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% 1 2018 Top 50 US Patent Assignees

Company Previous
Rank

1 International Business Machines Corp 9,100 9,043 1 1 0
2 Samsung Electronics Co Ltd 5,850 5,837 0 2 0
3 Canon Inc 3,056 3,285 -7 3 0
4 Intel Corp 2,735 3,023 -10 4 0
5 LG Electronics Inc 2,474 2,701 -8 5 0
6 Taiwan Semiconductor Manufacturing Co 2,465 2,425 2 9 3

(TSMC) Ltd
7 Microsoft Technology Licensing LLC 2,353 2,441 -4 8 1
8 Qualcomm Inc 2,300 2,628 -12 6 2
9 Apple Inc 2,160 2,229 -3 11 2
10 Ford Global Technologies LLC 2,123 1,868 14 15 5
11 Google LLC 2,070 2,457 -16 7 -4
12 Amazon Technologies Inc 2,035 1,963 4 13 1
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13 Toyota Motor Corp 1,959 1,932 1 14 1
14 Samsung Display Co Ltd 1,948 2,273 -14 10 -4
15 Sony Corp 1,688 2,135 21 12 -3
16 Huawei Technologies Co Ltd 1,680 1,474 14 20 4
17 BOE Technology Group Co Ltd 1,634 1,413 16 21 4
18 General Electric Co 1,597 1,577 1 16 -2
19 Hyundai Motor Co 1,369 1,304 5 24 5
20 Telefonaktiebolaget LM Ericsson AB 1,353 1,552 -13 18 -2
21 Seiko Epson Corp 1,285 1,406 -9 22 1
22 Panasonic Intellectual Property Management Co 1,254 1,338 -6 23 1
Ltd
23 Boeing Co 1,227 1,177 4 26 3
24 Robert Bosch GmbH 1,136 1,234 -8 25 1
25 Mitsubishi Electric Corp 1,106 1,151 -4 27 2
26 Toshiba Corp 1,104 1,555 -29 17 -9
27 GM Global Technology Operations LLC 1,046 1,066 -2 29 2
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28 Ricoh Co Ltd 1,043 1,145 -9 28 0
29 Fujitsu Ltd 1,038 1,538 -33 19 -10
30 United Technologies Corp 1,011 494 105 75 45
31 Denso Corp 1,003 929 8 35 4
32 AT&T Intellectual Property I LP 985 946 4 32 0
33 Honda Motor Co Ltd 926 910 2 37 4
34 Micron Technology Inc 924 802 15 42 8
35 Semiconductor Energy Laboratory Co Ltd 870 977 -11 30 -5
36 Siemens AG 870 939 -7 34 -2
37 Cisco Technology Inc 848 967 -12 31 -6
38 Koninklijke Philips NV 844 905 -7 38 0
39 Halliburton Energy Services Inc 807 738 9 44 5
40 EMC IP Holding Co LLC 801 646 24 52 12
41 SK Hynix Inc 801 942 -15 33 -8
42 Texas Instruments Inc 785 923 -15 36 -6
43 Honeywell International Inc 749 856 -13 39 -4
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44 Murata Manufacturing Co Ltd 743 566 31 67 23

45 NEC Corp 715 820 -13 41 -4

46 Toshiba Memory Corp 700 216 224 171 125
47 Oracle International Corp 685 753 -9 43 -4

48 LG Display Co Ltd 681 605 13 62 14

49 Dell Products LP 668 623 7 58 9

50 Fujifilm Corp 658 695 -5 47 -3

FuE TR

https://www.semiconductors.org/wp-content/uploads/2019/04/FINAL-SIA-Blueprint-for-web.pdf

https://www.ificlaims.com/rankings-top-50-2018.htm
https://mp.weixin.qq.com/s/okwNTLtHRojEqmxdfrGLiQ
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A 10 K FEARTE A FEEY BN KHEE 77, 1M [F % Navin Shenoy 1ESE, 10 44
KB AE LS, Tce Lake Xeon, HF£E 2020 4F 2P AEF A,
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KRR BIVKIS, PR AR —— AT T 10 PURHR I R —4R 2021 4F
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SRERIFRIBIN 7 nm SRS A 1010435 SEE . AT B
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Xe THHILHIAT OneAPI

HRFR Xe ZEMITE Aurora EZUHENL BT BLA B IMER], fRAEHNG 55 1F
FkF Cray —#E MR o7 [E oK S2 50 5 @A A7 & 5 [ exascale H H AR 2L
gk /R BJEERE, GPU K BAGEGBERDIRE, TR | =LK, DUAERER
UL BT AT R 7T . 3 A Sep /R R AT AT A T2 T AL 0 R 2 L A T ™
TR 2 BT 43 R (V8 5 5 0 e v B R T B IR R 2

URF/RIEFE OneAPL, HAEA AR ER YR L) JF R 5 JF . OneAPI /2 3HF /R
BNG—BA n A KRN A S K AR -E 1 CPUs, GPUs. specialized Al
silicon. 1 FPGAs, %A FI&MAFA XPUs.

“EAVMAT ZH XPUs #H 414”7 Renduchintal &, “44%, CPU {55
S WATA KR ZE M B AR M 22 2R G0, H B A 1R AT 2 FRAT T A D9 1 35 1E 1) v 12 e
GPU. HRZE M2 AbIE L TC b 78, FRATTIAT AT M ) it v 32 25 (45 8 AL LA
B, DLRIRATT 7R 2 R AL B2 () TAE U T gm A T TRE SR 7,

“OneAPI T H (1) H brA& il —%& API RUpAXT XPU BRI ViR, P

R —> XPU B0 21 55—~ XPU 2RI 64414 7, Renduchintala 5t .

