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"Method of Feeding Gas into a Chamber"

The present invention is mainly for use in semiconductor
5 manufacture and relates to an improvement in the method
of feeding gas into the deposition chamber so as to be
capable of suppressing pressure fluctuations when the gas

feed is changed.

10 Figure 4 is a schematic block diagram showing an example
of gas piping system at present in use in a semiconductor
manufacturing plant. This piping system comprises a
processing or deposition chamber 20, a reactive gas feed
line 22 consisting of a chamber pressure regulator 21 and -

15 a line changeover valve V,’ i.e. a valve capable of
opening and closing the line to the transmission of gas,
an- inert gas feed 1line 24 consisting of a chamber
pressure regulator 23 and a line changeover valve v,’, a
vacuum exhaust line 25 connected to the chamber 20, and

20 a vacuum pump 26 connected to the vacuumexhaust line 25.

V3’ and V,’ are shunt valves for vent pipe connected to

the primary side of the line changeover valves Vi'y Vo'

27 is a vacuum gauge connected to the chamber, and V is
25 a switch valve placed in tpe vacuum exhaust line 25.

gj L] F', \'_ o R’? :
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In this gas pipeing system, into the chamber 20 evacuated
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2
and exhausted by the vacuum pump 26, rea:
supplied from the reactive gas feed line 22 and inert gas
from the inert gas feed line 24, alternately, thereby
processing to form a film on a wafer in the chamber 20.
5 The flow rate of reactive gas and inert gas supplied into
the chamber 20 is controlled by the chamber pressure
regulators 21, 23 placed in the lines 22, 24 so that the
pressure in the chamber 20 may be a pressure suited to
film forming process.
10
Along with the trend of high integration of
semiconductors the film thickness of the wafer now needs
to be thin, and it is difficult to control the film
thickness. One of the factors to disturb the film
15 thickness is pressure fluctuations in the chamber at the

time of changeover of the gas feed lines.

In the conventional gas piping system, the flow rate of
gas is controlled by the chamber pressure regulars 21,
20 23 so that the pressure in the chamber 20 may be kept at
a set pressure. However, when the gas feed lines 22, 24
ae changed over, inevitably, pressure fluctuations occur
in the chamber 20. As a result, the film thickness of the
wafer varies, or plasma fails to occur in the chamber 20.
25 It took a considerably iong time until the pressure in

the chamber 20 is stablised, and a time loss was caused.



COVPLETE SPECI FI CATI ON | nproved Keys for Musical Wnd

| nstrunent s |, PETER SIMON PROLL, a citizen of the and a .
resiliently flexible tongue extending from United States of Anerica,
of 246 Ponmona said internediate body portion for restoring Avenue,
Newark 12, United States of Anmerica, said key to tone port-closing position
after do hereby declare the invention for which | operation thereof,
said finger pad portion, 5 pray that patent may be granted to ne, and
val ve portion, internediate body portion and 50 t he net hod by which

it is to be pepfghpBd. $ORWIeghelAY AT UbREwRYg2 SLOG! e unitary
pressure fluctuation tests of the chamber 20 at the time

of line changeover by using the conventional gas piping

line.
5
That is, the pressure fluctuation tests were executed by
combining the parameters as shown in Table 1 in order to
check for factors of pressure fluctuations in the chamber
20 at the time of line changeover.
10
TABLE 1
Parameter Setting
Vacuum 760, 500, 100, 50, 10, 5, 1, 0.2
Pressure in | (Torr) I
15 Chamber
i[Vent line Yes or No
Reactive Mass flow Direct touch
Chamber gas controller | type metal dia-
pressure feed line phragm valve
20 regulator i
Inert gas [ Mass flow Direct touch
feed line | controller | type metal dia-
phragm valve
Line change
over inter- |60, 30, 10, 5 (scc)
val
25

In the pressure fluctuation tests, direct touch type
metal diaphragm valves were used as line changeover
valves V3’, V,’ for vent pipe. Such direct touch valves

are described in my co-pending E.P.A. 94 306249.7. The



to be'particularly described in and by the fol- noulding of a plastics
material. Preferably, pi- | om ng statenent: - .
vot pins for rockably supporting the key on The present invention
has to do with keys the body of the instrunent also formpart of 10 for
musi cal wind instrunents, especially for the sanme unitary noul di ng.

