
0 

40 
57 
31 
33 
28 
21 
24 
22 
17 
40 
20 
20 
10 
16 
0 

1991 
Revenue 

88 
69 
65 
62 
62 
48 
41 
40 
39 
39 
37 
35 
33 
28 
27 
23 
20 
20 
20 
16 
15 
14 
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Table 2-2 (Continued) 
Top 50 Companies' Factory Revenue from Shipments of Microcomponent ICs to the World 
(Millions of U.S. Dollars) 

I 

a 

1991 
Rank 

45 

46 

47 

48 

49 

49 

1990 
Rank 

44 

50 

NM 

30 

47 

51 

TMS 

Goldstar 

Hualon Miabeil&tieinifc (30Tp. 
Appian 

TRW 

Waferscale Integration 

All Others 

North American Companieis 

Japanese Companies 
European Companies 

Asia/Pacific Companies! 

Total Market 

1990 
Revenue 

10 

3 

0 

38 

6 
2 

41 

5,851 

3,236 

539 

67 

9,693 

1991 
Revenue 

12 

11 

9 

8 

7 

7 

44 

7,349 

3,824 
567 

127 

11,867 

NM = Not meaningful 
Source: Dataquest (December 1992) 
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Microcomponent Market Overview 2-7 

General Application Trends 
Several conceptual directions have become more apparent in the 
computer system applications during the last year, and in turn are 
driving the shape of most future microcomponents. Some of the most 
significant trends are as follows: 

• Virtualization: Using innovative techniques to maintain application 
software compatibility without native hardware instructions or I /O 
devices. This is being driven by the new gerue of operating systems 
producing a gradual shift from a hardware- to software-based 
compatibility, supported by complementary technologies within 
microprocessors and microperipherals. 

• Absorption: Using the increasing performance and bandwidth of 
the CPU to absorb more processing functions that would otherwise 
require intelligent miareperipherals. This trend began with the 
integration of the math coprocessor. The next five years wiU see 
superscalar microprocessor performance increase to the level 
required to service audio (now using DSPs) and video (now using 
specialized compression chips) processing, to deliver multimedia 
computing at moderate costs. 

• Standardization: Gaining widespread adoption of a consolidated list 
of interfaces and protocols. Standardization is being driven by the 
need for interoperability and cost-effectiveness. Among the stan
dards are Ethernet, SCSI, and PCI, which have the most profound 
effect in networking, mass storage, and high-performance interface 
buses. This trend is a key enabler to further microprocessor 
integration. 

• Integration: Moving complete system 2ux::hitectures down to the 
semiconductor level. Integration is being driven by the new classes 
of portable computing devices, which have limited real estate and 
power. This trend will carry over onto the desktop and eventually 
deliver the semicomputer era, where the semiconductor is the 
computer. 

Operating System Directions 
Dataquest believes that DOS/VN^dows/Windows NT wiU become 
the most dominant force in the desktop and portable computing 
markets, followed by the Mac/PowerC^>en group. This in turn will 
eventually allow complete freedom of movement among different 
hcirdware architectures, with vendor differentiation focused on 
performance, packaging, and price. 

Windows NT, Microsoft's next-generation operating system, will fea
ture the Windows graphical user interface (GUI) and will provide 
uniform compatibility with DOS, VWndows, and OS/2 applications. 
Windows NT is based on a completely new operating system kernel 
and will be one of the biggest factors in creating a level playing 
field among rrucroprocessors competing with the 80x86. As a resvilt, 
Dataquest predicts that tihe evolution of V^ndows NT will bring 
about architectural support for the following processors: 

• 80x86: Support will begin when NT ships; will be standard with 
NT. 

MCRO-SEG-MT-g201 ©1992 Dataquest Incorporated December 21,1992 
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• MIPS: Support will begin when NT ships; will include the R4000 
(and its variants). 

• Alpha: Support will begin when NT ships; will be ported by 
Digital. 

• PA-RISC: Support will begin early in 1994 (1 year after NT ships) 
as a Hewlett-Packard-initiated port. 

• PowerPC: Support will begin late in 1994 as a Microsoft-initiated 
port. 

PowerOpen, the first new operating system resulting from the IBM/ 
Apple alliance, will also play a key role in leveling the desktop, 
featuring the Macintosh user interface and compatibility with 
current MAC and AIX (IBM's version of UNIX) applications. 

Computer Architecture Directions 
From a hardware viewpoint, we have already seen breakdown of 
the barriers between what constitutes a PC versus a workstation. 
However, the trend toward GUI-based, multitasking operating sys
tems will result in a uniform class of computers being marketed as 
desktop stations. At the same time, we will shift to more distinctive 
lines of segmentation by product form, separating out the fast-
growing portable devices at the low end and the supercomputers 
and servers at the high end. The significance of these changes is 
the effect on market-targeting decisions for microcomponent ven
dors, opening up new opportunities and breaking down previously 
existing barriers, 

Portable devices represent a distinct set of problems associated with 
delivering complete computers with low power, smaU size, and low 
weight. With these devices constantly moving up in performance 
and down in size, the entry barriers are becoming even greater. 
The most popular configuration today is the 5- to 6-pound note
book computers, which are taking over the initial surge started by 
the heavier laptop counterparts. For the portable segment, small 
size coupled v/ith the movement to 3V power is the most pressing 
issue, driving downward to a handful of chips for a notebook and 
one or two chips for a hand-held. As the standards begin to 
coalesce and circuit density increases, integration down toward 
single-chip architectures begins to make more sense, containing all 
relevant I/O functions. As we reach this level of integration, we 
will see a reduction in the field of vendors capable of creating 
competitive offerings. 

The increase in mainstream standardization is allowing more capa
bilities to be integrated without the risk of obsolescence. As ven
dors integrate more value-added microperipherals into a chip set 
(or single chip), both the average selling price and the barrier to 
entry for other vendors are increased, which further protects price 
erosion. An example would be graphics, which is quickly moving 
to accelerated architectures for the desktop. We will soon begin to 
see standardized video compression coprocessors appear as socketed 
options. 
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Chapter 3 
Microprocessors 

The microprocessor market is growing at an industry-leading pace and 
is setting tiie architectural trend for all forms of electronics. Curraitly 
at a $3.9 billion level, the microprocessor industry is forecast to more 
than double its size by 1996. Competition is becoming more intense at 
the strategic level between classes as well as at the tactical level within 
each class. Our analysis examines the current state of the microproces
sor industry and its competitive positions, and provides a complete 
forecast of vmits, average selling price (ASP), and revenue, by 
processor class and product type. 

Microprocessor Segmentation 
Dataquest segments the microprocessor market by processor class 
rather than by word length, which provides a more strategically soimd 
model for analyzing market dynamics and competitive rivedry. These 
processor class segments include the following: 

• x86: 80x86 family of processors 

• 68K: 68xxx family of processors 

• OSR: Open systems RISC processors 

• LEA: Low-end architecture processors 

• ESF: Embedded system focused processors 

As shown in Figure S-1 and Table 3-1, the x86 class clearly dominates 
the microprocessor revenue, driven primarily by the enormously suc
cessful IBM-compatible PCs. In spite of heavy competition from the 
OSR class, the x86 processors are forecast to remain dominant through 
this forecast period. At a faraway second place is the 68K class, 
primarily supported in volume by embedded applications. Its growth 
wUl slow to single digits during this forecast period. The OSR class of 
processors shows the highest growth rate and is shaping up to become 
the most vital competitor to the x86 class for computer system appli
cations. LEA-class processors, the forerunners of today's advanced 
architectures, are nearing the decline stage and are becoming the only 
class to show decreasing revenue. ESF-class processors—designed to 
become the engines inside laser printers, X terminals, and many other 
embedded systems—wUl show strong growth in the latter half of this 
forecast period. 
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3-2 Microcomponents Woridwide 

Figure 3-1 
Total Microprocessor Revenue, by MPU Class 
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Table 3-1 
Microprocessor Forecast, by MPU Class 

g-
f\3 

MPU Class 

80x86 

Units (K) 

ASP ($) 

Revenue ($K) 

68xxx 

Units (K) 

ASP ($) 

Revenue ($K) 

OS RISC 

Units (K) 

ASP ($) 

Revenue (S^ ; 

Low-End 

Units (K) 

ASP ($) 

Revenue ($K) 

Proprietary 

Units (K) 

ASP ($) 

Revenue ($K) 

ALIMPU 

Units (K) 

ASP ($) 

Revenue ($K) 

1990 

43,320 

38 

1,637,195 

14,430 

21 

298,360 

265 

454 

120,300 

49,270 

2.27 

112,062 

3,890 

53 

206,800 

111,175 

21 

2,374,717 

1991 

51,810 

56 

2,904,130 

18,450 

22 

408,930 

508 

383 

194,450 

62,410 

1.90 

118,328 

4,660 

50 

232,750 

137,838 

28 

3,858,588 

1992 

55,597 

61 

3,410,247 

24,050 

19 

467,560 

751 

362 

271,724 

48,517 

1.91 

92,596 

6,234 

43 

269,450 

135,149 

33 

4,511,577 

1993 

58,187 

66 

3,836,239 

27,790 

17 

476,986 

1,098 

329 

361,282 

47,063 

1.85 

87,035 

7,590 

38 

290,439 

141,728 

36 

5,051,980 

1994 

61,402 

72 

4,450,766 

28,988 

17 

485,660 

2,066 

299 

617,457. 

45,470 

1.78 

80,948 

9,919 

35 

342,633 

147,846 

40 

5,977,464 

Source: Dataquest (December 1992) 
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Industry Structure and Market Share 
Market share distribution in revenue for 1991 draws a dramatic pic
ture of this industry. Intel is the single dominant player, with 64 per
cent market share by revenue, generated primarily from the 386 
product series (see Figure 3-2 and Table 3-2). This is the combined 
result of focusing on the highest-ASP microprocessor market, com
puter platforms, and controlling the highest-volume segment of this 
market, the x86 DOS PC. 

i 

On a revenue basis, both Motorola and Advanced Micro Devices 
(AMD) also have respectable shares at 9.3 percent and 8.4 percent 
respectively, though arrived at in the most opposite manner. Motorola 
invented the 68K product family and has slowly grown its revenue 
through a wide and varied set of applications. AMD introduced a 
replica of the Intel 386 microprocessor in 1991 and in just nine months 
grew its sales nearly 200 percent over last year. 

The remaining vendors each have interesting histories that are relevant 
at the segmented level of discussion. However, there is an interesting 
contrast: If market share were based on vmit volume, Zilog ($31 mil
lion revenue in 1991) would take the No. 1 spot with nearly 20 per
cent (because of the imceasing shipments of the Z80), followed closely 
by Intel with 18.6 percent and Motorola with 14.4 percent. 

Figure 3-2 
1991 Top 10 Companies' Microprocessor IC Market Share 

LSI Logic (1.2%) 
Toshiba (1.2%) 
Cypress Semiconductor (1.2%)-

SGS-Thomson (1.4%) 
NEC (2.0%) 

Hitachi (2.0%) 

Othere (6.9%) 

National Semiconductor (2.1%) • 

Advanced Micro Devices (8.4%) 

Total = $3.89 Billion 

Source: Dataquest (December 1992) Gzoo2ias 
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Table 3-2 
Top 30 Companies' Factory Revenue from Shipments of Microprocessor ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 
2 
3 
4 
5 
5 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
19 
21 
22 

1990 
Rank 

1 

2 

3 

6 

4 

4 

7 

9 
17 

10 

8 

11 

12 

14 

MM 
13 

15 
17 

20 

16 

19 

21 

Intel 

Motorola 

Advanced Micro Devices 

National Semiconductor 
Hitachi 

NEC 

SGS-Thomson 

Toshiba 

Cypress Semicondtieter 
LSI Logic 

Harris 
Zilog 

Performance Semiconductor 
Siemens 

Weitek 
Mitsubishi 

Fujitsu 
Integrated Device Technology 

Philips 

Oki 

Texas Instruments 

Matsushita 

1990 
Revenue 

1,826 

291 

110 

66 

72 

72 

53 

42 
13 
34 

45 
25 

24 

20 
0 

21 

19 

13 

9 

16 

10 

8 

1991 
Revenue 

2,504 

363 

327 

81 

76 

76 
55 

47 
46 

45 
38 
31 

28 
21 
19 
18 

16 

14 

13 

13 

12 

10 
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Table 3-2 (Continued) 
Top 30 Companies' Factory Revenue from Shipments of Microprocessor ICs to the World 
(Millions of U.S. Dollars) 

a 
5" 
8 

s 
o 
30 
O 

in 
m n 

NM = Not meaningful 
* = Calculated value is less than 0.1 percent. 
Source; Dataquest (December 1992) 

1991 
Rank 

23 

24 

25 

25 

25 

28 

29 

30 

30 

30 

30 

1990 
Rank 

22 

24 

31 
27 

25 
27 

29 

25 

31 

31 
29 

Sharp 

TMS 

VLSI Technology 

Silicon Integrated Systems 

Ricoh 
Rockwell 

Hughes 

United MicrOieted»^iiiq| 
TRW 

NCR 

Goldstar 

All Others 

North American Compaiu^s 
Japanese Companies 

European Companies 

Asia/Pacific Companies 

Total Market 

1990 
Revenue 

7 

5 

1 

3 

4 

3 

2 

4 

1 

1 

2 

9 

2,466 

261 

95 

9 

2,831 

1991 
Revenue 

9 

7 

4 

4 

4 

3 

2 

1 

1 

1 

1 

3 

3,522 

269 

96 

6 

3,893 
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Each of the sections that foUow provide a more detailed discussion by 
processor class, including market developments, competing vendors, 
and market forecast. 

80x86 Family Microprocessors 
The 80x86 processor class is defined as aU upward-compatible versions 
of the 8086 microprocessor, regardless of word length, instruction 
extensions, or level of integration. The following subsegments and 
versions are broken out for discussion separately to more accurately 
depict the trends and rivalry within this class: 

• 086 series: Includes the 8086, 8088, 16-bit V-series processors (V20/ 
40 and V30/50), 80188, 80186, and new highly integrated versions. 

• 286 series: Includes ttie 80286 alone. 

• 386 series: Includes the 386SX, 386DX, 386SL, 376, the 32-bit V-series 
(for example, V60/70/80), and future integrated versions. 

• 486 series: Includes the 486SX, 486DX, 486DX2, 486SL, and 486S16 
versions, and future highly integrated versions. 

• P5/Future series: Includes the P5 (expected to ship in the first 
quEirter of 1993) and other Intel and non-Intel follow-on versions. 

The original 8086 was introduced by Intel in 1978, had 29,000 transis
tors (then state of the art), ran at under 5 MHz, had a die size of 
51,000 square rtuls, and iiuticilly sold for nearly $200 (now a $6 part). 
Now the P5 has 3.1 million transistors, runs up to 66 MHz, has a die 
size of 405,000 square mils, and will iiutially sell for nearly $1,000. 
What these parts have in common is the power of compatibility with 
more than 40,000 software applications, having been blessed by IBM's 
selection as the engine within its PC. Though embedded applications 
make up about 50 percent of 80x86 volumes, they are dominated by 
the lower-ASP 16-bit series. Figure 3-3 shows the distribution of 
revenue by product series as of the end of 1991. 

As of the end of 1991, Intel and AMD were the only two vendors 
drawing substantial revenue from the 80x86 family. However, several 
vendors are lining up to take their shot. 

The 80x86 vendor base was originally opened up through second-
source licensing agreements with Intel. After growing critical mass in 
the market by using the early 8088 and 80286 processors, which were 
widely second-soiorced, the scene changed. Intel introduced the 32-bit 
generation of 80x86 processors with the intent to grow its business 
around a family of single-sourced, upward-compatible processors that 
wotild eventually reach workstation performance. At press time (end 
of 1992), an estimated 90 percent of the 80x86 family revenue comes 
from the set of 32-bit versions (386 and 486 series). 

The 086 series was the lifeblood of the early PC industry and is now 
moving quickly to an embedded-only application base. Current trends 
have the 8086 and 8088 heading downward, with their decline moder
ated by their portion of embedded designs as well as the V-series. The 
V-series, used by NEC in its line of Japanese PCs, is more stable and 
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Figure 3-3 
199180x86 Market Share in Revenue^ by Product Series i 

286x(5.8%) 

86/88/186/188 (7.6%) 

Total = $2.90 Billion 

Source: Oataquest (December 1992) Gsooesse 

shows a longer life because of different market conditions. On the 
other hand, the trend within the 186/188 versions is up, showing a 
renewed strength in industrial and office peripheral applications. 
Another positive trend is showing up in the use of single-chip PC 
components, such as Chips & Technologies' (C&T) new PC-chip 
product, which will also enhance this series' lifetime. 

The 286 series, when introduced with the original IBM PC AT 
products, was thought to provide enough power for nearly any 
PC user. Now virtually obsolete for use in mainstream PCs, 
primarily because of tiie use of VN^dows, this series still sells into 
telecommtmications, industrial, and other embedded applications. 

The 386 series was introduced in 1985 and has become the dominant 
desktop PC microprocessor over the last two years. Essentially three 
mainstream versions are being shipped. The highest-selling version is 
the 386SX, a 16-bit output version tiiat offers PC vendors the lowest-
cost approach for a PC. The 386DX ships at about half the unit 
volume of the SX, and during the last half of 1992 has been domi
nated by AMD's 40-MHz version, for which prices have been severely 
dropped to stem the 486SX growth. Intel's proprietary 386SL has done 
well in garnering perhaps 40 percent of notebook volume. 

The 486 series is becoming more convoluted with time, having origi
nally begvm as a full 32-bit processor (the 486DX) with integrated 8KB 
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cache and floating point unit (FPU). "Die 486DX2 offers the same 
ingredients, with internal dock doubling, effectively increasing perfor
mance without affecting the system design, a well-accepted concept. 
The 486SX, which deletes the FPU, is now offered in many configura
tions, including the original Intel 486SX (now at 5V or 3V), the Cyrix 
(or TI) 486SLC (386SX pin-out), and 486DLC (386DX pin-out), both 
with only 1KB of cache. The recently annoimced 486SL is a full 486DX 
with the SL family bus control logic on-chip for low real-estate 
notebooks. 

The P5/Future series of 80x86 processors includes the upcoming P5 
(Pentivim processor)—^to be introduced in the first quarter of 1993—as 
well as other future processors consistent with this classification. This 
classification includes as a minimum the following: 

• Full 486 instruction-set compatibility 

• On-chip primary cache and FPU 

• Superscalar, mtdti-issue architecture 

Competitive Positions and Analysis 
As of the end of 1991, this segment was dominated by Intel (see 
Figure 3-4 and Table 3-3), which still has more than half of the 
unit volume (but revenue in excess of 80 percent). Skipping to 
third place in vmit volumes, AMD entered the market with the 386 
in 1991 and was immediately successful, garnering more than a 

Figure 3-4 
1991 Top 5 Companies' 80x86 Microprocessor Market Share (Units) 

Others (2.9%) — 
Harris (2 .8%)— 
Siemens (5.2%) 

Total = 47.80 Million Units 

Source: Dataquest (December 1992) 32txais? 
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Table 3-3 
Each Company's Shipments of 80x86 Microprocessors to the World 
(Thousands of Units) 

a 
5" 
s 

1991 
Rank 

1 

2 

3 

4 

5 
6 
7 

8 

1990 
Rank 

1 

3 

2 

4 

5 

5 
7 

8 

Compail^ 

Intel 

NEC 

AMD 

Siemens 

Harris 
Oki 
Fujitsu 

Sharp 

Total 80x86 MPU 

1990 
Units 

22,200 

8,600 

10,400 

2,500 

1,600 
1,600 

820 

40 

47,800 

1991 
Units 

26,900 

9,500 

7,900 

2,600 
1,400 

920 
480 

43 

49,700 
Columns may not add to totals stiown due to rounding. 
Source: Oataquest (December 1992) 

o 
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quarter of a million dollars in revenue and positioning itself as a 
strong competitor. Second-ranked NEC markets the V-series 8086 
eqiaivalents (mostly consumed captively in its Japanese PC famUy) 
and is not viewed as a real threat to enter line lucrative 386/486 
market. Similarly, neither Siemens nor Harris, longtime second 
sources of the 16-bit 80x86 series, are considered past and not 
future competitors. The new wave of small innovative vendors, in 
many cases teamed up with large established semiconductor houses, 
wiU create the mainstream rivalry. A brief discussion of this new 
wave of competition follows. 

Intel's 80x86 road map calls for a dual focus on both desktops and 
portables, delivered in concert with its central strategy. It has long 
believed that its idtimate marketing edge is to drive up available 
transistor count through process and design technology and use 
that transistor coimt to do the following: 

• Create leading-edge performance (desktop focus). This direction 
will resvdt in introduction of the P5 during the first quarter of 
1993, a 100-mips-class microprocessor with workstation-level float
ing point performance. Following this at 18- to 24-month inter
vals wiU be the P6 and P7, offering additional increases in 
performance level and multiprocessor support. 

• Create leading-edge integration (portable focus). This direction 
has resulted in tiie 486SL, a 486 equivalent to the 386SL provid
ing the ideal match for color notebooks. Following this will be 
the 386SC (single-chip) class of devices now being jointly 
developed with VLSI Technology. 

• Continually decrease manufacturing costs, This direction will 
resiilt in continued shrinkages of existing 486 and SL lines of 
products, reducing the die sizes and thus costs, enabling Intel 
to offer high-end (relative to competition) performance and 
integration at mainstream prices. 

• Continually increase barriers to entry. This directian will resiilt in 
limiting the available foundry capacity to the industry because of 
the level of design and process technology required to be perfor
mance- or cost-competitive, creating a strategic weakness for 
fabless vendors. 

Intel is now complementing its technology edge with a three-
pronged marketing strategy as a countermeasure to the insurgence 
of competition, as follows: 

• Extensive litigation is used to slow down existing competitors, 
discovirage potential new competitors, and create anxiety within 
the market over using potentially illegal competitive products. 

• Combined advertising and corporate sales campaigns are used to 
drive the PC market transition into its second wave and to drive 
proprietary products (486 and SL versions) where end users gain 
superior features and upgradability. 
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• High-impact promotion and vendor-cooperative advertising is 
used to increase brand preference through aggressive advertising 
of the "Intel Inside" concept and its "Overdrive Processor" 
upgrade programs. 

AMD entered the market in the second quarter of 1991 with exact 
copies (including microcode) of the 386DX and 386SX versions. IT's 
strategy has been to use its "licensed rights" to Intel's intellectual 
property to reverse-engineer fully compatible clones of Intel's 
products, including microcode, and offer higher-speed grades at the 
same price Intel offers the standard speed grades. This strategy 
paid off initially: AMD attained about 15 percent of the 386 market 
by the end of 1991 and about 35 percent by the end of the second 
quarter of 1992. Keeping the momentum going, in January 1992 the 
company preannoimced plans for 486 clones to be sampled in the 
third quarter and shipped in the fourth quarter. However, these 
plans were destroyed in Jtme 1992 when it lost in a court battle 
over intellectual property rights (the 287 microcode case). AMD will 
suffer a significant setback because it must now forward-engineer 
its 486 clones (imless the 287 decision is ruled not to apply to 
microprocessors). The lestilt wUl be to move out tmtil the second 
quarter of 1993 any real volume shipments and to take away 
AMD's "exact replica" advantage over other clones. A M D is 
expected to provide additional focus during 1993 on versions of 
386 and 486 products for the portable market. 

Cyrix entered the market in the second quarter of 1992 with 
a proprietary design representing a cross among the 486SX 
(instruction-set, cache) and 386SX and DX versions. Its strategy 
has been to forward-engineer its designs with 486 instruction-set 
compatibility and attack the installed base of 386 desigiis and units, 
offering to OEMs a pin-compatible option to upgrade their 386 sys
tem designs to 486s and to corporate end users the option to 
upgrade their installed 386s to 486s. Furthermore, it intends to 
do the same thing for the 486 installed base as it starts releasing 
upscaled versions of its product line in the coming months . Hav
ing recentiy won a court battle contesting its rights to use SGS-
Thomson as its foimdry, Cyrix is successfully growing its sales and 
will probably ship 300,000 or so units by the end of this year, 
representing a growing threat to Intel. 

C&T entered the market in the fourth quarter of 1991 wi th a com
bination of exact clones and proprietary enhancements to the 386, 
as well as a single-chip PC based on an enhanced 8086 core. Hav
ing suffered severe technical problems in addition to poor financial 
health, it has annoimced its departure from the 386/486 d o n e race 
to pursue only integrated versions of the x86 family for hand-held 
and portable devices. In its current condition, it does not pose a 
real threat to Intel. 

TI announced that it will enter the market in the fourth quarter of 
1992 using the Cyrix design, with intentions of following u p wi th 
more highly integrated versions using its wide array of technolo
gies. Based on its manufacturing capabilities and widespread sales 
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channels, TI presents a potential long-term threat to Intel. However, 
its limited microprocessor design expertise mitigates some of this 
threat. 

Nexgen for years preaimounced plans to enter the market, and 
now aims at a P5 competitive offering expected to be announced 
during the first quarter of 1993. Nexgen has a historic credibility 
problem to overcome in the industry and must align itself with an 
appropriate foxmdry for its parts. 

Having acquired design house Meridian Technology during 1991, 
UMC is working on a clone of the 486SX expected to be intro
duced in the first quarter of 1993. VWth limited manufacturing 
muscle, a relatively low technology base, and limited sales channels 
(except in Asia/Pacific), UMC may have a difficxilt time sustaining 
growth in this ultimately competitive arena, 

Other companies rumored to be working on 386/486 clone products 
include the following: 

• VM Technology, a Japanese company reportedly with funding 
from Fujitsu, is worldng on 486-level products. 

• Seiko-Epson is working on fully integrated versions of the 486, 
primarily for captive use. 

• i n , a competitor in the math coprocessor arei\a, is working on a 
486-type product with ultrahigh floating point performance. 

Forecast and Assumptions 
It was clearly evident during 1991 that the future for 80x86 class of 
processors lay in the 32-bit versions, leaving the real battie among 
Intel, AMD, and other potential entrants. This entire family is being 
strengthened by competition, showing continued unit and revalue 
growth over the next five years (see Figures 3-5 through 3-7 and 
Table 3-4). Key assumptions relevant to this forecast are as follows: 

• Unit volume in computer systems wUl show a steady increase in 
the next five years, showing some impact from the OSR (RISC) 
processors in the 1996 time frame. 

• Unit volumes in embedded applications will remain relatively flat 
until 1995, when there will be an increase because of the growth 
of 80x86-based hand-held electronic devices. 

• The 086 series will remain relatively flat during the next five 
years as the decline in 8086/88 (and V-series) shipments is offset 
by tile increase in 80186/188 (and PC-Chip) shipments in ibe 
same time frame. 

• The 286 series will decrease steadily over the next five years, 
supported only by its embedded applications base. 

• The 386 series wiU peak this year and begin a slow decline over 
the next five years. 
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Figure 3-5 
80x86 MPU Market Forecast, Units 
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Source: Dataquest (December 1992) G20025S8 
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The 386DX will drop off rapidly after this year, becoming 
obsolete because of low-cost 486SX-class products. 

The 386SX will drop off slowly over the next five years, 
surviving in low-end notebooks and entry-level systems with 
ASPs dropping to the mid-20s next year. 

The 386SL/SC versions will continue growth throughout this 
forecast and will become the 80x86 focal point for low-end 
notebook and hand-held designs. 

Intel wiU be successful in migrating PCs to the 486 series, which 
will propel it to dominance starting in 1993. 

The 486SX will continue its rapid growth through next year but 
will flatten out in 1994 and begin slowly moving down in 1995 
as competition brings the 486DX downward in price and 
improved versions of the 486SL take over high-end portable 
demand. 

i 
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Figure 3-6 
80x86 MPU Market Forecast, Revenue 
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Source: Dataquest (December 1992) GE0035BB 

The 486DX, led by the growth of the DX2 versions, will continue 
to grow throughout this forecast period, becoming the most 
widely cloned 80x86 version and representing the mainstream 
desktop until 1996. 

The 486SL/SC versions will show rapid growth dvu±ig the fore
cast period, first taking the bulk of color notebooks, then moving 
down into the mainstream notebooks late in 1994. 

The P5 and future superscalar processors will take off starting 
in 1994 as software coalesces around the performance and multi
processing capabilities offered and pricing drops to tiie upper 
end of mainstream levels. 
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Figure 3-7 
80x86 MPU Market Forecast, ASP i 
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Source: Dataquest (December 1992) G20a2SS0 
i 
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Table 3-4 
80x86 MPU Market Forecast 

i 

I 

3 
g" 

Processor 

8088x (Including V 

Units (K) 

ASP ($) 

Series) (16/8-Bit) 

Revenue ($K) 

88SL/SC (Including 188) Integrated I / O 

Units (K) 

(16/8-Bit)ASF ($) 

Revenue ($K) 

8086X (16/16-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

86SL/SC (Including 
I / O 

Units (K) 

ASP ($) 

Revenue ($K) 

88/86 Subtotal 

Units (K) 

ASP ($) 

Revenue ($K) 

286X (16/16-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

186) (16/16-Bit) Integrated 

1990 

8,390 

6 

50,340 

2,470 

12 

29,640 

6,750 

7 

47,250 

3,980 

15 

59,700 

21,590 

9 

186,930 

13,030 

16 

201,965 

1991 

7,650 

6 

45,900 

3,610 

12 

43,320 

6,130 

7 

42,910 

5,860 

15 

87,900 

23,250 

9 

220,030 

10,250 

16 

168,100 

1992 

5,500 

6 

33,000 

4,693 

11 

53,500 

5,600 

7 

39,200 

8,204 

14 

114,856 

23,997 

10 

240,556 

5,400 

14 

77,760 

1993 

4,100 

6 

24,600 

5,632 

11 

60,990 

4,600 

7 

32,200 

11,075 

13 

143,980 

25,407 

10 

261,770 

3,200 

13 

41,600 

19 

3,0 

18,0 

6,1 

63,7 

3,5 

24,5 

12,7 

165,5 

25,4 

271,8 

2,0 

26,0 
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Table 3-4 (Continued) 
80x86 MPU Market Forecast 

Processor 

386SX (32/16-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

386SL/SC (32/16^Bit) ; i n t e g j : ^ I / D 

Units (K) 

ASP ($) 

Revenue ($K) 

386DX {32/32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

376/Miscellaneot|9 (MiscellaQiQus 32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

386 Subtotal 

Units (K) 

ASP ($) 

Revenue ($K) 

486SX (32/32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

1990 

4,700 

69 

324,300 

0 

0 

0 

3,400 

185 

629,000 

200 

275 

55,000 

8,300 

121 

1,008,300 

0 

0 

0 

1991 

10,300 

68 

700,400 

200 

130 

26,000 

5,400 

165 

891,000 

210 

260 

54,600 

16,110 

104 

1,672,000 

400 

220 

88,000 

1992 

11,050 

43 

475,150 

1,750 

68 

119,000 

6,000 

65 

390,000 

200 

234 

46,781 

19,000 

54 

1,030,931 

2,900 

130 

377,000 

1993 

8,000 

26 

206,400 

2,600 

39 

100,776 

2,700 

39 

105,300 

180 

211 

37,893 

13,480 

33 

450,369 

6,300 

75 

472,500 

199 

5,76 

2 

120,96 

4,1 

120,93 

1,0 

31,5 

1 

1 

23,8 

11,1 

297,3 

7,2 

434,7 
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Table 3-4 (Continued) 
80x86 MPU Market Forecast 

Processor 

486SL/SC (32/32-Bit) Integrated I/O 

Units (K) 
ASP ($) 

Revenue ($K) 

486DX (32/32-Bit) Integrated FPU 

Units (K) 
ASP ($) 

Revenue ($K) 

486 Subtotal 

Units (K) 
ASP ($) 

Revenue ($K) 
P5/Future (32/64- and 32/32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

All 80X86 

Units (K) 
ASP ($) 

Revenue ($K) 

1990 

0 

0 
0 

400 

600 

240,000 

400 

600 

240,000 

0 

0 

0 

43,320 
38 

1,637,195 

1991 

0 

0 
0 

1,800 

420 

756,000 

2,200 

384 

844,000 

0 

0 

0 

51,810 

56 

2,904,130 

1992 

100 

250 
25,000 

4,200 

395 

1,659,000 

7,200 

286 

2,061,000 

0 

0 

0 

55,597 

61 
3,410,247 

1993 

1,200 

175 
210,000 

8,100 

250 

2,025,000 

15,600 

174 

2,707,500 

500 

750 

375,000 

58,187 

66 
3,836,239 

19 

2,1 

1 
302,4 

11,3 

1 

1,984,5 

20,7 

1 

2,721,6 

2,1 

5 

1,134,0 

61,4 

4,450,7 

Source: Dataquest (December 1992) 
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68K Family Microprocessors 
The 68xxx processor class is defined as all upward-compatible versions 
of the 68000 microprocessor, regardless of word length, instruction 
extensions, or level of integration. The following are also broken out 
as subsegments to enable a more focused analysis of market trends 
and competitive positions (note that each of these series, except 
68008/010, includes the Oxx devices and the ECxx devices): 

• 68000 series (32/16-bit device, 000 and ECOO versions) 

• 68008 series (32/8-bit device) 

• 68010 series (32/16-bit device) 

• 68020 series (32/32-bit device, 020 and EC020 versions) 

• 68030 series (32/32-bit device, 030 and EC030 versioris) 

• 68040 series (32/32-bit device, 040, EC040, and LC040 versions) 

• 68060 series (32/32-bit device: available 1994) 

• 683xx series (various application-specific devices) 

As shown in Figure 3-8, the 68000 accounts for the bulk of the current 
volume. However, the fastest growing segment is the 683xx series. As 
of the end of 1991, Motorola maintained nearly 85 percent of the 68K 
market volume. Fiirthermore, the 15 percent volume shared with other 

i 

i 
Figure 3-8 
1991 68xxx Market Share in Unit Shipments, by Series 

683xx/Others(1.6%) 

68060/EC060 (0.0%) 

68040/EC040(1.2%) 

6801 Ox (2.2%) 

68008X (2.9%) 

68030/EC030 (7.0%) 

68020/EC020 (8.7%) 

Total = 18.45 Million Units 

Source: Dataquest (December 1992) G2002591 
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vendors is only in the 32/16-bit segment (the only licensed parts), 
leaving all the high-ASP, high-margin parts to Motorola. 

The original 68000 was introduced in 1979 with a 32-bit architecture, 
using 68,000 transistors, and only 68,200 square mils. Since then, the 
68K family has found its way into a wide variety of systems and 
embedded applications. It became the processor of choice for Apple's 
Macintosh and Commodore's Air\iga. It became the first processor of 
choice for the leading workstation vendors. Sun and ApoUo, It became 
the processor of choice for the leading laser printer vendors, HP and 
Apple. It became the first processor of choice for several vendors of 
X V^ndow terminals, including market leader NCD. Current status 
and trends by series are detailed in the following paragraphs. 

The 68000 series continues to exhibit growth, more than 12 years after 
its introduction. It is the leading-volvime microprocessor to date used 
in laser printer applications, having been the first choice by both HP 
and Apple. It continues to gain new volume design wrins, including 
the Sega-Genesis game, which will account for more than 7 million 
units next year. It offers a weD-designed instruction set and a very 
low entry cost. It also is offered by the highest-quality semiconductor 
vendor. Motorola, and is second-sourced by four others. 

The 68008, with its 8-bit external data bus, is on its way dovm, par
tially made obsolete by the new 68EC000, which can manage eittier 8-
or 16-bit external operations. Motorola expects to see sales at zero in 
the 1994 time frame. 

The 68010 is also dropping off, though not as sharply as the 68008. As 
with the 68008, Motorola would like to see designs transition to other 
parts (68EC00 or EC020) within the next year. 

The combined total of all high-end 68K processors (68020/030/040) 
grew by 68 percent last year to more than 4 million imits. Most of the 
imit volume for these versions came from platform sales, most notably 
the Macintosh. All individual processors in this group experienced 
growth during 1991. 

The 68020's growth has flattened in the last two years as a result of a 
crossover effect between falling computer sales and rising embedded 
sales. The future of this series is in ttie EC020 version, which is slated 
to become the next high-volume member of the 68K family, eventually 
displacing the 68000 series. 

The 68030 continues to grow, with Apple having moved nearly its 
entire Macintosh line up to the 68030 as the demand for performance 
continues to grow. Though a number of embedded designs aie begin
ning to adopt the 030, it is far and away the highest-volume 68K 
series for computer applications. 

The 68040 began shipping last year, though much later than originally 
anticipated, moving just more than 200,000 units in its first year. In 
addition, in January 1992 Motorola released a 33-MHz version of the 

MCRO-SEG-MT-9201 ©1992 Dataquest Incorporated December 21,1992 
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68040, turning in nearly 29-mips performance. A second new part 
based on the 68040 was also introduced in 1991. The 68LC040 series 
is a lower-cost version of the 68040 actually targeted toward low<ost 
PCs (including portables) and OS-related embedded applications such 
as commxmications controllers and X terminals. This part is identical 
to the 68040, except that it removes the FPU (like a 486SX) and adds 
low-power buffers, lowering its price to $185 for a 25-MHz, 22-mips 
processor. 

The 68060 series is a superscalar RISC-like implementation of the 68K 
architecture, planned for introduction in the first quarter of 1994. It 
uses a four-stage instruction pipeline with internal Harvard architec
ture, branch cache, and external system bus interface compatible with 
the 68040. Targeted at the desktop and high-end embedded market
place, this 2.8-million transistor dhip is implemented in a 3.3V process 
and designed to operate up to 66 MHz. 

The 683xxx series has been in production for some time, and is mar
keted as a microcontroller, but at this time is basically a microproces
sor with integrated I /O (no internal EPROM). This series takes a 
different course toward functional integration and low cost. Each 
68300 is a virtual system on a chip, combining a 68xxx processor core, 
an intermodule bus, and peripheral modules such as memories, timers, 
and I/O circuits (in fact, future versions may be complete microcon
trollers). These also are fuUy static parts, enabling standby modes and 
lower power consumption, making them attractive for products such 
as hand-held instruments. 

Competitive Positions and Analysis 
As shown in Figure 3-9 and Table 3-5, Motorola has more than 
80 percent of this processor series (and 100 percent of the others). 
Other than Toshiba, which doubled its sales of 68000 parts in 1991, 
unit volvmies for all other vendors are decreasing. It is noteworthy 
that each of these other vendors has other, more higJUy visible 
processors that their marketing programs are focused on. 

As part of its strategy to deliver a range of highly integrated 
embedded control devices. Motorola plans to offer products from 
$1 and 100-mips within five years. Motorola is expected to remain 
the dominant vendor in the 68K family as well as a strong force in 
the overall microprocessor market. 

December 21,1992 ©1992 Dataquest Incorpoiated MCRO-SEG-l\/rr-9201 



Microprocessors 3-23 

Figure 3-9 
1991 Top 5 Companies' 68xxx Microprocessor Market Share 

Philips (1.7%) 

SGS-Thomson (2.7%) 

Hitachi (4.0%) 

Toshiba (7.1%) 

Total = 18.45 Million Units 

\ 

Source: Dataquest (December 1992) 02002592 
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Table 3-5 
Each Company's Shipments of 68xxx Microprocessors to the World 
(Thousands of Units) 

® 

a 

1991 
Rank 

1 

2 

3 

4 

5 

1990 
Rank 

1 

4 

3 

5 

2 

Company 

Motorola 

Toshiba 
Hitachi 

SGS-Thomson 

Philips 

Total 68XXX MPU 

1990 
Units 

11,700 
720 

960 

570 

1,200 

15,200 

1991 
Units 
15,590 

1,310 
738 

498 

314 

18,450 

Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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Forecast and Assumptions 
The 68K family has had a history of taking leadership positions 
within many high-growth markets and will be a leader in the 
increased consiunerization of advanced technology. As shown in 
Figvires 3-10 through 3-12 and Table 3-6, the 68K family will con
tinue slow growth over the next five years, based on ihe following 
assumptions: 

• Motorola and the 68K family will maintain a strong position in 
embedded applications, which wiU accoimt for an increasing 
percentage of total imit volume (more than 95 percent in 1996). 

• Computer-based applications will drop off as Apple turns on 
the PowerPC family, though the Macintosh is assumed to remain 
partially 68K-based and about 35 percent in volume by 1996. 

• ASPs will decline slightly as the shift from computers to 
embedded decreases the voltune of high-ASP parts. 

Figure 3-10 
68xxx MPU Market Forecast, Units 

Millions of Units 

20. 

i s 
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4 -i 
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i 

4 
J^ 

1991 1992 1993 1994 1995 1996 
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68008 • 68020 [ H 68040 683xx/Others 

Source: Dataquest (December 1992) GS002SS3 
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Figure 3-11 
68xxx MPU Market Forecast, Revenue 

Thousands of Dollars 
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Figure 3-12 
68xxx MPU Market Forecast, ASP 

Source: Dataquest (December 1992) GB002S95 

MCRO-SEG-MT-9201 ©1992 Dataquest Incorporated December 21,1992 
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Table 3-6 
68xxx MPU Market Forecast 

» 

o 
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MPU Class 

68000/ECOOO (32/16-Bit) 

Units (K) 

ASF ($) 

Revenue ($K) 

68008X (32/8-BU) 

Units (K) 

ASP ($) 

Revenue ($K) 

68010X (32/16-Btt) 

Units (K) 

ASP ($) 

Revenue ($K) 

68020/EC020 (32/32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

68030/EC030 (32 /^ | i f t ) 

Units (K) 

ASP ($) 

Revenue ($K) 

68040/ECO4O/La)40 02/32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

1990 

11,200 

6 

69,440 

660 

7 

4,620 

520 

25 

13,000 

1,000 

80 

80,000 

1,000 

125 

125,000 

10 

450 

4,500 

1991 

14,100 

6 

87,420 

530 

7 

3,710 

400 

25 

10,000 

1,600 

55 

88,000 

1,300 

95 

123,500 

220 

390 

85,800 

1992 

17,500 

5 

82,250 

400 

7 

2,960 

350 

25 

8,750 

1,800 

37 

66,600 

2,200 

55 

121,000 

600 

260 

156,000 

1993 

19,250 

4 

81,428 

210 

7 

1,551 

180 

25 

4,506 

2,520 

24 

60,606 

2,750 

39 

105,875 

1,080 

169 

182,520 

1994 

18,288 

4 

69,621 

0 

0 

0 

0 

0 

0 

3,780 

15 

56,700 

3,025 

31 

93,170 

1,406 

118 

166,285 
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Table 3-6 (Continued) 
68xxx MPU Market Forecast 

MPU Class 
68060/EC060 {32/32-Bit) 2.5-MU 

Units (K) 

ASP ($) 
Revenue ($K) 

683XX/Others (32/32-Bit) 
(Including 683xx) 
Units (K) 

ASF ($) 

Revenue ($K) 

68K Total 

Units (K) 

ASP ($) 
Revenue ($K) 

1990 

0 

0 

0 

40 

45 

1,800 

14,430 

21 

298,360 

1991 

0 

0 

0 

300 

35 

10,500 

18,450 

22 

408,930 

1992 

0 

0 

0 

1,200 

25 

30,000 

24,050 

19 

467,560 

1993 

0 

0 

0 

1,800 

23 

40,500 

27,790 

17 
476,986 

1994 

150 

350 

52,500 

2,340 

20 

47,385 

28,988 

17 

485,660 

Source: Dataquest (December 1992) 
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Open Systems RISC Microprocessors 
open systems RISC (OSR) processors in total accovmted for more than 
500,000 units in 1991. Though statistically insignificant in volume, this 
class is setting the pace for competition in the computer systems mar
ket. This class is defined as RISC-based microprocessors, focvised 
primarily on computing platforms (workstation and PC, among 
others). It is backed (or implicitly backed) by some form of open sys
tems consortivim, which makes it a candidate for mainstream adop
tion. Based on this definition, we have included the following families: 

• SPARC family 

• MIPS family 

• PA-RISC family 

• PowerPC family 

• Alpha family 

Each segment really stands for a major industry alliance aimed at the 
future mainstream desktop. Each alliance includes a standardized 
microprocessor euchitecture (instruction-set level), operating system 
strategy, multiple sources of chips, and one or more top systems ven
dors. Interestingly, each also has its own exclusive list of chip vendors, 
with the exception of LSI Logic, which participates in both MIPS and 
SPARC families. 

The SPARC family accovints for more than half the total unit volume, 
having started its industry movement earlier than the others (see 
Figure 3-13). MIPS processors represent about one-third of the total, 
though many of these are used for embedded applications. The 
PowerPC and PA-RISC families together accotmt for less than 15 per
cent of the total volume and are being captively consim:\ed by IBM 
and HP, respectively. The Alpha processor will just begin sample ship
ments in 1992 of less than 10,000 uiuts (about 1,000 units to vendors 
outside of Digital Equipment Corporation). 

December 21,1992 ©1992 Oataquest Incorporated MCRO-SEG-MT-9201 
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Figure 3-13 
1991 Open Systems RISC MPU Market Share 

PA-RISC (3.3%) 

Power (7.4%) — 

Total = 545,000 Units 

Source: Dataquest (December 1992) QZO0£5»6 

SPARC Family 
SPARC microprocessors are expected to grow only slightly this year 
because they are still primarily being tied to the growth of Sim 
Microsystems. This is a result of SPARC'S primary driving force 
becoming its primary weakness. Sun is a dominant player in the 
workstation market whose continued growth directly results in 
increased sales of SPARC chips. Though Sim's stated strategy is 
to allow SPARC clone vendors to become a significant part of the 
market, its aggressive marketing, pricing, and charmel dominance 
has prevented such developments. We expect this trend to continue 
for SPARC, growing only around Sun's business and the Solaris 
operating system. This situation is further compounded by the 
proprietary nature of the individual SPARC products, with no 
second sourcing and thus no ability to realize direct price competi
tion or availability protection (imagine being in an allocation 
problem with a device that Sun is using). 

MIPS Family 
The market for MIPS processors grew by 142 percent during 1991, 
on top of the dramatic momentum picked up through the forma
tion of the Advanced Computing Environment (ACE) initiative. 
Though the MIPS processor movement was primarily focused on 
developing platform sales, the failed ACE initiative pushed most of 
the burden to the embedded applications, which accounted for 
about 40 percent of the 1991 volume. Furthermore, two-thirds of 
the platform units are shipped to just two customers, with Silicon 

MCRO-SEG-MTfl201 ©1992 Dataquest Incorporated December 21,1992 
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Graphics picking up the entire focus as Digital begins to transition 
its workstation line to the Alpha processor. An amazing number 
of sigiuficant annoimcements affected the MIPS camp in 1992, 
including the following: 

• The withdrawal of Compaq and Zenith from the ACE initiative 

• TTie acquisition of MIPS Computer by Silicon Graphics 

• The loss of Digital as a long-term supporter and customer of the 
MIPS processors 

• The shipment of the R4000, one of the fastest integer-perfonnance 
single-chip microprocessors to date 

• The annoimcement of the R4400, a successor to the R4000 with 
32KB of cache, internal speeds of 150 MHz, and estimated 
perfonnance of 113 SPECmarks 

PowerPC Family 
The PowerPC family, the primary processor for the PowerOpen 
Computing Enviromnent formed by the IBM/Apple/Motorola 
relationship, represents an outgrowth of IBM's RS/6000 POWER 
architecture. This new family is being jointly developed and 
separately manufactured by IBM and Motorola. Plaiw call for initial 
models designed to service the entire platform market for work
stations, PCs, notebooks, and servers. Sporting a timed instruction 
set, driven by optimizing compiler considerations, the first single-
chip version to ship (in 1993) will be the 601, a sliglit performance 
improvement to the existing multichip version. In 1991, IBM 
shipped about 40,000 units for its own captive use. Moreover, 
starting in 1994, this new architecture, supported by a new 
advanced architecture, will be offered on the merchant market 
in the following versions: 

• 603: Optimized for power/performance and targeted at the 
notebook and entry systems, selling at about $100. 

• 604: Optimized for performance/price and targeted at power-user 
($2,500) desktops, selling at about $400. 

• 620: Maximized for all-out performance in midtiprocessing 
systems and servers. 

PA-RISC Family 
The Precision Architecture RISC (PA-RISC) microprocessor was deve
loped by HP; early versions have shipped since 1987. Using new 
advanced VLSI technology annoimced by HP in 1989 enabled the 
company to significantly increase performance of systems based on 
the PA-RISC. This new generation of PA-RISC first appeared in 
April 1991 in the HP 700 series of workstatioits, delivering the 
fastest benchmarks to date: 66 MHz, 71 mips, and 76 SPECmarks. 

A lower-speed version of the PA-RISC processor ruiming at 
35 MHz was introduced in January 1992, offering workstations at 
35 mips for less than $5,000. A high-performance version, the 
model 7100, was introduced recently with performance in the 
120-SPECmark range. The PA-RISC architecture will continue to be 
extended upward and downward as HP prepares it for entry-level 
systems (for running Windows NT) and embedded applications. 

December 21,1992 ©1992 Dataquest Incorporated MCRO-SEG-MT-9201 
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Alpha Family 
The Alpha microprocessor was developed by Digital notably in 
resportte to the lack of dramatic performance increases expected 
from the MIPS processor camp. Using expertise built up by genera
tions of uVAX diip design. Alpha represents the most recent RISC 
architecture, devoid of most of the early architectural mistakes 
made with the other RISC families. Digital maintained a relatively 
low level of promotion for Alpha diiring most of 1992. Then, in the 
fourth quarter, it began exposing the chip and systems in nearly 
every event available. Alpha's key strengths include its high perfor
mance level (greater than 100 SPECmarks at 133 to 150 MHz), sup
port from ^Aflndows NT, and Digital's sales channel strength. Digital 
plans to ship three versioiis by the end of 1993, as foUows: 

• 21064: High performance with 120-pliis SPECmarks at a target 
price of $800. 

• 21066: Price/performance versions with 80-plus SPECmarks at a 
target price of $400. 

• 21068: Low-end version with about 40 SPECnuirks and at a tar
get price of less than $100. 

Competitive Positions and Analysis 
As shown in Figure 3-14 and Table 3-7, the OSR processor segment 
is controlled by a moderate number of vendors, all focused on one 

Figure 3-14 
1991 Top 11 Companies' Open Systems RISC Microprocessor Market Share 

Bit (0.6%) • 

Weitek(2.2%)— 

Siemens (3.3%)-

Hewlett-Packard (3.3%)-

NEC (7.3%) 

IBM (7.3%) 

IDT (8.3%) • 

Performance (10.1%) • 

Total = 545,000 Units 

Source: Dataquest (December 1992) 
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Table 3-7 
Each Company's Shipments of Open Systems RISC Microprocessors to the World 
(Thousands of Units) 

I 

1991 
Rank 

1 

2 

3 
4 
5 

6 

6 

8 
8 

10 

11 

1990 
Rank 

1 

4 

2 

3 
5 

6 
8 

7 
NM 

MM 

8 

Company 

LSI Logic 

Cypress 

Fujitsu 

Performance 
IDT 
IBM (Captive currently) 

NEC 
Hewlett-Packard (Captive currently) 
Siemens 

Weitek 

Bit 

Total Open Systems RISC MPU 

1990 
Units 

103 

25 

45 
33 
20 

15 
5 

6 
0 

0 

5 

257 

1991 
Units 

121 

110 

83 
55 
45 
40 

40 
18 
18 

12 

3 

545 

NM = Not meaningful 
Columns may not add to totals shown due to rounding. 
Soutce: Dataquest (December 1992) 

o 
3D 
O 
CO m 
n 

^ 



Microprocessors 3-35 

architecture (with the exception of LSI). Therefore, the following 
discussion focuses on the competition for the two current voltune 
architectures, SPARC and MIPS. 

Regarding SPARC competition, both Cypress and Fujitsu 
experienced exceptional growth in 1991. Both offer integrated 
lU/FPU chips. TTiese market share gains were made at the 
expense of LSI Logic, which was singularly dominant in 1990 
and seems to have lost this position forever. 

Fujitsu's sales were boosted by Svm's introduction of the SPARC-
Station IPX and ELC and furttiered by the beginning of its embed
ded sales with its SPARC-Lite series. Cypress also picked up a 
larger portion of Sim's business, including its 600 series SPARC-
Servers as well as other accounts such as Solbome. Taking the 
limelight in 1992, TI attacked at both the high and low ends with 
the SuperSPARC (Viking) and the MicroSPARC (Tsunami), respec
tively. SuperSPARC has been a technical failure this year, yielding 
volume parts only at 33 MHz, far less than the expected 50 MHz, 
thereby hurting high-end performance, Furthermore, though 
MicroSPARC was a well-designed piece of hardware, its volume 
will depend on factors such as mainstream operating system sup
port and volume clone vendors, which we do not believe wiU 
happen. 

As of the end of 1991, seven vendors signed up as MIPS processor 
manufacturers (including Sony). Performance Srauconductor and 
Integrated Device Technologies (IDT) were able to maintain their 
No. 1 and 2 positions, respectively, in 1991. Performance sells the 
majority of its units to Digital, which has led to its downfall (his 
year because shipments have leveled off and are beginning to head 
downward as Digital moves the Alpha architecture. IDT has the 
most balanced position, selling chips to workstation vendors and 
embedded applications, and is expected to take the No. 2 position 
in 1992. NEC came on strong in 1991; its strength has continued 
throughout this year and the company is expected to become the 
No. 1 vendor by the end of 1992. LSI Logic continues its loss of 
market share (as it also did in the SPARC processor market), but 
introduced a well-positioned integrated chip for X \Atodow termi
nals in 1991. Siemens, at No. 5, showed healthy growth in its first 
year of shipping. Finally, there was the entry of Toshiba, which 
focused on being a major supplier of ACE/ARC systems before 
that focus went sour. 

The PowerPC family is being jointly developed and separately 
manufactured by IBM and Motorola. In 1991, IBM shipped about 
40,000 units for its own captive use. We expect that, starting in 
1993, the new chips will be offered by both vendors. To date, the 
only chip production has been IBM and the only outside merchant 
chip source announced is Motorola (though the agreement between 
them calls for chip vendors to be added). 

The PA-RISC microprocessor was developed by HP, with early ver
sions having shipped since 1987. The PA-RISC camp now includes 
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Hitachi, Samsung—both planning to ship PA-RISC chips and system 
products—and Winbond, which wiQ focus on embedded applica
tions. In 1991, HP produced about 18,000 units for its own captive 
consumption, with three times that volume expected for this year. 

i 

The Alpha microprocessor was developed by Digital notably in 
response to the lack of dramatic performance increases expected 
from the MIPS processor camp. It will begin to ship uruts this year 
(less than 10,000) and expects to add two or more outside vendors 
during early 1993. 

Forecast and Assumptions 
The platform RISC class of microprocessors represents a dichotomy: 
It has the lowest vinit volume of all classes but the most industry 
heavyweights, and highest R&D investment, of aU other classes. 
There is no doubt that the unit volumes as a whole will continue 
to grow substantially during the next 10 years, perhaps capturing 
35 percent of the platform processor market by the year 2000, as 
earlier projected by Dataquest. Figures 3-15 through 3-17 and 

Figure 3-15 
Open Systems RISC MPU Market Forecast, Units 
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Figure 3-16 
Open Systems RISC MPU Market Forecast, Revenue 
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Source: Dataquest (December 1992) 

Table 3-8 show the forecasts by product family. Key assimiptions 
are as follows: 

a All of these processor families, with the exception of tihe 
PowerPC, will experience low to moderate revenue growth for 
differing reasons over the next five years, but will not achieve 
dramatic volume growth because of the lack of support by 
mainstream PC volume vendors. 

• SPARC family processors wiU continue rtuld vmil growth, peaking 
in 1995 as a result of a Sun-only computer market, Solaris as the 
only operating system, and no real volvmie-embedded applica
tions. ASPs wiU drive toward low in the $200 range to reach the 
price targets that Sim will go after. 

• MIPS family processors will show reasonable growth during this 
forecast period, primarily driven by embedded applications, and 
additionally supported by continued growth of Silicon Graphics 
and a small niimber of volume system vendors marketing it with 
Windows NT. ASPs will drive toward low in the $100 range 
because of the embedded focus. 

• PA-RISC family processors will grow strongly during this period, 
starting from a small captive base, because of the strength of HP 
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Figure 3-17 
Open Systems RISC MPU Market Forecast, ASF i 
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in workstations, the perfonnance leadership of the PA-RISC 
architecture, and our anticipation of \Atodows NT support by 
1994. ASPs wiU drive toward high in the $300 range as a result 
of their primary success in power-user desktops and servers. 

Alpha family processors will also grow strongly during this 
period, starting from a zero base, because of the systems sales 
chaimel strength of Digital, the support of V\todows NT, and 
attainment of a small nvimber of volume system vendors during 
the late-1993 time frame. ASPs will drive toward high in the 
$300 range as a result of their primary success in power-user 
desktops and servers. 

PowerPC family processors will exhibit dramatic growth starting 
in 1994, because of combining the two most powerful micro
processor suppliers outside of Intel (Motorola and IBM), combin
ing the two highest-volume PC suppliers, and adding a complete 
set of operating system support including Macintosh, PowerOpen, 
Taligent, and our assumption of VN^dows NT (ported by 
Microsoft) in late 1994. ASPs will drive toward the middle of 
the $200 range because of their success in the midrange desktops 
(equivalent to last year's 386DX and next year's 486DX prices). i 
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Table 3-8 
Open Systems RISC MPU Market Forecast 

Processor 

SPARC (32/32-Bit) 

Units (K) 

ASP ($) 
Revenue ($K) 

MIPS (32/32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 
PA-RISC (32/16-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 
Alpha (32/32-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

Power (32/32-Bit) 

Units (K) 
ASP ($) 
Revenue ($K) 

OSR Total 

Units (K) 

ASP ($) 
Revenue ($K) 

1990 

160 

425 
68,000 

76 

375 

28,500 

6 

900 

5,400 

0 

0 

0 

23 
800 

18,400 

265 

454 

120,300 

1991 

275 

350 
96,250 

175 
300 

52,500 

18 

850 

15,300 

0 

0 

0 

40 
760 

30,400 

508 

383 

194,450 

1992 

316 

315 
99,619 

280 
205 

57,400 

65 

765 

49,725 

0 

0 

0 

90 
722 

64,980 

751 
362 

271,724 

1993 

364 

268 
97,377 

378 
154 

58,118 

137 

574 

78,317 

40 

750 

30,000 

180 
542 

97,470 

1,098 

329 

361,282 

1994 

407 

254 

103,609 

491 
131 

64,220 

246 

430 

105,728 

112 

525 

58,800 

810 
352 

285,100 

2,066 

299 

617,457 

Source: Dataquest (December 1992) 
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Low-End Architecture Microprocessors 
The low-end architecture class of processors is actually a collection of 
the first real microprocessors to hit the market and gain widespread 
use. Included are the following families: 

• Z80 family: Includes the Z80, 8085, and 8080. 

• 680x family: Includes 6800/02/08/09 and equivalents. 

• 6502 family: Includes 6502, 65SC816/802 and equivalents. 

These processors became the basis of many new products, including 
the early high-volume PCs such as the Apple Us, Commodore 64s, 
and Radio Shack TRS-80s; the modem instrumentation such as func
tion generators, logic ancilyzers, and medical diagnostic equipment; 
and the new era of industrial control designs such as modem traffic 
lights and manufacturing process controls. In addition, the 8-bit 
processors are the architectural basis for some of the most successful 
lines of microcontrollers in use today. 

This entire class and each family in it grew through 1991, reaching 
nearly 63 million imits (see Figure 3-18). AU vendors involved in this 
class essentially compete in only one family, with the exception of 
Hitachi and SGS-Thomson. Furthermore, because the Z80 family is so 
dominant in volume, this subsegment is the real focus of our analysis. 

i 

i 
Figture 3-18 
1991 Shipments of Low-End Microprocessors, by Series 

Z280 (0.3%) 650x/Others (4.5%) 

Total = 62.41 Million Units 

Source: Dataquest (December 1992) 02002601 i 
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The actual microprocessor credited with starting the microprocessor 
revolution, the 8080, in fact no longer ships. But its code lives on com
patibly in its direct successor, the 8085, and in the eminently more suc
cessful Z80. In the case of the Z80, volume continues to grow, having 
broken through 50 million vmits in 1991. The 8085 on the other hand is 
close to the end of its long life and has a decreasing vmit voltime, 
accovmting for just more than 5 million of the 53 million total. 

Though you will not find Radio Shack shipping any more TRS-80s, the 
bulk of Z80 applications are hidden in many obscure places that just 
continue to live. These volumes are being actively supported through 
the availability of Z80 cores and enhanced versions, such as the Z180. 

