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Resear ch progress on fluorine-containing electronic special
gasesfor chip manufacturing

ZHANG Chengping, QUAN Hengdao®
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Abstract: Fluorine-containing electronic special gases are indispensable key chemical materials mainly
used in the etching and cleaning section of the chip manufacturing process. In this review, the traditional
and new fluorine-containing special gases were firstly compared, with the main synthetic routes of the new
fluorine-containing special gases summarized and the best industrialization route pointed out. The
development status of fluorinated electronic special gases for chip manufacturing was then introduced.
Finally, in view of the problems that the main intellectual property rights of fluorine-containing electronic
special gases are currently monopolized by foreign developed countries, and the step-by-step operation of
etching and cleaning processes leads to complicated and inefficient processes, which is difficult to meet the
higher precision requirements such as high-end chip integration and yield, it was suggested that the future
research directions should mainly focus on the development of new generations with the dual functions of
etching/cleaning synergy, which can meet the major strategic needs of the country and have the advantages
of simplifying the process, improving efficiency and the chip manufacturing yield, as well as replacing the
current ones that are only used in a step-by-step manner.

Key words:. electronic special gases; etching; cleaning; chip manufacturing; high-end chips; advanced
manufacturing process; etching/cleaning synergy
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Table | Environmental performance parameters and use of
perfluorocarbon
BT KEFHMAE GWPfH Hi
CF, 50000 7380 Z\h . T
C.Fs 10000 12400 20 T
CsFy 2600 9290 2|l
C,Fy 3200 10200 Z 1k
NF; 569 17400 I
SFs 3200 23900 I

TE: GWPio THTE 100 4EMIAFESE A ) R BRI LIS, Tl

1.1 CF,

F 4l CEy 2 1T Si. SiO,. SisN, Flfik 3l #
G20k, 2 R A i v R e e K Y A5 B T 2
WL N

N F il A R R, G R SR A A R A 2 R
T O T F PR S 20 ot S A ) s B L
H SRS 25 R NN T A Ao, 4 R
F CF,. CF,/O, fll CFy/Ar #E172)rEFRAT KL, CFyO,
iz kR e, Y CFy 5 O, YRR L (FFR
CF,/O, It ) AR, MY oS £ S,
SRR EMEMZ] . Y CE/O, el 1 1~2 ¢ 1 B,
HEHE A S B TR ICP )i ZI 1 8 71 27 5 3 S
AT S SO ) SRR TR ] s CFy/O, Heir 1 2 1 1 5
JR e Z), Pt T AR a2 R LR i
7 0 JE R S o 1 P A7 a2 3 o Z X DA 3R A
HIRERE (S,) o~ 0.14 nm YR £ mE . ek
B, W CR R =M ke (CHF;) , AR 4
A FERIE AL, FE6I 4 B T F R Fr9% R, 8
it CHF, + F—CF, + HF, S8 F J5F A9 i 2w As s
PE S RS RS CF R RIR S SR ), 2
PE AT 2R SR TR R U T ) A RO 1
5§ CF,/CHF; %5 B TIRHMI b, CF,/CyFg S5 5 IR R
A RN SR IR B I # v, R CuF TR R A5
FRREGE SR,

AN, R CF /O, %55 PR 484 (Co) %
AT W PEREAE ST, 455K, CF/O b4 1 1
B, RS SRR T H R s, 7E 380 CCHEE it



+332- A% 4m 4 T FINE CHEMICALS

41 4%

ZiAF] 60 nm/min, 2 F 4 Bhih 20 FEAK T SO R R TR
BE, IR SRR T AR G R A [ A RSt i EL
Wi (DC) EHE (300 V) WIHAN T, BN
290 °C R RN, JHTE 380 °CTF, HZIMhE
T 430 nm/min'”,
1.2 C,Fs