55 - toy musical instrunents, in the nature of clari- The i nvention
al so conprises an assenbly nets, saxaphones and nunerous ot her types.
unit conprising a plurality of such keys Torned Such keys

general |y conpfdfifed Vimngery pad yas g.sigl %M%rgre(aﬂ?gédi ng and a nusi cal
portion and a val ve port'ionZaflaptdd to open Inhstrunent enbodying at | east
one such key. opened and closed by controlling the supply of valve

drive air through solenoid valve (not shown).

5 Where the vent line is provided, the line changeover
valve V,’, and line changeover valve V,’ and shunt valve
V3’ are opened and closed alternately and simultaneously.
At this time, the gas feed pattern is as follows: (1)
when the gas in reactive gas feed line 22 is supplied
10 into the chamber 20, the gas in the inert gas feed line
24 is discharged by the shunt valve V ’, and (2) when the
gas in the inert gas feed line 24 is supplied into the
chamber 20, the gas in the reactive gas feed line 22 is
discharged by the shunt valve V,’.
15
Furthermore, where the vent line is not provided, only
the line changeover valves V,", V,’ are opened and closed
alternately (the shunt valves V,’, V3! are normally
closed. In this case, the gas feed pattern is as
20 follows: (1) when the gas in the reactive gas feed line
22 is supplied into the chamber 20, the gas in the inert
gas feed line 24 is sealed in the line, and (2) when the
gas in the inert gas feed line 24 is supplied into the
chamber 20, the gas in the reactive gas feed line 22 is

25 sealed in the line.

The pressure fluctuation test at the time of 1line



t5 afd cl ose an opening or tone port in the body Particul ar enbodi ments

of the invention are 60 of the instrunment when the key is rocked
about described below with reference to the accom a central
transverse pivot axis, the key being panying draw ng, in which:

normal ly held in the port-closing position by Figure 1 is a top plan

vi ew of an instrunent, a spring.

namely, a toy clarinet, enbodying the inugn- 20 A conventional way of
providing the afore- tion; 65

descri bed St“é}id%{%é&eﬁsw'&@ | @o¥fdudtd aRAX the FiEBUNBwini S a side

el evati onal view thereof; portion of a separate V-shaped |eaf spring

is Figure 3 irimdt gntles gbihnd r cRaRGesvyrsealves v ', V,’ are closed,
and the chamber 20 (210 mm by 210 mm by 210 mm) is

evacuated and exhausted by the vacuum pump 26.

Consequently, from the reactive gas feed line 22, gas (N2
gas: primary pressure is 1.0 kgf/cm2G) is supplied into
the chamber 20, and the flow rate of the chamber pressure
regulator 21 is adjusted so that the set pressure may be
10 established in the chamber 20, and it is confirmed that

the vacuum pressure in the chamber 20 is stabilised.

Furthermore, when the pressure in the chamber 20 is
stabilised, the gas feed into the chamber 20 is changed
15 from the reactive gas feed line 22 into the inert gas
feed line 24, and the flow rate of the chamber pressure
regulator 23 is adjusted so that a set pressure may be
established in the chamber 20, and it is confirmed that

the vacuum pressure in the chamber 20 is stablilised.

20
The vacuum pressure in the chamber 20 is set at the same
value.(tO.S%) between when the gas is supplied through
the reactive gas feed line. 22 and when the gas is
supplied through the inert gas feed line 24.