Motorola first introduced the 6800 in 1974; it has since become the 
foundation for one of the broadest groups of microcomponent 
products. Among its derivative members (not all totally code-
compatible) are the 6802/08/09 microprocessors represented here 
and the 6805 and 6801/HCU microcontroller families. In fact, the 
combined 1991 unit volume for these derivative members is much 
more than 200 nuUion vmits. The 6800 is well past its prime and is 
not recommended for new designs. For new designs. Motorola steers 
designers to either the embedded versions of its 68K family, which 
can be reasonably cost-effective with much more power, or its 
microcontroller products, which are more cost-effective. 

It seems certain that the 6502 family is near the end (slightiy less than 
2 million units for a low-priced, low-growth component). However, 
with nearly 1 million units a year being consumed between Commo
dore and Apple, one could imagine a slow death over the next three 
or four years. 

Competitive Positions and Analysis 
This segment is dominated by Zilog, with nearly 40 percent of 
the volume and one of the highest growth rates, 29 percent (see 
Figure 3-19 and Table 3-9). Also turning in respectable volumes 
with positive (or zero) growth rates are the next three vendors, 
Hitachi, SGS-lhomson, and Toshiba. The remaining vendors 
represent littie significant consequence to rivalry within this 
segment. 

Zilog, the inventor of the Z80, has been regaining market share in 
the last two years, having grown back to nearly 50 percent market 
share in 1991. The other active player to also grow its Z80 volumes 
in 1991 was Hitachi, which is ranked second. Both Zilog and 
Hitachi are involved in growing their Z80 business, having jointiy 
developed the more integrated CMOS Z180 (Hitachi 64180), in addi
tion to Zilog's Z280. Volumes for the remaining vendors were 
essentially down or flat, indicating a decreasing interest in this low 
margin product. 

MCRO-SEG-MT-9201 ©1992 Dalaquest Incotporated December 21,1992 
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Figure 3-19 
1991 Top 10 Companies' Low-End Microprocessor Market Share (Units) i 

others (5.7%)-

Goldstar (1.9%) 

Oki(1.9%) 

Intel (1.9%) — 

NEC (2.6%) — 

Sharp (3.1%) 

Motorola (5.9%) 

Total = 64.80 Million Units i 
Source: Dataquest (December 1992) G2002602 

Until last year. Motorola dominated the 680x volumes with more 
than 50 percent market share. However, because of its focus on 
other areas, its 680x volvimes have dropped and SGS-Thomson 
absorbed the lost share. Hitachi, another 680x vendor, seems to 
place little emphasis on this family, as do the other minor 
shareholders in this field. 

i 
December 21,1992 ©1992 Dataquest Incorporated MCRO-SEG-MT-9201 
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Table 3-9 
Top 20 Companies' Shipments of Low-End Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
8 
8 

11 
12 
13 
13 
15 
15 
17 
18 
19 
20 

1990 
Rank 

1 
2 
3 
4 
5 
7 
6 
8 
9 

NM 
12 
11 
15 

NM 
13 
14 

NM 
17 
10 
16 

Company 
Zilog 
Hitachi 
SGS-Thomson 
Toshiba 
Motorola 
Sharp 
NEC 
Intel 
Oki 
Goldstar 
Rockwell 
National 
Mitsubishi 
NCR 
Siemens 
AMD 
UMC 
Harris 
CA MiciO Devices 
Fujitsu 

All Others 

Total Low-End MPU 

1990 
Units 
19,800 
8,200 
7,900 
5,700 
3,900 
2,500 
2,600 
1,700 
1,600 

NA 
600 
650 
420 
NA 
490 
480 
NA 
270 
710 
300 

120 

57,900 

1991 
Units 

25,500 
10,200 
7,900 
6,300 
3,800 
2,000 
1,700 
1,200 
1,200 
1,200 

620 
550 
380 
380 
350 
350 
300 
280 
270 
200 

90 

64,800 

P 
C 

NA = Not available 
NM = Not meaningful 
Columns may not add to totals shown due to rounding. 
Low-end MPUs consist of the Z80/8080, 680x, and 6502 families. 
Source: Dataqufist (December 1992) 
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Forecast and Assumptions 
Low-end architecture processors combine the highest imit voliimes 
with the lowest ongoing R&D investment. Dataquest predicts that 
revenue as well as unit volumes will begin to faU off in 1992 
and continue a gradual decline over the next few years (see 
Figvtres 3-20 through 3-22 and Table 3-10). Key assumptions 
relating to this forecast are as follows: 

• ASPs have experienced the bulk of their erosion and wiU decline 
only slightly during the next few years. 

• These processors have been kept alive by the obscurity of their 
applications, most of which are not high-technology goods that 
do not get redesigned often. 

• Most new designs will either migrate to the more robust 
embedded 16 or 32-bit architectures (which can work with 8-bit 
external words) or the more integrated microcontrollers. 

• The longest living of these dinosaurs wiU definitely be the Z80, 
with its exceptional volumes and reasonably active development 
and support efforts. 

• The 68xx and 6502 will begin to fall off dramatically by the 1995 
tim.e frame, when even the most stodgy applications will have to 
be redesigned. 

Figure 3-20 
Low-End MPU Market Forecast, Units 

Millions of Units 
55-tf 

1991 1992 1993 1994 1995 1996 

0 Z80/8080 (8-Bit) 280/8080(7280) (16-Bit) Q 680x (8-Bit) • 650x/Others (8-Bit) 

Source: Dataquest (December 1992) Qsooeeoa 
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Figure 3-21 
Low-End MPU Market Forecast, Revenue 

Thousands of Dollars 
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Figure 3-22 
Low-End MPU Market Forecast, ASP i 
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Table 3-10 
Low-End MPU Market Forecast 

Processor 

Z80/8080 (8-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

Z80/8080 (Z280) (16-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

680X (8-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

650X/Others (8-Bit) 

Units (K) 

ASP ($) 

Revenue ($K) 

Total 

Units (K) 

ASP ($) 

Revenue ($K) 

1990 

38,900 

2.10 

81,690 

240 

18 

4,320 

7,230 

2 

17,352 

2,900 

3 

8,700 

49,270 

2 

112,062 

1991 

52,050 

1.75 

91,088 

160 

16 

2,560 

7,400 

2 

16,280 

2,800 

3 

8,400 

62,410 

2 

118,328 

1992 

40,599 

1.75 

71,048 

128 

15 

1,946 

5,550 

2 

12,210 

2,240 

3 

7,392 

48,517 

2 

92,596 

1993 

40,193 

1.72 

68,931 

83 

14 

1,201 

4,995 

2 

10,989 

1,792 

3 

5,914 

47,063 

2 

87,035 

1994 

39,791 

1.68 

66,877 

0 

0 

0 

4,246 

2 

9,341 

1,434 

3 

4,731 

45,470 

2 

80,948 

Source: Dataquest (December 1992) 
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Embedded System Focused Microprocessors 
Perhaps the least imderstood of the microprocessor classes, the 
embedded system focused microprocessors accounted for a respectable 
$230 million in revenue for 1991. Though paling in comparison to the 
size of the x86 segment or the growth rate of the OSR segment, this 
class will set the pace for some exciting market segments. 

This class is defined as the collection of 16- and 32-bit micioprocessors 
created for (or now primary selling into) embedded system applica
tions. These applications include such areas as data processing 
peripherals, telecommimications systems, and hand-held electronic 
devices (personal digital assistants, or PDAs, and personal commimica-
tors). At this time, Dataquest divides this class into the following 
subsegments and specific products: 

• 16-bit processors: Includes the Z8000 and various other less 
significant processors. 

• CISC 32-bit processors: Represents the past generation of 32-bit 
devices, including the 32xxx and various others. 

• RISC 32-bit processors: The new generation of 32-bit devices 
including the i960, 29K, ARM, and Hobbit. 

Current revenue is divided relatively everUy among the three subseg
ments (see Figvire 3-23). In contrast to this situation, the RISC 32-bit 
subsegment will accoxmt for the overwhelming majority by the 1996 
time frame. 

i 

i 
Figure 3-23 
1991 Proprietary MPU Revenue, by Subsegment 

Source: Dataquest (December 1992) G2QOZ50e 

i 
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Significant Product Applications 
The most significant products and their primary applicatioris are as 
follows: 

• Z8000: A 16-bit CISC microprocessor invented by ZUog and 
second-sourced by SGS-Thomson and Sharp, it accoimted for 
about 2 million vmits last year. It has fotmd most acceptance in 
real-time control applications, largely military and industrial. 

• 32xxx: A 32-bit CISC microprocessor (offered with both 32- and 
16-bit I /O versions) invented and sole-sovirced by National, it 
accovinted for about 1.1 million imits last year. It has been most 
successful in office peripherals such as laser printers and 
facsimile machines. 

• Transputer: A 32-bit RISC microprocessor invented and sole-
sourced by Inmos, a division of SGS-Thomson, it accounted 
for 260,000 xmits last yew. It has made its success primarily in 
Europe, with specific victories in telecommxmications equipment 
where mviltiprocessing is a big plus. 

• i960: A 32-bit RISC microprocessor invented and sole-sourced by 
Intel. It began its estfly grovrth through a variety of applications, 
gaining the most groimd in intelligent network equipment (now 
far surpassed by laser printer voliomes) such as bridges and 
routers, which accoimted for about 200,000 units in 1991. 

• 29K: A 32-bit RISC microprocessor invented and sole-sourced by 
AMD, which drew in about 225,000 units in 1991. Its application 
base includes more than 350 design wins in Iciser printers, net
working, coirununications controllers, and industrial systems. As 
with the i960, its most substantial wins were in laser printers 
(accovinting for about 550,000 units this year), which include 
Apple and HP (LaserJet nisi). 

• Hobbit: A 32-bit RISC microprocessor invented by AT&T and 
soon to be second-sotuced by NEC. It is aimed at a new class of 
devices called personal commvmicators, a combination of palmtop 
pen computer and cellular telecommunicator. The Hobbit is 
designed to provide high performance (with full 32-bit address
ability), low power consumption, and the ability to integrate 
leading-edge communications hinctions on one chip. 

• ARM: A 32-bit RISC microprocessor invented by Acorn Com
puters and commercialized through a joint development by 
Apple, VLSI Technology, and Acorn, the ARM processor has 
fotmd early applicatioi\s in home computers and drawing acceler
ators but is now the main focus of development for Apple and 
Sharp's new line of PDAs. 

Competitive Positions and Analysis 
Based on vmit shipments, today's field of competitors is dominated 
by companies delivering CISC technology-based processors (see 
Figure 3-24 and Table 3-11). In the leading position, representing 
the Z8000 product, is Zilog, a company toown for delivering high 
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Figure 3-24 
1991 Top 7 Companies' Embedded Microprocessor Market Share (Units) 

Inmos (3.9%)-

AMD(4.6%)-

Intel (4.6%) -

Total = 6.80 Million Units 

Source: Dataquest (December 1992) 6200260(7 
i 

volumes of microprocessors (the Z80 in particular). It produced 
1.7 million units in 1991. Next is National Semiconductor, with 
1.1 million units of its 32xxx series. SGS-Thomson, which also 
markets the Z8000 as well as its own Transputer (Lnmos Division), 
turned in a respectable 780,000 units for 11.6 percent market share 
in 1991. All three of these segment-leading companies are experienc
ing relatively flat sales growth because of the age of these architec
tures, compared to the new wave of competition hitting the market, 
which is described in the following section. 

Intel hit pay dirt this year with the i960 because it sold its soul 
to win the contract of the year, HP's new LaserJet IV, which will 
replace the current generation and account for much more than 
1 million units in 1993. This deal reputedly included a relatively 
profitless unit price on top of issuing HP some hnuted manufac
turing rights. Though it will gain the economics of high volume, 
Intel will have to improve the i960's cost structure before it will 
be poised to go after a wider range of price-critical performance-
oriented designs. Also under Intel is the i860, a 50,000-units-per-
year processor that seems to be going nowhere fast. 

December 21,1992 ©1992 Dataquest Incotpoiated MCRO-SEG-MT-9201 
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Table 3-11 
Each Company's Shipments of Proprietary/Miscellaneous Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

6 

8 

9 

9 

11 
12 

13 

14 
15 
16 

16 

18 

1990 
Rank 

3 

1 

5 

1 

4 

9 

10 

7 

6 

11 

8 
14 

13 

16 
17 

15 

18 

12 

CompaiL]^ 
ZUog 

National 

SGS-Thomson 

Harris 

Texas Instrumet^ 
Intel 

AMD 

Inmos 

Matsushita 

Hitachi 

Hughes 
Motorola 

VLSI Technology 
Performance 
Mitsubishi 
Sharp 

Fujitsu 

Toshiba 

Total Proprietary/ 

Miscellaneous MPU 

1990 
Units 

930 

1,000 

620 

1,000 

860 

110 

100 

240 

320 

99 

180 
62 

71 

22 
8 

54 

6 

74 

5,800 

1991 
Units 
1,700 

1,100 

780 

750 

690 

310 

310 

260 

220 

220 

150 

85 

70 

24 
20 
10 

10 

4 

6,800 

Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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Meanwhile, A M D continues to sustain its high growth rate with the 
29K family, which laimched itself to an estimated 750,000 units this 
year. This year also saw the introduction of the Am29200, a com
pletely integrated processor subsystem that has set the new stan
dard for embedded processors. The 29200 includes the 29K core, 
DRAM/ROM controller, programmable DMA, 16 programmable I / O 
channels, 8 intemipts , serial port, parallel port, and a host of inter
nal controls, including a wait-state generator, 24-bit t imer/counter, 
and a high-speed serializer/deserializer (for laser printer interfaces). 

AT&T Microelectronics has been developing its technology base to 
deliver a complete line of components for mobile computing and 
commvmications applications. Its latest venture is its Personal Com-
mvmication Systems business xmit, centered around the Hobbit 
processor. Its current set of alliances includes NEC (which will 
second-source the Hobbit), Toshiba, and EO (which will provide 
the PenPoint operating system). 

SGS-Thomson, through its Inmos Kvision, mantifactures one of the 
first embedded RISC processors, the Transputer. A good technical 
design incorporating multiprocessing capabilities, the Transputer 
gained reasonable strength in the European market, especially in 
telecommunications equipment. However, insufficient promotion has 
caused this product to stagnate over the last two years, allowing 
larger industry vendors to catch up . Based on c u n e n t events, this 
wiU ultimately lead to a gradual decline in Transputer sales in 
three to five years because of encroachment by newer, better-
integrated, better-supported processors. SGS-Thomson also ships the 
Z8000, another processor that will run into difficult competition in 
the next few years. 

The combined marketing power, manufacturing strength, and 
development skills of Apple and Sharp set on top of the custom IC 
development skills of VLSI represents the set of strengths that VLSI 
Technology will use to successfully deliver its ARM processor. 
Originally designed b y Acorn Computers, the continuation of the 
ARM processor was spun off into an independent company called 
Advanced Rise Machines Ltd. under joint funding from Apple and 
VLSI Technology. Now the focus is on delivering complete hand
held PDAs, as Apple calls them, requiring a great deal of software 
and product design (interface circuits and packaging) to start 
producing these devices in the millions. 

Additional vendors worth mentioning include Motorola and TI. 
Motorola is represented in this segment by its 88K RISC micro
processor, an advanced high-performance architecture that unfor
tunately will miss the fiigh-performance computing market (except 
for Data General) as they had originally planned. It does however 
have a shot at a second wind through automotive engine control 
applications. TI is represented in this segment by its 340xx CISC 
microprocessors designed primarily for graphics applications. Actu
ally, the 340xx was quite advanced for its time, bu t because of 
some errors in marketing decisions, it never hit the big t ime and is 
now sliding fast into the background. 
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Forecast and Assumptions 
This entire class is forecast to show strong revenue growth over the 
next five years, more than doubling sales by 1996 (see Figures 3-25 
through 3-27 and Table 3-12). The RISC 32-bit portion will represent 
the majority of future growth and volvime, eclipsing the other sub-
segments by 1996. Key assumptions for this forecast include the 
following: 

• Volvime will continue to grow through 1994, primarily from the 
increase in office automation applications, primarily laser printers, 
and led by the i960 and 29K. 

• Volume growth will increase dramatically in 1995 and 1996 
because of the explosive growth in hand-held electronic devices, 
led by the ARM and Hobbit processors. 

• ASPs wUl drop off consistently throughout this period as the 
product mix moves down first from high-volume laser printer 
applicatioris and then from the low-cost hand-held devices. 

Figure 3-25 
Embedded MFU Market Forecast, Units 

Millions of Units 

12-(| 

10-

1990 1991 

0 All 16-Bit (16/16-Bit) 

i9ga 1993 1994 

• CISC 32-Bit 

1995 1996 

S RISC 32-Bit 

Source: Dataquest (December 1992) Q20(»Eoe 
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Figure 3-26 
Proprietary MPU Market Forecast, Revenue 

Thousands of Dollars 

500,000-

1990 1991 
T 1 "••'" I 

1992 1993 1994 

H RISC 32-Bit 

CISC 32-Bit 

0 All 16-Bit 

1995 1996 

Source: Oataquest (December 1992) Ga002609 i 
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Figure 3-27 
Proprietary MPU Market Forecast, ASP 
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Table 3-12 
Proprietary MPU Market Forecast 

Processor 

AU 16/16-Bit (16/16-Bit) 

Units (K) 

ASP {$) 

Revenue ($K) 

CISC 32/32-Bit 

Units (K) 

ASP ($) 

Revenue ($K) 

RISC 32/32-Bit 

Units (K) 

ASP ($) 

Revenue {$K) 

Proprietary Total 

Units (K) 

ASP ($) 

Revenue ($K) 

1990 

2,100 

29 

60,900 

1,310 

69 

90,700 

480 

115 

55,200 

3,890 

53 

206,800 

1991 

2,500 

28 

68,875 

1,360 

65 

87,875 

800 

95 

76,000 

4,660 

50 

232,750 

1992 

2,750 

26 

71,974 

1,384 

59 

81,976 

2,100 

55 

115,500 

6,234 

43 

269,450 

1993 

3,025 

25 

75,213 

1,415 

54 

76,625 

3,150 

44 

138,600 

7,590 

38 

290,439 

1994 

3,176 

24 

75,025 

1,387 

49 

67,330 

5,355 

37 

200,277 

9,919 

35 

342,633 

Source: Dataquest (December 1992) 
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Chapter 4 
Microperipheral IVIarlcet Segment 

The majority of microperipheral applications naturally lie in computer 
systems matched up with microprocessors that power the system, 
However, this situation is changing. As more and more communica
tions and consumer equipment become "computerized/' micro-
peripherals will play an increasing role outside of mainstream com
puters. An example is hand-held electronic devices (HEDs), an 
application segment representing a conglomeration of personal 
communicators, palmtop computers, and other portable accessories. 

Dataquest defines microperipherals as logic devices used with 
microprocessors (or microcontrollers in minor cases) to implement the 
bulk of the direct CPU interface functions in both host systems and 
embedded devices. Many functional solutions within each subsegment 
are implemented as a set of multiple devices or a chip set, and many 
use ASIC methodologies to develop these merchant diips. Micro-
peripheral products are further divided into the following 
subsegments: 

• System core logic chip setST Devices dedicated to a particular 
microprocessor interface that perform some basic interface functions 
such as memory management, DRAM contiol, cache control, bus 
interface controllers, DMA contiollers, and interrupt contiollers. 

• Math coprocessors: Devices that interface directly to a particular 
microprocessor and perform floating point calailations (also 
referred to as floating point units). 

• Graphics and imaging controllers: Etevices that typically interface 
to some form of system bus to interpret, control, and display the 
visual output of systems (computer-generated graphics, live video, 
and other images), including PC graphics chips, image processors, 
and video codecs. 

• Communications controllers: Etevices that control, format, and per
form handshaking for the transmission and reception of information 
between systems or intelligent devices, which includes network con
trollers, modems, serial UARTs, and other communications 
interfaces. 

• Mass storage controllers: Devices used to control data storage into 
and retrieval from aU forms of mass storage media (magnetic, opti
cal, and others), which includes controllers used vrithin host com
puters (host-side) and within mass storage drives (device-side). 
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• Other microperipherals: Devices used to input or output informa
tion through other forms, including audio input and output con
trollers, keyboard controllers, pen-input controllers, parallel port 
controllers, and various miscellaneous devices. 

Microperipherals are projected to grow moderately from slightly more 
than $3 billion in 1991 to nearly $5 billion in 1996 (see Figiure 4-1 and 
Table 4-1). Though the largest subsegment today is system core logic, 
it is projected to decline slightly over the next five years primarily 
because of portable systems using highly integrated processors. Math 
coprocessors, devices whose time has come and gone because of the 
new age of integrated microprocessors, will fall off sharply over the 
next three years. Driven by the increasing importance of graphical 
user interfaces (GUIs) and multimedia, graphics and imaging con
trollers wiU grow handsomely over the next several years. Commimi-
cations controllers, led by network interface devices, will exhibit 
strong growth as connectivity becomes pervasive. Mass storage con
trollers, used in every host system and nearly all types of storage 
drives, wiU double in revenue by 1996. Finally, the other micro-
peripherals used to interface some of today's "nontypical" input/ 
output devices will reach $1.2 billion by 1996, driven primarily by 
audio controllers, one of the fastest growing areas. 

Figure 4-1 
Total Microperipheral Revenue^ b y Subsegment 

Millions of Dollars 
5,000 

m 

m 

n 

El 

• 

^ 

Other Devices 

Mass Storage 
Interface 
Controllers 

Network and 
Communications 
Controllers 

Graphics and 
Imaging Controllers 

Math Coprocessor 
Chips 

System Core 
Logic Chips 

1990 1991 1992 1993 1994 1995 1996 

Source: Dataquest (December 1992) G20ce6ii 
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Table 4-1 
Microperipheral Forecast, by Subsegment 

a 

S 
3 

Device Type 

System Core Logic Qiips 
Units (K) 

ASP ($) 

Revenue ($K) 
Math Coprocessor G h ^ 

Units (K) 
ASP ($) 

Revenue ($K) 
Graphics and I m t i ^ ^ CmttroUeis 

Units (K) 
ASP ($) 

Revenue ($K) 

-4 

dfJ^ 

i 

lU-
Networks Commfeoticatic^ Controllers 

Units (K) 
ASP ($) 
Revenue ($K) 

Mass Storage Interface Controllers 

Units (K) 
ASF ($) 
Revenue ($K) 

Other Devices 

Units (K) 
ASP ($) 
Revenue ($K) 

MFR Total 
Units (K) 

ASP {$) 
Revenue ($K) 

if 

ix'^i 

1990 

19,920 

39 
769,460 

6,259 
89 

558,054 
— 

19,609 
22 

430,432 

45,500 
10 

465,500 

60,893 
6 

393,029 

370,000 
1 

370,000 

522,180 
5.72 

2,986,475 

1991 

22,616 
33 

756,932 

6,028 
82 

496,917 

22,128 
22 

491,850 

56,901 
9 

527,101 

65,629 

6 
407,239 

340,000 
1 

340,000 

513,302 

5.88 
3,020,039 

1992 

23,509 

29 
675,176 

5,766 
70 

403,993 

28,722 

26 
743,558 

68,736 
9 

608,029 

75,891 

6 
462,505 

400,000 
1 

400,000 

602,623 

5.46 

3,293,261 

1993 

23,929 

26 
629,042 

3,867 
49 

188,280 

31,235 
25 

779,750 

82,084 

8 
679,031 

88,922 
6 

530,104 

500,000 
1 

500,000 

730,038 

4.53 

3,306,207 

1994 

24,484 

25 
605,770 

2,268 
41 

94,094 

34,437 

26 
889,826 

97,107 
9 

825,638 

105,339 

6 
611,977 

625,000 
1 

625,000 

888,635 

4.11 

3,652,305 

Source: Dataquest (December 1992) 
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Though much of the available volume for microperipherals is driven 
by common sets of applications, their penetration ratios, demand fac
tors, and industry participants are more disparate than homogeneous. 
Figure 4-2 and Table 4-2 show market share distribution (top 10 ven
dors) of total revenue in microperipherals, each vendor participating 
in one or many unrelated subsegments. Therefore, the market trends 
and analysis relevant to each individual subsegment—except other 
microperipherals—^will be presented in the sections that follow. A 
detailed analysis of other microperipherals wiU appear in a subsequent 
report on audio and other new input devices. 

i 

Figure 4-2 
1991 Top 10 Companies' Microperipheral IC Market Share 

Toshiba (5%) 

Cirnis Logic (5%) 

National Semiconductor (5%) 

Westem Digital (7%) 

VLSI Technology (5%) 

Texas Instruments (6%) 

Chips & Technologies (5%) 

Total = $3.02 Billion 

I 

Source: Dataquest (December 1992) G£00e613 
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Table 4-2 
Top 10 Companies' Factory Revenue from Shipments of Microperipheral ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 
2 
3 
3 
5 
6 
7 
8 
9 

10 

1990 
Rank 

1 

6 

4 

9 

3 

2 
11 

5 

10 
7 

Intel 

Western Digital 

Motorola 

Texas Instruments 

NEC 

Chips & Technologies 
VLSI Technology 
National Semiconductor 

Cirrus Logic 
Toshiba 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

Total Market 

1990 
Revenue 

544 

148 
167 

130 
176 

240 
104 

150 
129 
144 

993 

2,049 
700 

135 

41 

2,925 

1991 
Revenue 

650 

209 
194 

194 
192 

165 
161 
153 

151 
149 

802 

2,260 
747 

. 109 

103 

3,020 

Source: Dataquest (December 1992) 
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System Core Logic Chip Sets 
At a 1991 revenue of more than $750 million, this is the largest sub-
segment of microperipherals and represents the conduit between the 
microprocessor and all the other electronic devices. This includes both 
single and multichip chip sets as well as discrete devices supporting 
the following functions: 

• Cache controllers 

• Memory management imits 

• DRAM controllers 

• Bus interface controllers 

• DMA controllers 

• Interrupt controllers 

Demand for core logic is linked directly to that of microprocessors, 
and especially those used in computer applications. Core logic chips 
are divided into two subsegments, 80x86 PC core logic and other core 
logic. The 80x86 PC segment is overwhelmingly dominant for several 
reasons, as follows; 

• Computer system imit volumes are dominated by 80x86 PCs. 

• Most 80x86 PCs are designed using merchant core logic. 

• Motorola has never developed an integrated line of core logic for 
the 68K microprocessor fainily, which is primarily used in computer 
systems by Apple and Commodore with their own ASICs. 

• Most RISC-based systems use custom ASICs for system core logic. 

• Most embedded applications use either ASICs (for high volvune) or 
discrete/PLD-based designs (for low volimie). 

Most people consider cote logic chip sets to be synonymous with the 
80x86 PC core logic subsegment. This subsegment can be further 
broken down by bus type, by processor type, and by platform type 
(that is, desktop versus portable). Dataquest uses bus type as the 
primary segmentation boundary because this is the most crucial stra
tegic decision outside of platform type (we expect to add platform 
type as a segment basis during 1993). Bus type segments include only 
system interface buses and do not include expansion "ports." Support 
for the PCMCIA expansion port is projected to grow rapidly during 
the next five years, penetrating more than 80 percent of all systems 
by 1996, 

Current trends within the x86 PC core logic are as foUows: 

• 486s are ramping fast, with 486SX and DX2s leading growth. 

• P5 is aroxmd the comer, presenting a new challenge with 64-bit bus 
and much higher speeds. 

• ISA is the dominant system bus, with local bus support becoming 
critical. EISA is relegated to servers and high-end systems. 
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• Local bus support currently favors \^deo Electronics Standards 
Association (VESA) VL bus, with PCI expected to take over within 
12 months. 

• Cache controllers are becoming a critical performance element, used 
by ahnost all 386DX and 486DX systems. 

• The Intel SL product line is taking a healthy portion of notebook 
volume; this will increase with the introduction of the 486SU which 
does not reqiiire a core logic chip set (it includes all the memory, 
bus, and power control logic required to build a notebook com
puter). 

Competing with a relatively homogeneous set of products, the indus
try has seen continued price erosion throughout the past two years 
as more vendors use price to attract customers. Certain features, 
however, stUl allow premium prices to be obtained. Cache is consi
dered a must (by market perception) in those systems where it is com
mon. In many 486 applications, bus operations can be dominated by 
writes instead of reads, based on the efficient use of the internal cache. 
This makes features such as byte gathering write-buffering and secon
dary caches even more important to system performance. In addition, 
the following factors influence pricing: 

• Flexibility of designs is becoming critical to OEMs as the breadth of 
microprocessor choices expands. 

• Performance in the Windows envirorunent is tiie most crucial 
benchmark. 

• System price/performance continues to be the bottom line, with 
price outweighing performance. 

Bus Wars: The Continuing Saga 
Until recently, the debate over bus standards was centered around the 
traditional system expansion buses, Industry Standard Architecture 
(ISA), Extended Industry Standard Architecture (EISA), and Micro-
channel Architecture (MCA). For years, it was predicted that EISA 
and MCA would grow substantially, overtaking the obsolete ISA 
bus. However, this theory was all but abandoned diiring the last 
year because the local bus phenomenon has hit, giving rise to a 
higher-performance, more cost-effective method of interfacing to 
other microperipherals. 

The local bus movement was driven by the need for hi^perfocmance 
peripherals, primarily graphics controllers, to gain higher bandwidth 
ccmmunicatian vrith ttie CPU. In order to achieve higher performance, 
vendors began to connect graphics diqjs directly to the CPU data and 
address buses with discrete arbitration logic. Because this led to vari
ous ad hoc approaches to the problem, it created a standards problem, 
which led to two separate movements, each with a slightly different 
set of objectives. 
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Representing the interests of the graphic chip and board vendors, 
VESA set up a committee to develop a standard local bus interface, 
primarily for the 486 processor. This resulted in the VL bus specifica
tion, first published in mid-1992 and then fully ratified as a standard 
in the fall. Representing the interests of the 80x86-based system busi
ness, Intel embarked on creating a local bus standard that would be 
processor-independent and peripheral-efficient. This resulted in the 
Peripheral Component Interconnect (PCI) bus, also armounced in 
mid-1992. A comparison of these two buses is further accentuated by 
the following factors: 

• The VL bus has a higher potential peak bandwidth because it 
shares the same data/address buses. However, this prevents concur
rent bus operation of processor and peripherals, which is allowed 
by tiie PCI bus. 

• The PCI bus uses a multiplexed data/address bus scheme that 
reduces the number of peripheral cormections to 45 pins, compared 
to more than 100 for the VL bus, which represents a large cost 
advantage for most microperipheral components. 

• The VL bus initially had the advantage of a connector specification 
to allow for add-in cards. However, PCI now offers a coimector 
specification (October 1992) that is more space-efficient on the 
motherboard than the VL bus. 

• The VL bvts is a relatively minor change to the direct 486 local bus 
interface being used already, and as such begins with much greater 
component availability than the PCI bus and will be the tactical 
winner in early volume during 1993. 

• The PCI bus is considered to be a superior specification by most 
system manufacturers and is becoming the strategic development 
focus for most microperipherals. It will become the dominant 
volume leader in the future, eventually making the VL bus 
approach obsolete. 

• The PCI bus will also be used by other processors (including Digital 
Eqiiipment Corporation's Alpha chip) to tap into the variety of 
80x86 peripherals. 

As a result of the onset of local buses, most importantiy the PCI bus, 
standard expansion buses used to segment core logic chip sets will 
become further fragmented into the following subsegments and ver
sions. Note that this segmentation denotes only support of system-
level buses and does not preclude addition of expansion ports such as 
PCMCL^. 

• ISA-bus chip sets include (both AT and older XT) designs with: 

• ISA (or PC XT) bus support 

o ISA and VL bus support 

o ISA and PCI bus support 
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• EISA-bus chip sets include designs with (note that EISA with VL 
bus chip sets are not expected to be significant if introduced): 

o EISA-only bus support 

o EISA and PCI bus support 

• MCA-bus chip sets include any chip set supporting the MCA 
bus. 

• PCI-bus chip sets include chip sets that only support the PCI bus 
without provision for any other expansion bus (which will be 
supplanted by support for PCMCIA ports). 

Outside of popular 80x86 PC core logic segment the trend is moving 
toward integrated chip sets for RISC processors. Most notable is the 
introduction of severed devices for the SPARC processor, as well as 
the chip set introduced by MIPS for its own processors. Though these 
devices are offered at a relatively high price tag, we expect this trend 
to continue, with more aggressively priced products appearing for the 
PowerPC architecture in anticipation of its high growth. 

Competitive Positions and Analysis 
The 80x86 PC core logic subsegment is home for a large number of 
significant vendors (see Figure 4-3 and Table 4-3). However, three 

Figure 4-3 
1991 Top 10 Companies' 80x86 Core Logic Chip Set Market Share 

Eteq Microsystems (4%) —-

Headland (4%) — . 

ACC Microelectronics (4%) ~J 

Texas Instruments (5%) 1 

Western Digital (6%) — ^ 

United Microelectronics (6%) -

Total 

X / ^ Others 
/ \ (11%) 

\ / Opti 
_J\/ (9%) 

= $684.70 Million 

VLSI \ 
Tectinology \ 

(20%) \ 

\^ Chips & 1 
\ Technologies • 

\ (19%) a 

Intel \ ^ 
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Source: Dataquest (December 1992) G2002613 
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Table 4-3 
1991 Core Logic Chip Set Market Share 

a. 

o 
30 
O 

3 

1991 
Rank Vendor 
80x86 Core Logic Chip Sets: All Segments 
Worldwide Market Share by Vendon 1991 
1 VT Î Technology 
2 Chips & Technologies 
3 Intel 
4 Opti 
5 United Microelectronics 
6 Western Digital 
7 Texas Instruments 
8 ACC Microelectronics 
9 Headland 
10 Eteq Microsystems 

Others 
Total 

Revenue ($K) 

135,000 
130,000 
80,000 
63,000 
43,000 
40,000 
35,000 
30,000 
28,000 
24,000 
76,700 

684,700 
80x86 Core Logic Chip Sets: ISA Segment (Including XT) 
Worldwide Market Share, by Vendor: 1991 
1 VLSI Technology 
2 Chips & Technologies 
3 Opti 
4 United Microelectronics 
5 Western Digital 
6 Texas Instruments 
7 ACC Microelectronics 
8 Headland 
9 Eteq Microsystems 
10 Intel 

Others 
Total 

135,000 
126,000 
63,000 
43,000 
40,000 
35,000 
30,000 
28,000 
24,000 
2,000 

76,000 
602,000 

Share (%) 

20 
19 
12 
9 
6 
6 
5 
4 
4 
4 

11 
100 

22 
21 
10 
7 
7 
6 
5 
5 
4 
0 

13 
100 

Shipments (K) 

4,637 
4,160 

475 
2,280 
1,370 
1,349 
1,260 
1,023 

890 
625 

2,657 
20,726 

4,637 
4,120 
2,280 
1,370 
1,349 
1,260 
1,023 

890 
625 
45 

2,650 
20,249 

Sh 
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Table 4-3 (Continued) 
1991 Core Logic Chip Set Market Share 

i 

1991 
Rank Vendor 
80x86 Core Logic Chip Sets: EISA Segment 
Worldwide Market Share, by Vendor: 1991 
1 Intel 

Others 

Total 
80x86 Core Logic Chip Sets: MCA Segment 
Worldwide Market Share, by Vendor: 1991 
1 Intel 
2 Chips & Technologies 

Others 
Total 

Revenue ($K) 

70,000 
200 

70,200 

8,000 
4,000 

500 
12,500 

Share (%) 

100 
0 

100 

11 
6 
1 

18 

Shipments (K) 

375 
2 

377 

55 
40 
5 

100 

S 

. 

Source: Dataquest (December 1992) 
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comparues typify the current dynamics of this fast-moving segment of 
microperipherals. In the No. 1 position with a low growth rate is VLSI 
Technology, the current leader in 16-bit PC systems (386SX and 286). 
In the No. 4 position with the highest growth rate is Opti, the current 
leader in 32-bit PC systems (486 and 386DX). Chips & Technologies, 
steadily losing market share because its product line failed to keep 
up witti the changes taking place, is in second place. Also noteworthy 
in any 80x86 context is Intel, in third place, which until the last 12 
months was the only merchant vendor of EISA bus chip sets and 
created the early de facto standards in interrupt controller and cache 
controller chips. Already insignificant and dying is the MCA bus chip 
sets, the stillbom child of IBM, whose merchant versions by Intel and 
Chips & Technologies never took off. The following paragraphs offer 
brieJf synopses of the positions and products for each leading vendor. 

No. 1-ranked VLSI Technology represents 20 percent of the market 
revenue and 22 percent of the unit volimte. Wiiti its primary emphasis 
as a company on PC products, it offers the broadest line of chip sets 
for both desktop and notebook systems (having formed the Portable 
Systems Division in mid-1992). Qn top of its size and product breadth, 
VLSI gained further by forming a strategic partnership with Intel to 
develop integrated 386 processor/chip set products for the hand-held 
market. This will also result in an advantageous position for VLSI in 
the mainstream notebook market, being one step ahead in integration 
technology. VLSI's product line includes the following: 

• For desktops: 

a VL82C311 (SCAMP), a single-chip ISA controller for low-cost 
386SX-based systems. 

o VL82C486, a single-chip (without cache) ISA controller optimized 
for 486-based systems. 

£3 VL82C425, a second-level cache controller for use with the 
VL82C486 chip. 

o VL82C480, a single-chip (with cache) ISA controller designed for 
486-based systems. 

• VL82C106, a combination I /O chip solution that supports two 
serial ports, parallel port, keyboard, mouse, and real-time clock. 

a VL82C113A, a combination I /O chip optimized for use with the 
VL82C486 and C311 system controllers. 

• For notebooks: 

o KODIAK, a low-power chip set for 486 and 386DX systems 
comprising a system controller, power management unit, and 
bus-expanding controller. 

a SCAMP n, a two-chip set for 386SX-, Am386-, and Cx486SLC-
based systems, including system management interrupt. 

o SCAMP Notebook, a three-chip set (including the SCAMP-LT 
single chip controller) for 386SX- and 286-based systems 
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As is widely known. Chips & Technologies started the PC core logic 
chip set business in the mid-1980s. It was the first to introduce chips 
for the early 286- and 386-based clone PCs and has remained focused 
on desktop solutions. Its product line includes a wide range of ISA-
compatible chip sets for 386SX, 386DX, and 486 processors, as well as 
an MCA-compatible chip set. Though ranked second in overall core 
logic chip sales. Chips & Technologies has been steadily losing market 
share (down from 40 percent in 1988) over the last three years. This is 
a direct result of its "bet your company" focus on entering the 386 
processor business, a move that has placed it in severe financial 
difficulties. The highlight within the last 12 months was introduction 
of WINCHIPS, a high-performance desktop ISA chip set offering 
modularity (one- to three-chip solutions), VL bus support, and low-
TTL-part count. Unfortunately, PC systems designed around Chips & 
Technologies' older products are becoming obsolete and the WIN-
CHIPS product has yet to gain significant design wins, placing the 
company in jeopardy. 

Intel has had mixed successes in its chip set product endeavors rang
ing from its de facto standards in cache controllers (82385), interrupt 
controllers (8259A), and EISA chip sets to its de facto failures in MCA 
and ISA chip sets. Though its primary goal in chip sets is to enable 
80x86 processor growth, Intel always looms in the distance as the most 
dangerous threat to the entiie chip set business. This year Intel hit 
with two big introductions that will affect the development paths of 
all other companies, as follows: 

• Advanced Programmable Interrupt Controller (APIC) architecture, 
which is optimized for multiprocessor systems running multitasking 
operating systems. The first version was introduced in October; the 
824S9DX can work alongside the standard 8259A, improves inter
rupt response, and allows hardware priority tuning with d3rniamic 
interrupt distribution. 

• The Peripheral Component Interconnect (PCI) bus standard and the 
industry's first combination ISA/PCI chip set (November 1992). The 
82420 PCI chip set was optimized for 486-based designs and 
includes the 82424TX cache DRAM contixjller (CDC), the 82423TX 
data path tmit (multiplexer/demviltiplexer), and the 82378IB system 
I /O component (DMA, IDE, arbitration, and ISA bus interface). 
These chips wiU be sold both as a complete chip set as well as 
separately. 

Opti (Santa Clara, California) was founded in 1989 and is the fastest-
growing company of the major PC logic chip set companies. As a 
noted spin-off from Chips & Technologies, this start-up has grown to 
the point of eclipsing the company from which its founders came 
slightiy more than three years. This growth has not come without 
pain, however, because Opti has been facing a lawsuit filed by Chips 
& Technologies claiming patent infringement, trade secret violations, 
and false advertising. Ironically, the two companies have jiist settied 
these claims, with Opti acknowledging the validity of the patent 
infringement and agreeing to pay Chips & Technologies an 
undisclosed sum in exchange for continuing to ship product. Ranked 
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a distant third in 1991, it will most likely be the No. 2 player in 1992 
(ahead of Chips & Technologies), reaching about $100 million in 
revenue by the end of this year. Focusing on high-end 32-bit solutions, 
Opti is the leader in chip sets for 486-based systems, a lead that we 
expect it to retain for the immediate future. New products introduced 
during 1992 include the following: 

• 82C291 (May 1992): An ISA chip set for 33/40-MHz versions of the 
Am386SX and Cyrix 486SLC processors featuring write-back cache 
and priced at $18 (10,000 quantity). 

• 82C498 (May 1992): A imiversal 32-bit ISA chip set with write-back 
cache that supports all versions of 386DX, 486SX, and 486DX/DX2 
ranging to 50 MHz. 

• DNXB (September 1992): A two-device chip set including power 
management for high-end notebook computers using 386, 486SX/ 
DX, or 486DLC processors. 

• EISA 486AWB: An EISA chip set optimized for 486DX2 processor 
systems featuring Opti's exclusive new Adaptive Write-back cache 
architectiue, which reportedly improves performance by 10 percent. 

United Microelectronics Corporation (UMC) is located in Taiwan and 
has been focused on PC core logic chip sets for the last four years. 
Beyond its simple location advantage for acquiring its share of Asia/ 
Pacific business, its offerings are positioned correctly for the Taiwan 
market: an adequate feature set with the lowest possible price. Though 
its chip set products are not a force outside of the Asia/Pacific region, 
it is focusing on another development that cotild open up its potential: 
a 486SX done being developed by Meridian, a U.S. design company 
acquired by UMC. If successful, this could propel UMC into a imique 
position of offering package deals with both processors and chip sets. 

Western Digital (WD), weighing in at 6 percent market share, has been 
relatively quiet this year, with the exception of its efforts in 3V logic. 
Working together with AMD, WD became part of the 3V reference 
designs being put together for use in low-voltage notebook designs. In 
addition, WD has been active in pursuit of a relationship with Cyrix, 
most notably for the use of its 486DLC parts for an upgrade offering 
to the existing 386DX installed base. Though no external hints of 
activity exist, it would not be surprising to see WD enter the market 
with an integrated chip set strategy, offering core logic, graphics, and 
mass storage interfaces woven together in an aggressively priced chip 
set. 

It would seem that Texas Instruments historically simply has entered 
the market too late with each generation, missing the advantages of 
early design wins and premitmn prices. Being the leader in 8088/ 
86-based PC XT system chip sets does not support the image of 
leading-edge technology. Another exam.ple is its vmtimely introduction 
of an EISA chip set after the market decided that EISA is primarily for 
servers and will be relegated to some 5 percent of the overall volume. 
However, the technology TI has developed should not be discoimted; 
TI represents an impending threat by integrating core logic with its 

December 21,1992 ©1992 Dataquest Incorporated MCRO-SEG-MT-9201 



Microperipheral Market Segment 4-15 

newly acqviired Cyrix 486 technology. This threat is most prominent 
for the notebook market, where its low-end 486 processors parts are 
weU matched and integration can effectively reduce valuable real 
estate and power. 

ACC Microelectronics, which was established in Santa Clara in 1987 to 
focus on core logic solutions for both notebook and desktop systems, 
made it to seventh place in 1991. Its most novel product has been the 
ACC2046 (introduced in February 1991), a single-chip solution for both 
desktops and notebooks using 486 and 386DX processors. Its line 
includes single-chip controllers for 286, 386SX, 386DX, and 486 systems 
up to 50 MH2. Its strategy continues to be focused on using its wide 
core logic library to develop timely single-chip solutions for main
stream PC systems. Its most recent introduction was the ACC2168 
single-chip, 32-bit controller (208-pin package), which is similar to 
the 2046 but with local bus support and without the power-saving 
features. 

Headland Technology began as a separate company, became a division 
of LSI Logic, and has now been absorbed as an internal product line. 
Over the last two years^ its core logic products have been focused on 
the notebook/laptop markets. The company garnered the eighth place 
for 1991, In January 1992, it introduced new solutions for both note
book and desktop PCs. The HT22LV is its new notebook chip set, 
which offers a single-chip 386SX solution featuring power-saving fea
tures and operation down to 2.7V, The HTK340 was designed for 
486-based desktop systems, with byte gathering write buffers provid
ing optimized performance especially beneficial to the 486DX2 dock-
doubled processors. Though its parent, LSI Logic, continues to 
experience organizational and financial difficulties. Headland has the 
potential for immediate growth. 

Eteq was founded in 1989 to develop and market high-performance 
PC logic chip sets for desktop systems. It soon introduced one of the 
first interchangeable 386/486 chip sets (named Cougar) capable of run
ning at 40 MHz. Later in 1991, it introduced the Bengal 386/486 chip 
set with write-back cache and the Panda 386SX chip set with support 
for 33-MHz clock speed. AH of its chip sets support only the ISA bus. 
Though orUy ninth in overall ranking, it was one of the top players in 
486-based systems in 1991, a position of strength because ttte 486 has 
taken off in volumes. 

Of the 20 additional PC core logic system vendors, a few stand out as 
noteworthy in their potential. Symphony Labs (located in California's 
Silicon Valley) is focused on developing flexible PC core logic chip 
sets. Symphony showed sigriificant growth over the 12 months based 
on its Haydn 3 chip set (including cache controller) that works with 
aU 386/486 processors up to 50 MHz, In addition. Symphony's new 
products include one of the first (non-Intel) EISA chip sets (November 
1991), and Haydn 11 (August 1992), one of the first chip sets to sup
port the VL-bus standard. Oak Technology, a leading vendor of 
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low-end PC graphics chips ventured into the core logic business this 
last year with two new ISA bus offerings for 386SX-based systems, 
one each for desktop and notebook systems (OTI-020 and OTI-040 
Oaknote). It also announced one of the first chip sets to support tiie 
33-MHz version of AMD's 386SX. 

Outside of PC core logic, there have been several significant announce
ments, which indicates an impending trend toward industry support 
on non-x86 processors. Most significant were those directed toward 
the SPARC architecture, as follows: 

• Tera Microsystems, founded in 1989 to develop cote logic for RISC 
processors, offers a product called microCORE that integrates cache, 
memory management, I /O control, DRAM control, and certain 
peripheial functions. Late last year, Tera licensed and began market
ing Sun's 40-MHz SPARC chip set and SPARCstation 2 board 
design to SPARC clone makers. 

• NCR aimounced a highly integrated two-chip SBus I /O chip set 
under an agreement with Sxm. The Master I/O device (NCR89C100) 
is an Sbus master that includes an Ethernet core, small computer 
systems interface (SCSI) core, parallel port, DMA controller, and 
interrupt controller. The Slave I/O device (NCR89C105) integrates 
all the ftWt system I/O functions including dual serial ports, floppy 
disk controller, and an Sbus interface for byte-wide peripherals. 

• LSI Logic announced an aU-surface-movmt 40-MHz Mbus chip set 
(SparKit-40/Mbus) that includes the L64831 floating point vmit, the 
L64815 SPARC memory management/cache/tag unit, the L64850 
SPARC DRAM controller, the L64851 SPARC Mbus to standard I/O 
interface, the L64852 SPARC Mbus to Sbus interface, the L64853 
enhanced Sbus DMA, and ^ L64855 Sbus graphics controller. This 
seven-device chip set began ship^ping in July 1992 and is offered at 
a lofty $629 (100-imit) price tag. 

• Cypress introduced a new timing control unit for stretching 
clocks in a SPARC system to simplify the wait-state logic and a 
new DRAM controller (not boimd to the SPARC processor) that 
maximizes memory performance in multiprocessing systems. 

Forecast and Assumptions 
Core logic chip set demand is directly tied to the processors they 
are designed to work in and to the type of system architecture 
they support. Thus, the PC core logic chip sets evaluated herein are 
driven by the unit volumes of 80x86 processors used in PCs, which 
represents both a large and growing opportunity. Chip set revenue 
will continue to decline mildly because of ASP declines outstripping 
imit growth (see Figures 4-4 through 4-6 and Table 4-4). The key 
driving forces and relevant assumptions affecting PC core logic chip 
sets are as follows: 

• Overall volimie wfll increase only slightly throughout the forecast 
period as much of the growth in portable systems moves to 
integrated architectures such as the SL. 
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Figure 4-4 
80x86 PC Core Logic Chip Set Market Forecast, Units 
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Overall ASPs will decline gradually as 32-bit architectures 
continue to move to single-chip versions and competition stays 
intense. 

80x86 PCs will continue to grow throughout this forecast period, 
becoming overwhelmingly dominated by pure 32-bit (32-bit inter
nal and external) in 1993, led by the Intel 486 and compatible 
clones. 

Many older 80x86 processors will quickly move into obsolescence 
for computer applications, thus eliminating the chip set require
ment for the 8088/86 by 1993, the 286 by 1994, and the 386DX 
by 1995. 

The 386SX-class processors (386 CPU with 16-bit external bus) 
will remain active throughout the forecast period; however, use 
beyond 1993 will be primarily in high-integration forms such as 
the 386SL not requiring a standard chip set as we define it. 

Local bus architectures will become ubiquitous during 1993, 
which will stem the growth of the high-performance expansion 
buses, EISA and MCA. 

MCRO-SEG-MT-9201 ©1992 Dataquest Incoiporated December 21,1992 



4-18 Microcomponents Worldwide 

Figure 4-5 
80x86 PC Core Logic Chip Set Market Forecast, Revenue i 
Thousands of Dollars 
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The VL bus, expected to be implemented in volume orUy along 
with ISA chip sets, will be the dominant local bus standard ini
tially by winning the bxolk of new system designs from the 
second half of 1992 through the first half of 1993 because of 
widespread availability of parts. However, the VL bus wiU peak 
early with 27 percent of the market in 1993 and drop off slowly 
thereafter, becoming all but obsolete by 1996. 

The PCI bus, driven by a superior technical specification, the 
marketing strength of Intel, and the support of key OEM ven
dors, will take the bulk of design wins beyond the first half of 
1993 and wOl grow from 9 percent penetration in 1993 to more 
than 90 percent penetration in 1996. 

The Intel PI bus used on the SL family of processors is not 
explicitly forecast here because it comes with the SL processors 
and thus does not represent a chip set opportunity; furthermore, 
it will go away in the 1994 time frame as Intel moves all 
processors to liie PCI bus standard. 
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Figure 4-6 
80x86 PC Core Logic Chip Set Market Forecast, ASP 
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• MCA chip sets in the merchant market essentially WLQ become 
obsolete by the end of 1993. 

• EISA chip sets will remain in use for servers and vertical-focused 
systems and wiU primarily be used along with PCI local bus 
support starting in 1994. 

• Starting in 1994, we will see the growth of a new eirchitecture 
for botti desktop and portable systems, with FCl as the only sys
tem peripheral bus and PCMCIA as an external expansion port. 

MCR0-SEG-MT-92m ©1992 Dataquest Incorporated December 21,1992 



4-20 Microcomponents Worldwide 

(0 « u 

o 
b 

ti 

c ^ 

S 
60 
O 

hJ 

o 

u 
^ CL, 

u ve 
— 00 
•S X 
P^ 00 

f^ t^ i n 
Os i-< t^ 
•«1< CD 

oo" 

o en 
ON 

CT\ S 
CD 
vO 

00 t^ ID 
cn 1-1 i n 
00 r>î  
T-? I-? 

CO 

s • * 

T-l 

cs 

o\ m TH ON 
O 
CD 
O 
^ 

O 00 
m 

o m 
C o 
r-i 

C>4 C^ 
in r-l 

tN 
CT) 
m 

13 

c 

p 

i 

CO OS rH 

S ^ Ê  
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Math Coprocessor Subsegment 
Math coprocessors eire fast becoming a product of the past as high-
performance microprocessors with a built-in floating point unit (FPU) 
become more mainstream. Providing acceleration for floating point cal-
oilations, math coprocesssors used to be demanded for a select set of 
technical (CAD, visualization), business (spreadsheets, among others) 
and embedded (motion control) applications. The most critical of these 
is technical applications, where workstations have flourished and offer 
much higher floating point performance than is available on a PC. To 
model these demand trends and competitive movements, we will look 
at two subsegments, 80x87-compatible (PC math coprocessors) and 
"other" math coprocessors. 

80x87 Math Coprocessors 
The 80x87 math coprocessor subsegment includes products for 
essentially every generation of Intel 80x86 processor introduced 
and now has an installed base of about 12 million units. These 
coprocessors have been sold through two separate channels, direct 
to system OEMs for configuring high-performance systems, and at 
the retail level for users later upgrading their own systems. Tradi
tionally, the market has been everJy split between these two chan
nels. However, during the last 12 months the OEM market has all 
but disappeared as system manufacturers have switched to Intel 
486DX-based systems to fulfill high-performance system demand. 
The retail channel is also weakening at an increasing pace because 
of the ramp-up of 486 systems, the age of the 386 installed base, 
and the introduction of Intel's Overdrive Processor line. 

TTie 80x87 segment specifically includes the following products, 
which support their respective 80x86 microprocessor counterpart: 

• 8087 and 80187, which work with the 8086/88 and 80186/188, 
respectively. 

• 80287, which works with the 80286. 

• 387, which represents two versions: the 387SX, which works with 
the 80386SX, and the 387DX, which works with the 386DX. 

• 487, which works with the 486SX. 

The 80x87 market was comparatively slow to develop, representing 
less than $60 million in revenue by 1985. The 8087s sold only 
moderately into early PCs because of limited applications requiring 
floating point calculations (PC-based CAD did not take off imtil the 
80286-based IBM PC AT was introduced). However, these first-
generation 80x87 math coprocessors continue to sell several hundred 
thousand units per year for embedded applications. 

The market for PC math coprocessors reaUy hit its growth during 
the second half of the 1980s as Intel's second generation, the 80287, 
took off. Selling initially at retail shelves for more than $300, the 
80287 was purchased by a large percentage of PC AT-compatible 
users working with CAD applications. As the 80386-based PCs 
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became the natural replacement for high-performance PC applica
tions, this demand began to feather over to the 80387, which 
became the highest single revenue-producing math coprocessor in 
history. Unfortunately, it also became the last—^introduction of the 
80486PX) in 1989 signaled the eventual end of the PC math 
coprocessor bvisiness. As its last effort in the 387 series, Intel 
introduced two new products in the first half of 1992 to strengthen 
upgrade demand. RapidCAD is an integrated 386/387 chip (a 
486DX without cache) designed to capture the remaining high-
performance 386DX upgrades. However, it is finding this a small 
market. 387Mobile, a low-power math coprocessor for all 386SL and 
SX portable computer systems, reportedly is ramping well. 

Intel's 486DX offers a truly premium solution for PC users with 
floating point-intensive applications. Not only did the 486DX incor
porate an internal FPU, but it also increased its performance sub
stantially. This created a wide separation between the performance 
of 486DX-based systems and 386/387-based systems, stemming 
demand for 387s. Keeping with tradition, Intel introduced its latest 
(and last) math coprocessor in 1991, the 487, to go along with the 
486SX (a 486 without an internal FPU). However, based on the 
momentimn of the 486DX, price erosion expected from upcoming 
competition, and Intel's new upgrade strategy, the 487 is fated to 
become a stiUbom product. 

Other Math Coprocessors Subsegment 
The "other" subsegment is a collection of the math coprocessors 
offered for use with other families of microprocessors. The largest 
of these is the 6888x series supporting the 68K family. The 68K ser
ies math coprocessors traditiorially were dominated by sales into 
68K-based workstations (68020 and 68030) and Apple Macintoshes. 
However, the 68040 (like the 486DX) incorporates an internal FPU 
and has taken over tt\e high-performance demand for the Macin
tosh. At the same time, most workstations have moved over to 
RISC-based processors, where the generation of separate FPU 
components is abo disappearing. 

SPARC-compatible math coprocessors represented a growing arena 
until 1992, when integrated versions (Integer and FPU vmits) have 
become prolific. MIPS<ompatible math coprocessors are still widely 
used with the R3000 series. However, the R4000 is projected to take 
over the bulk of MlPS-compatible systems by the end of 1993, 
severely stemming this growth. Likewise, the HP PA-RISC 7100, the 
IBM PowerPC 601, and the Digital Alpha 21064 represent the begin
ning of single-chip integrated processors (with FPU) for their 
respective families. 

Competitive Positions and Analysis 
The competitive field was dominated in 1991 by Intel, which domi
nated the 80x87 segment (see Figure 4-7 and Table 4-5). Motorola 
also captured a reasonable share, which is significant because of its 
monopoly on the 68K iamjly of math coprocessors. Cyrix and IIT 
achieved respectable sales levels in 1991 because they successfully 
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Figure 4-7 
1991 Top 4 Companies' Math Coprocessor Market Share i 

/ Others 
/ {17%} 

/ nT(6%)^X,,^ 

I Motorola ^/x^ 
Intel 1 

(57%) f 
\ Cyrix / m 
\ 01%) / M 

Total = $497 Million 

Source: Dataquest (December 1992) G2002ai7 

i 
established competitive products and chaimels for their 80387 
compatibles. 

Texas Instruments, Weitek, IDT, LSI Logic, and Performance 
Semiconductor all had minor revenue resulting from their sales 
into the SPARC- and MIPS<ompatible markets. 

The 80x87-compatLble market is completely dominated by Intel, 
which has 74 percent of the revenue. The originator of the 80x86 
and 80x87 series, Intel has had the incumbent position of 
dominance that other vendors must attack. These attacks began 
back in the mid-1980s when Weitek introduced a faster math 
coprocessor for 80386 systems that required a slightly different 
socket and drivers to operate. Soon after, AMD entered the market 
with a 80287-compatible, using exact Intel microcode. This precipi
tated the recent string of legal actions between the two companies. 

The real skirmishes began in 1989 when a new set of vendors 
appeared with 80387-compatibles, most notably Cyrix and ITT. The 
new vendors brought slightly higher performance and lower prices 
to the market in exchange for the guaranteed compatibility that 
comes with the Intel brand. After two years, channels were set up, 
accoimts were established, and the products were proven to be 
compatible. Cyrix set up wide distribution channels in the United 
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Table 4-5 
1991 Math Coprocessor Market Share 

1991 Rank Vendor 
Math Coprocessors: All Segments 

Worldwide Market Share by Vendon 1991 
1 Intel 
2 Cyrix 

3 Motorola 

4 IIT 
Others 

Total 

Math Coprocessors: 80x87 Segment 
Worldwide Market Share by Vendor: 
1 hitel 

2 Cyrix 

3 IIT 
Others 

Total 

Math Coprocessors: Others Segment 

1991 

Worldwide Market Share, by Vendon 1991 
1 Motorola 

Others 
Total 

Revenue ($K) 

284,000 
53,000 

44,000 

32,000 

84,000 

497,000 

284,000 

53,000 
32,000 

14,000 

383,000 

44,000 

70,000 
114,000 

Share (%) 

57 
11 

9 
6 

17 
100 

74 
14 
8 
4 

100 

39 
61 

100 

INfW^^ 

3, 

1 

6, 

3 

4 

1 

1 

Source: Dataquest (December 1992) 
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States and has led some of the price decreases in the past two 
years, including its most recent offerings of $40 math coprocessors 
bxondled with its 486DLC microprocessors. IIT gained a stronger 
presence in Europe and has been more focused on developing 
derivative products, leveraging its expertise in high-performance 
floating point design. Other 80x87 vendors include Weitek, whose 
high-performance math coprocessors dropped way off during the 
latter half of 1991 because of the 486DX. ULSI has had little success 
with its low-priced offerings, and Chips & Technologies entered the 
market too late (fourth quarter of 1991) for any major impact. 

Unfortimately, the math coprocessor market opportunity has now 
been abridged as Intel moves the 486 family into the mainstream 
with a new upgrade strategy. Intel's strategy for retail business is 
to replace the existing math coprocessor upgrade demand with a 
new scheme of complete processor upgrades or what it calls "Over
drive Processors." The strategy calls for OEMs to include a special 
socket in their 486 and higher systems designed to accept an Over
drive Processor. End users can then purchase an Overdrive Proces
sor at retail stores that is simply the next level of performance 
above their existing system's microprocessor. Therefore, the 486DX2 
(in a special pin-out) becomes the Overdrive Processor for 486SX 
and 486DX systems, and the P5 (again in a special 32-bit pin-out) 
becomes the Overdrive Processor for 486DX2 systems. This scheme 
became possible through Intel's clock-doubling technology and the 
486's on-chip cache, where processor performance can be increased 
regardless of the external system interfaces. 

