
US 20060156980Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0156980 A1 

Won et al. (43) Pub. Date: Jul. 20, 2006 

(54) APPARATUS INCLUDING 4-WAY VALVE Publication Classi?cation 
FOR FABRICATING SEMICONDUCTOR 
DEVICE, METHOD OF CONTROLLING (51) Int. Cl. 
VALVE, AND METHOD OF FABRICATING C23C 16/00 (2006.01) 
SEMICONDUCTOR DEVICE USING THE C03C 25/68 (200601) 
APPARATUS H011, 21/306 (2006.01) 

H01L 21/302 (2006.01) 
(75) Inventors: Seok-jun Won; Seoul (KR); Yong-min H01L 21/31 (200601) 

Y0", DaeJeOI} MetroPohmn CIW (KR); (52) US. Cl. ............... .. 118/715; 156/345.33; 427/2481; 
Dae-youn Kim; Daejeon Metropolitan 438/758. 438/689. 216/58 
City (KR); Young-hoon Kim; Daejeon 
Metropolitan City (KR); Dae-jin KWon; 
SuWon-si (KR); Weon-hong Kim; 
suwomsi (KR) (57) ABSTRACT 

Correspondence Address: 
MILLS & ONELLO LLP 
ELEVEN BEACON STREET 
SUITE 605 
BOSTON, MA 02108 (US) 

An apparatus and method for fabricating a semiconductor 
device using a 4-Way valve With improved purge ef?ciency 
by improving a gas valve system by preventing dead volume 
from occurring are provided. The apparatus includes a 
reaction chamber in Which a substrate is processed to 
fabricate a semiconductor device; a ?rst processing gas 

(73) Assignee: Samsung Electronics Co., Ltd. _ _ _ _ _ 
supply p1pe supplymg a ?rst processing gas mto the react1on 

(21) Appl_ No_. 11/321,491 chamber; a 4-Way valve having a ?rst inlet; a second inlet; 
a ?rst outlet; and a second outlet and installed at the ?rst 

(22) Filed; Dec 29, 2005 processing gas supply pipe such that the ?rst inlet and the 
?rst outlet are connected to the ?rst processing gas supply 

(30) Foreign Application Priority Data pipe; a second processing gas supply pipe connected to the 
second inlet of the 4-Way valve to supply a second process 

Jan. 19; 2005 (KR) .......................... .. 10-2005-0005074 ing gas; a bypass connected to the second outlet of the 4-Way 
Aug. 22; 2005 (KR) .......................... .. 10-2005-0076968 valve; and a gate valve installed at the bypass. 

128 126 180 124 

124a 

116 



US 2006/0156980 A1 

op 

Pm mvm mum. 
mom nvm mmm 

E 

mw mm mwm mm 

mvm 

mm mm m mm 

$5 mgr: H .UE 

Patent Application Publication Jul. 20, 2006 Sheet 1 0f 12 



Patent Application Publication Jul. 20, 2006 Sheet 2 0f 12 US 2006/0156980 A1 

FIG. 2 (PRIOR ART) 

FIG. 3 (PRIOR ART) 
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FIG. 4 (PRIOR ART) 
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APPARATUS INCLUDING 4-WAY VALVE FOR 
FABRICATING SEMICONDUCTOR DEVICE, 
METHOD OF CONTROLLING VALVE, AND 

METHOD OF FABRICATING SEMICONDUCTOR 
DEVICE USING THE APPARATUS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application claims the bene?t of Korean 
Patent Application No. 10-2005-0005074, ?led on Jan. 19, 
2005, and Korean Patent Application No. 10-2005-0076968, 
?led on Aug. 22, 2005, in the Korean Intellectual Property 
Office, the contents of Which are incorporated herein in their 
entirety by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to an apparatus for 
fabricating a semiconductor device, and more particularly, to 
an apparatus for fabricating a semiconductor device using a 
4-Way valve With improved purge efficiency by improving a 
valve system for gas supplied to a reaction chamber, a 
method of controlling the 4-Way valve, and a method of 
fabricating a semiconductor device using the apparatus. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Semiconductor devices are fabricated by repeat 
edly performing processes such as deposition and patterning 
of a thin layer on a surface of a substrate, i.e., a Wafer. 
Deposition and patterning of a thin layer is usually per 
formed in a semiconductor process module. A semiconduc 
tor process module has a con?guration that differs depend 
ing on a process to be performed in fabrication of a 
semiconductor device, but it fundamentally includes a reac 
tion chamber de?ning a reaction area in Which a Wafer is 
loaded and hermetically sealed and a valve system Which 
supplies a gas material to the reaction chamber. 

[0006] Chemical vapor deposition (CVD) or atomic layer 
deposition (ALD) are usually used to deposit a thin ?lm on 
a Wafer through a chemical reaction of a gas material. Unlike 
physical deposition using sputtering, CVD and ALD are 
similar to each other in that they use chemical reaction 
betWeen tWo or more gas materials. HoWever, in CVD, 
multiple gas materials are simultaneously supplied to a 
reaction area in a reaction chamber including a Wafer so that 
a reaction product is deposited onto a surface of the Wafer 
from above. In contrast, in ALD, multiple gas materials are 
sequentially supplied to the reaction area in the reaction 
chamber so that chemical reaction betWeen the gas materials 
is limited to only the surface of the Wafer. 

[0007] Despite a disadvantage that the ALD is sloW in 
deposition since the chemical reaction is limited to only the 
surface of a Wafer, ALD is essential to fabrication of a 
dielectric layer, a diffusion preventing layer, a gate dielectric 
layer, etc., for a memory capacitor that requires a high-purity 
and high-uniformity thin ?lm. ALD is advantageous in that 
deposition and thickness of a thin ?lm Whose thickness is 
decreased With the microniZation of a semiconductor device 
can be controlled precisely. 

[0008] Due to the characteristics of the ALD, a purge 
process of removing gas remaining in a reaction chamber 
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before and after a gas material is supplied to the reaction 
chamber When gas materials are sequentially supplied is 
mandatory. 
[0009] FIG. 1 is a schematic diagram illustrating a gas 
valve system of a conventional ALD apparatus in Which 
ALD is performed. FIG. 2 is an enlarged vieW of a part of 
the gas valve system in Which dead volume (DV) occurs. 
FIG. 3 is a cross sectional vieW of the part shoWn in FIG. 
2, taken along the line AA', in Which a 2-Way valve is closed. 
FIG. 4 is a cross sectional vieW of the part shoWn in FIG. 
2, taken along the line AA', in Which the 2-Way valve is 
open. 