Ful TAFHREEE
https://www.hpcwire.com/2019/05/08/intel-puts-7nm-gpu-on-roadmap-for-202 1 -oneapi-coming-
this-year/


https://www.hpcwire.com/2019/05/08/intel-puts-7nm-gpu-on-roadmap-for-2021-oneapi-coming-this-year/
https://www.hpcwire.com/2019/05/08/intel-puts-7nm-gpu-on-roadmap-for-2021-oneapi-coming-this-year/
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R TR AR R B BT AR A kAL BT R B BRI A 5

20194F 5 17 H, MBEHFIELS SRR (T8 R B
VAT BIBR I AR ) (2019 4E58 68 5o NS REEE UL IR BT AN AF R
J&, DA KA EBIBCRA S W

— RIEROL BRGSO B B BT AR AR, 7E 2018 4 12
31 Hil BIRAME G EIUE, 28— 258 E Rl iEs, B=F%
S TR IR 25% 1128 BRI PAE A L BT B, =2 I Ik

TR AEE KPR CREE AT, RIS (VB EXBLS SRR
Tk — 25 B A 7 R A R % 7R R SR A BT AR BB [ E ) (R

(2012) 27 5) M (MBEH BEEFS SR KESEZ TIVAYE SR T
PEFOER BB ER P b A Y TS LA B BT G IRl R @ ) (B (2016) 49 5)

FE B 21T
Tk E
http://szs.mof.gov.cn/zhengwuxinxi/zhengcefabu/201905/t20190521 3261938.html

EERAZREDAZE (USTR) KA T — 4 HH{EZ 3000
¢35 TT ) [ 7 v T B

2019 ¢, EEMME 5 A 13 H, EEASHMREHIAE (USTR) KA | —1n

IMEZ 3000 123 7o E B S o, A R ARG RE T I — LR i, X

SRS AR TR INAE 25 % oBie Bbfr A 5 /2 7E B F N [ 3 11 2000 1256 T8 1 9%

BB 10% %2 25% 2 JE KA. RITEFEZ, EKECEX 2500 123 oH 4 HE 7

AAEICORBE, o AL S i 2 OC E B AR RIS . JE— AR

TR B AR 3 1 BT B R SRR O B . BT U T
1A 300012 £ 9P B R mid 2t (BB ¥ FARRE RIS

HTS Subheading Product Description

8486.20.00 Machines and apparatus for the manufacture of semiconductor devices or


http://szs.mof.gov.cn/zhengwuxinxi/zhengcefabu/201905/t20190521_3261938.html
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electronic integrated circuits
8486.90.00 Parts and accessories of the machines and apparatus for the manufacture
of semiconductor devices, electronic integrated circuits and flat pa
8541.40.60 Diodes for semiconductor devices, other than light-emitting diodes, nesoi
8486.40.00 Machines and apparatus for the manufacture of masks and reticles; for

the assembly of electronic integrated circuits;

8542.31.00 Electronic integrated circuits: processors and controllers
8542.32.00 Electronic integrated circuits: memories

8542.33.00 Electronic integrated circuits: amplifiers

8542.39.00 Electronic integrated circuits: other

8542.90.00 Parts of electronic integrated circuits and microassemblies

Tk E
https://china.usembassy-china.org.cn/wp-content/uploads/sites/252/Final-Second-Tranche.pdf
http://www.semi.org.cn/news/news_show.aspx?ID=56204&classid=117
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IR PR BRI 1998 41 1256 12.£ 0 INF] 2018 4 1) 4688 143 7T,
EEFHKENEE 6.81%. M FLFARH L 50 (WSTS) 2018 HFFkZE
EFARATAL T, T 2019 E4 3R S AT LA B AU A 2 490014378, 2020
KA F] 5060 143670, (FWSTS, 2018 ERKZ= K R4
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+13.7% 17718
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Source: World Semiconductor Trade Statistics (WSTS) and SIA Estimates.

B 1 45 S R4 & 5
EEFFETHFE R 2RI E 55
20 1H20 80 4EAX, 38 [ DAk AL AE A BRI 40 U T %2 8 K2k . £ 20
tH2e 80 AEAR I, 58 B AR = B i A Bk S RN S0% L b T2 Bk
H H A B E S AARE 817, LA 1985 R4 1986 4E ™ B AT ML 38R
YR, JElE TAVIEAIRT LR ET 19 MR h e, HaskeE SRk
WmAniles 7T HA. LS 104E, SEE TR HI R, 1997 4,
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B 2 A HF AR 54 3
EENELFAEATHECLERHREHEFEK
FELEFE SR AT MR EFI 1998 1) 6711455 LK F 2018 4111 2089
13670, BEFEEKER 584%. RELHARMHEG KR T EMILL
JE AP B o

250

200
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Source: World Semiconductor Trade Statstcs (WSTS) and SIA Estimates.
B 3 % B ¥R 8] 58 aA 4
HEEIFETHEEXEA, REAR HH S
2018 4F, ARG SEE I PR AR LR TR PRI 45%, £
A E R EAT R 2 1. R EREFAIX E) AT, SR
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A OREE 1B TIT I 0 A0 ) S S A

FEPE 1584 {23 Teh EE SR, REAR MG EREIL 47.5%: WM
KPP HABHIX ) 1245 {236 ocTih, REA R TS0 FHEIE 48.7%: 1E
FIMTIy 1030 123 eH &G, KE QR KR EU T R A 34.9%; K 430 12
ETUHIE SRS, EE R0 RIS 48.9%. 35 EH AT HA 400 1255 H2E
ST, WM EIL 40.4%.

U.S. Firms Other Firms

Chinese Market
$1584B 52.5%

Asia Pacific/All
Other Market 51.3%

$1245B

Americas Market
$103.0 B 65.1%

Europe Market
51.1%

$43.0B

Japan Market 59.6%
$40.0 B -
INDUCTOR Source: World Semiconductor Trade Statistics (WSTS) and SIA Estimates.

N B 4 & B A EFFHRIKT A0 & A FE

34 BRI SRR A M AR A SRR

2018 4, BT B0 AT 15 T HE SRR A 81%. T
EACHO D S A ] A R4 1 10%.

Percent of Semiconductor Wafer Capacity in the U.S. by Headquarter Location

U.S.81.4%

Asia Pacific 10.2%

Europe 7.3%
Japan 1.1%

Source: IC Insights Global Fab Database and SIA Estimates.

