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RESEARCH METHODOLOGY

TECHCET employs subject matter experts having first-hand experience within the
industries which they analyze. Most of TECHCET's analysts have over 25 years of direct
and relevant experience in their field. Our analysts survey the commercial and technical
staff of IC manufacturers and their suppliers, and conduct extensive research of literature
and commerce statistics to ascertain the current and future market environment and
global supply risks. Combining this data with TECHCET’s proprietary, quantitative wafer

forecast results in a viable long-term market forecast for a variety of process materials.

Readers Note: This report represents the interpretation and analysis of information
generally available to the public or released by responsible agencies or individuals. Data
was obtained from sources considered reliable. However, accuracy or completeness is

not guaranteed.

Silicon +SOI Wafers Page 2 (of 164) Copyright 2019 TECHCET CA LLC.
C#: CMR-Wafers-CMCF-060119LS COMPANY USE ONLY All rights reserved.



Table of Contents

Page #
1 EXECULIVE SUMMAIY ..ottt e e e e e e e e e e e e e e e e e e e raeaeeaaeeas 7
1.1 Highlight Material Segment Business Growth OVEerview ..........c.cccccvviiieeeinineeeennnne 7
1.2 Highlight Material Segment Market Trends ........ccooociiiiiiiie e 7
1.3 Highlight Material Segment Technology Trends .........ccccoiiiiiiiiiiee e 10
1.4 5-Year Material SEgMENt FOr@CAST........cccviiiiiii e 11
1.5 ANAlYST ASSESSIMENT...oiiiiiiiiiii ittt e e 12
2 S OPE . e aaaaan 14
2.1 SCOPE - OVEIVIBW ..eeiiiiiiiiee ettt ettt e e ettt e e e s bt e e e as b e e e e e s et e e e annne e e e nanreeeenas 14
A U1 o 10 =] = PP UPPPPTRRTN 14
2.3 MEENOAOIOGY it s e e 15
2.4  Brief overview of other TECHCET REPOIS ....uuvviiieeiiiiiiiiieeie et 15
3 Market OULIOOK ... e e e e e e e e st e e e e e e e e e e e eaannes 16
3.1 Summary of Economic Outlook and Geo-political NEWS...........cccvveveeeeeeiiicciiinneenn. 16
G B o Yo Y = = B =T PSS 22
3.3 3.3 Semiconductor Device OULIOOK ..........cooiiiiiiiiiiiii e 28
3.4 3.4 Summary of Equipment Spending/Capital Investments.........ccccccceeeiiiiiiiiiinnnnns 30
3.5 Overall China Market NEWS & TrendS......coccuviiiiieeeei et e e e 34
3.6 TECHCET 5-Year Wafer Start FOreCast ......ccuuuiiiiieeiiiiiiieeeee e 36
3.7 Semiconductor Market OVErview SUMMATY ........ccooeeeiiiiireeeiiiiieeessiieee e e sieeeee s 37
4  Material SEgMENT TIENUS ...ociiiiiiiie e e e e e e 39
4.1 Fab Material SUPPIY/DEMANT ....ccooiuiiiiiiiiiiee e 39
4.1.2  Current Market ASSESSIMENT .......coiiiiiiiiiiiiiiee et e e e e e e eneneeeeeeas 49
4.1.3 Leading & Influential Supplier SYNOPSIS ........ccoiiiiiieiiiiiiee i 50
4.1.3.1  GIODAIWATIEIS. ... e 51
4.1.3.2  SEH e 52
RS TR ST 11 o] o o PP PRRPRO 53
N G 20 A S U 1 o o OSSP PPPPPPP 55
T T T 1 ] I I = O 56
A.1.3.6  WAFEI WOTKS....coiiiiieiiiie ettt ettt ettt e e sttt e e s snb e e e s bt e e e e snbeeeennneeas 56
o R T A © ] (41 1o PP PP PPPPRPO 57
4.1.3.8 Formosa SUMCO TECHNOIOQY ......cooiiiiiiiiiiiii e 57
4.2 Raw Material Shortages and Supply Chain ConstraintS........cccccccoevciviieeeeeeeeicccenee, 57
4.3 Technical Drivers & Challenges........ccco i, 63
4.3.1 Material Trends for the Leading EAQe ...........oooiiiiiiiiiiiiee e 63
4.3.2  Trends/Impact/Status of Legacy MaterialS..........cceuvveveieeeieiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeee 65
4.3.3  Other Wafer MaterialS- SiC.........uciiiieiiiiiiiiiir e e e s s nereeeeeeas 67
4.4  Regional TreNUS/DIIVELS ...ttt e e e e e e e e e e e s re e e e e e e e s s anneees 69
45 EHS and LOGQISTICS ISSUEBS ......uiiiiiiiiiiiee ettt 72
4.6 Packaging and Shipping Trends/TOPICS ....coiiciiiiieieee et 73
Silicon +SOI Wafers Page 3 (of 164) Copyright 2019 TECHCET CA LLC.