[0010] The conventional ALD apparatus and ALD using 
the same Will be described brie?y With reference to FIGS. 
1 through 4. 

[0011] Referring to FIG. 1, a source gas supply source 22, 
a reactive gas supply source 24, a purge gas supply source 
28, a ?rst carrier gas supply source 26, and a second carrier 
gas supply source 30 supply a source gas S1, a reactive gas 
S2, a purge gas P2, and carrier gases P1 and P3, e.g., argon 
gases, respectively, to a reaction chamber 10 via a source gas 
supply pipe 2211, a reactive gas supply pipe 2411, a purge gas 
supply pipe 2811, a ?rst carrier gas supply pipe 26a, and a 
second carrier gas supply pipe 3011, respectively. 

[0012] A discharge pump 12 is installed at the back of the 
reaction chamber 10 to control the inner pressure of the 
reaction chamber 10. A throttle valve 14 is installed betWeen 
the reaction chamber 10 and the discharge pump 12 to 
maintain the inner pressure of the reaction chamber 10 
constant. 

[0013] In a source gas supply line, the ?rst carrier gas 
supply pipe 26a is connected to and extended from the ?rst 
carrier gas supply source 26 to supply the carrier gas P1. The 
source gas supply source 22 is connected in parallel through 
?rst and second 3-Way valves 32 and 34. An on/olf valve, 
i.e., a ?rst 2-Way gate valve 42 is installed betWeen the ?rst 
and second 3-Way valves 32 and 34. A bypass 16 is con 
nected to the ?rst carrier gas supply pipe 26a in the back of 
the second 3-Way valve 34 through a third 3-Way valve 36. 
An end of the bypass 16 is connected betWeen the throttle 
valve 14 and the discharge pump 12 on a discharge pipe 13. 
An end of the ?rst carrier gas supply pipe 26a is connected 
to the purge gas supply pipe 2811 through a fourth 3-Way 
valve 38. 

[0014] In a purge gas supply line, the purge gas P2 is 
supplied from the purge gas supply source 28 to the reaction 
chamber 10 through the purge gas supply pipe 28a. The 
fourth 3-Way valve 38 is installed at a junction of the purge 
gas supply pipe 28a and the ?rst carrier gas supply pipe 2611. 
A second gate valve 44 is installed betWeen the purge gas 
supply source 28 and the fourth 3-Way valve 38. 

[0015] In a reactive gas supply line, the carrier gas P3 is 
supplied from the second carrier gas supply source 30 to the 
reaction chamber 10 through the second carrier gas supply 
pipe 30a and the reactive gas S2 is supplied from the 
reactive gas supply source 24 to the reaction chamber 10 
through the reactive gas supply pipe 24a and the second 
carrier gas supply pipe 30a to Which the reactive gas supply 
pipe 24a is connected. A third gate valve 46 is installed 
betWeen the reaction chamber 10 and the junction of the 
reactive gas supply pipe 24a and the second carrier gas 
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supply pipe 3011. A fourth gate valve 48 is installed between 
the junction and the reactive gas supply source 24. 

[0016] The open/closed state of the inlet and outlet of the 
third and fourth 3-Way valves 36 and 38 Will be described 
With reference to FIGS. 2 through 4. Unlike FIGS. 2 
through 4, FIG. 1 just functionally illustrates the inlet and 
outlet of the third and fourth 3-Way valves 36 and 38 
according to a How direction of supplied gas. 

[0017] The third and fourth 3-Way valves 36 and 38 are 
diaphragm valves. A How of a gas material according to 
on/olf of the third 3-Way valve 36 Will be described. The 
third 3-Way valve 36 installed at the junction of the ?rst 
carrier gas supply pipe 26a and the bypass 16 includes a ?rst 
vertical via hole 36h1, Which is vertically connected to the 
?rst carrier gas supply pipe 26a penetrating straight through 
a body 360, and a second vertical via hole 36h2 Which is 
vertically connected to an end of the bypass 16. A diaphragm 
36e moved up and doWn by a pressure is installed above a 
surface of the body 360 through Which the ?rst and second 
vertical via holes 36h1 and 36h2 are exposed Within a 
housing 36d to de?ne a predetermined space. 

[0018] When the third 3-Way valve 36 is turned off, that is, 
When the diaphragm 36e moves doWnWard and closely 
contacts the surface of the body 360 to close the ?rst and 
second vertical via holes 36h1 and 36h2, as shoWn in FIG. 
3, the ?rst carrier gas supply pipe 26a is open and enables 
the ?rst carrier gas P1 or the source gas S2 to How to the 
fourth 3-Way valve 38, but a gas How to the bypass 16 is 
blocked. 

[0019] When the third 3-Way valve 36 is turned on, that is, 
When the diaphragm 36e moves upWard and is separated 
from the surface of the body 360 to open the ?rst and second 
vertical via holes 36h1 and 36h2, as shoWn in FIG. 4, the 
?rst carrier gas supply pipe 26a is open and enables the ?rst 
carrier gas P1 or the source gas S2 to How to the fourth 
3-Way valve 38, and simultaneously, a gas material ?oWing 
out through the ?rst vertical via hole 36h1 passes through a 
space betWeen the surface of the body 360 and the dia 
phragm 36e and ?oWs into the bypass 16 through the second 
vertical via hole 36h2. 

[0020] Referring to FIGS. 1 through 4, regardless of the 
on/olf state of the third 3-Way valve 36, a second outlet 36b 
of the third 3-Way valve 36 is open. Accordingly, Whether 
the ?rst carrier gas P1 or the source gas S1 is supplied to the 
reaction chamber 10 through the third and fourth 3-Way 
valves 36 and 38 depends on Whether an inlet 38b of the 
fourth 3-Way valve 38 is open or closed. As a result, When 
the inlet 38b of the fourth 3-Way valve 38 is closed, the ?rst 
carrier gas P1 or the source gas S1 does not How to the fourth 
3-Way valve 38 but ?oWs into the bypass 16 even When the 
second outlet 36b of the third 3-Way valve 36 is open. 