CoFs YENZI A Tk 200k, BAT S 2 1) 17
PRIRG AL . o ik 2R K R R e, e T
RS AR BE T M 0.18~0.25 pum BT oK 4
TR S R R A i I () (), AT AR SR 2R T A
AN R SR o 76 R P F B B 45 B AR RN B
ZIROR R ok e E 4k TiN B R, )
Cly/Ar SRR A IR CoF ¢ SRR, TiN Bl
ZIRE AR B Pkt I HOTIN B st ek 0 14 1ok
Z e PR it

TEZN RS RS R, TSEAE SiO, R miE it
C.F, THUIBIE SR G, N8l Ealifh, 5K
J5 I B AL RS B F R T % S AL ik 2 R T A
REWZE 2P Sio, X Si e B i 2] WF 5y K8
FEE AL A ICRE B T IE LA B iR Si0, X
Si [ 2 PEE A T Si0, FASHII B AWk,
HZ ol R 5 R A S R A He

IR, 45 B TR I A ST 1 X 20 ok 3 S5
ZIph =% (NEY ) P28 B 35 B2 . 4392k I CFy.
CHF;., CoFq = A 145 B T IR FEAS IR A G FA 25 F F Z1
T SisNy, SisNy A9 ZI ks R B 2 25 A A B3
MEZEREAR, JFHAEREFAS A 90° Bf, Zifhk
RSN, FRALEEE R L&A T TR
AEMZ . LA, NEY X &1 A S A — & ki
P FE CFy il CoF S B TR, B+ A ST 0°
HOME] 60°HF, SisN, F M I 0 55 — 255 U (1)
JEREEW /N, F/C HudE . A, 78 CHF; S5 Tk,
ME T AR 00~60°8F, 55— 2 G 0 J5 5 1%
FHARE, T F/C LB TR, Ak, CoFe 58 Tk
RS — 2R BUE AR R F/C e ny AR LR R T
CF, B TR WAL . METFARMAN 60°
A}, CF,. CHF; Ml C,Fs 581K NEY JIi)J¥ N
C,F¢>CF,>CHF,"?!,
1.3 CiFs

CsFs 5 O, IR G R HIVES B 1 20 bk}, Wl 3k
Pt b 5 8E i 4 JE SR AE A

SR C3Fg/CHF; fil C3Fy/CHF/Ar Zh SiO,,
TR, 2R IR BE 5 b 2 sk [R] 5 RO ROk PR G R
HAr, C;F/CHF; Zi5# 2%y 330 nm/min, C;Fg/CHF5/Ar
B Zih 3 2R 426 nm/min, Z5RFH, Ar SAEBYID
ANFE SiO, I ZIGE P, FREFE AT RE R Ar 7
BT CF, At 3l /b, DUSGE T Ar 380

TEHEBETRERE, WO e T LAmE CF, B R
ERGUURRL, IR s 3 o 0 2 A R 1
1.4 C4Fsg

T4l CyFg (IRFRAME 99.999%LA | ) FHIF# K
FIABLAE B HEL B b 220590 R 3 71

AR R GG T CFy. CoF il C4Fs 55
B TARTEA ) i R S104 Z ok 3k 4800 88 -1 AJp £ 1
HAE . Y —400 V I, CF, Fl CoF ¢ 25 85 114
) NEY 7EBT AN 70°0F 5 25 KAE, M7E
C,Fs B R, NEY Bfi 1 A S Bd T i, X
JEh, 7E CFy Fl CoFs S B AR, B F A4
h 70°0F, FE SiO, Fe M _E I B A R 5 11 JEE
I/, TAE CyFg S5 TR TR SR AR . Y
g B EL R R 3R —1200 VOB, e 25 U A 114 2 B R
# (<0.2nm) , JFHTE CF, Ml C,Fs B FIRM BT
BFARATILEARE, $3NEY #iZeJL-F- AR
AR 1E CoFs S B, M1 AS A 50°0T,
NEY Wn e KM, BRTEZMAEET, FRaS i s
F4 JEE B e /N

