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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.

Specialty Cleans Page 2 (of 107) Copyright 2018 TECHCET CA LLC
Control#:SpCleans-CMC-070218LS COMPANY USE ONLY All rights reserved.



Table of Contents

Y o1 6
2 EX@CULIVE SUMMAIY ...ceiieiiei et s s s s s ra e s s e s e s e ma s e s nan s 7
2.1 Keytrends for PERRS INCIUE: ......cooueiiieiiiiii e e e e e e e e e 7
2.2  pCMP cleans area, trends include: ..o 7
3 INrodUCHION .. e e e 9
3.1 PERRS . e 9
3.1.1 Etching IoW K di@l@CLIICS ...oouviiiiieiiee s 10
3.1.2 Etch Residue Complications..........ooiiiiiiiii e 10
3.2  PERRBACKGround........c.cceuuuiiiiiiniiiiriiin e s 12
3.2.1 PERR Chemistry Background ............ccooiiiiiiiiii e 12
o 20 T 17 | o 1T T T3V 13
3.31 pCMP Cleaning Chemistry Overview & Requirements............cccoceiiiiiiiiiienic s 14
L Market OVEIVIEW ........oieiieiiiiieiei s ir s s s s e s s e s m s s s e s m s s s e sna s annnen 16
4.1 Al & CuPERRSs and Clean [ Strip.....cciieeuiirruiimininisinirsssssssrs s s ssa s rans s enas 17
4.1.1 Cu & Al PERR Market Revenue Forecast and Suppliers .........ccccooveiiiiineniie e 24
4.1.2 PERR Market ObServations .........iueeieiiiiiieeiiee ettt e e e e e e emeeeee e 26
20 = 0 ;| PP 27
4.2.1 PCMP Cleans Volume GroWth ........cooiio e 29
4.2.2 PCMP REVENUE FOFCAST ...vveiiiiiiiiiiiiie ettt e e e e e e e e e 34
4.2.3 pCMP Cleaning Chemistries/ SOIUtIONS .........c.cociiiiiiiiii e 36
4.2.4 PCMP ClEANS SUMIMAIY ... tiie ittt et e ettt ettt e st eeseeeeeteeeeneeeeseeesnteeeaneeeanneeeanneeenees 40
4.3 China Growth and Impact on the Market............cocoiiieiiiiiinn s 41
4.3.1 China Future outlook (NeXt 5§ YEAIS) .. ..ci et 46
4.3.2 Looming trade war and tariffs USA-China........cocoeiiiiiiiii e 48
4.3.3 ChiNA SUMMAIY ..ottt ettt e e e ettt e e e e ne e e e e enbe e e e eanteeeeeanneeeeaas 50
S = 4T 41 er= I I =Y T L3P 51
6 EH&S ISSUBS ..evuuiiireuiiiesnirsai s s s e s r s e e s e e r e e 53
7 SUPPHEr Profil@s ......cceiieeiieiiiiii et s e s e 55
7.2 JM (Jiangyin Jianghua Microelectronics Materials C0)........ccciermuiiimmiimmininninr s 55
7.2 Jiangyin Runma Electronic Material Co .........cccoiiieuiiiieiiineiiirin e 57
7.3 AirLiquide (SUPPlIEr)....c.cveuiiiieiiiririn i 58
7.4  AUECC(Linde Division) (Purifier and SUPPlI@r)........coiviuiiimiiiimiiiiric e 59
7.5  BASF (Maker, Purifier and Supplier)........cccceiiiiiiiimiiiesni s 60
7.6 Dongwoo Fine Chemicals, Ltd. (Korea, Purifier& Supplier) .....ccccccoviimmmniiiiimnnniiniinnnnnnnn. 64
7.7  Dow Electronic Materials (MaKer) ......c.cceuiimuiiieiieiiie e e e e e e e e s e m e e e e s em e enaes 67
7.8  Eastman Chemical Company (Maker).........cooriuiiimiiiimiiiri e e e e 71
7.9  Entegris (Purifier and SUpplier) ......covvieueeiiiiiiiiiir 73
7-10 FUIJIFILM Ultra Pure Solutions, Inc. (Maker, Purifier & Supplier)........ccceeimimiiiiiniiiiinnnene. 77
7.11  Honeywell International Inc. (Maker, Purifier & Supplier) .........cccoviuiiiiieiiiniiiinnee 82
Specialty Cleans Page 3 (of 107) Copyright 2018 TECHCET CA LLC

Control#:SpCleans-CMC-070218LS COMPANY USE ONLY All rights reserved.