B 5 % B ¥ 4k 69 9 A 1 0L

13
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3 B A TVAE SR B E £ Kk G
2018 F, e HBAL T I A2 A 2w B A S - AR i R BE R 2047 449 2
S TERUT, Hofl B GBI, B, KRIHATH A

Percent of U.S.-Headquartered Firm Semiconductor Wafer Capacity by Location

Singapore 17.4%
U.S. 443%

Taiwan 9.9%

Europe 9.9%

Japan 8.1%

‘ \— China 5.6%

All Others 5.0%

Note: Figures are rounded to the nearest 10th.
Source: IC Insights Global Fab Database and SIA Estimates.

B 6 % B ¥ AR T ko hliE L p
FFHRRERRKE A HZ—
2018 4, LR AL 440 12370, RT CHL. B IHAT
Bz fa S PSR DAL . - ARAESE B P sy dh R B S A R K

Top 4 U.S. Exports in 2018 ($ Bn) #1 U.S. Electronic Product Export in 2018 ($ Bn)

Semiconductors $44 Billion

50
Semiconductors
Refined Oil $102 Radio and TV Broadcasting and Wireless
g Billion 40 4 Communication Equipment
~
Computer
Equipment
30
Aircraft $130 Billion .
Crude Oil $52 Billion Computers Electromedical
Dovlen
= ~Ii 10 -
0

Source: U.S. International Trade Commission. Industry defined by NAICS codes:
Source: U.S. International Trade Commission. Industry defined by NAICS codes: 334413 (Semiconductors); 334220 (Radio and TV Broadcasting and Wireless

334413 (Semiconductors); 33841X (Aircraft); 324110 (Refined Oil); 211111 (Crude Communications Equipment); 334118 (Computer Equipment); 334111 (Computers);
Oil). 334510 (Electromedical Devices)
MO TOR Note: Some subproducts within NAICS 334413 that are made by different industries and Section 1: Industry Overview - 8 -
u INDUSTRY _serve different markets (e.g. solar cells) are excluded. -
ASSOCIATION 1 i AR B e . — m—

E7%E#%ﬁ?&mn%m
—. &RWH
IR P E R B B B A SR R R 3 Y
YR 2B AR T RS H1TH 23 B A SR 7 i R ) —— R R 2l A
FEL IR 2 B RE TSRS B o TH B3 5 SRR B 22 1 32 BB X T 1 HES)

14
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XL AR, ST 3P, ZRIRIRM .
s 2018 Total Global Semiconductor Market: $469 Billion
Percent of Semiconductor Demand, by End Use

/’3;\ Communications

Government Il o
I iMl i’ ﬂ
—
Automotive .
3 PC/Computer

Consumer \=_/l_ s —‘ ﬁ

Industrial

Note: Military end-use is included in Government
Sources: World Semiconductor Trade Statistics (WSTS)

B 8 4 k¥ ST

EFRPFEHERTRRES K

Bt 2 A Tl R R S SR A 7 SR T 2R, fE TR R,
FPUHARGR] TR RE . L JLAE, R E N0 SR T — B2 A
2. . AU MPU. 2018 4F, X4/~ & 5 2 SIS B4 80%.

Horf, FRAETE 2018 SEAH N 15801243570, ALK T 27.4%:;

W B8 E N 1090 123578, FIEHIEK T 6.9%;

RS R BB 5904436 7T, [RIELAE S 10.8%:

MPU &Y 470 /23670, FIEEARSN 5.9%:

JEEHF A B 3801436 7C, [RILLIE AN 9.3%:

Ir LR Y 240123578, [RIEEEE G 11.3%:

MCU W 170103578, [FIEEIEK 4.4%:

LRI &N 130123570, RIS K 6.2%:

DSP (A 30 143570, [AIELIZ 0.6%

15
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% Change

Distribution of Worldwide Semiconductor Sales By Product Segment 2018 over last year
Memory $158B +27.4%

Logic $1098B
Analog $598

HHHHGEEE

+10.8%
MPU

Opto

38B

Discretes

MCU

L

]
e ]

Sensor

DSP

—
P
w
w

> Source: World Semiconductor Trade Statistics (WSTS) and SIA Estimates.
B 92018 F A HF FHRTH

TEACH X R R X 24T, PERBRANE—ERTY

2001 4F, Bl HETR&EF BRI TORHIX 13, Zh X & 77 T i
TR AR X . MR MBI, BRI S N 398 23 Tt
InE 2018 kit 2820 1435<7C.

FIHACAIE, WX &R RWEZR I ZTE, 5K 56%,
AR S RN 34%. IXECHE St 72 AR 1) H - 1 4 0 R 1 B 4 —
— A IR 2 H T 2 S A A R A AT AR

Global Regional Semiconductor Market ($Billion)

2605 ———

200 | NEUGPEHB 0% J
e : Note: in this table, the China
Japan ‘18 8.5% ,—‘_—/. market data from 2014-2018

L represents a subset of the

150 g
/ » overall Asia Pacific Market
100 _e® 2

0

e
Sourcs: World Semicondiuctor Trade Staistcs (WSTS) and SIA Estimates.
B 10 /i S5 23 F F4hT
=, BEAEHARE
AT\ BRAEAE B A A R 07 T R SR FK-PIR R
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2018 4, fUFE fabless 7~ F] 75 N 1 3L [ 2 SR A 5] IBF R A5 AR S H S AN
714 123276, M 1998 “EF| 2018 4, EAFIKEKLIN 6%, # o5 G E 14
— AN 5 T3 B BRI Bl 52

80

70

R&D and Capital Expenditures ($Billion)

60

50

40

30

B 11 A K A i A S R L

WA KRR RRF SR - AL TEF F I8
N AR FEATNARFEFE S 7, ARV b AU Wr 2RI A AR ) Mg & B4
AKEWN . ATAFARZ P AE R A F T K BRI A 28R, If
FINRE U i BA B /ANRFAE R B B 2R P B

BT AN AR 7 B STt B~ AR T A (1 BE ) Bl T AN g AT BB RS, X
PR BEAEAT o5 B B A 30%.

TREFEOR AR L ZEVEFECT 2001 SR — 2Lk, LB TR,
B A AN B AR e 46 B S LR R 050AT DA IR AR T T B
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45%
‘ % of Sales

40%

35% «‘

30% - 1

25% - : -

20% - a d

15% - s = =

10% .- - - .

