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ABSTRACT

With the development of foundry industry, the IC design industry has flourished
in Taiwan with bright future. Under the trend of application of system-on-a-chip
(SOC), the reusable Silicon Intellectual Property (SIP) has become to the key to
develop a chip with complicated functions in a timely manner. The emergence of SIP
industry, following the establishment and development of foundries and IC design
hoses, has played a revolutionary role for the information and semiconductor
industries. Taiwan, with many favorable conditions to develop the SIP industry,
should take this chance to integrate the semiconductor industries to create the core
technology with competency for next decade. Since the United States is the leading
country in the I1C design industry in terms of gross value, this study was made based
on the interviews and the survey of the technology licensing model of some
US-companies, with the purpose to identify the best business model of SIP industry
and to make some suggestions for the SIP development in Taiwan.

From the conclusions discovered in this study, there are four major problems
lying in the current SIP market in the United States, which includes the quality of
post-selling service, void of universal interfacial standards, absence of standard
valuation model and technology transfer model, and the difficulty of IP qualification.
Taiwan government and related industries should address these issues with
appropriate strategies when developing the SIP market and industry. To compete with
the leading countries in the global SIP industry, Taiwan should find its own niche and
focus on the development of the “integrated-IP”. In addition, with the focus on SOC
development in the future, the SIP industry should consider establishing the
intermediate non-government organizations, which help the small SIP companies to
negotiate and to sign contracts regarding the technology licensing with the big
companies. Three main suggestions have been made in this study for better
development of SIP industry in Taiwan: (1) Government should propose strategies to
give assistance to IC design and SIP service companies (2) The SIP industry should
reinforce the non-government third-party organization to establish standards to
overcome the SIP trading obstacles (3) Government should enact policies stating a
clear focus of the future development for the SIP industry.
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16000 -
14000 -
12000
10000
. 8000
Transactions 6000+
4000 -

2000+

0-

Number of

]

1999 2000 2001 2002 2003 2004 2005

Star IP (eg ARM, MIPs, RAMBUS) represent less than 5% of
transaction activity

Star IP B Commodity IP
B 2-4:SIP 2 % #g4% - TH Xk VCE
DI IP BT AP B Y el P PldeT A - A0 o
F2-1: 23p IP BEF i o & 5 £

Worldwide Semiconductor IP ¥endors by Total IP Revenue Estimates {Millions of U.5. Dollars) .

Company. 2003 Revenue. | 2002 Revenue.| 2001 Revenue {2003 Market Share (%) Growth (%) ¥
AR 175.2. 184.9. 165.0. 17.0. -6, e
Bambus. 118.1. EE 107.5. 1z2.0. 21. e
SADRLS 81.2. 73.2. 45.0., 5.0, 11. o
Artizan. 7.6, 43.7. P 7.0, 7l. a
TTP Carma 73.5. 58.0. 39.5. 7.0, 4. -
MIPS Technologies 40.3., 43,1, 70.2. 4.0, -7 W
Mitags Logic. 40. 47.5, 34,8, 4.0, -16., W
BN 36.5. 51.2. 40,9, 4.0, -2 -
Imagination )
2360, 24.9., 9.5, 2.0, 5.

Technologies.
Mentor Graphics . 22,24 25,7, 304, 2.0, 39, W
Others., G326 284.1. 3181, 33.0. 0. W
Total Market. 1011.5., 933.8. 891.5. 100.0. 4., W

Source: Gariner Dataquestd

Note: ARM acquired Artisan in Autumn, 2004.
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P4~ ERIPRAELS S
#2005 # > 95 300 e P B IP AR > 5B S RT ®A G 43 15
(FF5mitd ) AR Er 48 A EAAEG%) A= i) FET3
(15%) > 1 ¥ > F3 > ;7 & X AF % (Gahners In-Stat Group, 2001) - @ IP & &
B ¥R 2 SR EIPhzid oo A3mA 88 “WIRIB" -SIP
X EREREE P & T 4eT o ARM > MIPS - Rambus » DSP Group
Star IP & &7 > &3 A28 F 18 40% - Phrthus » TTPcom 2 & % & Aid

ETIRN

MWARR > H I B IP T 524> % g9PR 42 - Chipidea > Unive » Leda P 3
Kb 2R EELIP & o Synopsys R $& & commodity & * IP -

Semiconductor Intellectual Property (IP)
1 IP-Related Tools
11 Module Generators
1.2 Development Tools for Module Generators
1.3 IP Creation and Packaging Tools
1.4 IP Management Tools
1.5 Royalty-Based IP Tools
2 Macrocells and Cores