[0021] A process of depositing a reaction product S1+S2 
to form a thin ?lm on a surface of a substrate using ALD 
using the source gas S1 and the reactive gas S2 Will be 
described beloW. 

[0022] In a source gas pulsing stage, the source gas S1 is 
supplied to the reaction chamber 10 loaded With a Wafer, i.e., 
the substrate (not shoWn) so that a source gas material is 
attached to a surface of the substrate. Here, the ?rst gate 
valve 42 is turned off to be closed; a ?rst outlet 32a of the 
?rst 3-Way valve 32 is open; an inlet 34a and an outlet 34b 
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of the second 3-Way valve 34 are open; a ?rst outlet 36a of 
the third 3-Way valve 36 toWard the bypass 16 is closed; the 
second outlet 36b of the third 3-Way valve 36 is open; and 
the inlet 38b and an outlet 38a of the fourth 3-Way valve 38 
are open. Accordingly, the source gas S1 is supplied to the 
reaction chamber 10 together With the ?rst carrier gas P1. 
MeanWhile, the purge gas P2 is continuously supplied to the 
reaction chamber 10 and the second carrier gas P3 is also 
supplied to the reaction chamber 10 in a state Where the 
fourth gate valve 48 is closed. Generally, in a 3-Way valve, 
When one How path is closed, another How path is open. 

[0023] Thereafter, in a source gas purging stage, source 
gas residues that are not attached to the surface of the 
substrate are removed from the reaction chamber 10. Here, 
the ?rst gate valve 42 is open; the ?rst outlet 32a of the ?rst 
3-Way valve 32 is closed (When a second outlet 32b of the 
?rst 3-Way valve 32 is open according to the characteristic 
of a 3-Way valve); the inlet 34a of the second 3-Way valve 
34 is closed (When the outlet 34b of the second 3-Way valve 
34 is open); the ?rst outlet 36a of the third 3-Way valve 36 
toWard the bypass 16 is open (When a second outlet 36b of 
the third 3-Way valve 36 is open); and the inlet 38b of the 
fourth 3-Way valve 38 is closed (When the outlet 38a of the 
fourth 3-Way valve 38 is open). Accordingly, the residues of 
the source gas S1 Within the supply pipes How to the bypass 
16 together With the ?rst carrier gas P1 and the residues of 
the source gas S1 Within the reaction chamber 10 purged by 
the purge gas P2 continuously supplied to the reaction 
chamber 10. Here, the second carrier gas P3 is also supplied 
to the reaction chamber 10 in a state Where the fourth gate 
valve 48 is closed. 

[0024] Subsequently, in a reactive gas pulsing stage, the 
reactive gas S2 is supplied into the reaction chamber 10 in 
a state Where the source gas S1 has been deposited on the 
surface of the substrate so that the source gas S1 reacts With 
part of the reactive gas S2, thereby forming a reaction 
product on the surface of the substrate. Here, a supply line 
for the ?rst carrier gas P1 and the purge gas P2 is the same 
as that in the source gas purging stage, With the exception 
that the fourth gate valve 48 is open so that the reactive gas 
S2 is supplied into the reaction chamber 10 together With the 
second carrier gas P3. MeanWhile, the purge gas P2 is 
continuously supplied into the reaction chamber 10. 

[0025] Subsequently, in a reactive gas purging stage, the 
residues of the reactive gas S2 other than the reaction 
product of the source gas S1 and the reactive gas S2 
deposited on the surface of the substrate are removed from 
the reaction chamber 10. Here, a supply line for the ?rst 
carrier gas P1 and the purge gas P2 is the same as that in the 
source gas purging stage. The fourth gate valve 48 is closed 
and only the second carrier gas P3 is supplied to the reaction 
chamber 10. 

[0026] As described above, When one cycle of the source 
gas pulsing stage, the source gas purging stage, the reactive 
gas pulsing stage, and the reactive gas purging stage is 
performed, the reaction product of the source gas S1 and the 
reactive gas S2 is deposited to be very thin on the surface of 
the substrate. Several or several thousands of cycles may be 
performed to form a desired thin layer on the surface of the 
substrate. 

[0027] HoWever, the conventional ALD apparatus has a 
problem in that dead volume (DV), in Which purging is not 
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performed and a source gas material is stagnant between 
valves, occurs. In FIG. 2, a hatched portion betWeen the 
third 3-Way valve 36 and the fourth 3-Way valve 38 corre 
sponds to a DV portion. In detail, When source gas purging 
starts after source gas pulsing in Which the source gas S1 is 
supplied to the reaction chamber 10 through the third 3-Way 
valve 36 and the fourth 3-Way valve 38, as described above, 
supply of the source gas S1 is interrupted and the ?rst carrier 
gas P1 is discharged through the bypass 16. Here, the source 
gas S1 remains in the portion of the ?rst carrier gas supply 
pipe 26a corresponding to the DV portion betWeen the third 
3-Way valve 36 and the fourth 3-Way valve 38. The remain 
ing source gas is still stagnant in the ?rst carrier gas supply 
pipe 26a during the succeeding reactive gas pulsing and 
purging stages. Only after a single ALD cycle is completed, 
the remaining source gas in the DV portion ?oWs into the 
reaction chamber 10 When the outlet 38b of the fourth 3-Way 
valve 38 is open in the source gas pulsing stage in a 
subsequent cycle. 

[0028] When a gas material such as a source gas is 
stagnant in a DV portion for a long time, degradation occurs 
and an additional dummy process of removing the remaining 
source gas is required. In particular, When a dielectric layer 
or a complex layer, Which includes multiple layers made of 
different materials, is formed using the conventional ALD 
apparatus, different source gas materials may react With each 
other in the DV portion, thereby generating unnecessary 
particles. As a result, a thin ?lm formed through the ALD 
may have defects or loW uniformity. 

[0029] The source gas material remaining in the DV 
portion may be sloWly di?‘used and discharged, but it is not 
completely removed even after several minutes. Taking into 
account that an ALD cycle takes several seconds, it is very 
dif?cult to perform ALD using different kinds of source gas 
Without purging and removing the source gas remaining in 
the DV portion. 