5% - s & = s

0% - T v T T T T T T T 1
‘98 '99 '00 ‘01 02 '03 04 05 06 07 08 09 '1 '11 M5 16 AT '8
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B 12 & B F 34K 7 b aF R 3FGT & 55 & 3R89 o)

EETWARSZHMAFRITERFIEREE, 2018 FEF] T HIFTAR
A AP

M 1998 FEF 2018 4, AEAL G THREFRTE (LR NUE L) A4 i) a i
K e LIRFEL 3.6 % FEEHEAK . IXLSCHAE 2001 4EHEE 10 /53670, HAE
2001 FLUFEIRJE TS| 2003 EZ) 85,000 0. 2006 4, FEAL 1 LHTE
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Note: Employees reflect total U.S. industry global employment
Source: U.S. Semiconductor Companies’ 10K and 10Q Fillings to the USSEC and SIA Estimates
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EEFFHITVHR A H—ERE, KRBT EEE=RHNER
2

M 1998 51 2018 4, FEE TR R L H N E SEMEKERLN 73%.
FE PR A T RS — BAR S, TR Ea S A, A TR
ST ST SARAE P EE . 2018 4, & [HN S AEWT & 7 T i
BAET) 387 123 TC,
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Source: U.S. Semiconductor Companies’ 10K and 10Q Fillings to the USSEC and SIA Estimates
B 14 % B ¥ 585 LA R 3 F oL

ERER T SN E 2 rEE % 20E P T 10%, REEITI AR
[=1:

FEIE 20 20 FE L, BEASCH GRS LA CEBIE T 10%. X—HHIrE
S E T EEHNGEA TR BT R A I R A SR 5 S
fr 28 G B, U A4 AR AR B SR A T 2 BR800 T A W25 . 2001
AT 2002 AF AR R K BT FEAT A SRS L 6 AR R B A I 7 3
2003 2 2004 SF T BEIFAE BT BRI HI, 2 EOYAT AL S I3 08 T 10U,
2018 2 Nt
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B 15 % B ¥ 34K = ko K 3 & 44 8 a1 b )
X E¥ ATV RFIR TR FE
5% E 2 TR Dol AT A S EZ KRR S P 2 . 2T 2018 4
BREL Tk R&D 270 b, 56 2 AR AR A SO SR 2 e &, ALK
TREBGMAED BRI B Eon, KEFPRAITIETN G N 17.4%%.

R&D Expenditures as a Percent of Sales

Pharmaceuticals & Biotechnolo

17.4%
Software & Computer Services

!

Travel and Leisure
7.7%

*
HOEIL teiecommumcat'ons

Financial Services

Leisure Goods

Electronic & Electrical Equipment*

!
R

Automobiles and Parts

Note: *Excluding semiconductors.
Note: Slight differences in semiconductor industry share from page 18 table due to differences in methodology and source data
Source: The 2018 EU Industrial R&D Investment Scoreboard Section 3: Capit:

16 % B 457 70K & By 2 BP9 5 1 A7
EEFIFETVHHT RS SHSEHTR A D, HEAAETERR L%
T EER
5 [ 2 AR TV R AT A SCH BB AR A 23 BU R AT A At [ 5 AR Tl
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AR . G N B, BRI AR 13.9%, TEEGEHN 9.9%,
HAN 8.8%, HE KM A 8.4%, #HEA 7.3%. 1HAMEZ N 4.9%.

M BT AR S, RN Z K E KX, 2 SAOKFEARH LT,
ME— @AM E . W BE, AT R NS A KRG 2, (B
AIFER LU, (ARt 7T IR, B AL T vh [ K

R&D Expenditures as a Percent of Sales
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Korea
7.3%

All Others

Note: Slight differences in semiconductor industry share from page 18 table due to differences in methodology and source data
Source: The 2018 EU Industrial R&D Investment Scoreboard : 5
Section 3: Capital anc

B 17 % B3 $R = LK £ 5 3 E 53 AT

EELFETIVHELEEEERE, SEERFRE EOIH SHED
K BB AR

2018 A FARATI L TEARSL N 327 {03600, QIIsEHm. 2017 1)
248 12K 31.7% . BT 1999 - 2001 4= 1A 8] 3= BB B0 (1 52 TRBEIE {3
FHEE TN, ARSI M 2001 4E 2 2003 A AT FFE. 2004 4F H I, 2005 4,
FERASCH SR BRI E A LT, ZAT WA TFERRES . 2011 4, d T4k
22T IR FH 2009 SERME MR, BEASSH LA 238 14557t
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Source: U.S. Semiconductor Companies’ 10K and 10Q Fillings to the USSEC and SIA Estimates.
IDUCTOR Sartinn ' Nani

B18 £EFFHRFLHFERALH
g, =EBILER
B RN, EREATNFELFAE A NE 241825 N 134k B HEAH
195 [ ol i A7 883t 100 77
241,825

direct jobs in the U.S. semiconductor industry

one |

U.S. semiconductor job supports

.89 MMt

jobs in other parts of the U.S. economy...

...that's more than 1 MILLION ADDITIONAL American Jobs.

piiRt Rt AR AR AR AR AT AR A1

B 19 £ B ¥ 348~ stk it
T REAT
FERL L 20 S, SR B AR AT A 58] IR S . H 1998
LK, EEPPAETAER S AR 7 —F2 . X84 IR &2 ET
TR i VAR ST A R S ROk SEB . BdE B, 2018 4, Sk
A2 RE A e R SN T 584, 000 LT, BIPTSEHT R
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Source: U.S. Semiconductor Companies’ 10K and 10Q Fillings to the USSEC and SIA Estimates

B 20 £ EH ¥ F4K = b Ak A X 45 E FUE L

E TS B
https://mp.weixin.qq.com/s/XaVqVgX2Yw9iSQd59mwWcg

ASML BN R MEVF, XTAL FME 8.45 14T

2019 4E 5 H 3 H, EEIM ESE2 st XATL A #5312 ASML 2 & i
MRS — e, FIRAT 5 ASML AR JEVF, XTAL AR 7 ASML A
AT 8.45 (LT (A E STAILNR T KIGE2EH] 4.

