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Mobile Momentum Propels Semiconductor Sales in the Wireless
World

Abstract: This document presents the Dataquest forecast for the wireless communications
semiconductor market. A detailed semiconductor forecast for mobile communications,
including the digital cellular, analog cellular, pager, and mobile infrastructure subsegments,
is included.

. By Dale Ford

The Wireless Communications Semiconductor Market

The wireless communications applications semiconductor market more
than doubled in size between 1993 and 1998, driven by torrid growth in the
mobile communications sector. Strong pricing pressure is damping the fore-
cast growth for wireless communications semiconductors to a 9 percent
compound annual growth rate (CAGR) between 1997 and 2002. As shown
in Figures 1 and 2 and Tables 1 and 2, worldwide wireless communications
factory revenue is projected to grow to nearly $197 billion by 2002, which
will push the related semiconductor market to more than $38.6 billion in the
same time frame. The dominant force driving this growth is mobile
communications equipment. In 1993, the mobile communications semicon-
ductor market of $2.7 billion accounted for 21.5 percent of the total wireless
communications market. By 2002, the mobile communications semicon-
ductor market is forecast to reach nearly $16.7 billion, a growth of

623 percent from 1993, and account for more than 43 percent of the total
wireless communications semiconductor market. Strong growth is forecast
for local wireless communications and other wireless communications
semiconductors. However, these market segments will remain one-fourth
to one-fifth the size of the mobile communications semiconductor market in
2002.
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Within the mobile communications semiconductor market, digital cellular/
personal communication services (PCS) products and the related mobile
communications infrastructure will represent 89 percent of the semicon-
ductor market in 2002. The impact of third-generation cellular products in
this forecast period will be minimal and will represent a potential acceler-
ator for market growth beyond 2002. Although small in comparison, the
nascent two-way pager market represents the highest growth opportunity,
with a forecast 103.7 percent CAGR through 2002. The analog cellular hand-
set semiconductor market, the largest segment in mobile communications
in 1993, is forecast to decline gradually to $82 million in 2002, less than

0.5 percent of the total mobile communications semiconductor segment.

Growth in the local wireless communications semiconductor market is fore-
cast to remain in double digits, with a 10 percent CAGR through 2002.
Leading this segment are digital cordless systems such as Digital European
Cordiess Telephone (DECT) and 900-MHz digital spread spectrum (DSS)
handsets. In the space of 10 years, this semiconductor market segment will
grow to more than $2 billion. Emerging markets in wireless local loop
(WLL) and wireless broadband access systems such as local multipoint
distribution service (LMDS) will provide an added boost to the local wire-
less communications segment. It is important to note that this semicon-
ductor forecast does not include the potential impact of home wireless
networks and Bluetooth-enabled products beyond cellular and paging
products. Developments in these market areas are still in the very early
stages, but they hold the potential to become a major force in the wireless
communications semiconductor industry.

By comparison, the wireless broadcast communications semiconductor
industry will experience very modest levels of growth. Also, a much lower
percentage of the semiconductor content in these systems is related to the
wireless communications function. The semiconductor forecast published
in this document accounts for all the semiconductors in these systems,
including chips involved in video display, graphics processing, and so on.
The direct opportunity for companies developing wireless semiconductor
products is much more limited in this market segment.

Opportunities for semiconductor companies in other wireless communica-
tions markets such as Global Positioning System (GPS), contactless chip
cards, radio frequency identification (RFID) tags, and so on merit attention
based on the 39.6 percent growth forecast for this area. GPS systems, not
including GPS functionality associated with cellular/PCS handsets, are
forecast to drive a semiconductor market of nearly $2.7 billion in 2002.
This includes GPS applications in automotive navigation, tracking systems,
survey and mapping products, and marine, aviation, and military uses.
Products specifically not included in this forecast are Infrared Data
Association (IrDA)-based communications, PC-TV products, radar
detectors, broadcast radio and TV infrastructure, and proprietary or
classified military communications equipment.
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Figure 1
. Worldwide Wireless Communications Factory Revenue*
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*Does not include revenue from Bluetooth-enabled products beyond cellular/PCS handsets and pagers, home wireless networks,
IrDA-based communications, PC-TV products, radar detectors, broadcast radio and television infrastructure, and military/civil

aerospace equipment
. Source: Dataquest (December 1998)
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Table 1
Worldwide Wireless Communications Factory Revenue Forecast* (Millions of Dollars)

CAGR (%)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002  1997-2002

Mobile Communications Equipment 26,844 34469 43,180 58092 72800 76416 78920 84,385 88,450 94,560 54
Analog Ceilular Handsets 7587 10721 11,203 9232 5803 3587 2336 1602 1,067 507 -38.6
Digital Cellular/PCS Handsets 1483 3506 7826 17330 29,005 31551 33638 37,002 39293 437309 8.3
One-Way Pagers 1,769 2465 2,965 3,299 3,133 3151 3,153 2944 2647 2375 -5.4
Two-Way Pagers - 0 4 3 30 70 150 308 494 798 93.4
Mobile Communications Infrasbructre: 9,730 11,083 14,071 20456 26,746 29,888 31,801 34,966 37,569 40,455 8.6
Other Mobile Communications 6274 6694 7110 7772 8084 BleB 7843 7564 7380 7117 -25
Local Wireless Communications 2422 2,732 3662 4315 5132 5921 7050 8,119 97385 10,502 154
Analog Cordless Handsets/Base Stations 2,285 2,390 2472 2312 2302 2,093 1,857 1,609 1,295 1,065 -14.3
Digital Cordless Handsets /Base Stations 37 110 767 1399 1736 2367 2868 3290 3580 3,717 16.4
Wireless LAN - 8 15 36 40 45 49 57 59 71 12.1
Wireless Local Loop 100 225 408 568 1,054 1,316 1,776 2,163 2,700 3,200 24.9
Wireless Broadband Access (e.g., LMDS) - - - - - 100 500 1,000 1,750 2450 NM
Wireless Broadcast Communications 55,743 60,009 63,115 64,176 63,596 63,107 66,262 69,239 72461 75,729 3.6
Satellite/ Terrestrial /MMDS Set-Top Box 0 411 1362 2362 2219 2338 2872 3623 3967 4310 14.2
Color TV 24,343 25689 26503 27466 26,762 27,103 28396 29518 29,921 30,329 25
VCR 11,010 11,331 10,742 10282 9974 8943 8606 8016 7618 7,290 0
DTV - - - - - 45 93 311 2,035 3,88 NM
Broadcast Radio/ Tuners/Etc: 13,588 14,934 16,486 15897 16,456 16,215 17,301 18,438 19486 20,403 14
Auto Stereo 45851 4,945 4842 4323 4171 4,127 4,168 4283 4333 47388 1.0
Other Wireless Broadcast 1,950 2,700 3,180 3,845 4014 4337 4827 5050 5100 5125 5.0
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Table 1 (Continued)
Worldwide Wireless Communications Factory Revenue Forecast* (Millions of Dollars)

. .