25

. When these preparatory steps are over, the gas 1is

supplied into the chamber 20 through the reactive fas



pi acetl in a recess provided on the underside taken on line II1I-111 of

Fi gure 2; of the m ddle of each key. This sub-assenbly Figure 4
is an enlarged fragnmentary detail 25 is pressed against the body of the
instrument view taken on line IV-1V of Figure 2; 70 and a long rod
I's then threaded through Figure 5 is a fragnentary front el evati onal
aligned holes in the keys to provide their pivot detail of the key;

axis. The rod al so passes through |ugs on_t he Fig. 6 is a side

el evational detail view of i nst r un@nt body and thus hol ds the keys

in a portion geeé hggyzgou@hdui tréu%ﬁﬁfxrﬁéggegur glace on the

i nstrunment. Thi niqué
the chamber 20 is stabilised. When the pressure in the

75

chamber 20 is stabliised, the gas feed lines 22, 24 are
changed over alternately in every specific time, and the
5 pressure fluctuations in the chamber at this time are

measured by diaphragm type vacuum gauge 27.

Figure 5 to Figure 8 are graphs showing the test results
of pressure fluctuation tests.

10
More specifically, Figure 5 and Figure 6 are graphic
expressions of pressure fluctuations when changing over
the lines, and in Figure 5, the set pressure in the
chamber 20 is 5 Torr, the interval of line changeover is

15 30 to 10 to 5 seconds, and mass flow controllers are used
as the chamber pressure regulators 21, 23. In Figure 6,
the set pressure in the chamber 20 is 0.2 Torr, the
interval of line changeover is 30 to 10 to 5 seconds, and
mass flow controllers are used as in the pressure

20 regulators 21, 23. Vent lines are provided in (A) in
Figure 5 and (A) in Figure 6, and not provided in (E) in

Figure 5 and (B) in Figure 6.

Figure 7 is a graphic expression of pressure difference
25 observed when changing over the lines, relative to the
set pressure in the chamber 20, showing the measured

values obtained when the interval of line changeover is



qui t e*expensi ve, since the various parts in- Figure 7 is a fragnentary,

detail front el eva- vol ved nust be manufactured separately, and
tional view of a second form of key having a consi derabl e anount of
| abour tine is needed two spring tongues; to performthe assenbly
oper ati on. Figure 8 is a bottom plan view of the key 35 As
conpared with the conventional tech- of Figure 7; . . .
80 ni que descri bed above, the presegt i nvention Figure 9 is a view
simlar to Figure 3 show al l ows of “a consi derabl e reduction in the

I ng the key ofsgigyﬁesla apd 8 QEUBEQg,OQnd massnETQ$rc8L parts whi ch nust
be nade separate’ "the instrunent; an

used as the chamber pressure regulators 21, 23. A vent
line is provided in (A) in Figure 7, and is not provided

in (B) in Figure 7.

Figure 8 is a graphic expression of pressure fluctuations
observed when the chamber pressure regulators 21, 23 are
changed, a vent line is provided, and the interval of
line changeover is 30, 10 to 5 seconds. 1In (A) in Figure
10 8, mass flow controllers are used as the chamber pressure
regulators 21, 23 and in (B) in Figure 8, direct
diaphragm type flow regulating valves are used as the

chamber pressure regulators 21, 23.

15 As clear from the test results in graphs in Figure 5 to
Figure 8, in the conventional gas piping system, (1) when
the pressure in the chamber 20 is vacuum, pressure
fluctgations occur in the chamber 20 by changing over the
lines (seé Figure 5 and Figure 6), (2) in comparison

20 between when the line is changed from the reactive gas
feed line 22 to the inert gas feed line 24, and when
changed from the inert gas feed line 24 to reactive gas
feed line 22, the pressure difference varies (see Figure
5 and Figure 6), (3) the shorter the interval of line