A5 48 1 XTAL Y98 ASML 2 5] FHE = AR AT 7 dh AT TF R & 3,
2% 11 XTAL 4k4: 76 5 ASML A [H flk &5 4z 8

BT XTAL & T8R4, ASML 1ERAF A i f5 ok 3R 15 H 8.45 125
TEIIFT A W 4. (EMRIE AR 2 HE, ASML SR 2Bt il f /73548 XTAL
KIS RERF BRI 7 A . AR ASML #4% F AT B 22 XTAL ) SEFRulis i
Fo

2018 4F 11 7 28 H, FESEEINMN & e hihr Bk . o M A = W)

iR
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AR, BOE XTAL #55 AR AUAT R T8, ASML AFX XTAL $2H
RIFTA TR 4 RO, ATRIVESRAFIE T PRI £

RAEAC VRS, ASML A 645 XTAL #f# ASML EE 7 AR 1) L4 o E 5
JESURF AR, STHL ASML Al I ER e, GFEERI . . A E MK
I R P A3 (0 Ve 4 P, B XTAL 55 ASML H— AN K& 315G F
ISR . SRJG, XTAL B 25 1) v sk Bk 25 45 5 Do 8 3 3 4 M50k
ZINV55, AR e T R S8 T R IRV

JNH e S5V B B A E 1) 8.45 AL R TTIEAE, 1z im T 2018 4R HI A H ik 1)
223103676, ASML K5 N5iifl, BUAE AR A FI R K . “IX A
HHRSMHEENA G . EREEH I T XTAL AR B 577 554 1R AR,
LA ASML A Bf (RN 45 K 5545 o 7

XTAL (IR BB AR ASML A fift & R 5% R AR I R ML A 2%
SKITIC ASML [ EL 3 R I . B ASML 324t 7 K&EIEHE, FBH ASML AR
FCR AR A MR AL 3 (5 BRI 7 AR 2 4 i, B & S ISR R Y] ASML 1]
G T W ZEEREORA TR . B[RS ASML HE 1, A~ “ASML f£
XAMEBL R T A ENES ), DURIEIZX I H R 7

ASML AW 7&— F A BLE AT 22 A A B KIKDCZINU RIS R, %A w14
BRAT A 4R AR A P A BR R AT I 4R A M OB R A, W IIE T A ERE
OLED [t %1 il -

XTAL LT 2014 4, FESREEESVEN, eHahEA E sk vt 8. 1N
ASML K FEFEHFX T, A m ML —F Gt 7 ASML g2 K&, 6
T EL =R A,

XTAL SE4EA R LA -

EMFKBR R LR (Derwent) HRERAAN
WO02019014095-A1; Article used in e.g. portable electronic XTALIC CORP
US2019074121-A1 device, head actuators for computer hard

disks and magnetic resonance imaging
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comprises magnet and electroplated
coating which is formed on the magnet and

includes aluminum layer

US2018171498-A1

Electrodeposition bath used in system for
depositing coatings on base material e.g.
alloy, comprises nonaqueous liquid and
optionally substituted aromatic

hydrocarbon

XTALIC CORP

US2018087173-A1

Manufacture of consumer electronic
product used for e.g. tablet computer
enclosure involves electrodepositing
aluminum alloy on metal substrate by co-
depositing aluminum ions and alloying

element ions from plating bath

XTALIC CORP

US2018056630-A1

Method for depositing coating for article
comprises providing anode, cathode,
electrodeposition bath, and power supply
connected to anode and the cathode, and
driving power supply to electrodeposit

coating on base material

XTALIC CORP

US2018002786-A1

Method for forming consumer electronic
product enclosure including aluminum
zirconium alloy involves co-depositing
aluminum ions and zirconium ions onto

metal substrate

XTALIC CORP

CN107146964-A;

CN206850073-U

Electroplating coating layer for terminal in

electronic interface of electronic device,

25
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has outer nickel tungsten clad layer formed | AN ARF IR A
between inner gold plating layer and EE
palladium plating layer and connected with | XTALIC CORP
outer gold plating layer (—FfFH T %t (1
RLPEPE = DL 3~ T, TR
%)

WO02017143033-A1; Article used in electroplate, comprises XTALIC CORP
US2017253008-A1; substrate coating formed on substrate, and
CN107250430-A; metallic layer
EP3417089-A1
WO02017143048-A1; Articles useful in electrical applications XTALIC CORP
US2017253983-A1; such as electrical connectors, has first
CN108698374-A; metallic layer having silver formed on
EP3416825-A1 substrate and second metallic layer having
rhodium formed on first metallic layer
US2017053723-A1; Article useful e.g. in portable electronic XTALIC CORP
WO02017031429-A1; devices, head actuators for computer hard
CN107923003-A; disks, MRI and loudspeakers, comprises
EP3337912-Al; magnet, and a coating including an
JP2018532259-W; aluminum manganese alloy layer formed
EP3337912-A4 on the magnet
US2017016130-A1; Electrodeposition method involves XTALIC CORP
WO02017011640-A1; electroplating nickel tungsten alloy layer
CN107921472-A; on surfaces of components and nickel
EP3322542-A1; tungsten alloy layer forms portion of
EP3322542-A4 coating on surfaces of components
US2017009360-A1 Electrochemical power cell, has anode XTALIC CORP

26
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including first current collector and cathode
including second current collector, such

that first or second current collector

comprises electrodeposited aluminum foil

(HREHEHRKIE: Derwent Innovations Index )

FE TR
https://www.prnewswire.com/news-releases/bartko-trial-team-obtains-845-114-000-
judgment-for-asml-against-xtal----one-of-the-largest-judgments-for-theft-of-trade-secrets-in-us-

history-300843914.html
http://www.ipr007.com/modules/NewsComment.aspx?no=NE00000002700000227
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| ArHBRoE |

p BIERERE LY GaN RS 1 IERE

ERERFARE TR AR, M p BURERELY) (AITIO) MaZptkl, H—Ik
SLHLT AlGaN/GaN & HE T R Fh A (HEMTs) I A8 (e-mode)
[Sayak Dutta Gupta et al, IEEE Transactions on Electron Devices, 2019 £ 4 H 16
HAEZ R .