Forecast and Assumptions 
The entire math coprocessor market is projected to decrease rapidly 
over the next five years as all new-generation microprocessors 
include an FPU on-chip. The 80x87-compatibles will continue to 
represent the bulk of tiie market (see Figure 4-8 and Table 4-6). 
Competition that became widespread between 1988 and 1991 
resulted in continual price erosion offset by increasing volume until 
the end of 1991. Price erosion in the last two years has taken the 
form of a large annual step function downward, occurring each 
Jvme and affecting the entire market. At midyear 1992, retail 387 
prices dropped from the $150 to $200 range to the $75 to $100 
range. The retail upgrade market is expected to splinter into two 
parts, a low-level residual demand for math coprocessors from the 
installed base of systems, and a new demand for higher-
performance microprocessors (Intel's Overdrive Processors) that will 
use internal clock doubling, larger caches, and multi-issue architec
tures to offer socket-compatible upgrades. This new demand will 
stem the growth of n\ath coprocessor revenue in exchange for 
microprocessor revenue. The following detailed assumptions affect 
this forecast: 

• Volume for the 8087 series is projected to fall off in proportion 
to the 8088/86 microprocessors, while the 80187 is projected to 
maintain its volume because of the growth of 80186/188 applica
tions. Because these primarily are sold directly to manufacturers, 
pricing is expected to remain relatively constant for both. 
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Figure 4-8 
80x87 and Others Math Coprocessor Market Forecast 

Thousands of Dollars 
600,000-

500,000-

400,000 -

300,000-

200,000 -

100,000-

1990 1991 
T 

1992 1993 
• • ™ 

1994 1995 1996 

Others Total 

^ 80x87 Total 

Source: Dataquest (December 1992) G2002Eia 

80287 volumes are already low and will continue to slide down
ward, held up by a few miscellaneous embedded applications. 
Pricing has been dropping over the last two years and is likely 
to continue, proportional to the 80387 series. 

The 80387-compatible series reached its voltime peak in 1991 
and has just gotten its last breath of mature life as it rapidly 
descends toward a residual demand level. One exception could 
be the MobileMath product, whose volumes are likely to stay 
low but steady for the next few years. Pricing for all products 
will continue to move downward, attempting to achieve 
maximum penetration into the large 386 installed base. 

The 80487-compatible series will be a stillborn product, with its 
only success coming from the Japanese market where the 486DX 
is more than three times the price of the 486SX (because of 
import regulations), making it more cost-effective to purchase 
486SX systems, then upgrade with the 487. Pricing will track the 
decreases in 486DX prices (because the 487 is simply a repackag
ing of the 486DX) but will not affect overall volumes. Any 
natural growth that woxild have propelled the 487 wiU be 
funneled into the Overdrive Processors from Intel. 
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Table 4-6 (Continued) 
Math Coprocessor Market Forecast 

Product 
OS RISC 

Units (K) 

ASP {$) 

Revenue ($K) 

Miscellaneous 
Units (K) 

ASP ($) 

Revenue ($K) 

Others 

Units (K) 
Total ASP ($) 

Revenue ($K) 
All 

Units (K) 

Total ASP ($) 

Revenue {$K) 

1990 

198 

200 

39,672 

110 

250 
27,500 

1,503 
80 

120,925 

6,259 

89 

558,054 

1991 

331 

150 

49,650 

120 
200 

24,000 

1,455 

78 
113,798 

6,028 

82 

496,917 

1992 

300 

110 
33,027 

100 

150 

15,000 

1,307 

61 
79,777 

5,766 

70 

403,993 

1993 

232 

88 

20,420 

80 

140 

11,200 

972 

53 
51,427 

3,867 

49 

188,280 

1994 

96 

79 

7,580 

. 65 
130 

8,450 

554 

48 

26,639 

2,268 

41 
94,094 

Source: Dataquest (December 1992) 
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• The 68K series of math coprocessors has already begun to taU off 
and wiU continue to gradually decrease in both unit volume and 
revenue, buoyed by various embedded applications. 

• Math coprocessors for RISC-based processor families will begin to 
drop off dramatically in 1993 as the new generation of integrated 
processors becomes mainstream. 

• AH other math coprocessors will remain inconsequential to the 
overall revenue of this segment. 

Graphics and Imaging Controiiers 
Graphics and imaging controllers include a variety of products: PC 
graphics controllers (for example, VGA chips), CRT controllers, imag
ing controllers, and video compression/decompression (codec) con
trollers. The following market analysis will focus on PC graphics 
controllers, the dominant subsegment of graphics and imaging. 

PC Graphics Controllers 
The features important for mainstream PC graphics have undergone 
an evolution during the life cycle of each new graphics standard. In 
prioritized order, these features include standards compatibility, dis
play modes (resolution and color), and graphics performance. When 
VGA was first introduced, compatibility was most important and 
all other features were subordinate. Soon compatibility became 
widespread and support for higher resolution and improved color 
display modes became critical. Finally, graphics performance has 
become the key differentiator, especially tonder the V^ndows 
environment, as measured by Winbench and other benchmarking 
programs. This cycle will end up repeating itself as we head into 
the next generation of mainstreain graphics centered around 
intelligent graphics standards. 

Our new segmentation divides the world of PC graphics into two 
basic types of display outputs—CRT and flat-panel—as well as into 
three subsegments—^nonintelligent, fixed-function, and programmable— 
according to the type of architecture used. In addition, the two 
primary subsegments, nonintelligent and fixed-function, have two 
significant standards within each. These segments and standards are 
described in the following sections. 

Nonintelligent Standard Controllers 
Nonintelligent standcird controllers are the traditional low-end PC 
graphics where architectures are based on previous IBM PC graph
ics standards (without hardware graphics acceleration or drawing 
assistance). These include VGA (super VGA) and low end (other 
bit-mapped controllers, that is, EGA, CGA, MDA, and HGC). These 
controllers also typically are accessed as a screen bit-map, with no 
graphics drawing, bit-biting, or processing. However, they may sup
port local bus interfacing and many display modes beyond the 
standards. Though they typically use DRAM display memory, 
VRAM VGA controllers have been sold by multiple manufacturers. 
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These controllers began their use when the IBM PC was first 
introduced in 1981 with MDA and later CGA, providing 80 x 25 
character text and primitive graphics. IBM has since introduced a 
new-generation bit-mapped graphics standard every three years, 
with EGA in 1984 and VGA in 1987. However in 1990, XGA was 
introduced, the first (real) intelligent graphics standard by IBM. It 
has signaled a new direction in mainstream PC graphics. Demand 
for these bit-mapped standard controUei^ will come primarily for 
chip sales to moli\erboard vendors as they continue to serve the 
truly low-end desktop EXDS user segment as well as the fast-
growing notebook PCs. 

Fixed-Function Controllers 
Fixed-function controEers are taken from a portion of the traditional 
high-end PC graphics and feature a fixed set of graphics accelera
tion functions (with bit-bit as a minimum). This includes accelerated 
VGA (denoted as AcVGA, which includes 8514A-type controEers) 
and XGA, the last IBM standard introduced in late 1990. These con
trollers typicaUy have some fixed combination of graphics biting, 
dravnng, and processing functions, and use either DRAM or VRAM 
display memory, with DRAM becoming the most common. 

This type of controEer began its use on the PC many years ago in 
the form of proprietary line-dravyring engines and bit-engines, 
among others, for low-volume, high-end applications. With IBM's 
introduction of the 8514A in 1987, they began to take off in more 
moderate volume, gaining momentum from clone industry support. 
They have only recentiy (last two years) been sold in any substan
tial voliome on the PC. These controEers vdE form the basis for the 
next-generation graphics standards, foEowing the lead set by IBM 
with the XGA and alternative \^todows Graphics Accelerators, both 
positioned to serve tiie fast-growing power-user market of Windows 
users. Fixed-function controEers wiE far outseE programmable 
processor controEers because of their sufficientiy high performance 
imder V\fedows, much greater availabiEty (3:1 vendor ratio), and a 
lower cost of implementation. 

Programmable/Other Controllers 
The remaining portion of PC graphics controEers achieve graphics 
acceleration through a fuEy programmable processor dedicated as a 
PC graphics controller (that is, not a fuE microprocessor used in 
graphics appEcations). Though the TI-340xx family typifies ttiis use, 
it is not at aE dedicated as a PC graphics controEer, so like many 
others it is accounted for under microprocessors. These controEers 
have not entered the mainstream and are not expected to play a 
significant role until late 1994, when integrated graphics and video 
decompression controEers are introduced at realistic price points. 

CRT Graphics Controllers 
The CRT graphics contxoUer market declined sEghtly last year as 
price erosion exceeded the growth in unit volumes. This year, 
however, wiU be a different story as the impact of the new GUI 
accelerator graphics chips is felt, stemming the drop in ASFs and 
fueling a shift to a h i ^ e r level of performance (and price range). 
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Previous generations of VGA and SuperVGA products had plum
meted from their begiiming $30 range to their current $15 range. 
Now the accelerated graphics controllers are shifting the market 
back upward to begin the next $30-to-$15 price erosion cycle. As 
the market shifts to the GUI accelerators, several new players have 
taken the opportunity to enter the game during the last 12 to 
18 months including Weitek, S3, NCR, ATI, Avance Logic, and HT. 

Flat-Panel Controllers 
Driven by the booming notebook market, flat-panel graphics con
trollers are still in their high-growth phase, with relatively few com
petitors and relatively high entry costs, compared to the desktop. 
Minimum features required for a flat-panel controller beyond its 
desktop counterparts include: LCD panel support for a wide variety 
of panels; high integration including RAMDAC; and low power 
consimiption including support for both 3V and 5V versions. 
Though the industry still has only three significant players—Cirrus, 
Chips & Technologies, and Western Digital— îts growth and margins 
are attractive targets. Ehiring the last year, we have seen new 
entries by the following vendors (with rumors spreading about at 
least two others): 

• SMOS (November 92) with a palmtop VGA controller chip. 

• Oak Technology with a flat-panel VGA controller with its 
OakNote chip set. 

• Trident (January 92) with a local bus-capable notebook VGA 
controller. 

Flat-panel VGA support seems like a simple task, but it involves 
several areas of expertise that either take years to develop or dol
lars (license or royalty) to acquire. These features include basic 
driver output technology, color-mapping algorithms, frame accelera
tion (for dual-scan panels), and simultaneous CRT and flat-panel 
display (Cirrus' SimulSCAN). Today's drivers also must support a 
growing number of panels, including the following: 

• Monochrome STN: The first level of technology, reqixiring support 
for both single-scan and dual-scan capability. 

• Color STN: Similar in technology to monochrome STN (with 
dual-scan coming), primarily supporting a 16-bit interface but 
with some panels still using 4- and 8-bit interfaces. 

• Color TFT: A large step upward in sophistication and a wider 
variety of versions beyond the common 9-bit (512-color) interface. 

Competitive Positions and Analysis 
The PC graphics chip arena is brimming with competition. Several 
new vendors have entered to take advantage of the emerging 
growth segments, flat-panel VGA controllers and accelerated VGA 
controllers. This market segment had six substantial players as of 
the end of 1991, most of which have products within each market 
segment (see Figure 4-9 and Table 4-7). The following paragraphs 
provide a brief description of each player's products and 
positioning. 
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Figure 4-9 
1991 Top 6 Companies' PC Graphics Controller Market Share 

Chips & Technologies (5%) ^^^ '^ 

Oak Technology (10%) 

Trident Microsystems (12%) ^ 

Total: 

/ others 
\ (15%) Western Digital \ 

(22%) \ 

\ Cirrus Logic 1 
\ (Including m 

\ Accumos) m 
\ (21%) m 

\ ^ / Tseng Labs \ ^w 
> \ / (15%) \ ^ ^ 

= $403.60 Million 

Source: Dataquest (December 1992) GZD02S19 

Raiiking as a top competitor for every area of graphics and imag
ing products. Cirrus Logic offers one of the strongest portfolio of 
products in the graphics and imaging area. Cirrus acquired Acumos 
in April 1992 and is expected to benefit by taking over the No. 1 
position this year, with an estimated $95 million in graphics 
revenue. Cirrus develops microperipheral products for the user 
interface, mass storage, and coirununications segments of the PC 
market. Its strategy for user interface products is to develop (or 
acqxiire) leading-edge technology targeted for value-added applica
tions within aU forms of graphics, video, and audio areas. Follow
ing this strategy. Cirrus has positioned itself with good product 
depth in every segment. 

Flat-panel graphics is Cirrus' strongest area, dominating the market 
with an estimated 56 percent share (1991 revenue) being used in 
more than 50 percent of LCD notebook designs worldwide. Offering 
the broadest LCD VGA controller product line. Cirrus introduced 
the following products in 1992: 

• CL-GD6412 (February 1992): LCD VGA contiroller offering the 
first mbced-voltage (JEDEC LVCMOS 3.3V or 5V standards) 
operation for notebooks. 

• CL-GD6225 (August 1992): LCD VGA contiroller with windows 
acceleration. 
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Table 4-7 
1991 PC Graphics Controller Market Share 

E 

i 

o 
30 
O 
<J) 

1991 Rank Vendor Revenue ($K) 

PC Graphics Controller Market 

Market Share, by Vendon 1991 

1 Western Digital 

2 Cirrus Logic (Including Accumos) 

3 Tseng Labs 

4 Trident Microsystems 

5 Oak Technology 

6 Ciiips & Technologies 

Others 

Total 

PC Graphics Controller Market: Geneiari | /<^ Segment 

Market Share, by Vendor 1991 

1 Western Digital 

2 Tseng Labs 

3 Trident Microsystemij 

4 Oak Technology 

5 Cirrus Logic (Including Msmosis^ 

6 Chips & Technologies 

Others 

Total 

90,400 

85,600 

59,000 

50,000 

42,000 

21,600 

55,000 

403,600 

60,000 

59,000 

50,000 

42,000 

28,000 

11,000 

50,000 

300,000 

Share (%) 

22 

21 

15 

12 

10 

5 

14 

100 

20 

20 

17 

14 

9 

4 

17 

100 

Shipments (K) 

4,000 

3,600 

2,900 

3,500 

3,900 

1,000 

2,700 

21,600 

3,200 

2,900 

3,500 

3,900 

1,800 

600 

2,500 

18,400 
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Table 4-7 (Continued) 
1991 PC Graphics Controller Market Share 

1991 Rank Vendor Revenue ($K) 
PC Graphics Controller Market: Flat-Panel Segment 
Market Share, by Vendor 1991 
1 Cirrus Logic (Including Accumos) 57,600 
2 Western Digital 30,400 

3 Chips & Technologies 10,600 

Others 5,000 

Total 103,600 

Share (%) 

56 
29 
10 
5 

100 

Shipments (K) 

1,800 
800 

400 

200 
3,200 

Source: Dataquest (December 1992) 
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• CL-GD6205 (August 1992): Single DRAM LCD VGA controUer 
(two-chip solution). 

• CL-GD6440 (November 1992): LCD VGA controUer offering 32-bit 
local bus operation and support for all types of color and 
monochrome LCD flat panels. 

• We expect its next product (first half of 1993) to be the first 
LCD controller to include bit-bit acceleration for Windows. 

Aided by the acquisition of Aciunos, Cirrus was the No. 5 player 
(1991 revenue) in desktop graphics and is heavily focused on 
improving this area of products. Its major announcement in 1992 
was rollout of its TrueColor VGA family in June, comprising the 
following four highly integrated products (including palette DAC, 
clock synthesizer, and hardware cursor): 

• CL-GD5420: Entry-level SuperVGA controller ($17 at 
1,000 quantity) with 256-color DAC. 

• CL-GD5422: Multimode true-color VGA controller ($21.50 at 
1,000 quantity) with multimode-palette DAC. 

• CL-GD5424: Local bus true-color VGA controller ($23.00 at 
1,000 quantity) with multimode-palette DAC. 

• CL-GD5426: Accelerated local bus true-color VGA controller with 
bit-bit, raster operations, and local bus support. 

Multimedia and video products have also begun to take off this 
year, resulting primarily from acquisition of Pixel Semiconductor in 
1991. Focused on multistream real-time video architectures. Cirrus 
and Pixel introduced two major products in August this year, as 
follows: 

• CL-PX2070: A programmable digital video processor that cap
tures, stores, processes, and routes multiple streams of full-motion 
video. 

• CL-PX2080: A MediaDAC that digitally mixes and simultaneously 
displays graphics with multiple independent streams of live 
video. 

Though Western Digital was still ranked as the No. 1 vendor of PC 
graphics controllers in 1991, its overall market share shrunk dramat
ically to 22 percent in 1991. Until the end of 1991, its graphics con
troller product line had fallen behind and its captive Paradise adap
ter board line had been made obsolete. However, it has been on a 
recovery path during the last 12 months, introducing one of the 
first successful accelerated VGA controllers, the 90C31, late last year. 
The 90C31 offered aggressive price/performance with 1024 x 768 x 
256 resolution, hardware bit-bit, line drawing, hardware cursor sup
port, and a wide variety of memory orgarxizations. Its major flaw is 
the omission of local bus support (we anticipate a new annoimce-
ment shortly), a must for gaining design wins today. WD is also 
second ranked in flat-panel graphics controllers and has just 
annoimced (November 1992) one of the first accelerated VGA flat-
panel controllers featuring local bus support (Intel's SL family PI 
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bus, 386 or 486 versions) and integrated RAMDAC and video clock 
generator. In addition to its graphics controller developments, WD 
reintroduced the Paradise adapter card line (in April 1992) after 
pulling out one-and-a-half years earlier. 

Tseng Labs was founded in 1983 and had remained entirely focused 
on graphics and video chips for the PC industry. Tseng's strong 
growth really took off with the introduction of the ET4000/A 
(1989). Until this year, the ET4000/AX was the graphics controller 
to beat on the desktop, offering leading-edge performance along 
with the right resolutions and feature set. Multiple revisions have 
been used to keep the ET4000 current, resulting in weU more than 
8 million units shipped since its introduction. Nearly a year after 
rumors began, Tseng has just announced (September 1992) its 
ET4000/W32, a Windows accelerator VGA controller with local bus 
(VL-compatible) support, bit-bit, and secondary hardware window 
support for low-cost implementation of video windowing on a PC. 
Though Tseng holds a strong market position, including recent 
design wins at both IBM and Compaq, it must quickly get back on 
the leading edge in order to maintain momentum, The W32, selling 
in the low $20s (in high volume), may be the right price/perfor
mance point for the upcoming generation of systems. 

Trident Microsystems has continued to experience strong growth for 
several years and is estimated to be the volimie leader (in unit 
shipments) at this time. Since incorporating in 1987, Tridenf s 
revenue (fiscal year ending in June) has grown from $1.3 million 
(FY1987) to S67 million (FY1992). This growth came to fruition this 
year, with Trident receiving a $7.5 million capital investment from 
TA Associates in January in preparation for its Initial public offering 
in October. Trident has remained focused on producing PC graphics 
chips for board- and system-level customers. Trident largely is suc
cessful because it serves the growing Asia/Pacific market (a con
trolling share in Hong Kong) and offers chips with adequate perfor
mance at low to medium prices surrounded by turnkey board 
design kits. This year saw a spate of introductions from Trident, as 
follows: 

• TVGA9000 Oanuary 1992): Low-cost desktop VGA controller 
designed for cormection to the ISA bus. 

• TLCD9100 Oanuary 1992): Flat-panel VGA controller supporting 
LCD output and local bus interfacing. 

• TVGA8900CX (Maix± 1992): A desktop VGA controller that incor
porates local bus support; \^deo\^ew video processing chip set 
for scalable motion video from PAL or NTSC input. 

• TVGA8900CL (November 1992): A performance upgrade (2.5X) to 
its predecessor, the TVGA8900C desktop VGA contiroller (Trident's 
highest-volume part), which supports 1024 x 768 at 256 colors. 

Chips & Technologies has been losing market share in nearly every 
area of business for the past three years. This year, however, its 
graphics product line wiU be the diamond in tiie rough, showing 
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exceptional growth during the second half of the year. With most 
of its market perception based on its failed 386 CPU products and 
poor financial condition, its nearly doubled graphics revenue seems 
insignificant to most observers. While it stiU tries to find the right 
formula for desktop/CRT graphics chips, its new Wingine chip has 
remained at the starting blocks (except for the major win at Epson). 
However, its notebook VGA chips gained some significant design 
wins this year and will move it to second place in the flat-panel 
controller subsegment. Product annoimcements during the last year 
included the following: 

• 65520 midrange Vampire family (January 1992): VGA notebook 
controller offering a fuU range of resolution, 3.3V and 5V opera
tion, and support for all buses (PI, ISA, MCA, and local bus 
386/486). 

• 64200 Wingine (May 1992): Desktop VGA solution utilizing a 
unique direct memory bus architecture (similar to local bus) 
where the CPU writes directly to the VRAM video memory 
and the controller resides on the ISA bus connected to the serial 
output from the VRAM. 

• 82C481 (August 1992): Graphics Accelerator offering 16-, 24- and 
32-bit color support with fuU acceleration features (including bit-
bit, line draw, and poly fill) for use along with the Wingine 
VGA chip. 

• 65510 (September 1992): Subnotebook VGA controller offering 
low power consvunption, low real estate, and monochrome 
flat-panel-only support for less than $20. 

• 65530 (September 1992): Flat-panel GUI accelerator for high-
performance notebooks is a single-chip controller supporting 
almost aU color and mono panels and simultaneous 
CRT/flat-panel scaiming. 

Oak Technology shot through the roof last year with nearly 4 mil
lion uruts shipped, primarily low-cost VGA controllers sold into Tai
wan. Though it introduced several new products this year, its 
momentum has dropped somewhat and we expect its vinit volumes 
to be lower this year. Part of its momentum loss was likely because 
it split its focus into other product areas including core logic chips 
and mass storage chips. In January 1992 it introduced the OTI-087, 
a local bus VGA controller supporting 24-bit color, hardware cursor, 
and other performance enhancements. 

After entering the market in May of 1991, Weitek shot too low, 
then too high. It hopes the third time is the charm. Its first 
product, the W5086, only supported 16 colors at 1024 x 768, which 
was too low for this generation of accelerated VGA controllers. This 
drove it to make a judicious decision to enter the retail graphics 
board market to move its chips and create an image. Earlier this 
year it entered into an alliance with VLSI technology to jointiy 
develop user interface processors working with VLSI local bus core 
logic, followed by an alliance with Sierra to jointly develop 
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integrated graphics controllers with RAMDAC. Jialy 1992 saw 
introduction of the Power 9000, a standalone high-performance 1280 
X 1024 X 256-color controller using its 8720 graphics engine core, 
VRAM memory, and sporting a $70 price tag (1,000 quantity) 
without VGA compatibility. Finally in Septetnber, it landed back on 
earth with the W5286 single chip accelerated VGA controller, using 
DRAM or VRAM, and listed at a cool $20 (5,000 quantity). 

ATI Technologies began business as purely an add-in graphics card 
manufacturer and soon after began developing its own graphics 
chips to ship with its board-level products. With revenue in excess 
of $200 million and 350 employees, it ships more than 1,5 million 
graphics cards per year, far and away the leader in the retail mar
ket, In 1991 it began shipping quantities of its graphics chips on 
the merchant market. Its real push began with introduction of the 
68800 accelerated VGA graphics chip, which offers multiple bus 
support (ISA, EISA, MCA, local bus), high resolution (to 1280 x 
1024 X 256 colors), and DRAM or VRAM memory support Its 
strategy to sell chips only to system manufacturers explains the 
high $79 price (1,CK)0 quantity) that probably scares away most 
board companies. With one of the most complete software packages 
including drivers and fonts, this is a company worth watching for 
growth in the accelerated VGA market. 

S3 was founded in 1989 by former Chips &c Technologies 
cofounders Dado Banatao and Ron Yara, with the aid of more 
than $16 million in venture financing. After abandoning its original 
goal of producing a complete line of systems and peripheral logic 
chips based on an advanced intercormect scheme similar to the 
local bus concept, they focused on graphics chips. With graphics 
as its lifeblood, S3 has shot up to become one of the strongest 
forces in the graphics chip business. It will have more than 
$28 milbon in revenue in 1992. Its first product, the 86C911, 
represents the integration of a high-performance 8514-like core with 
a VGA graphics core. Using VRAM display memory, this yielded 
the fastest Wmdows accelerator chip on the market at the time and 
achieved more than 60 add-in board design wins. This established 
its image in the market as the performance leader, and in Jime and 
July of this year it went on to introduce two new DRAM-based 
products to go after the mainstream systems market, and a new 
level of high-performance VRAM product, as foUows: 

• 86C801: A DRAM-based VGA accelerator with ISA interface. 

• 86C805: A DRAM-based VGA accelerator (same as 801) with 
local bus or EISA support. 

• 86C924: An 86C911 pin-compatible part with 24-bit color and 
local bus support. 

• 86C928: An vdtrahigh-performance VRAM-based accelerator with 
local bus support. 

Vendors included under the "other" category include NCR Micro
electronics, Integrated Information Technologies (ITT), SMOS Systems, 
Headland, SGS-Thomson, and Avance Logic described. 
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NCR Microelectronics made its graphics debut in February 1992 
with the introduction of its NCR77C22E+, a surprisingly competitive 
accelerated VGA controller. This contaroller offers bit-bit support, 
local bus interfacing, and 1024 x 768 x 256 color resolution, with 
prices starting at $25 (1,000 quantity). NCR has been a strong ven
dor of ASIC products and services, which it balances against stan
dard merchant ASSP products, led by SCSI, Ethernet, and now 
graphics. It intends to continue introducing leading-edge graphics 
controllers and looks to become a strong competitor. 

irr entered the market this year with a pair of ofiferings aimed at 
using XGA compatibility as a key differentiating feature. IIT had an 
advantage in delivering the XGA-compatible architecture because it 
was one of the few companies that cloned the 8514A architecture 
and then integrated VGA. IIT is the first company outside of SGS-
Thomson (which simply licensed the XGA architecture from IBM) to 
offer an enhanced XGA-compatible graphics controller. Named the 
AGX-014 (ISA version) and 015 (VL-bus version), these controllers 
are priced at $37 and $46 (1,000 quantity), respectively, and feature 
the following: 

• Full XGA compatibility 

• Hardware acceleration including bit-bit and line drawing 

• Hardware cursor (64 x 64 x 2) 

• Resolutions to 1280 x 1024 

• Support for 24-bit color 

SMOS Systems (a Seiko-Epson subsidiary) annoimced its first foray 
into the graphics chip business in November 1992 with an LCD 
VGA controller aimed at the hand-held and subnotebook markets. 
Offered in both 3V (SPC8107) and 5V (SPC8105) versions, these 
chips support both ISA/PI bus interfaces, provide a two-chip 
solution (using a 256Kxl6 DRAM), and are aggressively priced at 
$15 and $13 (25,000 quantity), respectively. 

Avance Logic popped on the scene in 1992, started by a few ex-
Trident people and funded by a deep-pocketed conglomerate from 
the Asia/Pacific region. It entered the market with a new GUI 
accelerated VGA chip set that includes the ALGlOl graphics con
troller chip, the ALGllOl XGA-compatible RAMDAC (64K colors), 
and the ALG3102 clock generator chip sold as a package for $46 at 
1,000 quantity 

Headland Technology has drifted in and out of the mainstream 
graphics chip market over the last several years, focusing more or 
less on boards versus chips, depending on who was calling the 
shots. It seems that the company has made the decision to focus on 
graphics chips, as signified by annoimcement in August that the 
•S^deo 7 brand and associated product line was sold to Computer 
"Visualization (a new venture sprung from Spea Software). On the 
chip side. Headland's big introduction was the HT216 and 216-32 
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products annoxmced in the second and third quarters, respectively 
These are local bus VGA chips with wide resolution support, ISA 
and local bus support, respectively, and certain hardware assistance, 
including cursor store and color expansion. 

SGS-Thomson continues to generate more noise than volume with 
its licensed IBM XGA offerings. However, the next 12 months coxild 
change things because new aimouncements from IBM are aroimd 
the comer and coxild deliver the right architecture at the right 
time and the right price (though we expect this movement to be 
12 months away). 

Forecast and Assumptions 
Graphics controllers are in a high-growth phase, with revenue 
expected to approach $1 billion by 1996 as a result of increased 
importance on the visual interface (see Figures 4-10 through 4-12 
and Table 4-8). Demand is driven by the 80x86 PC market, which 

Figure 4-10 
Graphic Chip Market Forecast, Units 
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Figure 4-11 
Graphic Chip Market Forecast, Revenue 
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is affected by numerous factors. The primary factors affecting 
graphics growth are as follows: 

• The application envirorunent for PC users continues to move 
rapidly to V\todows, creating a "software standard" that 
decreases the need for drivers (though they remain a key 
requirement). 

• XGA-compatible controllers will continue to grow throughout the 
forecast period and will represent a significant but in no way 
dominant standard within PC graphics. 

• Dramatic growth will continue within the portable PC market, 
specifically notebooks and laptops, which will drive flat-panel 
sales for the next several years. 

• The basic PC engine will continue to become more powerful 
each year and will eventually present a threat of integration for 
graphics and decompression-processing functions. 

• Resolution is being driven toward 1024 x 768 for mainstream 
use, which will in turn drive demand for greater performance 
and fuel the growth of the fixed-function controllers, AcVGA and 
XGA, which together will become dominant by 1993 for CRT and 
by 1995 for flat panel. 

December 21,1992 ©1992 Dataquest Incorporated MCRO-SEG-MT-9201 



Microperipheral Market Segment 4-43 

Figure 4-12 
Graphic Chip Market Forecast^ ASF 

Dollars 
140 

120-

1990 1991 1992 1993 1994 1995 1996 

VGA AcVGA XGA Others Low-End 

Source: Dataquest (December 1992) 

• Digital video technology will slowly start to find its way into 
more systems in the 1994 to 1995 time frame, which in turn will 
drive graphics controllers that accommodate motion video, with 
compression being the key enabler. 

• The industry will begin moving more toward built-in mother
board graphics in both low-end (because of price) and high-end 
(because of performance attributed to wide, high-speed local-bus 
interface) systems. 
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Communications Controllers 
Commimications controllers are divided between local area network 
(LAN) controllers and other commimications controllers. LAN con
trollers are the focus of this analysis and include the commimications 
standards designed to bring connectivity between computers and net
work resources, which includes Ethernet, Token-Ring, and other access 
methods. Other communications controllers include a variety of 
devices such as modems, ISDN interfaces, UARTs, and miscellaneous 
controllers. 

Network controllers come in several flavors, with two major standards 
competing for dominance. They will be used in four major application 
segments, with various technical, marketing, and environmental factors 
affecting them. Unlike with most other computing features, the selec
tion of a network interface is a centralized decision that is simply 
implemented at each desktop. 

Dataquest defines a network controller as an integrated chip or chip 
set that provides all the media access control functions. This does not 
include transceiver chips, which are sold separately. For the purposes 
of analysis and forecasting, we have created three general categories 
of network controller, based on the media access method: Ethernet, 
Token-Ring, and others. 

Ethernet controllers were first introduced in 1982 by AMD as a result 
of a joint technology pact with Digital Equipment Corporation. They 
have evolved to highly integrated chips that support the standard 
IEEE 802.3 interface specification. These controllers can be subcatego-
rized into low-end and high-end chips, which correspond to 8/16-bit 
and 32-bit host interfaces, respectively. Because both generally support 
the fuU 10-Mbps Ethernet standard, the primary difference is in tiie 
system bus bandwidth consumed in supporting the transmission of 
information. Thus we find the 32-bit chips commonly used in work
stations and servers and the 8/16 bit chips dominant for PC add-in 
cards. The leading vendors of Ethernet controller chips are National 
Semiconductor, AMD, Intel, and Fujitsu. 

Token-Ring controllers were first developed by IBM and were further 
enhanced through joint development with Texas Instruments. They are 
also highly integrated chips supporting the standard IEEE 802.5 inter
face specification, but with a major twist. In order to be reliable, these 
controllers must cilso be compatible with the IBM implementation. At 
the time of this writing, the only verified sources are IBM (primarily 
captive), TI (cooperatively developed with IBM), and National 
(licensed from IBM). Token-Ring controllers and their transceivers 
can support either 4 Mbps or 16 Mbps, representing a slightiy higher 
bandwidth capability than Ethernet. 
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The "other" category includes several standards and proprietary 
interfaces not considered as serious contenders for the nxainstream 
standard race, including the following: 

• AppleTalk: Apple interface standard built into all Macintosh com
puters except ttie high-end systems (Quadra), which have Ethernet. 

• Arcnet: Supported by Standard Microsystems and represents a 
substantial number of installed systems. 

• Fiber-distributed data interface (FDDI): Includes copper and 
twisted-pair versions and is on its way to becoming a standard. 
Because FDDI offers both h ^ bandwidth and determinism (a 
token-passing scheme), it is being considered for all types of high-
performance applications such as LAN backbones or dedicated 
workstation networks. 

What is Dataquest's position regarding physical layer (cabling) 
methods? Dataquest concurs that unshielded twisted-pair (UTP) is 
becoming largely dominant because of lower costs with maintained 
bandwidths. Furthermore, widespread adoption of twisted-pair allows 
fully integrated single-chip network controllers, which decreases the 
cost and real-estate requirements, factors (hat are both crucial to 
moving onto PC motherboards. 

Application Markets 
The complexion of network controller applications wiU change quite 
dramatically during the next four to five years as complete office 
connectivity becomes a reality. In order to effectively study the 
driving forces and estimate market potential, we have segmented 
the network controller market into four primary applications: 

• Desktop PCs 

• Portables 

• Workstations 

• Network resources 

The network controller market (in uiuts) to date has been domi
nated by sales into desktop PC applications. The potential for each 
application segment is based on each application's total unit ship
ment forecast multiplied by the estimated network penetration. Net
work penetration is defined as the percentage of total imits shipped 
that result in a network controller shipment, either built-in or 
optional add-in card. 

Desktop PCs 
Desktop PCs include all types of PCs (IBM-compatible and Apple, 
among others) and represent the use of network controller chips 
built directly on motherboards or as add-in cards. Though ttie fore
cast growth of desktop PCs is not extremely high through 1996, 
network penetration will increase dramaticaUy. This is a direct result 
of the coming trend of standard built-in connectivity (network-
ready) in the 80x86 PC arena being driven by the cost/benefit 
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advemtages of built-in network support. This evolutionary trend is 
quite similar to that of the graphics controller market in the late 
1980s. 

To date, most network controllers used in desktop PC applications 
have been sold as optional third-party add-in cards. The major 
exception to this is Apple, where AppleTalk has been included with 
eveiy Macintosh since 1987. By connection standards, the desktop 
PC is currently 54 percent Ethernet, 23 percent Token-Ring, and 
23 percent other (which is dominated by AppleTalk and Arcnet). 
Though current mainstream desktop PC end-user needs are rela
tively simple, nonperformance-critical, and cost-sensitive, this may 
change as multimedia applications take off. 

Portable PCs 
Portables includes all types of portable computers (laptops and 
hand-held, among others) and represents network controllers built 
directly on motherboards, as add-in cards (including tiny PCMCIA 
cards), or in docking stations. Portable computers are forecast to 
grow substantiedly during the next five years. Network penetration 
is also forecast to grow to about 35 percent by 1996, resialting in a 
total of 8 million imits. Hus penetration will be driven by both 
PCMCIA-based network cards as well as the use of notebooks as a 
primary computer. The standards and driving forces for portables 
are expected to follow that of desktop PCs, with the addition of 
wireless connections that will become important in the 1994 to 1995 
time frame. 

Workstations 
The workstation category includes technical workstations, X Window 
terminals, and other high-end systems and represents network con
trollers built directly on motherboards or as add-in cards. Work
stations and X terminals are forecast to grow dramatically dxiring 
this time frame. Assuming that network penefration remains at 
nearly 100 percent, this traitslates into direct vinit growth to about 
5 million imits by 1996. This segment is almost exclusively stan
dardized on Ethernet. However, Token-Ring is common as an 
optional installation and FDDI is expected to grow heavily. 

Network Resources 
Network resources include dedicated servers, hubs and repeaters, 
internetwork equipment (bridges and routers, among others), and 
network periphercds (printers, scanners, fax machines, and mviltime-
dia devices). Because these devices are services for networks, their 
growth is driven by the overall growth in networking nodes and 
the topology of networks. Network peripherals is anticipated to be 
one of the largest growth subsegments. We expect to see network 
interfaces as a standard feature on $1,000 laser printers as the cost 
to add them drops below $20. The standards mix within these 
devices is expected to track that of the overall network frends. 
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Moving toward Standardization 
Within most companies, the choice of networking standard has been 
affected by political factors as much as technical factors. In some 
cases, it was driven by the dominance of mainframe and minicom
puter vendors (primarily IBM and Digital) within the customer's 
environment, providing central network management to gain control 
of MIS decisions. In other cases, it was driven by the ease of a 
built-in connection method, sudi as AppleTalk for Macintoshes. The 
result has generally been a heterogeneous computing environment 
with multiple connectivity standards. These multiple standards are 
then bridged to form one integral network, often limited by its 
weakest link, and typically fraught with problems. 

Our outlook is toward more uniformity in networking and a con
solidation among standards. Based on the current needs of the mass 
market and industry momentum, Ethernet is expected to become 
integrated into 80x86 PCs in a similar fashion as the evolution of 
VGA graphics into 80x86 PCs during the last four years. The driv
ing forces behind Ethernet becoming the dominant standard include 
the following: 

• Ethernet is the most-prolific, lowest-risk standard covering the 
largest quantity of installed networks. 

• The driver support required is minimal where all the top chip 
suppliers support the primary network operating systems. 

• The cost of embedding Ethernet with a twisted-pair interface is 
less $25; the size is less than 5 square inches. 

• There is substantial growth in adoption of Ethernet as the 
maiinstream 80x86 PC cormectivity standard, including built-in 
motherboard use. 

• The bulk of Token-Ring business is still captive (IBM), lessening 
the available merchant market. IBM does not have a sufficient 
share of the PC market to force Token-Ring as a connectivity 
standard. 

• Most companies wiU prefer to consolidate the niamber of 
different networks used within their envirorunent. 

• Ethernet provides a satisfactory solution for mainstream 
connectivity at half the cost of Token-Ring solutions. 

• Workstations will remain primarily Ethernet, except for a minor 
portion of Token-Ring and a growing portion of FDDI being 
used in performance-critical situations. 

• Apple will move to Ethernet as a replacement standard for 
AppleTalk on Macintoshes intended for the office. 
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Competitive Positions and Analysis 
From a chip supply viewpoint, Ethernet is supported by the largest 
niunber of vendors with much lower cost solutions than Token-Ring 
(see Figure 4-13 and Table 4-9). Perhaps even more significant than 
unit differences is the difference in merchant chip revenue—^more 
than $200 million for Ethernet controllers and less than $40 million 
for Token-Ring controllers in 1991. This is because the large portion 
of Token-Ring shipments have been captive; IBM owned nearly 
75 percent of the Token-Ring adapter market in 1991 and produces 
its own chips. The following paragraphs provide an overview of 
the merchant chip vendors involved. 

National Semiconductor was by far the largest merchant vendor of 
network controllers and has expanded its offerings to one of the 
broadest product lines available. It is the dominant vendor of con
troller chips for PC add-in network cards, driving its position as 
the overwhelming leader in Ethernet imit volxmies as well as 
revenue. It led the industry in integration, being the first vendor to 
offer an integrated single-diip Ethernet solution (St-NIC). In a joint 
development agreement established with IBM, it just introduced the 
first single-chip integrated Token-Ring chip with IBM compatibility. 
National also offers a two-chip FDDI solution with an integrated 
transceiver for twisted-pair. National has already stated its intention 
to offer as)mchronous transfer mode-based products as a LAN solu
tion. As part of the driving force to Ethernet on motherboard, 
National recentiy aimoimced its AT/IANTIC single-chip controller 
with ISA bus interface and software configuration. 

Figure 4-13 
1991 Top 7 Companies' LAN Chip Market Share 

Seeq (3.1%) , r 

Fujitsu (4.7%) \ , , „ - - r W ^ 

/ S M C \ \ I 
/ (8.9%) \ \ I 

/ Intel ^ " " • " ' • ^ ^ ^ 
(9.7%) _ J ! ! ^ 

\ Texas / 
\ Instruments / 

— Othere(1.6%) 

National 
y Semiconductor 
\ (42.6%) 

(13.9%) 

AMD 
(15.5%) 

Total = $258 Million 

Source: Dataquest (December 1992) Gi2002S23 
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Table 4-9 
LAN Chip Market Share 

i 

I 

1991 Rank Vendor 

Network Controller Market: All Segments 
Market Share, by Vendor 1991 
1 National Semiconductor 

2 AMD 

3 Texas Instruments 
4 Intel 
5 SMC 

6 Fujitsu 

7 Seeq 

Others 
Total 

Network Controller Market: Ethernet Segment 
Market Share, by Vendon 1991 
1 National Semiconductor 

2 AMD 

3 Intel 

4 SMC (ex W/D) 

5 Fujitsu 
6 Seeq 

Others 
Total 

Revenue ($M) 

110 

40 
36 
25 
23 
12 
8 
4 

258 

110 

40 
25 
15 
12 
8 
2 

212 

Share (%) 

43 
16 
14 
10 
9 
5 
3 
2 

100 

52 
19 
12 
7 
6 
4 
1 

100 

ShlpiAtCi 

s 
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Table 4-9 (Continued) 
LAN Chip Market Share 

g 

8 
•3 o 

I 

1991 Rank Vendor 
Network Controller Market: Token-Ring 
Market Share, by Vendor 1991 
1 Texas Instruments 
2 NaHonal (Entered in 1992) 

3 C & T (No Shipments in 1991) 

4 IBM (AU CapKve in 1991) 

Others 

Total 
Network Controller Market: Others Segment 
Market Share, by Vendor 1991 
1 SMC (Aimet) 

Others 

Total 

Revenue ($M) 

36 
0 
0 
0 
0 

36 

8 
2 

10 

Share (%) 

100 
0 
0 
0 
0 

100 

80 
20 

100 

Shipmen 

Source: Dataquest (December 1992) 
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AMD is the next largest vendor, with about 16 percent of market 
revenue in 1991. AMD has been one of the strongest vendors in 
the high-performance Ethernet market with its Lance and Iliac 
chips, controlling more tt\an 80 percent of the workstation market. 
Though not expected to offer a Token-Ring solution, it is also mak
ing a play to capture the FDDI market as it develops. Its most 
recent product introduction was the Am79C960 PCnet ISA device, 
designed for use on PC motherboards. This new product offers an 
Ethernet solution that can be implemented for less than $25, 
including bus master architecture and no local buffer memories. 

Until this year, Texas Instruments was the single-volume vendor of 
merchant Token-Ring controllers, achieving $36 million in revenue 
in 1991. Its TMS380 series of Token-Ring chip sets has been the de 
facto standard used by PC add-in board vendors and workstations 
manufacturers and was the first to offer 16-Mbps-level support. 
This year, Tl took a major step forward and introduced a new 
dual-protocol chip, the TM5380C26, servicing interfaces to either 
Token-Ring or Ettiemet networks. 

Intel, present in nearly every segment of microperipherals, is the 
fourth largest vendor of network controllers and is growing fast 
Having focused on high-end PCs and servers with its 82596, Intel 
has augmented its growth through its captive business with the 
Intel Lan Adapter product line sold at retail. However, growth is •• 
likely to come from its new integrated Ethernet controller designed 
as a PC motherboard solution. To date, Intel has only offered Ether
net network chips, but it rounds out its corrununicabons product 
line by being one of the top vendors of integrated fax/modem 
chips. 

Standard Microsystems grew its network controller business with a 
low-cost, proprietary network solution called Aicnet. Then, in late 
1990, it expanded its product line by acquiring the Ethernet con
troller line from Western Digital. This year it took a further step 
and offers a Token-Ring solution it claims was completely 
developed internally. 

Fujitsu Microelectronics' APD division is based in San Jose, 
California and is focused on LAN controllers and RISC processors 
(SPARC-compatibles). Its LAN offerings are focused on low-cost 
Ethernet solutions, with some of its transceiver technology jointly 
developed with Level One. Attempting to gain volume sales into 
the PC market, Fujitsu has introduced integrated Ethernet con
trollers as weU as an Ethernet PCMCIA card for the portable 
market. 

Several other vendors offer significant LAN controller solutions 
that have not achieved dramatic market shares. Seeq has been 
active for many years in the network controller business, focused 
on advanced Ethernet controllers, mainly for high-end applications. 
Chips & Technologies entered the market in late 1991 with a dual-
protocol Token-Ring/Ethernet chip set that never took off and is 
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now offering a low-end Ethernet chip set to go after the PC 
motherboard business. NCR has been a low-level participant in the 
Ethernet controller market and became more active this year with 
the acquisition of marketing rights to a line of products developed 
by Winbond, a Taiwanese semiconductor company. 

Forecast and Assumptions 
As a result of this analysis, Dataquest is forecasting the network 
controller merchant chip market to more than double in size over 
the next five years. Figures 4-14 through 4-16 and Table 4-10 sum
marize this growth, depicting the growth from about $257 million 
in 1991 to $678 million in 1995. Because of the decreasing ASPs 
for controller chips, compound revenue growth is about half that 
of shipment growth, which is shown to grow from just xmder 
7 miUion imits in 1991 to more than 37 million vmits by 1996. 

Dataquest has made the following observations: 

• The trend toward motherboard network solutions in 80x86 PCs 
wiU drive network penetration in desktop PCs from 48 percent 
in 1991 to 85 percent in 1996, which yields 21.9 million vinits. 

i 

Figure 4-14 
Network Chip Market Forecast, Units 

Millions of Units 

i 

^^Tri_^SdS>A— 
1991 1982 1993 1994 1995 1996 

Ethernet Token-Ring H Others 

Source: Dataquest (December 1992) 02002624 i 
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Figure 4-15 
Network Chip Market Forecast^ Revenue 

Thousands of Dollars 
700,000. 

600,000-
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400,000-

300,000-

200,000-

100,000-
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Token-Ring 

Ethernet 

1996 

Source: Dataquest (December 1992) &20D2G25 

• Ethernet, driven by the desire for homogeneous networks and 
the movement toward network-ready 80x86 PCs, will become 
the dominant standard for mainstream connectivity, accounting 
for 77 percent of all nodes in 1996. 

i Token-Ring will remain a sizable standard but wOl slowly decay 
as a percentage of shipments, being relegated to networks where 
IBM dominates or systems offering ducd protocols. 

• Dual-protocol controllers wiU be too costly to build onto mother
boards (except workstations) or to replace standalone Ethernet 
controllers, but will be attractive to replace Token-Ring adapters. 

• FDDI (part of "other") will begin to gain a foothold in the mar
ket beginning in 1993, when technology will be proven, costs 
will be lower, and demands large enough to profitably market 
products. FDDI wUl continue to become the l^gh-end standard 
where high bandwidth and/or determinism are essentiaL 
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Figure 4-16 
Network Chip Market Forecast, ASF i 

Dollars 
60 

1 0 -

1991 1992 1993 1994 1995 1996 

Ethernet Token-Ring Others i 
Source: Dataquest (December 1992) G200Z626 

• All other standards (AppleTalk and Arcnet, among others) will 
decay to minor proportions by 1996 (each less than 5 percent). 

• ASPs of Ethernet controllers will drop dramatically over the next 
two years as a result of focus on PC motherboard designs, which 
will drive the overall ASP of network controllers. 

• The modem/other segment of the commixnications controller 
market will continue to grow, doubling in size over five years. 
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Mass Storage Controllers 
Mass storage controllers have become a sizable segment of 
microperipherals, accounting for more than $400 million dollars in 
1991. Two primary markets exist for mass storage controller chips, the 
device-side or peripherals (also called target systems) such as hard 
disk drives, CD-ROMs, and scanners, among others, and the host-side 
(also called host/initiator systems) such as PCs and workstations. The 
device-side market is dominated by hard disk drives, which in turn is 
dominated by seven large companies: Conner Peripherals, Seagate 
Technology, Maxtor, HP, IBM, Quantvmi, and MicropoHs. The host-side 
market is dominated by the 80x86 PCs, the Macintosh platfonn, and to 
a lesser extent technical workstations. 

Device-Side Applications 
Mass storage controller applications can be segmented by mass 
storage device types, each of which requires a controller on the 
device and one within the host system as well. AH of the basic 
mass storage drive market shows continued growth over the fore
cast period (see Figure 4-17), and each basic type of storage device 
has its own host interface standards that it adheres to. The major 
exception to this is the SCSI interface, which is becoming a perva
sive standard across all segments, requiring only a single host 

i 

Figure 4-17 
Mass Storage Market Forecast^ Shipments i 
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controller (which accommodates up to eight devices). The basic 
mass storage device segments and their standards are as follows 
(battles among differing standards is most pronounced within the 
hard disk drive segment, which will be analyzed in further detail 
in the sections that follow): 

• Hard disk drives: Controller standards eire divided between 
integrated device electronics (IDE) (which is used with the bvdk 
of IBM-compatible PCs), SCSI (used on all types of platforms), 
and a small portion of "other" (maiiUy the electronic storage 
device interface, or ESDI). 

• Floppy disk drives: The de facto controller standard is the old 
NEC 765-based interface (5-1/4-inch and 3-1/2-inch devices), 
except for high-density floppies (Boumolli, Insite) that use SCSI. 

• Tape drives: These are dominated by 1/4-inch cartridges and use 
a mixture of floppy-disk controllers, QIC-02 interfaces, SCSI, and 
others. 

• Optical drives: These are dominated by CD-ROMs; almost aU 
devices including WORM drives and jtikeboxes use SCSI as the 
interface standard. 

Hard disk drive electronics can be divided into three essential 
blocks: the digital control block, the motor drive circuits, and the 
read/write dbrcuits. Industry efforts are under way to develop 
highly integrated components for each area to lower total cost, 
reduce real estate, and improve features. Though additional efforts 
are under way to utilize DSPs in place of many analog compo
nents, the greatest focus is on the digital controller block, which 
comprises the microcontroller (commonly Motorola's 68HC11, Intel's 
8051/80196, National's HPC-i-, and ZUog's Z8), the host interface 
controller, data buffer memory, and drive interface logic. 

The host interface controller is the focal point of competition 
between the two primary competing standards, IDE and SCSI. 
SCSI is a universal peripheral interface standard encompassing all 
forms of mass storage devices as weU as peripherals and as such 
is covered under a separate section. On the other hand, IDE is 
used exclusively for hard disk drives, specifically for the 80x86-
compatible PC systems. Its use was first popularized by Cirrus 
and Conner and became the de facto PC standard hard disk inter
face for both desktop and portables. As a standard, it is used only 
internal to the host PC system, supports only hard disk drives 
(only two per controller with maximum of 512MB each), and allows 
transfer rates up to 8 MB/sec. Its host-side control comes built-in 
with most modem core-logic PC chip sets and with the Intel SL 
microprocessor architecture. For these applications it offers adequate 
performance and the lowest cost approach for both host-side and 
drive-side implementations, which to date have maintained 
m.omentum against the encroachment of SCSI drives. 

In addition to the standards competition, efforts are under way to 
integrate the complete digital control block into one or two compo
nents. However, integrating the microcontroller would affect the 
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firmware used and would pose a barrier to entry within many 
accoimts. Dataquest expects to see several types of integrated 
products introduced in 1993 based on the starting point for a given 
vendor. Thus this represents both an opportunity for controller ven
dors to integrate surrounding functions on-chip, as well as a threat 
from microcontroller vendors that will integrate the host interface 
on chip. Furthermore, we expect to see new entrants appear with 
novel approaches that take advantage of the opportunity to gain 
new design wins as the industry transitions. 

Host-Side Applications 
The standard being employed for the hard disk mass storage 
controller devices (host interfaces) depends on the target platform, 
which fall into the following situations: 

• Desktop 80x86 PCs: Dominated by IDE (greater than 95 percent 
by voliune) because of historical usage and economics (IDE 
comes built-in with most PC core logic chip sets); SCSI (primar
ily used for greater than 200MB drives) is beginning to gain 
momentum, driven by the use of high-speed/high-capacity drives, 
CD-ROMs, and key vendors (such as IBM's use within the PS/2 
family). 

• Portable 80x86 PCs: Like their desktop counterparts, these are 
almost all IDE because of the same historical and economic rea
sons in addition to power dissipation (SCSI requires terminatioiis: 
48 miUiamps on 18 signals). However, SCSI is starting to be used 
for docking station connection or for support of multiple device 
types. For some devices, the PCMCIA standard is even being 
considered for use. 

• Macintosh PCs: Apple was one of the early adopters of the SCSI 
standard (in 1984) and now uses SCSI as the primary device 
interface in all of its Macintosh models, induc^g the Powerbook 
series of portables. 

• Workstations: Nearly all vendors of technical workstations (in
cluding Sun, IBM, HP, and Digital) have standardized on the use 
of SCSI as the standard mass storage device interface. 

• Midrange and others: Because many of the major workstation 
vendors are also dominant vendors of midrange systems (IBM, 
HP, and Digital, among others), it is not surprising that the SCSI 
standard dominates here for some 75 to 80 percent of the vinit 
volume. 

SCSI Standard Overview 
SCSI is a fast, intelligent, multitasking I/O channel that can connect 
multiple peripheral devices to a host computer. SCSI was not neces
sary imtil the advent of high-performance workstations and PCs 
using multiple types of mass storage and peripheral devices such 
as high-capacity rigid drives, CD-ROM drives, and tape vmits. The 
SCSI approach has been aroxmd since the early 1980s, developed by 
Shugart Associates (initially called SASI) and then NCR xmtil it was 
assigned an ANSI name (SCSI) and working group in 1982. It 
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allows up to eight peripherals to be connected simiUtaneously, 
thus enabling systems to consolidate all mass storage and 
peripheral devices onto one bus. The range of SCSI transfer rates 
exceeds that of standard serial, parallel, or IDE buses so that newer 
high-capacity disks and high-bandwidth peripherals may be used. 
Thus far, because SCSI is not a universal standard within operating 
systems, drivers must be installed for its use. 

The first commercial SCSI protocol chip was introduced in 1983 
(NCR 5385), which began a long series of industry products. 
Momentum picked up in 1984 when Apple adopted the SCSI 
approach for the Macintosh. However, it was not until 1986 that 
ANSI formally approved the SCSI standard (now SCSI-1). Formal 
approval for the second-generation standard (SCSI-2) began in 1989 
with its formal adoption due anytime (end of year 1992). Mean
while, work has already begun for a third-generation standard 
(SCSI-3). The basic features of each generation are as follows: 

• SCSI-1: Offers 8-bit interface bus, 5- to 10-MB/sec (asynchronous 
versus sjmchronous) transfer rates, and features a relatively 
robust command set primarily focused on mass storage devices. 
SCSI-1 costs nearly the same as the IDE approach, has sufficient 
performance for nearly all but fast hard disks, and is the current 
standard employed by the Macintosh. 

• SCSI-2: Offers 8-bit or 16-bit (wide) interface buses, 5- to 40-MB/ 
sec traiisfer rates, and features an expanded command set (in
cluding command queuing) aimed at accommodating fuU support 
of CD-ROM, scanners, commimications devices, and others. 
SCSI-2 costs slightly more to implement than SCSI-1 ($5 range), 
is required for high-performance hard disks, offers the widest 
device type support (all DAT, most optical, arrays, and scanners), 
and is standard now on most workstations. 

• SCSI-3: Offers a new 16-bit cable option (P cable), trartsfer rates 
in excess of current standards, and features a new SCSI inter
locked protocol (SIP) option as well as the ability to support 
dual-porting. SCSI-3 features have begun to appear in new 
products and are expected to take shape in the form of a 
fiber-optic interface to eliminate transmission length problems. 

Competitive Positions and Analysis 
The market share distribution presented in Figure 4-18 and 
Table 4-11, as weU as the competitive discussions, reflect only the 
detailed vendor data for the SCSI and IDE subsegments. Based 
solely on these subsegments, the competitive field was dominated 
in 1991 by Cirrus Logic, turning in a combined total of $90 million 
primarily because of revenue from the IDE subsegment. All other 
major vendors—^Adaptec, NCR, Western Digital, and Emulex— 
gained their positions primarily from SCSI revenue. Each vendor 
and its position is described in the following paragraphs. 
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Figure 4-18 
1991 Top 5 Companies' Mass Storage Market Share i 

Emulex (3%) 

NCR Microelectronics (8%) 

Western Digital (4%) 

Total = $407 Million 

Source: Dataquest (December 1992) Gzoozeze 

i 
Cirrus is the largest overall vendor in mass storage controllers, with 
a total 1991 revenue base of $172 million. Mass storage controllers 
represent more than 60 percent. 

Cirrus was the first company to develop high-integration mass 
storage controllers to enable disk drive electroiucs to be placed 
directly onto the hard drive. As a result, it became the leading 
supplier of the IDE standard. It also has a secondary but growing 
position in SCSI controllers and acquired Crystal Semiconductor 
last year to gain access to mixed-signal technology for use in disk 
analog integration. Major customers for Cirrus include Conner 
Peripherals (30 percent of its 1991 revenue), Maxtor (new MXT-54 
3 1/2-inch drive), HP (the new 1.3-inch drive uses a custom Cirrus 
chip), Seagate, and NEC. 

Adaptec is a broad line suppber of SCSI and other peripheral con
trol products for OEM and peripheral manufacturers. Key historical 
milestones include the first programmable controller chip (1983), the 
first multitasking AT-to-SCSI host adapter (1987), and the first 
single-chip disk controller (1989). It is the dominant vendor of SCSI 
PC host adapters (but not host controHeis) and SCSI development 
systems including software tools. Major customers for Adaptec 
include HP, Digital, Conner Peripherals, Seagate, Maxtor, Hitachi, 
Quantum, Grid, and Apple (printers). Adaptec has been active in 
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Table 4-11 
Mass Storage Market Share Forecast 

1991 Rank Vendor 
Mass Storage Controllers: All Segments 
Market Share, by Vendon 1991 
1 Cirrus Logic 

2 Adaptec 

3 NCR Microelectronics 
4 Western Digital 
5 Emulex 

Others 

Total 

Mass Storage Controllers: SCSI Segment 
Market Share, by Vendor: 1991 
1 NCR 

2 Adaptec 

3 Cirrus Logic 

4 Western Digital 
5 Emulex 

Others 

Total 
Mass Storage Controllers: IDE Segment 
Market Share, by Vendor 1991 
1 Cirrus Logic (Including Accumos) 

2 Adaptec 
Others 

Total 

Revenue ($K) 

90,000 
52,000 

34,000 
17,000 

12,000 

202,000 

407,000 

34,000 

27,000 

19,000 

17,000 
12,000 

20,000 
129,000 

71,000 

25,000 

50,000 

146,000 

Share (%) 

22 

22 

8 
4 
3 

50 
100 

26 
21 
15 
13 
9 

16 
100 

49 
17 
34 

100 

Shipments (K) 

11,500 

6,300 

3,700 
1,900 
1,300 

40,700 

65,400 

3,700 

3,100 

2,100 

1,900 

1,300 

2.800 

14,900 

9,400 

3,200 

7,000 

19,600 

S 

Source: Dataquest (December 1992) 
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SCSI development over the last 12 months, which included the 
following key events: 

• In late 1991, Adaptec introduced a SCSI printer controller that 
allows high-speed transfers (full pages in 1.2 seconds) and 
entered into an agreement with Apple to design a laser printer 
controller for the Personal LaserWriter NTR (March). 

• It won a SCSI host adapter order with Sanyo for a pen-based 
computer (April). 

• It began codevelopment with IBM for incorporating SCSI as a 
direct access storage device (DASD) within OS/2 (January). 

• It aimounced its new design toolkit for SCSI software 
development (January). 

• It announced the availability of embedded drivers within SCO 
UNIX 4.0 (January). 

NCR was one of the early pioneers of SCSI technology and had a 
pivotal role in establishing the SCSI standard. NCR continued its 
efforts and introduced the first commercial chip product compatible 
with the SCSI standard. Now, NCR manufactures one of the 
broadest SCSI product lines including chips, boards, and system-
level products. The NCR 53C7X0 family of chips is generally 
acknowledged to be the highest-performance host chip because of 
its 2-mips processor on chip, which minimizes host interrupts. NCR 
continues to invest heavily in SCSI technology development for 
both standalone SCSI controllers and integrated Core Logic. Major 
customers for NCR include Apple, Sim, Seagate, and Cormer. 
Among other developments, NCR annoimced a strategic marketing 
arrangement with Corel Systems to exclusively use NCR products 
in its CorelSCSI kits. 