SUMMARY OF THE INVENTION 

[0030] The present invention provides an apparatus for 
fabricating a semiconductor device, by Which purge effi 
ciency is increased by preventing dead volume from occur 
ring in a gas valve system. 

[0031] The present invention also provides a method of 
controlling a valve in the apparatus for fabricating a semi 
conductor device, by Which purge efficiency is increased by 
preventing dead volume from occurring in a gas valve 
system. 

[0032] The present invention also provides a method of 
fabricating a semiconductor device, by Which purge effi 
ciency is increased by preventing dead volume from occur 
ring in a gas valve system of the apparatus. 

[0033] According to a ?rst aspect of the present invention, 
there is provided an apparatus for fabricating a semiconduc 
tor device. The apparatus includes a reaction chamber in 
Which a substrate is processed to fabricate a semiconductor 
device; a ?rst processing gas supply pipe supplying a ?rst 
processing gas into the reaction chamber; a 4-Way valve 
having a ?rst inlet, a second inlet, a ?rst outlet, and a second 
outlet and installed at the ?rst processing gas supply pipe 
such that the ?rst inlet and the ?rst outlet are connected to 
the ?rst processing gas supply pipe; a second processing gas 
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supply pipe connected to the second inlet of the 4-Way valve 
to supply a second processing gas; a bypass connected to the 
second outlet of the 4-Way valve; and a gate valve installed 
at the bypass. 

[0034] According to a second aspect of the present inven 
tion, there is provided an apparatus for fabricating a semi 
conductor device. The apparatus includes a reaction cham 
ber in Which a substrate is processed to fabricate a 
semiconductor device; a purge gas supply pipe connected to 
the reaction chamber to supply a purge gas to the reaction 
chamber; a 4-Way valve having a ?rst inlet, a second inlet, 
a ?rst outlet, and a second outlet and installed at the purge 
gas supply pipe such that the ?rst inlet and the ?rst outlet are 
connected to the purge gas supply pipe; a source gas supply 
pipe connected to the second inlet of the 4-Way valve to 
supply a source gas to the reaction chamber; a ?rst carrier 
gas supply pipe connected to the source gas supply pipe; a 
reactive gas supply pipe connected to the reaction chamber 
to supply a reactive gas to the reaction chamber; a second 
carrier gas supply pipe connected to the reactive gas supply 
pipe; a discharge pipe connected to the reaction chamber to 
discharge gas from the reaction chamber; a discharge pump 
installed at the discharge pipe; a bypass connected to the 
second outlet of the 4-Way valve and to the discharge pipe 
in front of the discharge pump; and a gate valve installed at 
the bypass. 

[0035] According to a third aspect of the present inven 
tion, there is provided a method of controlling a valve of the 
apparatus according to the ?rst aspect of the present inven 
tion. The method includes closing the gate valve installed at 
the bypass and opening the 4-Way valve While the second 
processing gas is supplied to the reaction chamber, and 
opening the gate valve and closing the 4-Way valve While 
supply of the second processing gas to the reaction chamber 
is interrupted. 

[0036] According to a fourth aspect of the present inven 
tion, there is provided a method of controlling a valve of the 
apparatus according to the second aspect of the present 
invention. The method includes closing the gate valve 
installed at the bypass and opening the 4-Way valve While 
the source gas is supplied to the reaction chamber, and 
opening the gate valve and closing the 4-Way valve While 
supply of the source gas to the reaction chamber is inter 
rupted. 

[0037] According to a ?fth aspect of the present invention, 
there is provided a method of fabricating a semiconductor 
device using the apparatus according to the second aspect of 
the present invention. The method includes loading the 
substrate into the reaction chamber, attaching a source gas 
material to the substrate by supplying the source gas to the 
reaction chamber, purging a source gas material that is not 
attached to the substrate by supplying the purge gas to the 
reaction chamber, forming a ?rst reaction product layer on 
the substrate by supplying the reactive gas to the reaction 
chamber to alloW the reactive gas to react With the source 
gas material attached to the substrate, and purging the 
reactive gas that has not reacted With the source gas material 
by supplying the purge gas to the reaction chamber. 

[0038] According to a sixth aspect of the present inven 
tion, there is provided an apparatus for fabricating a semi 
conductor device. The apparatus includes a reaction cham 
ber in Which a substrate is processed to fabricate a 
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semiconductor device; a purge gas supply pipe connected to 
the reaction chamber to supply a purge gas to the reaction 
chamber; a ?rst 4-Way valve having a ?rst inlet, a second 
inlet, a ?rst outlet, and a second outlet and installed at the 
purge gas supply pipe such that the ?rst inlet and the ?rst 
outlet are connected to the purge gas supply pipe; a second 
4-Way valve having a ?rst inlet, a second inlet, a ?rst outlet, 
and a second outlet and installed at the purge gas supply pipe 
such that the ?rst inlet and the ?rst outlet are connected to 
the purge gas supply pipe and that the second 4-Way valve 
is connected to the ?rst 4-Way valve in series; a ?rst source 
gas supply pipe and a second source gas supply pipe 
respectively connected to the second inlets of the respective 
?rst and second 4-Way valves to supply a source gas to the 
reaction chamber; ?rst carrier gas supply pipes respectively 
connected to the ?rst and second source gas supply pipes; a 
reactive gas supply pipe connected to the reaction chamber 
to supply a reactive gas to the reaction chamber; a second 
carrier gas supply pipe connected to the reactive gas supply 
pipe; a discharge pipe connected to the reaction chamber to 
discharge gas from the reaction chamber; a discharge pump 
installed at the discharge pipe; a bypass comprising tWo 
branches respectively connected to the second outlets of the 
respective ?rst and second 4-Way valves and an end con 
nected to the discharge pipe in front of the discharge pump; 
and gate valves installed at the tWo branches, respectively, of 
the bypass. 