EIREN- TR (MOS) WEZE4E T TiO2 (k KT 60) &/ H R
FrVEFT ALOs B 4% (k~9) F2AHEM p BURFIE . ALOs B AR Ti £z s L) 2Als, 177 30s
D —ANXOE AR S AL A AT O 2460 o] AR RN AL, A4
B J AT LA A AT () O ZS IR e 1A AR I P M 7 e g A ] 1Y o

RN AVER S “ AT p B AITIO ] e-mode HEMT [#] ON-state %
REB R I S5IE 4 kBl iR s H24

GaN HEMT IE7ERJEBCNDIZIT G, Horh g s AR x T #8 R B U2 R D)
FEA IR 22 2 VE RERO B AL $E . A LA D OV I, 3G9 R 38R AL T/ FRL R
Wtk . M T, FEREEREBAER RN 0V, FE—A (O BRI
T

AR, THE) GaN hemt s #E/R AU, 75 EEHFIR BB/ M LK B8 F
JEHER — AN IER 7 1], PASR ISR, B R SR RE . ZERIM R 75 O i
BRI p-GaN 1) p BUMPRLE —FhH TR 2 2GS A SR 1) 7 5. TEMHIR
ZV oAb AR 0 2 A BRI T PR R S I, ER L BRI PSR B3 i il T GaN g1E
eI AR N E TGRS S TN S 8

5 R RA R HEMT AHEL, = k A0 E il ™ s e ezl [R]
HAHRBU GE (R EIR0E), [0 Ik AR s o

fE 6 Jof (11D fEAE ERERA VUL TR (MOCVD) A AH
150nm AIN 4%, 11 mAlGaN EKIE, 3 umGaN ZH//491E, 22nm Alo22Gao.zsN %
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42 H1 40nm J5U7 ZALRE SN IESE IR

HIERRARE (B 1D R KRR/ By IR A . 553 TR Z1 th
WE MR AlGaN #2157 ZZ10 (ALE), HTHHRERZI 0. WikE ik
PITZTH AL BEANOAR L DL R e A <6 1) T e A AG R B 2K

Gate E¢ E.
. oz AE¢2pEG ﬁAEV.p—oxide
Source t Drain <\* e 4 P
$ ‘p-oxide tacan o~ o R ¥ E. V' Egp
Woarior aN AlGaN = - il
E [ gl (
: o B ©

B 1: (a) £4 pA 4R AN MAAAZE2 WG AlGaN % £ 49 HEMT ##& & B (b) £
HHEAEMNR; () p A AN AlGaN/GaN HEMT &9t =~ & B : p A ANBE 4
F A (2DEG) @il ¥ #3h i T a9k KAtk (EF),

i H] BENEQ JR 12U (ALD) s tiintli ik ateyy. Hrb, #£ Tio, M
ALOs 403 7K (H.0) MRS AT IR (A, Bk AR E DY SR EEER (TTIP),
Bk H=REE (TMA). FMH ALOs AT TiO2 JZ B .

7 Alos2ToasO L VE /R E SN p S HME, 28 7ORE N 1.4X 10" em?.
¥ Alos2ToasO FEHEDY p ZUMHR ALY 5 605 48 TiOo WA S A AR B PR %
REAANAEXT MOS-HEMT 2514 (152 M JEA T HL L

2l TiO2 iR 4 LIFE R AR, BIEHEN-4V. £ TiO T AT 52% 1)
Al BMEFIETT M E$]-0.2V. A RE R T E, TR SR KR [ HES BI1E
(2% T AITIO 1 Al & 28 m IR AR A A KT . BRI, AL S S HAKHT
AR 5 A2 RO T DURE KRS AR (H AL S B 52% 0, AL RIS AR A Ti fir
RAEAKR. SAHE AITIO A/ BIEMWE . thoh, Mkitimsgn 5 Y
NG TR, MR R

EE T A AR 11T s Sk i /N 35 2 (AR e SRAR IEBME HL i o BRFR R 8nm Y,
B A+0.5V. 32 S A DI SR T, 3HE T OFF R3S, Mk AL
OV, B FEREIEGE VIBTEIES], PR WA R (B T 10065),
I HAE 73mV/ A5 T e/ AR T BE N (B 2).
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(=]
»

67 ' -
1604 beme=220m 1% 22m {lucwy= 22 nm " byarrier = 22 nm/:‘::::?#
- 8 nm 044 =1 o A A,
. b — ‘l 500 10° 120m / lugey * 220m
e ;-‘2 o 2J‘~ WTi,0 ' £ “'J' '“V'm/ BOM L™ 110m
- AL 0 ; <. { [
é 801 EOOl 3;10« f . AT O
- > | = =
404 V4 024 107 78 mVidec /
/ V,=15V l =J f V=10V
0 —el v v v 04— rou— Ve ey eyt
-10 05 00 05 10 15 20 22 12 8 -15 -1.0 05 00 05 10 15 20
(@) Ves (Volts) (b) Loarrer (M) (c) V,, (Voits)

B 2: (a) EAKAEY p-Afdhfa R R 0 FL4S 2 2 B 69 HEMT 6945845 (b) SHT
oY B E %Eaet, BE (VTH) M RAEE A B4, (¢) FsddtdfeFd ey BEAEES)
(SS) {3 A,

I 10 FEL AT R L L3 4 ) R R 3 ) 23 70 9 ~30mV A~40mV, AR A
FE70 5008 0.1V M 15V.e B 3 um WA BERT 17.5 1 om J5HK-JR B 17] B £ 22
+4V MR FLAL N 5B T R4 400mA/mm IR RV . B 8.9 Q -mm, 1M
/A E By 107 MR N T 200nA/mm.