C#: CMR-Wafers-CMCF-060119LS COMPANY USE ONLY All r|ghts reserved.



5 Supplier Market LandSCape.......cocccuriiiieiieiee e e ee sttt e e e e e e e e e s sssnaaneeea e e e e e e e ennnnes 74

ST R |V N AN o] € V1 R SUPPRR PRSI 74
5.2 New PlantS/NeW ENtrantS.........cccccviiiiiiee e e e e e et e e e e e s e snnvaeeee s 75
5.3 Recently Closed or "To Be” Closed Plants .................cccccceiiiiiiiiiiee e 77
5.4  Suppliers or Parts/Product Lines at Risk of Discontinuance or Capacity
REAUCTIONS/CONSIIAINTS .....tiiie ettt e e e e e e s e e e et e e e s sne e e e e e snnneeeeennnes 77
5.4.1 Suppliers or Parts/Product Lines at Risk of Discontinuance..............cccccvveeveeeennns 77
5.4.2 Capacity Reductions/CONSIIAINTS .........cuviiiiiieiiiiiiiiiiee e e e s irreree e e e 78
5.5 Materials Market Size & FOI@CAST .....ooiii i 79
5.5.1 Wafer Forecasts BY SEOMENIS.........cccuiiiiiiieeiiiciiiiiee e e s s sctreee e e e e e s e rnnraeeeeae e e 84
5.5.2  Wafer PriCing TrENUS .......oveiiiiiiiiie ittt 88
6 Sub-tier Material SUPPlY Chain ... 90
6.1 Raw Material SOUIrce and SEALUS .......ccoeeiiiiiiiiiiiieee e e e e eas 90
B.1.1  OtNEI MAIKELS ...ooiiiiiiie ettt et e e e s s b e e e e anreeeeea 93
6.1.2  Supply Chain DiSruptionS/CONSIIAINTS .........cccoiiiiiiieiiiiie e 94
B.1.3 M & A ACHVITY .eeeieeiiiiie ettt e e 95
6.1.4  LOQISHC ISSUES ...ccceeieeeeee e 95
6.1.5  NEW ENIrANTS. ... 95
6.1.6 Recently Closed "To Be” Closed Plants ...........ccccovieiiieiiiiciiiieeccc e 97
6.1.7 TECHCET ANalySt ASSESSIMENT ....cuuviiieiiiiiiee ettt 97
6.2 Raw Material Pricing TrenNdS/PriCE ......coooii it 98
6.3 TECHCET ANalySt ASSESSIMENT ....ooiiiiiiiiiieiiiiie et 98
A1V o1 o =T g wd o] 1 =SSP 99
7.1 Advanced Silicon TEChNOIOGY (AST)....uuiiiiiiiiieiiiee e 99
7.1.1 TECHCET Analyst ASSESSMENT ......c..uviiiiiieee it e e e e s e e ee e e e e e e s sirrraaeeeaae e 101
7 =YY 1V = 1 T R 101
R T = 4 (0] (= o PP PR PP 104
7.4  FOrmosa-SUMCO TECHNOIOQY i 107
S T €1 Lo o = LAYV =T PSR 108
4 T 1 1 (= PSP 112
7.7 JRH QL EIECIIONICS .uieiiiiiiiiee e ei ettt ettt e e e e e e aae e e e e e e e s s aae e e e e e e e s e nnnreneeeeas 114
48 T © 1241 11 =1 oSSR 117
7.9  Shin-Etsu Handotai (SEH)........cooiiiiiiiiie e 119
7.10 SHEFONIC ALG i e et e e s st b et e e s st e e e abteee e 124
7.11 Y (ST 1 o U STURRSOUPSIN 128
7.12 1@ ] I I = OO E P O TP PPPOPPPRPRPOPPRRN 130
7.13 SUIMICO ettt 131
7.14 WaATEE WOTKS ...ttt e e e e e e e e e e e e e s s e e e aaaeeseennnnees 134
7.15 WATEE WOTKS ...ttt e et e e e e e e s e e e e e e e e e e e anneees 139
7.16 Zhonghuan SEeMICONAUCTON ......uiiiiiiiiiee i 139
7.17 A Yo IRST=Ta 0 Te 0] 1 1o 1V Lo3 (o] SF SRR 142
Appendix A Silicon Wafer Manufacturing OVErVIEW...........ccoviuiveeeiiiiieieeesniineeeeens 147
AL Crystal Growth ... 147
Silicon +SOI Wafers Page 4 (of 164) Copyright 2019 TECHCET CA LLC.