[0039] According to a seventh aspect of the present inven 
tion, there is provided a method of fabricating a semicon 
ductor device using the apparatus according to the sixth 
aspect of the present invention. The method includes loading 
the substrate into the reaction chamber, attaching a source 
gas material to the substrate by selectively supplying one of 
the ?rst and second source gases to the reaction chamber, 
purging a source gas material that is not attached to the 
substrate by supplying the purge gas to the reaction chamber, 
forming a ?rst reaction product layer on the substrate by 
supplying the reactive gas to the reaction chamber to alloW 
the reactive gas to react With the source gas material attached 
to the substrate, and purging the reactive gas that has not 
reacted With the source gas material by supplying the purge 
gas to the reaction chamber. 

[0040] According to the present invention, a 4-Way valve 
is formed at a junction of a purge gas supply pipe and a 
source gas supply pipe and a bypass is connected to one 
outlet of the 4-Way valve so that dead volume caused by the 
stagnation of a source gas is prevented. Even When the dead 
volume occurs, a gas material stagnant in a dead volume 
portion is not supplied to a reaction chamber but is dis 
charged through the bypass. Accordingly, purge e?iciency is 
increased and reliable semiconductor devices can be fabri 
cated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the more 
particular description of preferred aspects of the invention, 
as illustrated in the accompanying draWings in Which like 
reference characters refer to the same parts throughout the 
different vieWs. The draWings are not necessarily to scale, 
emphasis instead being placed upon illustrating the prin 
ciples of the invention. 
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[0042] FIG. 1 is a schematic diagram illustrating a gas 
valve system of a conventional apparatus for fabricating a 
semiconductor device. 

[0043] FIG. 2 is an enlarged vieW of a part of the gas valve 
system in Which dead volume (DV) occurs. 

[0044] FIG. 3 is a cross sectional vieW of the part shoWn 
in FIG. 2, taken along the line AA', in Which a 2-Way valve 
is closed. 

[0045] FIG. 4 is a cross sectional vieW of the part shoWn 
in FIG. 2, taken along the line AA', in Which the 2-Way valve 
is open. 

[0046] FIG. 5 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a ?rst embodiment of the present invention. 

[0047] FIG. 6 is an enlarged vieW of an essential part of 
the apparatus illustrated in FIG. 5. 

[0048] FIG. 7 is a cross sectional vieW of the part shoWn 
in FIG. 6, taken along the line CC', in Which a 2-Way valve 
is closed. 

[0049] FIG. 8 is a cross sectional vieW of the part shoWn 
in FIG. 6, taken along the line DD', in Which a 4-Way valve 
is closed. 

[0050] FIG. 9 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a second embodiment of the present invention. 

[0051] FIG. 10 is an enlarged vieW of an essential part of 
the apparatus illustrated in FIG. 9. 

[0052] FIG. 11 is a cross sectional vieW of the part shoWn 
in FIG. 9, taken along the line EE', in Which a 4-Way valve 
is closed. 

[0053] FIG. 12 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a third embodiment of the present invention. 

[0054] FIG. 13 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a fourth embodiment of the present invention. 

[0055] FIG. 14 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a ?fth embodiment of the present invention. 

[0056] FIG. 15 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a sixth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0057] The present invention can be applied to any equip 
ment that fundamentally supplies a gas material into a 
reaction chamber and performs semiconductor fabrication 
processes in the reaction chamber using the gas material. 
Accordingly, the present invention can be Widely used in 
deposition equipment such as chemical vapor deposition 
(CVD) or atomic layer deposition (ALD) equipment and 
etching equipment. The folloWing exemplary embodiments 
of the present invention are described in connection With 
ALD, but the invention is applicable to other processes. 
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[0058] FIG. 5 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a ?rst embodiment of the present invention. FIG. 6 is an 
enlarged vieW of a part of the apparatus illustrated in FIG. 
5. FIG. 7 is a cross sectional vieW of the part shoWn in FIG. 
6, taken along the line CC', in Which a 2-Way valve is closed. 
FIG. 8 is a cross sectional vieW of the part shoWn in FIG. 
6, taken along the line DD‘, in Which a 4-Way valve is closed. 

[0059] The apparatus for fabricating a semiconductor 
device, a valve control method, and a method of fabricating 
a semiconductor device using the apparatus, according to the 
?rst embodiment of the present invention Will be described 
in detail With reference to FIGS. 5 through 8. 

[0060] Referring to FIG. 5, a source gas supply source 
122, a reactive gas supply source 124, a purge gas supply 
source 128, a ?rst carrier gas supply source 126, and a 
second carrier gas supply source 130 supply a source gas, a 
reactive gas, a purge gas, and ?rst and second carrier gases, 
respectively, to a reaction chamber 110 via a source gas 
supply pipe 12211, a reactive gas supply pipe 12411, a purge 
gas supply pipe 12811, a ?rst carrier gas supply pipe 126a, 
and a second carrier gas supply pipe 130a, respectively. 
Here, the source gas and the reactive gas used to form 
materials using ALD, and particularly, oxide materials such 
as SiO2, A1203, Ta2O5, and HfO2 and nitride materials such 
as SiN, TiN, and TaN, may be appropriately selected. For 
example, to form alumina (A1203) using ALD, trimethyla 
luminum (TMA) may be used as the source gas and H20 
may be used as the reactive gas. According to a material to 
be formed, hydrogen plasma may be used as the reactive gas 
or oxygen plasma instead of H20 may be used as a source 
of oxygen. Argon gases are used as the purge gas and the ?rst 
and second carrier gases in this embodiment, but various 
gases may be used. 

[0061] In the draWings and the folloWing descriptions, 
fundamentally, a pipe section through Which the source gas 
is supplied from the source gas supply source 122 to the 
reaction chamber 110 is referred to as the source gas supply 
pipe 122a; a pipe section through Which the reactive gas is 
supplied from the reactive gas supply source 124 to the 
reaction chamber 110 is referred to as the reactive gas supply 
pipe 124a; a pipe section through Which the purge gas is 
supplied from the purge gas supply source 128 to the 
reaction chamber 110 is referred to as the purge gas supply 
pipe 128a; a pipe section through Which the ?rst carrier gas 
is supplied from the ?rst carrier gas supply source 126 to the 
reaction chamber 110 is referred to as the ?rst carrier gas 
supply pipe 126a; and a pipe section through Which the 
second carrier gas is supplied from the second carrier gas 
supply source 130 to the reaction chamber 110 is referred to 
as the second carrier gas supply pipe 130a. HoWever, since 
tWo or more gases may be supplied through a single pipe, the 
pipe may have tWo or more reference names in the folloWing 
description. 