Western Pigital is a medivmi-size, vertically integrated company 
with a captive hard disk drive business. It manufactures a limited 
line of hard disk controller chips with an external focus on SCSI 
chips, the bulk of which are consumed by IBM for its disk drive 
manufacturing. It is also a leading vendor of floppy disk controller 
chips. 

Emulex is a small manufacturer of high-performance storage and 
networking products with special emphasis on Digital<ompatible 
products and high-end drives. Its mass storage products are focused 
on SCSI host-side applications at both chip and board levels. It 
reputedly receives some of its host-side SCSI chips from NCR. 

Fujitsu has a small SCSI product offering that has had limited 
market success to date. Its primary usage has been in SEARC-
compatible systems that use the Fujitsu SPARC processors. It has 
been strengthening its hne, having added in late 1991 the 8660X 
series with a small MPU on-chip (similar to the NCR 53C7X0). 
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NEC was the largest semiconductor company in the world in 1991 
and has a broad overall line of mass storage controllers. It is a 
small player in both floppy disk controller chips and SCSI con
troller chips. NEC developed the uPD765 FDC, the industry-
standard LSI floppy disk controller (FDC) chip that contains the cir
cuits for interfacing a host system to fotir floppy drives and sup
ports either FM or MFM formats. NEC is strong in the Japanese 
market and relatively weak in the U.S. market. 

Three additional vendors are noteworthy for their potential to affect 
the host-side mass storage controller market. Intel offers a selection 
of mass storage chip sets, including the 8272A and 82077 (in
troduced in 1990 FDCs) and the 82064, an older PC AT hard disk 
controller compatible with the WD2010. Chips & Technologies offers 
a fair selection of floppy and hcird disk controllers, primarily for 
the host-side and with limited market success. AMD offers some 
SCSI controllers that it licenses from both NCR and Western Digital, 
also with limited market success. 

Forecast and Assumptions 
The mass storage controller market is projected to maintain strong 
growth over the forecast period, almost doubling by 1996 (see 
Figures 4-19 through 4-21 and Table 4-12). Driven by relentless 

Figure 4-19 
Mass Storage Controller Market Forecast, Units 
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Figure 4-20 
Mass Storage Controller Market Forecast, Revenue 

Thousands of Dollars 
900,000-

1990 1991 
I •'••'" I '""•• I r 

1992 1993 1994 1995 1996 

n 

H 

B 

m 

others 

FDC 

IDE 

SCSI 

Source: Dataquest (December 1992) G2O0E63O 

demand forecast for all forms of mass storage devices used in PCs 
and workstations, mass storage controller demand is subject to the 
following key assiomptions: 

• Unit volumes driven by mass storage devices as weU as host 
systems (PCs and workstations) face several threats to the con
tinuance of growth, but are also subject to the vagaries of fore
casting and may not achieve the growth forecast for them. 

• Integration of the mass storage controller function within the 
microcontroller, DSP, or other integrated subsystem chip will not 
have a major impact in the next three years. 

• The use of flash memory-based solid-state disks (now being 
worked on by Intel and Conner) will severely impact the 
demand for mass storage in hand-held devices and will begin 
to have an impact on floppy sales in the 1995 time frame. 

• Overall, SCSI controllers will become the leading subsegment in 
revenue in 1992 and the leading subsegment in vmit volumes in 
1994, driven by the following: 

a Hard disk drives, where SCSI will continue to gain market 
share, driven by the movement to higher<apacity drives (more 
than 200MB), overtaking unit dominance to IDE in 1996. 
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Figure 4-21 
Mass Storage Controller Market Forecast̂  ASF 
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o Optical drives, where SCSI will remain the overwhelming 
dominant standard, becoming 100 percent by 1996. 

• Tape drives, where SCSI will continue to grow, becoming the 
dominant standard interface starting in 1995. 

For floppy drives, the standard FDC interface will remain over
whelmingly dominant throughout the forecast period, with SCSI 
at about 2 percent in 1996. 

80x86 PCs (both desktop and portable) will drive most of the 
unit growth for host-side controllers during the forecast period, 
which will be driven to adopt SCSI (on the desktop) by the 
use of CD-ROMs for software distribution and multimedia 
applications. 

Controller prices will drop only slightly overall as increased 
functionality is incorporated and higher-priced mass storage 
device-side controllers become greater than 50 percent of the 
mix (currently host-side controllers dominate in imit volimies). 
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Table 4-12 (Continued) 
Mass Storage Controller Market Forecast 
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Controller Segments 

Others 

Units (K) 

ASP ($) 

Revenue ($K) 

Total 

Units (K) 

ASP ($) 

Revenue ($K) 

1990 

12,669 

8.67 

109,828 

60,893 

6.45 

393,029 

1991 

6,918 

8.59 

59,442 

65,629 

6.21 

407,239 

1992 

6,168 

8.34 

51,414 

75,891 

6.09 

462,505 

1993 

4,764 

8.06 

38,378 

88,922 

5.96 

530,104 

1994 

3,545 

7.79 

27,612 

105339 

5.81 

611,977 

Source: Dataquest (December 1992) 



Chapter 5 
Microcontrollers 

Market Development and Trends 
Microcontrollers are ubiquitous in their usage, providing the hidden 
control behind nearly every individual appliance, instrument, and 
piece of entertainment equipment we use. They are in cars, cameras, 
televisions, telephones, disk drives, logic analyzers, copiers, and the 
card readers used in automated teller machines. As liie sophistication 
of these applications grows, microcontrollers must keep pace by 
expanding their functional features, increasing performance to manage 
the additional features, and providing easier methods of programming 
to reduce development time per function. 

As shown in Figure 5-1 and Table 5-1, total revenue for micro
controllers (including digital signal processors, or DSPs) will continue 
to grow handsomely throughout the next five years, achieving a com-
poimd annual growth rate (CAGR) of more than 12 percent. Demand 
for microcontrollers is tied directly to equipment production and is 
most dominated by consumer, telecommunications, automotive, and 
data processing applications, all of which are forecast to achieve strong 
growth beyond 1992. In some cases, added equipment features have 
spawned the use of multiple microcontrollers to distribute 
decision-making and control. 

Few threats exist for the mainstream microcontroller market, which 
offers the most cost- and space-effective method of implementing 
electronic equipment control (without data processing). 

On the other hand, there is an increasing clash with microprocessors 
designed for embedded uses that integrate most of the I /O and con
trol features but leave out the memory. This clash has existed for a 
number of years with the Z80, which stiU sells at nearly 50 million 
vmits per year and is growing. However, the most serious long-term 
threat is at the high end, where pricing, real estate, and code size 
allow embedded microprocessors to compete head-on for many socket 
opportunities. One example of this is the automotive power train, 
which shows signs of converting to a single high-performance 32-bit 
processor (Ford initially chose the custom version of the 88K) sup
ported by a distributed network of low-performance 8-bit units. 
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5-2 Microcomponents Worldwide 

Figure 5-1 
MOS Microcontroller Revenue, by Segment i 

Millions of Dollars 

9,000-

. ^ 

7\ D 

Q 

• 

B 

DSP 

16-bit 

8-bit 

4-bit 

1990 1991 1992 1993 1994 1995 1996 

Source: Dataquest (December 1992) G2002632 
i 

Product Structure and Segmentation Basis 
For formal segmentation of microcontrollers, Dataquest maintains 
the traditional splits on the basis of word width (external data 
path), as follows: 

• 4-bit microcontrollers: The most homogeneous of the three 
segments, these are all low-performance, have small on-chip 
memory, typically contain application-specific I /O features, and 
are dominated (more than 90 percent) by Japanese vendors. 

• 8-bit microcontrollers: The most varied of the three segments, 
these range from the low-performance 68HC05 series to the-high 
performance H8 series, offer a wide range of memory sizes and 
types, and are offered by nearly every vendor. 

• 16-bit-plus microcontrollers: The highest performance level in 
microcontrollers, these are only offered by a select number of 
vendors and are the primary focus of integration with high-
performance subsystems sudi as DSP vmits and others. 

December 21,1992 ©1992 Dataquest Incorporated MCRO-SEG-MT-9201 
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Table 5-1 
Revenue from MOS Microcontroller ICs Shipped to the World, 1990-1996 
(Millions of U.S. Dollars) 

Tolal MCS Microcontroller 
Revenue 

Growth Rate (%) 

Percerit of Total 

4-Bit Revenue 

Growfth Rate (%) 

Percent of Total 

8-Bit Revenue 

Growth Rate (%) 

Percent of Total 

16-Bit Revenue 

Growth Rate (%) 

Percent of Total 

DSP Revenue 

Growth Rate (%) 

Percent of Total 

1990 

3,959 

19.0 

100.0 

1,394 

35.2 

2,079 

52.5 

194 

4.9 

291 

7.4 

1991 

4,855 

22.7 

100.0 

1,598 

14.6 

32.9 

2,618 

25.9 

53.9 

303 

56.2 

6.2 

337 

15.8 

6.9 

1992 

5,244 

8.0 

100.0 

1,654 

3.6 

31.5 

2,854 

9.0 

54.4 

337 

11.3 

6.4 

398 

18.0 

7.6 

1993 

6,090 

16.1 

100.0 

1,787 

8.0 

29.3 

3,363 

17.8 

55.2 

439 

30.3 

7.2 

501 

26.0 

8.2 

1994 

7,291 

19.7 

100.0 

2,048 

14.7 . 

28.1 

4,074 

21.2 

55.9 

557 

26.8 

7.6 

611 

22.0 

8.4 

199 

8,30 

13. 

100. 

2,22 

8. 

26. 

4,71 

15. 

56. 

67 

20. 

8. 

70 

15. 

8. 

Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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5-4 Microcomponents Worldwide 

This split facilitates analysis of the product mix based on the 
forces that drive the use of greater word widths, which include 
the following: 

• The need for higher I/O bandwidth 

• The need for quality HLL compilers (difficult on 4-bit) 

• The need for higher on-chip performance 

The nature of microcontrollers and their customized use defies 
explicit segmentation, except on a rudimentary basis. Outside of 
the two widespread families, 80xx and 68xx, most internal CPU 
architectures are proprietary to each vendor. They also contain a set 
of features too numerous to track by individual variation, including 
an tmlknited mixture of the following: 

• CPU types 

• Nonvolatile memory size and types (ROM, EPROM, EEPROM, 
and flash) 

• RAM sizes (normally static RAM) 

• Internal control subsystems (for example, watchdog timers and 
counters) 

• Data converters (D/A and A/D) 

• Specialized drivers/outputs (for example, LCD drivers) 

• Specialized receivers/inputs 

In many respects, the factors influencing demand and market 
momentum are associated more with companies and their programs 
rather than products and their features. Thus, within each category 
are many variants in hardware features, software support, customi
zation programs, and company relationship, among others. An alter
nate method of product segmentation, which addresses the issue of 
architectiiral compatibility, the primary segmentation in microproces
sors, is to divide microcontrollers between proprietary and licensed 
microcontrollers, as follows: 

• Proprietary microcontrollers: The collection of tmrelated vendor-
specific product families that includes nearly all the 4-bit and 
16-bit units and the majority of 8-bit units sold by Japanese 
companies. 

• Licensed microcontrollers: Includes the two major 8-bit families— 
the 68xx family now dominated in volume by their inventor, 
Motorola, and the 80xx family, led in volume by their inventor, 
Intel—and other minor licensed families. 

The proprietary versions, which include the high-volvune 4-bit units, 
dominate with nearly 70 percent of the imit volumes. The licensed 
versions are interesting in that they provide a certain degree of 
development compatibility within a wide range of primarily 8-bit 
devices. A result of the way the microcontroller industry developed, 
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Microcontrollers 5-5 

the 68xx family and the 8Qxx family of microcontrollers still sell 
in large and growing volumes. Though the 8048/49 series is not 
code-compatible with the 8051/52 series, and the 68xx series is not 
fully compatible up and down the scale^ the assem.biy language, 
programming tools, and development equipment is nearly the same 
within each family. 

In addition to these differences, many versions of these families are 
single-vendor components, like proprietary parts in many ways. 

Yet another way to examine the product mix is on a nonsegmented 
top selling basis. Table 5-2 lists the top 10 products on a vendor^ 
specific, unit volume basis. Though this list is dominated by 4r-bit 
products, the top product is an 8-bit unit. Motorola's 68HC05, mar
keted under its CSIC program. Also interesting is the fact that 
Motorola, which appears twice on the list, is the only non-Japanese 
vendor listed. This list includes only vendor-specific quantities, even 
though the industry aggregate volvmaes of the 8051/31 family 
wovild place it fourth on tiie list with 62.5 rruIHon vmits. 

Motorola's CSIC Program 
Several years ago. Motorola quietly began using a new methodol
ogy of matching specific microcontrollers to customer requirements. 
This methodology was called customer-specific integrated circuit 
(CSIC) microcontrollers and was designed to provide the lowest-cost 
method to deliver microcontrollers meeting exact customer require
ments. CSIC program development was driven by the lack of 
broad-based success with microcontroller core-based ASICs, which 
differ to the customer as follows: 

• ASIC 

a Resvilts in customized device 

o Requires NRE or amortized NKE 

• Proprietary design 

o Customer does front-end design 

a Automated layout 

• CSIC 

o Results in customized device 

a Normally no NRE charges 

D Nonproprietary design 

o Motorola does design 

o Hand-packed layout 

The problems traditionally occurring in ASIC microcontrollers 
include errors introduced by the customer (usually a system 
engineer) doing IC design, the large die size (and thus cost) 
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Table 5-2 
Top 10 Product Shipments of Microcontrollers to the World 
(Thousands of Units) 

f a 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1990 
Rank 

3 

1 

2 

4 

5 

7 

6 

8 

11 

9 

Product 

68HC05 

UPD75X 

SM Series 

HMC&^400 

MN1500 

TLCS-47 

LC57/58XX 

UPD78XX 

68HC11 

M5046X/56X 

All Others 

Total MCU 

Company 

Motorola 

NEC 

Sharp 

Hitachi 

Matsushita 

Toshiba 

Sanyo 

NEC 

Motorola 

Mitsubishi 

1990 
Units 

73,600 

101,000 

98,500 

54,400 

53,500 

45,000 

45,700 

39,000 

27,700 

31,200 

797,300 

1,366,900 

1991 
Units 

131,900 

106,000 

95,200 

61,500 

57,800 

50,000 

45,600 

44,800 

40,500 

33,800 

896,200 

1,563,300 

Note: Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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Microcontrollers 5-7 

produced by using automated routing, and steep upfront engineer
ing costs (NRE) in some cases. Because most customized micro
controllers were primarily 4-bit units offered by Japanese vendors, 
Motorola chose to ijoiplement the CSIC methodology around its 
low-cost 68HCCI5 architecture. As a result, the 68HC05 now offers 
more than 100 different CSIC derivatives, some of which are used 
by more than 10 customers (as a result of common application 
needs) and in 1991 became the single highest volxmie product series 
with nearly 132 million units. It is still growing. This program has 
worked so well that Motorola has become one of the primary 
forces in migrating 4-bit designs to 8-bit designs by consolidating 
more functional circuits into the microcontroller and improving the 
cost-performance of the solution. 

Major Technology Trends 
Evolution of technology used within microcontrollers seetns to move 
at a snail's pace, in contrast to microprocessors that use innovative 
techniques to double performance every 18 months oi so. The same 
word widths, performance levels, relative on-chip memory sizes, 
and I /O features have existed for years. However, the major tech
nology trends (outside of process technology) affect the ease with 
which these products are xxsed and not their performance levels, 
These trends include the following: 

• Continued increase in the use of high-level language program
ming, which today is dominated by C and is moving more and 
more to C++. 

• The use of fuzzy logic programming, a technique of modeling 
inputs and outputs to replace lookup-table approaches to reduce 
memory and increase performance. 

• Increased use of one-time-programmable (OTP) and flash 
memory technologies to enable field programmability either 
at the customer site or as updates to the customer. 

In process technology, nucrocontrollers are no different from other 
MOS digital circuits, showing a steady trend toward the conversion 
from NMOS from CMOS (see Table 5-3). As of the end of 1991, 
CMOS represented about 80 percent of the microcontroller volume, 
up from 75 percent the year before. Process technology also varies 
on a regional basis, with CMOS representing more than 90 percent 
of Japanese vendor shipments versus only 35 percent of European 
vendor shipments. Vendors using primarily CMOS indicates a 
strategy of investing in new lines and processes to shrink die sizes 
as a cost-reduction technique, most typical for high volumes. Ven
dors using a high percentage of NMOS shipments indicates a 
strategy of leveraging existing capital equipment to reduce the 
overhead cost component, most t3qpical for low or declining 
volumes. 

MCRO-SEG-MT-9201 ©1992 Dataquest Incorporated December 21,1992 
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Table 5-3 
Shipments of All Microcontrollers by Process Technology to the World 
(Thousands of Units) 

I 
I 

o 
30 
O 
cr> 
m 
GJ 

Process Technology 
NMOS/PMOS 

North American Companies 

Japanese Companies 

European Companies 

CMOS 

North American Companies; 
Japanese Companies 
European Companies 

Asia-Pacific Companies 
Total MCU 

North American Companies 
Japanese Companies 

European Companies 

Asia-Pacific Companies 

1990 
Units 

338,400 

128,500 

150,900 

59,000 

1,028,500 

176,700 
832,900 

18,900 
NA 

1,366,900 

305,200 
983,800 

77,900 

NA 

1991 
Units 

311,400 

108,700 

149,100 

53,600 
1,251,900 

255,400 
950,900 

28,700 
16,900 

1,563,300 

364,100 
1,100,000 

82,300 

16,900 

Perce 
Chang 

-

N 

N 

NM = Not meaningful 
NA = Not available 
Note: Columns may not add to totals shown due to rounding. 
Source: Dalaquest (December 1992) 
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Microcontrollers 5-9 

Competitive Positions and Analysis 
From a worldwide perspective, microcontroller revenue and volumes 
are fragmented among more than 30 different companies, with a 
relatively smooth gradient of decreasing market share from the first 
to the last vendor (see Fig^ire 5-2 and Table 5-4). On a revenue 
basis, the top 10 vendors maintained their ranking, except Fujitsu, 
which displaced National. The top 10 are doirunated by Japanese 
vendors, who own 7 of the top 10 positions, though the vast 
majority of their revenue comes from Japan, a relatively protected 
domestic business. The market status of these vendors is 
summarized as foUows: 

• NEC has a strong No. 1 position (with nearly 50 percent more 
revenue than No. 2-ranked Motorola) and perhaps the most 
balanced portfolio of products, which gain strong revenue contri
butions from aU product segments. It has a reasonable mix of 
revenue from each of the three regions outside of Japan. 

B Motorola establishes an equally strong No. 2 position, excelling 
in 8-bit microcontrollers, liie only product segment it serves (out
side of its 32-bit 683xx line of microprocessors being marketed as 
microcontrollers). It has the strongest regional balance of business, 
ranking No, 1 in Europe, Asia/Pacific, North America (essentially 
tied), and is the only non-Japanese vendor on the top 10 list for 
Japan. 

• No. 3-ranked Mitsubishi offers strong competition with 4-bit and 
low-end 8-bit devices primarily in the Japan and Asia/Pacific 
regions, where it is the second largest player. 

• Intel is in fourth place and is the single dominant vendor of 
16-bit microcontrollers, complemented by the imcharacteristic line 
of commodity 8-bit 80xx series devices. 

• Ranked fifth and sixth, respectively, Hitachi and Toshiba have the 
strongest regional mix of aU Japanese vendors, exporting from 30 
to 50 percent of their microcontrollers to all three other regions. 

• The remaining three Japanese vendors, Matsushita, Sharp, and 
Fujitsu, are entirely focused on sales in Japan, accounting for 80 
to 90 percent of their revenue. 

• Philips is No. 8 and is the single European vendor on the Ust. 
Its revenue primarily comes from 8-bit microcontrollers (mainly 
from acqioisition of Signetics). 

MCRO-SEG-MT-9201 ©1992 Dataquest Incorporated December 21,1992 



5-10 Microcomponents Worldwide 

Figure 5-2 
1991 Top 10 Companies' Microcontroller Market Share 

Fujitsu (2.6%) • 

Sharp (2.6%) -

Philips (3.6%) 

Matsushita (5.5%) 

Toshiba (5.7%) -

Hitachi (8.2%) — 

Total = $4.43 Billion 

Source: Dataquest (December 1992) G2002633 

Regional Nature of Microcontroller Industry 
More than for any other type of microcomponent, competition for 
microcontroller business is regionalized in nature. Almost every 
company (with the exception of Motorola) does the vast majority 
of its business in the region it originates from/ and almost every 
region is dominated by domestic vendors. TTiis is driven by several 
reasons, including the following: 

• Many consimier goods vtse captive microcontrollers (that is, 
Philips' televisions using their own microcontrollers, among 
others), which primarily affects Japan and Europe. 

• Having a local R&D headquarters is a significant advantage, 
especially if the use of customized versions is involved. 

• Many covmtries and Japan in particxilar are still protected with a 
set of entry barriers, including strong national loyalty/favoritism, 
and cultural issues. 

This situation of regional dominance is most severe in Japan, where 
only 8 percent of the market is penetrated by non-Japanese compa
nies (that is, Japanese companies hold 92 percent of the Japanese 
market). By the same token, Japanese companies, because of their 
product lines and style of business, have had only limited success 
outside of Japan. Furthermore, because Japan represents nearly 
50 percent of the total consumption of microcontrollers, Japanese 
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Table 5-4 
Top 30 Companies' Factory Revenue from Shipments of Microcontroller ICs to the Wor 
(Millions of U.S. Dollars) 

1991 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

1990 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
10 
13 
12 
17 
14 
16 
14 
22 
18 
19 
22 
26 
26 

NEC 
Motorola 
Mitsubishi 
Intel 
Hitachi 
Toshiba 
Matsushita 
Philips 
Sharp 
Fujitsu 
National Semiconductor 
Siemens 
Oki 
Sony 
Texas Instruments 
SGS-Thomson 
Sanyo 
Ricoh 
Matra MHS 

nr 
Zilog 
Rohm 
Samsung 

1990 
Revenue 

714 
486 
363 
356 
337 
197 
182 
125 
111 
92 
93 
78 
82 
38 
70 
69 
70 
17 
33 
28 
17 
13 
13 

1991 
Revenue 

860 
574 
463 
424 
364 
251 
243 
159 
117 
117 
107 
94 
93 
81 
80 
67 
65 
57 
37 
35 
21 
19 
17 



I Table 5-4 (Continued) 
I Top 30 Companies' Factory Revenue from Shipments of Microcontroller ICs to the Wor 
S (Millions of U.S. Dollars) 

® 

^ 

1991 
Rank 

24 

25 

25 

25 

28 

29 

30 

1990 
Rank 

28 

20 

21 

24 

25 

NM 

NM 

Seiko Epson 

Harris 

Advanced Micro Devious 
Microchip Technology 

Rockwell 
Dallas Seniiconductor 

GEC Plessey 

All Others 

North American CompatSes 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

Total Market 

1990 
Revenue 

10 

25 

21 

15 
14 

0 
0 

24 

1,141 
2,226 

309 

17 

3,693 

1991 
Revenue 

16 
14 

14 

14 

9 

7 

5 

3 

1,301 
2,746 

362 

18 

4A27 
NM = Not meaningful 
Source: Dataquest (December 1992) 
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Microcontrollers 5-13 

vendors appear to dominate the worldwide market, with 62 percent 
of the market and 7 of the top 10 raiiked positions (by revenue). 

Table 5-5 helps demonstrate a more normalized perspective on the 
true strengths of the competitive field; it shows the differences 
between the regional supply base, inclusive and exclusive of 
revenue from a competitor's own region (that is, exclusive means 
subtracting Intel's revenue from Nortii America and NEC's revenue 
from Japan, among others). If the regional component is removed, 
North American and Japanese companies essentially share the lead 
in microcontrollers, with European vendors having a diminished 
portion. Furthermore, Motorola becomes substantially dominant at 
22 percent, with NEC and Intel following at about the same level. 
As we move to more open global competition, this may become a 
leading iadicator of the competitive positioning. 

Table 5-5 
1991 Worldwide Microcontroller Market Share, 
Including and Excluding Region of Origin 

Rank Vendor 
Including Region of Origin 

1 NEC 
2 Motorola 
3 Mitsubishi 

4 Intel 
5 Hitachi 

Total 
Excluding Region of Origin 

1 Motorola 
2 NEC 
3 Intel 
4 Toshiba 

5 Mitsubishi 
Total 

Revenue ($M) 

860 
574 

463 

424 
364 

4,427 

364 
223 

210 

124 
117 

1,631 

Percentage 

19 

13 
10 

10 
8 

100 

22 
14 

13 

8 
7 

100 

Source; Dataquest (December 1992) 
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4-Bit Microcontrollers 
The primary driving force behind 4-bit microcontrollers is the con
sumer market, followed at a distance by automotive and other appli
cations. Consumer applications represent the vast bulk of 4-bit unit 
volumes and encompass a wide variety of equipment including appli
ances and entertainment equipment, most of which is dominated by 
Japanese manufacturers using Japanese microcontrollers (often captive 
to the manufacturer). Also important are automotive applications, 
primarily the more ancillary functions such as key-lock mechanisms 
and stereo control. 'Hiough 1992 has been an off year in these applica
tions because of recessionary economics, this segment will continue to 
grow over the next several years. 

The 4-bit microcontroller segment is perhaps the easiest to characterize 
because it has few standards to base its products on. Products in this 
segment are tj^ified by the following types of features: 

• CPU performance is relatively low and can control orUy a limited 
number of on-chip features. 

• Code size is the smallest and is still heavUy dependent on assembly. 

• ROM is almost always on-chip and in the 1KB to 4KB range. 

• RAM is almost always on-chip and in the 64- to 256-b)^e range. 

• I/O features range from a simple 4-bit serial port to a full 
complement of A/D channels and LCD drivers. 

Price is the most important element for the 4-bit microcontroller mar
ket. Average selling prices have been gradually decreasing, reaching 
$1.76 in 1991. A large percentage of 4-bit units are sold well below 
$1.00, however, and represent tiie lowest-cost microcontrollers. The 
closest competition to this range of low-cost 4-bit devices is Motorola's 
68HC05, which also sells at less than $1.00, depending on functions. 
Furthermore, Motorola is attempting to change the cost metrics by 
using its CSIC program and creating customized versions that absorb 
outlying circmts, and by offering the lowest solution cost rather than 
the lowest device cost. 

Competitive Positions and Analysis 
As was previously pointed outj the competition for 4-bit microcon-
troDers comes almost entiiely from the Japanese vendor base (see 
Figure 5-3 and Table 5-6). VWth 4-bit units representing more than 
50 percent of the total microcontroller unit volume, the top vendors 
in this segment—NEC, Mitsubishi, and Toshiba—dominate the over
all microcontroller unit volumes (ranking 1, 2, and 4, respectively). 
Furthermore, nearly every vendor in this segment has a fair level 
of captive internal consumption in consiomer and other goods, 
contributing to the overall entry barrier. 
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Figure 5-3 
19914-Bit Worldwide Microcontroller Market Share 

National Semiconductor (3.6%) ^ — 
\ x < ^ t h e r s 

O k i ( 3 . 8 % ) ^ ^ \ (7.8%) 

/ FujitsuS. \ \ 
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1 Hitachi "*"-—^^a 
I (7.9%) ^ , , , - - - - ^ 

NEC \ 
(15.5%) y \ 

jT Mitsubishi 1 
/ ^ (13.4%) 1 

Y Sanyo / / \ Toshiba m 
\ (8.9%) / / \ (12.2%) # 

N^/Matsushrtaf Sharp \ ^ ^ 
\ ( 9 . 2 % ) / (11.4%) ^ ^ r 

Total = 837.50 Million Units 

^ 

Source: Dataquest (December 1992) 

Though 1991 showed only marginal unit growth for most vendors, 
including NEC, Toshiba, Sharp (slight decline), Sanyo, Hitachi, 
Fujitsu, and Oki Semiconductor, National Semiconductor, the single 
non-Japanese vendor, is showing major signs of weakness in this 
segment. It had an 18 percent decline in 4-bit uiut sales. One nota
ble exception to this trend is second-ranked Mitsubishi, which had 
a 22 percent growth in 1991, perhaps because of its increasing busi
ness in the Asia/Pacific region. Looking ahead, 1992 is shaping up 
to be an even more difficult year and may show decreased vmit 
shipments for many vendors in this field. 
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s Table 5-6 
CD 

I Each Company's Shipments of 4-Bit Microcontrollers to the World 
5 (Thousands of Units) 

© 

ja 

I 

o 
30 
O 

CD 

^ 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1990 
Rank 

1 

4 

3 

2 

6 

5 

7 

8 

10 

9 

11 

MM 

12 

13 

14 

NM 

15 

Company 

NEC 

Mitsubishi 

Toshiba 

Sharp 

Matsushita 

Sanyo 

Hitachi 

Fujitsu 

Oki 

National 

Sony 

San\sung 

Texas Instruments 

SGS-Thomson 

Seiko 

Goldstar 

Rockwell 

Total 4-Bit MCU 

1990 
Units 

126,800 

91,900 

95,600 

98,500 

67,500 

74,100 

63,000 

54,300 

30,200 

36,500 

25,700 

NA 

7,300 

5,900 

2,400 

NA 

97 

779,800 

1991 
Units 

129,700 

111,900 

102,200 

95,200 

76,700 

74,600 

66,100 

54,100 

32,100 

30,000 

29,200 

16,500 

10,000 

4,700 

4,100 

400 

34 

837,500 

NA = Not available 
NM = Not meaningful 
* = Calculated value Is less than 0.1 percent. 
Note: Columns may not add to totals shown due to rounding. 
Soufce: Dataquest (December 1992) 
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Forecast and Assumptions 
As shown in Figure 5-4 and Table 5-7, 4-bit microcontrollers are 
forecast to show continued, albeit mild growth, over the next five 
years. The key assxmvptions driving this forecast are as follows: 

• Because of the severe current economic slump in Japan, which is 
heavily tied to consimier equipment production, revenue growth 
in 1992 will slow to a mere 3.6 percent overall. 

• As the Japanese and worldwide economies improve, starting in 
1993, growth will reboimd somewhat, reaching a 7.1 percent 
CAGR for the forecast period. 

• Unit volumes will continue to climb out of the 1992 recession, 
reaching their peak growth rate in 1994, then declining again as 
the impact of low-end 8-bit microcontrollers begins to be felt. 
Dataquest predicts that 8-bit unit volumes will finally overtake 
4-bit unit volumes in 1996. 

• ASPs will continue on a slight decline simply because of the 
minor decreases in manufacturing costs as well as competitive 
pressures from customized 8-bit devices. 

Figure 5-4 
4-Bit MOS Worldwide Microcontroller ASP and Shipments 

Millions of Units 

1.600 

U.S. Dollars 

4-bit Units 4-blt ASP 

Source: Dataquest (December 1992) GZ0O2635 
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Table 5-7 
4-Bit MOS Microcontroller ASP and Shipments (Millions of Units) to the World 

i ff 

I 

4-Bit Units 

Growth Rate (%) 

Percent of Total 

1990 

779 

56.0 

1991 

906 

16.3 

53.4 

1992 

988 

9.0 

52.4 

1993 

1,121 

13.5 

51.0 

1994 

1,311 

170 

49.7 

1995 

1,482 

13.0 

48.5 

DSP units are excluded from this table. 
Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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8-Bit Microcontrollers 
Demand for 8-bit microcontrollers, which represent the widest variety 
of applications and features offered, is spread out among almost all 
application areas including consumer (cameras and VCRs, among 
others), telecommunications (featured handsets, among others), data 
processing (disk drives), automotive (environmental controls, among 
others), and others. Because of this range of applications, consumption 
is spread out over all regions. TOth 1991 revenue of $2.6 billion, tiiis 
segment provides nearly 54 percent of the total for ttie rfiicrocontroller 
industry. 

The 8-bit microcontroller segment is either simple or difficult to 
characterize, depending on the purposes of analysis. To examine the 
dynamics of licensing and the advantages of multiple sources and 
direct price competition, we could subsegment the 8-bit market into 
the following major families, which are quantified in Figure 5-5 and 
Table 5-8: 

• 68xx family: Originated by and licensed from Motorola; came from 
the 6800 microprocessor into the upscaled 6801/HCll architecture 
and the 6805/HC05 downscaled architecture. 

• 80xx family: Originated by and licensed from Intel; really represents 
two primary series, the low-end 8048/49 series that is nearing the 
end of its useful life, and the high-end 8051/52 series, each of 
which contains a number of versions. 

• Proprietary: The collection of vendor-specific architectures that offer 
a competitive set of features to the two licensed families, but 
without the advantages of second-sourdng and commodity price 
competition. 

Beyond these categories, products in this segment are typified by the 
following tmlimited variety of features: 

• CPU performance ranges from low to medivun-high (two to eight 
times the 4-bit devices). 

• Code size is moderate and is heavily dependent on quality 
compilers. 

• ROM is typically in the 1KB to 4KB range. 

• RAM is typically in the 128- to 512-byte range. 

• I /O features range all over the spectrum. 

Pricing is a crucial element at the low end of the 8-bit Une, where the 
Motorola 68HC05 competes on cost with the mainstream 4-bit 
microcontrollers. It becomes less crucial in the upper ranges of 8-bit 
devices. ASPs for 8-bit microcontrollers have decreased gradually 
because of two offsetting factors: the increasing volumes of high-end 
8-bit devices, and the aggressive pricing of low-end 8-bit devices. 
During the last two years, overall prices decreased only slightly from 
$3.53 in 1990 to $3.48 in 1991. 
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Figure 5-5 
1991 Worldwide Shipments of Licensed versus Proprietary 8-Bit Microcontrollers I 

Total = 693.70 Million Units 

Source: Dataquest (December 1992) G2002636 

Table 5-8 
Shipments of Licensed versus Proprietary 8-6it 
Microcontrollers to the World 
(Thousands of Units) 

Processor Class 
Licensed vs. Proprietary 

8-Bit Microcontrollers 
80xx 
68xx 
Other 8-Bit 

Total 8-Bit 
MCU 

1990 
Unite 

r 

169,600 
186,800 
213,500 

569,900 

1991 
Units 

175,200 
226,900 
291,600 

693,700 

Percent 
Change 

3.3 
21.5 
36.6 

21.7 

1991 
Market 

Share 
(%) 

25.3 
32.7 
42.0 

100.0 
NA = Not available 
NM = Not meaningful 
'Calculated value Is less than 0.1 percent. 
Note: Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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Competitive Positions and Analysis 
The vendor base for 8-bit microcontrollers is the most xoniformly 
spread of all segments, showing participation in the top 10 list (see 
Figure 5-6 and Table 5-9) from three North American vendors, five 
Japanese vendors, and two European vendors. Motorola has a com
manding lead and one of the highest growth rates, built up around 
its diverse 68xx product fanuly. Motorola balances its sales between 
the 68HC05 series and the 68HC11 series, which provide good 
examples of low-end and high-end 8-bit competition, respectively, in 
the market today. 

The 68HC05 is the highest-volume microcontroller, sold into 
cameras, toys, cellular phones, pagers, and automobiles, among 
others. It competes with the 8048 series on the high end (mainly in 
North America) and with the 4-bit controllers on the low end. The 
68HC11 is also one of the top 10 microcontrollers (having just 
shipped the 100 millionth vidt this year) selling into disk drives, 
automotive, and high-end commimicatioi\s applicatioi>s, competing 
against the 8051 and other proprietary 8-bit processors. 

Mitsubishi also turned in a high 32 percent growth rate, moving a 
great deal of relatively medium-range 8-bit devices. NEC is doing 
well with its uPD78xx family, having recently expanded its K2 ser
ies for real-time embedded control applications. Litel remains 
focused on the 8051/52 series for servicing 8-bit applicatior\s, 

Figure 5-6 
1991 Top 10 Companies' 8-Bit Microcontroller Market Share 

Toshiba (2.5%) 

National Semiconductor (2.6%) 

Siemens (2.8%) 

Matsushita (4.4%) -

Philips (5.5%) -

Hitachi (6.4%)-

Total = 693.70 Million Units 

Source: Dataquest (December 1992) 02002837 
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Table 5-9 
Each Company's Shipments of 8-Bit Microcontrollers to the World 
(Thousands of Units) 

@ 

i 
» 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1990 
Rank 

1 

2 

3 

4 

5 

6 

7 

9 

8 

13 

10 

16 

11 
12 

15 

20 

14 

16 

18 

23 

19 

21 

Company 

Motorola 

Mitsubishi 

NEC 

Intel 

Hitachi 

Philips 

Matsushita 

Siemens 

National 

Toshiba 

Texas InstrtdBieaEi^ 

Sony 

Sharp 

Oki 

Zilog 

Microchip Techlw>logy 

SGS-Thomson 

Matra MHS 

Fujitsu 

Sanyo 

AMD 

RockweU 

1990 
Units 

134,800 

66,900 

59,500 

58,300 

46,500 

35,700 

17,000 

16,400 

16,700 

12,200 

14,600 

9,000 

12,600 

12,400 

10,300 

5,700 

10,800-

9,000 

7,900 

1,400 

7,300 

2,800 

1991 
Units 

181,800 

88,400 

68,900 

59,700 

44,300 

38,400 

30,400 

19,500 

18,200 

17,500 

17,000 

16,700 

16,000 

13,300 

11,900 

10,500 

10,100 

9,600 

8,500 

7,000 

3,900 

1,000 
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Table 5-9 (Continued) 
Each Company's Shipments of 8-Bit Microcontrollers to the World 
(Thousands of Units) 

1991 
Rank 

23 

24 

25 

1990 
Rank 

22 

25 

24 

Company 

Harris 

Seiko 

NCR 

Total 8-Bit MCU 

1990 
Units 

1,500 

100 

480 

569,900 

1991 
Units 

900 

220 

0 

693,700 

* = Calculated value is less than 0.1 percent. 
Note: Columns may not add to totals shown due to rounding. 
Source: Dataquest (DecGmber 1992) 
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although the declining 8048 remains in high volume. Hitachi, plac
ing much of its emphasis on the high-end H8 series, is the oiUy 
major vendor that showed a decline in imit volumes in 1991. C3f 
the other vendors with significant market share, Matsushita is most 
noteworthy, showing 79 percent growth in 1991. 

Forecast and Assumptions 
As shown in Figure 5-7 and Table 5-10, 8-bit microcontrollers are 
forecast to show strong growth over the next five years. The key 
assumptions driving this forecast are as follows: 

• Unit volvimes will continue to climb, reaching their peak growth 
rate in 1994 (like the 4-bit microcontrollers), and more than dou
bling total volume by 1996, taking over imit dominance from the 
4-bit devices. 

• 8-bit devices wiU continue replacing 4-bit devices in some of the 
more feature-rich consimier applications. 

• The use of fuz2y logic techniques will expand the control 
applications for 8-bit devices. 

• ASPs will only decline slightly during the forecast because of the 
strong mixture of 8-bit devices being sold at the two extreme 
ends of the spectrum ($1 to $2 for low-end devices and $4 to 
$5 for high-end devices). 

Figure 5-7 
8-Bit MOS Worldwide Microcontroller ASP and Shipments 

Millions of Units 

1,800 

1,600-

1,400-

1,200-

1,000-

8 0 0 -

600-

400-

200-

0 

U.S. Dollars 

• 4 

T """ 1 ' " I 
1990 1991 1992 1993 1994 1995 1996 

0 8-bit Units 8-bit ASP 

Source: Dataquest (December 1992) 0200^638 
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Table 5-10 
8-Bit MOS Worldwide Microcontroller ASP and Shipments 

8-Bit Units 

Growth Rate (%) 

Percent of Total 

1990 
589 

42.4 

1991 
753 

27.8 
44.4 

1992 
851 

13.0 

45.1 

1993 
1,013 

19.0 

46.1 

1994 
1,245 

23.0 

47.2 

1995 
1,470 

18.0 

48.1 

DSP units are exclitded from tfils table. 
Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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16/32-Bit Microcontrollers 
Though overall volvime for 16-bit-plus microcontrollers is low, its 
growth rate far exceeds the other segments. Primary demand for 16-bit 
microcontrollers is coming from the automotive and data processing 
markets. Automotive applications include engine control, transmission 
control, and other critical fimctions. Data processing applications for 
16-bit controllers include disk drives and certain high-end peripherals. 

The 16-bit-plus microcontroller segment can be characterized by 
product families dominating this subsegment, as follows: 

• Intel's MCS-96 family includes the original 8096 and the CMOS 
80196 versions, which became top devices for the automotive con
trol market and are leading the 16-bit market growth with a 1991 
market share of 53 percent and a more than 100 percent growth 
rate. 

• NEC's uPD78K/3.4 family is the second largest mover and had 
more than 23 percent of ihe 16-bit market in 1991, showing 
moderate growth as well. 

• Other major 16-bit products include Mitsubishi's M377XX and 
National's HFC series, being used primarily in disk drive and 
digital servo control applications. 

• The only 32-bit microcontroller entry is an offshoot of the 683xx 
microprocessor family (which Motorola markets as a microcontroller 
family), which offers integrated RAM and ROM. 

Pricing of these parts is surprisingly competitive, with ASPs hovering 
near $8, primarily driven by the dominant MCS-96 family competing 
for sockets in the hotly competitive disk drive market. 

Competitive Positions and Analysis 
As was previously pointed out, the competition for 16-bit microcon
trollers comes almost entirely from four vendors, with Intel in a 
dominant position. Intel dominates in both share (53 percent) and 
growth rate (139 percent) and wiU almost single-handedly determine 
the complexion of the 16-bit microcontroller market during the next 
few years (see Figure 5-8 and Table 5-11). The 16-bit product lines 
from NEC and Mitsubishi fiU out the breadth of their offerings, 
while the HPC series from National represents a key focus for its 
microcontroller group. Other vendors making their entry include 
Oki, Sony, Fujitsu, and Matsushita. 
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Figure 5-8 
1991 Top 8 Companies' 16-Bit Microcontroller Market Share 

Fujitsu (0.3%) • 

Sony (0.5%) -

Oki (4.0%) — 

National Semiconductor (6.8%) 

Matsushita (0.2%) 

Total = 32.10 Million Units 

Source: Dataquest (December 1992) 62002639 
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Table 5-11 
Company Shipments of 16-Bit Microcontrollers to the World 
(Thousands of Units) 

a 

1991 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1990 
Rank 

1 
2 

3 

4 

5 
NM 

9 

7 

8 

6 

Compan;^ 
Intel 

NEC 

Mitsubishi 

National 

Oki 

Sony 
Fujitsu 

Matsushita 

Matra MHS 
SGS-TTiomson 

Total 16-Bit MCU 

1990 
Units 
7,100 
5,300 

1,900 

1,700 
1,100 

0 
6 

20 
14 

100 

17,200 

1991 
Units 
17,000 
7,600 

3,700 

2,200 
1,300 

150 
90 

80 

2 
0 

32,100 

NM = Not meaningful 
'Calculated value Is less than 0.1 percent. 
Note: Columns may not add to totals shown due to rounding. 
Source: Dataquest (June 1992) 
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Forecast and Assumptions 
16-bit microcontrollers are forecast to show continued strong 
growth, achieving a substantial 26.1 percent CAGR over the five-
year period (see Figure 5-9 and Table 5-12). The key assumptions 
driving this forecast are as follows: 

• The integration of DSPs is expected to open up a wider range of 
applications not before addressed by microcontrollers. 

• Unit volumes will continue strong growth as Intel positions its 
MCS-96 line to effectively compete for high-end 8-bit sockets. 

• ASPs will drop at a reasonable rate during the five-year period, 
but more importantly, ihey are expected to reach $6 by 1996, an 
absolute drop of about $2, which is significant to these low-
priced devices. 

• Tins category of devices is expected to meet low-end 16- and 
32-bit embedded processors head-on as they go up in integration 
and come down in price to offer the same types of solutions, 

' with memory remaining as an external element. 

Figure 5-9 
16-Bit M O S Worldwide Microcontroller ASP and Shipments 

Millions of Units U.S. Dollars 

1990 1991 1992 1993 1994 1995 1996 

16-bit Units 16-bit ASP 

Source: Dataquest (December 1992) G2D02640 

MCRO-SEG-MT-9201 ©1992 Dataquest Incoiporated December 21,1992 



3 
S 

Table 5-12 
16-Bit MOS Microcontroller ASP and Shipments (Millions of Units) to the World 

o 

8 

16-Bit Units 

Growth Rate (%) 

Percent of Total 

1990 

22 

1.6 

1991 

38 

72.7 

2.2 

1992 

47 

23.0 

2.5 

1993 

63 

35.0 

2.9 

1994 

82 

30.0 

3.1 

1995 

103 

26.0 

3.4 

DSP units are excluded from this table. 
Columns may nol add to totals shown due to rounding. 
Source: Dataqusst (December 1992) 
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Chapter 6 
Regional Market Outlook 

Regional consumption of total microcomponents is quite balanced 
among the four regional market segments. Each segment represents a 
sizable revenue base, with North America on top, followed by Japan, 
Asia/Pacific, and Europe (see Figure 6-1 and Table 6-1). Tables 6-2 
through 6-5 shows the mix of companies dominating sales into each 
region of consumption. 

North America has one-third of the total market and will maintain its 
No. 1 position, driven primarily by the consumption of microproces
sors and microperipherals. As might be expected, sales into this region 
are dominated by Litel, both from microprocessors and microperipher
als. Following at a distance are Motorola and a host of other vendors 

Figure 6-1 
MOS Microcomponent IC Revenue^ by Region 

Percent 

100 

I """ I " " " I """ I " " ' I 
1990 1991 1992 1993 1994 1995 1996 

D 

E] 

• 

m 

Asia/Pacific-ROW 

Europe 

Japan 

North America 

Source: Dataquest (December 1992) G2002&I1 
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Table 6-1 
Revenue from MOS Microcomponent ICs Shipped by Region, 1990-1996 
(Millions of U.S. Dollars) 

a 
5" 
8 

C3 
m 
o 
in 

^ 

Total MOS Microcomponent 
Revenue 

Growth Rate (%) 

Percent of Total 

Nortti America 

Growth Rate (%) 

Percent of Total 

Jiipan 

Growth Rate (%) 

Percent of Total 

lEurope 

Growth Rate (%) 

Percent of Total 

Asia/Pacific-Rest of World 

Growth Rate (%) 

Percent of Total 

1990 

9,584 

22.7 

100.0 

3,381 

35.3 

2,974 

31.0 

1,802 

18.8 

1,427 

14.9 

1991 

11,774 

22.9 

100.0 

3,916 

15.8 

33.3 

3,579 

20.3 

30.4 

2,082 

15.5 

17.7 

2,197 

54.0 

18.7 

1992 

12,985 

10.3 

100.0 

4,698 

20.0 

36.2 

3,252 

-9.1 

25.0 

2,377 

14.2 

18.3 

2,658 

21.0 

20.5 

1993 

14,805 

14.0 

100.0 

5,149 

9.6 

34.8 

3,807 

17.1 

25.7 

2,713 

14.1 

18.3 

3,136 

18.0 

21.2 

1994 

17,258 

16.6 

100.0 

5,847 

13.6 

33.9 

4,405 

15.7 

25.5 

3,215 

18.5 

18.6 

3,791 

20.9 

22.0 

199 

20,01 

16. 

100. 

6,46 

10. 

32. 

5,12 

16. 

25. 

3,50 

9. 

17. 

4,91 

29. 

24. 

Columns may not add to totals shown due to rounding. 
Source: Dataquest (December 1992) 
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with minor shares. A remarkable 90 percent of the sales into the North 
American region comes from companies based in North America. 

Japan has 30 percent market share and is driven primarily by con-
simiption of microcontrollers. It is projected to drop from second to 
third place over this forecast period, displaced by the Asia/Pacific 
region. NEC took over as the leading vendor of microcomponents in 
Japan, primarily driven by its microcontroller sales, as is the case with 
Japanese vendors in second through sixth place. Intel, in second place, 
is the only substantial non-Japanese vendor. Surprisingly, orUy 76.5 
percent of the sales into the Japanese region comes from companies 
based in Japan. 

Europe, the smallest regional segment of consumption, will hold its 
position as many companies gear up to mantifacture goods in the EEC 
trade commxmity. Again, Intel is the leading vendor in this region, 
selling microprocessors to European computer compaiues, with Moto
rola a distant second and NEC third. It is notewortiiy that the three 
large European vendors—^Philips, SGS-Thomson, and Siemens—are 
fourth, fifth, and seventh, respectively, in their own region, and, along 
with aU other European companies, accovmt for only 17 percent of 
their region's consumption. 

Asia/Padfic showed remarkable growth over this forecast period, 
moving from 18.7 percent to 26.6 percent of total consumption, driven 
primarily by the manufacture of computer systems and peripherals. 
Intel and AMD rar\k first and third, respectively, clearly from sales of 
80x86 microprocessors, with Motorola in second place because of 
microcontrollers. United Microelectrorucs is the orvly local manufactur
ing presence among the top 10 players and, along with all the other 
Asia/Padfic vendors, accounts for only 5 percent of the total sales into 
this region. 

MCRO-SE6-MT-9201 ©1992 Dataquest Incorporated December 21,1992 
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Table 6-2 
Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to North Am 
(Millions of U.S. Dollars) 

I 

5 o 
3D 
O 

1991 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
17 
19 
20 

1990 
Rank 

1 
2 
4 
3 
8 
7 

12 
16 
9 
6 

10 
11 
13 
5 

17 
29 
18 
19 
15 
22 

Intel 
Motorola 
Texas Instruments 
National Semiconductor 
Advanced Micro Devices 
LSI Logic 
Western Digital 
VLSI Technology 
NEC 
Cirrus Logic 
Toshiba 
Hitachi 
Zilog 
Chips & Technologies 
Philips 
Cypress Semiconductor 
SGS-Thomson 
NCR 
Harris 
Siemens 

All Others 

North American CompSiiedes 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1990 
Revenue 

1,445 
461 
133 
178 
83 
89 
56 
39 
81 
94 
69 
68 
52 

123 
38 
12 
35 
29 
47 
18 

289 

3,051 
277 
102 

9 
3,439 

1991 
Revenue 

1,712 
545 
206 
188 
150 
91 
88 
87 
82 
81 
72 
67 
54 
47 
42 
37 
36 
36 
35 
30 

286 

3,560 
285 
121 

6 
3,972 

Source: Dataquest (December 1992) 
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Table 6-3 
Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to Japan 
(Millions of U.S. Dollars) 

I 

I 

3 
s 

1991 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
16 
18 
18 
20 

1990 
Rank 

1 
4 
3 
2 
5 
6 
7 
8 
9 

12 
10 
11 
16 
14 
13 
15 
20 
16 
19 
18 

NEC 
Intel 
Mitsubishi 
Hitachi 
Matsushita 
Toshiba 
Fujitsu 
Motorola 
Sharp 
Sony 
Oki 
Texas Instruments 
Ricoh 
National Semiconductor 
Sanyo 
Cirrus Logic 
Western Digital 
Advanced Micro Devices 
Rohm 
Chips &. Technologies 

All Others 

North American Compard^ 
Japanese Comparues 
European Companies 
Asia/Pacific Companies 

Total Market 

1990 
Revenue 

689 
332 
351 
355 
235 
226 
171 
124 
103 
43 
71 
45 
22 
33 
34 
23 
13 
22 
16 
18 

59 

643 
2,327 

15 
0 

2,985 

1991 
Revenue 

831 
430 
401 
384 
289 
248 
188 
158 
114 
85 
76 
68 
62 
36 
32 
23 
23 
20 
20 
17 

81 

822 
2,745 

19 
0 

3,586 

Source: Dataquest (December 1992) 
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Table 6-4 
Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to Europe 
(Millions of U.S. Dollars) 

$4 

o 
J3 
O 
CO m 
n 

o 

1991 
Rank 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
17 
19 
20 
20 
20 

1990 
Rank 

1 
2 
3 
5 
4 
6 
7 
8 
9 

10 
11 
16 
13 
14 
15 
17 
12 
18 

NM 
19 
20 
21 

Intel 
Mntorola 

NEC 
Philips 
SGS-Thomson 
Texas Instruments 
Siemens 

Hitachi 
Advanced Micro Devices 
National Semiconductor 
Toshiba 
Western Digital 

VLSI Technology 
• Matra MHS 

ITT 
Zilog 
Harris 
Oki 
Matsushita 
Chips & Technologies 
Fujitsu 
Mitsubishi 

All Others 

North American Companies 

Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1990 
Revenue 

528 
233 
138 
113 
126 
99 
83 
69 
60 
56 
51 
18 
28 
24 
21 
17 
31 
15 
0 

14 
10 
9 

80 

1,164 

294 

363 
2 

1,823 

1991 
Revenue 

663 
264 

150 
115 
108 
107 
87 
75 
74 
63 
56 
38 
34 
29 
23 
21 
18 
18 
17 
15 
15 
15 

92 

1,396 
349 

349 
3 

2,097 

NM = Not meaningful 
Source: Dataquest (December 1992) 
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Table 6-5 
Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to Asia/Pacif 
(Millions of U.S. Dollars) 

@ 

M 

I 

S" 
3 

1991 
Rank 

1 
2 
3 
4 
5 
5 
7 
8 
9 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1990 
Rank 

1 
2 
8 
5 
3 
4 

11 
6 
7 

15 
10 
12 
9 

26 
13 
14 
16 
17 
19 
22 

Intel 
Motorola 
Advanced Micro Device;̂  
Mitsubishi 
Chips & Technologies 
NEC 
Toshiba 
Western Digital 
Hitachi 
United Microelectronics 
National Semiconductor 
Philips 
Texas Instruments 
Cirrus Logic 
VLSI Technology 
Sanyo 
Oki 
Zilog 
Samsung 
Fujitsu 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1990 
Revenue 

421 
152 
53 
71 
85 
73 
40 
61 
54 
30 
42 
38 
43 
9 

36 
32 
29 
25 
20 
15 

117 

993 
338 
59 
56 

1,446 

1991 
Revenue 

773 
204 
172 
111 
86 
86 
78 
60 
57 
57 
54 
50 
48 
41 
37 
35 
30 
28 
24 
23 

158 

1,571 
445 
78 

118 

2,212 

Source: Dataquest (December 1992) 
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Chapter 7 
Microcomponent Company 
Comparisons ^ ^ ^ ^ ^ . ^ 

Tables 7-1 through 7-5 provide market share distribution for total 
microcomponents, microprocessors, micioperipherals, microcontrollers, 
and digital signal processors. These data have been included for com
pleteness, showing the historical revenue development by company 
within each major product segment. 

I 

I 
MCR0-SEG-I\/IT-9201 ©1992 [)ataquest Incorporated December 21,1992 



3 
g" 

Table 7-1 
Total Microcomponent Factory Revenue (Millions of Dollars) 

@ 

i 
8 

a. 

o 
3D 
O 
in 
P3 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Intel 

Motorola 

NEC 

Hitachi 

Mitsubishi 

Toshiba 

Texas Instruments 

Advanced Micro Devices 

National Semiconductor 

Matsushita 

Fujitsu 

Philips 

Western Digital 

SGS-Thomson 

Chips & TechnoiogjEosf̂  

VLSI Technology 

Cirrus Logic 

Oki 

Sharp 

Siemens 

LSI Logic 

Zilog 

Sony 

Sanyo 

1987 

1,087 

520 

566 

402 

267 

283 

169 

178 

140 

199 

146 

100 

70 

95 

87 

18 

0 

101 

34-

44 

0 

75 

21 

53 

1988 

1,835 

699 

790 

525 

381 

346 

234 

183 

150 

230 

202 

114 

100 

118 

130 

54 

0 

134 

54 

88 

18 

90 

37 

70 

1989 

1,929 

767 

841 

505 

431 

361 

252 

172 

169 

218 

197 

131 

135 

161 

216 

94 

29 

142 

104 

92 

67 

99 

43 

63 
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Table 7-1 (Continued) 
Total Microcomponent Factory Revenue (Millions of Dollars) 

1991 
Rank 

25 

26 

27 

28 

29 

30 

Harris 

Ricoh 

United Microelectronics 

Cypress Semiconductor 

Dallas Semiconductor 

Standard Microsystems 

Total Market 

Ndrth American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1987 

44 

14 

28 

0 

0 

36 

5,108 

2,663 

2,096 

310 

39 

1988 

62 

19 

35 

7 

0 

34 

7,144 

3,872 

2,817 

401 

54 

1989 

115 

21 

43 

11 

0 

34 

7,808 

4,367 

2,955 

433 

53 

Source: Dataquest (December 1992) 

3 
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Table 7-2 
Total Microprocessor Factory Revenue (Millions of Dollars) 

@ 

i 

8 

3. 

o 
30 
O 
CO 

JU 
O 

§ 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Intel 

Motorola 

Advanced Micro Devices 

National Semiconductor 

NEC 

Hitachi 

SGS-Thomson 

Toshiba 

Cypress Semiconductctf 

LSI Logic 

Harris 

ZUog 

PerformaiKS SemiccwiduGtor 

Siemens 

Weitek 
Mitsubishi 

Fujitsu 

Integrated DeVlafe "JEfecfmology 

Oki 

Philips 

Total Market 

North American Comptiim^ 

Japanese Companies 

European Companies 

Asia/Pacific Compaiag!S 

1987 

468 

158 

105 

45 

57 

61 

25 

27 

0 

0 

31 

15 

0 

11 

0 
8 

14 

0 

9 

10 

1,193 

930 

195 

64 

4 

1988 

858 

209 

118 

48 

74 

74 

28 

33 

6 

0 

45 

16 

0 

26 

0 
2 

19 

0 

14 

8 

1,716 

1,376 

257 

79 

4 

1989 

1,204 

275 

105 

55 

69 

68 

53 

41 

9 

19 

48 

25 

13 

20 

0 
23 

17 

6 
19 

12 

2,155 

1,795 

261 

94 

5 

Source: Dataquest (December 1992) 
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Table 7-3 
Total Microperipheral Factory Revenue (Millions of Dollars) 

1991 
Rank 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Intel 
Western Digital 
Motorola 
NEC 
Texas Instruments 
Chips & Technologies 
VLSI Technology 
Cirrus Logic 
Toshiba 
Hitachi 
National SemlcortdiiHf^r 
Fujitsu 
Matsushita 
Advanced Micro Devices 
Mitsubishi 
United Microelectronics 
LSI Logic 
Zilog 
SGS-Thomson 
Philips 
Standard Microsysteiite 

Total Market 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

1987 
351 

70 
139 
175 
97 
87 
16 
0 

139 
87 
39 
75 
55 
55 
61 
22 
0 

41 
27 
27 
36 

1,784 

1,021 
632 
107 
24 

1988 
611 
100 
180 
244 
132 
130 
50 
0 

145 
122 
42 

104 
58 
44 
29 
27 
18 
49 
30 
23 
34 

2,420 

1,519 
750 

124 
27 

1989 
425 
135 
145 
159 
117 
216 
92 
29 

142 
126 
49 
76 
55 
42 
50 
34 
45 
55 
50 
26 
34 

2,345 

1,555 
652 

99 
39 

Source: Dataquest (December 1992) 
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Table 7-4 (Continued) 
Total Microcontroller Factory Revenue (Millions of Dollars) 

1991 
Rank 
25 

26 

27 

28 

29 
30 

Advanced Micro Devices 

Harris 

Microchip Technology 

Rockwell 

Dallas Semiconductor 
GEC Plessey 

Total Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1987 
18 

0 

0 

18 

0 
0 

2,015 

648 

1,217 

139 

11 

1988 
21 

0 

0 

18 

0 
0 

2,819 

868 

1,738 

190 

23 

1989 
25 

25 

0 

13 

0 
0 

3,113 

870 

2,003 
231 

9 

Source: Dataquest (December 1992) 
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Table 7-5 
Total Digital Signal Processor Factory Revenue (Millions of Dollars) 

i 
8 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Texas Instruments 

Motorola 

AT&T 

Fujitsu 

NEC 

Analog Devices 

LSI Logic 

DSP Group 

Toshiba 

Hitachi 

Harris 

Sanyo 

Total Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1987 

39 

0 

0 

14 

37 

12 

0 

0 

0 

0 

0 

0 

116 

64 

52 

0 

0 

1988 

53 

0 

18 

19 

52 

20 

0 

0 

0 

0 

0 

0 

189 

109 

72 

8 

0 

1989 

77 

8 

19 

19 

15 

20 

3 

0 

1 

3 

7 

0 

195 

147 

39 

9 

0 

Source: Dataquest (December 1992) 

o 
•J3 

o 
in 
m 
a ̂ 



DataQuest̂  
acompanyof 
The Dun & Kadstreet Corporalion 

Dataquest Incorporated 
1290 Ridder Park Drive 
San Jose, California 95131-2398 
United States 
Phone: 01-408437^000 
FacsimileL 0140ft437-0292 

Dataquesl Incorporated 
Dataquestrl^dgeway 
The Corporate Center 
550 Cochituate Road 
Framiofiham, Massacbisetts 01701-9324 
United States 
Phone: 01-5 08-3 70-5 55 5 
Facsimile; 01-S0fr370-6262 

B l u e s t Europe Limited 
Roiwsel House Broadw^er Park 
Denliam, Near Uxbridge 
Middlesex UB9 SHP 
E n j ^ d 
Phone: 44-S95-8350S0 
Facsimile; 44-S95-S35260A 

Dalaquest Japan Limited 
Shiukawa Sanko Bullduig 
1-3.17 Shinkawa Chuo-ku 
Tbkyo 104 
J^an 
Phone: 81-3-5566-0411 
J^csimile: 81>3^566-0425 

Offices in 
Costa Mesa, Munich, 
Paris, and Seoul 

Representative Agencies in 
Bangkok, Hong Kong, 
'Kronbeig, North Sydney, 
Singapore, and I^^ei 

^1992 Dataquest Incorporated 
0014198 



• • 



eAouieu ioisi OQ 

Microcomponent Market Share 
June 25, 1992 

N 

Market Statistics 

DataQuest Microcomponents Worldwide 
.MCRO-SEG-MS-9201 



Microcomponent Market Share 
June 25, 1992 

> Source: 
Dataquest 
Market Statistics 

Dataquest' 
File behind the Market Statistics tab inside the 
binder labeled Microcomponents Worldwide 



i 

i 

Published by Dataquest IrKorporated 

The content of this report represents our interpretation and analysis of information generally available to the public or released 
by knowledgeable individuals in the subjea industry, but is not guaranteed as to accuracy or completeness. It does not contain 
material provided to us in confidence by our clients. 

