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Fig.1 Simple diagram of online pre-concentration process for ion chromatograph
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Fig. 2 Pipeline diagram of the ion chromatograph assigned with

online valve changeover system
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Fig. 4 Pipeline diagram of the ion chromatograph assigned with

online neutralization system
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Fig. 5 Pipeline diagram of the ion chromatograph assigned with online sampling system
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FE R PR B | TG e 55 7 2k 1Y) 48 4 AR AT figh e
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TELR R VI AR, X P2 TPA | PN TR ATNMP (1)
B T AT E ™ S FE Ao B AR T, ik
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ARG, IR /D S A AR BT Bl b e pH T
B, RAECH FCOS” B Z B R T AS9-
HC Ay M, e i i T B 2 0. 25 mL e min ',
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ZE R IPA 1 ClL L SO, L PO,” FINO, Ayt
RN T 1 g L1, [\ 3 80. 0%~100%
5 1 B BRGSO 7 P 5 491 SR A £k e )
e B T A5 UAE A E L FIHR R RR R R AT CL
SO/~ PO/ FINO, [y # i FRFE 0.5 pg+ L7
PITF .

T BRI, AN BRI AN 7R 2 1 ) e 7
RIFFEA L Z AL, 0 B 4 A 1 1 1T AN 2 7,
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T, RN SR B T AR R RS 2
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AR S, (B R AR, ¥ IR TR CL
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B v B JCHLETES -, SR 5 B - sk e CL
NO, . Br fINO, & &, ksl i 89. 0%~
115%. 7F 35 [ 38 B2 | R 2 6 B, #F 5%
N GR FH TE 7 2 1 D) 48 22 496 1) 2 - €0 35 A0 A )
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B A IR R T B g Al K i AR UTAC-
XLP2 [ & e da i, DLk i AS18 4 Bk 432,
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220 £ SEMIFR X G4 F1 G5 B PGMEA 371
HHEBH B 1 iy Bk
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P9 AT DU S 4l K e BT B R AT A DG, IR
FHAbAL 2= S LT

S Sl B B 0 s N IR SR e o
AR AR B A AT, o B A I e s o
SRR A, B R A AEAEY T AT
. MARTEL DI AR O S BRI & e, (R
ARFERT PR 1 AR I A — 5, HORRERT 32
JA R, AN, R I D ek L R, A
U g -] BB REH IO 8 R s AT AR A3 S
RE AR 2257, PSRRI A L AT 2 Bt R — 3
PRI, ARSI T 2 1 e i AT 10 B it A2 B 22 285 14451
Ffk, BT ZFRIAE T, 5 s SRR &
SY BT IV R A BB, - BB [ e 2 22 ol
TR . T A Yl A SR AF A 1 ) R R

PR, 0 A7 A A A SEORL A o R T A o 2 i 1
R AR MR SR 22—, X — R M S 4
B 1 T A v R ABRE A e B A AL
T AL AN BT e IR A TR oK

S

(1] A AR N T BOIR e st (U], e
5T, 2024(5): 22-24.

[2] KAISER E, WOJTUSIK M J. Determination of trace
anions in isopropanol[J]. Journal of Chromatography A,
1994, 671(1/2): 253-258.

[3] JEAN-LUC B, BRUNO D. Contamination monitoring
and analysis in semiconductor manufacturing[M]//
Semiconductor Technologies. LLondon: Intechopen
Limited, 2010.

(4] EilgEE, WRE, AR b E R R R
PR (7). BT, 2018, 38(11): 1-7

(5]  Mpsese, TR, 3R . PR L Ty il A R BUR
R [T]. K55 L Ak, 2023, 31(11): 1-9.

(6] B, Boigsh, b, . A EROE 2l R K A
Jey (7). rh S L, 2023, 32(5): 22-26.

[7]  Semiconductor Equipment and Materials International.
SEMI C41 - Specification and guide for 2-propanol[S].
California; SEMI, 2018.

(8]  ZRtHIF, X seah . BTGk ik X H M. Eat: fha
Tk A, 2000.