[0062] In addition, although the reaction chamber 110 is 
not speci?cally illustrated, it is designed such that a sub 
strate, i.e., a Wafer, used to fabricate semiconductor devices 
is loaded and landed therein. The reaction chamber 110 may 
be a single Wafer type or batch type reaction chamber and 
may be combined With a device for inducing plasma Within 
the reaction chamber 110. A discharge pump 112 is installed 
in the back of the reaction chamber 110 to control an inner 
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pressure of the reaction chamber 110. A throttle valve 114 is 
installed betWeen the reaction chamber 110 and the dis 
charge pump 112 to maintain the inner pressure of the 
reaction chamber 110 constant. 

[0063] In a source gas supply line, the ?rst carrier gas 
supply pipe 12611 is connected to the ?rst carrier gas supply 
source 126 to supply the carrier gas. The source gas supply 
source 122 is connected to the ?rst carrier gas supply pipe 
12611 in parallel through ?rst and second 3-Way valves 132 
and 134. An on/olf valve, i.e., a ?rst gate valve 142 is 
installed betWeen the ?rst and second 3-Way valves 132 and 
134. A source gas supply pipe 1220 in the back of the second 
3-Way valve 134 is connected With the purge gas supply pipe 
12811 through ?rst and second inlets 1500 and 150d of a 
4-Way valve 150. In FIG. 5, the 4-Way valve 150 is 
illustrated functionally and includes the ?rst and second 
inlets 1500 and 150d through Which a gas material ?oWs in 
and ?rst and second outlets 150a and 15019 through Which a 
gas material ?oWs out. The second outlet 15019 of the 4-Way 
valve 150 is connected to the reaction chamber 110 and the 
?rst outlet 15011 of the 4-Way valve 150 is connected to a 
bypass 116. Another end of the bypass 116 is connected to 
a discharge pipe 113 betWeen the throttle valve 114 and the 
discharge pump 112. A ?fth gate valve 152 is installed at the 
bypass 116. According to the on/olf state of the ?rst gate 
valve 142, the ?rst carrier gas or the source gas is supplied 
to the reaction chamber 110 or the bypass 116 via the 4-Way 
valve 150. 

[0064] In a purge gas supply line, the purge gas is supplied 
from the purge gas supply source 128 to the reaction 
chamber 110 through the purge gas supply pipe 12811. The 
4-Way valve 150 is installed at a junction of the purge gas 
supply pipe 128a and the ?rst carrier gas supply pipe 12611. 
A second gate valve 144 is installed betWeen the purge gas 
supply source 128 and the 4-Way valve 150. 

[0065] In a reactive gas supply line, the second carrier gas 
is supplied from the second carrier gas supply source 130 to 
the reaction chamber 110 through the second carrier gas 
supply pipe 130a, and the reactive gas is supplied from the 
reactive gas supply source 124 to the reaction chamber 110 
through the reactive gas supply pipe 124a and the second 
carrier gas supply pipe 13011 to Which the reactive gas supply 
pipe 12411 is connected. A third gate valve 146 is installed 
betWeen the reaction chamber 110 and the junction of the 
reactive gas supply pipe 124a and the second carrier gas 
supply pipe 13011. A fourth gate valve 148 is installed 
betWeen the junction and the reactive gas supply source 124. 

[0066] The structure of the 4-Way valve 150 and the ?fth 
gate valve 152 and the open/closed states of their inlets and 
outlets Will be described With reference to FIGS. 5 through 
8. FIG. 5 functionally illustrates the inlets and outlets of the 
4-Way valve 150 and the ?fth gate valve 152 according to a 
How direction of supplied gas. FIGS. 6 through 8 speci? 
cally illustrate the 4-Way valve 150 and the ?fth gate valve 
152. 

[0067] The 4-Way valve 150 and the ?fth gate valve 152 
are diaphragm valves in the embodiment of the present 
invention, but the present invention is not restricted thereto. 
A How of a gas material according to on/olf states of the 
4-Way valve 150 and the ?fth gate valve 152 Will be 
described. 

[0068] As illustrated in FIG. 7, the ?fth gate valve 152 
installed at the bypass 116 does not alloW the bypass 116 to 
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directly penetrate the ?fth gate valve 152 in a straight line 
but includes ?rst and second vertical via holes 152h1 and 
152h2 to be vertically connected to the bypass 116 side by 
side. The ?rst and second vertical via holes 152h1 and 152h2 
extend to a top surface of a body 15211. A diaphragm 1520 
moved up and doWn by pressure is installed above the top 
surface of the body 15211 through Which the ?rst and second 
vertical via holes 152h1 and 152h2 are exposed Within a 
housing 152!) to de?ne a predetermined space. 

[0069] When the ?fth gate valve 152 is turned off, that is, 
When the diaphragm 152c moves doWnWard and closely 
contacts the surface of the body 15211 to close the ?rst and 
second vertical via holes 152h1 and 152h2, as shoWn in 
FIG. 7, a How of a gas material through the bypass 116 is 
blocked. When the ?fth gate valve 152 is turned on, that is, 
When the diaphragm 152c moves upWard and is separated 
from the surface of the body 15211 to open the ?rst and 
second vertical via holes 152h1 and 152h2, a gas material 
can ?oW through the bypass 116. That is, a gas material 
?oWing into the bypass 116 via the ?rst outlet 15011 of the 
4-Way valve 150 ?oWs out through the second vertical via 
hole 152h2, passes through a space betWeen the top surface 
of the body 152a and the diaphragm 1520, and ?oWs into the 
bypass 116 again via the ?rst vertical via hole 152h1. 

[0070] As shoWn in FIGS. 5, 6, and 8, the 4-Way valve 
150 includes a ?rst horiZontal via hole 128!) connecting the 
second inlet 150d and the second outlet 150b, a ?rst vertical 
via hole 150h1 extending from the middle of the ?rst 
horizontal via hole 128!) to a top surface of a body 150e, a 
third vertical via hole 150h3 communicating With the ?rst 
inlet 1500 connected With the source gas supply pipe 1220, 
a second vertical via hole 150h2 communicating With the 
?rst outlet 150a connected With the bypass 116, and a second 
horizontal via hole 151 connecting the upper portion of the 
second vertical via hole 150h2 and the upper portion of the 
third vertical via hole 150h3. A housing 150f is formed 
above the body 150e of the 4-Way valve 150 to de?ne a 
predetermined space. A diaphragm 150g Which can be 
moved up and doWn is installed Within the space de?ned by 
the housing 150]. 