CAGR (%)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 1997-2002

Other Wireless Communications 759 1,29 2006 2783 3270 4411 6628 9307 12,698 16,072 37.5
Global Positioning Systems (GPS) 534 1,040 1,710 2429 2753 3710 5577 7,719 10,715 13,600 37.6
Contactless Chip Card 0 0 4 8 56 98 288 628 790 1,006 77.9
Wireless Not Elsewhere Counted 225 256 291 346 460 604 762 960 1,193 1,465 26.1
Total Wireless Communications 85,768 98,507 111,962 129,366 144,799 149,854 158,861 171,051 182,992 196,863 6.3

*Does not includa revanus from Bluetooth-enabled products beyond cellular/PCS handsets and pagers, home wireless networks, IrDA-based communicatlons, PC-TV products,
radar detsctors, broadcast radio and television infrastructure, and military/civii aerospace equipment

NM = Not meaningful

Source: Dataquest {December 1998)
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Figure 2
Worldwide Wireless Communications Semiconductor Application Market Forecast*,
1993 to 2002 (Millions of Dollars)
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*Does not include revenue from Bluetooth-enabled products beyond cellular/PCS handsets and pagers, home wireless networks,
IrDA-based communications, PC-TV products, radar detectors, broadcast radio and television infrastructure, and military/civil
aerospace equipment

Source: Dataquest (December 1998)
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Table 2

Worldwide Wireless Communications Semiconductor Application Market Forecast*, 1993 to 2002 (Millions of Dollars)
CAGR (%)
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002  1997-2002
Mobile Communications Equipment 2677 3812 5433 8,548 11,458 12,111 12,715 14,073 15116 16,682 7.8
Analog Cellular Handsets 717 1,072 1,268 1,170 797 506 342 242 162 82 -365
Digital Cellular/PCS Handsets 372 872 1943 4480 7235 7,877 8444 9541 10378 11,679 10.1
One-Way Pagers 289 403 496 574 545 548 571 590 582 575 11
Two-Way Pagers - 0 i i 8 21 48 100 162 267 103.7
Mobile Communications Infrastructiumé- 632 743 943 1,452 1,952 2,212 2385 2692 2930 3,196 104
Other Mobile Communications 665 723 782 870 922 947 925 908 900 882 -0.9
Local Wireless Communications 1,064 1,179 1645 1901 2147 2461 2,797 3050 3275 3461 10,0
Analog Cordless Handsets/Base Stations 1,037 1,098 1,238 1,150 1,182 1,132 1,086 970 815 715 -9.6
Digital Cordless Handsets/Base Stations 17 55 360 678 840 1,166 1,459 1,725 1949 2,068 19.7
Wireless LAN - 3 6 16 19 22 25 29 32 38 149
Wireless Local Loop 10 23 41 57 105 132 178 216 270 320 249
Wireless Broadband Access (e.g., LMDS) - - - - - 10 50 110 210 319 NM
Wireless Broadcast Communications 8467 9562 10,875 10,687 10,727 10,843 11477 12,296 13,332 14,098 5.6
Satellite/ Terrestrial/ MMDS Set-Top Box 0 229 567 981 1,004 1,080 1,195 1456 1573 1,682 10.9
Color TV 3346 3379 3424 3607 3,621 3923 4242 4527 4,728 4907 6.3
VCR 2,233 2459 2456 2460 2430 2245 2142 1966 1862 1,766 -6.2
DTV - - - - - 4 10 47 496 925 NM
Broadcast Radio/ Tuners/Ete. 2048 2581 3490 2610 259 2437 2624 2940 3249 37349 5.2
Auto Stereo 665 676 668 702 723 759 810 864 903 929 51
Other Wireless Broadcast 176 238 270 327 353 395 454 495 520 538 8.8
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Table 2 (Continued)
Worldwide Wireless Communications Semiconductor Application Market Forecast*, 1993 to 2002 (Millions of Dollars)

CAGR (%)

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002  1997-2002

Other Wireless Cammunications 207 299 427 607 835 1,179 1,724 2516 3441 4,422 39.6
Global Positioning Systems (GPS) 63 132 230 361 471 658 970 1412 2,034 2686 41.7
Contactless Chip Card 0 0 2 3 23 51 137 300 378 437 80.4
Wireless Not Elsewhere Counted 144 168 196 242 342 470 617 804 1,029 1,299 30.6
Total Wireless Communications 12,415 14,852 18,380 21,743 25,166 26,595 28,714 31,935 35,164 38,662 9.0

*Does not include revenue from Bluetooth-anabled products beyond cellular/PCS handsets and pagers, home wirgless networks, irDA-based communlcations, PG-TV products,
radar detectors, broadcast radlo and television infrastructure, and miiitary/civil asrospace equipment

NM = Not meaningful

Source: Dataguest (December 1998)
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'. Mobile Communications Boosts ASIC, ASSP, and Memory Markets

Within the mobile communications semiconductor market, suppliers of
application-specific IC (ASIC) and application-specific standard product
(ASSP) chips will find a nearly $10 billion opportunity in 2002. Also,
nonvolatile memory, dominated by flash technology products, consumed in
mobile communications electronics will grow to nearly $1.8 billion in 2002.
These market opportunities are shown in Figure 3 and Table 3. Detailed
semiconductor forecasts for the major mobile communications market
segments are shown in Tables 4 through 7.

Figure 3
Worldwide Mobile Communications Semiconductor Application Market Forecast,
1995 to 2002 (Millions of Dollars)
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Source: Dataquest (December 1998)
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Table 3

Worldwide Mobile Communications Semiconductor Application Market Forecast, 1995 to 2002 (Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000 2001 2002 1997-2002

Total Semiconductor Market 5438 8,542 11,458 12,112 12,716 14,073 15,113 16,682 7.8
General-Purpose Standard Products 3424 4,774 5,483 5,851 5,922 6,411 6,713 7,053 52
Memory IC 698 1,301 1,554 1,917 2,051 2,352 2,539 2,731 1noe
DRAM 53 76 98 112 122 137 123 134 6.6
SRAM 224 327 515 647 736 806 787 753 7.9
Nonvolatile Memory 403 875 913 1,123 1,150 1,361 1576 1,787 14.4
Other Memory IC 17 23 29 35 42 48 54 57 14.7
Microcomponent IC 1,190 1492 1,566 1,478 1,372 1,428 1,510 1,616 0.6
Microprocessor 102 134 166 220 266 295 330 356 16.5
Microcontroller 692 793 745 564 348 288 240 245 -19.9
Digital Signal Procéssor 396 565 655 694 760 845 940 1,015 9.1
Standard Logic IC 56 84 110 97 93 93 68 73 -7.8
Standard Analog IC’ 593 697 759 745 743 775 795 839 2.0
Discrete 798 1,084 1,337 1434 1,481 1,551 1,556 1,516 25
Optical Semiconductér 89 117 157 181 180 213 245 277 12.0
ASSP 782 1,637 2,894 3,166 3,541 4,252 4,713 5,535 13.9
ASIC 1,232 2,131 3,082 3,095 3,254 3,409 3,688 4,093 538

Source: Dataguest {December 1998)
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Table 4

Worldwide Analog Cellular Handset Semiconductor Market Forecast, 1995 to 2002 (Millions of Dollars)
CAGR (%)
1995 1996 1997 1998 1999 2000 2001 2002 1997-2002
Total Unit Shipments (K) 29,613 29,835 25241 1§362 14,148 11,395 8550 4,520 -29.1
Total Semiconductor Market 1,268 1,170 797 506 312 242 162 82 -36.5
General-Purpose Standard Products 558 480 311 186 111 64 36 13 -43.3
Memory IC 89 59 28 13 7 2 0 0 -61.2
DRAM - - - - - - - - NM
SRAM - - - - - - - - NM
Nonvolatile Memory 89 59 28 12 6 2 - - -100.0
Other Memory IC - - - 0 0 0 0 0 NM
Microcomponent IC 190 176 120 71 34 12 2 1 -63.1
Microprocessor - - - - - - - - NM
Microcontroller 190 176 120 71 34 12 2 1 -63.1
Digital Signal Processor - - - - - - - - NM
Standard Logic IC 6 6 2 1 - - - - -100.0
Standard Analog IC 190 176 120 76 51 36 24 12 -36.5
Discrete 63 47 28 15 10 7 4 2 -40.2
Optical Semiconductor 19 18 14 10 9 7 5 3 -28.8
ASSP 252 257 201 153 128 17 98 54 -231
ASIC 458 433 285 167 103 61 29 10 -49.0