25 changeover, the larger becomes the pressure difference
(see Figure S and Figure 6), (4) in comparison between

the presence and absence of vent line in gas feed system,



ly and a significant sinplification of the assem

showi ng an integral 40 bly operation. .
si ngl eshot noul di ng of a nunber of keys, 85 The ‘i nventi on

conprises a key for a mnusica
wi nd instrunent having a finger pad portion,

Figure 10 is a view

whi ch can be used in assenbling the keys to
the body of the instrunent.

a valve portion for closing a tone port in the The draw ng shows the
i nvention applied to i nstrument, i nt ermedi ate body portion

clarinet, but the invention can be applie 45

and val ve por tigQs pldbAibe daskedefia! Calndd N4d NBLT WRNL- 90

[Price 4s.
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absence of vent line (see Figure 7), (5) the pressure
difference is smaller when the vacuum pressure of the
chamber 20 is lower, but a pressure fluctuation about
twenty times of the set pressure occurs (see Figure 7),
and (6) with the chamber pressure regulators 21,23, the
pressure difference 1is greater in the mass flow
controllers than in the direct diaphragm type flow

regulating valves (Figure 8).

In the conventional gas piping system, it was practically
impossible to suppress the pressure fluctuations in the

chamber 20 when changing over the lines.

The invention sets out to solve the above problems, and
it is hence a primary object thereof to present a method
of feeding gas into chamber capable of suppressing
pressure fluctuations in the process chamber when

changing over the gas feed lines.

The present inventors after many chamber pressure
fluctuation tests on the parameters of chamber wvacuum
pressure, vent line pressure, line changeover intervals,
and others, found that pressure fluctuations in the
chamber can be suppressed by evacuating and exhausting

the vent line.

a toy

connecting the finger pad
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The present invention provides a gas fee

feeding into a chamber to form a film on a wafer
alternately reactive gas through a reactive gas feed line
comprising a chamber pressure regulator and a line
changeover valve, and inert gas through an inert gas feed
line comprising a chamber pressure regulator and a line
changeover valve, wherein shunt valves are connected as
branches to the primary side of the changeover valves of
the lines, and a vent line.is connected to the outlet
side of the shunt valves, and simultaneous opening and
closing operation of the line changeover valve of the
reactive gas feed line and shunt valve of inert gas feed
line, and simultaneous opening and closing operation of
the line changeover valve of the inert gas feed line and
the shunt valve of the reactive gas feed line side are
alternately conducted at specific time intervals while
the vent line is evacuated by vacuum pump, so that the
reactive gas and inert gas may be alternately fed into
the chamber from the reactive gas feed line and inert gas

feed line.

To feed a reactive gas into a .chamber, the 1line
changeover valve of the reactive gas feed line and the
shunt valve of the inert gas feed line side are opened,
while the line changeover valve of the inert gas feed
line and the shunt valve of the reactive gas feed line

side are closed. 1In this manner, the reactive gas is



The body 2 of the instrunent is substantial- larly Figure 4) for receiving

the key's pivot ly a thin-walled cyclinder noul ded as two sepa- pins
13, 14. The ledge 17 forns the upper rate arcuate shells 3, 4 secured
together as by end of the slot, the opposed vertical faces of gl uei ng.

It wll be understood that the internal projections 16 and lugs 21 are the
side walls 5 structural details of the I nstrunent body 2 are of the slots
and the horizontal outwardly open- g& necessary for an

under standi ng of the ing notches 23 of eachi"l-1ug provide |ateral,

present inventio z | access to the
nmounti ng sl ots. '%upph/sq eﬁ:oandt]}?ghlfeas%t?ll%es g%rgpo?tg%aor openi ngs To

assenbl e a key 6dhani& .| Nakr ¥ARR! tPREY the flow rate of reactive gas is
adjusted by the chamber pressure regulator so that the
pressure in the chamber may be suited to film forming
5 process. When supplying reactive gas, since the vent
line is exhausted under vacuum the inert gas of the inert