(91  ZEIAA . W H Ak 2% i 22 20 ik 40T 8 B R e Jre IR
AR AL TR, 2022(16): 95-98

[10] rhae AR [ E 5 W R g ez SR, rhE E
FAEAE I Do T YUK IR = T8 T I T
SN % : GB/T 11446, 7—2013[S]. b5t HE
PR kL, 2013.

[(11]  rhAe AR R ] [ 50 o M A A 8 S )y, P
FE ZA e B 01 2 . LT REAR - GB/ T 28159—
2011 [S]. db5t: h EbRifE L, 2012,

[12] SPIERINGS G A C M. Wet chemical etching of silicate
glasses in hydrofluoric acid based solutions[J]. Journal of
Materials Science, 1993, 28(23): 6261-6273.

[13] STEINERT M, ACKER J, OSWALD S, et al. Study
on the mechanism of silicon etching in HNOg-rich HF/
HNO; mixtures[J]. The Journal of Physical Chemistry C,
2007, 111(5): 2133-2140.

[14] SEO D, BAE J S, OH E, et al. Selective wet etching
of Si,N,/SiO, in phosphoric acid with the addition
of fluoride and silicic compounds[J]. Microelectronic
Engineering, 2014, 118: 66-71.

[15] CARRETERO D S, HUANG C P, TZENG J H, et al.
The recovery of sulfuric acid from spent piranha solution

e 1205 -



A BIigiz-IPF5H

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

WERAR , 45 B T (R 7 A ot B 1 RGetd eh g 1oz T E Je

over a dimensionally stable anode(DSA)Ti-RuO,
electrode[J]. Journal of Hazardous Materials, 2021, 406:
124658.

ANDRE S, GONDEK C, KROKE E, et al. Waler
cleaning, etching, and texturization[C]//Handbook of
Photovoltaic Silicon. Berlin: Springer, 2019: 1-48. DOI:
10. 1007/978-3-662-52735-1 _17-2.

LEE G, BAN K, BOK D, et al. The study on
developer containing surfactant for ArF lithography
process[J]. Journal of Photopolymer Science and
Technology, 2004, 17(4): 549-555.

DU C,ZHAO Y L, LI Y. Effect of surface cleaning
process on the wafer bonding of silicon and Pyrex
glass[J]. Journal of Inorganic and Organometallic
Polymers and Materials, 2023, 33(3): 673-679.
BROWN D K. Deep ultraviolet photolithography
capability of ZEP520A electron beam resist for mix and
match lithography[J]. Journal of Vacuum Science &
Technology B: Microelectronics and Nanometer
Structures Processing, Measurement, and Phenomena,
2007, 25(6): 2447-2450.

ITO H, HASEGAWA K, MATSUKI T, et al. Lift-
off photoresists for advanced IC packaging metal
paternning[C]//2015 16th International Conference on
Electronic Packaging Technology(ICEPT ). Changsha:
IEEE, 2015: 1352-1356.

OHMI T, SUDOH S, MISHIMA H. Static charge
removal with IPA solution[J]. IEEE Transactions on
Semiconductor Manufacturing, 1994, 7(4 ): 440-446.
GAFFNEY S, MOODY E, MCKINLEY M,
et al. Worker exposure to methanol vapors during
cleaning of semiconductor wafers in a manufacturing
setting[J]. Journal of Occupational and Environmental
Hygiene, 2008, 5(5): 313-324.

SOPORI B, DEVAYAJANAM S, BASNYAT P, et al.
Some challenges in making accurate and reproducible
measurements of minority carrier lifetime in high-quality
Si walfers[C]//2014 TEEE 40th Photovoltaic Specialist
Conference(PVSC). Denver: IEEE, 2014 : 649-654.
D'URZO L, FOUBERT P, STOKES H, et al. Point-
of-use filtration strategy for negative tone developer in
extended immersion and extreme-ultraviolet(EUV )
lithography[C]//Advances in Patterning Materials and
Processes XXXII. California: SPIE, 2015. https://doi.
org/10. 1117/12. 2185599.

HIRAI Y, KIKUTA H, OKANO M, et al. Automatic
dose optimization system for resist cross-sectional profile

in a electron beam lithography[J]. Japanese Journal of

e 1206 -

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Applied Physics, 2000, 39(12h): 6831-6835.
HASHIMOTO Y, OTAGIRI S, OGATA H,
et al. Novel gap filling BARC with high chemical
resistance[C]//2019 China Semiconductor Technology
International Conference(CSTIC ). Shanghai: IEEE,
2019: 1-3.