2.1 Physical Libraries
2.2 Memory Elements
2.3 Non-\olatile Memory Elements
2.4 Analog and Mixed Signal Cores

24.1 RF Cores

24.2 Components

2.4.3 Signal Processing Cores
2.5 Arithmetic, Mathematic, and Logic Functional Blocks
2.6 Interface/Peripheral Cores

2.6.1 xDSL Cores

2.6.2 PCI Controller Cores

26.2.1 PCI Controller cores (soft RTL /firm/hard)
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2.6.2.2 PCI Controller PHY
2.6.3 USB Controller Cores
2.6.3.1 USB Controller cores (soft RTL /firm/hard)
2.6.3.2 USB Controller PHY
264 PCMCIA
2.6.5 IEEE 1284
2.6.6 IEEE 1394
2.6.7 SONET
2.6.8 Ethernet (IEEE802.x) Controller Cores
2.6.8.1 Ethernet Controller Cores (soft RTL /firm/hard)
2.6.8.2 Ethernet Controller PHY
2.6.9 Bluetooth
2.6.10 Rapid 1/0
2.6.11 Infiniband
2.6.12 Fiberchannel
2.6.13 SPI-4
2.6.14 Other Interface/Peripheral Cores
2.7 CODEC/Encryption Cores
2.10 Subsystems
2.11 Test Functions
2.12 DSP Functions
2.13 Other Macrocells & Cores
3 Verification IP
3.1 Interface/Peripheral Cores
3.2 CODEC/Encryption
3.3 Graphics, Imaging & Audio
3.4 Processors
3.5 Other Verification IP
4 Embedded Software
4.1 Real-Time Operating Systems
4.2 Stacks & Drivers
4.3 Application Software
4.4 Other Embedded Software
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The IP categories tracked by MSS were created in partnership
with VSI Alliance. The quarterly report aligns its IP category
breakdowns to match the official VSIA taxonomy for IP, which has
become the industry standard for IP classification.

Ts FRSIP 2k E RS S
B 37 e i SIP BB Bt Bl B RS 0 A AR AR I AT

L N A A deT (£2-2)0
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7
ARM _ MPLU Core MIPS ~ ARC -~ Tensilica~ Lexra
Holdings
MIPS

Technology

MPLU Core

ARM -~ ARC -~ Tensilica~ Lexra

Insilicon - Parthus - Tality -

Rambus Bus Interface s
S EnThink
LSE - Bus Interface -~ Data
Mentor Transmission ~ MPL - Rambus ~ Synopsys ~ Nowva

Graphics

Compression/Decompression »

MPEG?2 "-.id'\.‘k'

Engineering

SYNOPsys

Bluetooth - PCI » Bus Interface -
Memory - SRAM - MPU Core

Mentor ~ Parthus - Artisan
Rambus -~ Virage Logic

Inzilicon

USE - Bus Interface -~ Other Bus

Interface ~ IEEE 1394 «~ P

Mentor ~ Rambus -~ HCL -
Murlogic ~ EnThink

DSP Group

DSP Core

Improv Systems = Virtual [P
Lroup

Virage

Logic

Memory ~ SRAM

Artisan ~ Virtual Silicon -
Mewl.ooic

Artisan

Physical Library ~ Memory » SRAM

WVirage Logic - Virtual
Silicon ~ NewlLogic

Parthus

Data -~ Transmission -
Compression/Decompression~  Bus
Interface -~ Bluetooth ~ DSP Core -
MPEG2 "-'il.i'\.‘t.'

Wentor Graphics - Insilicon

T sl 6

t R MRS » TS MIC 47

+ v £ FE AR (SIP) s B e £

IP e B

f%’?’fﬂ

B S

e
340
‘}é‘;
EF]L

713#

ST

TR
ﬂ—\l‘jFl—iE"

MR

B SIP % B AR% @ o 5 s
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IP Blocks Developed by OEMs vs. Others

90%
80%
70% ——
60%

50% \ = OEMs
40% T~

30% \\_
20%

10%
0% -
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Source: Dataquest

Other Providers

] 2-5 1 IP 2 #; * .0 OEM i £ o

=L FRIPRET SHERN
FRAFA P FEIFI DAL S Flh B 2 255 R4l
B4 e K SURGE R BRI 4 Pt i3 0 4o MIPS > Rambus
DSP Group % Star IP 22 & o m g M@ M A ¥ L £ » 3F 5w Ll 3% R %

% p g 0 Fpt A 2 4o ARM > ARC cores - Parthus & Star IP 2 @ -
m T EIP R A A BE S RN E T S B Bk 2
H (3" party) % ¢ a5 » 4o VCX (virtual component exchange ) # i+