C#: CMR-Wafers-CMCF-060119LS COMPANY USE ONLY All r|ghts reserved.



YR Y o Yo T} T ot=1 A1) KT TP U T TP 148

F ARV Z: IOy Yo [0 [=To IV A= TA = AT o] o KT TT TR 149
Appendix B Advanced Geometry Focus CharacteristiCs ........cccccevvivieeiiiiiiiieennns 152
B.1 LPD Size and CoUNt REAUCTION .....uiieieiee ettt e et r et e e e e e e e e eeenas 152
VY | (=T o = = U LT T TP 153
B .3 S 0 it ———— 154

List of Figures

page #
Figure 1.1: 300mm Wafer INVENTOrY ....c.uvviieiie e e e e 8
Figure 1.2: Silicon Area Shipments........ccu i 12
Figure 3.1: 2018 Global Economy and the Electronics Supply Chain.........ccccvvevennnen. 17
Figure 3.2: WW SemicoONdUCEOr SAlES .......ovvuiiiiiiiiiiiiiine s e r e 18
Figure 3.3: Global Purchasing Managers INdeX ........cccueviuiieiiiieeincinenecen e e ea e 19
Figure 3.4: Global Electronics Production Annual Growth ...........cccoeviiiiiiiiienieneen, 22
Figure 3.5: Global Electronics Production Annual Growth ..........ccoveiiiiiiiiiiiiiieen, 23
Figure 3.6: Automotive Electronic Content Growth .........cccovviiiiiiiiici e, 26
Figure 3.7: Automotive Semiconductor Market Growth ............cccoiiiiiiiiiiiini, 27
Figure 3.8: 2019 Semiconductor Revenue Growth Forecasts .........cccevvviiiniiniiinnnnnnnn. 28
Figure 3.9: 2019 Semiconductor Market Size by Device Segment...........cccevvviveniennnen. 29
Figure 3.10: Semiconductor Device Unit Growth ..........ccooviiiiiiiii e, 30
Figure 3.11: 200 mm Fab Capacity Outlook to 2022........cccceviiiiiiiiiiiiiiiiceiree e, 34
Figure 3.12: China IC Production Share and Consumption Trends........c...ccovvvuivinnnenn. 35
Figure 3.13: TECHCET Wafer Starts by Technology Node and Device Type................ 38
Figure 4.1: Worldwide Quarterly Wafer Shipments.........ccoccvveiiiiiiiiiiniiceneeseeeeeenn 43
Figure 4.2: Q4 vs. Q3 Silicon Shipment Growth Change..........cccocviiiiiiiiiiiicceceen, 43
Figure 4.3: 300 mm Wafer INVENTOIY ....c.uviviiiiiiiceiei e e 45
Figure 4.4: 200 mm Wafer INVENTOIY .......oveuiiiiiieieei e 45
Figure 4.5: Quarterly Wafer Shipments through 2019..........ccooiiiiiiiii e, 47
Figure 4.6: Q1 vs. Q4 Silicon Shipment Growth Change.........cccccovviiiiiiiiiiiiineneee, 48
Figure 4.7: Quarterly Wafer Shipments by Diameter through 2019 ..........ccocevenennnen. 49
Figure 4.8: Wafer Supply Capacity and Demand ...........ccoveuiiiiiiiiiniiniineee e, 58
Figure 4.9: SiC Device Performance RaNge .........ceovveurieuiiinniiirseiernsenssesernssennseens 67
Figure 4.10: Epitaxial SiC Demand FOrecast .........ccooviriiiiiieiiiiniirrnen e ea e 68
Figure 4.11: Regional Fab Capacity Share by Diameter..........cccoovviiiiiiiiiiiinieinee, 70
Figure 5.1: Silicon Wafer Supply/Demand OUtIOOK .........ccovviiiiiiiiiiiiicc e, 79
Figure 5.2: Worldwide Silicon Wafer REVENUES ........c.covvuiiiriiiiiiiiniins e eeeere e eens 80