NM = Not meaningful
Source: Dataguest (Dacember 1998)
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Table 5

Worldwide Digital Cellular/PCS Handset Semiconductor Market Forecast, 1995 to 2002 (Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000 2001 2002 1997-2002

Total Unit Shipments (K) 17,791 48,789 98,600 135350 171,510 218,205 263,875 312,950 26.0
Total Semiconductor Market 1,943 4,480 7,235 7877 8,444 9,541 10,378 11,679 10.1
Generai-Purpose Standard Products 1,09 2020 2,569 2,899 2,964 3,339 3,580 3,761 7.9
Memory IC 369 918 1,158 1,505 1,647 1918 2,138 2,301 14.7
DRAM - - 1 5 8 12 17 21 78.0

SRAM 127 194 381 504 585 641 639 591 9.2
Nonvolatile Memory 242 725 776 993 1,046 1,254 1,467 1,673 16.6

Other Memory IC - - - 3 8 12 15 16 NM
Microcomponent IC 292 403 362 236 68 48 62 70 -28.0
Microprocessor - - 4 21 34 43 62 70 80.9
Microcontroiler 219 302 322 213 34 5 1 - -100.0

Digitat Signal Processor 73 101 36 2 - - - - -100.0
Standard Logic IC 16 31 51 55 51 48 21 23 -14.3
Standard Analog IC 155 237 362 394 422 477 519 584 10.1
Discrete 253 403 579 630 676 716 675 584 02
Optical Semiconductor 12 27 58 79 101 134 166 199 28.0
ASSP 303 1066 2,243 2,458 2,778 3,339 3,684 4,415 14.5
ASIC 544 1393 2424 2,521 2,702 2,862 3,113 3,504 7.6

NM = Not meaningful
Source: Dataquest (December 1998)
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Table 6
Worldwide Pager Semiconductor Market Forecast, 1995 to 2002 (Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000 2001 2002 1997-2002

Total Unit Shipments (K) 39479 44201 43,746 45,083 48,053 50,824 52875 56,707 5.3
Total Semiconductor Market 501 569 552 570 620 689 743 842 8.8
General-Purpose Standard Products 496 546 474 444 434 407 386 387 4,0
Memory IC 50 68 72 74 81 90 97 109 8.8
DRAM - - - - - - - - NM

SRAM 38 55 58 61 67 75 82 94 10.1
Nonvolatile Memory 13 14 14 13 14 14 14 15 2.4

Other Memory IC - - - - - - - - NM
Microcomponent IC' 216 228 199 188 186 172 163 168 -3.2
Microprocessor - - - - - - - - NM
Microcontroller 216 228 199 188 186 172 163 168 -3.2

Digital Signal Processor - - - - - - - - NM
Standard Logic IC - - - - - - - - NM
Standard Analog IC 140 154 127 114 105 20 74 59 -14.2
Discrete 90 97 77 68 62 55 52 51 -8.1
Optical Semiconductor - - - - - - - - NM
ASSP 5 23 77 125 186 283 356 455 42.6
ASIC - - - - - - - - NM

NM = Not meaningful
Source: Dataquest (December 1998)
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Table 7

Worldwide Mobile Communications Infrastructure Semiconductor Market Forecast, 1995 to 2002 (Millions of Dollars)

CAGR (%)

1995 1996 1997 1998 1999 2000 2001 2002 1997-2002

Total Semiconductor Market 943 1,452 1,952 2,212 2,385 2,692 2,930 3,196 104
General-Purpose Standard Products 726 1,118 1,484 1,659 1,765 1,965 2,081 2,269 8.9
Memory IC 104 160 195 221 215 242 205 224 2.8
DRAM 38 58 78 88 95 108 88 9% 4.2
SRAM 28 44 39 44 48 54 29 32 -3.9
Nonvolatile Memory 28 44 59 66 48 54 59 64 1.8
Other Memory IC 9 15 20 22 24 27 29 32 104
Microcomponent IC crq | 494 683 774 882 996 1,084 1,183 11.6
Microprocessor 47 73 98 133 167 188 205 224 18.0
Microcontroller 28 44 59 44 48 54 29 32 -11.4
Digital Signal Processor 245 378 527 597 668 754 850 927 119
Standard Logic IC 19 29 39 22 24 27 29 32 -39
Standard Analog IC 28 44 59 66 72 81 88 96 10.4
Discrete 236 363 469 531 549 592 645 703 85
Optical Semiconductor 19 29 39 44 24 27 29 32 -39
ASSBP 104 160 234 288 310 377 440 479 15.4
ASIC 113 174 234 265 310 350 410 447 13.8

Source: Dataquest (December 1998)
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Dataguest Perspective

WSAM-WW-DP-9809

The wireless communications semiconductor market has been one of the
few bright spots in an otherwise challenging semiconductor market during
recent years. The exciting growth in this segment has continued even in the
face of severe price pressure. The forecast for continued strong growth in
wireless communications continues to attract aggressive competitors both
large and small. The relatively large number of semiconductor companies
competing in this segment will find that the continuing price, performance,
and integration trends will result in a reduced number of competitors
sharing the prize. Only the fittest and most focused will survive.

©1999 Dataquest January 18, 1999
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Market Analysis

LMDS and MMDS Compete for the Last Mile, or Do They?

Abstract: Wireless broadband access is emerging as a promising means for allowing small

and medium-size companies without access to optical connections to have access to band-

width. Local multipoint distribution service is the front runner for providing these services.

Dataquest estimates that the market for wireless broadband access equipment will grow to

$3.4 billion and the related sewniconductor demand will grow to $476 million by 2003.
. By Stan Bruederle

Creating Competition for the Last Mile

One or two service providers with little competition dominate
telecommunications and television services in most countries. The local
phone company provides phone service, and the local cable company
provides television programming. Efforts to create competition for these
services have largely failed because of the high cost of duplicating the infra-
structure required to deliver these services to businesses and homes in local
service areas. The U.S. Federal Communications Commission (FCC) and
similar organizations in other countries of the world have attempted to
develop competing services by a variety of means, without much success.

Recently, the FCC has created other competitive communications channels
that have the potential to provide a variety of services to consumer

and business customers in direct competition with the local telephone
companies and cable operators. Its sister Canadian agency, Industry
Canada, has done the same, hoping to create an environment in which
prices and services will be enhanced because of the competitive forces at
work between existing providers and new wireless providers.
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The major advantage of broadband wireless services is the ability to install
infrastructure at a reasonable cost. Estimates of the cost to install a broad-
band connection to a building are estimated to be about $2,500 for local
multipoint distribution service (LMDS), substantially less than other alter-
natives. A multipoint multichannel distribution service (MMDS) installa-
tion is estimated to cost less than $1,000, given the broader coverage (25 to
35 miles) of an MMDS base station. Suppliers of both technologies are
proposing to offer broadband access for well under $1,000 per month. This
makes it possible for a new competitor to establish broadband connections
to small and medium-size businesses at a low cost and to begin providing
services relatively quickly.