Printed in the United States of America. All rights reserved. No part of this publication may be reproduced, stored in retrieval 
systems, or transmitted, in any form or by any means—mechanical, electronic, photocopying, duplicating, microfilming, video
tape, or otherwise—-without tiie prior permission of the publisher. 

© 1992 Dataquest Incorporated 
June 1992 K 



Microcomponent Market Share 

Table of Contents 

P a ^ 

Introduction 1 

Segmentation 1 

Definitions 1 

Regional Definitions 2 

Line Item Definitions 2 

Market Share Methodology 2 

Notes on Market Share 2 

Notes to Market Share Tables , 3 

Exchange Rates 3 

Table Page 
1 Each Company's Factory Revenue from Shipments of Microcomponent ICs to the World 

(Millions of U.S. Dollars) 4 
2 Top 50 Companies' Factory Revenue from Shipments of Microcomponent ICs to the 

World (Millions of U.S. Dollars) 6 
3 Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to North 

America (Millions of U.S. Dollars) 8 
4 Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to Europe 

(Millions of U.S. Dollars) 9 
5 Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to Japan 

(Millions of U.S. Dollars) 10 
6 Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to 

Asia/Pacific-Rest of World (Millions of U.S. Dollars) 11 
7 Factory Revenue from Shipments of Microcomponent ICs by Regional Market and 

Regional Company Base (Millions of U.S. Dollars) 12 
8 Factory Revenue from Shipments of Microcomponent ICs by Product and Regional 

Company Base (Millions of U.S. Dollars) 13 
9 Top 20 Companies' Factory Revenue from Shipments of Microprocessor ICs to the 

World (Maiions of U.S. Dollars).. 14 
10 Top 20 Companies' Factory Revenue from Shipments of Microcontroller ICs to the 

World (Millions of U.S. Dollars) 15 
11 Top 10 Companies' Factory Revenue from Shipments of Microperipheral ICs to the 

World (Millions of U.S. Dollars) 16 
12 Top 10 Companies' Factory Revenue from Shipments of Digital Signal Processor ICs 

to the World (Millions of U.S. Dollars) 17 

Note: All tables show estimated data. 



Microcotnponent Market Share 

Introduction 
This document contains detailed information 
on Dataquesf s view of the microcomponent 
market. Included in this document are: 

• 1989-1991 market share estimates 

• 1989-1991 market share rankings 

Analyses of market share by company provide 
insight into high-technology markets and re
inforce estimates of consumption, production, 
and company revenue. 

More detailed data on this market may be 
requested through Dataquest's client inquiry 
service. Qualitative analysis of these data is 
provided in the Dataquest Perspectives located 
in the binder of the same name. 

Segmentation 

This section outlines the market segments that 
are specific to this document. For a complete 
description of all market segments tracked by 
Dataquest, please refer to the Dataquest High-
Technology Guide: Segmentation and Glossary. 

For market share purposes, Dataquest defines 
the microcomponent market according to the 
follow îng functional segmentation scheme: 

Digital Microcomponent IC 
Digital Microprocessor (MPU) 
Digital Microcontroller (MCU) 
Digital Microperipheral (MPR) 
Digital Signal Processor (DSP) 

Definitions 
This section lists the definitions that are used 
by Dataquest to present the data in this docu
ment. Complete definitions for semiconductor 
devices can be found in the Dataquest Semi
conductor Market Share Survey Guide. 

Digital Microcomponent IC (Digital Micropro
cessor + Digital Microcontroller + Digital 
Microperipheral + Digital Signal Processor). 

Defined as a digital IC that contains a data 
processing unit or serves as an interface to 
such a unit. Includes both complex-instruction-
set computing (CISC) and reduced-instruction-
set computing (RISC) microprocessors. Also 
includes both MOS and bipolar technologies. 

Digital Microprocessor. Defined as a semicon
ductor product serving as the central proces
sing imit (CPU) of a system. Consists of an 
instruction decoder, arithmetic logic unit (ALU), 
registers, and additional logic. An MPU per
forms general-purpose computing functions by 
executing external instructions and manipulat
ing data held in external memory. Includes 
digital MPUs incorporating or originating from 
an ASIC design. 

Digital Microcontroller. Defined as a semicon
ductor product serving as a dedicated or 
embedded controller in a system. Consists of 
an integral MPU, nonvolatile memory contain
ing end-user-specified instructions, and volatile 
memory for temporary storage of code or 
data. An MCU can perform basic computing 
functions without support from microperipheral 
(MPR) products. Includes digital MCUs incor
porating or originating from an ASIC design. 

Digital Microperipheral. Defined as a semicon
ductor product normally serving as a logical 
support function to an MPU in a system. An 
MPR provides enhancement of system perfor
mance and/or interface with external systems. 
Includes digital MPRs comprising more than 
one device, such as PC chip sets. Examples 
of a digital MPR include: memory and bus 
controllers (for example, PC logic chip sets, 
DRAM controllers, memory management units 
(MMU), and DMA controllers); peripheral inter
face controllers (for example, graphics con
trollers, LAN controllers, UARTs, keyboard con
trollers, and mass storage controllers); and 
coprocessors (for example, math coprocessors— 
or FPUs—^and other coprocessors). 

Digital Signal Processor. Defined as a high
speed general-purpose arithmetic unit used for 
performing complex mathematical operations 
such as Fourier transforms. 

Merchant versus Captive Consumption. Data-
quest includes all revenue, both merchant and 
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captive, for semiconduaor suppliers selling to 
the merchant market. The data exclude com
pletely captive suppliers where devices are 
manufactured solely for the company's own 
use. A product that is xosed internally is valued 
at market price rather than at transfer or fac
tory price. 

Regional Definitions 

North America: Includes United States and 
Canada 

Europe: Western Europe 

Japan: Japan 

Asia-Pacific/Rest of World: All other covmtries 

Line Item Definitions 

Factory revenue is defined as the amount of 
money received by a semiconductor vendor 
for its goods. Revenue from the sale of semi
conductors sold either as finished goods, die, 
or wafers to another semiconductor vendor for 
resale is attributed to the semiconductor ven
dor who sells the product to a distributor or 
equipment manufacturer. 

Shipment is defined as the number of com
plete products delivered, whether single chips 
or chip sets. 

Average selling price is defined as the mathe
matical average price received by a manufac
turer for a given product type. 

For each segment or subsegment of products 
defined herein, these line items conform to 
the following equation: 

Revenue = Shipments x Average Selling Price 

final annual results. This primary research is 
supplemented with additional primary research 
and secondary research to verify market size, 
shipment totals, and pricing information. 
Sources of data utilized by Dataquest include: 

• Information published by major industry 
participants 

• Estimates made by knowledgeable and reli
able industry spokespersons 

• Government data or trade association data 

• Published product literature and price lists 

• Interviews with kno\srledgeable manufactur
ers, distributors, and users 

• Relevant economic data 

• Information and data from online and 
CD-ROM data banks 

• Articles in both the general and trade press 

• Reports fi-om financial analysts 

• End-user surveys 

Dataquest believes that the estimates presented 
in this document are the most accurate and 
meaningful statistics available. 

Despite the care taken in gathering, analyzing, 
and categorizing the data in a meaningful way, 
carefiil attention must be paid to the defini
tions and assumptions used herein when inter
preting the estimates presented in this docu
ment. Various companies, government agencies, 
and trade associations may use slightly differ
ent definitions of product categories and 
regional groupings, or they may include differ
ent companies in their summaries. These 
differences should be kept in mind when 
making comparisons between data and num
bers provided by Dataquest and those pro
vided by other suppliers. 

Market Share Methodology 
Dataquest utilizes both primary and secondary 
sources to produce market statistics data. In 
the fourth quarter of each year, Dataquest sur
veys all major participants within each indus
try. Selected companies are resurveyed during 
the first quarter of the foUow îng year to verify 

Notes on Market Share 
In the process of conducting data collection 
and preparing market statistics information, 
Dataquest will sometimes consolidate or revise 
a particular company, model, series, or indus
try's numbers. In this section, we explain any 
such changes contained within this document 
for your reference. 
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Mlcrocomponeat Market Share 

Notes to Market Share Tables 

1. Appian Technology was formerly known as 
ZyMOS. 

2. GEC Plessey revenue includes MEDL and 
Plessey revenue. 

3. Harris revenue includes GE Solid State 
revenue. 

4. Inmos revenue is included in SGS-Thomson 
revenue. 

5. Philips revenue includes Signetics revenue. 

6. Other North American Companies and Other 
Asia/Pacific Companies revenue has been 
restated to reflect the fewer number of 
companies published in 1991. 

Exchange Rates 
Dataquest uses an average annual exchange 
rate in converting revenue to U.S. dollar 
amounts. The following outlines these rates for 
1989 through 1991. 

Japan (YenAJ.S.S) 
France (FrancAJ.S.$) 
Germany (Deutsche 

MarkAJ.S.$) 
United Kingdom 

(U.S.$/Pound Sterling) 

1989 1990 1991 
138 144 136 

6.39 5.44 5.64 

1.88 1,62 

1.50 1.79 

1.66 

1,77 
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Miorocomponents Worldwide 

Table 1 
Each Company's Factory Revenue from Shipments of Microcomponent ICs to the World 
(Millions of U.S. Dollars) 

Total Market 

North American Companies 

Advanced Micro Devices 

Analog Devices 

Appian Technology 

AT&T 

Aimel 

Chips & Technologies 

Cirrus Logic 

Cypress Semiconduaor 

Dallas Semiconductor 

Harris 

Hughes 

Integrated Device Technology 

Intel 

ITT 

LSI Logic 

Microchip Technology 

Motorola 

NCR 

National Semiconduaor 

Performance Semiconductor 

Rockwell 

SEEQ Technology 

Sierra Semiconduaor 

Standard Microsystems 

Supertex 

Texas Instruments 

TOW 

VLSI Technology 

WaferScale Integration 

Weitek 

Western Digital 

Zilog 

Other North American Companies 

Japanese Companies 

Fuji Electric 

Fujitsu 

1989 
7,808 

4,367 

172 

20 

30 

21 

0 

216 

29 

11 

0 

115 

2 

13 

1,929 

25 

67 

18 

767 

22 

169 

13 

42 

0 

1 

34 

0 

252 

5 

94 

2 

49 

135 

99 

15 

2,955 

0 

197 

Revenue 

1990 

9,693 

5,851 

218 

20 

38 

21 

0 

240 

129 

15 

0 

110 

2 

20 

2,726 

28 

93 

16 

970 

31 

309 

24 

40 

12 

1 

40 

0 

320 

6 

105 

2 

57 

148 

100 

10 

3,236 

1 

213 

1991 

11,867 

7,349 

416 

20 

8 

33 

2 

165 

151 

48 

41 

65 

2 

20 

3,578 

35 

115 

15 

1,171 

39 

341 

28 

20 

6 

1 

40 

2 

429 

7 

165 

7 

39 

209 

110 

21 

3,824 

1 

244 

1989 
100 

55.9 

2.2 

.3 

.4 

.3 

.0 

2.8 

.4 

.1 

.0 

1.5 

.0 

.2 

24.7 

.3 

.9 

.2 

9.8 

.3 
2.2 

.2 

.5 

.0 

.0 

.4 

.0 

3.2 

.1 

1.2 

.0 

.6 

1.7 

1.3 
.2 

37.8 

.0 

2.5 

Market Share (%) 

1990 

100.0 

60.4 

2.2 

.2 

.4 

.2 

.0 

2.5 

1.3 

.2 

.0 

1.1 

.0 

.2 

28.1 

.3 

1.0 

.2 

10.0 

.3 

3.2 

.2 

.4 

.1 

.0 

.4 

.0 

3.3 

.1 

1.1 

.0 

.6 

1.5 

1.0 

.1 

33.4 

.0 

2.2 

1991 

100.0 

61.9 

3.5 

.2 

.1 

.3 

.0 

1.4 

1.3 

.4 

.3 

.5 

.0 

.2 

30.2 

.3 

1.0 

.1 

9.9 

.3 

2.9 

.2 

.2 

.1 

.0 

.3 

.0 

3.6 

.1 

1.4 

.1 

.3 

1.8 

.9 

.2 

32.2 

.0 

2.1 
(Continued) 
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Mlcrocomponent Market Share 

Table 1 (Continued) 
Each Company's Factory Revenue from Shipments of Mlcrocomponent ICs to the World 
(MilUons of U.S. Dollars) 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Oki 

Ricoh 

Rohm 

Sanyo 

Seiko Epson 

Sharp 

Sony 

Toshiba 

Other Japanese Companies 

European Companies 

Eurosil 

GEC Plessey 

Matra MHS 

MEDL 

Philips 

Plessey 

SGS-TTiomson 

Siemens 

TMS 

Asia/Pacific Companies 

Goldstar 

Hualon Microelectronics Corp. 

Samsung 

Silicon Integrated Systems 

United Microelectronics 

Winbond Electronics 

1989 

505 
218 

431 

841 

142 

21 

17 

63 

11 

104 

43 

361 

1 

433 

2 

0 

28 

3 

131 

3 

161 

92 

13 

53 

2 

NA 

8 

NA 

43 

NA 

Revenue 

1990 

546 

250 

441 

981 

131 

22 

17 

71 

10 

124 

43 

386 

0 

539 

4 

8 

33 

0 

193 

0 

175 

116 

10 

67 

3 

0 

22 

3 

39 

0 

1991 

583 

321 

543 

1,149 

137 

62 

23 

69 

16 

134 

88 

454 

0 

567 

0 

5 

37 

0 

212 

0 

167 

134 

12 

127 

11 

9 

27 

4 

62 

14 

1989 

6.5 

2.8 

5.5 

10.8 

1.8 

.3 

.2 

.8 

.1 

1.3 

.6 

4.6 

.0 

5.5 

.0 

.0 

.4 

.0 

1.7 

.0 

2.1 

1.2 

.2 

.7 

.0 

NA 

.1 

NA 

.6 

NA 

Market Share (%) 

1990 

5.6 

2.6 

4.5 

10.1 

1.4 

.2 

.2 

.7 

.1 

1.3 

.4 

4.0 

.0 

5.6 

.0 

.1 

.3 

.0 

2.0 

.0 

1.8 

1.2 

.1 

.7 

.0 

.0 

.2 

.0 

.4 

.0 

1991 

4.9 

2.7 

4.6 

9.7 

1.2 

.5 

.2 

.6 

.1 

1.1 

.7 

3.8 

.0 

4.8 

.0 

.0 

.3 

.0 

1.8 

.0 

1.4 

1.1 

.1 

1.1 

.1 

.1 

.2 

.0 

.5 

.1 

NA - Not available 

Source: Dataquest Qune 1992) 
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Mlcrocofflponents Worldwide 

Table 2 
Top 50 Companies' Factory Revenue from Shipments of Microcomponent ICs to the World 
(MlUions of U.S. Dollars) 

4 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

15 

17 

18 

19 

19 
21 

22 

23 

24 

25 

26 

26 

28 

29 

30 

31 

31 

33 

34 

35 

36 

37 

38 

1990 
Rank 

1 

3 

2 

4 

5 

6 

7 

11 

8 

9 

12 

13 

15 

14 

10 

21 

17 

16 

18 

19 

23 

22 

26 

24 

20 

29 

35 

42 

NM 

27 

25 

32 

31 

33 

37 

34 

35 

40 

Intel 

Motorola 

NEC 

Hitachi 

Mitsubishi 

Toshiba 

Texas Instalments 

Advanced Micro Devices 

National Semiconduaor 

Matsushita 

Fujitsu 

Philips 

Western Digital 

SGS-Thomson 

Chips & Technologies 

VLSI Technology 

Cirrus Logic 

Oki 

Sharp 

Siemens 

LSI Logic 

Zilog 

Sony 

Sanyo 

Harris 

United Microelectronics 

Ricoh 

Cypress Semiconductor 

Dallas Semicondurtor 

Standard Microsystems 

Weitek 

NCR 

Matra MHS 

ITT 

AT&T 

Performance Semiconduaor 

Samsung 

Rohm 

1990 
Revenue 

2,726 

970 

981 

546 

441 

386 

320 

218 

309 

250 

213 

193 

148 

175 

240 

105 

129 

131 

124 

116 

93 

100 

43 

71 

110 

39 

22 

15 

0 

40 

57 

31 

33 

28 

21 

24 

22 

17 

1991 
Revenue 

3,578 

1,171 

1,149 

583 

543 

454 

429 

4l6 

341 

321 

244 

212 

209 

167 

165 

165 

151 

137 

134 

134 

115 

110 

88 

69 

65 

62 

62 

48 

41 

40 

39 

39 

37 

35 

33 

28 

27 

23 

Percent 
C h a i s e 

31 

21 

17 

7 

23 

18 

34 

91 

10 

28 

15 

10 

41 

-5 

-31 

57 

17 

5 

8 

16 

24 

10 

105 

-3 

-41 

59 

182 

220 

NM 

0 

-32 

26 

12 

25 

57 

17 

23 

35 

1991 
Market 

Share 

(%) 
30.2 

9.9 

9.7 

4.9 

4.6 

3.8 

3.6 

3.5 

2.9 

2.7 

2.1 

1.8 

1.8 

1.4 

1.4 

1.4 

1.3 

1.2 

1.1 

1.1 

1.0 

.9 

.7 

.6 

.5 

.5 

.5 

.4 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.2 

.2 

.2 
(Continued) 

i 

©1992 Dataquest Incorporated June—Reproduction Prohibited 
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Table 2 (Continued) 
Top 50 Companies' Factory Revenue from Shipments of Microcomponent ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

39 

39 

39 
42 

43 
44 

45 
46 

47 

48 

49 

49 

1990 
Rank 

27 

38 

38 

44 

41 

NM 

44 

50 

NM 

30 

47 

51 

Rockwell 

Analog Devices 

Integrated Device Technology 

Seiko Epson 

Microchip Technology 

Winbond 

TMS 

Goldstar 

Hualon Microelectronic Corp. 

Appian 

TRW 

Waferscale Integration 

All Others 

North American Companies 

Japanese Companies 

Eurofsean Comp>anies 

Asia/Pacific Companies 

1990 
Revenue 

40 

20 

20 

10 

16 

0 

10 

3 

0 

38 

6 

2 

41 

5,851 

3,236 

539 

67 

1991 
Revenue 

20 

20 

20 

16 

15 

14 

12 

11 

9 

8 

7 

7 

44 

7,349 

3,824 

567 

127 

Percent 
Chai^je 

-50 

0 

0 

60 

-6 

NM 

20 

267 

NM 

-79 

17 

250 

?• 

26 

18 

5 

90 

1991 
Market 

Share 
(%) 

.2 

.^ 

.2 
i l 

4: 

^ 
4 
A 
jt 
,1 

i i 

A 

A 

61.9 

32.2 

4.8 

1.1 

Total Market 9,693 11,867 22 100.0 

NM - Not meaningful 

Source: Dataquest (June 1992) 
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Table 3 
Top 20 Companies' Factory Revenue from Shipments of Mlcrocomponent ICs to North America 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

17 

19 

20 

1990 
Rank 

1 

2 

4 

3 

8 

7 

12 

16 

9 

6 

10 

11 

13 

5 

17 

29 

18 

19 

15 

22 

Intel 

Motorola 

Texas Instruments 

National Semiconduaor 

Advanced Micro Devices 

LSI Logic 

Western Kgital 

VLSI Technology 

NEC 

Cirrus Logic 

Toshiba 

Hitachi 

Zilog 

Chips & Technologies 

Philips 

Cypress Semiconductor 

SGS-Thomson 

NCR 

Harris 

Siemens 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

1,445 

461 

133 

178 

83 

89 

56 

39 

81 

94 

69 

68 

52 

123 

38 

12 

35 

29 

47 

18 

289 

3,051 

277 

102 

9 

1991 
Revenue 

1,712 

545 

206 

188 

150 

91 

88 

87 

82 

81 

72 

67 

54 

47 

42 

37 

36 

36 

35 

30 

286 

3,560 

285 

121 

6 

Percent 
Change 

18 

18 

55 

6 

81 

2 

57 

123 

1 

-14 

4 

-1 

4 

-62 

11 

208 

3 
24 

-26 

67 

-1 

17 

3 

19 

-33 

1991 
Market 

Share 
C/o) 

43.1 

13.7 

5.2 

4.7 

• 3.8 

2.3 

2.2 

2.2 

2.1 

2.0 

1.8 

1.7 

1.4 

1.2 

1.1 

.9 

.9 

.9 

.9 

.8 

7.2 

89.6 

7.2 

3.0 

.2 

Total Market 3,439 3,972 15 100.0 

Source: Dataquest (June 1992) 
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Table 4 
Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to Europe 
(Millions of VS. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

17 

19 

20 

20 

20 

1990 
Rank 

1 

2 

3 

5 

4 

6 

7 

8 

9 

10 

11 

16 

13 

14 

15 

17 

12 

18 

NM 

19 

20 

21 

Intel 

Motorola 

NEC 

Philips 

SGS-Thomson 

Texas Instruments 

Siemens 

Hitachi 

Advanced Micro Devices 

National Semiconductor 

Toshiba 

Western Digital 

VLSI Technology 

Matra MHS 

rrr 
Zilog 

Harris 

Oki 

Matsushita 

Chips & Technologies 

Fujitsu 

Mitsubishi 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

528 

233 

138 

113 

126 

99 

83 

69 

60 

56 

51 

18 

28 

24 

21 

17 

31 

15 

0 

14 

10 

9 

80 

1,164 

294 

363 

2 

1991 
Revenue 

663 

264 

150 

115 

108 

107 

87 

75 

74 

63 

56 

38 

34 

29 

23 

21 

18 

18 

17 

15 

15 

15 

92 

1,396 

349 

349 

3 

Percent 
C h a i s e 

26 

13 

9 
2 

-14 

8 

5 

9 

23 

13 

10 

111 

21 

21 

10 

24 

-42 

20 

NM 

7 

50 

67 

15 

20 

• 19 

A 

50 

1991 
Market 

Share 
(%) 

31.6 

12.6 

7.2 

5.5 

5.2 

5.1 

4.1 

3.6 

3.5 

3.0 

2.7 

1.8 

1.6 

1.4 

1.1 

1.0 

.9 

.9 

.8 

.7 

.7 

.7 

4.4 

66.6 

16.6 

16.6 

.1 

Total Market 1,823 2,097 15 100.0 

NM - Not meaningful 

Source: Dataquest Qune 1992) 
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Table 5 
Top 20 Companies' Factory Revenue from Shipments of Mlcrocomponent ICs to Japan 
(MiUions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

16 

18 

18 

20 

1990 
Rank 

1 

4 

3 

2 

5 

6 

7 

8 

9 

12 

10 

11 

16 

14 

13 

15 

20 

16 

19 

18 

NEC 

Intel 

Mitsubishi 

Hitachi 

Matsushita 

Toshiba 

Fujitsu 

Motorola 

Sharp 

Sony 

Oki 

Texas Instruments 

Ricoh 

National Semiconductor 

Sanyo 

Cirrus Logic 

Western Digital 

Advanced Micro Devices 

Rohm 

Chips & Technologies 

All Others 

Nordi American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

689 

332 

351 

355 

235 

226 

171 

124 

103 

43 

71 

45 

22 

33 

34 

23 

13 

22 

16 

18 

59 

643 

2,327 

15 

0 

1991 
Revenue 

831 

430 

401 

384 

289 

248 

188 

158 

114 

85 

76 

68 

62 

36 

32 

23 

23 

20 

20 

17 

81 

822 

2,745 

19 

0 

Percent 
Change 

21 

30 

14 

8 

23 

10 

10 

27 

11 

98 

7 

51 

182 

9 
-6 

0 

77 

-9 

25 

-6 

37 

28 

18 

27 

0 

1991 
Market 

Share 
(%) 

23.2 

12.0 

11.2 

10.7 

8.1 

6.9 

5.2 

4.4 

3.2 

2.4 

2.1 

1.9 

1.7 

1.0 

.9 

.6 

.6 

.6 

.6 

.5 

2.3 

22.9 

76.5 

.5 

.0 

Total Market 2,985 3,586 20 100.0 

Source: Dataquest Q\me 1992) 
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Table 6 
Top 20 Companies' Factory Revenue from Shipments of Microcomponent ICs to Asia/Pacific-Rest of World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

4 

5 

5 

7 

8 

9 

9 
11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

1990 
Rank 

1 

2 

8 

5 

3 

4 

11 

6 

7 

15 

10 

12 

9 

26 

13 

14 

16 

17 

19 

22 

Intel 

Motorola 

Advanced Micro Devices 

Mitsubishi 

Chips & Technologies 

NEC 

Toshiba 

Western Digital 

Hitachi 

United Microelectronics 

National Semiconductor 

Philips 

Texas Instruments 

Cirrus Logic 

VLSI Technology 

Sanyo 

Oki 

ZUog 

Samsung 

Fujitsu 

All Others 

North American Companies 

Japanese Companies 

Eurojjean Companies 

Asia/Pacific Companies 

1990 
Revenue 

421 

152 

53 

71 

85 

73 

40 

61 

54 

30 

42 

38 

43 

9 

36 

32 

29 

25 

20 

15 

117 

993 

338 

59 

56 

1991 
Revenue 

773 

204 

172 

111 

86 

86 

78 

60 

57 

57 

54 

50 

48 

41 

37 

35 

30 

28 

24 

23 

158 

1,571 

445 

78 

118 

Percent 
Change 

84 

34 

225 

56 

1 

18 

95 

-2 

6 

90 

29 
32 

12 

356 

3 

9 

3 

12 

20 

53 

35 

58 

32 

32 

111 

1991 
Market 

Share 
(%) 

34.9 

9.2 

7.8 

5.0 

3.9 

3.9 

3.5 

2.7 

2.6 

2.6 

2.4 

2.3 

2.2 

1.9 

1.7 

1.6 

1.4 

1.3 

1.1 

1.0 

7.1 

71.0 

20.1 

3.5 

5.3 

Total Market 1,446 2,212 53 100.0 

Source: Dataquest 0une 1992) 
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Table 7 
Factory Revenue from Shipments of Microcomponent ICs by Regional Market and 
Regional Company Base 
(Millions of U.S. Dollars) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

Worldwide Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

North American Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Comp>anies 

Japanese Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

European Market 

North American Comfjanies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

Asia/Pacific Market 

North American Companies 

Japanese Conq>anies 

European Companies 

Asia/Pacific Market 

7,8 9,693 11,867 100.0 100.0 100.0 

4,367 

2,955 

433 

53 

2,796 

2,421 

259 

107 

9 

2,662 

495 

2,144 

23 
0 

1,442 

889 
284 

265 
4 

908 

562 

268 

38 

40 

5,851 

3,236 

539 
67 

3,439 

3,051 

277 
102 

9 

2,985 

643 

2,327 

15 

0 

1,823 

1,164 

294 

363 
2 

1,446 

993 

338 

59 

56 

7,349 

3,824 

567 

127 

3,972 

3,560 

285 
121 

6 

3,586 

822 

2,745 

19 
0 

2,097 

1,396 

349 

349 

3 

2,212 

1,571 

445 

78 

118 

55.9 

37.8 

5.5 

.7 

35.8 

31.0 

3.3 
1.4 

.1 

34.1 

6.3 

27.5 

.3 

.0 

18.5 

11.4 

3.6 

3.4 

.1 

11.6 

7.2 

3.4 

.5 

.5 

60.4 

33.4 

5.6 

.7 

35.5 

31.5 

2.9 
1.1 

.1 

30.8 

6.6 
24.0 

.2 

.0 

18.8 

12.0 

3.0 

3.7 

.0 

14.9 

10.2 

3.5 

.6 

.6 

61.9 

32.2 

4.8 

1.1 

33.5 

30.0 

2.4 

1.0 

.1 

30.2 

6.9 

23.1 

.2 

.0 

17.7 

11.8 

2.9 

2.9 
.0 

18.6 

13.2 

3.7 

.7 

1.0 

Source: Dataquest (June 1992) 
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Table 8 
Factory Revenue fivm Shipments of Mlcrocomponent ICs by Product and Regional Company Base 
(Millions of U.S. Dollars) 

Microcomponent Market 

North American Companies 

Jaf)anese Companies 

European Companies 

Asia/Pacific Companies 

Microprocessor Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

Microcontroller Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

Micioperipheral Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

Digital Signal Processor Market 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Market 

1989 

7,808 

4,367 

2,955 

433 

53 

2,155 

1,795 

261 

94 

5 

3,113 

870 

2,003 

231 

9 

2,345 

1,555 

652 

99 

39 

195 

147 

39 

9 

0 

Revenue 

1990 

9,693 

5,851 

3,236 

• 539 

67 

2,831 

2,466 

261 

95 

9 

3,693 

1,141 

2,226 

309 

17 

2,925 

2,049 

700 

135 

41 

244 

195 

49 

0 

0 

1991 

11,867 

7,349 

3,824 

567 

127 

3,893 

3,522 

269 

96 

6 

4,427 

1,301 

2,746 

362 

18 

3,219 

2,260 

747 

109 

103 

328 

266 

62 

0 

0 

1989 
100.0 

55.9 

37.8 

5.5 

.7 

27.6 

23.0 

3.3 

1.2 

.1 

39.9 

11.1 

25.7 

3.0 

.1 

30.0 

19.9 

8.4 

1.3 

.5 

2.5 

1.9 

.5 

.1 

.0 

Market Share (%; 

1990 

100.0 

60.4 

33.4 

5.6 

.7 

29.2 

25.4 

2.7 

1.0 

.1 

38.1 

11.8 

23.0 

3.2 

.2 

30.2 

21.1 

7.2 

1.4 

.4 

2.5 

2.0 

.5 

.0 

.0 

» 

1991 

100.0 

61.9 

32.2 

4.8 

1.1 

32.8 

29.7 

2.3 

.8 

.1 

37.3 

11.0 

23.1 

3.1 

.2 

27.1 

19.0 

6.3 

.9 

.9 

2.8 

2.2 

.5 

.0 

.0 

Source: Dataquest Quae 1992) 
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Table 9 
Top 20 Companies' Factory Revenue from Shipments of Microprocessor ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

5 

5 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

19 

1990 
Rank 

1 

2 

3 

6 

4 

4 

7 

9 

17 

10 

8 

11 

12 

14 

NM 

13 

15 

17 

16 

20 

Intel 

Motorola 

Advanced Micro Devices 

National Semiconductor 

Hitachi 

NEC 

SGS-Thomson 

Toshiba 

Cypress Semiconductor 

LSI Logic 

Harris 

Zilog 

Performance Semiconductor 

Siemens 

Weitek 

Mitsubishi 

Fujitsu 

Integrated Device Technology 

Oki 

Philips 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

1,826 

291 

110 

66 

72 

72 

53 

42 

13 

34 

45 

25 

24 

20 

0 

. 21 

19 

13 

16 

9 

60 

2,466 

261 

95 

9 

1991 
Revenue 

2,504 

363 

327 

81 

76 

76 

55 

47 

46 

45 

38 

31 

28 

21 

19 

18 

16 

14 

13 

13 

62 

3,522 

269 

96 

6 

Percent 
Change 

37 

25 

197 

23 

6 

6 

4 

12 

. 254 

32 

-16 

24 

17 

5 

NM 

-14 

-16 

8 

-19 

44 

i 

43 

3 
1 

-33 

1991 
Market 

Share 
C%) 

64.3 

9.3 

8.4 

2.1 

2.0 

2.0 

1.4 

1.2 

1.2 

1.2 

1.0 

.8 

.7 

.5 

.5 

.5 

.4 

.4 

.3 

.3 

1.6 

90.5 

6.9 

2.5 

.2 

Total Market 2,831 3,893 38 100.0 

MM - Not meaningful 

Source: Dataquest Qtme 1992) 
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Table 10 
Top 20 Companies' Factory Revenue £rom Shipments of Microcontroller ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

9 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1990 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

11 

10 

13 

12 

17 

14 

16 

14 

23 

18 

19 

NEC 

Motorola 

Mitsubishi 

Intel 

Hitachi 

Toshiba 

Matsushita 

Philips 

Sharp 

Fujitsu 

National Semiconductor 

Siemens 

Oki 

Sony-

Texas Instruments 

SGS-Thomson 

Sanyo 

Ricoh 

Matra MHS 

ITT 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

714 

486 

363 

356 

337 

197 

182 

125 

111 

92 

93 

78 

82 

38 

70 

69 

70 

17 

33 

28 

152 

1,141 

2,226 

309 

17 

1991 
Revenue 

860 

574 

463 

424 

364 

251 

243 

159 

117 

117 

107 

94 

93 

81 

80 

67 

65 

57 

37 

35 

139 

1,301 

2,746 

362 

18 

Percent 
Change 

20 

18 

28 

19 

8 

27 

34 

27 

5 

27 

15 

21 

13 

113 

14 

-3 

-7 

235 

12 

25 

-9 

14 

23 

17 

6 

1991 
Market 

Share 

C%) 
19.4 

13.0 

10.5 

9.6 

8.2 

5.7 

5.5 

3.6 

2.6 

2.6 

2.4 

2.1 

2.1 

1.8 

1.8 

1.5 

1.5 

1.3 

.8 

.8 

3.1 

29.4 

62.0 

8.2 

.4 

Total Market 3,693 4,427 20 100.0 

Source: Dataquest Qune 1992> 
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16 Microcomponents Worldwide 

Table 11 
Top 10 Companies' Factory Revenue from Shipments of Microperlpheral ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

3 

5 

6 

7 

8 

9 

10 

1990 
Rank 

1 

6 

4 

9 

3 

2 

11 

5 

10 

7 

Intel 

Western Digital 

Motorola 

Texas Instmments 

NEC 

Chips & Technologies 

VLSI Technology 

National Semiconduaor 

Cinus Logic 

Toshiba 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

544 

148 

167 

130 

176 

240 

104 

150 

129 

144 

993 

2,049 

700 

135 

41 

1991 
Revenue 

650 

209 

194 

194 

192 

165 

l6l 

153 

151 

149 

1,001 

2,260 

747 

109 

103 

Percent 
Chaise 

19 

41 

16 

49 

9 

-31 

55 

2 

17 

3 

1 

10 

7 

-19 

151 

1991 
Market 

Share 
(%) 

20.2 

6.5 

6.0 

6.0 

,. 6.0 

5.1 

5.0 

4.8 

4.7 

4.6 

31.1 

70.2 

23.2 

3.4 

3.2 

Total Market 2,925 3,219 19 100.0 

Source: Dataquest (June 1992) 
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Table 12 
Top 10 Companies' Factory Revenue from Shipments of Digital Signal Processor ICs to the World 
(Millions of U.S. Dollars) 

\ 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 

8 

9 

9 

9 

1990 
Rank 

1 

2 

6 

3 

5 

4 

8 

9 

7 

9 

11 

Texas Instruments 

Motorola 

AT&T 

Fujitsu 

NEC 

Analog Devices 

LSI Logic 

Toshiba 

Harris 

Hitachi 

Sanyo 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

110 

26 

17 

21 

19 

20 

4 

3 
10 

3 

1 

1991 
Revenue 

143 

40 

33 

23 
21 

20 

10 

7 

4 

4 

4 

Percent 
Change 

30 

54 

94 

10 

11 

0 

150 

133 

-60 

33 

300 

1991 
Market 

Share 
(%) 

43.6 

12.2 

10.1 

7.0 

6.4 

6.1 

3.0 

2.1 

1.2 

1.2 

1.2 

10 19 90 5.8 

195 

49 

0 

0 

266 

62 

0 

0 

36 

27 

0 

0 

81.1 

18.9 

.0 

.0 

Total Market 244 328 34 100.0 

Source: Dataquest Qune 1992) 

> 
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Microprocessor Market Statistics 

Introduction 
This document contains detailed information 
on Dataquest's view of the microprocessor 
market. Included in this document are the 
following: 

• 199O-I991 unit shipment and market share 
estimates 

• I99O-I99I revenue and market share 
estimates 

Analyses of market share by company provide 
insis t into high-technology markets and re
inforce estimates of consumption, production, 
and company revenue. More detailed data on 
this market may be requested through Data-
quest's client inquiry service. Qualitative analy
sis of these data is provided in the Dataquest 
Perspectives located in the binder of the same 
name. 

Segmentation 

This section outlines the market segments that 
are specific to this document. For a complete 
description of all market segments tracked by 
Dataquest, please refer to the Dataquest High-
Technology Guide: Segmentation and Glossary. 

For market share purposes, Dataquest defines 
the microcomponent market according to the 
following functional segmentation scheme: 

Digital Microcomponent IC 
Digital Microprocessor (MPU) 
Digital Microcontroller (MCU) 
Digital Microperipheral (MPR) 
Digital Signal Processor (DSP) 

Definitions 
This section lists the definitions that are used 
by Dataquest to present the data in this docu
ment. Complete definitions for semiconductor 
devices can be found in the Dataquest Semi
conductor Market Share Survey Guide. 

Digital Microcomponent IC (Digital Micropro
cessor + Digital Microcontroller + Digital 

Microperipheral + Digital Signal Processor). 
Defined as a digital IC that contains a data 
processing unit or serves as an interface to 
such a unit. Includes both complex-instruction-
set computing (CISC) and reduced-instruction-
set computing (RISC) microprocessors. Also 
includes both MOS and bipolar technologies. 

Digital Microprocessor. Defined as a semicon
ductor product serving as the central proces
sing unit (CPU) of a system. Consists of an 
instruction decoder, arithmetic logic unit (ALU), 
registers, and additional logic. An MPU per
forms general-purpose computing functions by 
executing external instructions and manipulat
ing data held in external memory. Includes 
digital MPUs incorporating or originating from 
an ASIC design. 

Digital Microcontroller. Defined as a semicon
ductor product serving as a dedicated or 
embedded controller in a system. Consists of 
an integral MPU, nonvolatile memory contain
ing end-user-specified instructions, and volatile 
memory for temporary storage of code or 
data. An MCU can perform basic computing 
functions without support from microperipheral 
(MPR) products. Includes digital MCUs incor
porating or originating from an ASIC design. 

Digital Microperipheral. Defined as a semicon
ductor product normally serving as a logical 
support function to an MPU in a system. An 
MPR provides enhancement of system perfor
mance and/or interface with external systems. 
Includes digital MPRs comprising more than 
one device, such as PC chip sets. Examples 
of a digital MPR include: memory and bus 
controllers (for example, PC logic chip sets, 
DRAM controllers, memory management units 
(MMU), and DMA controllers); peripheral inter
face controllers (for example, graphics con
trollers, LAN controllers, UARTs, keyboard con
trollers, and mass storage controllers); and 
coprocessors (for example, math coprocessors— 
or FPUs—and other coprocessors). 

Digital Signal Processor. Defined as a high
speed general-purpose arithmetic unit used for 
performing complex mathematical operations 
such as Fourier transforms. 
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Regional Definitions 

North America: Includes United States and 
Canada 

Europe: Western Europe 

Japan: Japan 

Asia-Pacific/Rest of World: All other countries 

Line Item Definitions 

Factory revenue is defined as the amount of 
money received by a semiconductor vendor 
for its goods. Revenue from the sale of semi
conductors sold either as finished goods, die, 
or wafers to another semiconductor vendor for 
resale is attributed to the semiconductor ven
dor who sells the product to a distributor or 
equipment manufacturer. 

Shipment is defined as the number of com
plete products delivered, whether single chips 
or chip sets. 

Average selling price is defined as the mathe
matical average price received by a manufac
turer for a given product type. 

For each segment or subsegment of products 
defined herein, these line items conform to 
the following equation: 

Revenue = Shipments x Average Selling Price 

Market Share Methodology 
Dataquest utilizes both primary and secondary 
sources to produce market statistics data. In 
the fourth quarter of each year, Dataquest sur
veys all major participants within each indus
try. Selected companies are resurveyed during 
the first quarter of the folloiving year to verify 
final annual results. This primary research is 
supplemented with additional primary research 
and secondary research to verify market size, 
shipment totals, and pricing information. 
Sources of data utilized by Dataquest include: 

• Information published by major industry 
participants 

• Estimates made by knowledgeable and reli
able industry spokespersons 

• Government data or trade association data 

• Published product literature and price lists 

• Interviews with knowledgeable manufactur
ers, distributors, and users 

• Relevant economic data 

• Information and data fi-om online and 
CD-ROM data banks 

• Articles in both the general and trade press 

• Reports from financial analysts 

• End-user surveys 

Dataquest believes that the estimates presented 
in this document are the most accurate and 
meaningful statistics available. 

Despite the care taken in gathering, analyzing, 
and categorizing the data in a meaningful way, 
careful attention must be paid to the defini
tions and assumptions used herein when inter
preting the estimates presented in this docu
ment. Various companies, government agencies, 
and trade associations may use slightly differ
ent definitions of product categories and 
regional groupings, or they may include differ
ent companies in their summaries. These 
differences should be kept in mind when 
making comparisons between data and num
bers provided by Dataquest and those pro
vided by other suppliers. 

Notes on Market Share 

In the process of conducting data collection 
and preparing market statistics information, 
Dataquest will sometimes consolidate or revise 
a particular company, model, series, or indus
try's numbers. In this section, we explain any 
such changes contained within this document 
for your reference. 

Notes to Market Share Tables 

1. The following companies' microprocessor 
unit shipments for 1990 have been 
restated: 

Cypress Semiconductor (RISC shipments) 

Fujitsu (RISC shipments) 

Integrated Device Technology (RISC 
shipments) 

i 

i 

i 
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Intel (i860 and i960 shipments) 

LSI Logic (RISC shipments) 

Motorola G2-bit MPU shipments) 

Performance Semiconductor (RISC 
shipments) 

Sharp (all shipments) 

2. The following products have been added 
to the 1990 microprocessor tables: 

Matsushita MN10400 32-bit MPU 

Motorola 68332 32-bit MPU 

NEC V3000 32-bit JVIPU 

Texas Instruments 34010 and 34020 32-bit 
MPU 

3. Beginning in 1991, the following compa
nies were added to the microprocessor 
tables: 

Goldstar (8-bit MPU) 

NCR (8-bit MPU) 

Seiko Epson (8-bit MPU) 

United Microelectronic Corporation (8-bit 
MPU) 

Weitek 02-bit MPU) 

4. For 1990 and 1991, Signetics unit ship
ments have been combined with Philips. 

5. The following abbreviations have been 
used within the tables: 

C represents CMOS 

N represents NMOS 

P represents PMOS 

6. Some table columns do not add to totals 
shown because of rounding. 

7. Appian Technology was formerly known as 
ZyMOS. 

8. GEC Plessey revenue includes MEDL and 
Plessey revenue. 

9. Harris revenue includes GE Solid State 
revenue. 

10. Inmos revenue is included in SGS-
Thomson revenue. 

11. Other North American Companies and 
Other Asia/Pacific Companies revenue has 
been restated to reflect the fewer number 
of companies published in 1991. 

Exchange Rates 

Dataquest uses an average atmual exchange 
rate in converting revenue to U.S. dollar 
amounts. The following outlines these rates for 
1989 through 1991. 

Japan (YenAJ.S.$) 

France (Franc/U.S.$) 

Germany (Deutsc±e 

MarkAJ.S.$) 

United Kingdom 
(U.S.$/Pound Sterling) 

1989 1990 1991 

138 144 136 

6.39 5.44 5.64 

1.88 1.62 1.66 

1.50 1.79 1.77 
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Microcomponents Worldwide 

Section 1: Microprocessor Unit Shipments—Overview 

Table 1-1 
Each Company's Shipments of All Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 
2 

3 
4 
4 
6 
7 
8 

9 
10 
11 
11 

13 
14 

15 
16 
17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 
28 

29 
30 

31 
32 

33 

1990 
Rank 

1 
2 

3 
4 
6 
7 
5 
8 

10 
11 

9 
12 

13 
NM 

14 
16 
18 

19 
NM 

14 
NM 

17 
21 
20 
22 
24 

27 

23 
26 

25 
28 

NM 

29 

Company 
Intel 
ZUog 
Motorola 
NEC 
Hitachi 
SGS-Thomson 
AMD 
Toshiba 
Siemens 
Hanis 
Oki 
Sharp 
National 
Goldstar 
Fujitsu 
Texas Instniments 
Rockwell 
Mitsubishi 

NCR 
Philips 
UMC 
CA Micro Devices 
Inmos 

Matsushita 
Hughes 
LSI Logic 
Cypress 
Seiko 

Perfonnance 
"VLSI Technology 
IDT 
Weitek 
Bit 

Total MPU 

1990 
Units 
24,000 
20,700 
15,700 
11,200 
9,300 
9,100 

11,000 
6,500 
3,000 
2,900 
3,200 
2,600 
1,700 

NA 
1,200 

860 
600 
420 
NA 

1,200 
NA 
710 
240 
320 
180 
100 

25 
120 

55 
71 
20 
0 

5 

1991 
Units 
28,400 
27,200 
21,600 
11,300 
11,300 
9,200 
8,600 
7,700 
2,900 
2,500 
2,200 
2,100 
1,700 
1,200 

760 
690 
620 
400 
380 
360 
300 
270 
260 
220 
150 
120 
110 
90 

79 
70 

45 
12 

3 

Percent 
Chaise 

18 

31 
38 

1 
22 

1 
-22 
18 

-3 
-14 

-31 
-19 

0 
NM 
-37 
-20 

3 
-5 

NM 
-70 
NM 
-62 

8 

-31 
-17 
20 

340 

-25 
44 

-1 

125 
NM 
-40 

1991 
Market 

Share 
(%) 
19.9 
19.0 
15.1 
7.9 
7.9 
6.4 
6.0 
5.4 

2.0 
1.8 
1.5 
1.5 
1.2 
.8 
.5 
.5 
.4 

.3 

.3 

.3 

.2 

.2 

.2 

.2 

127,000 142,800 12 100.0 

NA - Not available 

NM " Not meaningful 
* - Calculated value is less than 0.1 percent 
Ccdumns may not add to totals shown due to rounding. 

Source: Dataquest 0""^ 1992} i 
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MicroiH-ocessor Market Statistics 

Table 1-2 
Shipments of All Microprocessors By Class to the World 
(Thousands of Units) 

Processor Class 
1990 

Units 

47,800 

34,200 

11,100 

2,500 

15,200 

11,700 

1,700 

1,800 

257 

207 

50 

0 

57,900 

28,100 

21,400 

8,400 

NA 

5,800 

4,400 

560 

860 

1991 
Units 

49,700 

36,200 

10,900 

2,600 

21,000 

17,800 

2,300 

920 

545 

404 

123 

18 

64,800 

33,000 

22,100 

8,200 

1,500 

6,800 

5,300 

480 

1,000 

Percent 
Change 

4 

6 

-2 

4 

38 

52 

35 

-49 

112 

95 

146 

NM 

12 

17 

3 

-2 

NM 

17 

20 

-14 

16 

1991 
Market 

Share 
(%) 

34.7 

25.3 

7.6 

1.8 

14.7 

12.5 

1.6 

.6 

.4 

.3 

.1 
« 

45.4 

23.1 

15.5 

5.7 

1.1 

4.7 

3.7 

.3 

.7 

North American Companies 

Jap)anese Companies 

European Companies 

68xxx 

North American Companies 

Japanese Companies 

European Companies 

Open System RISC 

North American Companies 

Japanese Comp)anies 

European Companies 

Low-End 

North American Companies 

Japanese Companies 

European Companies 

Asia-Pacific Companies 

Proprietary/Miscellaneous 

North American Companies 

Japanese Companies 

European Companies 

Total MPU 127,000 142,800 12 100.0 

NA - Not available 

NM - Not meanii>gful 

• - Calculated value is less than 0.1 percent. 

Columns may not add to totals shown due to rounding. 

Source: Dataquest Oune 1992) 
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Microcooiponetits Worldwide 

Table 1-3 
Shipments of All Microprocessors By Word Width to the World 
(Thousands of Units) 

Word Width 
1990 

Units 

75,100 

38,900 

26,800 

9,400 

NA 

26,300 

18,000 

6,000 , 

2,300 

17,600 

14,300 

1,700 

1,600 

8,000 

7,500 

290 

240 

1991 
Units 

79,900 

41,500 

27,900 

9,000 

1,500 

22,300 

14,100 

5,400 

2,800 

27,000 

23,900 

2,300 

790 

13,600 

12,900 

410 

280 

Ifercent 
Change 

6 

7 

4 

-4 

NM 

-15 

-22 

-10 

22 

53 

67 

35 

-51 

70 

72 

41 

17 

1991 
Market 

Share 
C/o) 

56.0 

29.1 

19.5 

6.3 

1.1 

15.6 

9.9 

3.8 

2.0 

18.9 

16.7 

1.6 

.6 

9.5 

9.0 

.3 

.2 

8-Bit 

North American Companies 

Japanese Companies 

European Companies 

Asia-Pacific Companies 

l6-Bit 

North American Companies 

Japanese Companies 

European Con:^>anies 

32/l6-Bit 

North American Companies 

Japanese Companies 

European Companies 

32-Bit 

North American Companies 

Japanese Companies 

European Companies 

Total MPU 127,000 142,800 12 100.0 

NA - Not available 
NM - Not meaningful 

Columns may not add to totals shown due to rounding. 

Source: Dauquest Qane 1992) 
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Table 1-4 
Shipments of All Microprocessors By Process Technology to the World 
(Thousands of Units) 

Process Technology 
1990 

Units 

76,100 

55,100 

8,900 

12,100 

NA 

50,800 

23,400 

25,900 

1,500 

100 

100 

1991 
Units 

62,400 

42,800 

6,700 

11,400 

1,500 

80,300 

49,700 

29,200 

1,400 

100 

100 

Percent 
Change 

-18 

-22 

-25 
-6 

NM 

58 

112 

13 

-7 

B 

a 

1991 
Market 

Share 
(%) 

43.7 

30.0 

4.7 

8.0 

1.1 

56.2 

34.8 

20.4 

1.0 

0.1 

0.1 

NMOS 

North American Coinpanies 

Japanese Companies 

European Companies 

Asia-Pacific Companies 

CMOS 

North American Companies 

Japanese Comjsanies 

European Companies 

Bipolar 

North American Companies 

Total MPU 127,000 142,800 12 100.0 

NA - Not available 
NM - Not meaningful 

Columns may not add to totals shown due to rounding. 

Source: DaUquest (June 1992) 
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Microcomponents Worldwide 

Section 2: Microprocessor Revenue Estimates—Overview^ 

Table 2-1 
Each Company's Factory Revenue from Shipments of Microprocessor ICs to the World 
(Millions of U.S. DoUars) 

Total Market 

North American Companies 

Advanced Micro Devices 

AT&T 

Cypress Semiconductor 

Harris 

Hughes 

Integrated Device Technology 

Intel 

LSI Logic 

Microchip Technology 

Motorola 

NCR 

National Semiconductor 

Performance Semiconductor 

Rockwell 

Texas Instruments 

TRW 

VLSI Technology 

Weitek 

2SIog 

Other North American Companies 

Japanese Coa^>anies 

Fujitsu 

Hitachi 

Matsushita 

Mitsubishi 

NEC 

Oki 

Ricoh 

Sharp 

Sony 

Toshiba 

Other Japanese Con^anies 

1989 

2,155 

1,795 

105 

1 

9 

48 

2 

6 

1,204 

19 

13 

275 

1 

55 

13 

3 

12 

0 

2 

0 

25 

2 

261 

17 

68 

7 

23 

69 

19 
4 

7 

5 

41 

1 

Revenue 

1990 

2,831 

2,466 

110 

0 

13 

45 

2 

13 

1,826 

34 

0 

291 

1 

66 

24 

3 

10 

1 

1 

0 

25 

1 

261 

19 

72 

8 

21 

72 

16 

4 

7 

0 

42 

0 

1991 

3,893 

3,522 

327 

0 

46 

38 

2 

14 

2,504 

45 

0 

363 

1 

81 

28 

3 

12 

1 

4 

19 

31 

3 

269 

16 

76 

10 

18 

76 

13 
4 

9 

0 

47 

0 

Market Share (%) 

1989 

100.0 

83.3 

4.9 

.0 

.4 

2.2 

.1 

.3 

55.9 

.9 

.6 

12.8 

.0 

2.6 

.6 

.1 

.6 

.0 

.1 

.0 

1.2 

.1 

12.1 

.8 

3.2 

.3 

1.1 

3.2 

.9 

.2 

.3 

.2 

1.9 

.0 

1990 

100.0 

87.1 

3.9 

.0 

.5 

1.6 

.1 

.5 

64.5 

1.2 

.0 

10.3 

.0 

2.3 

.8 

.1 

.4 

.0 

.0 

.0 

.9 

.0 

9.2 

.7 

2.5 

.3 

.7 

2.5 

.6 

.1 

.2 

.0 

1.5 

.0 

1991 

100.0 

90.5 

8.4 

.0 

1.2 

1.0 

.1 

.4 

64.3 

1.2 

.0 

9.3 

.0 

2.1 

.7 

.1 

.3 

.0 

.1 

.5 

.8 

.1 

6.9 

.4 

2.0 

.3 

.5 

2.0 

.3 

.1 

.2 

.0 

1.2 

.0 

(Continued) 

i 

i 
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Table 2-1 (Continued) 
Each Company's Factory Revenue Crom Shipments of Microprocessor ICs to the World 
(MiUions of U.S. Dollars) 

1989 

Revenue 

1990 1991 

Market Share (%) 

1989 1990 1991 

European Companies 

GEC Plessey 

MEDL 

Philips 

SGS-Thomson 

Siemens 

TMS 

Asia/Pacific Companies 

Goldstar 

Silicon Integrated Systems 

United Microelectronics 

94 

0 

3 

12 

53 

20 

6 

5 

1 

^A 

4 

95 

8 

0 

9 

53 

20 

5 

9 

2 

3 

4 

96 

0 

0 

13 

55 

21 

7 

6 

1 

4 

1 

4.4 

.0 

.1 

.6 

2.5 

.9 

.3 

.2 

.0 

NA 

.2 

3.4 

.3 

.0 

.3 

1.9 

.7 

.2 

.3 

.1 

.1 

.1 

2.5 

.0 

.0 

.3 

1.4 

.5 

.2 

.2 

.0 

.1 

.0 

NA - Not available 
Source: Dataquest Qxine 1992) 
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10 Microcomponents Worldwide 

Table 2-2 
Top 30 Companies' Factory Revenue £rom Shipments of Microprocessor ICs to the World 
(Millions of U.S. Dollars) 

1991 
Rank 
1 
2 
3 
4 
5 
5 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
19 
21 
22 
23 
24 
25 
25 
25 
28 
29 
30 
30 
30 
30 

1990 
Rank 

1 
2 

3 
6 
4 
4 
7 
9 

17 
10 
8 

11 
12 
14 

NM 

13 
15 
17 
20 
16 

19 
21 
22 
24 

31 
27 
25 
27 
29 
25 
31 
31 
29 

Intel 
Motorola 
Advanced Micro Devices 
National Semiconductor 
Hitachi 
NEC 
SGS-Thomson 
Toshiba 
Cypress Semiconductor 
LSI Logic 
Harris 
Zilog 
Performance Semiconductor 
Siemens 
Weitek 
Mitsubishi 
Fujitsu 
Integrated Device Technology 
Philips 
Oki 
Texas Instruments 
Matsushita 
Sharp 
TMS 
VLSI Technology 
Silicon Integrated Systems 
Ricoh 
Rockwell 
Hughes 
United Microelectronics 
TRW 
NCR 
Goldstar 

All Others 

North American Companies 
Japanese Companies 
European Companies 
Asia/Pacific Companies 

Total Market 

1990 
Revenue 

1,826 
291 
110 
€6 
72 
72 

53 
42 

13 
34 
45 
25 
24 
20 
0 

21 
19 
13 
9 

16 
10 
8 
7 
5 
1 

3 
4 
3 
2 
4 
1 
1 
2 

9 

2,466 
261 
95 

9 

2,831 

1991 
Revenue 

2,504 

363 
327 
81 
76 
76 

55 
47 
46 

45 
38 

31 
28 
21 
19 
18 
16 
14 
13 
13 
12 
10 
9 
7 
4 
4 
4 

3 
2 
1 
1 
1 
1 

3 

3,522 

269 
96 

6 

3,893 

Percent 
Change 

37 
25 

197 
23 
6 
6 
4 

12 
254 
32 

-16 
24 
17 
5 

NM 
-14 
-16 

8 
44 

-19 
20 
25 
29 
40 

300 
33 

0 
0 
0 

-75 
0 
0 

-50 

-67 

43 
3 
1 

-33 

38 

1991 
Market 

Share 
(%) 
64.3 
9.3 
8.4 
2.1 
2.0 

• 2.0 
1.4 
1.2 
1.2 
1.2 
1.0 
.8 
.7 
.5 
.5 
.5 
.4 
.4 
.3 
.3 
.3 
.3 
.2 
.2 

* 
* 
• 
* 

.1 

90.5 
6.9 
2.5 

.2 

100.0 

NM •• Not meaningful 
• - Calculated value is less than 0.1 percent. 
Source: Dataquest 0une 1992) 
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Microprocessor Market Statistics 11 

> Table 2-3 
Top 10 Companies' Factory Revenue £rom Shipments of Microprocessor ICs to North America 
(Millions of U.S. DoUars) 

1991 
Rank 

1 

2 

3 
4 

5 
6 

7 
8 

9 

9 

1990 
Rank 

1 

2 

3 

4 

5 

10 

6 

6 

9 

10 

Intel 

Motorola 

Advanced Micro Devices 

National Semiconductor 

LSI Logic 

Cypress Semiconductor 

Performance Semiconduaor 

Harris 

ZUog 

SGS-Thomson 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

946 

144 

46 

37 

33 

11 

18 

18 

13 

11 

56 

1,288 

30 

15 

0 

1991 
Revenue 

1,163 

201 

118 

42 

41 

36 

22 

18 

15 

15 

70 

1,695 

26 

20 

0 

Percent 
Change 

23 

40 

157 
14 

24 

227 

22 

0 

15 

36 

25 

32 

-13 

33 
0 

1991 
Market 

Share 
C%) 
66.8 

11.5 

6.8 

2.4 

2.4 

2.1 

1.3 
1.0 

.9 

.9 

4.0 

97.4 

1.5 

1.1 

.0 

Total Market 1,333 1,741 31 100.0 

Source: Dauquest Qune 1992) 
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12 Microcomponents Worldwide 

Table 2-4 
Top 10 Companies' Factory Revenue from Shipments of Microprocessor ICs to Japan 
(MilUons of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1990 
Rank 

1 

4 

2 

3 

5 

8 

6 

9 

11 

12 

Intel 

Motorola 

Hitachi 

NEC 

Toshiba 

National Semiconduaor 

Mitsubishi 

Advanced Micro Devices 

Matsushita 

Sharp 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

259 

36 

51 

47 

20 

11 

18 

10 

8 

7 

41 

325 

177 

6 

0 

1991 
Revenue 

337 

58 

54 

51 
20 

18 

15 
11 

10 

9 

34 

435 

178 

4 

0 

Percent 
Change 

30 

61 

6 

9 

0 

64 

-17 

10 

25 

29 

-17 

34 

1 

-33 
0 

1991 
Market 

Share 
C%) 

54.6 

9.4 

8.8 

8.3 

3.2 

2.9 

2.4 

1.8 

1.6 

1.5 

5.5 

70.5 

28.8 

.6 

.0 

Total Market 508 617 21 100.0 

Source: Oauquest Qune 1992) 
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Microprocessor Market Statistics 13 

> Table 2-5 
Top 10 Companies' Factory Revenue Crom Shipments of Microprocessor ICs to Europe 
(Millions of U.S. Dollars) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

1990 
Rank 

1 

2 

5 

3 
4 

6 

7 

8 

9 

9 

Intel 

Motorola 

Advanced Micro Devices 

SGS-Thomson 

Siemens 

National Semiconductor 

Toshiba 

Hitachi 

Harris 

NEC 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

317 

67 

17 

36 

20 

12 

11 

10 

6 

6 

37 

438 

31 

70 

0 

1991 
Revenue 

420 

74 

38 

27 

19 

16 

13 
11 

9 

1 

47 

590 

36 

55 
0 

Percent 
C h a i s e 

32 

10 

124 

-25 

-5 

33 

18 

10 

50 

17 

27 

35 

16 

-21 

0 

1991 
Market 

Share 
(%) 

61.7 

10.9 

5.6 

4.0 

2.8 

2.3 

1.9 

1.6 

1.3 

1.0 

6.9 

86.6 

5.3 

8.1 

.0 

Total Market 539 681 26 100.0 

Source: Dataquest Qune 1992) 
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14 Mlcrocomponents Worldwide 

Table 2-6 
Top 10 Companies' Factory Revenue £rom Shipments of Microprocessor ICs 
to Asia/Padiic-Rest of World 
(MlUlons of U.S. Dollars) 

1991 
Rank 

1 

2 

3 
4 

4 

4 

4 

8 

9 

10 

10 

1990 
Rank 

1 

3 

2 

5 

5 

13 

4 

13 

7 

7 

11 

Intel 

Advanced Micro Devices 

Motorola 

Zilog 

Toshiba 

SGS-Thomson 

Harris 

Philips 

Hitachi 

National Semiconduaor 

NEC 

All Others 

North American Companies 

Japanese Companies 

European Companies 

Asia/Pacific Companies 

1990 
Revenue 

304 

37 

44 

7 

7 

2 

16 

2 

6 

6 

4 

16 

415 

23 
4 

9 

1991 
Revenue 

584 

l60 

30 

9 

9 

9 

9 

8 

7 

5 

5 

19 

802 

29 

17 

6 

Percent 
Change 

92 

332 

-32 

29 

29 
350 

-44 

300 

17 

-17 

25 

19 

93 

26 

325 

-33 

1991 
Market 

Share 
(%) 
68.4 

18.7 

3.5 

1.1 

1.1 

1.1 

1.1 

.9 

.8 

.6 

.6 

2.2 

93.9 

3.4 

2.0 

.7 

i 

Total Market 451 854 89 100.0 

Source: Dataquest Quae 1992) 
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Microprocessor Market Statistics 15 

Section 3: Microprocessor Unit Shipments by Word Width 

Table 3-1 
Each Company's Shipments of 8-Bit Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

11 

13 

14 

15 

16 

16 

18 

19 

19 

1990 
Rank 

1 

2 

3 

4 

6 

5 

8 

7 

9 

10 

11 

MM 

12 

16 

14 

17 

NM 

15 

18 

NM 

Company 

Zilog 

Hitachi 

SGS-Thomson 

NEC 

Toshiba 

Intel 

Motorola 

AMD 

Sharp 

Oki 

Harris 

Goldstar 

Siemens 

Rockwell 

National 

Mitsubishi 

NCR 

Fujitsu 

Texas Instruments 

UMC 

All Others 

Total 8-bit MPU 

1990 
Units 

19,800 

8,200 

8,100 

7,000 

5,700 

5,800 

4,600 

4,700 

2,500 

2,200 

1,400 

NA 

1,300 

600 

650 

420 

NA 

620 

410 

NA 

1,100 

75,100 

1991 
Units 

25,500 

10,200 

8,000 

6,800 

6,300 

5,500 

4,200 

2,800 

2,100 

1,700 

1,200 

1,200 

1,000 

620 

550 

380 

380 

320 

300 

300 

510 

79,900 

Percent 
Change 

29 

24 

-1 

-3 
11 

-5 

-9 

-40 

-16 

-23 

-14 

NM 

-23 

3 

-15 

-10 

NM 

-48 

-27 

NM 

-54 

6 

1991 
Market 

Share 
C%) 
31.9 

12.8 

10.0 

8.5 

7.9 

6.9 

5.3 

3.5 

2.6 

2.1 

1.5 

1.5 

1.3 

.8 

.7 

.5 

.5 

.4 

.4 

.4 

.6 

100.0 

NA. •• Not available 

NM - Not meaningful 

Cdtimns may not add to totals shown due to rounding. 