7.12  Israel Chemicals Ltd. (MAKEr) ......oeeuiieeiiiiieeie e er e e e me e e s e s e e m e nae e e e e e e e 84

7-13 Kanto Chemical Co., Inc. (Purifier & SUPPLIEr) ......ceuiiiieiieiei e 86
7-14 KMG Chemicals Inc. (Maker, PUFIfIEr) .......ceuiiiieciiricierece v e s s s e e ne s re e rna s 88
7-15 Avantor /[ Mallinckrodt Baker, Inc. (Purifier & Supplier)........cooveoimimioiiieieeeeeeeeeeeeee 92
7.16 Mitsubishi Gas Chemical Group, INc. (MaKer) .........coiiiuiimmniiireire e e 93
7-17 Peroxychem (MakKer) ... eme e e e e e m e e e e e e e m e e e e s e e n e eean s 97
7-18  SACHEM (MAKEF) «..ceuiiieiieiieieessrassrassnsssensseasensssnsssnsssnsssenssensssnsssnsssnnssenssensssnnnsnnns 99
2% X TR 1 V= VA (1 =Y L 100
7-20  Versum (FOrmulator)........ccccciiuunnnniiiii s nn s nnnees 105
List of Figures
Figure 1 PERR Contamination Challenge .........cooiiiiiii et 12
Figure 2 Number of CMP Steps per Process NOdeS/LOGIC ........cueiuiiiiiiiiieiieiesie e 14
Figure 3 Impact of pCMP Clean on Defects. (Global Foundries) ..........cccovrieiiriciinieieciee e 15
Figure 4: TECHCET Wafer Starts per Technology Node Model.........c.ccooiiiiiiiiiiiiienicceceee 17
Figure 5 Wafers Requiring PERR [Wafer Passes] EStIMates..........ccueouiiieiirieiienieieseeee e 18
Figure 6: Al PERR Relative Volume Forecast EStiMates........c.cuiiiiiieiiiiriiiieieeseeeee e 20
Figure 7 Cu PERR Relative Volume Forecast EStimates ...........cocoiiiiiiiiiiiii e 21
Figure 8 Double Patterning ATFi........oo ittt ettt e e e st e e sne e e e e e eneeeeennee s 22
Figure 9 Immersion Multi Patterning Process Steps .........cccooiiiiiiiiiiiii e 23
Figure 10 Cu Cleans Volume Trend below 22nm .........oooiiiiiiiiiiii e 23
Figure 11: PERR Al and Cu Revenue Forecast Estimates...........ccccoooiiiiiiiiiiiiiic e 25
Figure 12: PERR Supplier Market Shares Estimates (% total revenues) .........cccooceviiieiieenie e 26
Figure 13 pCMP Cleans PrINOGE ......ccuiiiiiiiieiie ettt 28
Figure 14 pCMP Ceria Relative VOlUumMes FOrecast ...........oooiiiiiiiiiii e 29
Figure 15 pCMP HkMG Electrode Relative Volumes FOrecast.........coouviiiiiiiienieiiieieseese e 30
Figure 16: pCMP HkMG Oxide Relative Volumes FOrecast ..........cooviiiiiiiiiiiiiiiecee e 31
Figure 17 pCMP Tungsten Relative VolUumes FOr@Cast ........uueiuiiiiiiieiiie e 32
Figure 18 pCMP Cu Relative VolUmMESs FOr@Cast ........coiiuiiiiiiiiiiieiiie ettt 33
Figure 19 ReVENUE PCMP ClRANS ... .uii ittt ettt e et et e e ent e e e ae e e smte e e aneeeeneeesnreeeenneeas 34
Figure 20 pCMP Supplier Market Share Estimates (% of total revenues) .........ccoocveiieieiiiiiiienien 35
Figure 21: Advance Cu Cleaning MeChaniSm ...........ocuieiiiiiiiiieiee e 37
Figure 22: Design of EKC GEN IV ClEANET ......oiiuiiiiiiiieii et 38
Figure 23: l1I-V Cleaning and EtChiNg.........cocuiiiiiiii s 40
Figure 24 Interconnect Milestones (EdeISteIN) ........ocuiiiiiiiiiiieiieec e 41
Figure 25: Semiconductor Consumption by Region History & Forecast (IBS 2017) ........cccocveiieiirnnnnne. 41
Figure 26: China’s Chip Consumption Compared with China Chip Production (IBS 2017) .........ccccccuvu.e. 42
Figure 27: Chinese 30omm Wafer Capacity, 2017-2020 (R. Chang, CMC Conference 2017) ........ccc.o..... 43
Specialty Cleans Page 4 (of 107) Copyright 2018 TECHCET CA LLC

Control#:SpCleans-CMC-070218LS COMPANY USE ONLY All rights reserved.