The FCC auctioned licenses for MMDS frequencies in the 2.5-GHz band in
1996. Variations of MMDS-type services have been available since the 1970s.
The Wireless Communications Association International estimates that

5 million people in 90 countries and more than 1 million people in 250
systems in the United States use wireless cable services today. Initially,
MMDS was designed for delivery of television broadcasts to areas not
supported by cable or broadcast television networks. Recently, the focus of
MMDS providers has begun to shift to digital services offering broadband
access for small business and consumers. Unfortunately, companies in the
United States that provide MMDS services do not have the resources to
upgrade their networks to digital equipment. As a result, many service
providers and their suppliers are in difficult financial circumstances. LMDS
services have just begun to emerge in the last five years. For the purposes of
this Perspective, LMDS is defined as point-to-multipoint communications
services offered on the millimeter microwave frequency bands. The bands
currently being used for these services are the 24-GHz, 28-t0-31-GHz, and
38-GHz bands. New entrants into the LMDS market are well financed and
have targeted the broadband wireless access market with the objective of
providing fiber-quality data services to small and medium-size companies
that do not have access to fiber connections. Dataquest estimates that

95 percent of small and medium-size businesses do not have access to fiber
connections, Because of this trend toward digital services, the FCC has
taken steps to create an environment for accelerating the availability of
wireless broadband data communications.

What Are MMDS and LMDS Networks?

WSAM-WW-DP-9308

LMDS and MMDS networks are distribution systems designed to provide
one- and two-way broadband service to consumers and businesses. Digital
MMDS provides 33 6-MHz channels that can provide up to 27-Mbps data
rates to users using quadrature phase-shift keying (QPSK) and quadrature
amplitude modulation (QAM) modulation techniques on frequency-
division multiple access (FDMA) and time-division multiple access
(TDMA) access technologies. LMDS provides raw bandwidth in the
millimeter microwave bands. QPSK and QAM modulation techniques are
also used with FDMA, TDMA, and code-division multiple access (CDMA)
access technologies. The March 1998 LMDS auctions in the United States
and the spectrum allocations in other countries are the single greatest
allocation of spectrum for providing broadband services.

©1999 Dataquest January 18, 1999
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LMDS and MMDS networks provide a one- or two-way connection to
sources of voice, video, or data to customers located within two to three
miles (for LMDS) or 25 to 35 miles {(for MMDS) of a base station. Service
providers are shifting toward providing broadband digital access rather
than simply competing with the cable providers for delivery of television
programming,

Since LMDS/MMDS networks serve customers in fixed locations, service
providers can choose to locate their service where customers are concen-
trated. As a result, the most attractive customers are likely to be business
customers that require high data rate connections. Also, LMDS and MMDS
offer operators the opportunity to expand their networks incrementally, as
customer demand requires.

LMDS and MMDS service providers and customer-premise connections are
similar. Both are capable of two-way wireless communications. This became
true for MMDS in September 1998 when the FCC authorized two-way wire-
less communications in the MMDS bands. Figure 1 shows a simplified base
station and customer premise setup.

industry Structure

MMDS and LMDS are both point-to-multipoint services but are very
different in the following two ways:

m MMDS has evolved as a means of providing "wireless cable” services to
people that do not have access to cable television services through the
cable network. MMDS services are provided through the 2.5-GHz
allocations auctioned by the FCC in 1996.

m LMDS has been developed as a broadband wireless access service, which
WinStar calls Wireless Fiber, by the FCC as a competitive alternative to
the high-speed data communications services offered by telephone
companies and cable network service providers. Block A bandwidth of
1150 MHz and block B bandwidth of 150 MHz are available to service
providers that acquired licenses in the February-to-March 1998 LMDS
auction.

During the last few years point-to-multipoint technology has moved from
analog to the digital domain as customer demand for analog TV services
has dwindled in favor of satellite broadcast TV services and digital cable TV
offerings. Customers that at one time depended on MMDS for their cable
services now have much better TV access through the satellite service
offerings. This and other factors have driven MMDS service providers to
move toward digital TV and two-way data services to compete with
offerings by cable TV service providers and to take advantage of the
demand for high-speed data in homes and businesses.
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MMDS: An Industry in Transition

MMDS appeared to be a promising opportunity a few years ago when Bell
Atlantic, BellSouth, Pacific Telesis, and NYNEX got behind the technology
as a means of offering broadband services to homes in competition with the
cable companies. Its potential has not been achieved, because the regional
Bell operating companies (RBOCs) have backed off from their strong push
into these services. Other than the RBOCs, most of those in this business
are relatively small, undercapitalized companies that do not have the
financial wherewithal to invest in the acquisition of more expensive digital
technology. A scan of the financial reports of service providers and
supporting equipment manufacturers provides a picture of declining
revenue and growing losses at a time when a significant investment in
new digital infrastructure is required. The following examples of selected
companies provide an indication of the challenges of the transition the
MMDS industry is currently going through:

®m Heartland Wireless, the largest MMDS operator in the United States,
announced in its third quarter financial report that it is filing for Chapter
11 protection after experiencing losses of $134 million in 1997 and
$198 million for the first three quarters of 1998.

8 American Telecasting Inc., another of the largest MMDS providers,
announced that its accountant has indicated that ATI must undertake a
financial restructuring in order to avoid a statement questioning the
company's viability as a going concern in the accountant's audit report.

m California Amplifier, a supplier of MMDS and direct broadcast satellite
reception equipment, reported revenue for the nine months ended
November 28, 1998, to be $27.1 million, a decline of 30 percent from the
same period in 1997. The company experienced losses of $1.5 million for
the 1998 period.

m EMCEE Broadcast Products, a manufacturer of MMDS transmission
equipment, reported revenue for the six months ended September 30 of
$4.4 million, an increase of 10 percent over the same period in 1997. The
company has experienced revenue declines for the last three years. The
trend is for flat revenue for fiscal 1999,

The suppliers of MMDS equipment have experienced declining revenue. As
a result, these companies are not able to offer services competitive with
those being offered by the cable and satellite operators. Some companies
have begun to offer wide-bandwidth data services. However, this is an
emerging business opportunity that will not produce immediate revenue
growth. Before September 1998, MMDS required a second medium for the
return path. In September, the FCC agreed to allow MMDS channels to be
used for both forward and return communications. This makes it possible
for MMDS service providers to service the broadband needs and businesses
that require them. It appears that business levels will continue to decline for
some time in the MMDS market, causing continued decline in revenue for
suppliers of MMDS hardware.

©1999 Dataquest January 18, 1999
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LMDS: Where the Current Action Is

LMDS is a different story. In the United States, the FCC auctioned off

1.3 GHz of spectrum in the 28- and 31-GHz region in March 1998. Also,
companies have acquired broadband spectrum in the 24- and 38-GHz
regions to provide the same types of point-to-multipoint services made
possible by LMDS. A number of companies have the financial resources to
buy licenses to provide nationwide services. The companies of interest in
the 24 to 38-GHz spectrum are Teligent, Advanced Radio Telecom, and
WinStar. Two new entrants, WNP Communications and NEXTBAND
Communications, bought licenses in the LMDS auction that provide them
with nationwide coverage and will be entering the market within the next
two years. WNP and NEXTBAND spent $187 million and $135 million,
respectively, to acquire broadband spectrum in the 28-to-31-MHz regions.
Teligent, WinStar, and ART have the financial resources and the plans in
place and are building out their networks now with the expectation of
establishing services within the next year. WNP and NEXTBAND have not
created specific plans but are expected to begin providing services in the
next two years. An additional 102 bidders bought licenses for $214 million.
Their challenge will be to acquire the financing for building out their
networks in the next few years.

Another major rollout of LMDS is taking place in Canada, starting with the
government's allocation of spectrum to three companies in 1996. These
companies were given the direction to create a nationwide broadband wire-
less access network. The key companies in the Canadian LMDS rollout are
WIC Connexus and Maxlink. These systems are rolling out much more
slowly than the Canadian government would like. As a result, the govern-
ment is planning to allocate 24-GHz and 38-GHz spectrum to get more
competition into building out the Canadian system. The service companies
are blaming the equipment vendors. Part of the problem is that their current
equipment does not provide bandwidth-on-demand. They have now
decided to go ahead with current equipment and upgrade later.