Daicel Chemical Industries, Ltd. Process for the
production of high-molecular compounds for photoresist:
US10476211[P]. 2007-11-21.

BOURRIER D, GHANNAM A, DILHAN M, et al.
Potential of BPN as a new negative photoresist for a
very thick layer with high aspect ratio[J]. Microsystem
Technologies, 2014, 20(10/11): 2089-2096.

KUDO H. Photolithography and photoresist{M]//
Encyclopedia of polymeric nanomaterials. Berlin:
Springer, 2015: 1585-1590.

LIU J M, LIU C C, FANG G Z, et al. Advanced
analytical methods and sample preparation for ion
chromatography techniques[J]. RSC Advances, 2015, 5
(72): 58713-58726.

HHABH, HBAST, &) 3C. Application Notes C_1C-50 %
TR E HAH L YR B RS T [EB/OL . [2024-
05-22]. https://tools.thermofisher.com/content/sfs/broc
hures/ GE7% A6 % BB %E5 %6 AD %90 %6 E8 %689 %6B2%4
E8%B0Y%B1%E6%B3%95%E6%B5%8B%ES % AE
Y9ANEBYB5%93NET AL 9D SEI Y85/ B8 S E
4% B8 ADYET %9A %84 % ET7 %697 %95 % E9 %87 %8
FY%E9%98% B4 %E7 % A6 %BB Y% ES % AD %90. pdf.
DHAVILE S M, THANGAVEL S,
CHANDRASEKARAN

evaporation by isothermal distillation of high-purity

K, et al.In situ matrix

reagents for the determination of trace impurities by ion
chromatography[J]. Journal of Chromatography A, 2004,
1050(2): 223-227.

KIM D H, LEE B K, LEE D S. Determination of trace
anions in concentrated hydrogen peroxide by direct
injection ion chromatography with conductivity detection
after Pt-catalyzed on-line decomposition[J]. Bulletin-
Korean Chemical Society, 1999, 20(6): 696-700.
EHMANN T, MANTLER C, JENSEN D,
et al. Monitoring the quality of ultra-pure water
in the semiconductor industry by online ion
chromatography[J]. Microchimica Acta, 2006, 154(1):
15-20.

YE M L, NESTERENKO P N, YAN Z, et al.
Determination of inorganic anions in weak acids by
using ion exclusion chromatography— Capillary ion

chromatography switching column technique[J]. Journal



A BILigiz-IEZ5/

[36]

[37]

[38]

[39]

(40]

[41]

(42]

[43]

(44]

WERAR , 45« B T (R i At B B Gl e g 1o L J

of Chromatography A, 2019, 1588: 169-173.

Thermo Fisher Scientific. FEBK K3k K T 7 7 ok
J7 SR A - 2 BRI 1 SCHE [EB/OL. [2024-
05-22]. http://doc.merita.ltd/CMD % E5 % AE % A2 % E
6%88%B7%ES8%AT % A3%ES %86 % B3%E6 %96 %
BI%E6%A1%88%ET %B3%BB%ES5%88%97 %20
%E5%8D%8A YES%AF %BC % E4%BD %93 % E6
%9D Y690 %E6 %696 %699 % ES 6 BA %694 Y ET %594 Y6 A
8YE6%096 %687 % E9%09B ¥486. pdL.

VANATTA L E. Application of ion chromatography
in the semiconductor industry[J]. TrAC Trends in
Analytical Chemistry, 2001, 20(6/7): 336-345.

WANG K F,LEI Y, EITEL M, et al. Ion
chromatographic analysis of anions in ammonium
hydroxide, hydrofluoric acid, and slurries, used in
semiconductor processing[J]. Journal of Chromatography
A, 2002, 956(1/2): 109-120.

American Society of Testing Materials. Standard guide

for ultra-pure water in the electronics and semiconductor

industries: ASTM D5127-3[S]. West Conshohocken

ASTM International, 2018: 1-6.