[0071] As illustrated in FIG. 8, When the 4-Way valve 150 
is turned off, that is, When the diaphragm 150g moves doWn 
and closely contacts the top surface of the body 150e to close 
the upper ends of the ?rst through third vertical via holes 
150h1 through 150h3, the purge gas is supplied to the 
reaction chamber 110 via the ?rst horiZontal via hole 128b, 
and the source gas or the ?rst carrier gas ?oWing in the 
source gas supply pipe 122c ?oWs into the bypass 116 via 
the third vertical via hole 150h3, the second horiZontal via 
hole 151, and the second vertical via hole 150h2. When the 
4-Way valve 150 is turned on, that is, When the diaphragm 
150g moves up and is separated from the top surface of the 
body 150e to open the upper ends of the ?rst through third 
vertical via holes 150h1 through 150h3, the purge gas ?oWs 
into the reaction chamber 110 via the ?rst horiZontal via hole 
128b, and the source gas or the ?rst carrier gas ?oWs into the 
bypass 116 through the third vertical via hole 150h3, the 
second horiZontal via hole 151 or a space betWeen the top 
surface of the body 150a and the diaphragm 150g, and the 
second vertical via hole 150h2 and into the reaction chamber 
110 via the through the third vertical via hole 150h3, the 
space betWeen the top surface of the body 150a and the 
diaphragm 150g, and the ?rst vertical via hole 150h1. Here, 
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When ?fth gate valve 152 is turned off, the ?rst carrier gas 
or the reactive gas ?oWs only to the reaction chamber 110 
through the third vertical via hole 150h3, the space betWeen 
the top surface of the body 150a and the diaphragm 150g, 
and the ?rst vertical via hole 150h1. 

[0072] Selection betWeen the source gas and the ?rst 
carrier gas and selection betWeen the reactive gas and the 
second carrier gas Will be described beloW in connection 
With description of an ALD process. 

[0073] The folloWing describes in detail a process of 
depositing a reaction product of the source gas and the 
reactive gas on a surface of a substrate using ALD. In 
performing the ALD process, a sequential set of a source gas 
pulsing stage, a source gas purging stage, a reactive gas 
pulsing stage, and a reactive gas purging stage is de?ned as 
one cycle, and the cycles are repeated until a thin layer 
having a desired thickness is formed. 

[0074] In the source gas pulsing stage, the source gas is 
supplied to the reaction chamber 110 loaded With a Wafer, 
i.e., the substrate (not shoWn), so that a source gas material 
is attached to the surface of the substrate. Here, the ?rst gate 
valve 142 is turned oif to be closed, a ?rst outlet 13211 of the 
?rst 3-Way valve 132 is open, and a ?rst inlet 134a and an 
outlet 13419 of the second 3-Way valve 134 are open, so that 
the ?rst carrier gas and the source gas are simultaneously 
supplied. In addition, the ?fth gate valve 152 installed at the 
bypass 116 is turned o?fWhile the 4-Way valve 150 is turned 
on, so that a gas How to the bypass 116 is blocked and a gas 
How is introduced to the reaction chamber 110. As a result, 
the source gas is supplied to the reaction chamber 110 
together With the ?rst carrier gas. In one embodiment, at the 
same time, the purge gas is continuously supplied to the 
reaction chamber 110. The second carrier gas may be 
supplied to the reaction chamber 110 by closing the fourth 
gate valve 148 and opening the third gate valve 146. 

[0075] Subsequently, in the source gas purging stage, 
source gas residues that are not attached to the surface of the 
substrate are removed from the reaction chamber 110. In this 
purging stage, the ?rst gate valve 142 is open; the ?rst outlet 
13211 of the ?rst 3-Way valve 132 is closed While a second 
outlet 13219 of the ?rst 3-Way valve 132 is open; and the ?rst 
inlet 13411 of the second 3-Way valve 134 is closed While the 
outlet 13419 of the second 3-Way valve 134 is open, so that 
the supply of the reactive gas is interrupted and the ?rst 
carrier gas is alloWed to How. In addition, the ?fth gate valve 
152 installed at the bypass 116 is turned on While the 4-Way 
valve 150 is turned off, so that the ?rst carrier gas is 
discharged through the bypass 116. Accordingly, the source 
gas remaining betWeen the second 3-Way valve 134 and the 
4-Way valve 150 and betWeen the 4-Way valve 150 and the 
?fth gate valve 152 does not How into the reaction chamber 
110 but is discharged through the bypass 116 together With 
the ?rst carrier. The source gas remaining in the reaction 
chamber 110 Without being deposited is purged by the purge 
gas continuously supplied to the reaction chamber 110. 
Here, the second carrier gas may be continuously supplied 
to the reaction chamber 110 in a state Where the fourth gate 
valve 148 is closed. 

[0076] Subsequently, in the reactive gas pulsing stage, the 
reactive gas is supplied into the reaction chamber 110 in a 
state Where the source gas has been deposited on the surface 
of the substrate so that the source gas reacts With part of the 
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reactive gas, thereby forming a reaction product on the 
surface of the substrate. Here, similarly to the source gas 
purging stage, the ?rst carrier gas is discharged through the 
bypass 116 and the purge gas is continuously supplied to the 
reaction chamber 110. However, in the reactive gas pulsing 
stage, the fourth gate valve 148 installed at the reactive gas 
supply line and the third gate valve 146 are open so that the 
reactive gas is supplied to the reaction chamber 110 together 
With the second carrier gas. 

[0077] Subsequently, in the reactive gas purging stage, the 
residues of the reactive gas other than the reaction product 
of the source gas and the reactive gas deposited on the 
surface of the substrate are removed from the reaction 
chamber 110. Here, similarly to the source gas purging 
stage, the ?rst carrier gas is discharged through the bypass 
116 and the purge gas is continuously supplied to the 
reaction chamber 110. HoWever, in the reactive gas purging 
stage, the fourth gate valve 148 at the reactive gas supply 
line is closed to interrupt the supply of the reactive gas. As 
a result, only the second carrier gas is supplied to the 
reaction chamber 110. 