The third visible installation of an LMDS network is being carried out in
Korea, where Korea Telecom has begun to roll out its network. This is the
first deployment of LMDS technology in the world by an existing
telecommunications service provider.

Other countries that have allocated spectrum for LMDS services include
Russia, Western European countries, the United Kingdom, Venezuela,
Argentina, Romania, and the Philippines.

The market opportunity for wireless broadband access is in LMDS. In
Canada, which is rolling out its network in 1998 and 1999, WIC Connexus
and Maxlink (the two major players) announced that they would be
spending $500 million and $400 million, respectively, over the next four
years to build out their networks. Maxlink claims that it will spend

$2 billion on its network before it is completed. Newbridge received the
bulk of these companies’ business. In the United States, Advanced Radio
Telecom completed financing agreements with Lucent Technologies and
others that provide the company with up to $300 million to build out its
network. Lucent will receive the purchase order for the equipment to build
ART's network. The first $35 million will be used to finance the first three
networks in Seattle, Washington; Portland, Oregon; and Phoenix, Arizona.
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ART plans to provide services to the 100 largest markets in the United
States over the next five years, implying an investment of more than

$1 billion over the period. P-Com is a key supplier of millimeter-wave
radios to ART and is expected to become Lucent's partner in the buildout of
ART's point-to-multipoint network. Teligent has raised $100 million from
Nippon Telephone and Telegraph, $125 million from its initial public
offering in the fourth quarter of 1997, a $300 million debt financing, and a
$780 million vendor financing commitment from Nortel, its equipment
partner. Teligent has targeted a launch in 10 markets in 1998, 20 more
markets in 1999, and an additional 20 to 50 markets in 2000 and 2001, for a
total of 50 to 80 markets by the end of 2001. This would indicate a hardware
investment of $800 million to $1 billion over the four-year period. WinStar
Communications is the third major player in the buildout of a national fixed
wireless network. The company is scheduled to complete a 40-market
buildout by the end of 1999. WinStar recently announced a partnership
with Lucent Technologies that involves an equipment financing arrange-
ment of up to $2 billion in $500 million tranches. In addition to its existing
38-GHz spectrum, WinStar recently purchased LMDS licenses for

$43 million during the U.S. auction. WinStar also purchased spectrum in
New York from CellularVision USA for $32.5 million.

Tallying this up shows five North American companies investing more than
$6 billion over the next five years in building out millimeter-wave point-to-
point networks to serve small and medium-size businesses that do not
currently have access to broadband fiber connections. Also, at least two
more companies will join the pack as soon as they develop their business
plans and secure the funding they need to build out their networks. To
some extent, the hardware suppliers for these buildouts are already in place
because of the financing established between the operators and their
hardware suppliers. This is further detailed in Table 1.

Table 1
Network Operators and Their Equipment Suppliers
Equipment

Operator Supplier Details

WIC Connexus Newbridge $500 million investment over four years. Major share went to
Newbridge.

Alcatel (radio equipment)

Maxlink Newbridge $400 million investrnent over four years. Major share went to
Newbridge. Maxlink plans to spend $2 billion over five years
on its network.

Alcatel (radio equipment)

Teligent Nortel Nortel provided $780 million purchase loans. Other financing
sources have provided another $500 million plus.

ART Lucent Lucent provided $25 million credit facility and $200 million
purchase loans conditional on ART's ability to raise other
capital.

Possibly P-Com for radio equipment
WinStar Lucent Lucent has established an equipment financing arrangement of
$2 billion available in $500 million tranches.
Nortel
Possibly P-Com for radio equipment
Korea Telecom Newbridge Details are not available.

Source: Dataquest (December 1998)
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There will be more players entering this market over the next few years.
More than 100 companies bought spectrum in the March FCC auction. The
companies shown in the table have marshaled the resources to create
networks in the major population areas in the country. The smaller players
will have the opportunity to provide services in less populated areas. One
of their major challenges will be to acquire the resources to build out their
networks and provide the services to their customers.

LMDS Networks: The Semiconductor Opportunity

A point-to-multipoint network is similar to a cellular network (see Figure
1). The base station consists of base station transceiver systems and a base
station controller. Customer-premise equipment includes radio equipment
and a network interface unit (NIU) that provides the connection to the
customer's internal communications network.

Base Station Equipment

LMDS base stations provide conversion from the fiber network to the wire-
less network. Base station equipment is similar to its cellular counterpart,
with some significant differences. LMDS equipment is fixed and thus does
not have to deal with handoffs, roaming, and other issues related to mobile
terminals. On the other hand, LMDS systems must be able to handle voice,
data, video, and multimedia content with varying bandwidth demands.
These types of demands will not exist for mobile communications until
third-generation networks are deployed five or more years from now. The
capability to process broadband content demands that equipment have
much more robust digital signal processing capability than is currently
required in cellular equipment.

An LMDS base station consists of the following:

m Network interface for fiber terminations
# Modulation and demodulation functions
® Microwave transmission and receiving equipment

Some base station architectures include switching equipment and the
accompanying network management, which makes it possible to connect
users in the LMDS without using the external fiber network.

The base station network interface converts the radio frequency signals
sent to and received from the base station radic equipment into network
compatible data (asynchronous transfer mode—ATM-—is becoming the
standard). These signals are sent to and received from the optical network.
The network interface includes fiber-optic modules, related serialization
and deserialization functions, digital signal processing coding and
decoding functions, modulation/demodulation functions, compression
and decompression functions, and data conversion functions.
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LMDS radio frequency equipment sends and receives 24-GHz-to-38-GHz
radio signals between the base station and the customer-premise equip-
ment. Transceivers consist of fransceivers and digital processing equipment
that link the customer sites to the network. Radio equipment can be broad-
band multicarrier or single carrier per transceiver. Transceivers convert the
24-t0-38-GHz signals to and from VHF intermediate frequency levels (in the
500-MHz-to-2-GHz range). These signals are sent to and received from

the network interface equipment. The transmitted power of an LMDS
transmitter is in the range of 1W, which can be shared among several
carriers.

LMDS base station equipment is designed to operate with between four to
24 sectors and provide efficient coverage of a wide range of customers in
accordance with their bandwidth needs. There is one transceiver for each
sector.

Customer-Premise Equipment
Customer-premise equipment includes transceivers and a NIU.

The LMDS transceiver is generally located outdoors and is integrated with
the antenna, which is about 12 inches in diameter. This makes a compact,
relatively unobtrusive installation, an attractive feature of LMDS systems.
The power output of a customer-premise equipment transmitter is in the
range of 100mW. The transceiver upconverts and downconverts signals
sent to and received from the in-building NIU.

The N1U provides the interface between the radio and the customer-
premise network, which could be a LAN, a PBX, servers, or other equip-
ment installed on the customer's premises. The functions in the NIU include
data conversion, modulation and demodulation, encryption and decryp-
tion, embedded control, and customer-premise network interface functions.

Semiconductor Opportunities

LMDS transceiver equipment will make extensive use of gallium arsenide
(GaAs) technology. Polymorphic high-electron-mobility transistor
(PHEMT) and heterostructure bipolar transistor (HBT) technologies are
well suited to the millimeter-wave sections of the radios, while metal
semiconductor field-effect transistor (MESFET) technology is well suited to
the intermediate frequency sections of the radios. The availability of this
technology is critical to offering low-cost millimeter-wave integrated
circuits.