Sotirce: Dataquest 0une 1992) 
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Table 3-2 
Each Company's Shipments of l6-Bit Microprocessors to the World 
(Thousands of Units) 

i 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10 

12 

13 

14 

15 

1990 
Rank 

1 

3 

2 

4 

7 

5 

8 

6 

9 

10 

11 

13 

14 

15 

12 

Company 

Intel 

NEC 

AMD 

Siemens 

Zilog 

Harris 

SGS-Thomson 

Oki 

Fujitsu 

Matsushita 

Hitachi 

Sharp 

Perfonnance 

National 

Toshiba 

Total l6-bit MPU 

1990 
Units 

9,300 

4,000 

6,200 

1,700 

930 

1,500 

620 

1,000 

500 

320 

95 

69 

22 

17 

70 

1991 
Units 

7,700 

4,200 

3,400 

1,900 

1,700 

1,300 

780 

470 

350 

220 

220 

28 

24 

19 

0 

Percent 
Change 

-17 

5 

-45 

12 

83 

-13 

26 

-53 
-30 

-31 

132 

-59 

9 
12 

-100 

1991 
Market 

Share 
(%) 

34.5 

18.8 

15.2 

8.5 

. 7.6 

5.8 

3.5 
2.1 

1.6 

1.0 

1.0 

.1 

.1 

.1 
« 

26,300 22,300 -15 100.0 

* - Calculated value is less than 0.1 percent 

Columns may not add to totals shown due to rounding. 

Source: Dataquest Oune 1992) 
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Table 3-3 
Each Company's Shipments of 32/l6-Bit Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 

8 

1990 
Rank 

1 

2 

5 

NM 

4 

6 

7 

3 

Company 

Motorola 

Intel 

Toshiba 

AMD 

Mtachi 

National 

SGS-Thomson 

Philips 

1990 
Units 

8,900 

4,800 

720 

0 

960 

590 

410 

1,200 

1991 
Units 

13,300 

8,700 

1,500 

1,300 

840 

610 

430 

360 

Percent 
Cbai^e 

49 

81 

108 

NM 

-13 

3 

5 

-70 

1991 
Market 

Share 
C%) 
49.2 

32.2 

5.5 

4.8 

3.1 

2.3 
1.6 

1.3 

Total 32/l6-bit MPU 17,600 27,000 53 100.0 

MM " Not meaningful 

Columns may not add to totals shown due to rounding. 

Source: Dataquest (June 1992) 
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Table 3-4 
Each Company's Shipments of 32-Bit Microprocessors to the World 
(Thousands of Units) 

i 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

17 

17 

20 

1990 
Rank 

1 

2 

8 

4 

3 

6 

5 
7 

12 

10 

9 
11 

13 

14 

MM 

NM 

16 

16 

18 

15 

Company 

Intel 

Motorola 

AMD 

National 

Texas Instmments 

NEC 

Inmos 

LSI Logic 

Cypress 

Fujitsu 

VLSI Technology 

Performance 

IDT 

Mitsubishi 

Siemens 

Weitek 

Hitachi 

Toshiba 

Matsushita 

Bit 

Total 32-bit MPU 

1990 
Units 

4,100 

2,200 

90 

430 

445 

220 

240 

100 

25 

51 

71 

33 

20 

8 

0 

0 

4 

4 

1 

5 

1991 
Units 

6,500 

4,100 

1,100 

500 

350 

280 

260 

120 

110 

93 

70 

55 

45 

20 

18 

12 

4 

4 

4 

3 

Percent 
Change 

59 

86 

1122 

16 

-21 

27 

8 

20 

340 

82 

-1 

67 

125 

150 

NM 

NM 

0 

0 

300 

-40 

1991 
Market 

Share 
(%) 
47.6 

30.0 

8.1 

3.7 

2.6 

2.1 

1.9 

.9 

.8 

.7 

.5 

.4 

.3 

.1 

.1 

.1 
« 

• 

* 

• 

8,000 13,600 70 100.0 

NM - Not meaningfid 
* - Calculated value is less than 0.1 percent 

Columns may not add to totals shown due to rounding. 

Source: Dataquest 0"r»e 1992) 
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Section 4: Microprocessor Unit Shipments—80x86 Processor Class 

Table 4-1 
Each Company's Shipments of 803E86 Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1990 
Rank Company 

1990 
Units 

1991 
Units 

Percent 
Change 

1991 
Market 

Share 
(%) 

1 

2 

3 

4 

5 

6 

7 

8 

1 

3 

2 

4 

5 

5 

7 

8 

Intel 

NEC 

AMD 

Siemens 

Harris 

Oki 

Fujitsu 

Sharp 

Total 80x86 MPU 

22,200 

8,600 

10,400 

2,500 

1,600 

1,600 

820 

40 

26,900 

9,500 

7,900 

2,600 

1,400 

920 

480 

43 

21 

10 

-24 

4 

-13 

-43 

-41 

8 

54.1 

19.1 

15.9 

5.2 

2.8 

1.8 

1.0 

.1 

47,800 49,700 100.0 

Columns may not add to totals shown due to rounding. 

Source: Dataquest 0une 1992) 
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Table 4-2 
Shipments of 80x86 Microprocessors By Word Width to the World 
(Thousands of Units) 

Word Width 
1990 

Units 

14,600 

8,400 

5,300 

850 

1991 
Units 

13,200 

6,800 

5,700 

670 

Percent 
Chai^;e 

-10 

-19 

8 

-21 

1991 
Market 

Share 
f/o) 

26.5 

13.7 

11.5 

1.3 

8-Bit 

North American Companies 

Japanese Companies 

European Companies 

16-Bit 

North American Companies 

Japanese Companies 

European Companies 

32/l6-Bit 

North American Companies 

32-Bit 

North American Companies 

Japanese Companies 

24,200 

17,000 

5,500 

1,700 

4,800 

4,800 

4,200 

4,000 

220 

19,300 

12,400 

5,000 

1,900 

10,000 

10,000 

7,200 

7,000 

240 

-20 

-27 

-9 

12 

108 

108 

71 

75 

9 

38.8 

24.9 

10.1 

3.8 

20.1 

20.1 

14.6 

14.1 

.5 

Total 80x86 MPU 47,800 49,700 100.0 

Columns may not add to totals shown due to rounding. 

8-bit MPUs consist of the 8088, 80188, and equivalent families, such as the V20/V40 family. 

16-bit MPUs consist of the 8086, 80186, 80286, and equivalent families, such as the V30/V50 family. 

32/16-bit MPUs consist of the 80376, 80386SL, and 80386SX families. 

32-bit MPUs consist of the 8(S86DX 80486SX, 80486OX, and equivalent families, such as the V60/V70/V80 family. 

Source: Dataquest Qvaie 1992) 
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Table 4-3 
Shipments of 80x86 Microprocessors By Product to the World 
(Thousands of Units) 

Product 

8086 

8088 

80186 

80188 

80286 

80376 

80386DX 

80386SX/SL 

80486DX 

80486SX 

V20A^40 

V30A^50 

V60A70/V80 

Total 80x86 MPU 

Word 
Width 

l6-bit 

8-bit 

l6-bit 

8-bit 

l6-bit 

32/16-bit 

32-bit 

32/l6-bit 

32-bit 

32-bit 

8-bit 

16-bit 

32-bit 

1990 
Units 

3,000 

5,900 

4,300 

4,300 

13,000 

90 

3,600 

4,700 

410 

0 

4,400 

3,900 

220 

47,800 

1991 
Units 

1,700 

3,000 

5,600 

5,100 

7,900 

75 

4,500 

9,900 

1,900 

600 

5,100 

4,100 

240 

49,700 

Percent 
Change 

-43 

-49 

30 

19 

-39 

-17 

25 

111 

363 

NM 

16 

5 

9 

t. 

1991 
Market 

Share 
CVo) 

3.4 

6.0 

11.3 

10.3 

15.9 

.2 

9.1 

19.9 

3.8 

1.2 

10.3 

8.2 

.5 

100.0 

MM •• Not meaningful 

Columns may not add to totals shown due to rounding. 

Source: Dataquest Quae 199^ 
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Table 4-4 
Each Company's Shipments of Internal 16-Bit 80x86 Microprocessors to the World 
(Thotisands of Units) 

i 

1991 
Rank 

1 

2 

3 
4 

5 

6 

7 
8 

1990 
Rank 

2 

3 

1 

4 

5 

5 

7 

8 

Company 

NEC 

Intel 

AMD 

Siemens 

Harris 

Oki 

Fujitsu 

Sharp 

Total Internal 

16-Bit 80x86 MPU 

1990 
Units 

8,400 

7,200 

8,500 

2,300 

1,600 

1,600 

600 

40 

1991 
Units 

9,200 

4,000 

3,600 

2,200 

1,400 

920 

400 

43 

Percent 
Change 

10 

-44 

-58 

-4 

-13 

-43 

-33 
8 

1991 
Market 

Share 
(%) 

42.3 

18.4 

16.5 

10.1 

. 6.4 

4.2 

1.8 

.2 

30,200 21,800 -28 100.0 

Columns may not add to totals shown due to rounding. 

Internal l6-bit 80x86 MPUs consist of the 8086, 8088, 80286, and equivalent families, such as the V20/V40 femjly. 

Source: Dataquest Qvns 1992) 
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Table 4r5 
Each Company's Shipments of Internal 32-Blt 80x86 Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1990 
Rank Company 

1990 
Units 

8,700 

0 

220 

1991 
Units 

14,800 

2,100 

240 

Percent 
Change 

70 

NM 

9 

1991 
Market 

Share 
(%) 

86.3 

12.3 

1.4 

1 

NM 

2 

Intel 

AMD 

NEC 

Total Internal 

32-Bit 80x86 MPU 8,900 17,100 92 100.0 

MM ' Not meaningful 

Columns may not add to totals shown due to rotuiding. 

Internal 32-bit 80x86 MPUs consist of the 80386, 80486, and equivalent families, such as the V60/70/80 family. 

Source: E)ataquest Quae 1992!) 
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Table 4-6 
Each Company's Shlpmients of Embedded 80x86 Microprocessors to the World 
(Thoiisands of Units) 

i 

1991 
Rank 

1990 
Rank Company 

1990 
Units 

6,300 

2,000 

180 

220 

1991 
Units 

8,100 

2,200 

400 

80 

Percent 
Change 

29 

10 

122 

-64 

1991 
Market 

Share 
C%) 
75.1 

20.4 

3.7 

.7 

1 

2 

3 

4 

1 

2 

4 

3 

Intel 

AMD 

Siemens 

Fujitsu 

Total Embedded 80x86 MPU 8,700 10,800 24 100.0 

Columns may not add to totals shown due to rounding. 

Embedded 80x86 MPUs consist of the 80186, 80188, and 80376 families. 

Source: Dataquest Quae 1992) 
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Section 5: Microprocessor Unit Shipments—68xxx Processor Class 

Table 5-1 
Each Company's Shipments of 68xxx Microprocessors to the World 
(Thousands of Units) 

1991 
Bank 

1990 
Rank Company 

1990 
Units 

1991 
Units 

Percent 
Change 

1991 
Market 

Share 

cm 
1 

2 

3 

4 

5 

1 

4 

3 

5 

2 

Motorola 

Toshiba 

Hitachi 

SGS-Thomson 

Philips 

Total 68xxx MPU 

11,700 

720 

960 

570 

1,200 

17,800 

1,500 

840 

560 

360 

52 

108 

-13 

-2 

-70 

84.5 

7.1 

4.0 

2.7 

1.7 

15,200 21,000 38 100.0 

Columns may not add to totals shown due to rounding. 

Source: Dataquest Qune 1992) 
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Table 5-2 
Shipments of 68xxx Microprocessors By Word Width to the World 
(Thoiisands of Units) 

Word Width 

8-Bit 

North American Companies 

European Companies 

{ 

1990 
Units 

870 

710 

160 

1991 
Units 

550 

420 

130 

Percent 
Change 

-37 

-41 

-19 

1991 
Market 

Share 
(%) 

2.5 

2.0 

.6 

32/16-Bit 

North American Companies 

Japanese Companies 

Europyean Companies 

32-Bit 

North American Companies 

12,200 

8,900 

1,700 

1,600 

2,100 

2,100 

16,400 

13,300 

2,300 

790 

4,000 

4,000 

34 

49 

35 

•51 

78.3 

63.5 

11.0 

3.8 

90 

90 

19.1 

19.1 

Total 68xxK MPU 15,200 21,000 38 100.0 

Columns may not add to totals shown due to rounding. 

8-bit 68xxx MPUs consist of the 68008 femily. 

32/l6-bit 68xxx MPUs consist of the 68000 and 68010 families. 

32-bit 68xxx MPUs consist of the 68020, 68030, 68040, and 68300 families. 

Source: Dataquest 0"ne 1992) 
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Table 5-3 
Shipments of 68xxx Microprocessors By Product to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 
4 

5 

6 

1990 
Rank 

1 

2 

3 

5 
4 

6 

Product 

68000 

68020 

68030 

68008 

68010 

68040 

All Others 

(68300 Family) 

Total 68xxx MPU 

1990 
Units 

11,300 

1,100 

1,000 

870 

900 

10 

1991 
Units 

16,000 

2,200 

1,200 

550 

430 

220 

Percent 
Change 

42 

100 

20 

-37 

-52 

2100 

1991 
Market 

Share 
(%) 
76.4 

10.5 

5.7 

2.6 

2.1 

1.1 

20 

15,200 

350 

21,000 

1650 

38 

1.7 

100.0 

Columns may not add to totals shown due to rounding. 

Source: Dataquest (June 1992) 
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Table 5-4 
Each Company's Shipments of Low-End (8- and 32/l6-Bit) 68xxx Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 
4 

5 

1990 
Rank 

1 

4 

3 

5 

2 

Company 

Motorola 

Toshiba 

Hitachi 

SGS-Thomson 

Philips 

1990 
tJnlts 

9,600 

720 

960 

570 

1,200 

1991 
Units 

13,700 

1,500 

840 

560 

360 

Percent 
Change 

43 

108 

-13 
-2 

-70 

1991 
Market 

Share 
(%) 

80.8 

8.8 

5.0 

3.3 

2.1 

Total Low-End 68xxx MPU 13,100 17,000 30 100.0 

Columns may not add to totals shown due to rounding. 
low-End 68XXX MPUs consist of the 68000, 68008, and 68010 families. 

Soxirce: Dauquest 0""* 1992) 
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Section 6: Microprocessor Unit Shipments—Open Systems 
RISC Processor Class 

Table 6-1 
Each Company's Shipments of Open Systems RISC Microprocessors to the World 
(Thotisands of Units) 

1991 
Rank 

1 

2 

3 

4 

5 
6 

6 

8 

8 

10 

11 

1990 
Rank 

1 

4 

2 

3 

5 

6 

8 

7 

NM 

NM 

8 

Company 

LSI Logic 

Cypress 

Fujitsu 

Performance 

IDT 

IBM (Captive currently) 

NEC 

Hewlett-Packard 
(Captive currently) 

Siemens 

Weitek 

Bit 

1990 
Units 

103 

25 

45 

33 
20 

15 

5 

6 

0 

0 

5 

1991 
Units 

121 

110 

83 

55 

45 

40 

40 

18 

18 

12 

3 

Percent 
Change 

17 

340 

84 

67 

125 

167 

700 

200 

NM 

NM 

-40 

1991 
Market 

Share 
( W 

22.2 

20.2 

15.2 

10.1 

8.3 

7.3 

7.3 

3.3 

3.3 
2.2 

.6 

Total Open Systems RISC MPU 257 545 112 100.0 

NM •• Not meaningful 

Columns may not add to totals shown due to rounding. 

Source Dataquest Qune 1992) 
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Table 6-2 
Shipments of Open Systems RISC Microprocessors By Product to the World 
(Thousands of Units) 

Piroduct 

SPARC Family 

MIPS Family 

Power 

PA RISC 

1990 
Units 

i60 

76 

15 

S 

1991 
Units 

301 

186 

40 

18 

Percent 
Change 

88 

145 

167 

200 

1991 
Market 

Share 

C/o) 
55.2 

34.1 

7.3 

3.3 

Total Open Systems RISC MPU 257 545 112 100.0 

Columns may not add to totals shown due to rounding. 

Source: Dataquest (June 1992) 
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Table 6-3 
Each Company's Shipments of SPARC Microprocessors to the World 
(Thoiisands of Units) 

1991 
Rank 

1 

2 

3 
4 

5 

1990 
Rank 

3 

1 

2 

NM 

4 

Company 

Cypress 

LSI Logic 

Fujitsu 

Weitek 

Bit 

Total SPARC MPU 

1990 
Units 

25 

M 
45 

0 

$. 

1991 
Units 

110 

95 

83 

12 

1 

Percent 
Change 

340 

12 

84 

NM 

-80 

1991 
Market 

Share 
(Vo) 

36.5 

31.6 

27.6 

4.0 

.3 

l i ^ 301 100,0 

NM •• Not meaningful 

Columns may not add to totals shown due to rounding 

Source: E>3taquest Oune 1992} 
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Table 6-4 
Each Company's Shipments of MIPS Microprocessors to the World 
(Thousands of Units) 

( 

1991 
Rank 

1 

2 

3 
4 

5 

6 

1990 
Rank 

1 

2 

4 

3 

NM 

NM 

Conipany 

Performance 

IDT 

NEC 

LSI Logic 

Siemens 

Bit 

Total MIPS MPU 

1990 
Units 

33 

20 

5 

18 

0 

0 

1991 
Units 

55 

45 

40 

26 

18 

2 

Percent 
Change 

67 

125 

700 

44 

NM 

NM 

1991 
Market 

Share 
C%) 
29.6 

24.2 

21.5 

14.0 

9.7 

1.1 

76 186 145 100.0 

NM - Not meaningfiil 
Colunms may not add to totals shown due to rounding, 

Source: Dataquest Quae 1992) 
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Section 7: Microprocessor Unit Shipments—Low-End Processor Class 

Table 7-1 
Top 20 Companies' Shipments of Low-End Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 

4 

5 
6 

7 

8 

8 

8 

11 

12 

13 

13 

15 

15 

17 

18 

19 

20 

1990 
Rank 

1 

2 

3 
4 

5 

7 

6 

8 

9 

NM 

12 

11 

15 

NM 

13 

14 

NM 

17 

10 

16 

Company 

Zilog 

Hitachi 

SGS-Thomson 

Toshiba 

Motorola 

Sharp 

NEC 

Intel 

Oki 

Goldstar 

Rockwell 

National 

Mitsubishi 

NCR 

Siemens 

AMD 

UMC 

Harris 

CA Micro Devices 

Fujitsu 

All Others 

1990 
Units 

19,800 

8,200 

7,900 

5,700 

3,900 

2,500 

2,600 

1,700 

1,600 

NA 

600 

650 

420 

NA 

490 

480 

NA 

270 

710 

300 

1991 
Units 

25,500 

10,200 

7,900 

6,300 

3,800 

2,000 

1,700 

1,200 

1,200 

1,200 

620 

550 

380 

380 

350 

350 

300 

280 

270 

200 

Percent 
Change 

29 
24 

0 

11 

-3 
-20 

-35 

-29 

-25 

NM 

3 

-15 

-10 

NM 

-29 

-27 

NM 

4 

-62 

-33 

1991 
Market 

Share 
(%) 
39.4 

15.7 

12.2 

9.7 

5.9 

3.1 

2.6 

1.9 

1.9 

1.9 

1.0 

.8 

.6 

.6 

.5 

.5 

.5 

.4 

.4 

.3 

120 90 -25 

Total Low-End MPU 57,900 64,800 12 100.0 

NA "• Not available 
NM " Not meaningful 

Cdiimns may not add to totals shown due to lounding. 

low-End MPUs consist of the Z80/8080, 680x, and 6502 fomilies. 

Source Oauquest Q\me 1992) 
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Table 7-2 
Shipments of Low-End Microprocessors By Product to the World 
(Thousands of Units) 

Product 
1990 

Units 

49,100 

34,200 

8,200 

240 

6,500 

7,500 

2,600 

4,400 

230 

270 

1,300 

600 

710 

1991 
Units 

52,800 

37,700 

10,400 

160 

4,500 

10,400 

2,800 

4.400 

210 

3,000 

1,600 

1,300 

270 

Percent 
C h a i s e 

8 

10 

27 

-33 

-31 

39 

8 

0 

-9 

1011 

23 

117 

-62 

1991 
Market 

Share 
(%) 

81.5 

58.2 

., 16.1 

.2 

7.0 

16.1 

4.3 

6.8 

.3 

4.6 

2.4 

2.0 

.4 

Z80/8080 Fanuly 

Z80 

Z180 

Z280 

8085 

680x Family 

6802 

6809 

6800 

Other 680x 

6502 Family 

6502 

G65SCXXX 

Total Low-End MPU 57,900 64,800 12 100.0 

Columns may not add to totals shown due to rounding. 

Source: Dataquest Qune 1992) 

©1992 Dataquest Incorporated June—Reproduction Prohibited 



Microprocessor Market Statistics 35 

Table 7-3 
Each Company's Shipments of Z80/8080 Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 

4 

5 

6 

7 

7 

7 

10 

11 

12 

12 

14 

1990 
Rank 

1 

3 
4 

2 

6 

5 

7 

8 

NM 

9 

12 

10 

11 

13 

Company 

ZUog 

Hitachi 

Toshiba 

SGS-Thomson 

Shaip 

NEC 

Intel 

Oki 

Goldstar 

National 

Mitsubishi 

Siemens 

AMD 

Seiko 

1990 
Units 

19,800 

6,100 

5,700 

7,000 

2,400 

2,600 

1,700 

1,600 

NA 

650 

420 

490 

480 

120 

1991 
Units 

25,500 

7,800 

6,300 

4,200 

2,000 

1,700 

1,200 

1,200 

1,200 

550 

380 

350 

350 

90 

Percent 
Change 

29 
28 

11 

-40 

-17 

-35 

-29 

-25 

NM 

-15 

-10 

-29 

-27 

-25 

1991 
Market 

Share 
(%) 

48.3 

14.8 

11.9 

8.0 

3.8 

3.2 

2.3 

2.3 

2.3 

1.0 

.7 

.7 

.7 

.2 

Total Z80/8080 MPU 49,100 52,800 100.0 

NA * Not available 
NM - Not meaningful 

Ccdumns may not add to totals shown due to rounding. 

Z80/8080 MPUs consist of the Z80, 8085, and 8080 families, and equivalents. 

Source: Oataquest Quns 1992) 
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Table 7-4 
Each Company's Shipments of 680x Microprocessors to the World 
(Thousands of Units) 

1991 
Rank 

1 

2 

3 

4 

5 

1990 
Rank 

1 

3 

2 

5 

4 

Company 

Motorola 

SGS-Thomson 

Hitachi 

Harris 

Fujitsu 

Total 680x MPU 

1990 
Units 

3,900 

920 

2,100 

270 

300 

1991 
Units 

3,800 

3,700 

2,400 

280 

200 

Percent 
Change 

-3 
302 

14 

4 

-33 

1991 
Market 

Share 
( V 

36.6 

35.6 

23.1 

27 

. 1.9 

7,500 10,400 39 100.0 

Colunuis may not add to totals shown due to rounding. 

680x MPUs include the 6800, 6802, 6808, and 6809 ^unilies, and equivalents. 

Source: Dataquest (June 1992) 
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Table 7-5 
Each Company's Shipments of 6502 Mloroprocessors to the World 
(Thousands of Units) 

1991 
Bank 

1990 
Rank Company 

1990 
Units 

600 

NA 

NA 

710 

1991 
Units 

620 

380 

300 

270 

Percent 
Change 

3 
NM 

NM 

-62 

1991 
Market 

Share 
(%) 

39.5 

24.2 

19.1 

17.2 

1 2 Rockwell 

2 NM NCR 

3 NM UMC 

4 1 CA Micro Devices 

Total 6502 MPU 1,300 1,600 23 100.0 

NA - Not available 

NM - Not meaningful 

Columns may not add to totals shown due to rounding. 

6502 MPUs consist of the 6502 and 65SC816/802 bmilies, and equivalents. 

Soufce: Dataquest Quae 1992) 
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Section 8: Microprocessor Unit Shipments— 
Proprietary/Miscellaneous Processor Class 

Table 8-1 
Each Company's Shipments of Proprietary/Miscellaneous Microprocessors to the World 
(Thoiisands of Units) 

1991 
Rank 

1990 
Rank Company 

1990 
Units 

1991 
Units 

Percent 
Change 

1991 
Market 

Share 
(%) 

1 

2 

3 

4 

5 

6 

6 

8 

9 

9 

11 

12 

13 

14 

15 

16 

16 

18 

3 

1 

5 

1 

4 

9 

10 

7 

6 

11 

8 

14 

13 

16 

17 

15 

18 

12 

ZUog 

National 

SGS-Thomson 

Harris 

Texas Instruments 

Intel 

AMD 

Inmos 

Matsushita 

Hitachi 

Hughes 

Motorola 

VLSI Technology 

Perfomiance 

Mitsubishi 

Sharp 

Fujitsu 

Toshiba 

Total Proprietary/ 

Miscellaneous MPU 

930 

1,000 

620 

1,000 

860 

110 

100 

240 

320 

99 

180 

62 

71 

22 

8 

54 

6 

74 

1,700 

1,100 

780 

750 

690 

310 

310 

260 

220 

220 

150 

85 

70 

24 

20 

10 

10 

4 

83 

10 

26 

-25 

-20 

182 

210 

8 

-31 

122 

-17 

37 

-1 

9 

150 

-«1 

67 

-95 

25.3 

16.4 

11.6 

11.2 

10.3 

4.6 

4.6 

3.9 

3.3 

3.3 

2.2 

1.3 

1.0 

.4 

.3 

.1 

.1 

.1 

5,800 6,800 17 100.0 

Ccdumns may not add to totals shown due to rounding. 

Source: Dataquest Qune 1992) 
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Table 8-2 
Shipments of Proprietary/MlsceUaneous Microprocessors By Word Width to the World 
(Thotisands of Units) 

Word Width 

8-Bit 

North American Companies 

16-Bit 

North American Companies 

Japanese Companies 

European Companies 

32/l6-Bit 

North American Companies 

32-Bit 

North American Companies 

European Companies 

Japanese Companies 

1990 
Units 

:,6oo 
1,600 

2,100 

980 

540 

620 

590 

590 

1,500 

1,200 

240 

23 

1991 
Units 

1,200 

1,200 

3,000 

1,750 

450 

780 

610 

610 

2,000 

1,700 

260 

42 

Percent 
Change 

-25 

-25 

43 

79 

-17 

26 

! • 

3 

33 

42 

8 

83 

1991 
Market 

Share 
(%) 

17.7 

17.7 

43.9 

25.8 

6.6 
11.5 

9.0 

9.0 

29.4 

25.0 

3.8 

.6 

Total Proprietary/ 

Miscellaneous MPU 5,800 6,800 17 100.0 

Columns may not add to totals shown due to rounding. 

Source; Dataquest Qwte 1992) 
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Table 8-3 
Shipments of Proprietary/Miscellaneous Microprocessors By Product 
to the World 
(Thousands of Units) 

Product 
1990 

Units 
1,600 

1,200 

410 

2,100 

1,700 

95 

39 

320 

590 

- 590 

1,500 

90 

240 

60 

62 

71 

45 

9 

890 

1991 
Units 
1,200 

900 

300 

3,000 

2,500 

220 

43 

220 

610 

610 

2,000 

300 

260 

250 

85 

70 

55 

12 

920 

Percent 
Chaise 

-25 

-25 

-27 

43 

47 

132 

10 

-31 

3 

3 

33 

233 

8 

317 

37 

-1 

22 

33 

3 

1991 
Market 

Sliare 

C%) 
17.8 

13.3 

4.4 

44.2 

37.1 

3.3 

.6 

3.3 

9.0 

9.0 

28.9 

4.4 

3.9 

3.7 

1.3 

1.0 

.8 

.2 

13.6 

8-Bit Families 

1800 

"1^59995 

l6-Bit Families 

Z8000 

TRON 

1750 

All Others 

32/l6-Bit Families 

32000 

32-Bit Families 

290xx 

TRANSPUTER 

80960 

88000 

ARM 

TRON 

All Others (CISC-based MPUs) 

Total Proprietary/ 
Miscellaneous MPU 5,800 6,800 17 100.0 

Columns may not add to totals shown due to rounding. 
Source: Dataquest Qune 1992) 
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Introduction 
This document contains detailed information 
on Dataquest's view of the microcomponent 
market. Included in this document are: 

• 199O-I996 MOS microcomponent consump
tion history and forecast 

• I99O-I996 MOS microprocessor consumption 
history and forecast 

• 199O-1996 MOS microcontroller consumption 
history and forecast 

More detailed data on this market may be 
requested through Dataquest's client inquiry 
service. Qualitative analysis of these data is 
provided in the Dataquest Perspectives located 
in the binder of the same name. 

Segmentation 
This section defines the market segments that 
are specific to this document. Dataquest's 
objective is to provide data along lines of seg
mentation that are logical, appropriate to the 
industry in question, and immediately useful to 
clients. 

For a detailed explanation of Dataquest's mar
ket segmentation, refer to the Dataquest 
Research and Forecast Methodology document 
located in the Source: Dataquest binder. For a 
complete listing of all market segments tracked 
by Dataquest, please refer to the Dataquest 
High-Technology Guide: Segmentation and 
Glossary. 

Dataquest defines the MOS microcomponent 
market according to the following functional 
segmentation scheme: 

Digital MOS Microcomponent IC 
Digital MOS Microprocessor (MPU) 
Digital MOS Microcontroller (MCU) 
Digital MOS Microperipheral (MPR) 
Digital Signal Processor (DSP) 

Definitions 
This section lists the definitions used by Data-
quest to present the data in this document. 

Complete definitions for all terms associated 
with Dataquest's segmentation of the high-
technology marketplace can be found in the 
Dataquest High-Technology Guide: Segmenta
tion and Glossary. 

Digital Microcomponent IC (Digital Micropro
cessor + Digital Microcontroller + Digital 
Microperipheral + Digital Signal Processor): 
Defined as a digital IC that contains a data 
processing imit or serves as an interface to 
such a unit. Includes both complex-instruction-
set computing (CISC) and reduced-instruction-
set computing (RISC) architectures. 

Digital Microprocessor: Defined as a semicon
ductor product serving as the central proces
sing unit (CPU) of a system. Comprises an 
instruction decoder, arithmetic logic unit (ALU), 
registers, and additional logic. An MPU per
forms general-purpose computing functions by 
executing external instructions and manipulat
ing data held in external memory. Includes 
digital MPUs incorporating or originating from 
an ASIC design. 

Digital Microcontroller: Defined as a semicon
ductor product serving as a dedicated or 
embedded controller in a system. Comprises 
an integral MPU, some nonvolatile memory 
containing end-user-specified instmctions, and 
some volatile memory for temporary storage of 
data. MCUs typically contain microperipherals 
and as a result MCUs can perform basic 
computing functions without support from 
microperipheral (MPR) products. Includes digi
tal MCUs incorporating or originating firom an 
ASIC design. 

Digital Microperipheral: Defined as a semicon
ductor product normally serving as a logical 
support function to an MPU in a system. An 
MPR provides enhancement of system perfor
mance and/or interface with external systems. 
Includes digital MPRs comprising more than 
one device, such as PC chip sets. Examples of 
a digital MPR include: memory and bus con
trollers (for example, PC logic chip sets, 
DRAM controllers, memory management units 
(MMU), and DMA controllers); peripheral inter
face controllers (for example, graphics con
trollers, LAN controllers, UARTs, keyboard con
trollers, and mass storage controllers); and 
coprocessors (for exampJe, math coprocessors— 
or FPUs—and other coprocessors). 
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Digital Signal Processor: Defined as a high
speed general-purpose arithmetic unit used for 
performing complex mathematical operations 
such as Fourier transforms. 

Merchant versus Captive 
Consiunption 

Dataquest includes all revenue, both merchant 
and captive, for semiconductor suppliers selling 
to the merchant market. The data exclude 
completely captive suppliers where devices are 
manufactured solely for the company's own 
use. A product that is used internally is valued 
at market price rather than at transfer or fac
tory price. 

Regional Definitions 

North America: Includes United States and 
Canada 
Europe: Western Europe 
Japan: Japan 
Asia/Padfic-Rest of World: All other 
countries 

Line Item Definitions 

Factory revenue is defined as the amount of 
money received by a semiconductor vendor 
for its goods. Revenue from the sale of semi
conductors sold either as finished goods, die, 
or wafers to another semiconductor vendor for 
resale is attributed to the semiconductor ven
dor that sells the product to a distributor or 
equipment manufacturer. 

Shipment is defined as the number of com
plete products delivered, whether single chips 
or chip sets. 

Average selling price is defined as the mathe
matical average price received by all manufac
turers for a given product type. 

For each segment or subsegment of products 
defined herein, the line items described con
form to the following equation: 

Revenue = Shipments x Average Selling Price 

Despite the care taken in gathering, analyzing, 
and categorizing the data in a meaningful 
way, careftil attention must be paid to the 
definitions and assumptions used herein when 
interpreting the estimates presented in this 
document. Various companies, government 
agencies, and trade associations may use 
slightly different definitions of product 
categories and regional groupings, or they may 
include different companies in their summaries. 
These differences should be kept in mind 
when making comparisons between data and 
numbers provided by Dataquest and those 
provided by other suppliers. 

Forecast Methodology and 
Assumptions 

Dataquest publishes five-year factory revenue 
forecasts for the microcomponent market dur
ing the second quarter of each year. In doing 
so, Dataquest utilizes a variety of forecasting 
techniques Cboth qualitative and quantitative) 
that vary by technology area. An overview of 
Dataquest forecasting techniques can be found 
in the Dataquest Research and Forecast Meth
odology document. 

Microcomponent Forecast 
Methodology 

Dataquest"s forecasting methodology includes 
the following steps: 

• Survey the leading microcomponent vendors 
(in microprocessors and microcontrollers) 
throughout the year for their expectations, 
as well as for their views of the application 
markets they participate in. 

• Examine statistics provided by a number of 
industry organizations (such as WSTS, MXTl, 
and DOC) for up-to-date monthly trends. 

• Perform time-series analysis as well as apply 
judgmental industry knowledge to product 
and application trends. 

• Compare microcomponent forecast estimates 
with Dataquest's PC shipments forecast to 
ensure both groups of numbers correlate. 

©1992 Dataquest Incorporated August—Reproduction Prohibited 
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Microcomponent Forecast 
Assumptions 

Micropr€>cessors 

Dataquest's forecast assumptions for microcon
trollers include the following: 

• Microprocessors are dominated in revenue 
(and in units) by the 80x86 product family, 
currently representing nearly three-fourths of 
the total 1991 revenue. All other product 
classes except low-end processors will 
experience 32-bit processors and computer 
platform applications. Units, on the other 
hand, are primarily driven by 8-bit proces
sors and embedded processing applications. 
Regional growth will continue to favor the 
Asia/Pacific and North American segments. 

• 8-bit microprocessor revenue has already 
peaked and will exhibit a gradual decline 
over the next four years before beginning a 
steeper fall. Unit growth will be stemmed 
during the next two years by the continued 
redesign of 10-year-old applications using 
more cost-effective microcontrollers or more 
pow^erfiil 16- and 32-bit microprocessors. 
Decline in unit shipments at first will be 
driven by the 80x86 products moving away 
from 8 bits, followed by the slow decline 
of the low-end processor class. ASPs will 
remain relatively stable and may in fact 
increase as some mature products become 
obsolete. 

• 16-bit microprocessor revenue has already 
peaked but will see a renaissance in 1994 
and 1995, driven by fully integrated l6-bit 
processors for hand-held information 
devices. Unit growth is falling because of 
the shift to 32-bit architectures for most 
computer applications, but will show 

' another peak in 1996 because of hand-held 
devices. ASPs will remain relatively stable 

• throughout this period, with price erosion 
offset by increasing levels of functional inte
gration (such as single-chip PC processors). 

• 32/16-bit microprocessor revenue has 
peaked. Both prices and volumes will begin 
to erode for the 386SX products that 
dominate this category. Unit growth will 
continue to cycle up and down during this 
forecast period as both 386SX and 68000 
peak, then head downward, overlapping 
the growth of highly integrated products 

offering high-performance, low power, and 
low-cost solutions for portable PCs and 
hand-held devices. ASPs will erode as a 
whole during this period because of signifi
cant price erosion in the 80x86 market 
somewhat mitigated by the influx of higher-
priced integrated processors. 

• 32-bit microprocessor revenue will continue 
to grow during this forecast period as the 
hi^er-end 32-bit architectures increase their 
domination across the board. Unit growth 
will remain extremely high for the next two 
years because of computer systems convert
ing to pure 32-bit MPUs (led by 486, 
68030/40, and RISC processors), then taper 
off as we begin to saturate the high-
performance MPU demands. ASPs will see 
a short-term decline over the next year 
because of competitive pricing pressures, 
then stabilize for the remainder of the fore
cast period. 

Microcontrollers 

Dataquesf s forecast assumptions for microcon
trollers include the following: 

• 4-bit microcontrollers wHl experience a 
modest 3.6 percent growth in 1992 because 
of the severe economic slump in Japan. 
These devices are primarily used in con-
simier products, a product category being 
particularly hard hit by the slowdown in 
Japan. Dataquest expects this product family 
to rebound somewhat as the Japanese econ
omy begins to recover. However, Dataquest 
expects 8-bit microcontrollers to gain market 
share from some of the traditional 4-bit 
market over the forecast period. 

• 8-bit microcontrollers are also feeling some 
of the effects of the slowdown in Japan 
and will grow a moderate 9 percent in 
1992. We expect a more robust recovery 
for 8-bit devices when compared to 4-bit 
devices, for the following three major 
reasons: 

- 8-bit devices are beginning to replace 
4-bit devices in some consumer applica
tions, such as video camcorders. 

- The integration of DSP blocks in standard 
8-bit microcontrollers will expand their 
use in such applications as mass storage 
device control. 

©1992 Dataquest Incorporated August—^Reproduction Prohibited 
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- Fuzzy logic techniques will expand the 
control applications for 8-bit devices. 
Because fuzzy logic typically requires less 
program code than standard nonfiizzy 
tecluiiques, 8-bit devices can now be 
used in higher-performance applications. 

l6-bit microcontrollers are also somewhat 
affected by the Japanese market downturn 
and will grow by 11 percent in 1992. As is 
the case for 8-bit microcontrollers, l6-bit 
devices are being developed with DSP 
blocks on board, and they also will benefit 
from fuzzy logic techniques. This capability 
will allow 16-bit microcontrollers with 
embedded DSP to replace much of the 
standalone DSP chips. 

DSP devices will grow 18 percent in 1992. 
Long-term DSP growth will be moderated 
because DSP capabilities are being inte
grated into microcontrollers. In the next few 
years, general-purpose DSP chips will be 

replaced by microcontrollers or application-
specific products, with built-in DSP func
tions, in all but the highest-performance 
applications. 

Exchange Rates 
Dataquest utilizes an average annual exchange 
rate in converting revenue to U.S. dollar 
amounts. The following outlines these rates for 
1989 through 1991: 

1989 1990 1991 

Japan CYen/U.S.$) 

France (Franc/U.S.$) 

Germany 

(Deutsche MarkAJ.S.$) 

United Kingdom 
(U.S.$/Pound Sterling) 

138 144 136 

6.39 5.44 5.64 

1.88 1.62 1.66 

1.50 1.79 1.77 
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Table 1-1 
Revenue from MOS Mlcrocomponent ICs Shipped to the World, 1990-1996 
(Millions of U.S. Dollars) 

Total MOS Microcomponent Revenue 

Growth Rate C%) 

Percent of Total 

MOS Microprocessor Revenue 

Growth Rate (%) 

Percent of Total 

MOS Microcontroller Revenue 

Growth Rate (%) 

Percent of Total 

MOS Microperipheral Revenue 

Growth Rate (%) 

Percent of Total 

1990 

9,584 

22.8 

100.0 

2,401 

25.1 

3,959 

41.3 

3,224 

33.6 

1991 
11,774 

22.9 

100.0 

3,746 

56.0 

31.8 

4,855 

22.6 

41.2 

3,173 

-1.6 

26.9 

1992 

12,985 

10.3 

100.0 

4,882 

30.3 

37.6 

5,244 

8.0 

40.4 

2,859 

-9.9 

22.0 

1993 

14,805 

14.0 

100.0 

5,341 

9.4 

36.1 

6,090 

16.1 

41.1 

3,374 

18.0 

22.8 

1994 

17,258 

16.6 

100.0 

6,343 

18.8 

36.8 

7,291 

19.7 

42.3 

3,624 

7.4 

21.0 

1995 
20,016 

16.0 

100.0 

7,428 

17.1 

37.1 

8,307 

13.9 

41.5 

4,281 

18.1 

21.4 

1996 

21,920 

9.5 

100.0 

8,341 

12.3 

38.1 

8,624 

3.8 

39.3 

4,955 

15.7 

22.6 

CAGR (%) 
1991-1996 

13.2 

17.4 

12.2 

9.3 

DSP revenue is included in microcontroller revenue. 

Columns may not add to totals shown due to rounding. 

Source: Dataquest (August 1992) 
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Microcomponents Worldwide 

Table 1-2 
Revenue from MOS Mlcrocomponent ICs Shipped by Region, 1990-1996 
(Millions of U.S. Dollars) 

Columns may >iot add to totals shown due to rounding. 

Source: Dataquest (August 1992) 

« 

Total MOS Microcomponent Revenue 

Growth Rate (%) 

Percent of Total 

North America 

Growth Rate (%) 

Percent of Total 

Japan 

Growth Rate (%) 

Percent of Total 

Europe 

Growth Rate (%) 

Percent of Total 

Asia/Pacific-Rest of "World 

Growth Rate (%) 

Percent of Total 

1990 

9,584 

22.7 

100.0 

3,381 

35.3 

2,974 

31.0 

1,802 

18.8 

1,427 

14.9 

1991 
11,774 

22.9 

100.0 

3,916 

15.8 

33.3 

3,579 

20.3 

30.4 

2,082 

15.5 

17.7 

2,197 

54.0 

18.7 

1992 

12,985 

10.3 

100.0 

4,698 

20.0 

36.2 

3,252 

-9.1 

25.0 

2,377 

14.2 

18.3 

2,658 

21.0 

20.5 

1993 

14,805 

14.0 

100.0 

5,149 

9.6 

34.8 

3,807 

17.1 

25.7 

2,713 

14.1 

18.3 

3,136 

18.0 

21.2 

1994 

17,258 

16.6 

100.0 

5,847 

13.6 

33.9 

4,405 

15.7 

25.5 

3,215 

18.5 

18.6 

3,791 

20.9 

22.0 

1995 
20,016 

16.0 

100.0 

6,464 

10.6 

32.3 

5,127 

16.4 

25.6 

3,508 

9.1 

17.5 

4,917 

29.7 

24.6 

1996 

21,920 

9.5 

100.0 

6,754 

4.5 

30.8 

5,477 

6.8 

25.0 

3,867 

10.2 

17.6 

5,822 

18.4 

26.6 

CAGR (%) 
1991-1996 

13.2 

11.5 

8.9 

13.2 

21.5 
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Mlcrocomponent Coasiimptlon Forecast 

Table 2-1 
Rerenue from MOS Microprocessor ICs Shipped to the World, 1990-1996 
(MiUions of U.S. Dollars) 

Total MOS Microprocessor Revenue 

Growth Rate (%) 

Percent of Total 

8-Bit Revenue 

Growth Rate (%) 

Percent of Total 

16-Bit Revenue 

Growth Rate (%) 

Percent of Total 

32/16-Bit Revenue 

Growth Rate (%) 

Percent of Total 

32-Bit and Up Revenue 

Growth Rate (%) 

Percent of Total 

1990 

2,401 

100.0 

197 

8.2 

411 

17.1 

436 

18.2 

1,357 

56.5 

1991 

3,746 

560 

100.0 

209 

6 1 

5.6 

368 

-10.5 

9.8 

851 

95.2 

22.7 

2,318 

70.8 

61.9 

1992 

4,882 

30.3 

100.0 

181 

-13.4 

3.7 

362 

-1.6 

7.4 

866 

1.8 

17.7 

3,473 

49.8 

71.1 

1993 
5,341 

9.4 

100.0 

163 

-9.9 

3.1 

413 

14.1 

7.7 

641 

-26.0 

12.0 

4,124 

18.7 

77.2 

1994 

6343 

18.8 

100.0 

142 

-12.9 

2.2 

472 

14.3 

7.4 

612 

-4.5 

9.6 

5,117 

24.1 

80.7 

1995 

7,428 

17.1 

100.0 

121 

-14.8 

1.6 

457 

-3.2 

6 2 

682 

11.4 

9.2 

6,168 

20.5 

83.0 

1996 

8,341 

12.3 

100.0 

99 

-18.2 

1.2 

437 

-4.4 

5.2 

718 

5.3 

8.6 

7,087 

14.9 

85.0 

CAGR (%) 
1991-1996 

17.4 

-13.9 

3.5 

-3.3 

25.0 

Columns may not add to totals shown due to rounding. 

Source: Dataquest (August 1992) 
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8 Microcompoaents Worldwide 

Table 2-2 
Shipments of MOS Microprocessor ICs to the World, 1990-1996 
(Thousands of Units) 

61,090 

53.8 

28,040 

24.7 

17,010 

15.0 

7,515 

6.6 

73,680 

20.6 

53.8 

24,960 

-11.0 

18.2 

25,560 

50.3 

18.7 

12,728 

69.4 

9.3 

57,209 

-22.4 

42.7 

24,138 

-3.3 

18.0 

31,121 

21.8 

23.2 

21,453 

68.5 

16.0 

53,930 

-5.7 

38.3 

25,428 

5.3 
18.1 

31,418 

1.0 

22.3 

29,945 

39.6 

21.3 

49,803 

-7.7 

34.3 

26,215 

3.1 

18.0 

31,550 

0.4 

21.7 

37,772 

26.1 

26.0 

45,860 

-7.9 

30.4 

25,675 

-2.1 

17.0 

33,730 

6.9 

22.3 

45,783 

21.2 

30.3 

40,834 

-11.0 

26.1 

25,206 

-1.8 

16.1 

35,979 

6.7 

23.0 

54,280 

18.6 

34.7 

i 
CAGR (%) 

1990 1991 1992 1993 1994 1995 1996 1991-1996 

Total MOS Microprocessor Units 113,655 136,928 133,921 140,721 145,340 151,048 156,299 2.7 

Growth Rate (%) 20.5 -2.2 5.1 3.3 3.9 3.5 

Percent of Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

8-Bit Units 6l,090 73,680 57,209 53,930 49,803 45,860 40,834 -11.1 

Growth Rate (%) 

Percent of Total 

16-Bit Units 28,040 24,960 24,138 25,428 26,215 25.675 25,206 0.2 

Growth Rate (%) 

Percent of Total 

32/16-Bit Units 17,010 25,560 31,121 31,418 31,550 33,730 35,979 7.1 

Growth Rate (%) 

Percent of Total 

32-Bit and Up Units 7,515 12,728 21,453 29,945 37,772 45,783 54,280 33.7 

Growth Rate (%) 

Percent of Total 

Columns may not add to totals shown due to rounding. 

Source: DaUquest (Augtist 1992) 
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Mlcrocompoaent Coflsiunption Forecast 

Table 2-3 
All Companies' A v e r s e Selling Price for Shipments of MOS Microprocessor ICs to the World, 1990-1996 
(Factory ASP in U.S. Dollars) 

CAGR (%) 
1990 1991 1992 1993 1994 1995 1996 1991-1996 

Total MOS Microprocessor ASP 

Growth Rate (%) 

21.12 27.36 36.46 37.96 43.64 49.18 53.37 

29.5 33.3 4.1 15.0 12.7 8.5 

14.3 

8-Bit ASP 

Growth Rate (%) 

3.23 2.83 3.16 3.01 2.84 2.64 2.42 

-12.4 11.7 -4.7 -5.6 -7.0 -8.3 

-3.1 

16-Bit ASP 

Growth Rate (%) 

14.66 14.73 15.01 16.23 18.00 17.80 17.34 

0.5 1.9 8.1 10.9 -1.1 -2.6 

3.3 

32/l6-Bit ASP 

Growth Rate (%) 

25.65 33.30 27.82 20.40 19.41 20.22 19.95 

29.8 -16.5 -26.7 A.9 4.2 -1.3 

-9.7 

32-Bit and Up ASP 

Growth Rate (%) 

180.46 182.12 161.92 137.77 135.47 134.72 130.58 

0.9 -11.1 -14.9 -1.7 -0.6 -3.1 

^A 

Source: Dataquest Ĉ ugust 1992) 
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10 Microcomponents Worldwide 

Table 3-1 
Revenue from MOS Microcontroller ICs Shipped to the World, 1990-1996 
(Millions of U.S. Dollars) 

i 

Total MOS Microcontroller Revenue 

Growth Rate (%) 

Percent of Total 

4-bit Revenue 

Growth Rate (%) 

Percent of Total 

8-bit Revenue 

Growth Rate (%) 

Percent of Total 

l6-bit Revenue 

Growth Rate (%) 

Percent of Total 

DSP Revenue 

Growth Rate (%) 

Percent of Total 

1990 

3,959 

19.0 

100.0 

1,394 

35.2 

2,079 

"• 52.5 

194 

4.9 

291 

7.4 

1991 

4,855 

22.7 

100.0 

1,598 

14.6 

32.9 

2,618 

25.9 

53.9 

303 

56.2 

6.2 

337 

15.8 

6.9 

1992 

5,244 

8.0 

100.0 

1,654 

3.6 

31.5 

2,854 

9.0 

54.4 

337 

11.3 

6.4 

398 

18.0 

7.6 

1993 

6,090 

16.1 

100.0 

1,787 

8.0 

29.3 

3,363 

17.8 

55.2 

439 

30.3 

7.2 

501 

26.0 

8.2 

1994 

7,291 

19.7 

100.0 

2,048 

14.7 

28.1 

4,074 

21.2 

55.9 

557 

26.8 

7.6 

611 

22.0 

8.4 

1995 

8,307 

13.9 

100.0 

2,222 

8.5 

26.7 

4,712 

15.6 

56.7 

670 

20.3 

8.1 

703 

15.0 

8.5 

1996 

8,624 

3.8 

100.0 

2,247 

1.1 

26.1 

4,927 

4.6 

57.1 

725 

8.2 

8.4 

725 

3.1 

8.4 

CA<ai (%) 
1991-1996 

12.2 

7.1 

13.5 

19.1 

16.6 

Columns may not add to totals shown due to rounding. 
Source: Dataquest (Augxist 1992) 
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Microcomponent Consumption Forecast i i 

Table 3-2 
Shipments of MOS Microcontroller ICs to the World, 1990-1996 
(Millions of Units) 

Total MOS Microcontroller Units 

Growth Rate (%) 

Percent of Total MCU 

4-bit Units 

Growth Rate (%) 

Percent of Total 

8-bit Units 

Growth Rate (%) 

Percent of Total 

l6-bit Units 

Growth Rate (%) 

Percent of Total 

1990 

1,390 

7.3 

100.0 

779 

56.0 

589 

42.4 

22 

1.6 

1991 

1,697 

22.1 

100.0 

906 

16.3 

53.4 

753 

27.8 

44.4 

38 

72.7 

2.2 

1992 

1,885 

11.1 

100.0 

988 

9.0 

52.4 

851 

13.0 

45.1 

47 

23.0 

2.5 

1993 
2,196 

16.5 

100.0 

1,121 

13.5 

51.0 

1,013 

19.0 

46.1 

63 

35.0 

2.9 

1994 

2,639 

20.1 

100.0 

1,311 

17.0 

49.7 

1,245 

23.0 

47.2 

82 

30.0 

3.1 

1995 

3,055 

15.8 

100.0 

1,482 

13.0 

48.5 

1,470 

18.0 

48.1 

103 

26.0 

3.4 

1996 

3,316 

8.5 

100.0 

1,586 

7.0 

47.8 

1,609 

9.5 

48.5 

121 

17.0 

3.6 

CAGR (%) 
1991-1996 

14.3 

11.8 

16.4 

26.1 

DSP units are exduded from this table. 

Ccdumns may not add to totals shown due to rounding. 

Source: Dataquest CA.ugust 1992) 
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12 Mlcrocotnponents Worldwide 

Table 3-3 
All Companies' A v e r s e Sell l i^ Price for Shipments of MOS Microcontroller ICs, 1990-1996 
(Factory ASP in U.S. Dollars) 

« 

1990 

Total MOS Microcontroller ASP 

Growth Rate (%) 

2.64 

4-b:t ASP 

Growth Rate (%) 

1.79 

8-bit ASP 

Growth Rate (%) 

3.53 

l6-bit ASP 

Growth Rate (%) 

8.82 

DSPs are excluded ftom this table. 

Source: Dataquest (August 1992) 
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Texas Instruments 

OAOuisy ION OQ Corporate Statistics 

Headquarters Dallas, Texas 
Chairman and CEO Jerry Junkins 
President, Semiconduc±or Group Pat Weber 
Executive \^ce President, Semiconductor Group Wally Rhines 
Fiscal Year-End December 31 
Exchange NYSE 
Ticker Symbol TXN 
Employees (1991) 62,939 
FY1991 Total Sales $6.78 billion 
FY1991 Net Income ($409 million) 
FY1991 Earnings per Share ($5.40) 
FY1991 Royalty Income $256 million 

For more infonnation on 
Texas Instruments or 
the microcom.ponents 

industry, call Jerry Banks 
at (408) 437-8677. 

A View from tlie Top 
Texas Instruments Inc. (TI), headquartered in Dallas, Texas, was 
formed in 1951 as a division of Geophjrsical Service Inc. In 1952, TI 
obtained licenses to manufacture transistors and by 1953 had become 
a volume producer of these devices. TI has since evolved into a high-
technology company with sales and/or manufacturing operations in 
more than 30 coimtries. TI develops, manufactures, and markets semi
conductors, defense electronics sj^tems, software productivity tools, 
computer sjrstems and peripheral products, custom engineering and 
manufacturing services, electrical controls, metallurgical materials, and 
consumer electronic products. Table 1 shows the companj^s revenue 
growth and profitability over the past five years. 

In the first half of the 1980s, the company was on a revenue and 
profit roller coaster. Respective profit and revenue losses in 1983 were 
$145 million and $4.58 billion, followed by profits of $316 million on 
revenue of $5.74 billion in 1984. The roller coaster ride continued in 
1985, when the company lost $119 million on sales of $4.92 billion and 
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Microcomponents Worldwide 

Table 1 
Five-Year Financial Summary 

Revenue <$B) 

Net Income ($M) 

Earnings per Sheire ($) 

1987 

5.82 

321 

3.74 

1988 

6.45 

366 

4.05 

1989 

6.52 

292 

3.04 

1990 

6.57 

(39) 

(0.92) 

1991 

6.78 

(409) 

(5.40) 

Source: Texas Instruments, Dataquest (Novemt)er 1992) 

laid off 7,000 employees. A recovery started 
years, peaking in 1988 with sales of $6.45 billi&^l:^ p i : 
$366 million. However, TI was not positioned tp su^l^jn this growth, 
and beginning in late 1989 its revenue growth j|e^aii to slow dramalti-
cally and profits turned down, culminating with a significant loss in 
1991 of $409 milUon. 

Recent financial results indicate that the company is once again on 
the upswing. On a quarter-to-quarter basis, tiie first three qiiarters of 
1992 compared with the same quarters of 1991 provide quantitative 
evidence that a turnaround is in the making (see Table 2). 

When compared with the same quarter in 1991, the first quarter 
of 1992 experienced a modest 3 percent growth rate. However, net 
income experienced a $94 million turnaround. The same comparisons 
applied to the second and third quarters show a strong 11.3 percent 
growth in revenue and a $229 million tiuxiaround in net income for 
the second quarter. The third quarter experienced an 8 percent 
revenue improvenient combined with a $170 million turnaround in 
net income. 

Table 3 is an aggregate comparison of the first nine months of 1992 
with those of 1991. On a revenue basis, TI has thus far shown a 
respectable 10.5 percent growth over 1991. On a net profit basis, the 
company has shown a remarkable $493 million turnaround. 