B 3V JRFE o he T R 2-6 ¢
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VIATUAL COMPONENT EX5HAMEE

I IP Exchange Solution

User Manager

Company { Usar Setup
IPUser IPVendor IPUser modules for search, access
H Download and exchange capability
IP Impaorter IP Storebuilder
Import basic Profile & Upload IP
information \ Py * |P Data Access Manager
» |IP Deal Broker
IP Data Access M P Data Access Mgr. 3 i
Deliverable Raquest MDA compilation IP Licensor
& Data Release * IP Importer
EIDHEI'IEB Tools )
* |IP Storebuilder
< '\ IPVendor modules for profiling,
IP DealBroker IP Deal Broker packaging and exchange capability
Raview ! Amend Terms Ve Listing Compile Term Sheet
"\ * IP Storebuilder
3
IP Licensor IP Licensor IP Data Access Manager
Review Licanse Compile Licensa » |IP Deal Broker
* IP Licensor
* IP Gateway
* IP Exporter
Central VCX Exchange Server hosts aggregated non-confidential P View Web Service

IP meta-data, and deliverables
Confidential deliverable package can be transferred peer-to-peer

B 2-6 1 VCX 12 & T 1

AT SR RIRR Y K - AT R A Y 0 bl T W] 27 Y o

40%-
35% EUSA
H Europe (Rest of)
LT
30% 0 UK
25%- O Taiwan
os | Eindia
AL M Japan
15%- E Canada
109%.- O Re_st of World
B China
5% O Singapore
0%-

Bl 2-7 1 VCX ehig * ¥ F Bl B o
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The true 3™ party IP market is
still young, still growing fast,
and very turbulent!

5254 Billion
Semiconductor

Rn::lt'run 2005

3™ party IP
- CAGR 25%
3982 Millicn 2002
3rd party SIP
Revenue
Source: Dataguest
B2-8: %=HP P F&iLo

Ty FAMZAT 2 R A 4

FWL - WP B E L > 4o FSA (fabless semiconductor
association ) # #1994 & £1= » p = G A2 400 B 27 g J o 2T R
Z B4 IP iz o
(=) IP&EF (& VSIA & iF)
(=) AAFTHE (22 VCX & iF)
(Z) BT'R

pad3tHE 2 EFE LA DM H50 > Fpt IP enm g ST > d L3
BN IVEE X G A B IP a7 o L p AFE A UpnE r |P
R > Bt HE &2002&;*}%#;% 15®% ~2EDALE{cIPHE} - &
4 f - Bfc SIP 4p M sk (STARC) - sk 4 B IP sz ini 50l 5
SIPAC e~ Ep i IP 2% > 2dd iﬁﬁlﬁrﬂfl,ﬁi‘%‘if%a\ ark
S o SR PR IR L Rda AR M 0 IP B - dorcfrd e
¥3t4) (Si-soft) > 2 » 20 i 5 4R F IC K- 30 » T = Bexk PR
P S ESREIPIIT S oa SHTHRFLLEF UMCH MRS
ORI A~ IP A R
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s (in-system) S&EE Awe > B2 6 DR KA Y EERBSEMIL
PR RS B PR R E A A Y e Ed
(application value-add” 7= & » ] #-p ¢ 2= 4" solution provider” » ¥
PO MR IRIE O BB A H IC E 3o P PRI o @ e IP core enig *
o BT Rk~ M B o R K
PR ESFALEN o RRBPEERS A FERRE L anRIEL Y -
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Z ~ 2 PR Synopsys = & e SIP i
() =&m
1. @4 :Synopsys = @ £ 3t 1986 & o A IR AT A W R B
Mountain View > iz 2004 # 10 * 31 p i+ 473 4378 L1 » #
P 2940 4 At £ 5 1438 4 AH @ 3 o § ¢F Synopsys & # B
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T AL 60 rrE s 3 o Synopsys wE i B FR AP HEK 2 B PN

FFR&D - ¥ b e < 2 B REE BB R

SIS FZAJI P AL P R AT e RE

AR ERERTF FHEIRAFESE R Y AR RI KT R&D-
2. A&

A RFRp & i (EDA) otk 3

B. ZX#agxz teskE B T LPRAE

C. IC ’%lleﬁi%*"

D. Ep A (IP) A F Aok 31 PRI%

3. E’iax ﬁx—;‘?’, BIPR fx ﬁ[gl,g\. i |CS§{€J.§; T TFBE"f”rr‘%
# = % Quality of Results, QOR | » " = # = % Cost of Results,
CoR > 4= T ¥ & % Time of Results, TOR ; P & -