The network interface units in the base station and the customer-premise
equipment represent opportunities for high-performance digital signal
processing products, embedded 32-bit microprocessors, memory (flash will
be attractive for remote uploading of system updates), application-specific
ICs (ASICs) and application-specific standard products (ASSPs), and
mixed-signal products for data conversion and physical layer interface
functions.
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Dataquest estimates that the worldwide demand for LMDS base station
and customer-premise equipment will approach $3.4 billion per year within
the next five years, representing a $476 million annual opportunity for
semiconductor manufacturers and an $85 million annual opportunity for
suppliers of GaAs technology. Table 2 provides Dataquest's current forecast
for LMDS equipment and semiconductor consumption.

Table 2
Forecast of LMDS Equipment Demand and Semiconductor
Consumption (Millions of Dollars)

1999 2000 2001 2002 2003

LMDS Equipment 500 1000 1,750 2450 3400

Semiconductor Content Ratio (%) 10 11 12 13 14

Semiconductor Consumption 50 110 210 319 476
Source: Dataquest (December 1998)
Dataquest Perspective

The growth opportunity for broadband wireless access for the next five
years is in LMDS. The early market development will be led by U.S.
companies Teligent, WinStar, and ART with existing operations on the
24-GHz and 38-GHz spectrum, followed by the buildout of Canada’s
planned nationwide network by WIC Connexus and Maxlink, and Korea
Telecom's buildout of its Korean network. The next buildout wave will
come from the winners of the U.S. LMDS auction, WNP Communications
and NEXTBAND Communications, which had to rewrite their business
plans when they acquired more spectrum than they had expected. These
companies will start their networks in the next two years. The last wave
will be the smaller bidders of the U.S. LMDS auction and other countries
that have allocated spectrum for LMDS. This may evolve over the next five
to 10 years. Dataquest's forecast is based on the assumption that the
operators will execute their network buildout plans as they have stated.
The U.S. and Canadian first-wave companies have organized the resources,
although they need to accomplish these objectives through their vendor
purchase loans and other means as discussed earlier. The winners of the
U.S. LMDS auction have yet to announce their vendors. We assume that any
arrangements for these companies will include purchase loans similar to
the arrangements made by WinStar. Teligent, and ART. There are a number
of equipment vendors with the resources to provide this support, including
Ericsson, Alcatel, Bosch Telecom, Siemens, and Newbridge Networks.

The target customers for semiconductor companies wanting to participate
in the LMDS market emerge quite clearly from the analysis of the buildout
process. The key turnkey systems suppliers are Newbridge Networks,
Lucent Technologies, and Nortel, in that order. Alcatel and P-Com will
apparently participate as subsystem suppliers to the operators, as subcon-
tractors to the major equipment company suppliers, or as subsystem
suppliers to the service providers. Smaller players could be left out of the
early major buys for LMDS infrastructure but may have an opportunity to
participate in the sales of customer-premise equipment as the operators
sign up customers for their services.
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Several large LMDS players have not been mentioned to date. Two of
them are Ericsson and Bosch Telecommunications. It is likely that these
companies will be contenders for the buildouts of WNP and NEXTBAND.
It is quite likely that the larger new entrants will negotiate purchase loans
from their equipment vendors as most of the other players have.

The following two key issues remain to be considered in this analysis:

a What will the 102 bidders in the LMDS auction do to roll out their
business? They are not likely to get the benefits of financial support from
the large equipment producers. They will have to carve their own niche
opportunities in the areas in which they have bought spectrum. Two of
the winners, Central Texas Communications, in Texas, and Liberty
Cellular, in Kansas, have announced plans to establish LMDS services in
their regions using Newbridge and Nortel equipment, respectively.

s How will the RBOCs play in this market? They did not play a role in the
auction because they were allowed to bid only on the B block spectrum.
They will be able to buy licenses from the other winners three years after
the auction. The siow rollout of WNP and NEXTEL is working in favor of
the RBOCs, because the new entrants may not be that well established in
the market when the RBOCs are able to make their move. This may be a
motivation for the RBOCs to enter the LMDS market in 2001. By then,
Teligent, WinStar, and ART will have established the validity of the
market opportunity, and the RBOCs will have a better idea of the risks
associated with these markets.

The downside to this opportunity is the acceptance of LMDS services as an
alternative to other means of broadband access. This could affect hardware
demand in two to three years if customer demand does not materialize as
expected. With major players willing to make billion-dollar investment
loans, there are some big bets on the table. Small and medium-size
businesses must be willing and able to install broadband access systems in
their facilities, and they must find the wireless solutions a good technical
and economic choice.
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Market Analysis

Third Quarter Wireless Update: The Churn Continues

Introduction

Abstract: Manufacturers of wireless infrastructure and subscriber equipment and
semiconductor products experienced another quarter of mixed results. Revenue changes ranged
from significant decline to strong growth. As a result of the wide range in performance some
companies’ positions in the industry have changed. This Perspective analyzes the quarterly
performance of selected companies that serve the wireless communications market.

By Stan Bruederle

This Perspective looks at the performance of major players in the wireless
communications with visible financial performance and analyzes the
implications of their performance for the wireless market.

The third quarter saw continued industry dynamics as companies’ positions
within regions and their product positions determined market positions and
growth patterns. System companies’ revenue grew in the range of 15 to 20
percent, with Motorola and Ericsson experiencing weaker results because of
their weak performance in their subscriber unit businesses. Nokia was the
star performer with its 94 percent growth in handset shipments and 42
percent growth in infrastructure shipments.

Independent suppliers of power amplifiers (Spectrian and Powerwave)
continued to be affected by the economic crisis in Asia, and their continuing
efforts to transfer the business to the United States and other growing
markets.

Semiconductor companies experienced widely varying results ranging from
negative 28 percent growth at VLSI Technology, which is closely tied to
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Ericsson, to 243 percent growth at RF Micro Devices, which has the rapidly
growing Nokia as its major customer (see Table 1).
Table 1
Third Calendar Quarter Financial Results for Selected Wireless Companies
Cost
of
Goods Net
Revenue Change Sold  Change R&D  Change  Income Change Inventory Change
(5B) (%) ($B) (%) $B) (%) ($B) (%) $B) (%)
Ericsson 549 678 309 2.00 0.87 17.33 0.40 6.76 350 9.66
Lucent
Technologies 8.04 1593 426 9.86 097 16.52 0.55 48,51 3.08 5.30
Motorola 7.15 274 516 3.39 .73 532 .04 NA 429 474
Nokia 391 6229 236 5453 0.31 63.73 0.54 69.53 156 0.50
Nortel 414 1838 235 14.83 .62 16.67 ~30 NA 2.02 1.00
QUALCOMM 093 5397 0.62 47.73 0.10 16.14 0.04 3254 0.39 71.67
Powerwave
Technologies 1645*  -52.08 10.70* -47.98 294* -11.98 0.12* 9745 10.35% 17.08
Spectrian 26.87* 4430 2063 -40.16 6.55* 58.21 -3.20* NA 19.86 29.30
Alpha
Industries 26.63* 3.68 16.76* -6.58 2.89 19.42 420¢ 80.34 9.59 20.78
Anadigics 2040 1755 21.76* 58.95 433* -0.94 -4.96* NA 1198 -39.13
Celeritek 1083  -199¢ 819 -7.16 1.36% 7.09 -0.49* NA 11.04* 376
RF Micro
Devices 342+ 24301  21.69* 34907 3.22¢ 53.60 236*  188.60 26.90* 8.16
Texas
Instruments 21 -15.48 1.31 -13.83 0.29 5.82 016  -90.42 057 2318 .
TriQuint 29.11* 6568  17.93* 75.08 457 71.16 286 11832 20.08* 63.38
VLSI
Technology 130.8*  -27.78  80.49* -19.70 26.47* 6.6 -3.56 NA 4549 1232

*Figures followed by an asterisk are given in millions of dollars rather than billions of dollars
NA = Not applicable or not available
Source: Company quarierly financial reports, Dataquest (November 1998)

Equipment Companies Generally Experience Growth

WSAM-WW-DP-9807

Ericsson

Ericsson experienced 16 percent growth in its infrastructure business over the
same quarter of 1997. Its handset business did not fare as well, experiencing a
2 percent decline compared with the same period one year earlier, in spite of
stated unit shipment growth of greater that 50 percent. Ericsson is suffering
from missing the most recent market window. As a result, the company has
slipped from its position as the No. 1 supplier of cellular/PCS handsets in
terms of revenue. The third quarter represents a downward trend against the
results of the nine-month period ending at the same point. New handsets to
be introduced in early 1999 are expected to rejuvenate Ericsson's
performance. However, when these products are introduced, Motorola will
have its new product families on the market while Nokia will continue to
press its strong position as well.