gas feed line flows into the vent line side.
On the other hand, to feed an inert gas into the chamber,
10 the line changeover valve of the inert gas feed line and
the shunt valve of the reactive gas feed side are opened,
while the line changeover valve of the reactive gas feed
line and the shunt valve of the inert gas feed line side
are closed. In this manner, the inert gas is supplied
15 from the inert gas feed line into the chamber. The flow
rate of the inert gas at this time is adjusted by the
chamber pressure regulator so that the pressure in the
chamber may be suited to film forming process. When
feeding inert gas, the vent line is exhausted by vacuum
20 and therefore the reactive gas in the reactive gas feed

line flows into the vent line side.
In this way, the reactive gas and inert gas are
alternately supplied into the chamebr in every specific

25 time.

The present invention further provides apparatus for



5t are’ provi ded respectively in portions 3 and 2, all that need be done is
press the key against 10 4 of the instrunent body 2. Keys 6 are the body
to flex its spring tongue 15, horizon- 75 mani pul ated to control the
opening and closing tally align its pivot pins 13, 14 with the central

of ports 5 to produce different notes when the facing notches 23 of an

adj acent pair of |- I nstrunent is.played. | ugs
21, and push the pins inwardly through Each key 6 conprises a central
body portion notches 23 until they are it verti cal alignment 15 7 from

whi ch ext end twﬁzggggéaggltytil 0 | e \%ettnxc{ e%/r;/%%irgﬂl%;?gnti ng slots 22.

The key 80 I Ng ar ns respec erm ing is then noved
upwardly, a'degaPVeEhgeﬂpﬁﬁﬁdabove and characterised by a vacuum pump

in the exhaust lines.

5 In the invention, since the reactive gas and inert gas
are supplied alternately into the chamber while
evacuating and exhaﬁsting the vent line, the pressure
difference is eliminated between the pressure of the line
existing when gas is led into the chamber, and the

10 pressure of the line existing when the gas is vented.
As a result, if the lines are changed oveﬁ, the pressure
in the chamber does not fluctuate largely, and the

pressure fluctuations in the chamber can be suppressed.
15 In the accompanying drawings:

Figure 1 is a schematic block diagram of gas piping
system for executing the gas feed method in accordance
with the invention;
20

Figure 2 is a graph showing the test results of pressure
fluctuation test by using the gas piping system in Figure
1, being a graph showing pressure fluctuations in the
chamber when changing over the lines while regulating

25 pressure of the vent line.

Figure 3 is a graph showing pressure difference of



in a valve nenber 11 adapted to seal off a bias of resilient spring tongue
15 to snap the port 5 and a recessed finger pad portion 12 pivot pins
past narrow ribs 19 into engagenent adapted to be engaged by the finger
of the wth the under face of |ledge 17. The key is 20 player to operate
the key. Oppositely directed thus now assenbled to the instrunment body. 85
pivot pins 13, 14 integral with the key extend Any tendency of the pivot
pins 13, 14 to drop transversely frcwafentral portion 7. A thin, re-
out of mounted position in slot 22 is resisted siliently flexible

tongue 15 depeeggmbggeg(;ggégv Y whidd UENRL %Q#a%‘;gﬁégﬂ%ue 15. Further,

ribs fromthe underside of central por 9 act as stop neans
to hold and | ogkgtil8ting pressure of the vent line.

Figure 4 is a schematic block diagram of the known gas

5 piping system already described.

Figure 5 is a graph of pressure fluctuations in the
chamber when changing over the lines, showing the test
results of pressure fluctuation test by using a

10 conventional gas piping system.

Figure 6 is a graph showing pressure fluctuations in

chamber when changing over the lines.

15 Figure 7 is a graph showing the pressure difference,
observed when changing over the lines, with respect to

the set pressure in the chamber.

Figure 8 is a graph showing the pressure fluctuations of
20 chamber observed when changing over the lines with the

pressure regulator being changed.

Referring now to the drawings, an embodiment of the
invention is described in detail below.