4. .E_Fk :

A Implementatlon Group : # £ fr {7 4 Galaxy Design Platform
frip b A

B. Verlflcatlon Group : % & {- {7 4 Design Verification Platform
frip b & &

C. Silicon Engineering Group : % ;i e 24 & et iR & 53K
ViR EA S LK o

D. Solution Group : % & {- {7 4" DesignWare ¢ & ix- Turnkey IC
Ea

E. B3 pir A4 Fih- G4 80F

AR+ 1 Eabd

3

LEMAE PR eé-ﬁ;ﬁﬂi“é{‘ci EWBER ¥R T
srigfrBp i FE M THLICS &) o A~ B IC G
1memmew’4@%§ﬂ% FH T 65 E K] ok
ﬂﬁﬁ&%é4ww’%¥%¢iya*ﬁﬁuwbiﬁﬁﬁié&
[ Blde+ 4% ~ #iciz4ps ~ MP3 ) > 3 4c iy 7k 50 ([ SOCs,
system-on-chips 1 # ic o L & izt X ERH AL B e B > BF B { K
AL BHRTH ARNEARE > SHFE N pREd B o
R R+ A& & - REREHTH X EMOL e F GG W TR
% Bl fo EDA #1481 #% % 4v Synopsys 358~ &+ -

EDA gt £ IC K- ifAz e v R4 7 1% 12 th‘ﬁ# 28
o &R AT Fe e Yl > EDA A% fap ffeilt TR &G
{#hmente st 0 0 7 NRERF AT B - FFER A %;{*Ln@i ¢h
BE4 A B ER j\?Pngo IC & iR e 3 Bkt %:r
& E?ﬁ%; /éi =t 2_3% 3+ (RTL ; Register transfer level design) > 483K 3+ >

PR PEERPEF IR AL PR - FRT
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AR RF R F LI PORTHEFE LB AR ERENF 2
4 4
5 7 #&

g Af H - &
AERES o FIMEY BY G ER - RSN TR B RRY K
F L w A R b B AofR AR AL L e a3
FRADT s @b 2 L3 (Time-to-Market) i p 4% o
(=) Synopsys % & RTL e 3¢

Realize Power-Efficient Design with Galaxy- Power

Power
Management

Power
Integrity Sign-off

B 3-2 : Synopsys = # RTL # &
T KR © Synopsys @ 4% i
(z) Synopsys i1 EDA $r# 425 2 f2/42 %
Rl eI AASM 2 ¢ Bum “£80
27 F R H - & S - EaktinAEl (T 2 gJTR IR~ B
Fiest o KA o FIC KA SR i 4 > X AR

Bk 2 TR B 2
2SRRI M AfEAL R e %5 Synopsys s

4D k]
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ERBASS ST o FEAG » FREFE L PS5 EiEd
{ 7 Fak 3t in 4% - Synopsys #2003 & ## ) Galaxy Design &2
Discovery Verification = 5 > % 2004 & 3& &= & PR ~ T4 ~ UELE &
BpEen A T 5 — Galaxy 2004 > §e4 2 2 g EEF > F O 2R
‘% > ¥ ## 1) Discovery AMS solution » # 4 Prime Time # i~ Galaxry
Power Solution = Synopsys { i&— #H & F aFF LRI > FLRFL T
£ @& * 7 IP A4 > T DesignWare Foundation Library » DesignWare
Verification Library » DesignWare Cores - Synopsys #-# i = 38 IP & &
2 “Milkyway” § XFFHRFZ B omE o B3x%HE Z 282 EDA

o P IR AR 5 o2 s ¥ 2 % IRV NS
m‘ﬁ—‘gfe”* P ILRECS R SR E R 0 G T BT g dl e B

!

lemC

amVerilog/ Sys

i

Tarus:
Aurorn
Raphnel’

@] 3-3 : Synopsys = & EDA X3 E & T 5
TR KR Synopsys = 7 4% i
() Synopsys = # e IP & 5
1.  DesignWare Foundation Library 2 4 & 7 & 208 <~ B3 4K
%%ﬁﬁ&&ﬁ@ﬁ%&%ﬁiﬁﬁaﬁo
2. DesignWare Verification Library % graiend, 5 # i e B 3
o B PR rREEAR
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3.

DesignWare Cores  3f £ &K 3+ fr3f ;%.55;%1‘7;5!. L g2 kit
o iFiERa FEEKEEIE > 2 UBS PCI>
Ethernet » = JPEG -
Synopsys = & IP & 5-2_ $#:48
Synopsys = # & A sE 2 “non-exclusive agreement — -

BRSO MRS R R U

AR R P Do SIS PRELRRERRE #»':
e EEEN 0 ASR L foF - AR fEacopy B S E A

"(o

(=) SynOpsys 4 2004 & F sken® = fEgRfE

1.