Ericsson continues to experience positive results in its infrastructure
business, with particularly strong results in China. The company is strongly
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pushing its W-CDMA thrust for the next-generation worldwide standard.
Ericsson included the following announcements in its report:

®8 Handset sales were $1.38 million for the quarter. This resuit places
Ericsson in the position of No. 3 supplier of cellular handsets, behind
Nokia and Motorola.

W Sales in the Americas declined by 7 percent. Ericsson'’s largest markets are
China, the United States, the United Kingdom, Brazil, and Italy.

Lucent Technologies

Lucent Technologies reported $8 billion in revenue for the third calendar
quarter, an increase of 15.9 percent compared with the same quarter of 1997.
Its wired, wireless, and optical infrastructure business grew 22.4 percent. The
company terminated its joint venture with Philips Consumer
Communications, thus ending its association with the wireless handset
business.

Motorola
Motorola reported revenue of $7.2 billion for the third quarter, a decrease of 3
percent from revenue of $7.4 billion for the same period of 1997. The
company experienced losses of $42 million for the period compared with a
profit of $266 million in its third quarter of 1997. The Cellular Products
Segment experienced 9 percent revenue growth to $3 billion for the period,
while orders declined by 2 percent. Infrastructure business was up strongly,
while the subscriber business declined as weakness in analog subscriber
. business offset growth in the digital phone business. Motorola's paging
group experienced a 30 percent decline in revenue because of weakness in
the Asian market. Orders declined as well. Motorola made the following
announcements in its quarterly report and analyst reports:

& The nonsilicon components business was sold to CTS Corporation. This
business includes ceramics, quartz oscillators, piezoelectric, and saw
technology.

® The pending launch of Iridium positions Motorola to begin to profit from
its investment and support of the satellite network. With the emergence
of worldwide terrestrial solutions there is a question regarding the appeal
of satellite phone networks.

B Motorola achieved $1.75 billion in handset revenue in the third quarter.
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Nokia

Nokia continues to be the star performer in mobile communications. The
company reported revenue of $3.9 billion (calculated at an exchange rate of
Fmk 5.156 to U.S.$1) for the third calendar quarter, an increase of 62 percent
compared with the same quarter of 1997. Infrastructure revenue grew 42
percent, while subscriber revenue grew a stellar 94 percent. Nokia announced
the following in its report:

8 Nokia shipped 1 million phones in one week in the quarter.

® Iis subscriber revenue of $2.5 billion for the quarter makes it the leader in
supplying celiular/PCS phones ahead of Ericsson and Motorola.

Northern Telecom

Nortel revenue was $4.1 billion for the third quarter, an increase of 18.4
percent over the same quarter in 1997. Wireless revenue grew 17 percent to
$883 million in the September quarter. Nortel announced the following in its
report:

®  Nortel exited the subscriber business when Matra Nortel
Communications (50 percent owned by Nortel) sold its 50 percent
ownership in Matra Ericsson Telecommunications to Ericsson.

QUALCOMM

QUALCOMM reported revenue of $326 million for the third calendar quarter

of 1998, an increase of 54 percent over the same quarter of 1997. Subscriber

unit shipments for the 12 months ending with this quarter doubled over the .
year-earlier period. QUALCOMM shipped its 7 millionth phone this quarter,

indicating that 1 million phones were shipped during the quarter, down

slightly from 1.3 million phones in the prior quarter. QUALCOMM made the

following announcements during the period:

8 The company introduced the pdQ digital smart phone, combining
PalmPilot personal digital assistant (FDA) capabilities with a code-
division multiple access (CDMA) phone.

B QUALCOMM demonstrated its High Data Rate (HDR) technology, which
supports Internet access at rates of up to 1.5 Mbps.

B The company began production of Q phones in its new manufacturing
facility in Sae Paulo, Brazil.

B QUALCOMM exceeded 25 million mobile station modem chips to date,
an increase of 15 million from one year ago.

8 The company exceeded 2 million cell station modems shipped
worldwide.

8 QUALCOMM delivered samples of the Mobile Station Modem 3000,
which can support data rates of 86 Kbps.

® The company shipped samples of the CSM2000, which supports eight
forward and reverse link channels, significantly reducing the cost per
channel and power requirements. .
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® Direct sales of wireless infrastructure equipment to operators made up
the majority of infrastructure shipments.

B QUALCOMM launched the first open architecture network in the United
States, linking the company's base station controller with another
company's switch.

independents Deal with the Asian Financial Crisis
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Powerwave Technologies

Powerwave reported revenue of $16.5 million for its third quarter, a decline
of 52 percent from the year-ago quarter. The company attributed the decline
to delays in orders from OEM and system operator customers, as well as the
ongoing Asian financial crisis. Revenue from multicarrier linear amplifiers
(MCLAs) represented 79 percent of revenue, and personal communications
services (PCS) products accounted for 15 percent of revenue. The balance of
revenue was from Land Mobile Radio customers. The company made the
following additional announcements for the period:

B Revenue from companies outside of Korea made up 63 percent of total
revenue, compared with 14 percent one year earlier. Sales to North
American customers increased from $4.36 million, or 12.7 percent of sales,
in the third quarter of 1997 to $7.7 million, or 53.1 percent of sales in the
third quarter of 1998.

B BellSouth and Metawave Communications each accounted for more than
10 percent of revenue in the third quarter representing about 40 percent
of quarterly North American revenue.

8 Powerwave announced that it will acquire Hewlett-Packard's RF power
amplifier business, which makes single-carrier power amplifiers, a
complementary business to Powerwave's MCLA business. The purchase
price was about $57 million.

Spectrian

Spectrian reported third quarter revenue of $26.9 million, a decline of 44.3
percent from the year-ago revenue figure. During the past year, Spectrian has
begun to contract the manufacture of higher-volume printed circuit boards.
During the past six months, the company has begun to contract the
manufacture of single-carrier power amplifiers to an offshore manufacturer.
During the past six months, 98 percent of Spectrian’'s business has come from
four customers, Northern Telecom (66 percent), QUALCOMM (11 percent),
Nortel Matra (11 percent), and LG Information & Communications (10
percent).

The company expects its business to continue at the current levels for the
next few quarters.
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Semiconductor Companies RF Micro Bevices and TriQuint Have a Great Quarter
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Alpha industries

Alpha Industries experienced 80 percent third quarter profit growth to

$4.2 million on a 3.7 percent increase in sales to $28.6 million. The company
has chosen to focus its resources on the wireless semiconductor industry for
future growth. The company made the following announcements for the
quarter:

8 One customer represented 25 percent of the company's business for the
six months ending with the third quarter of 1998 compared with
21 percent for the same period of 1997.

8 Alpha's wireless semiconductor sector had sales of $28.4 million for the
six months ending September 1998 and $14.3 million for the September
quarter.

Gross margins for the Wireless Semiconductor Sector were 41 percent.