Silicon +SOI Wafers Page 5 (of 164) Copyright 2019 TECHCET CA LLC.

C#: CMR-Wafers-CMCF-060119LS COMPANY USE ONLY All r|ghts reserved.



Figure 5.3: SOI Revenues by Diameter........covvviiiiiiiniriiiiriscsss s s e e ens 81

Figure 5.4: SOI Wafer Shipments by Diameter ........ccoovviiiiiiiiiiii e, 81
Figure 5.5: Estimated 2017 Silicon Wafer Market Share by Revenue ..............c..c....... 82
Figure 5.6: Estimated 2018 Silicon Wafer Market Share by Revenue ..............ccueennee. 82
Figure 5.7: Total Wafer Shipment Area Forecast through 2024............ccocevvviveniennnen. 83
Figure 5.8: Worldwide Silicon Wafer Revenue Forecast..........cocvvviiiiiniiiiiniiniinennen, 84
Figure 5.9: Total Wafer Shipment Forecast by Diameter ........ccccoovviviiiiiiiiiiiiiiiinenn, 85
Figure 5.10: Worldwide Epitaxial Wafer Shipment Forecast ...........coiviviiiniiiiiinnnnnnnn, 86
Figure 5.11: SOI Wafer Count FOrecast ........cocuviimiiieiiiiiiiii e 87
Figure 5.12: SOI Wafer Revenue FOreCast .......couviviiriinieniiiiennssnesnsesennsssennennnens 87
Figure 5.13: Markets for SOIL.......iiiiiiiiiieiii it a e 88
Figure 5.14: Aggregated Wafer Pricing Trends by Diameter .........c.ccooveviiieiiiinniennenn. 89
Figure 6.1: 2018 Polysilicon Market Share...........coovuiiiiiiiiii e 91
Figure 6.2: Polysilicon Demand by Semiconductor and Solar ............cccevvveviieiiennennnen. 93
Figure 6.3: OCI Polysilicon Capacity ROadmap ........ccovviiuiiiiiiinieiniinee e eee e 96
Figure 6.4: Polysilicon Spot PriCe TrendsS.......ccocuviiiiiiiiiiiieiin e a e 98
Figure A.0.1 Crystal Growth Methodologies..........covvivuiiviiiiiiiii s 148
Figure A.0.2 Crystal Slicing Methodologies .........ccovveiiiiiiiiiiie e 149
Figure A.0.3 Double-Sided Polishing Methodology ........ccccvveiiiiiiiiiiiiceee e, 150
Figure A.0.4 Epitaxial Reactors for Value-Added Layer EXtension ..........c.ccoevevuvennnnns 151
Figure B.0.1 Wafer Yield Impacts by Zone ........coovvviiiiiiiiiiie e, 154
Figure B.0.2 Bonded Wafer SOI Process Used by SOITEC..........coevivevniininieinnniennn: 155
Figure B.0.3 Value-Added Wafer Sample Cross-Sections .........coovevviievniinnnininnnnennn, 156
Silicon +SOI Wafers Page 6 (of 164) Copyright 2019 TECHCET CA LLC.

C#: CMR-Wafers-CMCF-060119LS COMPANY USE ONLY All r|ghts reserved.


