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Development of Xenon Recycling and Supply System
for High Quality Nitride Film Processing
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For the high quality gate dielectrics formation process in advanced ULSI, the
microwave-excited plasma using xenon (Xe) is effective. In order to apply Xe plasma
processing to semiconductor industry, Xe recycle technology which can recycle Xe
on site is essentially important. Xe recovery and supply system treats exhaust gas
including argon (Ar) , nitrogen (N,) , ammonia (NHs) , oxygen (O,) , nitrogenous
oxide (NO,) and hydrogen (H,) from by a nitride film formation processing, and
supplies mixture gas (mixture ratio 7:3) of Xe and Ar to Xe plasma equipment
after impurity removal. This system consists of pretreatment unit, Xe recovery unit
and Xe condensing unit, and removes each impurities ingredient at each units. By
evaluating of this system, the items showed below were confirmed. (1) The removal
performance of NH;, O,, NO, and moisture (H,0) of pretreatment unit in this system
can satisfy the specifications of supply gas. (2) This system can supply gas in which
Xe concentration is at 70 £ 2 %. (3) This system obtains the high recovery ratio of
over 99.9 %. (4) The separation performance of N, and H, of Xe recovery unit and
Xe condensing unit in this system can satisfy the specifications of supply gas.
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Fig. 1 Comparison of TDDB life time for various dielectric
films."

i ) MEIC KB EHFmz2 R LIzEDTH %,
Xe/NH; FZH& R TROE L 7z SipN, IiiE, TERE T
X U 7z Dry-SiO, BRI Eb~\#7 30000 1%, %7z, Ar/NH,
THBEE NI SigN, & AT E 100652, EDEZ
EDRFCE B2 b oz,

COTAEATIETIARICKZ XAV MRS
Tedic, EFREZKS TSI 2R ET 5,
BEOFRMITBWVT, 1ERMEDN TV S Ar DEZEKH
BB 70 72 (Kr) 7213 Xe DZ N Ar
D2FIFAMETHO, Ar OFEFIRE (1.0eV) I H
L, Kr BXU Xe DEFREIEZZFNZN0.TeV BXT
0.5eV TH 5,

COEXIIC, TTAXDEMKIC Xe 2V, 2D,
?47H&MLm (TS XTI U Tz SigN, %

X, MERIETIER LTz Si0, 6 & g LT, S,
%iﬁiﬂ’ﬂ:%b\“(@ﬁﬁﬁ‘% b, EXEHRTHVWGN
BDIEINHEATH S, —FH, XeldTHEHDN,, 0, Ar
CRIERIC, TIBDEEIC K> THIE S NS N?, K
S DOIFAELEAY0.09 ppm & e TH IRV, R
Xe DEFEDTZDHITIE, KD 2L 77 B E A s
ETHY, BURORIZE L MRAL ) BEE E OR{#h 72 % &
95L&, BiEaX FREMBOR THRENH S, L
72> T, Xe ZPEARELEHETHHT 57201,
SHERI I3 [ R R ORI DR E AR R TH %6

2. Fv/ UREREMGEE

2.1 ZEBEfHx

Xe TEERARILIASEE X, SigN, B E /zidBEa bR %
w7t A THOSNTHEA AR D Xe % @I Tl
I - ML, mUPaREEEEIciiad s L2 H
e LIRETH %, Xe HERAMMRGIEE Z HU T2 Xe
|, BLOMH 7 a—% Fig. 21CR7,

REBIIHAADERDT TH 5 Xe & Ar DRSS
Az K& 3500 cm®/min TEIX L, Xe JEREE% 70

KiEEHERER No.24 (2005)

""" Xe Recycling and !

Ny« NHg. O, . NOX. H, Supply Systom

o Gas Box i | Xe Condensing
rocess
Ch —_ Supply Gas UNIT
Yy Y XelAr \ A
Xe Recovery ———>
APC] ; UNIT ! Exhaust Gas
Turbo i i Ar/N; [H,
Molecular r€— ! f !
Pump Ar:<100 cm3/min —
% | Pretreatment |
; UNIT | Exhaust Gas
Back | . ﬁ | Ar/NH; /H,0
Pump | Ar:1500 cm¥/min i
| A | H, |Ar
Exhaust gas

Fig. 2 Schematic diagram of Xe recycling and supply
system combined with Xe plasma equipment.
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Table 1 Specification of inlet and outlet gas.
Inlet gas Outlet gas
Flow rate < 3500cm*/min < 2000cm*/min

Pressure 0.0MPaG 0.3MPaG
Xe:Ar BASE 70%:30%

N, <T% < 1000ppm
NH; <4% < 1ppm
Conc. 0, < 2% < lppm
NO, <4% < lppm
H, < 4% < lppm
H,0 — < 1ppm
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Fig. 3 Concept of pretreatment unit for NHs/Xe plasma
processing.
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Fig. 4 Concept of Xe recovery and separation system.
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Table 2 Inlet gases for evaluation of pretreatment unit.

Inlet gas Gas concentration Coverted flow rate
(base gas : N,) (%) (cm®/min)
NH, 4 140
0, 2 70
NO, 4 140
H, 4 70
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Fig. 5 Performance of pretreatment unit.
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Xe fitfhE © S (L/d)

AT R E X 1000 cm®/min, BETA V5
3 % Ar HE X 0~ 4000cm®/min & L7z, Xe [A]4Y
2=y b TR U7 Ao Xe BEEEHIE L, Xe
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N, BHBXU H, B L TEfERREIC R L, 2hEn1.17
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Fig. 6 Time dependence on Xe concentrations at Xe
monitor 1 and Xe monitor 2.
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Table 3 Performance of Xe recovery unit and Xe
condencing unit.

Inlet gas conc. Outlet 1 gas conc. Outlet 2 gas conc.

Xe 46.1% 70.5%

Ar 35.9%

N, 8.2% 652 ppm 682 ppm
H, 9.9% 22 ppm <1ppm

N,:82%, H,:9.9% % 12 & A U Fild 7z I,
Xe BRI = v b TS NIz A (Outlet 1) 121X
652ppm O N, & 22ppm O H, WMt E Nz, TDH
A2y 2 —fERIERICEB X ¥ % (Outlet 2) & N, i
13 682 ppm, H,EE M LIRS (1 ppm) DI &%
O AT AR R T 5 T E DR E NIz, IR
Enje A AH Outlet 1) O H, ¥ 22 ppm 1, T4
X0@EDTH-oH, TFEARPMEEMIOZ
Mol EZONS, Xe, AricBILT, AL
72 Xe 1 46.1% M705% ICIEMESNTWVS T & EHERR
ENTzo Xe WY /2L =y MCBWT, Rifx4
B DI EERE )2 B L TH O, G IRk G 7z
B3 MR EI N,
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