Increased research and development dollars were invested in the wireless
semiconductor sector. The company invests more than 75 percent of its
Ré&D dollars in the wireless semiconductor sector.

Anadigics

Anadigics announced revenue of $22 million, down 11.9 percent from the

prior quarter and 25.1 percent from the year-earlier quarter. The company

reported break-even profits prior to accounting for special charges, which

resulted in a $5.0 million loss for the period compared to a $3.9 million profit .
the year-earlier quarter.

B Wireless sales increased 12 percent over the prior quarter.

8 Anadigics wrote down $3.5 million of wireless inventory semiconductor
inventory consisting primarily of single-band power amplifiers for
wireless handsets.

8 Sales of semiconductors for cellular and PCS applications decreased to
$8.3 million in the third quarter of 1998 from $17.1 million for the same
quarter of 1997, a decrease of 51 percent.

Celeritek

Celeritek’s revenue declined 20 percent to $10.83 million in the third quarter
with a loss of $486,000. Semiconductor revenue increased 5 percent. The
company had projected that semiconductor revenue would decline in the
quarter in its last quarterly report. The company made the following
announcements in its quarterly report:

B A $5.9 million purchase agreement for 4.8-volt power amplifiers was
announced with a major Japanese handset manufacturer for delivery over
the next 18 months.

8 Celeritek received a purchase agreement valued at $1.2 million for
gallium arsenide (GaAs) power amplifier ICs for satellite handsets for .
delivery over the next 18 months.
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@ The company opened a new design center in Ireland that will focus on
designs of GaAs radio frequency (RF) ICs and assemblies.

RF Micro Devices

Revenue for the third quarter increased 243 percent to $31.4 million over the
year earlier and 34 percent over the prior quarter. Profits increased

188.6 percent to $2.36 million over the year-earlier quarter.

® Products based on GaAs heterojunction bipolar technology (HBT)
technology represented 89.2 percent of the company’s revenue for the
third quarter of 1998.

® Revenue for HBT products increased 312 percent over the third quarter of
1997, while silicon revenue increased 207 percent for the same periods.

®m Shipments to customers outside the United States represented 60 percent
of revenue for the third quarter, a decline from 69 percent for the year
earlier quarter.

W Sales to South Korean customers were $3.8 million or 12.1 percent of
revenue for the third quarter.

® The company lists its major handset customers as Nokia, Hyundai,
Philips Consumer Communications, Maxon, Pantech, Samsung, and LG
Information and Communications. Its major infrastructure customers
include Motorola, Powerwave, SCI systems, and Spectrian.

m  Nokia represented about 42 percent of the company's revenue, or
$19 million, during fiscal 1998, which ended in March 1998.

Rockwell Semiconductor Systems (Now Known as Gonexant
Systems)

Conexant Systems, the new name for Rockwell Semiconductor Systems,
released its prospectus for its initial public offering for the year ending
September 1998. This is the first public release of the semiconductor
company's financial performance. Conexant's wireless communications
semiconductor business reached $170 million for the fiscal year 1998, which
ended in the third quarter 1998, an increase of 47.9 percent from fiscal 1997.
This is an increase of 32.4 percent over fiscal 1997.

8 Rockwell’s customers include Casio Phonemate, Ericsson, Nokia,
Samsung, Nortel, QUALCOMM, NEC, SANYQ, Sharp, Sony, and
Uniden.

®m Dataquest estimates that Rockwell's revenue for power amplifier
products was $56 million in calendar year 1997. Its revenue for cordless
phone chipsets is estimated to be $30 million for the same period, mostly
from 900-MHz spread spectrum phones.

B Rockwell claims to be the largest supplier of GaAs power amplifier
products for digital cellular handsets. Conexant is also the largest
supplier of 900-MHz digital spread spectrum cordless chipsets.
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Texas Instruments

TI's overall business declined 8 percent to $1.9 billion for the third quarter.
Orders, excluding the memory business, which was sold to Micron
Technology, were up 8 percent from the prior quarter. The company reported
the following results in its report:

B TI's semiconductor operations had revenue of $1.53 billion in the third
quarter of 1998, a decrease of 8.47 percent from the same quarter of 1997.
The operation produced a profit of $363 million, down 8.33 percent from
the same quarter of 1997.

m Tl revised its estimate of the 1998 digital cellular handset market to $140
million handsets from its previous estimates of $125 million.

®m Digital signal processor (DSP) revenue increased 17 percent from the
third quarter of 1997, primarily because of strength in the wireless
comununications market.

m  Wireless chipset demand drove orders for the quarter up by 8 percent
over the prior quarter.

TriQuint Semiconductor
TriQuint reported revenue of $29.1 million up 66 percent over the same
quarter of 1997. Net income grew 118 percent to $2.9 million.

B In 1997, Nortel accounted for about 10 percent of TriQuint's revenue.
Raytheon TI Systems accounted for about 10 percent of TriQuint's
business for the nine months ending in September 1998. .

8 The company reported 64 new "major" design wins, each representing
potentially $100,000 of new business for the company. If these design
wins achieve their objectives, Triquint will achieve annualized revenue
growth of $25.6 million. Eighteen of these design wins were in the
wireless business.

VLSI Technology

VLSI Technologies reported revenue of $130 million in the third quarter of
1998, a decrease of 27.8 percent from the same quarter one year earlier. The
company reported losses for the quarter of $3.6 million. The company
reported the following for the quarter:

B Revenue from VLSI's top 20 customers represented 75 percent of its total
revenue for the first nine months of 1998, an increase from 67 percent of
its business for the first nine months of 1997.

B  Ericsson, VLSI's largest customer, accounted for 28 percent of its business
for the first nine months of 1998, about the same as its 29 percent share for
the year 1997.

8 The company's two major markets are the communications and the
digital consumer entertainment markets.

8 International revenue declined to 47.8 percent of revenue for the first nine
months of 1998 from 49.5 percent for the same period of 1997. This drop .

©1998 Dataquest December 14, 1998



Wireless Semiconductors and Applications - Worldwide 9

was attributed to declines in orders and average selling prices in its
communications and digital consumer customers.

Bataquest Perspective

Overall industry performance during the quarter continued strong, although
not strong enough to support growth for all players in the industry.
Dataquest’s forecast for digital handsets for 1998 is 135 million handsets, a
growth rate of 37.3 percent. Companies' reports indicate that they are on
target to reach this target or possibly exceed it. Wireless infrastructure
revenue is expected to grow 11.8 percent from 1997 to 1998. Companies'
reports indicate that they are on target to achieve this target as well. The
challenges that companies are facing can be attributed to the following
factors:

#  The Asia/Pacific financial crisis is affecting companies that are closely
tied to Korea's wireless rollout. Companies particularly affected include
independent power amplifier manufacturers such as Spectrian,
Powerwave, and producers of microwave transmission equipment.
Companies with strong positions on China such as Ericsson, Nokia, and
Motorola were not as seriously affected by the crisis. Companies also
reported that they are receiving somewhat increased activity from Korean
companies (LGIC re-emerged as a major customer in Spectrian’s quarterly
report).

m  Weak product positioning has affected companies such as Ericsson and
Motorola. Ericsson fell behind in announcing digital phones and has to
accept lower prices for its phones and therefore lower revenue growth.
Motorola has been affected significantly by the strong decrease in analog
phone revenue, which has offset the company's growth in digital phones.
Dataquest estimates that analog phone revenue will decrease by 27
percent from 1997 to 1998. Motorola's reports indicate that the decline
could be worse than expected. As both companies introduce new
products, revenue is expected to increase, pulling suppliers’ revenue up
as well. The challenge for Motorola and Ericsson will be to regain
momentum lost to Nokia.
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