SLAS B, OFF ARF =i o 28 fi I 600V, £ & MBS & B T 9t
I SR, T AN GO 5 FE AR - % DA R o BFF 8N 53 T 502k 1) 5 T
et s R ARy, Edii p FAIR S, BI{E T LA

W FL K RAE (IEEE TRANSACTIONS ON ELECTRON DEVICES),
June 2019, Volume 66, Issue 6, pp 2544-2550, @l H: “Positive Threshold Voltage

Shift in AlIGaN/GaN HEMTs and E-Mode Operation By AIxTil—x "

TR
http://www.semiconductor-today.com/news_items/2019/may/iis_100519.shtml

https://ieeexplore.ieee.org/document/8692728

E B EENY PR K R E

X H E A E SE ARG (NIST) IS [E A2 47 2 KERE 7R/
BAEHE (AlGaN/GaN) 7o/ gi Kk k6 — & (LED), HtHH AN
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GaN/GaN 49KZE281F ) 5 f%. [Matt D Brubaker 2%, Nanotechnology, vol30,
p234001,2019].

KH AlGaN/GaN #4FFF & &0 365nm K146 4h LED o F-Fokifa,
REWE . AKEACTNEE 7 2 S5 A0 . XN rp ) — SE R BRI “UR” UV
BA/NT 300nm. YKL AT REA B Tt mE TE SRS R &K AlGaN
LED BRI (KZHILT 10%).

B, SR PR T ARAMNE (PAMBE) fERA ZAGRERRS (11D
FEMER M GaN/AIN Bt _FAEKAH T HIPURERES] . T 9K AR K AL
HA2N 80-240nm. [A]F Y 300-10,000nm. HE5 44 n-GaN i AE 860 °C {4 R I
ERAK. BOLKELN 2um. 21 40 YUK EREB 241 AlogwGaooN FE7E 700°C
THEK

£ SK NI EBUR ORI AR AL BEIR 4 B A 99K 28 ELAR 1Tk
N AHR, WR/NEIFESIEIN ALIKREE . 5 Ga ML, GRRERN Al &R KRS
PR AR A T I 3 A K

PKRL TSN Al SEEELISE, AR TR E S, RERESN
BBE. BTN SV RS OREEEF27ORE SRAHA S . KB
NEARIIRE BA S AL SR 5T, BUNE RS BAIC ALK .

B R LR A K FE LA RG4S B LED #5724 . n-GaN %O XA K £ 3.3 0
m e, [FIFEJY Sum. A 15nm [ n-GaN 74K, A)E24) 85nm (1
AlGaN, #)285nm [¥] p-AlGaN 1% Snm [ E 5241 p++-AlGaN.

K H 20nm/200nm £2 &V H] % LED p-#2flfidl, 45° Ry 200nm 4.
<@ e i) —m, 15— eVt I o R HA H A K
B KRR AL 1) LR B 2R 0 25

RN R T AlGaN/GaN 5545 LED 5 GaN/GaN [A] i 45 45K 2k s 1E 1)
YERE (] 1. AlGaN/GaN LED [ 28 H £ = T GaN/GaN, XA fig 5408 /R 5>
Ko, HOTRIR B IUEN . FLEN A 2 K
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EL Intensity

Current per NW (A)

340 360 380 400 420 440

Wavelength (nm)
d AlGaN/GaN p-+-
(d GESGe p4 385y ~
L4 N 1 )
T 380 =cweeeea -~ - -
< »
; 375k §
o
§ ayob AIGaN/GaN p-i-n b
B —~ ®
—  GaN > sesf . o= o> oL R g
Increasing current g “FTNW dia (nm) ~e= 209 =
in 4 NW device B0} -~ 223 *- 243
o 254 - 276
355 - - - -
0 50 100 150 200 0 50 100 150 200
Current par NW (uA) Current per NW (uA)

B 1: AlGaN/GaN /i #4= GaN/GaN Bl /i £ 694%-5¢ p-i-n AR & LED 4512: (a) B4

& AlGaN/GaN #-5¢ LED #9422 F 2B A, BABANTEELERRE; (b) BiR

-w RN (¢) ELA#; (d) %K% LED %9 EL B4%, GaN p-i-n EL 5% % VAR F 3;
(e) MMAKSTH K () MYREERARGER,

FER (A N R Z 4R, AlGaN/GaN LED fUT-X) p $efh B A HIRE Kk
RL, S3INEBUKE (EL) SBEE, FRMCRECHE. FFaAfirgE. “g—5
TERARACI p Heful < Ja A0 AR K T 247 B PR AL SN HF 4 B A g AR P g . 7

AlGaN/GaN [#] EL 7 365nm B I HI GaN I %k, AN AFR,
iX 5 GaN/GaN LED #J<, GaN/GaN LED & 5f#%) 380nm, 57\ p-GaN 75 Hi
FHIGE -2 AR5 (DAP) EAARX B, ZHBANEEW GaN %0 K ST AT LAYE GaN
HREE i ERTRAL, IX SRR AlGaN AN

380nm A5 AN 365nm F IR CHON B BE B8 A7 B Y AIGaN BHIE, AlGaN th H
YEFRE GaN LED HHFRHES)ZE . TN i dt, T4 e mimiEN,
AlGaN/GaN 94Kk LED H [4E A EL 58 % 29 GaN/GaN FE#E[1) 5 4.

KW 7 & FAE (Nanotechnology), Volume 30, Number 23, 21 March
2019, i H : “UV LEDs based on p—i-n core-shell AlGaN/GaN nanowire

heterostructures grown by N-polar selective area epitaxy* ",
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FACHEH
http://www.semiconductor-today.com/news_items/2019/may/nist_160519.shtml
https://iopscience.iop.org/article/10.1088/1361-6528/ab07ed/meta

BEATERILGERAN Zn0 RSP KER T2 HEEE S
e

56 7 5 16 0y R R [ DU PR R 2 AR BR  T — FhEE T R B R S 90K R
IR G, HEFITRRLE RN SERE, HNHETHFRRGRE
RS (K 2 A2 AR R . B U B R G K R A L35 22 4 TR
F A AR v YV TR SR 2 A B A A