25
Figure 1 is a schematic block diagram of a gas piping

system of a semiconductor manufacturing plant in



25 entire aforedescribed integral key structure can pivot pins in slots
22, the dianeters of the 90 readily be fornmed at | ow cost in one
operation pivot pins being slightly greater than the dis- by
conventional plastic nmoul ding nmethods tance between the ribs and the
opposed, i nner fromany suitable synthetic material, for exam faces
of lugs 21, as shown in Figure 4. The pl e, pol yet hyl ene, polystyrene,
pol ypr opyl ene, pivot pins are rotatably 3§£ported in the above 30 and so
forth. cribed nmounting structure of the

i nstru- mAth tﬁcgg QngsywﬁthsoHQQQg Qq%fha%rugﬁire gy Ment. Being

I nt egral the 0 be descri bed

shortly. The {:HésméﬁfMS &8 @Fé’lnﬁlmf&y J'Eé"%a{ﬂ’lé& Jutckarhis piping

system is an assembly of gas feed system, chamber and
vacuum exhaust system. In Figure 1, reference numeral
5 1 denotes a reactive gas feed line, 2 is an inert gas
feed line, 3 is the reaction/deposition chamber, 4 and
5 are chamber pressure regulators, V; and V, are line
changeover valves, V, and V, are shunt valves for
directing gas selectively to vent, 6 is a vent line, Vi
10 is a vent line pressure regulating valve, 7 is a vacuum
exhaust line, 8 and 9 are vacuum pumps, Ve is a valve,

and 10 and 11 are vacuum gauges.

In the reactive gas feed line 1 and inert gas feed line
15 2, the cﬁamber pressure regulators 4 and 5, and line
changeover valves V, and V, are provided, and downstream
side parts (the parts extended from the line changeover
valves V; and V, to the chamber 3) of the lines 1 and 2
connected to the chamber 3 are common lines. Mass flow
20 conrollers are used as the chamber pressure requlators
4 and 5. As the line changeover valves vV, and V,, the
direct touch type metal diaphragm valves in the structure
having the metal diaphragm directly contacting with the
valve seat are employed.
25
The shunt valves V,; and V, for vent are connected as

branches to the primary side of the line changeover



normal position of each key is as shown in bly supported. Fi gure 3.

Tongue 15, whose condition as As described earlier, when the instrunent
35 moulded is shown in Figure 5, is flexed against is played, the
resilient tongues 15 will also 100 body 2 so that the tongue is
stressed and nor- function to return the keys after they are oper-

mal |y holds the key's valve or port-control ated, i.e. rocking them back
to home position menber |1 agai nst pojy § 5. When the key is after they
have been oper at ed. operated by pressing down on finger-pad por-

Figures 7, 8 agd19eshew ayseeonthd B D gdd OFedd: 1Lhel S TOCKed on its
pi vot pins 13, 14 thelkeyzin accordancéfgnﬁlthe |nvent?on. Here, 105
gas feed line 2, and direct diaphragm type valves are

used as the shunt wvalues Vs, and V-

5 In the vent line 6, the upstream side is connected to the
shunt valves V; and V, and the downstream side is
connected in accordance with the invention to the vacuum
pump 8. At the downstream side of the vent line 6, the
vent line pressure regulating valve V; is connected as a

10 branch in a state released to the atmosphere, and a
direct touch type metal diaphragm valve is used as the

vent line pressure regulating valve V.

The line changeover valves Vs V, and shunt valves V3, V,
15 are air driven vents, and are opened and closed by
supplying valve driving air from the solenoid valve (not
shown). The line changeover valve V; and shunt valve V,,
and line changeover valve V, and shunt valve V; are
opened and closed alternately and simultaneously.
20
Explained below is the supply of reactive gas and inert
gas alternately into the chamber 3 by the gas piping

system shown above.

