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Application of Plasma Diagnostic Technologies to HBr Plasma for Si Dry Etching
of Semiconductor Devices
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With the progressive miniaturization of semiconductor devices in recent years, the development of semiconductor manufacturing processes is
becoming increasingly critical. It is necessary to clarify etching mechanisms for accurate process development, but there have been few studies on
the dependence of the process conditions on radical behaviors and the relationship to etching characteristics in hydrogen bromide (HBr) plasma for
silicon (Si) dry etching.

To elucidate Br radical behavior at the surface of the Si wafer, Toshiba, in collaboration with Nagoya University, has developed plasma diagnostic
technologies to measure Br radical density using appearance mass spectrometry. By applying these technologies, we have constructed surface
reaction models expressing the Br radical behavior with the addition of oxygen (02) to HBr plasma through measurement of the Br radical density, Si

surface composition, and surface reaction.
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Principle of appearance mass spectrometry
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Time variations of output intensity of quadrupole mass spectrometer (QMS)
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Configuration of experimental apparatus
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Dependence of radical density and Si etching rate on bias voltage of substrates

25 6
200 g o . :\é sl O 7RINE : Osc?’r‘]?’.
- 6 sccm = It
=) & 41 o
®] 151 PO i\-’ .
& o I - ® 3l
5 | O 7RINE : o
? 10 SE
S 0sccm W 2 U\\. 6 scom
05} Rl el -
i}
0 Il Il Il Il Il I} O Il Il Il Il Il I}
0 100 200 300 400 500 600 0 100 200 300 400 500 600
EiRNAT7ABE) EifR/NA 7 RABE(V)
(a) O/Si#ERLELD (b) Br#BAXLLD
HIRNAT7 ABEKTFE ER/NA T AEEKTFE

R 5. SikEMBERDER/NA 7 ABEKRFYRE — O @I L h O/SiH
B OB O Brl i Lo A s i b, SiZE SiO, AT S
Tz,

Dependence of Si surface composition on bias voltage of substrates
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Configuration of experimental apparatus for investigation of surface reaction
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Dependence of reaction between Br radical and Si surface on O flow rate

ON/OFF &¥ TWARE T IARZHEKTE b,
WEOFFRIZBIILBr I YV AHNVEEDOKERERD O,
WMRARAAEZ BT (@R, WEREHE, O L %
WEETIES msFRIETH o724% O =D Itk ->T
BRL, O ME8scem T 20 ms R EIC o720 T 72,
Br 7 ¥ V@ SiZkiii T O UGS HER D O iR I wAKAF 1 % X1 7
(DIZTR o M BRI IR IR E B & 12802, O i
OWNNAESTHA L, 027501 8 scem Tld 0.04 & 72 - 72,
INOHDFERDS, ORI LY Bro Y AvE Sid G
ASHIEI, Br I VIV OFGPELFTLIEDN DI Db,
3.4 FRERKETI

— O FFMAE R IEDWTHEEL 72 HBr 79 X712 L 5 Si
Iy FrFORBIISETVE, B8IZ/RT, HBr 7 A<
TlE, Bro VMV ASSiRE TS LT SiBry BB S,
Iy F U I HFHEITL TV O WML WA, Bro o
D SR TOJICHESED L Ty F v 7 it $57290, Bro
IHANDHE SN TEDHEIMKT T4, — S, Qo2 MT 5
& SIFKMNT SIO BAIERL S 728D, SiFIH T OSSR,
FThbLIyF U= MK T T5ZETBr 7 VIV
ENT, ZOBEDMFF SN EEZOND, T2, FEMSA
TABEZEIINL A &2 B L7234, 0L T =y

R —.

® B YHL @ BrSUAIL

BrovhL O
Q
% (fiﬂ'f\ % \_/o
SiBrx 8 O=SiBrx _ SiER SiO. /&

L JC—

(b) Oz 37 MNd>")

(a) O M0 L

8. BrooAlDOSIRERIGETIV — O RN X h SiZKME I SiO,
JE AR SRS SN S Z LT, Bro VY WIVEEO IR A
T ABIERATNED /N EL 5T B,

Surface reaction models for Br radical with and without O
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