FLHL 4 /\tv:%é(TSLs Technology Subscription Licenses) : # - fr;
L - B2 E o H R BT S U R S
TR - A v dp LA iﬁi#ﬁ: Foo daiE PR
Bt 0 2 FH BT -

#p g (Term License) @ » & A - 2l - L 5H= & > 7
HEL TR RERER L2 Ay - BT 2
FEL L

A A $%48 (Perpetual Lincense) : = + # ﬂF rﬂi BeadF o LAk
L E PR <%ﬁt¢%§$ﬁ’?§ Z - ERY A ios £
(#H-bppiapdyr M7 5%~ ﬂﬁ £ R
FHIFFAGE S RE-FFE AR RERET P A

5

’L‘+_

(=) Synopsys =& IP tv:%é & BTt b
Synopsys 2 & t 2004 & F skt Z fEEES & A AR -
£ T B 75% 0+ pEAL AT A% Jo ~ Upfront Revenue > 14t 75%
PERIAE S TR Ay~ Time-Based Revenue > & i = & 4
B iE > E T B Aol

# 3-1: Synopsys = & & & ¥ |t SR £ 0T~ v B

1.
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2. Synopsys = & & g8 AR £ T > gt B
% 3-2 1 Synopsys = & & frRE AR £ T~ v B

Synopsys 2 @ & AR & fc » e b

Q4 1Q |Q Q1 Q4 Q3 Q2 |Q1
2004 | 2004 | 2004 | 2004 | 2003 | 2003 | 2003 | 2003

Galaxy Design 60% | 61% |64% | 63% |62% |64% |70% | 65%
Platform

Discovery 21% | 21% | 20% | 21% |22% |20% |19% | 22%
Verification Platform

IP 6% | 7% |6% |6% |7% |8% |5% |6%
Design for % | 7% | T% | 7% | 5% | 5% |4% | 3%

Manufacturing

Professional Services | 4o 4% 304 3% 4% 3% 2% 4%
& Other

Total 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%

TR KR Synopsys = 7 4% i
(~) Synopsys = & z_ HiFF

Synopsys = & #2004 & g £ T b > E ez 81% > g
!ﬁﬁ}if“SynopsyS'\‘ 14 fpd oL FUERIPASETEHR G S
. IP #4833 7% - Synopsys = # (7 EDA $ic#lar X | # ik 20 H &
LAt o e LN BHEEL T B HMOH L AT
SR H PE R OBOR 0 & E R o b4r i 2001 & > EDA & F 182 BiE
KPR ENEE > FE-ZRFEDICHFLE]EFHRLF 4 >
Synopsys 1% = 33% 3 Synopsys B H - A &2 & & o Synopsys
LBE LS ET R AFES - YT Advant! 2 F 0 B R EHUEH
&~ & o & ¢k Synopsys & 2004 # fcpt i Accelerant Networks =
7 ~ Cascade Semiconductor Solution = # ~ Integrated Systems
Engineering AG = 2 Analog Design Automation = & FHF A 0 14K

HEs IPASFHiviLg ~Faad o

j<_Sypnosys % 2004 & fcpbe o @ kg o T S L BUNS B

mﬁ,li&}’ g
(1) %

Synopsys = & Hptre e A5 4 vk o 1R~ L EDA $ii8 -

B E P TR R gRdE | 2 5 B & B OBRES G R
A B ER £ 0 2 R S H T A & RIR 2 YA Eoangt
RSP R SLE ~ BE & A Bt o PIAERCHEE 2P B
- AHEEXR MM BHAESH R P AT R T IR
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HEMAN TR BB TR FER -FUIRIRS HE-
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Fhosw P B RS FROE R Y £ RO f d od| & & 1541
Mheig A OE A S R o
FWSIP 2 P MHGERESE S (- ) FBE S (2 ) R

o
o As
1. EREREFT 2w ﬁt’ﬁ Bl o P 3 VRS o
BRS PR ﬂ} B PR FRE RGP H o AIEATH Ho B

FI¥ R 3 2 o
2. 4 # #E(Turn-key Package) © B F i id B S AF ~ F L
& %’d,r*ﬂ‘ AT E o BT ARR AR R AHTTT o
3. ETSHESEPRME VR FFLY L P REed
/Eﬂ’:é PR o
(=) #EsE
L G HsfEs g 2@ b LREEA TR B4 S8
oo 0] BILOPRE R oA TRDET -
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