25 First, to supply reactive gas into the chamber 3, the
line changeover valve V, and shunt valve V, are opened,

while line changeover valve V, and shunt valve V, are



to opén the port. This operating rocking nove- in addition to the

af ore-described resilient ment of the key increases the | oading on the
tongue 15, the key is provided with a second resilient tongue 15,
causing it to bow down- integral resilient tongue 25 of |esser |ength.

wardly, and the tongue wll subsequently The two depending parallel
tongues are spaced 45 restore the key to normal position upon rel ease

from each other on opposite sides of pivqf pins 110 t her eof .

13, 14. The key of Figure 7-9 is nounted Resilient tongues 15 al so
Tha | nstrunt E1088at he i EAHESRANRESY RebiaBdiidd Sgare the key on
the instrunent. thé gures 1-6. The

second from the rective gas feed llne 1 into the chamber 3. At
this time, the flow rate of the reactive gas is adjusted

by the chamber pressure regulator 4 so that the pressure

5 in the chamber 3 may be a pressure suited to wafer film

forming process. The vent line 6 is evacuated and

exhausted by the vacuum pump 8, and its pressure is

controlled to be nearly the same as the pressure in the

chamber 3 by adjusting the vent line pressure regulating

10 valve V.. By evacuating and exhausting the vent line 6,

the inert gas in the inert gas feed line 2 flows into the

vent line 6 side.

On the other hand, when supplying inert gas into the
15 chamber 3, the line changeover valve V, and shunt valve
V; are opened, while line changeover valve V, and shunt
valve V, are closed. 1In this manner, the inert gas is
supplied from the inert gas feed line 2 into the chamber
3. At this time, the flow rate of the inert gas is
20 adjusted by the chamber pressure regulator 5 so that the
pressure in the chamber 3 may be a pressure suited to
film forming process. The vent line 6 is evacuated and
exhausted by the vacuum pump 8, and its pressure is
controlled to be nearly the same as the pressure in the
25 chamber 3 by adjusting the vent line pressure regulating
valve V;. By evacuating and exhausting the vent line 6,

the reactive gas of the reactive gas feed line 1 flows



The nounting s
addition to, 5
to push the en
bet ween each

pair of ports

t her eof . (
second tongue

i ncludes bowed against the first tongue Y6 rather than 55 an upper nost

I nwardly exten
| edge 17, two
arrangenent in

10

15

20

25

tructure will now be de- tongue 25 functions like, and in

O scribed. It includes a series of integral up- tongue 15,

tire key upwardly 115 standi ng projections 16 di sposed
to hold it nmounted on the instrument and al so adj acent

5, on the body portions to normalize the key after operation

3 or 4) containing the ports. As shown in However, the
25 is flexed and Figures 4 and 6, each projection 16

di hori zontal . directly against the instrunment body.
68E?iE§F gﬁg e&lpﬁwér599£éxtend- Figure 10 shows an
whi ch

In this way, by evacuating and exhausting the vent line
6, the reactive gas and inert gas are alternately

supplied into the chamber 3 in accordance with a specific

and predetermined time sequence.

In the invention, since the reactive gas and inert gas
are supplied alternately into the chamber 3 while
evacuating and exhausting the vent line 6, the difference
is eliminated between the pressure of the line (the line
downstream with respect to the chamber pressure
regulators 4, 5) serving to feed gas into the chamber 3,
and the pressure of the line (the line downstream with
respect to the chamber pressure regulators 4, 5 serving
to vent gas. As a result, when the lines are changed
over, the pressure in the chamber 3 will not cluftuate
significantly, and pressure fluctuations in the chamber

3 can be suppressed.

Figures 2 and 3 are graphs showing the rest results
obtained when the chamber pressure fluctuations are
tested when changing over the lines by using the above-

mentioned gas piping system.

That is, the pressure fluctuation tests are conducted by

combining the parameters shown in Table 2 below.