Figure 28: China Fab Capacity Segmented by Product 2020 Estimate ...........ccccoociiiiiiiiiiiiicee A
Figure 29: Logic fab ramp forecast according to TrendForce (April 2017) .......cocvviiiiiiiiiiiiiieree 47
Figure 30 Technology Effects 0N Cleaning........c.ciueririiiiiieiesiee sttt 51
Figure 31 Next Generation Surface Preparation ..........c.ceiere e rie et 52
Figure 32 Challenges in Advance Node DVICES ..........cccuiiiiiiiiiiiiiii e 52
Figure 33 ENtegris ECOSYSTOM. ... e 75
Figure 35: J.T.Baker® Products Carried by AVANnTOr ........c.cociiiiiinieesciee e 93
List of Tables

page #
LI o) (= MY T S o =T AV ol Y o SR 18
Table 2: JJIM ProdUct LISTING ......eeiee ittt et e e et e e et e e snee e eee e e enae e e sneeeenes 56
Table 3: RUNMA Product LiStiNG ......ooeiiiiiiie ettt et e e e e e e sneee e 57
Table 4: Air Liquide Sales and Earnings ........oo it 59
Table 5: BASF Growth in Key Customer Industry and By Region ............ccoceiiiiiiiiiiiiiiceee e 62
Table 6: BASF Sales and EQrniNgs ........ccooiiiiiioiieiee et 62
Table 7: Dow Sales and EQrNiNgS .........cooiiiiiiiieiee e e s 69
Table 8: 2017 DowDuPont Electronics & Imaging Division Earnings...........cccocoveieereriiiiiec e 70
Table 9: 2017 DowDuPont Each Business Segment Sales..........ccovviiiiiiiiiiiieiiee e 70
Table 10: Eastman Sales and Earnings ........cooueiiiiiiiiiie et 73
Table 11: FUJIFILM Electronic Materials Products List........c.cuviiiiiiiiiiiiiiiiieeree e 80
Table 12: 2017 Fujifilm Sales and EQrning ..........cocooeiiiiiiiiiiii e 81
Table 13: Honeywell Cleaning Chemistries MiXtUIeS ..........cocueiiriieiiieiniie et 83
Table 14: Honeywell Sales and EQrnings ........c.uoiiiiiiiiieiieiieee s 84
Table 15: ICL Performance Products Group (ICL-PP) Sales and EQrnings..........ccccevvveiieneennenieeneenee 85
Table 16: Kanto’s Ultra Pure Chemicals Products LiSt .........cccveiiiiiiireiiie e 88
Table 17: KMG Sales and Earnings........couiiiiiiiiiieii ettt 90
Table 18: KIMG ProdUcts LiStS......ciiiiiiiiiiiiiie ittt ettt s e e et e e e e s na e e e e enae e e e s snnre e e e ennes 91
Table 19: Mitsubishi ProdUCts LiSt.........icuuiieiiiiieeiiiiiee st et e et e e e st e e e enaae e e s nnnaeee e ennes 94
Table 20: Mitsubishi Sales and EArnings.........c.cooiuieiiireiie e e et e e e s e e sneee e 97
Table 21: Solvay Business Structure with three Operating Segments ........cccccovvieiiienie e, 101
Table 22: Solvay Sales and Earnings ........ceee oo 105
Specialty Cleans Page 5 (of 107) Copyright 2018 TECHCET CA LLC

Control#:SpCleans-CMC-070218LS

COMPANY USE ONLY All rights reserved.



1 Scope

This report focuses on the market and technical trends related to specialty cleaning chemicals
used for silicon semiconductor device manufacturing, including post etch residue removers
(PERRs) and post CMP (pCMP) cleaning chemicals. It specifically addresses: what is changing
in the market? Why is it changing? and What are the growth opportunities for suppliers
interested in this market?

Details on post CMP cleaning chemistries and challenges surrounding cleaning mechanisms
are provided. Similar details on Post etch residue remover chemistries are not included in this
year's report due to the well-hidden trade secrets behind these blends. For more information,
please see TECHCET's 2017 report on Electronic Wet Chemicals or contact us at
info@techcet.com.
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