[0078] As described above, When a cycle of the source gas 
pulsing stage, the source gas purging stage, the reactive gas 
pulsing stage, and the reactive gas purging stage is per 
formed, the reaction product of the source gas and the 
reactive gas is deposited to be very thin on the surface of the 
substrate. Several or several thousands of cycles may be 
performed to form a desired thin layer on the surface of the 
substrate. In the above-described embodiment of the present 
invention, a single layer is formed on the substrate through 
the ALD process using a single source gas. For example, 
When the source gas, the reactive gas, and the reaction 
product of the source gas and the reactive gas are repre 
sented by “A”, “B”, and “AB”, respectively, a layer depos 
ited on the substrate according to the ?rst embodiment of the 
present invention may be represented by “AB/AB/AB/AB . 
. . AB/AB”. 

[0079] FIG. 9 is a schematic diagram illustrating an 
apparatus for fabricating a semiconductor device according 
to a second embodiment of the present invention. FIG. 10 is 
an enlarged vieW of a part of the apparatus illustrated in 
FIG. 9. FIG. 11 is a cross sectional vieW of the part shoWn 
in FIG. 9, taken along the line BE‘, in Which a 4-Way valve 
is closed. The second embodiment is the same as the ?rst 
embodiment, With the exception that the structure of the 
4-Way valve 154 and the disposition of the purge gas supply 
line and the source gas supply line are different from those 
in the ?rst embodiment. The differences Will be described 
beloW. 

[0080] Referring to FIGS. 9 through 11, the source gas 
supply line, the purge gas supply line, and the reactive gas 
supply line in the second embodiment are substantially 
similar to those in the ?rst embodiment, but the structure and 
connection relationship of the 4-Way valve 154 is different. 
In detail, in the ?rst embodiment, the 4-Way valve 150 
includes the ?rst horizontal via hole 128!) formed straight to 
be connected to the purge gas supply pipe 12811. In contrast, 
in the second embodiment, the 4-Way valve 154 includes a 
second horizontal via hole 154f that communicates With a 
second inlet 154d of the 4-Way valve 154 and bends at a right 
angle Within the 4-Way valve 154. A second vertical via hole 
154h2 is formed extending from the middle of the second 
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horizontal via hole 154f to a top surface of a body 154g of 
the 4-Way valve 154. A ?rst horizontal via hole 154e 
communicating With a ?rst inlet 1540 connected With the 
source gas supply pipe 1220 is formed to bend at a right 
angle Within the 4-Way valve 154. A ?rst vertical via hole 
154h1 is formed extending from the middle of the ?rst 
horizontal via hole 154e to the top surface of the body 154g. 

[0081] As illustrated in FIG. 11, When the 4-Way valve 
154 is turned off, that is, When a diaphragm 154i moves 
doWn and closely contacts the top surface of the body 154g 
to close the upper ends of the ?rst and second vertical via 
holes 154h1 and 154h2, the purge gas is supplied to the 
reaction chamber 110 via the second horizontal via hole 
154], and the source gas or the ?rst carrier gas ?oWing in the 
source gas supply pipe 122c ?oWs into the bypass 116 via 
the ?rst horizontal via hole 154e. When the 4-Way valve 154 
is turned on, that is, When the diaphragm 154i moves up and 
is separated from the top surface of the body 154g to open 
the upper ends of the ?rst and second vertical via holes 
154h1 and 154h2, the purge gas ?oWs into the reaction 
chamber 110 via the second horizontal via hole 154f or into 
the bypass 116 through the second horizontal via hole 154], 
the second vertical via hole 154h2, a space betWeen the top 
surface of the body 154g and the diaphragm 154i, and the 
?rst vertical via hole 154h1. When the ?fth gate valve 152 
is turned off, the purge gas ?oWs only into the reaction 
chamber 110. MeanWhile, the source gas or the ?rst carrier 
gas ?oWing in the source gas supply pipe 122c ?oWs into the 
reaction chamber 110 through the ?rst vertical via hole 
154h1, the space betWeen the surface of the body 154g and 
the diaphragm 154i, and the second vertical via hole 154h2 
or into the bypass 116 through the ?rst horizontal via hole 
154e. Here, When the ?fth gate valve 152 is turned off, the 
?rst carrier gas or the source gas ?oWs only to the reaction 
chamber 110 through the ?rst vertical via hole 154h1, the 
space betWeen the surface of the body 154g and the dia 
phragm 154i, and the second vertical via hole 154h2. 

[0082] The folloWing describes in detail the closed and 
open states of each valve in each stage of a process of 
depositing a reaction product of the source gas and the 
reactive gas on a surface of a substrate using ALD. 

[0083] In the source gas pulsing stage, the ?rst gate valve 
142 is turned off to be closed, a ?rst outlet 13211 of the ?rst 
3-Way valve 132 is open, and a ?rst inlet 134a and an outlet 
13419 of the second 3-Way valve 134 are open, so that the ?rst 
carrier gas and the source gas are simultaneously supplied. 
In addition, the ?fth gate valve 152 installed at the bypass 
116 is turned off and closed While the 4-Way valve 154 is 
turned on, so that a gas How to the bypass 116 is blocked and 
a gas How is introduced to the reaction chamber 110. As a 
result, the source gas is supplied to the reaction chamber 110 
together With the ?rst carrier gas. MeanWhile, the purge gas 
is continuously supplied to the reaction chamber 110. The 
second carrier gas may be supplied to the reaction chamber 
110 by closing the fourth gate valve 148 and opening the 
third gate valve 146. 

[0084] Subsequently, in the source gas purging stage, the 
?rst gate valve 142 is open; the ?rst outlet 13211 of the ?rst 
3-Way valve 132 is closed While a second outlet 13219 of the 
?rst 3-Way valve 132 is open; and the ?rst inlet 13411 of the 
second 3-Way valve 134 is closed While the outlet 13419 of 
the second 3-Way valve 134 is open, so that the supply of the 




