Based upon an unustially strong demand for semiconductors this sum
mer and the continued strong book-to-bill rate, we expect that TI's 
fourth-quarter results will continue the growth pattern established in 
the first three quarters and that 1992 will be a strong year for the 

Table 2 
Quarterly Comparison 

Revenue ($B) 

Net Income ($M) 

Earnings per 
Share ($) 

01791 
1.64 

(54) 

(0.77) 

Ql/92 

1.69 

40 

0.35 

Q2/91 
1.68 

(157) 

(1.99) 

Q2/92 

1.87 

72 

0.73 

Q3/91 

1.75 

(113) 

(1.45) 

Q3/92 

1.89 

57 

0.58 

•im 

l- i'%-

Source: Texas Instruments, Dataquest (November 19S2) 
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Texas Instruments 

Table 3 
First Half of 1992 versus First Half of 1991 

Revenue ($B) 
Net Income ($M) 

Source: Texas Instruments, 

Nine Months 
Ended 9/30/91 

4.93 
(324) 

Dataquest (Novemt>er 1992) 

Nine Months 
Ended 9/30/92 

5.45 
169 

company. What makes this all the more astounding is the fact that, as 
late as liie second quarter of this year, many securities analjrsts had 
written TI o£F as a loss leader for the foreseeable future. Is this just 
another wild upswing for TI, to be followed by another drastic down
turn, or will the company's efforts to position itself for long-term 
sustained and profitable growth pay off? 

Integrated Circuits: Tl's Key to Future Success 

TI, which employed nearly 63,000 in 1991, is segmented into four 
main product groups (see Table 4). 

The components group is TI's largest product segment, with 50 per
cent of total revenue. It comprises semiconductors, subassemblies, and 
electrical and electronic control devices. Of these product categories, 
semiconductors accounts for more than 80 percent of the components 
segment's total sales. The semiconductor product category within com
ponents is made up of integrated circuits 0Cs) and optoelectronic and 
discrete devices. Integrated circuits made up 97 percent of total semi
conductor sales in 1991, or 40 percent of TI's total revenue. Conse
quently, the health of the integrated circuit sector, which is the focus 
of this profile, has a first-order impact on the health of the whole cor
poration and is the prime factor driving the company's recent success. 

Table 4 
1991 Segment Analysis (Millions of Dollars) 

Segment 

Components 
Defense Electronics 
Digital Products 
Metallurgical Materials 

Sales 
3,421 
1,933 
1,306 

121 

Percentage 
of Sales 

50 
29 
19 
2 

Operating 
Income 

(188) 
111 

(52) 
2 

Source: Texas Instruments, Dataquest (Novemlser 1992) 

MCRO-SEG-\/P-9202 ©1992 Dalaquest Incotporaied November 9,1992 



Microcomponerrts Worldwide 

An Awakening 

The year 1985 was one of significant import for Texas Instruments. It 
lost $119 million on sales of $4.92 billion, laid off 7,000 employees, 
froze wages, implemented a broad cost-cutting program, and went 
through a major management restructure when Jerry Junkins replaced 
Fred Bucy as president and CEO. TI's decline was further accentuated 
by the fact that after years of fighting off the challenges of Motorola 
for the position of No. 1 semiconductor manufacturer, TI almost over
night found itself not only falling behind Motorola, but fighting for a 
position in the top five. The company was in trouble. It had neither 
the light products nor the right manufecturing capabilities to fight off 
the challenges of NEC, Toshiba, Hitachi, Motorola, and Intel, as well 
as a host of smaller niche-oriented companies. 

TI quickly found that the market for its staple product line of bipolar 
logic was rapidly disappearing and that, with few exceptions, the 
MOS products it did have were not competitive from a price, perfor
mance, or cost point of view with those of the rest of the industry. 
This problem could not be solved by ramping then-existing capacity 
and improving factory efficiencies; it necessitated that the company^s 
business model be quickly rewritten and put into effect rapidly. TI was 
in trouble and had lost the confidence of its customers and the invest
ment community. It needed a new vision and it did not have a lot of 
time to implement this new vision. 

Long-Term Vision, or Smolce and Rllirrors? 

It is said that necessity is the mother of invention, and out of this 
necessity TI fonntdated a game plan that it believed would bring itself 
back into a position of long-term competitiveness, growth, and profit
ability. Now, for those who watch the semiconductor industry, it is not 
news to hear new management of a semiconductor company present a 
new vision designed to position the company for long-tenn growth 
and profitability. This seems to be common in our relatively immature 
industry. More often than not, this "new vision" is overly optimistic, 
underfunded, and assumes that employees will instantly see the wis
dom behind yet another plan to save them from mediocrity or failure. 
The only true test for any new vision is the test of time, and it is 
against this test that TI's new vision is being graded. The six key 
elements to TI's game plan were, and still are, as follows: 

1. •\^gorously protect intellectual property 

2. Increase capacity at a lower cost of capital 

3. Develop and ramp submicron CMOS processes 

4. Offer design, manufacturing, sales, and support globally 

5. Have a market-driven focus 

6. Provide differentiated products 
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Intellectual Property: An Untapped Revenue Source 
The first item, it is argued, has been pursued to a fault. Texas Instru
ments is intent upon extracting every cent of royalties and/or licens
ing fees from any company it finds to be in violation of its intellectual 
property and it makes no apologies for this position. At a Dataquest 
conference in 1986, a senior executive at TI, Kevin McGarity, stated in 
a speech that if TI could not make money selluig DRAMs that it 
would make money off its DRAM intellectual property. TI's position is 
that because it is willing to risk the millions of dollars required to 
develop new inventions, others should not be allowed to use those 
inventions without reimbursing TI for its time and trouble. To measiue 
its success in capturing this new soiuce of revenue, one need only 
look at the royalty revenue in Tables 5 and 6. 

Table 5 
Royalty Income, 1987 through 1991 (Millions of Dollars) 

Year 

1987 

1988 

1989 

1990 

1991 

Royalty 
Income 

191 

152 

165 

172 

256 

Source: Texas Instruments, Dataquest (Novemt>er 1992) 

Table 6 
Royalty Income, First, Second, and Third Quarters of 
1992 (Millions of Dollars) 

Source: Texas Instruments, Dataquest (November 1992) 
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How Important Is Royalty Income? 

Since 1987 and through the third quarter of 1992, TI has received 
$1.24 billion in licensing fees and royalty payments. The royalty 
revenue includes one-time amounts totaling $30 million in the first 
quarter, $45 million in the second quarter, and $9 million the third 
quarter. These amounts are based upon recent agreements reached 
with Rohm Co. Ltd., Mitsubishi Electric Corporation, New Japan 
Radio Co. Ltd., Nippon Precision Ltd., Seiko Epson Corporation, 
Toko Inc., and others. If these one-time amounts are subtracted from 
the quarterly statements, it is readily apparent that the company has 
substantially increased its royalty inconxe run rate. However, if royalty 
revenue is factored out of the equation, TI is still operating at a net 
loss, despite the semiconductor sector returning to profitability in the 
third quarter of 1992 (see Table 7). 

This successful implementation of item No. 1 mentioned earlier— 
vigorously protect intellectual property—and its resultant income 
stream, was largely responsible for giving TI the time to try to 
implement the balance of its six-point recovery progranu 

Table 7 
Texas Instruments' Royalty Income versus Profitability 

Revenue ($B) 
Net Income (with Royalty, $M) 
Net Income (without Royalty, $M) 

Ql/92 

1.69 

40 

(55) 

Q2/92 

1.87 

72 

(52) 

Q3/92 

1.89 

57 

(26) 

Source: Texas Instruments, Dataquest (November 1992) 

CMOS Fabs Are Not Cheap 

Although the royalty income stream was and is not insignificant, 
implementing item No. 2— încrease capacity at a lower cost of 
capital—and item No. 3— r̂amp submicron CMOS processes—still 
required large expenditure for capital equipment and R&D. In order to 
add this new submicron CMOS capacity, TI would be forced to build 
several multihundred-million-dollar facilities. Consequently, it deve
loped a plan involving several different strategic partnerships in which 
partners share the financial burden of building the new fabs and in 
return they receive either technology or guaranteed capacity. Table 8 
lists the new submicron CMOS fobrication facilities, location, and 
partners. 
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Table 8 
Texas Instruments' Submicron CMOS Facilities 

Facility 

Dallas 

Miho 
Avezzano 

TI-Acer 

KTI 

Singapore 

Location 

Texas 

Japan 
Italy 

Taiwan 

Japan 

Singapore 

Status 

In production 

In production 

In production 

In production 

In qualification 

In construction 

Partners 

None 

None 
Itetlian government 

Acer 

Kobe Steel 

Canon, HP, Singapore 
government 

Source: Texas Instruments, Dataquest (Novenriser 1992) 

Singing in Harmony 

Another key element to achieving a lower cost of capital is to increase 
the life of these new fabs. To this end, the company has developed a 
program it calls "Harmonization," which simply means that the fabs, 
the equipment, and the processes will be capable of running multiple 
product types, in this case memory (that is, DRAM and flash) and 
logic. All processes are to be 95 percent compatible with existing 
equipment and the individual process recipes should share 65 percent 
of the same process steps. This technique allows TI to optimize a par
ticular process for a specific product while sharing nearly all of the 
same equipment. If the company is successful in implementing this 
program, it should achieve substantial savings in the long run, 
because it will not be tied to the traditional three-year cycle of a typi
cal DRAM fab. By manufacturing other memory and logic products, 
TI should add years to the life of its new fab facilities, saving tens 
of millions of dollars per year per fab. TI believes that its product 
development costs alone will be reduced by as much as 25 to 
35 percent because of the harmonization program. 

Is Bipolar Still King? 

One point not overtiy stated in TI's six-point program was the need to 
obtain or develop a world-class CMOS technology. Figure 1 shows just 
how far the company was out of step with the rest of the industry in 
regard to the technological mix of its products. 

In 1985 TI derived nearly half its IC revenue from bipolar digital 
products at a time when bipolar made up only 20 percent of the 
revenue for the rest of the industry. TI was the undisputed king of 
bipolar logic. Unfortunately for TI, the rest of the producing and, 
more importantly, coitsuming world had begim a massive shift to 
MOS years earlier. 

The company's new management realized that TI's heavy dependence 
upon products built with bipolar process technology had to change. 
Although TI had a reputation for a larger than normal "Not Invented 
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Figure 1 
Technology Mix of Products in 1985 

Percentage of Total IC 
60-rt 

50^ 

4 0 -

3 0 -

2 0 -

10-

0 -

0 All Companies 

• Tl 

Bipolar MOS Analog 

Source: Dataquest (November 1992) G200180S 

Here" (NIH) bias, it nonetheless developed a relationship with Hitachi, 
a world leader in CMOS technology, in which the two companies 
codevelop new technologies. Figure 2 is one indicator of the success of 
this program. 

Figure 2 clearly shows that, when compared with 1985, the company 
has made dramatic progress in shifting its product technology mix 
from bipolar to MOS-based products. In 1991, the mix of bipolar 
products had dropped to 22 percent versus 7.4 percent for tiie rest of 
the industry and MOS-based products had risen to 61 percent versus 
70.2 percent for the industry. Although it is stiU not in balance with 
the rest of the industry, TI is growing its MOS-based revenue—^and 
shrinking its dependence upon bipolar-based products—^faster than the 
rest of the industry. 

The most recent major development of the relationship with Hitachi 
was the annoimcement of a world-class CMOS 16Mb DRAM tech
nology, which each has separately used to design what appear to be 
competitive products. 

TI's item No. 4—offer design, manufacturing, sales, and support 
globally—stems from the belief that a company that sells its products 
on a worldwide basis must design products that meet the needs of the 
diverse regions of the world. One way to assure that correct products 
are being defined and buHt is to regionally locate this responsibility. 
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Figure 2 
Technology Mix of Products in 1991 
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Local regional manufacturing assures quick availability of product and 
when comibined with "harmonization" allows TI to shift the mix of 
products between its worldwide fabs to more closely match the needs 
of the various regions of the world. 

Cultures Are Not Skin Deep 

The fifth item of the plan—^have a market-driven focus—^involved a 
major cultural change in this historically engineering-driven company. 
The phrase "market-driven focxis" is one noimally bandied about by 
cill new management teams when they are repositioning a company. 
Unfortunately, in most instances it is normally just a hollow shell. 
However, in TI's case the concept of a market-driven focus is not just 
a phrase thrown around by management. Late last year when Data-
quest met with several levels of TI's engineering staff in different 
product divisions, the message came out loud and clear that TI must 
understand the end markets and provide products specifically suited 
for them. This belief actually went a level below the classic high-level 
market definitions and into major applications as well as new emerg
ing applications. The company appears to be getting out of the men
tality of "thej^ll buy what we make" and into the mind-set of 
determining what users want and giving it to them. 
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No More 'Me TOOT' 

The final item of the plan—^provide differentiated products—^was 
another new concept to the company. Many products that TI sold 
were "me-too" kinds of products that required lowest price and fastest 
delivery. "Added value" was not normally associated with TI's semi
conductor group. Although this approach to the market may produce 
high volumes, it does not produce high margins. 

In order for a company to develop products that consistently produce 
high margins, the products must have some features that differentiate 
them from those of the competition. Implicit within this goal is that 
the features provide an added value for the customer. These differen
tiated products must provide at least three of the following: feature 
diitferentiation, higher performance, better price performance, or faster 
time-to-market. 

TI has set about this task by identifying applications within markets in 
which it chooses to participate. It further makes the effort to learn 
about those applications, how they are implemented today, and what 
the needs are for tomorrow. To increase the visibility on ttiis tj'pe of 
apphcation-specific product, TI has set a goal stating that greater than 
50 percent of its annual semiconductor product revenue must come 
from these application-specific products during the latter half of the 
decade. 

The company's stated 50 percent goal is noble and is one it seems 
intent upon reaching. And although it appears to be making progress 
toward this end, it is starting from an extremely low base fromi which 
high growth is relatively easy. In order to prevent this progress from 
stalling, TI must continue to drive and reinforce this application-
specific spirit throughout the corporation. Decades of NIH and 
engineering-driven product development are not eliminated overnight. 

Have Fabs, Need Products 

If one is to assume that, through its worldwide partnerships and alli
ances, Texas Instruments has overcome its submicron CMOS fabrica
tion dilemma, then all the company must do is make sure it has the 
right products to fill those new fabs as the industry continues to turn 
up. EarU^ we discussed the progress TI has made in its overall 
technology mix. Here we look at its product families in more detail. 

The short-term outlook for TI's product portfolio is still a question 
mark. TI breaks into only one of the top five major product categories, 
bipolar (see Table 9). 

Unfortunately, being the No. 1 supplier of bipolar ICs in the world is 
a rather dubious distinction. In every other category it ranks sixth or 
lower. 
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Table 9 
Major Product Categories Top Five Rankings 

Total IC 

Bipolar 

MOS 

Memory 

Micro 

Logic 

Analog 

No. 1 
NEC 

Texas 
Instruments 

Intel 

Toshiba 

Intel 

NEC 

Philips 

No. 2 

Intel 

Fujitsu 

NEC 

Hitachi 

Motorola 

Toshiba 

National 

No. 3 
Toshiba 

Hitachi 

Toshiba 

NEC 

NEC 

Fujitsu 

Toshiba 

No. 4 No. 5 
Hitachi Motorola 

Motorola National 

Hitachi Motorola 

Samsimg Fujitsu 

Hitachi Mitsubishi 

Motorola LSI Logic 

Sanyo SGS-Thomson 

Source: Dataquest (Novemt>er 1992) 

Focus on the Future 

Because the heart and soul of the company's recovery strategy is cen
tered around its newfound submicron CMOS fabrication capability, the 
balance of this discussion will ignore TI's bipolar and analog product 
revenue and instead focus upon its MOS products, present and future. 

A Relative Comparison 

Hgure 3 compares the revenue mix of H ' s MOS products with that of 
the top five semiconductor manufacturers in 1991. 

It is an understatement that TI relies upon MOS memory revenue far 
more than either of the two North American companies in the top 
five. For example, Intel and Motorola rely upon MOS memory for 
only 10 percent and 19 percent of their total MOS revenue, respec
tively, while TI relies upon MOS memory for 45 percent of its MOS 
revenue. Because both Intel and Motorola rely heavily upon foundry 
services for their MOS memory production, it could be argued that 
their MOS m.emory exposure is far less than the numbers shown here. 
Compared with the three Japanese companies in the top five^ TI is 
surpassed by Toshiba at 53 percent and Hitachi at 58 percent, but its 
reliance upon MOS memory revenue surpasses the No. 1-ranked semi
conductor manufacturer, NEC, by 9 points. Of the remaining top 10 
MOS IC manufacturers, only Samsiuig and Fujitsu have a higher 
reliance upon MOS memory revenue than TI. 

TI appears to be extending its reliance upon MOS memory revenue 
because it has been quickly ramping its 4Mb DRAM capacity. 
Although this may produce solid short-term performance, as the 
Japanese and Korean companies add more capacity, market share bat
tles will grow more fierce and place more price pressure on the 4Mb 
DRAM, which could easily turn into a long-term negative for the com
pany if other products are not ready to fill in when the DRAM market 
goes through one of its typical downturns. 
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Figure 3 
MOS Memory As a Percentage of Each Company's Total 1991 MOS Revenue 
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Figure 4 compares TI's MOS microcomponents mix with that of the 
top five. Compared with the other major semiconductor manufacturers 
in North America, TI appears to be taldng the path less trodden. Only 
Toshiba had less of a focus in 1991 on MOS microcomponents than 
did TI. Both Intel at 89 percent and Motorola at 55 percent rely upon 
MOS microcomponents for the greatest portion of their MOS revenue. 
This high exposure in MOS microcomponents is relatively safe when 
compared to MOS memory. Microcomponent architectures are typi
cally proprietary and well protected with intellectual property rights, 
whereas a strong position in memories can quickly dissipate because 
of their commodity nature. TI, at 26 percent MOS microcomponents, 
appears to be more closely modeling itself after the top Japanese 
companies. 

Within the microcomponents arena, one could rightfully argue that 
TI is by far the No. 1 suppUer in the fast-growing and critical area of 
digital signal processing (DSP) ICs. However, nine years after its first 
product was introduced, the compan5^s 1991 DSP revenue, while 
clearly ahead of its competition, was orJy $143 million and represents 
about 11 percent of the company's MOS revenue and only 5 percent of 
its IC revenue. 
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Figure 4 
MOS Microcomponents As a Percentage of Each Company's Total MOS Revenue 
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Integration: Who Owns the Micro Wins the Game 

The glaring weaJoiess in TI's MOS microcomponents product line has 
been the lack of an industry-standard microprocessor. This is a larger 
problem than the missing revenue stream that the processor could 
conceivably provide. At higher levels of integration, microprocessors 
are beginning to swallow up entire peripheral functions. If TI does 
not have a microprocessor onto which its peripheral products can be 
integrated, it loses this peripheral revenue stream to the company that 
does have the microprocessor. TI appears to have recognized this fact 
and has allied itself witli Sun Microsystems to develop SPARC micro
processors, and with C5Tix Corporation, which gives TI access to 
C3aTx's line of x86 products. 

Because TI has just recently begun shipping production volumes of the 
SuperSPARC microprocessor to Sun, it is still unclear how successful 
this project will be for TI. Sun has a history of being a rather fickle 
partner. In the last three-pltis years. Sun has had numerous partners 
committed to developing and manufacturing SPARC microprocessors 
for the use of Sun and for any done manufacturers of Sun SPARC-
stations. The first was with LSI Logic, which lasted about one year. 
This was followed by agreements with Fujitsu, C5^ress, and now TI. 
In a span of less than four years. Sun has had four primary suppliers 
of SPARC microprocessors. Being the primary supplier of SPARC 
microprocessors to Sun is not necessarily a long-term relationship. 
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Also, if history is any indicator of what we should expect in the 
future, the market for SPARC microprocessor consumption outside 
of Sun is rather small and should not be expected to experience rapid 
growth in the foreseeable future. TI shoiild not coiuit on the SPARC to 
be its long-term solution for a mainstream microprocessor. 

TI's opportunity to significantly increase its microprocessor revenue 
and become a mainstream supplier of microprocessor products should 
be based on its relationship with Cyrix. This relationship provides TI 
with a microprocessor core that is instruction-set-compatible with the 
industry-standard 486 microprocessor. It is doubtful that TI would be 
able to compete with Intel's 486 offerings on a product-by-product 
basis. However, if H can use its ASIC capabilities to develop highly 
integrated microprocessors for specific applications where compatibil
ity, cost, and integration are of prime importance, it could carve out 
defensible niches. ASIC is not Intel's strong suit, and as a result TI can 
place itself in the position of being able to offer feature differentiation 
to a customer base desperately looking for ways to differentiate itself 
from its own compietitors, while maintaining instruction-set compati
bility with the plethora of software applications that exist for the 
x86 instruction set. 

We believe that this program is of such import to Texas Instruments' 
long-term product positioning, that management's time would be well 
spent if it kept this program spotlighted—not micromanaged, but 
closely observed to determine if NIH or any other TI engineering bias 
were slowing or stalling the program. The spotlighting should also 
serve to ensure that this project is not underresourced. The importance 
or significance of this project should not get lost in the multitude of 
TI's other engineering projects and alliances. 

Dataquest Perspective 

The key to TI's future success will be focus. New innovative ideas are 
not in short supply at this historically engineering-oriented company. 
It has major efforts going in DSP, graphics, networking, ASIC, mixed-
signal, cell-based mixed-signal (or PRISM), DRAMs, Flash, FPGAs, and 
many more. If TI is to succeed, it must pick its major projects care
fully, supply them with adequate resources, give them target dates, 
and get out of the way. As stated earlier, watch their progress but do 
not micromanage. The early days of the company's highly successful 
DSP division would be a good paradigm to follow. 

In the short term, the company has made a definite commitment to 
developing its own world-class manufacturing facilities. But now that 
it has made this commitment, it most certainly will focus its efforts on 
finding products that can fill these facilities. It must find existing 
products that can quickly generate large voltunes. In the near term, 
the only products in TI's product portfolio that can quickly generate 
the necessary volume are the 1, 4, and 16Mb DRAMs. This will place 
TI in direct competition with Toshiba, Hitachi, NEC, Samsung, and the 
fast-rising stars of Goldstar and Hyundai, as well as smaller players 
such as Micron Technology. Although TI might argue that its new fab 
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lines are second to none and that its new 4 and 16Mb DRAM designs 
are world class, its current position as the seventh largest supplier of 
MOS memories indicates that there are at least six other MOS memory 
manufacturers with state-of-the-art facilities and more experience in 
manufacturing and selling these devices. Although TI may be in a 
strong position if any temporary DRAM shortages occiir, it greatly 
increases its risk by not having a more balanced product portfolio. 

Texas Instruments must accelerate its purstiit of new application-
specific standard products and value-added x86-based products that 
it can use to fill its fabs when the inevitable MOS memory product 
crash occurs. 

» 
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Corporate Statistics 

Headquarters Location 

President and CEO 

Primary Business 

Annual Sales (Fyi991) 

Total Employees 

Manubctuiing Locations 

Founding Date 

Hscal Year 

Ownership 

Santa Qara, California 

Andy Grove 

Microcomputer components 

$4,779 million (U.S. Dollars) 
24,600 

10 worldwide 

July 1968 

January-December 

PubUc (NASDAQ ... INTO 

For more information 
on Intel Corporation or 
the microcomponents 

industry, call Ken Lowe 
at (408) 437-8366. 

Corporate Overview 

Over the last five years, Intel has recovered &om a downhill slide 
capped by heavy losses in 1986 to become the kingpin of micropro
cessors and perhaps the most powerful semiconductor company in 
existence. Driven by Intel toward increased performance levels, the 
enormous market for 80x86-based PCs grew in 1991 to more than 
$2.5 billion in microprocessor revenue and about $1.0 billion in related 
peripheral products. Now at the pinnacle of its success, Intel faces its 
tou^est challenge: to keep its 8Cbc86 family ahead of competing RISC 
families and other 80x86 done products while maintaining attractive 
profit margins. 

Intel defines its mission to be the leading supplier of micTDcomputer 
building blocks at the component, module, or system level used 
within computers and embedded control equipment. Today, most of 
the coOTpan3?'s activities are focused on growing its business derived 
from the IBM-compatible PC market. This direction means that Intel 
must remain the dominant leader in 80x86 microprocessors and 
microperipherals. 

Foiuided in 1968, Intel originally concentrated on semiconductor 
memory products, which still remain an important part of its business. 
Among its many innovations (see Table 1), Intel is credited with 
inventing the most important memory in use today, the dynamic 

I DataQuest 
a company of 
IhcDunK Biadstrect Corporation 

MCRO-SEG-VP-9201 

This profile is tfie property of Dataquest InMrporated. Reproduction or disdosurc in vthiAe or in part to oflter 
parties shall be nnade upon the written and expissa consent of DatatjuesL Tim lEport ahall be trEated at all 
tinies as a craifidottial and pn^etaiy document for inteijial use only. The infonnaliDn conSained in this pub
lication is believed to be reliable but cannot be guaranteed to be toned or completer 
©19K Dataquest Inonporated-^epioduction Prohibited 
Dataquest is a registered trademark of A C Nielsen Company 0013673 



MicFOComponents Worldwide 

Table 1 
Major Milestones for Intel Corporation 

Year Description 
1968 Intel Corporation founded. 

1970 Intioduced the first commercial DRAM (1Kb). 

1971 Introduced the first commercial EPROM (1Kb). 
Introduced the first commercial microprocessor (4004). 
Goes public. 

1973 Introduced the first microprocessor development system. 

1974 Introduced the 8080 (initiated major growth of MPU 
industry). 

Achieved more than $100 million itk net sates. 

1976 Introduced the first microcontroller with EPROM. M&fx ftft 

1978 Introduced the 8086 (spawning the most successful line of 
MPU in history). 

1979 Introduced the first 5V DRAM (previously all 12V). 

1980 Introduced the 8051 microcontroller (most widely used 
MCU in world). 

Introduced the first math coprocessor (8087). 

1981 Intel 8088 selected by IBM for its first personal computer 
(IBM PC). 

1982 Introduced the 80286 (used in IBM PC AT). 

1983 Achieved more than $1 billion in net sales. 

1985 Exits the DRAM business (after developing 1Mb working 
silicon). 

Enters the PC enhancement market (AboveBoard memory 
adapters). 

Introduced the 80386, first 32-hit x86-compatible generation. 

1987 Enters the market for parallel supercomputers. 

1988 Introduced its first flash memory product. 
Introduced the i960 embedded RISC processor family. 

1989 Introduced the first l-milUon-transistor microprocessor 
(i860). 

Introduced the 80486, first MPU with integrated CPU, FPU, 
and cache. 

1990 Exits EPROM development race (at 4Mb) to focus on flash. 

1991 Achieves fastest installed supercomputer (32 gflops). 
Introduced the first 2.5-million-transistor microprocessor 

(i860XP). 

1992 Introduced the first 8Mb flash memory .̂  
Source: Intel, Dataquest 
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random access memory (DRAM). Its strategy has always been built on 
innovation: invent something unique, enjoy higher profits from that 
uniqueness, then move on when competition crowds the market. Yet, 
as it entered the 1980s, Intel (like most semiconductor companies) sold 
a broad range of mostly commodity products. Then, in 1981, IBM 
chose the 8088 as the engine for its first PC, eventually changing the 
profile of Intel's entire business. 

By 1985 it was dear that the DRAM business was at best a low-
margin proposition where the Japanese were taking over in the midst 
of a chip recession. As a result, Intel accumulated operating losses of 
$250 million over 1985 and 1986. These and other fectors drove Intel's 
decision to exit the commodity-oriented DRAM business in favor of 
the innovation-oriented microprocessor business. At that time, Intel's 
future hinged on the success of its proprietary 386 microprocessor, 
an advanced 32-bit architecture compatible with the 16-bit 8086 PC 
standard. 

As history shows, this was the best decision Intel could have made. 
The 386 became the most successful logic chip in the semiconductor 
industry, accoimting for nearly half of Intel's 1988 revenue of $2.9 bil
lion. Intel followed up with the 387 math coprocessor and later, in 
1989, with the 486, a 1,2-niillion-transistor chip that combined the 
functions of the 386 and 387 and had a primary cache jdelding a 
twofold performance improvement at a fourfold pricing increase. As 
a result, the 486 now represents Intel's leading revenue generator, 
which will account for more than $1.4 billion in revenue for 1992, 

Intel's 386 monopoly weakened in 1991 when Advanced Micro 
Devices (AMD) became the first of several vendors to enter the 
386-compatible market, taking considerable unit volumes and effec
tively lowering the exceptionally high pricing structure Intel had 
enjoyed. At the same time, RISC microprocessors were reaching the 
peak of their momentum with IBM, Apple, and Motorola teaming up 
to create next-generation S3retems based on the PowerPC architecture. 
Meanwhile, Intel has increased its penetration into other markets, 
trying to balance its portfolio of products to increase its non-80x86 
revenue. 

Business Strategy and Segmentation 

Intel's vision for the 1990s centers around a concept referred to as 
"computer-supported collaboration " It believes that as the pace of 
competition picks up (among businesses in general) there will be a 
transition to a "just-in-time" business environment, where getting the 
right information to where it is needed quickly becomes a primary 
competitive advantage. This transition will be achieved through 
cooperative work facilitated by interconnected, interactive electronic 
communication in which all forms of data are shared quickly and 
easily. The worldwide computer infrastructure will be extended to 
become a communications infrastructure, hence "computer-supported 
collaboration." Intel integrates its product mix around this central 
theme, paving the way for increasing levels of processing power, 
miniaturization, and communications capabilities. 
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To realize this overall vision, Intel pursues the evolution of its primary 
target market, computer systems, by focusing on three main pioduct 
areas supported by four key capabilities (see Figmie 1). Intel's overall 
business strategy anticipates integration of the computer and commu
nications industries and positions the company to pursue the addi
tional opportunities that will result. Intel's primary product focuses 
are microcomputer chip sets, embedded control solutions, and 
microcomputer systems, the first two of which are semiconductor 
product businesses representing the bulk of Intel's total sales. The key 
capabilities developed by Intel to support its growth in these areas 
include proprietary architectvires (mainly microprocessors), manufac
turing and process technologies, design technologies, and support 
services. 

Major Market Segments 
Intel participates in a wide range of market segments. However, 
sales are dominated by the data processing market, which accounts 
for an estimated 70 percent of its total revenue. Sales into this seg
ment include semiconductor components (microprocessors, micro-
peripherals, and memory devices), computer upgrade modules 
(coprocessors, memory cards, and add-in adapters), and 
supercomputers—all sold to computer comipanies, distributors, or 
end users. Intel has targeted the computer systems markets since 
the mid-1980s because of the higher margins afforded to the com
ponents that serve that market. Other market segments served (in 
order of decreasing revenue) are industrial, communication, automo
tive, military, and consumer. 

Figure 1 
Intel Core Strategy 

Source: Intel Corporation G20O04S0 
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Intel sells most of its components directly to companies that incor
porate them into their products. These customers primarily are com
puter sjrstems maniifacturers such as IBM and Compaq, but they 
also include producers of telecommunications equipment, industrial 
equipment, and automobiles. Intel maintains a broad, balanced cus
tomer base; no single customer accounted for more than 10 percent 
of its revenue during the last two years (in 1989, IBM accounted 
for 10.5 percent of titel's revenue). Intel also sells certain products 
through distribution, which accounted for about 25 percent of its 
net revenue during 1991. 

An e^anding base of international customers, primarily in the 
Asia-Pacific region, has driven Intel's sales mix to an all-time high 
of 51 percent non-U.S. revenue (see Figure 2). Over the last five 
years, Intel's sales from the Asia-Pacific region have steadily 
increased from 6 percent in 1987 to 19 percent in 1991, maldng it 
the No. 1 vendor in the region, primarily driven by the growth of 
the PC done industry in Taiwan. However, as a result of AMD and 
other x86 dones entering the 386/486 market and penetrating pri
marily the Asia-Pacific done vendors, this shift in regional sales 
mix is expected to come to a halt during 1992. In exchange for 
this increase in international business, sales in the United States 
decreased from 61 percent in 1987 to only 49 percent in 1991, 
which also indicates the shift toward offshore manufacturing of 
PCs. Ehuing this sanne period, the percentage of regional sales 
to both Europe and Japan remained relatively constant at about 
22 percent and 10 percent, respectivdy. 

Figure 2 
Intel Sales, by Geographic Region 
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Source: Dataquest (September 1992) Ge0004S1 
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Major Product Segments 
Though its pnjduct mix includes items as diverse as supercom
puters and adapter boards, Intel is primarily a semiconductor com
pany, with microprocessors central to its entire product mix. This 
section wiU provide an overview of Intel's product mix as defined 
by the company. A subsequent section will provide a complete 
analysis of Intd's semiconductor-related businesses, which accoiuited 
for a combined total of about $4.0 billion, or 84 percent of its 1991 
revenue. 

The first product segment, microcomputer chip sets, feeds the bulk 
of Intel's growth, 65 percent of 1991 revenue or about $3.1 billion 
(see Figure 3). This segment includes semiconductors and integrated 
modules as building blocks for computer systems ranging from 
desktops to floortops to portables. Specifically, this segment includes 
the following products: 

• Computer microprocessors, the central control imits used for 
computer sj^tems, now primarily focused on 32-bit 80x86 proces
sors (that is, 386, 486, and P5). Also includes the older 16-bit 
80x86 processors (8088/86/286) and the i860 processor for super-
computing and graphics. 

• Microperipherals, which work directly with the microprocessors 
to handle specific I /O and processing functions. Intel's sales here 
are dominated by math coprocessors but also include PC core 
logic chips, network controller chips, multiinedia, and nuxiem 
chips. 

• SRAM memory and CPU/cache modules (sold for the 486DX-50), 
which accoimt for a small cunount of revenue but represent a 
strategic technology for integration with the CPU. 

Embedded control solutions, the second semiconductor business 
•» area, accounted for about $900 million (19 percent) of 1991 revenue. 

This business segment includes components used in various em.bed-
ded applications such as laser printers, communications systems, 
and automobiles. This segment spreads out the use of Intel compo
nents as the core of intelligent noncomputer electronic systems. 
Specifically, this segment includes the following products: 

• Microcontrollers, which represent the largest revenue source for 
this product segment, integrate microprocessor and memory tech
nologies on one chip and include the 8048, 8051, and proprietary 
MCS-96 families of components. 

• Nonvolatile memory/logic, which permanently store control pro
grams, includes Intel's line of EPROMs, flash memory devices, 
and PLD devices. 

• Embedded microprocessors, the processors used to control the 
actions and data flow in noncomputer applications, include the 
i960 family as well as the embedded versions of the 80x86 family 
(80186/188/376). 

Microcomputer systems, a nonsemiconductor business area, 
accounted for about $800 million of Intel's 1991 revenue. This busi
ness segment supports the proliferation of the other two segments, 
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Figures 
Intel Sales, by Product Segment 

Microcomputer -^^^ ^ 
Systems ^'~yi^ 
(16%) X 

i Embedded ^ \ ^ 
1 Control ^ 
1 Solutions j ^ 
\ ( 1 9 % ) ^ ^ 

Microcomputer 1 
Chip Sets M 

(65%) M 

Total = $4.78 Billion 

Source: Dataquest (September 1992) 62000462 

creating and manufacturing systems designed around Intel compo
nents at both the commodity level (PC motherboards) and leading 
edge (supercomputers). Specifically, this segment includes the 
following: 

• PC motherboards, based primarily on Intel microprocessor and 
I /O components, are manufactured by Intel for (DEMs such as 
Digital Equipment Corporation. 

• PC enhancement products, which are sold through retail com
puter stores, include add-in adapter boards (memory, fax/modem, 
network controllers), PCMCIA cards (memory, fax/modem), and 
component upgrades (math coprocessors, overdrive processors). 

• Supercomputer systems, ultra-high-performance computers utiliz
ing massively parallel processing primarily for scientific and engi
neering problems, are designed around Intel's i860 microprocessor 
and sold directly to large end users. 

• Software products, which include microcomputer operating S5rs-
tems (iE?MX real-time kernel for industrial control applications), 
development/debug support tools, and high-level networking 
software support. 

Key Capabilities and Competencies 
Intel to date has been successful in optimizing its four key 
capabilities aroimd its product mix to leverage its position as the 
incxuxibent king of microprocessors. 
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The first of Intel's four key capabilities is proprietary architectures. 
Leveraging the momentum of the IBM PC legacy, Intel pushes 
leading-edge performance and integration while maintaining pull-
through 80x86 compatibility. The 80x86 microcomputer architecture 
is the most widely used in the industry, representing more than 
80 percent of the PC iinits shipped. Intel works closely with major 
software vendors to ensure that the 80x86 family maintains the 
largest complenaent of operating systems and application packages 
available. Intel also maintains two proprietary RISC microprocessor 
architectures, the i960 for the 32-bit embedded processing market 
and the i860 for supercomputers and graphics/imaging subsystems. 

Intel's next emphasis is advanced process and manufacturing tech
nology. Intel's strength in manufacturing capability is underscored 
by its enormous capital investment (nearly $1 billion in 1991) used 
for continually upgrading facilities. Intel's process technology devel
opments have enabled it to double the number of transistors it can 
integrate on one chip about every 18 months since the early 1970s. 
Its strategy is to gain a twofold leverage from the following 
leading-edge processes: 

• Enable state-of-the-art products not possible or economical 
without the investment in fabrication expertise 

• Lower luiit cost through smaller die sizes and higher yields 
as older products become commodities, affording them higher 
margins 

Intel's third key capabiUty is design technology, where it has long 
been recognized that design time is a bottieneck in bringing new 
chips to the market. Intel's level of design technology is reinforced 
by its continued high spending in R&D, which represented 13 per
cent of total sales in 1990 and 1991. As a result, Intel expects to 
reduce its time to market for next-generation chips while signifi-
cantiy increasii^ their complexity. Thus, as the P5 is introduced in 
early 1993, the P6 generation should be out in mid-1994 and the P7 
in early 1996. 

Intel's fourth key capability is service and support As with most 
major companies, service is a key element in the overall marketing 
mix. At Intel, the differential advantage focuses on extensive docu
mentation, training programs, and hardware/software development 
tools that make its components easy to design with. 

Marketing Strategy and Alliances 
Though not included imder key capabilities, another key Intel 
strength is its marketing program, which is an integrated mix of 
brand promotion, competitive counterattacks, and high-impact 
product introductions. Combined with its position in the 80x86 
microprocessor market, Intel delivers the image of leadership within 
the PC industry through its marketing programs. 

Intel's brand promotion program has been aimed at increasing the 
awareness of its brand products and their advantages at the end-
user level. To date, more than 340 manufacturers have participated 
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in the "Intel Inside" cooperative advertising program. Intel hopes to 
use this program to develop preference for PCs with Intel micro
processors because of their absolute compatibility, upgradability 
paths, and other features. 

Intel has also begun strengthening its relationships with k ^ cus
tomers and third parties because it faces increasing competition on 
its mainstream microprocessors. As a result, Intel is forming more 
and more strategic alliances, such as its recent cross-licensing agree
ment with VLSI Technology. This agreement establishes a program 
for developing highly integrated 386-based proce^ors for the hand
held market through a vendor that leads in PC logic chip sets and 
excels in customization services. In addition, it focuses VLSI's devel
opment and marketing efforts on Intel's microprocessors, rather than 
on AMD, Cyrix, or others. 

Intel's 1992 alliances were as follows: 

• VLSI Technology and Intel entered into a cross-licensing and 
equity exchange agreement (Intel now owns 16 percent of VLSI) 
to design integrated 386-based products primarily for the hand
held market. 

• IBM and Intel entered into a licensing agreement for IBM's XGA 
graphics architectiue in which Intel will integrate XGA featiues 
into IBM's multimedia and microcomputer products. 

• Defense Advanced Research Projects Agency (DARPA) and Intel 
annotuiced a joint research program to produce a 1-teraflop-level 
supercomputer system. 

Intel's 1991 alliances were as follows: 

• IBM and Intel jointly announced the formation of the Noyce 
Development Center, a 100-engineer design center to develop 
very highly integrated 80x86 microprocessors. 

• Digital and Intel entered into an agreement in which Digital 
would introduce a new family of PC products based on Intel 
386/486 microprocessors and manufactured by Intel. 

• NMB Semiconductor and Intel entered into a supply agreement 
in which NMB will turn one of its plants into a flash memory 
foundry (for die only) dedicated to Intel. 

• Pacific Bell and Intel signed an agreement to market network 
integration services and equipment in conjunction with Pacific 
Bell's Data Communications Group. 

• Tartan Laboratories and Intel's military division signed an agree-
nient to jointly market Tartan's i960 ADA conipilation system. 

In 1990, IBM and Intel entered into an agreement providing Intel 
exclusive rights to its parallel interface (PI) bus interface imit, cur
rently used in IBM's Common Avionics Modules. 
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Intel's 1989 alliances were as follows: 

• AT&T, Convergent Technologies, Ing. C. Olivetti S.p.A., Prime 
Computer, and Intel announced a joint engineering effort to 
create a multiprocessing version of UNIX for the i860. 

• AT&T Microelectronics and Intel signed a five-year agreement to 
provide OEMs with an array of products supporting ISDN and 
LANs from a common source. 

• (DARPA) and Intel signed a $7.6 milhon research agreement to 
develop protot3^s of a CRAY-1-level supercomputer. 

• IBM and Intel signed an agreement in which Intel would 
develop an MCA board to utilize DVI for the IBM PS/2 
computer. 

Company Organization and Operations 

Intel is organized around a business unit structure (see Figtue 4) that 
focuses on the development and marketing of its product segments 
while relying on centralized departments for aU of the support func
tions including manufacturing, sales, finance, and administration. 
There are five product groups, four of which focus strictly on one 
product segment while the fifth splits attention between two product 
segments. At the top is an executive office shared by Chairman 
Gordon Moore, President Andy Grove, and Executive Vice President 
Craig Barrett. As the company's chief strategist and visionary, Andy 
Grove maintains the most visible role of the three executives in shap
ing Intel's direction. Craig Barrett, currently positioned as the heir-
apparent, primarily focuses on day-to-day operations. 

Development of the 80x86 product line is split between two separate 
operating groups based on both product and market focus, the first of 
which is the Microprocessor Products Group. This group is responsible 
for the development of high-performance 80x86 processors targeted 
primarily for office systems (PC desktops, workstations, and servers). 
The group is headed by Paul Otellini and Albert Yu, both vice presi
dents who share the general manager position. Specific products tmder 
this group include the following: 

• i486 product line (SX, DX, and other desktop versions) 

• Future 80x86 architectures including P5 (due out in the first quarter 
of 1993), P6, and Y7 

Intel's second 80x86 group is Entry-Level Products, which is responsi
ble for development of highly integrated 80x86 microprocessors and 
standard microperipheral chips used to manufacture mainstream PC 
systems. This group is headed by Mike Aymar, vice president and 
general manager. Specific products under this group include the 
following: 

• Intel's SL product l ine of integrated architectures, inc luding i386SL 
and H 4 C (486SL) 
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Figure 4 
Intel Organization Structure 
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Source: Dataquest (September 1992) GEDD0483 

• Core logic chip sets including EISA, cache controllers, PCI, and 
other related chips 

• I /O modules including Intel's ExCA (Exchange Cards) and other 
I/O chips and adapters 

Multimedia and Supercomputing Component Products was formed in 
May 1991 to pursue non-80x86 architectures that extend the cturent 
bounds of computing. This group is headed by Ken Fine, vice presi
dent and general manager. Specific products under this group include 
the following: 

• Digital \^deo Interactive (DVI) product line (1750 series) 

• i860 family of supercomputer microprocessors 

• i960 family of embedded microprocessors 

The Intel Products Group is actually a collection of separate divisions, 
each focused on a difî erent line of Intel-branded components, 
software, or systems. This group is headed by Frank Gill, senior vice 
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president and general manager. Included in this product group are the 
following divisions and specific products: 

• PC Enhancement Division, which includes adapter products such as 
fax/modems and network controllers 

• End-User Components Division, which includes math coprocessors 
and overdrive processors 

• OEM Products Division, which includes multibus products, iKMX 
software, and PC platforms 

• Supercomputer Systems Division, which includes the iPSC/860 
supercomputer products 

• Networks and Services Division, which includes other deliverable 
software and services 

The Semiconductor Products Group is responsible for the development 
of nonvolatile memories, microcontrollers, and related products. This 
group is headed by Robert Reed, senior vice president and general 
manager. Specific products under this group include the following: 

• Nonvolatile memories, which includes standard EPROMs and flash 
products 

• Microcontrollers, which includes 8048, 8051, and MCS-96 families 

Sales Channels and Distribution 
Most of Intel's products are sold or licensed directly to OEMs 
through a network of 68 sales offices located in 20 nations. Intel 
also uses distributors and representatives to sell products indirectly 
to smaller OEMs and end users. Intel's sales channels and distribu
tors are managed directly by a centralized sales department. 

In North America, Intel maintains 43 direct sales offices; 39 are 
located throughout the United States and 4 are in various parts of 
Canada. Intel also has the following distributors throughout the 
United States and Canada: 

• Alliance Electronics 

• Abnac Electronics (United States and Canada) 

• Arrow Commercial Systems and Arrow/Schweber (United States 
and Canada) 

• Avnet Computer and Hamilton/Avnet Electronics (United States 
and Canada) 

• MTI Systems 

• North Atlantic Industries 

• Pioneer-Standard and Pioneer Technologies Group 

• WYLE Laboratories 

• Zent ron ics (Canada only) 
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In Europe, Intel has 9 direct sales offices and 28 distributors pro
viding complete regional coverage on a coimtry-by-country basis. 
EHrect Intel sales offices are located in the following countries: 

• Germany 

• United Kingdom 

• France 

• Italy 

• Sweden 

• Finland 

• Netherlands 

• Spain 

• Israel 

In Japan, Asia, and the Rest-of-Word (ROW), Intel maintains 
16 direct sales offices and a host of distributors. Direct Intel sales 
offices are located in the following countries: 

• Japan (7) 

• Australia (2) 

• Brazil 

• China 

• Hong Kong 

• India 

• Korea 

• Singapore 

• Taiw ân 

Manufacttiring Plants and Subsidiaries 
Intel operates 10 major manufacturing facilities throughout the 
world, 6 in the United States, 1 in Europe, and 3 in ROW. Intel 
also has 25 subsidiaries throughout the world, 20 of which are 
direct sales/service operations in various countries. TTie other 5 
are primarily holding companies or acquisitions and include Intel 
Electronics Ltd. (United States), Intel International Inc. (United 
States), Intel Investment Ltd. (United States), Intel Overseas Corpo
ration (United States), Intel Puerto Rico (Puerto Rico), and Jupiter 
Technology Inc. (United States). Table 2 lists the locations and 
describes the major semiconductor fabrication facilities. 

Intel closed its oldest fobrication facility, located in Livermore, 
California, in the third quarter of 1991. This 17-year-old facility was 
reportedly last used for producing 386 microprocessors; its dosing 
was delayed by more than a year because of parts shortages. 

MCRO-SEG-VP-9201 ©1992 Dataquest IncotpoialBd September 7,1992 



3 
S" 

Table 2 
Intel Semiconductor Fabrication Facilities 

§ 

Plant Location 

Aloha, OR 

Chandler, A 2 

Jerusalem, Israel 

Rio Rancho, NM 

Santa Clara, CA 

Fab Name 

Fab 4 

DKFab 5) 

Fab 6 

Fab 8 

Fab 7 

Fab 9.1 

Fab 9.2 

Fab 9.3 

Fab 1 

Rl» 

D2» 

FED* 

Began 
Operating 

1981 

1987 

1984 

1985 

1984 

1988 

1991 

1992 

1987 

1986 

1989 

NA 

Technology and 
Products Produced 

High-volume commodity, logic 

MPU: 386, 486, SRAM, logic 

MCU, MPU: 286, 186 

MPU: 286, 386 

EPROM, MCU: military standard 

MPU: 386, 486 

MPU: 486, EPROM 

MPU: P5, EPROM 

EPROM, flash, MCU, logic 

NA 

EPROM developntent 

NA 

NA > Not available 
Notes: All fab facilities are full production unless noted witii an asterisk (*). All process technology used Is CMOS unless noted under 
Source: Dataquest (September 1992) 
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Intel is spending more than $1 billion a y&a in plant and capital 
equipment to build new fabrication plants and refurbish existing 
ones. This investment is focused on development of the following 
facilities: 

• Aloha, Oregon DIA Fab: Intel started construction in June 1991 
and plans to bring this Polity on-line in the second quarter of 
1993. This 430,(K)0-square-foot facility will cost $2(X) million to 
$3(X) million and will offer capabilities of running 8-inch wafers, 
from 0.6 to 0.35 {im, aimed at supporting the P5 and future pro
cessors. The present Dl facility will simultaneously be converted 
to 0.6 |im and 8-inch wafers. 

• Dublin, Ireland: Intel will spend about $5(X) million to build this 
state-of-the-art fecility to support the European niarket. This plant 
is scheduled to go on-line by the end of 1992. 

• New Mexico: Intel is reportedly expanding fab lines to accommo
date the P5 as it goes into volume production. 

Intel also op>erates the following manufacturing plants for compo
nent and board-level assem.bly operations: 

• Hillsboro, Oregon: Memory boards and microcomputer sj^tems. 

• Las Piedras, Puerto Rico: Memory boards and microcomputer 
systems. 

• Leixlip, Ireland: Memory boards and microcomputer sjrstems. 

• Manila, Philippines: Component assembly and final testing. 

• Penang, Malaysia: Component assembly and final testing. 

Adding to its list of operations, in 1991 Intel acquired the Network 
Products Division of New York-based LANSystems Inc as a part of 
an ongoing thrust into the market for LAN software and hardware. 
In 1990, Intel acquired Jupiter Technology, a supplier of data com
munications computers, operating S3^tems, and networking products, 
to broaden its technology and offerings in the connectivity market. 

Financial Performance and Conditions 

Five-Year Financial Highlights 
Over the last five years, Intel's revenue has continued to grow at 
an industry leading pace with a five-year compound annual growth 
rate (CAGR) of 20 percent (see Figure 5), Despite increasing compe
tition in its primary product segments (386/486 microprocessors), 
Intel still enjoys healthy financial growth and is expected to turn in 
about 15 percent growth in revenue for 1992. 

Net income has generally kept pace with revenue growth, with the 
exception of 1989, when a slowdown in revenue growth resulted in 
a decrease in net income (see Table 3). This is a direct result of the 
high gross margins Intel is able to sustain because of its monopoly 
in the 386/486 microprocessor market, which is just now coining 
into fierce com^petition. As a result, average selling prices have 
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Figure 5 
Intel Historical Growth 
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Table 3 
Intel's Five-Year Financial Summary 

Revenue ($M) 

Growth Rate (%) 

Cost of Sales ($M) 

Gross Margin (%) 

Net Income ($M) 

Net ROS (%) 

Total Employees 

Sales/Employee ($) 

Total Equity ($M) 

Return on Equity (%) 

R&D Expenses ($M) 

Percent of Sales 

Capital Expenses ($M) 

Percent of Sales 
Total Assets ($M) 

1987 

1,907 

51 

1,044 

45 

248 

13 

19;200 

99,323 

1,276 

19 

260 

14 

302 

16 

2,499 

1988 

2,875 

51 

1,506 

48 

453 

16 

20,800 

138,221 

2,080 

22 

318 

11 

477 

17 

3,550 

1989 

3,127 

9 

1,721 

45 

391 

13 

21,700 

144,101 

2,549 

15 

365 

12 

422 

13 
3,994 

1990 

3,921 

25 

1,930 

51 

650 

17 

23,900 

164,059 

3,592 

18 
517 

13 

680 
17 

5,376 

1991 

4,779 

22 

2,316 

52 

819 

17 

24,600 

194,268 

4,418 

19 

618 

13 

948 

20 
6;292 

Source: Dataquest (September 1992) 
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eroded significantiy and Intel is expected to see a drop in gross 
margins for 1992. 

Intel has seen its most dramatic changes in productivity, as indi
cated by the sales per employee ratio climbing from $99,000 in 1987 
to more than $194,000 in 1991. Intel has been investing in the tools 
that are critical to enabling high productivity, primarily those used 
in design and development, lliese tools reduce the time to com.-
plete design tasks and thus reduce work hours per design and time 
to market. Intel also runs on a highly disciplined structure where 
planning is an essential element, decision-making is done quickly, 
and people are encouraged to take risks to move ahead. 

Comparison to Industry Conditions 

In comparison to other large semiconductor companies, Intel has 
exhibited nothing short of stellar performance from a financial operat
ing standpoint. Intel revenue grew 250 percent from 1987 to 1991 (see 
Table 4). In comparison, AMD's revenue grew 23 percent, TI's 17 per
cent, Motorola's 168 percent, and National's 71 percent. 

Intel's profitability and productivity ratios also stand out, again stem
ming from higher-than-average gross margins, which led the industry 
at 52 percent. Intel led the industry in 1991 in return on sales (net 
income) and return on equity. However, its most dramatic lead is in 
sales per employee, which reached an all-time high in 1991 of 
$194,(XX), nearly twice that of the competition. 

Table 4 
Comparative Industry Financial Conditions 

1987-1991 Revenue 
Growth (%) 

Gross Profit Margin* (%) 

Rehim on Sales* (%) 

Return on Equity* (%) 

Sales/Employee* ($K) 

Sum of 1989-1991 R&D 
Expense ($M) 

Sum of 1989-1991 
Capital Expense ($M) 

Total Revenue* ($M) 

Semiconductor 
Revenue* (%) 

Intel AMD 

250 

52 

17 

19 

194 

1,500 

2,050 

4,779 

84 

23 

46 

12 

19 

109 

620 

609 

1,227 

100 

Company 

TI 

17 

17 

-6 

-21 

108 

1,600 

2,276 

6,784 

40 

Motorola 

168 

36 

4 

10 

111 

2,893 

3,701 

11,341 

34 

National 

71 

24 

-9 

-23 

57 

703 

570 

1,702 

94 1 
*1991 calendar year. 
Source: Dataquest (September 1992) 
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Intel has been investing heavily in R&D and capital equipment, posi
tioning itself as a world-class semiconductor manufacturer. When 
investment expenses accumulated over the last three years are com
pared, Intel is in the middle in total R&D expenses and capital 
expenses. However, for the semiconductor business segment, if it is 
assumed that these expenses are allocated as a percentage of revenue, 
Intel is probably the leading U.S. semiconductor investor in both 
categories. 

Semiconductor Business Analysis 
This section will focus on analj:2dng the position, opportunities, and 
threats for Intel's $4.0 biUion semiconductor business segments. After 
providing an overview of the semiconductor market, our discussion 
will divide into three major areas: the 80x86 microprocessor, other 
microcomponents, and memories. 

Semiconductor Market Outlook 
The worldwide semiconductor market represented a $60 biUion 
business in 1991 and is forecast to grow 58 percent over the next 
five years, reaching about $95 billion by 1996 (see Table 5 and 
Figure 6). The market can be divided into six product-type seg
ments: MOS microcomponents, MOS memory, MOS logic, analog, 
bipolar digital, and discrete/optoelectronic. The first five of these 
segments comprise the integrated circuit (IC) subset; the first three 
comprise the MOS digital subset. All segments except bipolar digi
tal are projected to grow over the next five years, with the stron
gest growth coming in MOS microcomponents and MOS memory, 
the two areas Intel competes in. 

MOS microcomponents represent the brainpower behind most elec
tronic devices performing data processing, numerical calculations, 

Table 5 
1991 Worldwide Revenue, Top 10 Vendors 
in Total Semiconductors 

Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Vendor 

NEC 

Toshiba 

Intel 

Motorola 

Hitachi 

Texas Instruments 

Fujitsu 

Mitsubishi 

Matsushita 

Philips 

Total Worldwide Revenue 

Revenue ($M) 

4,774 

4,579 

4,019 

3,802 

3,765 

2,738 

2,705 

2,303 

2,037 

2,022 

59,694 

Share (%) 

8.00 

7.67 

6.73 

6.37 

6.31 

4.59 

4.53 

3.86 

3.41 

3.39 

100.00 

Source: Dataquest (September 1992) 
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Figure 6 
Semiconductor Market Overview 
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Table 6 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microcomponents 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Motorola 

NEC 

Hitachi 

Mitsubishi 

Total Worldwide Revenue 

Revenue ($M) 

3,578 

1,171 

1,149 

583 

543 

11,867 

Share (%) 

30.15 

9.87 

9.68 

4.91 

4.58 

100.00 
Source: Dataquest (September 1992) 

and I /O control functions. Intel holds the dominant position in the 
MOS microcomponents segnient, turning in $3.6 billion of the total 
$11.8 billion potential, or a 30 percent market share (see Table 6). 
The only two competitors close to Intel are Motorola and NEC, 
each with a 10 percent share and each less than one-third Intel's 
size in microcomponents. 

Microcomiponents comprises three related subsegments: microproces
sors, microcontrollers, and microperipherals. Intel is the kingpin of 
microprocessors, taking $2.5 billion or nearly two-thirds of this 
$3.9 billion market (see Table 7). More than 95 percent of this 
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revenue results from the 80x86 family of microprocessors, and 
nearly 95 percent of this 80x86 revenue comes from the 32-bit 
386/486 generation of processors. Microprocessors will be the 
growth leader in MOS microcomponents and will be Intel's market 
to lose over the next five years. 

Intel is also the leader in MOS microperipherals with a 20 percent 
market share—^$650 million of this $3.2 billion segment (see 
Table 8). Its largest contributor is the math coprocessor, which 
accounts for some $300 million in revenue completely tied to the 
80x86 market growth, as are most of Intel's microperipheral sales. 
The math coprocessor portion of this market will go away over the 
next few years but in turn will lead to further growth in the 
microprocessor market as the function is absorbed inside the CPU. 

Ranking fourth in MOS microcontroller revenue, Intel finds itself 
catching up in the race for microcontrollers (see Table 9). Because 
the largest portion of microcontroller shipments are consumed in 
Japan, its not surprising that NEC is the leading vendor, followed 
by several other Japanese vendors. However, second-ranked Motor
ola is actually Intel's top competitor and will give it a tough fight. 

Table 7 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microprocessors 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Motorola 

AMD 

National 

Hitachi 

Total Worldwide Revenue 

Revenue ($M) 

2,504 

363 

327 

81 

76 
3,893 

Share (%) 

64.32 

9.32 

8.40 

2.08 

1.95 
100.00 

Source: Dataquest (September 1992) 

Table 8 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microperipherals 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Western Digital 
Motorola 

Texas Instruments 

NEC 

Total Worldwide Revenue 

Revenue ($M) 

650 

209 

194 

194 

192 

3,219 

Share (%) 

20.19 

6.49 

6.03 

6.03 

5.96 

100.00 
Source: Dataquest (Septemt)er 1 
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Table 9 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Microcontrollers 

Rank 

1 

2 

3 

4 

5 

Vendor 

NEC 

Motorola 

Mitsubishi 

Intel 

Hitachi 

Total Worldwide Revenue 

Revenue ($M) 

860 

574 

463 

424 

364 

4,427 

Share (%) 

19.43 

12.97 

10.46 

9.58 

8.22 

100.00 

Source: Dataquest (September 1992) 

Table 10 
1991 Worldwide Revenue, Top 5 Vendors in 
MOS Nonvolatile Memories 

Rank 

1 

2 

3 

4 

5 

Vendor 

Intel 

Sharp 

NEC 

AMD 

Toshiba 

Total Worldwide Revenue 

Revenue ($M) 

311 

306 

258 

237 

226 

3,071 

Share (%) 

10.13 

9.96 

8.40 

7.72 

7.36 

100.00 

Source: Dataquest (Septemt>er 1992) 

MOS memory provides exacUy w ĥat its name suggests, data reten
tion capabiUty for digital S5^tems, and can be divided between 
volatile and nonvolatile types. Intel does not hold a significant 
share of the overall MOS memory market. However, it is the leader 
in nonvolatile memories (see Table 10), a $3.1 biUion segment of 
this market. Volatile memories are the bulk (more than 75 percent) 
of the market, which is further divided between DRAMs and 
SRAMs. Intel invented the commercial DRAM and developed tech
nology all the way to the 1Mb level before deciding to exit the 
market in 1985 because of its commodity nature, low margins, and 
the high capital investment required. Intel does produce some 
SRAMs, primarily for military use and use with its high-end micro
processors, though these are not of financial consequence to the 
company. 

