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(

10 Ipm

SF¢

SFe

98.8 %

SFe
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1000 ppm

FTIR

Cly( ) BCIy( )
(ree radicals)

HCI HCN CNCl

SFs
5 LPM
S Ilpm 51pm 8 lpm
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97.5 %



Controlling Pollutant Dispersion during Preventative

Maintenance of a Metal Etcher in a Semiconductor Factory

student Kwen-wen Ku Advisor: Chuen-Jinn Tsai

Degree Program of Industrial Safety and Risk Management
College of Engineering
National Chiao Tung University

ABSTRACT

The main gases in metal etching are hydrogen trichloride and boron chloride
in semiconductor manufacturing processes. The process gases are ionized to
form free radicals by plasma, which etch off aluminum film of the wafer surface.
To increase product yield, the by-product deposited on the reactor chamber must
be cleaned during preventive maintenance. When we open and clean the
chamber, odor as well as toxic gases(e.g., hydrogen chloride, cyanogen chloride,
hydrogen cyanide, etc.) are released. These toxic gases are diffused into the

clean room and pose heath threat to workers.

The main purposes of this study are to develop a method to control
pollutant dispersion and to measure the control efficiency during the chamber
preventative maintenance of a metal etcher. The research method is to release a
1000ppm SFg tracer gas at the bottom of the chamber. The hood control
efficiency was measured when the SF flow rate was 5 LPM and the total

venting flow rate of 3130+60 LPM. The control efficiency by side drafting near

the opening of the chamber was measured at the SF4 flow rate of 1,5,8,10 LPM.
The venting flow rate was also 3130+60 LPM. The SF¢ concentrations at the

breathing zone and the end point of the venting pipe were measured by an

il



extractive FTIR. The control efficiency is defined as the ratio of the measured

SF¢ concentrations at the end point of venting pipe to that in the chamber.

The results show that the toxic gases dispersion can be controlled
effectively by venting air at the window of the chamber. The SF¢ concentration
at the breathing zone was found to be lower than the detective limit of the FTIR.
The measured control efficiency by side vacuuming of a fully opened chamber
1s 98.8%, which is comparable to 97.5% by using a hood. Therefore, the side
vacuuming method is an effective pollution dispersion control method during

the preventive maintenance of the metal dry etcher in the semiconductor factory.

Key words: clean room, semiconductor, metal etching, hood, pollutant

controlling.
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1.1

) N ) Ax(

(free radicals)

10

) He(

13

Cly(

)

) BCl(

) CFy(

plasma)

(plasma)



(FTIR)

(canister)

15~25 30~40

60~90

(D
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2.1

(Ch)

(BCl;) Cl, BCl;

( Preventive Maintenance, PM)

( 92 )
Bauer et al. (1996) Cl, BClL (CCly)
(CHCI) (SiCly) (CFy) (CHF»)
(C,F¢) (SFy) (CFCly) (CCIF») Radio

Frequency (RF) energy (13.56MHz)
(Free Radicals) Pldsma Etching)

(GC/MS) /Fourier transform infrared



spectroscopy(GC/FTIR)

C H N Cl CCly; CHCl,

(CNCI) (CsCls)  Bauer et al. (1996)

€yanogen chloride, CNCI )
(dichorocarbene, :CCl,) (chlorine radicals, Cl1 )
(active energy)

Bauer

(1) 3CICN - CICNCICNCICN

(2) CNCI+2CICCCl — CsNCls

(3) CsNCls+ CICN - CsNCL,CN+ Cl,
(4) 2CICN +CICCCl - C;CLNCCIN
(5) 3CICCCl - C4Clg

(6) CClg+ CICN - C¢CLsNCCl,

(7) 2CCls - CeClsCeCls+ Cly

(8) C¢Cls+ CICCCl - C¢ClsCoCly
(9) CICCCl+CICN - CCLCCICN

(10) CCLCCICN+ CICN - CI(CN)C=C(CN)CI + Cl,



(11) 2(:CCl) — C,Cly
(12) CyClL+Cl, — C,Clg

(13) C,(Cl+ CICCCl - ClL,CCCICCICCI,

(reactive ion etching, RIE)

(Reactor Chamber)

Herb et al. (1983)
800 phosgene,
COCl,) COCl, BCl;
BCl; (B4C)

300~1000 ppm

800
4BO + 3C + Cl, — 4BCl; + 2COCI, + CO;,

4B,C + 30, + 28Cl, — 16BCl; + 2COCl, + 2Cl,

BCl, aci

(2000) (Close Cell FTIR)



(A B CDETF )
(IPA)

6 1/min 16

HCl HCN CCly
(IPA)
S4ppm 5.18ppm 5.93 ppm 291 ppm

HCN

HCN D HCI

(200 0)HCN

(Plasma)

FTIR

lem”

(HCOOH) (CO)