KAISER E,RIVIELLO J,REY M, et al. Determination
of trace level ions by high-volume direct-injection ion
chromatography[J]. Journal of Chromatography A, 1996,
739(1/2): 71-79.

KAISER E. Determination of trace anions in high-purity
waters using direct injection and two-step isocratic ion
chromatography[EB/OL]. [2024-05-22]. https://www.
semanticscholar.org/paper/Determination-of-Trace-
Anions-in-High-Purity-Waters-Kaiser/8253{1401924ef4
3813c¢0c713fdd91143ee918b89.

KAISER E, ROHRER J. Application Note 153:
Monitoring for trace anion contamination in the
extracts of electronic components|EB/OL]. [2024-05-
22]. https://assets.thermofisher.com/TFS-Assets/
CMD/Application-Notes/an-153-ic-trace-anion-
contamination-electronics-an71782-en.pdf.

VANATTA L E, COLEMAN D E, SLINGSBY
R W. Low-level calibration study for a new ion

chromatographic column to determine borate in deionized

water[J]. Journal of Chromatography A, 1999, 850(1/2):

107-117.

PHESATCHA T, WORAWIRUNWONG W,
ROHRER J. Application Update 113: Determination
of dissolved silica and common anions using dual
detection[EB/OL]. [2024-05-22]. https://assets.
thermofisher.com/TFS-Assets/CMD/ Application-
Notes/AU-113-IC-DissolvedSilica-Common-Anions-

(45]

[46]

[47]

(48]

(49]

[50]

[51]

[52]

[53]

LPN1936-EN.pdf.

WORAWIRUNWONG W, ROHRER J. Application
Note 170: Determination of silicate in high-purity
water using ion chromatography and online sample
preparation[EB/OL]. [2024-05-22]. https://assets.
thermofisher.com/TFS-Assets/CMD/Application-
Notes/an-170-ic-silicate-high-purity-water-an70946-en.
pdf.

PHESATCHA T, WORAWIRUNWONG W.
Application Update 169: Determination of silicate and
inorganic anions in high purity water using sequential
detection and autoprep[ EB/OL]. [2024-05-22]. https://
cromlab-instruments.es/wp-content/uploads/2024/06/
TFS-Assets.CMD _Application-Notes_70947-AU169-
Silicate-SeqDet-AutoPrep-18Mar09-LPN2188
compressed.pdf.

HU J, ROHRER J. Application 72751: Determination
of anionic impurities in sulfuric acid using ion
chromatography[EB/OL]. [2024-05-22]. https://assets.
thermofisher.com/TFS-Assets/CMD/Application-
Notes/an-72751-ic-anionic-impurities-sulfuric-acid-
an72751-en.pdf.

KAISER E, ROHRER J S, WATANABE K.
Determination of trace anions in concentrated weak acids
by ion chromatography[J]. Journal of Chromatography A,
1999, 850(1/2): 167-176.

PHESATCHA T, TUKKEEREE S, ROHRER J.
Technical Note 45: Determination of trace anions in
hydrofluoric acid, ammonium fluoride, and a buffered
oxide etchant{EB/OL]. [2024-05-22]. https://assets.
thermofisher.com/TFS-Assets/CMD/Technical-
Notes/tn-45-ic-strong-acid-anions-hf-tn72548-en.pdf .
Shin Etsu Handotai
wafer cleaning method and manufacturing method:
JP4857738B2[P]. 2012-01-18.

ZHANG J J, ZHU H B, ZHU Y. Determination of

trace inorganic anions in anionic surfactants by single-

Co., Ltd. Semiconductor

pump column-switching ion chromatography[J]. Chinese
Chemical Letters, 2012, 23(7): 835-838.
VANATTA L E, COLEMAN D E. Reproducible
digestion method for ion-chromatographic analysis
of anions in 30% hydrogen peroxide[J]. Journal of
Chromatography A, 2002, 956(1/2): 23-33.
Metrohm AG. IC Application Note S-393: Anions
in hydrogen peroxide and ammonium hydroxide[EB/
OL]. [2024-05-22]. https://www.metrohm.com/
content/dam/metrohm/shared/documents/application-
notes/an-s/AN-S-393. pdf.