Tem KGIE B8 TR — BIVRE R, Sl AR 2 (1 M AR SR TRLRES
B, DARGURIZZIRMREI T . X Ee g RS 1 F b B T R e fh i
e A T B o

ZnO EE9KRE 5HRRM

KA TR (MLD) MJEF RV (ALD) #1417 BA &1 P4t m
APL-TCHIR AL, 70l 7 B Al #4854k (AI4AMP) M1 ZnO 44K
210 45K (4AMP) 472, B 1 R, @it 20 A~ MLD #E3F, 7EfEd
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M. ZnO YKEHIEIE )y 2.8nm. S AEM R B S MLD Al ALD T
2, ERR (KT 150C) FRIME EAKHESE ZnO &1 PR & H 5%
. FIFHZES 7 B (TEMD RAFHAG =8 ZnO &1 PR & H S i .
M TEM fovF S T BF, JFUESE IR & MR+ 54 AI4MP F1 ZnO 44
KERTY (B 1a). T AMP Fl ZnO, &1 Bk il & 5 B 5 5182 10
1 2.8nm. TEM B SR KA 2 KRS oS B b, SRk R 24 R R TH
FUREFE, DARRE Z AR T . IX e BUIESE T ZnO &1 Al LA
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B 3: AARANSE (ZnO) LEMAEN = TahE
MR K FTALE (Nature Communications), volume 10, Article number: 1998,
30 April 2019, #H: “ZnO composite nanolayer with mobility edge quantization for

multi-value logic transistors”s

TR
https://www.nature.com/articles/s41467-019-09998-x
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HSRE G AEELLGRRS (LA, 1nH AR S XIEIERAE .
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[ BB S EAT 4211, AN 5 32 B AN [ R ot P ot A 5y 225 S5 R 3 o i SR S 5
PRI LAy 2 B AR T 1) 285

FIFHF 72 K R AE (Science Advances), 10 May 2019, Volume 5, Number 5,
DOL: 10.1126/sciadv.aav7282, fiH: “Two-dimensional ground-state mapping of a

Mott-Hubbard system in a flexible field-effect device”.
B vt E!

https://advances.sciencemag.org/content/5/5/eaav7282.full

https://advances.sciencemag.org/content/5/5/eaav7282.abstract
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A 1: BEOL % sty A2 A
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FAAERRRTT S, RE HATE A R HRANA . R 1 B4 FREFEOPIR, K
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TR, BN TRHOKR AT o &I IERE I S S8 ] J 5 A S0 1 A K
R A SRE A A A K. BARCEHIEEA A5 1A S A KAk
J7 A AT R WAE IR, (HFE RS I R A A o T AT A8 2 7 SR TR ) 2
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F 1Ko EHELBFFRE FROG XL LT T, S84 ik 69 % & 77 % (Critical process steps, parameters and possible solutions for the integration of

graphene into a semiconductor manufacturing line)

Step

Critical parameter

Possible solutions/approaches

Growth

Transfer

Dielectric

environment

Nucleation density

Defect density

Delamination from  growth

substrate

Handling during transfer

Removal of handling material

Substrate surface

Seeded growth using predefined nucleation points; reduction of process gas pressure and/or
concentration.

Reduction of process gas flow; optimal growth temperature; specific O2 gas flow.

Water or ion intercalation and mechanical peeling off; removal of growth substrate by wet-
chemical etching.

Coating with handling polymer; lamination with handling foil (for example, thermal release
tape); deposition of (van der Waals) dielectric on top; using sacrificial layer in between
polymer (or foil) and graphene.

Using wet-chemical solvents (in case of polymers) plus removal of any sacrificial layer
wet-chemically; using the top (van der Waals) dielectric as functional layer in the device;
releasing the foil by light, temperature or other method.

Polishing; defined surface termination using functionalization (for example, oxygen
plasma, deposition of self-assembled monolayers); pure van der Waals substrate surface

(for example, hBN).
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Electric contacts

Adhesion on substrate

Interfacial control

Deposition of dielectric on top

Metal deposition

Work function control

Pure van der Waals substrate surface (for example, hBN); defects in the graphene (at
predefined locations) for sp2 bonds; partial graphene coverage and clamping by contacts
or encapsulation.

Graphene lamination under controlled environment (for example, vacuum); in situ substrate
functionalization.

Graphene surface functionalization followed by atomic layer deposition (ALD); deposition
of seed layer followed by ALD; lamination of van der Waals dielectric (for example, hBN);
direct deposition of polymeric dielectric.

Deposition on top of graphene avoiding interfacial contamination; one-dimensional edge
contacts; sandwich contacts avoiding interfacial contamination; combination of these
contacts schemes.

Proper selection of the metal (for example, Ni, Au, Pd and so on).

FATHEE
https://www.nature.com/articles/s41563-019-0359-7
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IBM Storage Insights 3B [f] IBM Storage % /" %o S 424t R4 il . b, R
Ty AR SCRE, TR 73X 5 TPk . % T A, X AT DA
A HIEE R, Storage Insights P #R(HL 51 58 5 I R TUE A HE, IXAE—2K, RN
il /N IT BN, A 75 48 2 /N B ARG 0 RIS N B AT DA SR A PR HE Al 22 A4 v 3R A5

AN L A
https://www.ibm.com/news/cn/zh/2019/04/10/W766581D98701X19.html
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K. MMIRARRA U2 (2.5 355F, 15 2K) #MEMK, CFF PCle 58 =48
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i, FEINBE IS T A B A 11T 22 P e S

QLC # Db Bl A7/ — > NAND #ocHt, 5 TLCAHEL, B uAAEE
M. SR QLC HiAR, A LATF A H A AR 56 4 0 1) v % B 7 il

SK Hynix KH 7 IUFHIE5H, T A b P i o A AN 35 im 2 Y
A, BEIEA 5 N 32 KB #IN%] 64 KBe XANE AR 5 AT LA AL BE %2 54
64 KB I8, {RiE T ARFITERE S5 T

[N, SK Hynix IEFETFR H O QLC FAF ARSI, Il K 4
fER TSR, LA R K

PETT W R ALK IDC #%, QLC 7E NAND Flash 137 i) HL B Fi 115 M 2019 4
[ 3% T+ 21 2023 419 22%, T eSSD T34 L 47.9% HI4FE-F 15 35 K S P L
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