PEESE (Ar, Kr 8¢ Xe) A SHRBRAL S P
K (H1 C4Fg il CHLF, 4108 ) 72 A 0988 B 7 i 2]
ferm AR ER W, Hd, FERIN Xe MBS E T
e, ME R TR, Si0, A FE 6 R B 5
DB gz, e AR A M ZIFe B . 1T Ar
o Kr A3 & BAE Rz e i, Rk, Xe 4524
ShEE IR 2 FE T AR N 2R, (A TE AL = 4
ANHHH

i C4Fs F1 O, 55 B TR 4T TiO, JE Rk %1
B, CoFs 28 FATE TiO, IR B R AW 2,
TEWBESY RSt Tio, J2; Hk, @il o,
GBS TRAN L LB T G e 2 . BESTIN R, 1E
C,Fy 5B FARZIMS fE b, i etk 2 & TiF .
TiF,. TiF;. TiF, RN ALK, T HILEKIZER
JFEART CFe E B TIRE S, HRE RS YR
FME B A T HE AR IREE E AL, S EE Lk
ANETE CyF g S B TR ™ ek 2 3 Bt 5 78
O, B TR RE v, e 2 0% 5 B i e IR
PRI, AT AR R i R PR R 2 . Bk 2
AZN P R G IR T 5 b %) T Tio,, JfHik
Z 8 SEA BN IE e, HrpZI %k 0.67 nm/
JEI ., AL, TEONRE LR 46 BT R R ALRE S EIE
AL TiO, R E A1REG 2010 R, 3R C Fg Al
O, ZE B TR Z ] LAS R = 4E2HVF Y TiO, BYTRIR
B L2k
1.5 NF;

Har, FATEGERESAEE (CVD) Fali%
BRSO (PECVD ) E WL FA4



2 14 SRS, SF Al aE SRR TR R BT B R 333

FHA CF,. CoFg. SFe Il NFy, HEIREIMERE W
Tl HE LA, FREERMRE GWP E 1 5 5
L, RARFMRK, BFERES4.

16 CF,. C,Fs. SF¢ Al NF; H1, NF; X} SiO, il
SisNg [E I RS E fe i 1Y, 1 HAE PECVD 3£ 8
6 Ji-F Si dnE IS 2P, NF; X Sio, il
SisNy A3 5) Z b vk RE S A e i), IR, NFs 7
LA TN EZEHT CVD B IE .

2 FBSEHEFEHER

HR, S0 F il 1 4008 R FUSELA FH 9 SR 90% 1K
Hridn, HZRETFEREAE (R 1), fFE™
FEIREG YRR . I IR = SRR, E AN
2N FIE T & R G R A b 7 20l S R
A T R AR TR A A 18 R 2 h R
PIARAG En R AR 20 h 22 95 (<14 nm ) SR TE L (=30 ),
W BA SO IR R PR, 12
L&Y 4580 R ) ABRBR AU . SR AET
ol E MU AR S, BT RO AL A YT RSP R
ff e SRR E i 3E («OH) MR BTG PE, #Ei
BERIL S GWP {8, 4 H KRS Ha. W
NET M (CyFe) « =ML BE (CFI) . /U
o (CsFg ) . — 3 s ( CHF ) | B BE% ( COF, )
M= (CIF;) (F£2), 5&FEMIL, X2k
P A R TN GWP (EEIE . R i,
L2 a8 37 37 PR BB T A A 12 C4F 6 .CsFg il COF,,
FRRR FE R 1.5~2.0, FEMI T 585 F 20 fob i S5 11 221 fokt

Al

F 2 W R TR IR RS BRI iR
Table 2 Environmental performance parameters and use of
novel fluorine-containing electronic special gases
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Fig. 6 Main synthetic routes of CIF;
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Table 3 Main manufacturers of fluorine-containing electronic
specialty gases in China
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Table 4 Environmental performance parameters of
hydrofluoroolefins used as electronic special
gases!”!

EY GWPig0 KA T /4R
HFO-1234yf 0.501 0.033
HFO-1234ze(E) 1.37 0.052
HFO-1234ze(Z) 0.315 0.027
HFO-1336mzz(E) 17.9 0.334
HFO-1336mzz(Z) 2.08 0.074
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Fig. 7 Synthesis route for fluorinated electronic special
gas COFR¢
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