e 1207 -



‘ ‘ BILisiE-IV SR BRAR, 6 BT G AR T A ST TR L

(54] VANATTA L E,COLEMAN D E. Ton-chromatographic T o ) DU R TG ML A 25 [T, & & Dok B, 2016, 37
analysis of common anions, acetate, and formate in 30% (11): 284-288.
hydrogen peroxide statistical evaluation of two automated [60] KAISER E, ROHRER J. Determination of trace anions
microbore systems[J]. Journal of Chromatography A, in organic solvents[J]. Journal of Chromatography A,
2001, 920(1/2): 143-153. 1999, 858(1): 55-63.

[55] CHRISTISON T, ROHRER J. Application Note [61] VANATTA L E. Ion-chromatographic determination of
94: Determination of trace cations in concentrated seven common anions in electronic-grade , water-miscible
acids using autoneutralization pretreatment and ion solvents[J]. Journal of Chromatography A ,2008,1213(1):
chromatography[EB/OL]. [2024-05-22]. https://www. 70-76.
pragolab.cz/files/clanky/2023-12/an-94-ic-trace-cations- [62] MHWIT, R, MEH L. B R A AL R
concentrated-acids-an72536-en.pdf. BT [J]. 8k, 2005, 33(2): 187-190.

[56] LEE F, ROSE A.Application 72481: Determination [63] HUANG C X, GJELSTAD A, PEDERSEN-
of trace anions in basic solutions by single pass BIJERGAARD S. Organic solvents in electromembrane
autoneutralization and ion chromatography[EB/OL]. extraction: Recent insights[J]. Reviews in Analytical
[2024-05-22]. https://www.pragolab.cz/files/ Chemistry, 2016, 35(4): 169-183.
clanky/2023-12/an-72481-ic-trace-anions-concentrated- [64] HUZZ,CHENHD,YAOCY,etal. Determination of
bases-an72481-en.pdf. inorganic anions in ethyl acetate by ion chromatography

[57] Metrohm AG. IC Application Note S-365: Anionic with an electromembrane extraction method[J]. Journal
impurities in concentrated semiconductor grade of Chromatographic Science, 2011, 49(8): 617-621.
ammonium hydroxide[EB/OL]. [2024-05-22]. https:// [65] Wk, B M, W1 A . TELRIRA I - B 3k
www.metrohm.com/content/dam/metrohm/shared/ JECBRIE T R T B T & (0], BbAe s -tk
application-files/ AN-S-365. pdf. o, 2014, 50(4): 425-428.

[58] JRME, skafid, AR, % & T @A IE 2 i [66] LIU X Y, WANG Y, CONG H L,et al. A
A ML A TCHLI B [J]. A#1ialE6 =, 2007, 26(9): review of the design of packing materials for ion
88-91. chromatography[J]. Journal Of Chromatography A,

(59] ki, M, BUIMA, % 37 QA E IR A 2021, 1653: 462313.

Application Progress of Ion Chromatography for Detection of Anions in
Wet Electronic Chemicals

CHEN Tianyi, XU Jingzao, PENG Zhenlei, ZHANG Yuhong®
(Sinopec Shanghai Research Institute of Petrochemical Technology Co., Ltd., Shanghai 201208, China)

Abstract: The presence of anions in wet electronic chemicals can introduce contamination into electronic components,
resulting in issues such as short circuits, deposition, defects, and corrosion. Therefore, the precise determination of anions is
of utmost importance. Ton chromatography emerges as an ideal method for quality testing of wet electronic chemicals, owing to
its high detection sensitivity and accurate results. Common wet electronic chemicals and their application fields as well as the
structure of ion chromatograph were briefly introduced. Commonly used sample preparation (online pre-concentration and online
valve changeover) techniques for detection of anions in wet electronic chemicals by ion chromatography and the application in
the detection of various wet electronic chemicals (including electronic grade water, ultra-clean and high-purity acids/bases,
organic solvents, and photoresist) were reviewed. Furthermore, a comprehensive overview of the anticipated applications of ion
chromatography was evaluated, including current challenges and future development (66 ref. cited).

Keywords: ion chromatography; wet electronic chemical; anion; application progress
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