file://///Users/litasmac/Documents/A1-A-TECHCET-Files/TECHCET_Analysts_WorkingFiles/Analysts_Working_Files/DanTracy/Dan-CMRs/Dan-Wafer-CMR/2019%20Silicon%20Wafer%20Report_5_15%20DTLSV3LS-2-MSLS.docx%23_Toc10267430
file://///Users/litasmac/Documents/A1-A-TECHCET-Files/TECHCET_Analysts_WorkingFiles/Analysts_Working_Files/DanTracy/Dan-CMRs/Dan-Wafer-CMR/2019%20Silicon%20Wafer%20Report_5_15%20DTLSV3LS-2-MSLS.docx%23_Toc10267431
file://///Users/litasmac/Documents/A1-A-TECHCET-Files/TECHCET_Analysts_WorkingFiles/Analysts_Working_Files/DanTracy/Dan-CMRs/Dan-Wafer-CMR/2019%20Silicon%20Wafer%20Report_5_15%20DTLSV3LS-2-MSLS.docx%23_Toc10267432
file://///Users/litasmac/Documents/A1-A-TECHCET-Files/TECHCET_Analysts_WorkingFiles/Analysts_Working_Files/DanTracy/Dan-CMRs/Dan-Wafer-CMR/2019%20Silicon%20Wafer%20Report_5_15%20DTLSV3LS-2-MSLS.docx%23_Toc10267433
file://///Users/litasmac/Documents/A1-A-TECHCET-Files/TECHCET_Analysts_WorkingFiles/Analysts_Working_Files/DanTracy/Dan-CMRs/Dan-Wafer-CMR/2019%20Silicon%20Wafer%20Report_5_15%20DTLSV3LS-2-MSLS.docx%23_Toc10267435
file://///Users/litasmac/Documents/A1-A-TECHCET-Files/TECHCET_Analysts_WorkingFiles/Analysts_Working_Files/DanTracy/Dan-CMRs/Dan-Wafer-CMR/2019%20Silicon%20Wafer%20Report_5_15%20DTLSV3LS-2-MSLS.docx%23_Toc10267436

List of Tables

page #
Table 1-1: Device Technology Trends & ISSUES.......ccuvieuiiuiiiiiiiiiiirieeinse e e eneeens 11
Table 2-1: 2019 TECHCET Critical Material RepOrtS.......c.coviviiiiiiiiiiicire e 15
Table 3-1: Global GDP and Semiconductor REVENUES .........cccveuviriieiienireienneneennennnes 16
Table 3-2: IMF World ECONnomic OULIOOK .........ovuieiiiiiiiiiiicricicen e e e e e 20
Table 3-3: World Bank GDP FOreCast.......cuuvuiiieiiriiiiniiiiiiserssen s ees e e s eens 21
Table 3-4: Worldwide IT Spending Forecast (Billions of U.S. Dollars).........ccccvvevneennes 23
Table 3-5: Smartphone Vendor Shipments (Millions of Units) ......cccovvviieiiiiiiiiinnnnnns 24
Table 3-6: VLSI Research Semiconductor Revenue by Segment.........cccccevvviiviiinnennnns 29
Table 3-7: 2019 Semiconductor Equipment OUIOOK ..........cevviiieiiiiiiiier e 31
Table 3-8: Top IDM and Foundry Capex Spenders ($ Billions, ranked by 2018) .......... 31
Table 3-9: 2019 Investment Plans for Selected Device Companies...........cccevvviennnenn. 32
Table 4-1: Estimated Wafer Starts, Installed Fab Capacity, and Fab Utilization............ 39
Table 4-2: Comparison of CY1Q 2019 REVENUES ........cvvuiiriiriiienireinesn s e eesennennes 49
Table 4-3: Announced and Estimated Capacity Additions by Wafer Manufacturers ...... 59
Table 4-4: Estimated Capacity Additions for 300 mm Wafer Production in China......... 60
Table 4-5: Estimated Capacity for 200 mm Wafer Production in China............cc.cueeee. 61
Table 4-6: Estimated Capacity for 150 mm Wafer Production in China....................... 62
Table 4-7: Epitaxial Wafer Suppliers in China .........ccoovviiiiiiiie e 62
Table 4-8: Estimated Status of China Wafer Capacity vs. Worldwide ............cccevennneee. 63
Table 4-9: Wafer Technology Development Issues & Trends......cccocvvvevieniiiniiniennnnnnes 64
Table 4-10: Technology Development Trends/Issues Related to Legacy Wafers ......... 66
Table B.0-1 Application by Wafer Type, Simplified Overview .........cccoeeveviiiiiiniennnn. 157

Silicon +SOI Wafers Page 7 (of 164) Copyright 2019 TECHCET CA LLC.

C#: CMR-Wafers-CMCF-060119LS COMPANY USE ONLY All r|ghts reserved.