Intel's 80x86 Microprocessor Business 
Intel has had four generations of upward-compatible microproces
sors since the 80x86 family was first introduced (see Table 11). The 
original 8086 introduced by Intel in 1978 had 29,000 transistors 
(then state-of-the-art), ran at under 5 MHz, had a die size of 
51,000 square mib, and initially sold for nearly $200 (now a 
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Table 11 
Intel 80x86 Product Line 

Microprocessor 

8086 

8088 

80286 

80386SX 

80386DX 

80386SL 

80486SX 

80486DX 

80486DX2 

P5 ("586")* 

Introduction 
Date 

1978 

1979 

1982 

1988 

1985 

1990 

1991 

1989 

1991 

1992 

Word 
Widtii (int-ext) 

16-16 

16-8 

16-16 

32-16 

32-32 

32-16 

32-32 

32-32 

32-32 

32-64 

Transistor 
Count (K) 

29 

29 

130 

275 

275 

855 

1,185 

1,200 

1,200 

3,100 

Perform 
Range (m 

8 

'Estimated parameters 
Source: Dataquest (September 1992) 

S 
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$6 part). Now the 80486 has 1.2 million transistors, runs up to 
50 MHz, has a die size of 261,000 square mils, and initially sold 
for nearly $800. What these parts have in common is the power of 
compatibility with more than 10,000 software applications, with 
chips and systems cloned by anyone that can mkke them. This 
power has driven 80x86 microprocessor volumes to more than 
50 million units per year, with increasing ASPs that have made the 
cloning of this golden goose a very hot target. 

Intel makes nearly 95 percent of its 80x86 revenue from its 
proprietary 386/486 products (see Figure 7). The 80x86 market was 
originally opened through second-soiure licensing agreements, 
pushed by IBM as a result of its selecting the 8088 for its PC The 
scene changed after growing critical mass in the market, using the 
early 8088 and 80286 processors, both of which were widely 
second-sourced. Intel introduced the 32-bit generation of 80x86 
processors with the intent to grow its business around a family of 
single-sourced, upward-compatible processors that would eventually 
reach workstation performance. 

As of 1991, Intel had only about 50 percent of the 80x86 unit 
volume (see Figure 8) but took an estimated 85 percent of the total 
revenue. A rapid decline is beginning for the 16-bit 80x86 proces
sors (8086/88 and 286 generations), except the integrated versions 

Figure 7 
Intel 80x86 Revenue Breakdown 

Source: Dataquest (September 1992) GSD0MS6 
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such as the 80186 arid Chips and Technologies' PC-Chip, which will 
continue to grow in embedded and hand-held devices. These pro-. 
cessors were the lifeblood of the 1980s' PC, which is now domi
nated by the 386/486 generation. However, these proprietary 
products face competition from two angles: direct 386/486 clones 
and the various members of the RISC camp. 

From the RISC front, there is only one viable long-term competitor 
to the 80x86 family, the PowerPC from the IBM-Motorola-Apple 
alliance. It has a large pull component from joint systems marketing 
by Apple and IBM, excellent design expertise from IBM and 
Motorola, plenty of manufacturing muscle from Motorola, and 
planned strong mainstream operating systems development from the 
roots of the Macintosh. The primary problem with the other RISC 
camps, including MIPS, SPARC, PA-RISC, and ALPHA, is lack of 
critical mass from system vendor support, lack of mainstream oper
ating systems, or both. 

As for the 386/486 clones, imtil last year Intel had 100 percent of 
the market, but after AMD's successful entry in 1991 the scene has 
changed. The following sections discuss competitive positions. 

AMD 
AMD entered the market in the second quarter of 1991 with exact 
copies (including microcode) of the 386DX and 386SX versions. Its 

Figure 8 
80x86 Microprocessor Market Share 
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strategy has been to use its "licensed rights" to Intel's intellectual 
property to reverse-engineer fully compatible clones of Intel's 
products, including microcode, and offer higher-speed grades at the 
same price Intel offers the standard speed grades. This strategy 
paid off initially as AMD attained about 15 percent of the 386 mar
ket by the end of 1991 and about 35 percent by the end of the 
second quarter of 1992. Keeping the momentum going, in January 
1992 the company preannounced plans for 486 clones to be sampled 

. in the third quarter and shipped in the fourth quarter. However, 
these plans were severely impacted in June 1992 when AMD lost 
a court battle over intellectual property rights (the 287 microcode 
case). It will suffer a significant setback because it mxist now 
forward-engineer its 486 clones, which wiU result in AMD moving 
them out to mid-1993 for shipments and taking away its "exact 
replica" advantage over other clones. AMD is expected to provide 
additional focus during 1993 on versions of 386 and 486 products 
for the portable market. 

Cyrix 

Cyrix entered the market in the second quarter of 1992 with a 
proprietary design representing a cross between the 486SX 
(instruction-set, cache) and 386SX and DX versions. Its strategy has 
been to forward-engineer its designs with 486 instruction-set com
patibility and attack the installed base of 386 designs and units, 
offering OEMs a pin-compatible option to upgrade their 386 system 
designs to 486s, and offering corporate end users the option to 
upgrade their installed 386s to 486s. Furthermore, Cyrix intends to 
do the same thing for the 486 ii^talled base as it starts releasing 
upscaled versions of its product line in the coming months. Having 
recently won a court battle contesting its rights to use SGS-
Thomson as its foundry, Cyrix is successfully growing its sales and 
will probably ship some 400,000 units by the end of this year, rep
resenting a growing threat to Intel. 

C&T 

C&T entered the market in the fourth quarter of 1991 with a com
bination of exact clones and proprietary enhancements to the 386, 
as well as a single-chip PC based on an enhanced 8086 core. Hav
ing suffered severe technical problems in addition to.poor financial 
health, C&T has announced its departure i^om the 386/486 clone 
race to pursue only integrated versions of the x86 family for hand
held and portable devices. In its current condition, it does not pose 
a real threat to Intel. 

Texas Instruments 

Tl announced that it will enter the market in the fourth quarter of 
1992 using the Cyrix design with intentions of following up with 
more highly integrated versions using its wide array of technolo
gies. Based on its manufacturing capabilities and widespread sales 
channels, Tl presents a potential long-term threat to Intel. However, 
its Umited microprocessor design expertise mitigates some of this 
threat 
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Nexgen 

Nexgen has preannounced plans for years to enter the market and 
now aims at a P5-like product, expected to be announced during 
the first quarter of 1993. Nexgen has an historical credibility 
problem to overcome in the industry and must align itself with an 
appropriate foundry for its parts. 

UMC 
UMC is working on a clone of the 486SX, expected to be intro
duced in the first quarter of 1993, having acquired design house 
Meridian Technology during 1991. With limited manufacturing 
muscle, a relatively low technology base, and limited sales channels 
(except in Asia-Pacific), UMC may have a difficult time sustaining 
its growth in this ultimately competitive arena. 

Other companies rumored to be working on 386/486 clone products 
include VM Technology, a Japanese company reportedly with fund
ing from Fujitsu; Seiko-Epson, which is working on a version of the 
486 primarily for captive use; and UT, a competitor in the math 
coprocessor arena working on a ^SSAype product with ultrahigh 
floating point performance. 

Intel's 80x86 road map for the future calls for a dual focus on both 
desktops and portables, delivered in concert with its central strate
gy. It has long believed that its ultimate marketing edge is to drive 
up available transistor count through process and design technology 
and use that transistor count to do the following: 

• Create leading-edge perfonnance (desktop focus). This direction 
will resvilt in the introduction of the P5 during the first quarter 
of 1993, a l(X)-inips class microprocessor with workstation-level 
floating point performance. Following this at 18- to 24-month 
intervals will be the P6 and P7, offering additional increases in 
performance level and multiprocessor support. 

• Create leading-edge integration (portable focus). This direction 
will result in the 486SL, a 486 equivalent to the 386SL providing 
the ideal match for color notebooks. Following this will be the 
386SC (single chip) class of devices, now being jointly developed 
with VLSI Technology. 

• Continually decrease manufacturing costs. This direction will 
result in continued shrinkage of existing 486 and SL lines of 
products, reducing the die sizes and thus costs, enabling Intel to 
offer high-end (relative to competition) performance and integra
tion at mainstream prices. 

• Continually increase barriers to entry. This direction will result in 
limiting the available foundry capacity to the industry because of 
the level of design and process technology required to be perfor
mance- or cost-competitive, creating a strategic weakness for fab-
less vendors. 

To maintain momentum in the marketplace, Intel uses a two-
pronged marketing strategy as a countermeasure to the insurgence 
of competition. First, extensive litigation is used to slow existing 
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competitors, discourage potential new connpetitors, and create anxi
ety within the market over using potentially illegal competitive 
products. Second, Intel is driving the PC market transition into its 
second-wave products (486 and SL versions) where end users gain 
better performance/features, competition is limited, and barriers to 
entry are much higher. Intel also intends to increase its brand 
preference through aggressive advertising of the "Intel Inside" 
concept and its "overdrive processor" upgrade programs. 

Inters Other Microcomponents 
Beyond the 80x86 product line, Intel has two other families of 
microprocessors, the i960 embedded microprocessor and the i860 
microprocessor. Together, these two families represented a combined 
total of about $25 million in business for Intel in 1991, or 1 percent 
of 80x86 revenue. Tlie i960 is beginning to pick up momentum and 
is winning designs in many embedded areas including communica
tion, X terminals, and laser printers. Having shipped about 250,000 
units in 1991, Intel claims it is on track to ship dose to 1 million 
units this year, a foiufold increase. Based on evidence at hand, we 
expect the i960 family to reach respectable business levels in two 
to three years. On the other hand, the i860 family is expected to 
remain a niche part for supercomputers and very high end graphic 
subs3^teins and to not provide a substantial revenue contribution 
for the foreseeable future. 

Most of Intel's microperipheral products are designed to be fuUy 
compatible with one of its microprocessors. As mentioned earlier, 
Intel's line of 80x86-compatible math coprocessors has accoimted for 
nearly 50 percent of the microperipheral revenue. With an estimated 
1991 market size of more than $350 million, 80x86 math coproces
sors are poised to head downward fast as the coprocessor function 
becomes integrated into the microprocessor, as it has in the 486 
generation of devices. Intel has maintained the lion's share of this 
market, taking more than 75 percent of the market, leaving the 
remainder to Cyrix, IIT, and others. Having planned this evolution 
of coprocessor integration, Intel has now switched its strategy to 
overdrive processors (microprocessors for field upgrades) and will 
supplant this microperipheral revenue loss with gains in micropro
cessor revenue. 

Among Intel's other microperipherals, PC chip sets—specifically 
high-performance versions—^have been a focal point. After the AT 
bus became mature and perfoixnance needs exceeded its capacity, 
the industry spawned the EISA (Compaq-driven) and MCA (IBM-
created) busses. Intel was the first to create compatible chip sets 
for these busses and remains the dominant vendor for each type. 
Unfortunately, the ISA bus remains the dominant standard and 
the others have not risen to great proportions. Thus PC chip sets 
represent a small contribution to the overall revenue (estimated at 
$100 million) and are expected to remain that way for the near 
future. 

Intel is the third largest producer of ethemet controller chips, pro
ducing high-performance versions for workstations, X terminals, 
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network routers/bridges, and high-end PCs, pelding some $25 mil
lion in revenue. Fax/modem chip sets, cache controllers, and its 
DVI line of multimedia controllers are examples of other minor 
revenue-producing microperipheral chips for Intel. Intel is expected 
to grow market share in eadi of these other areas as they become 
more central to its overall strategies. 

Microcontrollers will present Intel with its toughest challenge to 
maintain or grow market share. Currently ranked fourth, Intel will 
have to place a greater emphasis on these components to pose a 
threat to Motorola or the Japanese vendors. Its focus has been on 
the proprietary MCS-96 family of 16-bit microcontrollers, where it 
currently dominates, attempting to change the industry momentiun 
from 8-bit to 16-bit products. Though expected to continue success 
in the 16-bit segment. Motorola and other vendors will be attempt
ing to shift focus to 32-bit parts as a counter to Intel's strategy. 

Intel's Memory Business 
Intel's bent toward innovation has also paid off in memories, yield
ing it substantial revenue (more than $300 million in 1991) from its 
leadership in the nonvolatile market (which it invented) and from 
royalties on DRAM and SRAM products (well over $60 million 
since 1990). There also is potential exploitation of its flash products. 
Though Intel is now primarily a microcomponents company, its 
inventions in the memoiy area include the following: 

• The first DRAM (a 1Kb part in 1970) 

• The first EPROM (a 1Kb part in 1971) 

• The first high-speed MOS technology SRAM 

Ironically, Intel does not plan to pursue market share using any of 
its own original inventions in the memory business, but it will 
place its emphasis on flash memories, a device first conceived by 
Toshiba. 

Intel announced in 1990 that it would discontinue pursuit of 
EPROM developments to pursue the developm.ent of flash tech
nology. Intel leads the industry in flash technology and holds an 
85 percent market share in this subsegment of the nonvolatile mar
ket. In April 1992, Intel introduced the highest-density flash device, 
an 8Mb part, aggressively priced at $29 in low quantities. Intel also 
just entered an agreement to provide Sharp with rights to Intel's 
flash technology in exchange for Sharp building a $700 million 
facility for the production of Intel and Sharp flash memory 
products. This move may afford Intel a competitive manufacturing 
cost structure it has lacked in the past. 

Intel's vision for flash includes being able to overcome problems 
with endurance (cycles), write speed, and progranuiung voltage to 
produce the ideal memory that is nonvolatile, reads as fast as 
DRAM, writes quickly enough to keep up with an input write 
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buffer, and is scalable in density beyond that of any other technolo
gy. This means that the bulk of portable products could replace 
DRAM and magnetic storage with one t j ^ of solid-state memory 
product. Intel's argiunents carry enough weight that Microsoft has 
produced a HashFile sjrstem for its operating systems that supports 
the Intel SMb flash memories. Based on current momentum, Intel 
should gain market share in memories over the next five years, 
providing a positive contribution to its overall growth. 

Dataquest Perspective 

Inters strengths 

Strategically Balanced Product Mix 

Intel has gained leadership positions in all forms of computational 
systems and has structiu^ its participation toward maximum lever
age at each level. At the center is the PC, where the 80x86 family 
reigns supreme and Intel uses its microprocessor design and manu
facturing expertise on top of compatibility to offer a range of 
indiistiy-leading products with high revenue and attractive margins. 
At the low end are the hand-held devices where Intel will use its 
intellectual property and alliances with VLSI technology (integrated 
386 cores) and Sharp (flash memories) to proliferate large volumes 
with reasonable royalties. At the high end are supercomputer 
sjTStems where Intel develops and markets the complete system 
(including microprocessors) to gain high sales and margins in a 
low-volume business. In addition, Intel gains the technological syn
ergy from participating in all areas, enabling it to push supercom-
puting advances into the desktop or take desktop performance into 
a hand-held device. 

Strong Momentum in the PC Market 

Intel is the leader in microprocessors for PCs and can drive the 
transition toward microprocessors that result in higher performance, 
higher ASPs, and higher barriers to entry. This transition includes 
support by all the top PC manu&cturers, which includes very close 
relationships with IBM, which remains a steadfast customer and 
joint-developer of Intel's 80x86 processors; Compaq, which is a joint 
developer/tester at the S3rstems-level that dropped the MIPS/ACE 
initiative to focus on Intel's P5; NCR, which works directly with 
Intel on icmovative directions in servers and pen-based systems; 
Digital, which entered into an agreement for Intel to manu&cture 
its systems; and all major Japanese vendors including Toshiba, NEC, 
and Epson, which have remained 100 percent Intel houses. 

Leader in 80x86 Microprocessor Products 

Intel maintains the leading position in performance, integration, and 
product breadth. With planned R&D investment of $800 million per 
year, 75 percent of which ($600 million) will directly apply to the 
80x86 product line, Intel will most likely maintain this lead. Adding 
to this, Intel's joint development programs with IBM and VLSI 
technology for highly integrated processors will also strengthen its 
position. Furthermore, Intel's relentless pursuit of intellectual 
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property protection using the legal system presents an additional 
financial drain to many smaller would-be doners. 

Strong Process and Manufacturing Capabilities 

Intel was yielding 1-milIion-transistor processors (486) two years 
before the competition and began producing a 2.5-million-transistor 
chip (i860XP) more than one year ahead of any others. As competi
tion begins to form by pairing innovative fabless design companies 
with large semiconductor manufacturers, Intel will have the cost 
advantage of vertical integration. We believe that Intel has a signifi
cant advantage in manu&cturing technology for logic products, 
which will give it an edge for the next several years. 

Leader in Flash Memory Products 

Intel's focus on flash technology, its partnership with Sharp, and its 
captive ExCA marketing program for portable PCs and hand-helds 
will keep it ahead of the market for some time. 

Leader in Supercomputer Performance 

Intel's move into the supercomputer business strengthens its ability 
to design leading-edge microprocessors, especially as the move into 
an era of multiprocessor systems begins. 

Intel's Weaknesses 

Strategic Shift Upcoming in the PC Market 

The first PCs came from IBM. Then vendors produced I6M-
com.patibIe PCs—clones of the complete system design. Then Intel 
drove the transition to PCs that were 80x86-compatible, clones of 
the instruction-set architecture, starting with the Compaq 386. Now 
Microsoft is driving the transition to PCs that are Windows-
compatible, clones of the operating system environment, starting 
with the MIPS/ACE environment. As we enter the mid-1990s, this 
paradigm will be in full swing with users purchasing VN^dows NT 
S5rstems or PowerOpen systems on various microprocessor-based 
systems. Though the 80x86 family has the most operating system 
support of any microprocessor, the loss of instruction-set compatibil
ity as a requirement will level the playing field and enable compe
tition to grow where a monopoly once was. 

Lack of PC Systems Profitability 

The same power that created demand for more than 100 million 
installed 80x86-compatible PCs has resulted in lack of differentiation, 
weak prices, and thus low profits for nearly all vendors in the PC 
industry. Though stuck for now in the mode of moving low-margin 
undifferentiated PCs, many of these vendors must change to remain 
financially viable for the long term. This means either using a 
differentiated approach with a non-Intel 386/486 product, or moving 
to a RISC architecture with an upscale pricing structure. 

Growing 80x86 Competition 

As the lure of high profits draws more competitors into the 386/ 
486 clone game, Intel's product monopolies become shorter emd 
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harder to defend. In the past, Intel's product positioning left holes 
in its product line, such as 25-MHz 386SXs. Existing and future 
holes are prime targets for competition looking for differentiation 
among the compatibility. Furthermore, the period over which Intel 
can monopolize the market will shrink and increase pressure on 
time-to-market of next-generation products. 

Weak Products in PC Microperipherals 
CXitside of math coprocessors, Intel has had problems developing a 
strong line of support chips. This includes failiues in PC core-logic 
chip sets (it was reselling ISA chip sets from VLSI Technology), 
graphics controllers (82786 and various VGA controllers), and its 
early DVI chip sets. 

Summaiy and Outlook 
Intel's futiu^ depends on leveraging its strengths in the semicon
ductor business segments, particularly the 80x86 microcomputer chip 
sets. It was clearly evident during 1991 that the future for the 
80x86 class of processors will be a competitive arena filled with 
Intel, AMD, and others. Intel intends to migrate desktop computers 
to the increasingly fast 486s (and soon to be P5s) and portables to 
the increasingly integrated SL line of 386s (and soon to be 486s). 
Dataquest beUeves that Intel has the power to make this happen by 
1993, which will impose increasingly high barriers to competition. 
However, as Intel repositions its products to maintain market share, 
it will begin to lower its gross margins and thus some of its 
revenue growth will come at the expense of profits. 

Using the projected growth of the microcomponent and memory 
segments and assxuning Intel's market share remains constant over 
the next five years, its semiconductor revenue should grow 85 per
cent or from $4.0 billion to $7.4 billion. Based on the current envi
ronment, this is a likely scenario because we believe that Intel will 
maintain market share in microcomponents while slightly growing 
its share in memories over the next five years. Assuming an eqmv-
alent growth rate for its nonsemiconductor businesses, Intel could 
see a $10 billion business by the end of 1997. 
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In This Issue... 

Market Analysis 

Low-End Processors H/binbin Their Ground 
Although fhsy aie all more than 10 years old, 
early 8-bit architectures remain alive in the 
heart of many obscure applications. This artide 
examines the changes taking place and the 
competitive positions of the participating 
vendors. 
By Ken Lowe Page 1 

Market Analysis 

Low'End Pmcessois MaintaiB Their 
Ground 
Microprocessors have shaped tihe architectures 
for all electronic devices and continue to push 
the features and performance for all given appli
cations. Though tiie Intel 4004, a 4-bit device, 
was the first product referred to as a micropro
cessor, it was the 8-bit class of devices beginning 
with the 8080 that began the eta of microprDcessor-
based design. However high-level languages 
became the norm, more robust software required 
larger address spaces, and applications began to 
consolidate around a few well-supported proces
sors. As we enter the 1990s, essentially five 
classes of microprocessors exist: the "XBS class, 
the 68K class, the OSR (Open Systems RISO 
class, the low-end class, and the proprietary 
class. This article focuses on tiie low-end proces
sor class, an outdated but thriving set of 8-bit 
architectures that stiU account for 50 percent of 
the overall microprocessor unit volumes. But, at 
ASPs tmder $3, ttiese processors only represent 
6 percent of revenue. 

The low-end class of processors is actually a col
lection of the first real microprocessors to hit the 
market and gain widespread use. The following 
families are included: 

• Z80/8080 family-Includes the Z80, 8085, and 
8080 

• 680X family-Includes 6800/02/08/09 and 
equivalents 

• 6502 family-Includes 6502, 65SC816/802 and 
equivalents 

These processors became die basis of many new 
products, including the following: 

• The early high-volume PCs, such as the Apple 
ns. Commodore 64s, and Radio Shack 
TRS-80S 
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• The modemihstfuinentafibn sudt aiS%mction 
generators, logic analyzers, and medical 
diagnostic equipment 

• The new era of industrial control designs such 
as modem traffic lights and manu&cturing 
process controls 

In addition, the 8-bit processors are tiie architec-
tiiral basis for some of the most successful lines 
of microcontrollers in use today. 

As shown in Hgure 1, this entire class and each 
family in it is stiU growing, albeit very slowly, 
totaling more than 63 million units in 1991. All 
the vendors involved in this class essentially 
compete in only one fomily, with the exception 
of Hitachi and SGS-Thomson. Furttiermore, 
becatise the Z80/8080 class is so dominant in 
volume, market shares are listed only within 
each of these processor femUies. 

The Leading Microprocessor Famiiy Breaits 
50 IVIillion Units 
The actual microprocessor that is credited wittv 
starting the microprocMSor revolution, the 8080, 
in fact no longer ships. But its code lives on 
compatibly in its direct successor, the 8085, and 
in the eminently mote successful Z80. In the 
case of the Z80, volume continues to grow, hav
ing broken through 50 million units in 1991. The 
8085 on the other hand is very close to the end 

Figure 1 
Low^nd Processor Shipments by Family 

of its long life and has a decreasing imit vol
ume, accotmting for just more than 5 million 
of the 53 miUion total. 

Although you won't find Radio Shack shipping 
any more TRS-80s, the bulk of Z80 applications 
are hidden in many obscure places that just con
tinue to live. These voltimes are being actively 
supported through the availability of Z80 cores 
and enhanced versions, such as the Z180. 

Zilog, the inventor of the Z80, has been regain
ing market share in the last two years, having 
grown back to nearly 50 percent market share 
in 1991, as shown in Rgure 2, The other active 
player, which also grew its Z80 volumes in 1991, 
is Hitachi, ranking second in this field. Both 
Zilog and Hitachi are involved in growing their 
Z80 business, having jointly developed the more 
integrated CMOS Z180 (Hitachi 64180), in addi
tion to Zilog's Z280. Volumes for the renaining 
VCTidors were essentially down or fiat, indicating 
a decreasing interest in this low-margin product 

IVIotorola Baci(s Away from Its 680X Line 
Motorola first introduced the 6800 in 1974, 
which has since become the foxmdation for 
one of the broadest groups of microcomponeni 
products. Among its derivative members (not 
all totally code-compatible) are the 6802/08/09 
microprocessors represented here as weU as the 
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Figure 2 
8080/ZBQ Processor Marl<et Share by Units 
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6805 and 6801/HCll microcontroller fenulies. In 
fact, the combined 1991 unit voltune for these 
derivative members is substantially more than 
200 million units. 

The 6800 is well past its prime and is not 
recommended for new designs. The newer 6802 
and 6809 versions do not win many new 
designs either, but they continue to be shipped 
in volume by multiple sources. For new designs, 
Motorola steers designers to either the embed
ded versions of its 68K formly, which can be 
reasonably cost-effective with much more power, 
or its microcontroller products, which are more 
cost-effective. 

Until last year. Motorola dominated the 680X 
volumes with more than 50 percent market 
share (see Figure 3). However, with its focus on 
other areas, tiie compan5^s 680X volumes have 
dropped to leave it with only 22 percent of the 
1991 market. Having moved from third position 
in 1991 to first position in 1991, SGS-Thomson 
is absorbing Motorola's lost share. Hitachi, 
imlike its Z80 business, seems to place Utile 
emphasis on this family, as do the other minor 
shareholders in this field. 

6502 Market Still Hanging On 
At just less than 2 million units for a low-priced, 
low-growth component, it seems certain that the • 

6502 family is near the end. However, with 
nearly 1 million tutits a year being consumed 
between Commodore and Apple, one could 
imagine a slow death over ttie next three to four 
years. As shown in Figure 4, this is a slim field 
of competitors, with NCR moving into the No. 1 
position in 1991. The originator of the 6502, • 
Commodore, no longer sells chip to tite mer
chant market, but Western Design Center has 
taken over design revisions and has licensed 
CMOS versions. 

Dataquest Perspective 
Low-end processors combine the highest unit 
voltimes with the lowest ongoing R&D invest
ment. V/iib. volume almost flat, tihis class of 8-bit 
architectures represents a dinosaur whose ice 
age is just around the comer. Keeping them 
alive is the obscurity of their applications, most 
of which are not high-technology goods that do 
not get redesigned very often. Most new designs 
either migrate to the more robust embedded 
32-bit arddtectures, which can work with 8-bit 
external words, or the more integrated microcon
trollers. The longest living of these dinosaurs 
will definitely be the Z80 with its exceptional 
volumes and reasonably active development and 
support efforts. 

By Ken Lowe 
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Figure 3 
680X Processor Market Share by Units i 

1990 1991 
Harris 3.6% Fujitsu 4.0% Harris 3.4% Fujitsu 2.6% 

Total = 7,501,000 Units Total = 8,184,000 Units 
Source: Dataquest (June 1992) 

Figure 4 
6502 Processor IVIarket Share by Units 
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Total = 1,640,000 Units Total = 1,864,000 Units 
Source: Dataquest (June 1992) G2000744 
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Market Analysis 

Microprocessor Market Overview 
Microprocessors, which are shaping the architec
tures for all electronic devices, are the focus of this 
entire Dataquest Perspective. This article is a top-
down review of what happened in 1991, the cur
rent state of microprocessor development, and the 
introduction of a new segmentation. 
By Ken Lowe and Ken Didle-Molle Page 1 

80X86 Processor Family Readies lor Transition 
Intel captured 58 percent of the worldwide 
microprocessor revenue, most derived from sales 
of this class of processors, which they are aggres
sively protecting. This article examines the changes 
from 16- to 32-bit versions and the state of compe
tition for this coveted market. 

By Ken Lowe Page 5 

68K Processor Family Goes Embedded 
Positioning itself for the future. Motorola shifts its 
68000 family focus toward emerging embedded 
applications. This article examines the changes tak
ing place and the competitive positions of the pax-
tidpatrng vendors. 

By Ken Lowe Page 9 

Piatform RISC Processors Begin Their Ramp 
Gaining increasing visibility while exhibiting more 
than 100 percent growth, KJSC-based microproces
sors are the hope for liuing business away from 
the 80X86 dynasty. This article examines tiie 
changes taking place and the competitive positions 
of the participating vendors. 
By Ken Lowe Page 11 

Market Analysis 

Microprocessor Maricet Overview 
Microprocessors continue to push their way into 
more types of existing products while breaking 
ground on entirely new applications. Starting 
in the mid-1970s, the microprocessor was the 
key enabling technology bdund the current 
$50 billion PC industry, as well as the fast-
growing workstation industry. Then again in 
tiie early 1980s, microprocessors and microcon
trollers enabled a new range of intelligent con
sumer products from flie Speak-N-Spdl toys to 
cellular telephones. Yet another era is about to 
begin to unfold with the emergence of several 
new market segments. 

The computing platform or reprograntmable 
market is now being split into these two very 
distinct segments: desktops and portables, both 
of which must address the issues concerning 
new operating systems and graphical user inter
faces. The ert^edded or nonreprogrammable 
market is also splitting into two distinct seg
ments. The first is process control appHcations, 
which is dominated by microcontrollers. The 
second is data flow equipment, which is being 
addressed by application-oriented embedded 
processors. Hand-held information devices, rang
ing from electronic daytimers to personal com
municators, is one of the most exciting new seg
ments and is expected to project enormous 
growth in the next five years. In total, these 
emerging segments are creating new challenges 
for both microprocessor product development 
and marketing programs. 

Microprocessor technology is also moving ahead 
rapidly with chip complexity increasing at an 
imcompromising rate. Available transistor count 
for microprocessors is currently at 2.5 million 
to 3.5 million transistors (for example, Intel 
i860XP and TI SuperSPARC) and is projected to 
reach 15 mUlion to 20 million transistors by 
1996. This available transistor count is being 
used for increased performance at the high end 
and increased integration at the low end. Addi
tional improvements in CPU architecture (for 
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example, superscaler, superpipelining, and 
multiprocessing) clock rates, now at 66 MHz, 
and word widths, now at 64 bits, will also 
jdeld increasing performance for high-end units. 
At the same time, the average selling price 
(ASP) for microprocessors that now range from 
50 cents to more than $1,000 is increasing as 
more semiconductor functions are integrated 
within electronic-based equipment. 

Overall Microprocessor Market Share 
Distribution 
In 1991, the total worldwide microprocessor 
market grew to $3,287 million in revenue (see 
Table 1), a 36 percent increase over 1990, reflect
ing both increased volume and increased ASP 
overall. During the same time frame, total 
voliime (see Table 2) increased by just less than 
10 percent to nearly 140 million units, reflecting 

Table 1 
Woridwide MPU Revenue by Company—1991 

Ranking 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Company 
Intel 
Motorola 
AMD 
Hitachi 
NEC 
National 
SGS-Thomson 
Toshiba 
C5^ress 
LSI Logic 
All Others 

Total 
Source: Dataquest (February 1992) 

Table 2 
Woridwide MPU Shipments by Company—1991 

Ranking 

1 

2 

3 
4 

5 

6 
7 

8 
9 

10 

Company 

Zilog 

Intel 
Motorola 
NEC 
Hitachi 

SGS-Thomson 
AMD 

Toshiba 
Siemens 
Sharp 
AH Others 

Total 

Segment 
Revenue ($) 

1,992 
359 
251 
90 
86 
85 
55 
55 
46 
42 

321 
3,312 

Unit 
Shipments 

27,173 

25,850 

19,955 
11,719 
11348 

9,039 
8,600 

7,964 
2,975 
2,877 

11,531 

139,031 

Market 
Share (%) 

58.0 
10.8 
7.6 
2.7 
2.6 
2.6 
1.7 
1.7 
1.4 
1.3 
9.7 

100.0 

Market 
Share (%) 

19.5 

18.6 

14.4 
8.4 

8.2 
6.5 

6.2 
5.7 
2.1 
2.1 

91.7 

100.0 

1990-1991 
% Change 

39 
23 

130 
10 
8 

29 
4 

15 
254 

24 
16 
36 

1990-1991 
% Change 

31 

77 

24 

5 
23 

-1 

-28 
24 
-1 
10 

NA 

10 
NA = Not available 
Source: Dataquest (Fehruaiy 1992) 
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last year's recessionary conditions. However, 
overall ASP for microprocessors increased to 
$23.65 per unit, a 24 percent increase over 1990, 
reflecting the increasing value-added functions 
being integrated into microprocessors. 

Market share distribution, which is most mean
ingful in revenue at this level of aggregation, 
shows quite a different picture in revenue and 
unit volumes. Intel is the single dominant player 
with 58 percent market share by revenue, gener
ated with only 19 percent of unit shipments. 
This figure is the combined resvdt of focusing 
on the highest ASP microprocessor market, the 
computer platforms, and controlling the highest 
volume segment of this market, the X86 DOS 
PC. On a revenue basis, both Motorola Incorpo
rated and Advanced Micro Devices (AMD) also 
have respectable shares. 

Based on unit volume, Zilog takes the No. 1 
spot with nearly 20 percent (due to the unceas
ing shipments of the Z80), followed closely 
by Intel with 18.6 percent and Motorola with 
14.4 percent. As an interesting comparison, the 
overall microprocessor ASP for ZUog, which 
had $31 million in revenue, is only $1.14, down 
from $1.20 in 1990, compared with Intel at 
$74.50, up from $57.60 in 1990, or with Motorola 
at $18.00 (constant from 1990). AMD's phenome
nal 130 percent growth in revenue compared 
with its reduction in tmit volume indicates its 
new focus on ASP, high-margin, 386-t3rpe 
processors. 

New Structure for Microprocessor Segmentation 
Starting this year, the Microcomponents segment 
of Dataquesf s Semiconductors Worldwide 
service will analyze the microprocessor market 
by processor class rather than by word length 
(now a secondary dimension). The preliminary 
processor classes that wiU be studied include the 
following: 

• 80X86 processor family—All 80X86 family 
processors 

• 68XXX processor femily—All 68XXX family 
processors 

• Platform RISC Processors—Includes SPARC, 
MIPS, PowerPC, and Others 

• Low-end architectures—^Includes 8080/Z80 
family, 68XX family, and 6502 family 

• Proprietary/other processors—^All other 
processors 

This change moves us toward a more strategi
cally sound model for analyzing market djmam-
ics and intense competitive rivalry. Microproces
sor market segments and the forces that drive 
them faU more generally along these lines 
of processor classes. In addition, technology 
development is also normally centered aroimd 
a line of architecturally common products. 
Later this year, an additional segment focused 
on embedded processors will be defined and 
introduced. 

Figure 1 clearly shows the shared unit domi
nance of the low-end architectures (most belong
ing to the Z80/80SO family) and the 80X86 fem-
ily of processors, A noteworthy statistic is the 
lack of any volume growth for the 80X86 class 
where platform use dominates, compared with 
that of the Platform RISC class, which turned in 
a remarkable 112 percent growth rate. Figures 
for the other classes include 9 percent for the 
8-bit architectures, 37 percent for 68XXX proces
sors, and 28 percent for proprietary/others. 

Figure 2 shows the more traditional top-level 
breakdown of microprocessors by word width, 
which is currently defined by external data 
bus vridth except for the 32/X6-bit category. 
Correlating to ilie unit dominance of the Z80 
femily, which accounts for 65 percent of the 
8-bit imits, the 8-bit word length currentiy 
dominates the vmit volumes but with growth 
having nearly flattened. The big news, however, 
is the dominance of 32/16-bit processors over 
that of 16-bit processors. Pushing a 50 per
cent growth rate, the 32/16-bit outstripped the 
16-bit, which dropped in unit volimtes by nearly 
17 percent If we aggregate total 32-bit architec
ture volume (that is, pure 32-bit with 32/16-bit), 
it appears that it wiU take over unit dominance 
in microprocessors by the end of 1993. 

Dataquest Perspective 
The microprocessor market is growing at an 
industry-leading pace and is setting tiie architec
tural trend for aU forms of electronics. Com.peti-
tion is becoming more intense at the strategic 
level among classes as well as at the tactic^ 
level within each class. The remaining portion 
of this Dataquest Perspective examines the current 
state of the microprocessor industry focusing 
on what changes in market size, shares, and 
trends took place in 1991. Dataquestr includes 
a comparison of tmit volumes, applications, 
and competitors for the first three of these 
microprocessor groups. 

By Ken Lowe and Ken Dalle-Molle 

MCRO-SEG-DP-9201 ©1992 Dataquest Incoiporated February 3,1992 



Microcomponents Worldwide 

Figure 1 
IVIPU Units by Class 
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Figure 2 
IVIPU Units by Word Lengtti 
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80X86 Processor Family Realties for 
Transition 
The 80X86 processor class is defined as all 
upward-compatible versions of the 8086 
microprocessor, regardless of word length, 
instruction extensions, or level of integration. 
The following are also broken out as sub-
segments to enable a more focused analysis 
of market trends and competitive positions: 

• 16-bit general versions—8086, 8088, 80286, 
and equivalents, for example, the V20 and 
others 

• 32-bit general versions—-80386, 80486, all 
versions 

• Embedded versions—80186, 80188, 80376 and 
eqviivalents 

The original 8086 was introduced by Intel 
Corporation in 1978, had 29,000 transistors (then 
state of the art), ran at tmder 5 MHz, had a die 
size of 51,000 square mils, and initially sold for 
nearly $200. It is now a $6 part. Now the 80486 
has 1.2 million transistors, runs up to 50 MHz, 
has a die size of 261,000 square rnils, and ini
tially sold for nearly $800. What these parts 
have in common is the power of compatibility 

Figure 1 
80X86 Units by Subclass 

with more than 10,000 software applications, 
IBM's blessing, and chips and systems cloned 
by anyone that can make them. This power 
has driven volumes to more than 40 million 
tmits per year with increasing ASPs tiiat have 
made the cloning of this golden goose a very 
hot target 

As of the end of 1991, Intel had just more 
than 50 percent of the 80X86 class volume (see 
Figure 1) with several vendors lining up to steal 
even more market share. The 80X86 market was 
originally opened up through second-source 
licensing agreements witii fiiteL After growing 
critical mass in the market, using the early 
8088 and 80286 processors, both of which were 
widely second-sourced, the scene changed. Intel 
introduced the 32-bit generation of 80X86 
processors intending to grow its business arotmd 
a family of single-soiuced, upward-compatible 
processors that would eventiially reach work
station perfonnance. Meanwhile, Intel used the 
older 16-bit core as the heart of an embedded 
processor family, the 80186/188, which has been 
very successful. As shown in this figure, the 
16-bit family volume stiU dominates in vmit 
voliunes. However, at cttrrent growth rates, the 
32-bit family will take the lead by the end of 
this year. 
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The 16-Bit Family Enters Its Twilight Years 
Based on these preltminaiy estimates, it is not 
hard to imagine that we are at the begiiming of 
a rapid dedine for the 16-bit 80X86 processors— 
not including embedded versions. These proces
sors were the hfeblood of the 1980s PC, which is 
now dominated by the 386 processor and shows 
no signs of taming back. Although some con
tend that single-chip PC components, such as 
Chips & Technologies' new PC-chip product, 
will extend this family by living on in hand-held 
con\puters, Intel feels differently, focusing every
thing on the 386 and up. 

As depicted in Figure 2, unit shipments for these 
processors decreased for all vendors except the 
leader, NEC Corporation. Unit shipments for 
both Advanced Micro Devices (AMD) and Intel 
dedined sharply as they focused on the 386/486 
32-bit families. NEC markets the V-series 8086 
equivalents and consumes many of them in its 
dominant Japanese PC femUy. Although primar
ily considered a PC microprocessor, a large per
centage of 16-bit 80X86 processors have been 
used in other applications, including small sys
tems, instrumentation, and certain embedded 
applications. 

386/486 Processors Are the Target 
In 1985, Intel introduced the 386, a superior 
part with much greater performance, advanced 

Figure 2 
80X86 16-Bit Processor Martet Share 

32-bit features, and one other major change— 
Intel was the single source. In the years 
that followed, hundreds of system vendors 
built an endless stream of nearly identical 
386-based clone PCs at ever-dropping prices to 
the point where up to 75 percent of the profit 
derived from each system made its way to InteL 
Thtis, the attraction to second-sotirce this new 
32-bit series of parts the hard way, without 
Intel's help or blessing. The key issue is whether 
anyone will be able to successfully grow and 
sustain a healthy portion of this incredibly 
profitable market. 

This processor family has two basic types and 
five total models, each of which shares the same 
basic 32-bit 386 core architecture. The primary 
versions and their characteristics are listed in 
Table 1. To date, only Intel ships every model 
listed, AMD ships versions of aU 386 models 
(except SL Versions), and Chips & Technologies 
has introduced, but is not yet shipping, its 
386 equivalents. Not incidentally, IBM internally 
ships some of its own versions of 386 processors 
and wiU be doing more so as the joint develop
ment with Intel at Noyce Development Center 
gets under way. 

As shown in Figure 3, Intel had 1(X) percent 
market share until last year, when AMD entered 
the field. For 1991, AMD took about 12.5 percent 
of the total 386/486 market or 15 percent of the 

Fujitsu 2.0% 
Oki 5.2% 

1990 
I Shanp 0.3% 

Harris 5.3% 

Siemens 
7.7% 

1991 
Fujitsu 1.8%_ , SlnarpO.2% 
Oki 4.2%, 

Hams 6.2%,. 

Siemens 9.7% 

Total = 30,423,000 Units Total = 22,793,000 Units 

Source: Dataquest (February 1992) 
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Table 1 
80X86 32-Bit Family Comparison 

Model 
Ext. Bus 
Qock Rate* 
Coprocessor 
Cache Controller 

386SX 
16-bit 
16-25 
387SX 
Ext 

386SL 
16-bit 
0-25 
387SX 
Built-in 

386DX 
32-bit 
20-40 
387DX 
Ext 

486SX 
32-bit 
16-25 
487SX 
Built-in 

486DX 
32-bit 
25-50 
Built-in 
Built-in 

* Regarding dock rates: Intel just released a 25-MH2 386SX, and AMD is the only vendor shipping a 40-MHz 386DX. 
Source: Dataquest (February 1992) 

Figure 3 
80X86 32-Bit Market Shares 

1990 1991 

Total = 8,730,000 Units Total = 16,680,000 Units 

Source: Dataquest (February 1992) 

386-spedfic market with a year-end run rate of 
nearly 30 percent of 386 unit volumes (90 per
cent of which is in the Asia/Pacific region). 

Although three vendors are currently in this 
field and more are expected shortly, the structure 
of competition here is quite complex and 
involves legal, financial, technicaX and market
ing issues. Briefly, Intel sets the standards for all 
of these advanced 80X86 processors and has the 
financial, technical, and marketing means to 
remain a step ahead in new products for the 
foreseeable future. In fact, Intel wiU set a new 
high watermark when it introduces the 586 in 
the second half of this year, beginning a new 
64-bit femily of X86 processors. 

AMD has achieved excellent success in 1991 as a 
second source for 386 processors and wiU enter 

the 486 market in the second half of this year. 
The primary reason for its immediate success 
is also the primary legal risk at hand. AMD 
markets an identical 386 part to Intel's, right 
down to the microcode. Because these parts 
are identical, and AMD has been a credible 
and dominant supplier of 286s, it has had 
few technical hurdles in selling 386s. But its 
ability to continue seUing these parts is hinged 
primarily on winning a microcode-based law
suit, filed by Intel. Although many signs point 
to AMD'S legal victory (including Intel's recent, 
unprecedented, 35 percent decrease in 386 pric
ing), the company could win the battle but lose 
the war. In essence, Intel could retain 386 domi
nance but drive its profit margins down to zero 
while switching demand to 486s before AMD 
can efficiently jdeld its 486s. Given AMD's 
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Figure 4 
80X86 Embedded Processors 

1990 
Siemens 2.1 % Fujitsu 1.7% 

Total = 8,584,000 Units 

Siemens 4,8% 

1991 
Fujitsu 1.2% 

Total = 8,253,000 Units 

Source: Dataquest (February 1992) 

current dependence on 386 profits, this strategy 
could have devastating consequences. 

The remaining field of potential competitors 
falls under a different category because of for
ward engineering (not copying) their 386 or 
486 equivalents. Although this prevents direct 
legal action from ensuing, it sets up a tremen
dous technical hurdle to overcome to qualify 
their parts. Because the microprocessor and 
its microcode have an infinitely large number 
of state changes, exhavistive compatibility 
testing becomes mandatory, which is almost 
unmanageable given the number of DOS 
applications. 

Embedded 80X86 Processors Flatten Out 
Embedded processing started showing up in 
the early 80s and continued to grow into 
enormous proportions. Ehiring this period, 
the 186/188 family of integrated processors 
was introduced to capture this embedded 
market. Part of their appeal {to date) is their 
architectural commonality with the IBM PC 
and relatively rich set of tools available for 
programming and debugging. However, with 
the wide range of other processors available 
with equal or better development tools, 
demand for this femily is nearing its decline. 

As is evident in Figure 4, this segment is domi
nated by Intel, which still has over two-thirds 

of the market. However, Intel is the only vendor 
showing a decline in imit volumes, mainly 
because of the demand shifting to its proprietary 
i960 family. AMD also has a healthy and grow
ing portion of this segment, but it is also migrat
ing customers to its proprietary 29K family. As 
a final note, this category includes the 80376, an 
embedded version of the 386, which is only 
shipped by Intel and represents only nominal 
demand in the 100,000-unit range. 

Dataquest Perspective 
It was deeirly evident during 1991 that the 
future for the 80X86 class of processors lies in 
the 32-bit versions, leaving the real battle among 
Intel, AMD, and other potential entrants. Intel 
intends to migrate desktop computers to the 
increasingly ^ s t 486s (and soon to be 586s) and 
portables to the increasingly integrated SL line 
of 386s (and soon to be 486s). Dataquest be
lieves that Intel has the power to make this 
happen by 1993, which will impose increasingly 
high barriers to competition. However, Intel 
cotild win this battle and lose the w^ar as a 
lack of competition has allowed it to take aU 
the profits and pxish the premier PC vendors 
toward multisourced RISC architectures. 

By Ken Lowe 
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68K Processor Fam'ly Boos Embedded 
The 68XXX processor class is defined as aU 
upward-compatible versions of the 68000 
microprocessor, regardless of word lengtii, 
instruction extensions, or level of integration. 
The following are also broken out as sub-
segments to enable a more focused analysis 
of market trends and competitive positions: 

• Low-end 32/16-bit series—68000/008/010 

• High-end 32-bit series—68020/030/040/LC040 

• Embedded series—68ECXXX and 683XX series 

As shown in Figure 1, the low-end series 
accovmts for the bulk of the voliime, which grew 
a total of 37 percent during 1990. However, the 
fastest-growing segment is the embedded series. 
As of the end of 1991, Motorola maintains 
nearly 85 percent of the 68K market volume. 
Furthermore, the 15 percent volume shared 
with other vendors is only in the 32/16-bit seg
ment (the only licensed parts), leaving all the 
high-ASF, high-margin parts to Motorola. 

The original 68000 was introduced ki 1979 with 
a 32-bit architecture, using 68,000 transistors and 
only 68,200 square mils. This level of production 
was very state of the art in microprocessors 
compared with the 8086 that was introduced 

Figure 1 
68000 Units by Subclass 

in 1978, a 16-bit architecture with 29,000 transis
tors and taking 51,000 square mils. Througji 
technical advantages, the 68K became a widely 
used processor, breaking above 20 million units 
in 1990. 

The 68000 family has found its way into a wide 
variety of systems and embedded applications. 
It became the processor of choice for Apple's 
Macintosh and Commodore's Amiga. It became 
the first processor of choice for the leading 
workstation vendors, Sim and Apollo, and the 
processor of choice for the leading laser printer 
vendors, HP and Apple. The 68K family also 
became the first processor of choice for several 
vendors of X •V\todow terminals including mar
ket leader Network Computing Devices Inc. 

Low-End 68K Series Poised for Additional 
Growtli 
The low-end series of 68K processors continues 
to exhibit growth more than 12 years after 
introduction. However, some weeding out is 
ocauring. The 68008 with its 8-bit external data 
bus is on its way down, partially made obsolete 
by the new 68ECO0O, which can manage either 
8- or 16-bit external operations. The 68010 is 
also dropping off although not as sharply as the 
68008. The 68000 and 68HC000 are still growing 

Millions Of Units 

25 

20-

15 

10 -

5 -

17.0 

1 1 1990 

^ 1991 

0.021 0.086 

Low-End 68K 
(68000/003/010) 

High-End 68K 
(68020/030/040) 

Embedded 68K 
(68ECXXX, 683XX) 

21.3 

Total 68K 

Source: Dataquest (Februaiy 1992) 
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and winning new applications. This upswing is 
being assisted, in part, by the availability of the 
68000 as a core for fully integrated custom 
designs. 

Growth in this series comes from continued 
shipments of high-volume laser printers, a few 
Macintosh systems, and graphics-oriented 
games. In a major design win for Motorola, 
Sega chose the 68000 in 1991 for its new Genesis 
game, beating out an 80186 part for the socket. 
On the combined basis of price/performance 
and upward growth path, the 68K wiU gain 
more than 7 million units per year from this 
single design win. 

As shown in Figure 2, Motorola has more than 
80 percent of this processor series and 100 per
cent of the others. Other than Toshiba, which 
doubled its sales of 68000 parts in 1991, unit 
volumes for aU other vendors are decreasing. It 
is noteworthy that each of these other vendors 
listed has other more highly visible processors 
that its marketing programs are focused on. 

68040 and Derivatives Finally Shipping 
As previously shown in Figure 1, the high-end 
series of 68K processors grew by 68 percent 
last year to more than 4 million imits. Most of 
the tmit volume for these versions comes from 

platform sales, most notably the Apple Mac
intosh. All individual processors in this group 
experienced growfli during 1991. Motorola 
achieved a rriilestone in 1991 by shipping the 
68040 processor, although much later than origi
nally anticipated, moving just over 200,000 units 
in its first year. Additionally, in January 1992, 
Motorola released a 33-MHz version of the 
68040, turning in nearly 29-mips performance. 

A second new part based on the 68040 was also 
introduced in 1991. The 68LC040 series is a lower-
cost version of the 68040, actually targeted 
toward low-cost PCs including portables and 
O/S-related embedded applications such as 
commvmications controllers and X •V t̂odow ter
minals. This part is identical to the 68040 except 
that it removes the FPU and adds low-power 
buffers, lowering its price to $185 for a 25-MHz, 
22-mips processor. According to sources, we can 
expect to see a similar version for the 68030 
introduced shorfly, targeted toward low-end 
PCs such as Macintoshes for the home. 

Motorola Broadens Its Range of Embedded 
Solutions 
As part of its strategy to deliver a range of 
highly integrated eirf>edded control devices, 
Motorola offers two series of 68K-compatible 

i 

i 

Figure 2 
68K Low-End (68000/008/010) Market Share by Units 

1990 

Signetics 8.5% 

SGS-Thomson 
4.4% 

Hitachi 7.4% 

Toshiba 
5.6% 

1991 
SGS-Thomson 3.2% Signetics 2 .1% 

Hitachi 4.8%, 

Toshiba 8.8% 

Total = 12,972,000 Units Total = 16,974,000 Units 
Source: Dataquest (February 1992) 
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parts. The combination of these parts offers 
a range of $2 to 22 mips, and Motorola plans 
to extend it from $1 to 100 mips within fi.ve 
years. As previously shown in Rgure 1, these 
parts account for only a small portion of 
volume but are growing quickly. 

The 68ECXXX series was introduced in 1991 and 
provides 68XXX compatibility and performance 
with reduced features and cost for embedded 
control apphcations. Each 68ECXXX chip is 
identical to its 68XXX counterpart (that is, the 
68EC040 and 68040), except that nonessential 
features such as MMUs and FPUs are stripped 
out, reducing cost. This series is targeted at 
high-perfonnance, processing-intensive embed
ded applications. 

The 683XXX series has been in production for 
over two years and is marketed as a micro
controller, but at tiiis time it is basically a 
microprocessor with integrated I/O with no 
internal EPROM. This series takes a different 
course toward functional integration and low 
cost. Each 68300 is a virtual system on a chip, 
combining 68XXX processor core, intermodule 
bus, and peripheral modules such as memories, 
timers, and I/O circuits. In feet, future versions 
may be complete microcontrollers. In addition, 
these are fully static parts, enabling standby 
modes and lower power consumption, making 
it attractive for products such as hand-held 
instruments. 

Dataquest Perspective 
The 68K family has had a history of taking 
leadership positions within many high-growth 
markets. Although workstations, X Window ter
minals, and some of Apple's future systems 
have shifted toward RISC-based architectures, 
Motorola has adapted well by strengthening the 
family's focus on embedded applications. ITie 
current product line provides the widest range 
of price and performance available, fixjm $2 to 
29 mips under one single architecture. Future 
growtii prospects for the 68K family and Moto
rola win be due to increased use of advanced 
technology in consimier products. It is imknown 
whether any of the other 68K chip vendors, now 
only competing in the low end, wiU continue to 
support this line. 

By Ken Lowe 

Platform RISC Processors Begin 
Their Ramp 
Platform RISC processors in total accounted for 
barely over 500,000 units in 1991. Although 
statistically insignificant in volume, this class 
is setting the pace for future competition in the 
reprogrammable market. This class is defined as 
RBC-based microprocessors, focused primarily 
on computing platforms such as workstations 
and PCs and backed (or potentially backed) by 
some form of open systems consortiuirv making 
them a candidate for mainstream adoption. 
Based on this definition, we have included the 
following families to which DEC's new Alpha 
chip may soon be added: 

• SPARC processor family 

• MIPS processor family 

• PowerPC processor family 

• PA-RISC processor family 

Each of these segments really stands for a major 
industry alliance aimed at the future mainstream 
desktop. Each alliance includes a standardized 
microprocessor architecture (instruction set 
level), operating system strategy, multiple 
sources of chips, and one or more top systems 
vendors. Interestingly, each also has its own 
exclusive list of chip vendors, with the exception 
of LSI Logic, which participates in both MIPS 
and SPARC families. 

As shown in Figure 1, this entire class is grow
ing at 112 percent, more than doubling its size 
every year. If this rate of growth continues, 
Platform RISC processors would represent one-
half the combined PC/workstation volume in 
five years. Currentily, SPARC processors account 
for over one-half the total imit volume, having 
started their industry movement earlier than tiie 
others. MIPS processors represent about another 
third of the total, although many of these are 
used for embedded applications. The PowerPC 
and PA-RKC families together only account for 
less than 15 percent of the total volume and are 
currently being captively consumed by the IBM 
Corporation and Hewlett-Packard Company 
(HP), respectively. 

Vendor Shares Shift Dramatically in 
SPARC Market 
SPARC microprocessors grew less than 100 per
cent last year, still primarily tied to the growth 
of Svm Microsystems. This slowing growth 
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is a result of SPARC'S primaiy driving force 
becoming its primary wealaiess. Sun is a domi
nant player in the workstation market, and its 
continued growth directly results in increased 
sales of SPARC chips. However, the company's 
aggressive pricing and channel dominance 

Figure 1 
RISC Processor Shipments by Family 

1991 

PA RISC 3.3% 

PowerPC 7.5% 

Total = 535,000 Units 
Source: Dataquest (February 1992) 

prevented any other SPARC-based system ven
dor from entering the market We expect 1992 
to be the crucial year for SPARC, either growing 
up and around Sun and the Solaris operating 
sjTStem or being reduced to an industry alliance 
of one. 

On the competitive front. Figure 2 clearly shows 
the exceptional growth experienced by Fujitsu 
and Cypress Semiconductor, both of which offer 
integrated lU/FPU chips. These market share 
gains w êre made at the expense of LSI Logic, 
which was singularly dominant in 1990 and 
appears likely to lose its No. 1 position shortly. 
Fujitsu's sales were boosted by Sun's introduc
tion of the SPARCstation IPX and ELC and fur
ther by the beginning of its embedded sales 
with its SPARC-Iite series. Cypress also picked 
up a larger portion of Sun's business including 
its 600 series SPARCservers as well as other 
accotmts such as Solbome. During 1991, we saw 
Weitek get started with its first SPARC proces
sors, and Texas Instruments along witii Sun 
showed off the new Viking SupeiSPARC chip 
scheduled to ship later this year. The year also 
saw Bipolar Integrated Technologies (BIT) pull 
out of the market in favor of the MIPS processor. 

Figure 2 
SPARC Processor Market Share tiy Units 

1990 

BIT 3 .1% 

Total = 160,000 Units 

1991 

Weitek 5.2%\ BIT 0.3% 

Total = 291,000 Units 

Source: DaUquest (February 1992) 
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MIPS Computer Plays Its ACE Card 
The market for MIPS processors grew by 
142 percent during 1991 on top of the dra
matic momentum picked up through the for
mation of the Advanced Computing Environ
ment (ACE) initiative. Although the MIPS 
processor movement is now primarily focused 
on developing platform sales, embedded appli
cations accounted for about 40 percent of total 
volume. Thus, just more than 100,000 units were 
shipped into platform sales—^primarily work
stations. Two-thirds of these platform units are 
shipped to jvist two customers—DEC being the 
larger, followed closely by Silicon Graphics. 

The ACE initiative is a collaborative industry 
effort crucial to the MIPS camp success and 
crafted to springboard this aidutecture into 
mainstream computing. This initiative is being 
driven by MIPS Computer (the architects), 
enabled by Microsoft (the operating system), 
and loosely supported by more than 75 sys
tem vendors, most prominently Digital Equip
ment Company and Compaq Computer Corpo
ration. The plan is to compete directly with the 
80X86 processors (486 and up) under the same 
NT-Windows operating environment and pro
mote the performance advantage gained through 
RISC technology. Although its outiook receives 

mixed reviews, if successful, this movement 
could produce 20 times ttie annual voltmie 
of what they are today by 1995. 

As of the end of 1991, a total of seven vendors 
signed up as MIPS processor manufacturers. 
As Figure 3 shows. Performance Semiconductor 
and Integrated Device Technologies (IDT) were 
able to maintain their No. 1 and No. 2 positions, 
respectively. Performance sells the majority 
of its units to DEC and announced an inte
grated processor with on-chip lU, FPU, and 
cache. IDT has the most balanced position, 
selling chips to workstation vendors such as 
Silicon Graphics, to enibedded applications 
using its proprietary 3051/52 series (now 
second-sourced by Siemens), and in system 
modules to accounts such as AT&T. NEC came 
on strong in 1991, capturing part of the DEC 
accoimt and shooting to the No. 3 position. LSI 
Logic lost significant share, as it also did in the 
SPARC processor market, but introduced a well-
positioned integrated chip for X Wtodow termi
nals. Siemens, at No. 5 position, showed healthy 
growth in its first year of shipping. Finally, we 
saw the entry of Bipolar titegrated Technologies, 
which is focused on the R6000 ECL version, and 
Toshiba, which is setting up to become a major 
supplier for ACE/ARC systems. 

Figure 3 
MIPS Processor Market Share by Units 

1990 

Total = 76.000 Units 

Siemens 9.7% 

Total = 186,000 Units 

Source: Dataquest (February 1992) 
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Power and Precision Come into Play 
The PowerPC family, the primary processor 
for the PowerOpen Computing Environment 
formed by the IJBM/Apple/Motorola relation
ship, represents an outgrowth of IBM's RS/6000 
POWER architecture. Tliis new family is to be 
jointly developed and separately manufactured 
by IBM and Motorola. Current plans call for ini
tial models designed to service the entire plat
form market for workstations, PCs, notebooks, 
and servers. Sporting a timed instruction set 
and driven by optimizing compiler considera
tions, IBM is successfully growing its work
station business using this architecture. In 1991, 
IBM shipped approximately 40,000 units for its 
own captive use. Moreover, starting in 1993, 
this new architecture, supported by a new 
advanced architecture, wiU be offered on the 
merchant market following standards set by the 
two leading PC vendors, IBM and Apple. To 
date, the only chip production has been IBM 
and the only merchant chip source annovmced 
is Motorola. 

The Precision Architecture RISC (PA-RISC) 
microprocessor was developed by HP with early 
versions having shipped since 1987. Using new 
advanced VLSI technology announced by HP 
in 1989 enabled the company to significantly 
increase performance of systems based on the 

PA-RISC This new generation of PA-RISC first 
appeared in April 1991 in the HP 700 series of 
workstations, deUvering the ^ t e s t benchmarks 
to date—66 MHz, T7 mips, and 76 SPECmarks. 
A lower-speed version of the PA-RISC processor 
running at 35 MHz was introduced in January 
1992 offering 35 mips for under $5,000. The 
PA-RISC camp now includes Hitachi and Sam
sung, both planning to ship PA-RISC chips and 
S5rstem products. In 1991, HP produced about 
18,000 units for its own captive consvunption 
with 3 times that volume expected for this 
year. 

Dataquest Perspective 
The Platform RISC class of microprocessors 
represents a dichotomy, having the lowest 
unit volume of all classes but the most in
dustry heavyweights and highest R&D invest
ments of all other classes. As a whole, there 
is no doubt that the tmit volumes wiQ continue 
to grow substantially during the next 10 years, 
perhaps capturing 35 percent of the platform 
processor market by the year 2000 as pro
jected by Dataquest. The major issue at hand 
is which of these alliances wiU take the lead 
and at whose expense— t̂he other RISC 
families or the dominant 80X86 family? 

By ¥jsn Lowe 
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In Future Issues 

The following topics will be addressed in future 
issues of Dataquest Perspective: 

m Microcontrollers 

• PC Chip Sets 
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