21 ppm

195 ppm 220 ppm

HCl

2.1

HCN



Cone(ppm)

el A=

o =1 oOa

A

B = ki

HCN 220 ppm
D2-HCI
VAR,

| FIPRREE

13:26 13:40 13:55 14:09 14:24 14:58 |4:52
Time

21 D HCI
89



(2000)

(A B C D F ) IPA
21 A A4
15
ppm 67ppm B B2 2 ppm
2.3 ppm 22 C Cl1 (2
Cl
2.3 2.4 63 ppm

28ppm D D2

22 ppm 7.2 ppm
25 F FI

195

ppm



2.1

Cmax (ppm)

A4 | Cl, BCl; SF¢ Ar IPA HCl 14.88
HCOOH 0.60

IPA 66.90

Bl | Cl, BClz NH; CF, | DI Water HCN 3.50
IPA IPA 170.00

B2 C12 BC13 CHF3 CF4 DI Water HCN 2.34
IPA IPA 228.70

Cl C12 BC13 N2 CF4 DI Water CC14 2.57
HCl 28.00

HCN 63.00

HCOOH 2.78

C2 | Cl, BCl3; CHF; CF4 | DI Water CCly 5.40
IPA HCI 91.00

HCN 7.20

HCOOH 5.18

D2 |Cl, BClz N, DI Water CCly 1.23
IPA HCI 7.20

HCN 22.00

IPA 464.00

F1 Cl, BCl; CHF; CF, DI Water HCl 195.00
N, O, SFq HCN 9.30
HCOOH 1.06

89
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C1-HCN
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C1-HCI
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o 200K

L5000

Conc(ppb
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SO0 |

4]
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D2-HCN

. IPA wiping
Oipen chamber PR
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Time
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(2000 A) FTIR 8

P5000 CF, HCl CCl; SiF,
HClI CCly CCIF; CF,
HCl CCly BCl; CCIF; BCl; 55~125 ppm
HCl 25~50 ppm CCl, 6~8 ppm
(PM) Cl,
BCl; CF, NH; PM N,  (Purge)
HCN
HCN 9
7ppmM HCN
(2003) (BCl; Cl)

(reactive ion etching, RIE)

(AICL) BCly) CL) RIE

BC13 C12 02 HZO

14



BClx BCl;" .

AICl;
AlCl;
HCI
Rossnagel et al. (1983) 2.2
RIE AlCl,
BCl; (ALO3)
Load Locks
Herb et al. (1983) CCly

CCly GCCl; CCly GiCly CClg CuCls CuClg Cl, Al

C:2Cle)

15



2.2

Quantity Typical Values
RF Power Density  [0.05~1.0 W/cm®
RF Frequency 10 kHz~27 MHz(commonly 13.6MHz)
Pressure 0.01~0.2 Torr
Gas Flow 10~200 scc

Wafer Temperature

-120  up to 300

Gas Temperature

300~600K

Electron Energies

3-30 ev(bulk of plasma)

Ion Energies

0.05 ev(bulk of plasma)

10-500 ev(after traversing cathode sheath)

Gas Number Density  |3.5x10'*- 7x10"/cm’
Ion Density 10°- 10"%cm’
Electron Density Similar to Ion Density
Ion Flux 10" 10"/cm’sec
Radical Flux 10'°/cm’sec
Neutral Flux 3.6x10"- 7.2x10"/cm’sec

Rossnagel et al., 1989.
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Baldwin (1993) CCl,

(Cyanogens Chloride, CNCI) Hydrogen Chloride,
HCl) CNCI 33ppm  HCI 6 8 p p Mueller
al (1989) dfy etching)
BCl; Cl, CHCI3 N2 HCI( 0.47

ppm) HCN( 091 ppm)  CNCI( 0.35 ppm)

Ohlson (1986) BCl; Cl, He A B
(Ion Chromatography)
(Hydrogen Chloride, HCI) 99%
Tetrachloride, CCly) 1% B HCI 95 % CCly

25U g/ce 1.7 %

A HCI 90% B HCI 1% 0.23p g/cc

COCl, Ohlson (1986)
HCI

2.3

17

A

(Carbon

0.3 %

et



2.3

Situation Chemical | Description Results
HCl Personal <1% TLV-C
HCI Worst Case 13% TLV-C
Area
HCI Personal <11% TLV-C
HCl Personal <2% TLV-C
Vacuum [BGi mp |Personal <14% TLV-C
filter(
)
Vacuum [A mp [WorstCase 17% TLV-C
filter( Area
) Organics  [Worst Case <1 mg/m’
Area

TLV-C: Threshold Limit Value-Ceiling
Ohlson, 1986.
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(2000 B) GRASEBY 6L Canister)

24 HCN CNCI CCly
IPA IPA ;

CNCl HCN CCly

First et al. (1996) / PM

PM

HCI Cl, 0.1 ppm HCI

First et  @a996) plasma)

19
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24

HCN

CNCl

Isopropanel

Chloroprpane

Aceton

C;H;NO

Formic acid, 1-methylethyl
esyer

Chloroform

CCly

Trichloroacetonitrile

Drichloropropane

Drichloroacetonitrile

Tetrachloroethene

C,Clg

(O

89
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Schmidt et al. (1995) RIE (reactive ion etching)

Plasma Therm C Cl, BClL
CHCI; N, 0.125  0.75 torr 65
1000 5
gample A) saifiple B and C)
2.5 ( Chlorinated hydrocarbons)
A B C

Schmidt et @995) A B C

Bauer et al. (1995)

Cl, BCl; CHCl; N,

21



2.5

Formula Name Sample A | Sample B | Sample C
C,Cl, Tetrachloroethene 0.12 87.66 26.30
C,Clg Hexachloroethane 0.30 10.95 4.57
C3NCl;  |Trichloroacrylonitrile 3.57 7689.29 12.10
C3;NCls  |Pentachloropropionitrile 3.93 4588.88 11.24
C;N;Cl; |Trichlorotriazine ND 438.44 ND
C;Clg  |Hexachloropropene 0.06 12.84 1.65
C;Clg Octachloropropane 0.27 7.47 531
C4Clg Hexachlorobutadiene 0.03 10.71 597
C4Clg Octachlorobutene ND ND 1.98
C4N,Cly |Tetrachloropyrimidine ND 422.24 ND
CsNCls |Pentachlorocyclopentadiene| 0.02 ND 701
CsClg  |Hexachlorocyclopentadiene 1.26 38.16 19.32
CsOClg |Hexachlorocyclopentenone ND 34.01 ND
CsClg  |Octachlorocyclopentene 1.57 72.32 11.36
C¢HCls |Pentachlorobenzene ND ND 6.23
CsClg Hexachlorobenzene 1.49 2191.65 40.89
C-NCls |Pentachlorobenzonitrile 0.01 79.47 40 .89
CClg Octachlorostyrene 0.01 15.47 309

1. A sample : vacuum pump oil, B and C sample:

2.A mg/kgoill B C mg/kg solid

3.ND Not Detect

Shields et al., 1987.
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Bauer etal. (1992)

cm’/min) N,(carrier gas, 60 cm’/min)

1000

(1992)

boric acid)

Shields et al. (1987)

(GC-MS)
(trichloroethane) (trichloroethylene)
(tetrachloroethylene) (dichlorobenzene)
hydrocarbons)

23

CL (11 cm’/min) BCl;(35

Bauer et al.

(Aliphatic



2.2

(2000)

(1997)

Fuller etal. (1979) R-12

(control velocity)

24

(
)
0.5~1.0 m/s
1.0~2.5 m/s



0.3 m/s

Hampl (1984)

SFs
SFs

SFs 2.1
Q=AV C
Q
A
\Y
C

15 SFs

25

SFs

SFe 100%
16 %
Sk 7 %
25

25

SF¢

Sk

2.1)

(standard deviation)

Hampl (1984)



Hampl et al. (1986)

SFs

Williams et al. (1995)

m/s

(tracer gas)

Sik etal. (1990)
Infra-red gas analyzer

l/min

SFs
SF; 50
ully developed flow)
4~6 0.25
100 fpm (0.5 m/s)
ppb
100 %

26



10 cm
365 cm’/h 84.5%

34 ppm

Ellenbecker et al. (1993)

100 %

Peck (1982)
Flynn et (d986) 900 ppm
( SF¢) SF
SFs

SF Qingyan et alb88) (

27



Heinonen et al. (1996)

0.14 m’/s

Geissert  (1995)

(2000)

Ivany et al. (1989)

4.8 m

28

3.6 m

0.1 m’/s

99.8 %

3.6 m

SF¢ 4lpm



SFs

(4)

SFs

SF¢
20cm 3~4
36cm SFg

0.5m/s

SFs

65%

10cm

50%

29

(1)
(3)

SFs

(<5 ppb)

50%

65%

Sk

SFs

)

T4cm



Orcutt (1989) SF

SF;
=G + (SFs ) (2.2)
G SFs (%)
SFs SFs
(clearing rate) Intel CVD (chemical vapor deposition)
1 % SFg 3 10
7.5x10’
(2000) S5mm
7 13 6
1 7
2mm PVC 2

10

30



C5

2.6

FTIR

31

C4



C5-HCl

A0HHN)
IS0
JENE) T
25000 1

=
L
=
S 20000 |
8 s |

D1, WATER 1948
Lo T :

f,.r#ni'l’ll

SO0 T

I
[ 138 [1:31 [1:34 11:36 11:39
Time
2.6
92
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(1999)

1.8~2.4 m/s FTIR

139 ppm

9 ppm

(2003)

2.7 FTIR

FTIR 2.8

IPA 12.6 ppm IPA 1707.5 ppm

99%

2.9
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2.7

92
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2.8 FTIR

92
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IPA
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1 8 06
Peak Vall ue
Outside |1707
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14:09: 36 14:16: 48 14:24:00 14:31:12 14:38:24
Ti me

92

36

14:

45