120



l.ng ¥ibs 18, and a narrow horizontal rib 19 a nunber of the keys, four for
exanpl e are spaced bel ow | edge 17. fabri cat ed,
i.e. nmoulded, integral with a con- Al ong the upper edge of the other
body half necting bar or strip 30 which supports the 60 (3 or 4, as the
case may be), opposite each keys. As shown, strips 30 join the |ower free
125 projection 16 there is provided a confronting ends of the |onger
tongues 15 of the two integral flat |I-shaped lug 21 abutting | edge 17.
tongue form of figures 7-9. The unit of 17 The spaced abutting,
co-operating pairs of Figure 10 can be used to | essen considerably
projections 16 and I-lugs 21 provide down- the assenbly tinme required to
nount the keys TABLE 2

Parameter Setting

Vacuum pressure |50, 5, 1, 0.2 (Torr)

5 in chamber .
Pressure of 760, 500, 100, 50 and pressure
vent line reached when vent line pressure
regulating valve is closed (Torr)
Chamber pres- Reactive gas fed line: Mass flow

sure regqulator controller
Inert gas feed line: Mass flow
controller

10 Vent line Provided

Line changeover | 30 (sec), in principle; only at
interval the time of vent line pressure,
10 to 5 (sec) reached

15 The pressure fluctuation test upon line changeover was
executed in the following procedure. First, the line
changeover valves V,, V, are closed, and the chamber 3
(210 mm x 210 mm) is evacuated and exhausted by the
rotary pump 9.

20
Consequently, the line changeover valve V; and shunt
valve V, are opened, while line changeover valve V, and
shunt valve V, are closed. Gas (N, gas: primary pressure
1.0 kgf/cm%;) is supplied into the chamber 3 from the

25 reactive gas feed line 1, and the flow rate is adjusted
by the chamber pressure regulator 4 so that the set
pressure may be established in the chamber 3. Meanwhile,

the gas (N, gas: primary pressure 1.0 kgf/cm@G) in the



65 wardly directed nounting slots 22 (see particu- on the instrunent
body. The four-key unit of 130

10

15

20

25

18
inert gas feed line 2 is discharged to the
side, and the vent line pressure regulating valve Vs is
opened so that the pressure in the vent line 6 may be set

in atmospheric release state.

When the pressure in the chamber 3 is stabilised, the gas
feed into the chamber 3 is changed over from the reactive
gas feed line 1 into the inert gas feed line 2. It is
confirmed that by the same operatin as mentioned above,
the set pressure in the chamber 3 and, further, the set
pressure in the vent line 6 become the same between when
gas is supplied through the reactive gas feed line 1 and

when gas is supplied through the inert gas feed line 2.

When this preparatory work is over, gas is supplied into
the chamber 3 through the reactive gas feed line 1, ahd
stabilisation of pressure in the chamber 3 is confirmed.
When the pressure in the chamber 3 is stabilised, the
lines 1, 2 are alternately changed over in every specific
time. Parallel to this, the pressure in the vent line
6 is evacuated and exhausted from the atmospheric release
state by the vacuum pump 8, and the pressure in the vent
line 6 is varied by the vent line pressure regulating
valve V;. At this time, the pressure fluctuations in the

chamber 3 are measured by diaphragm type vacuum gauge 10.

Figure 2 and Figure 3 are graphs showing the results of



1, 129, 808 Figure 10 is placed against the instrunent

by mounting neans on the body which limt body' s

nounting structure with the pivot pins novenent of the key away fromthe
body and 13, 14 of the key properly aligned with the
by the action of the resilient tongue which nount i ng

slots 22. The pins are then nounted biases the key away fromthe body and
agai nst 19

pressure fluctuation tests.

That is, Figure 2 is a graphic expression of pressure
fluctuations (curve C) of the chamber 3 when the lines
5 are changed over while regulating the pressure (curve S)
of the vent line 6, and Figure 2 (A) shows the case of
changing the vent line pressure from 760 to 500, 100 and
50 Torr, with the set pressure of the chamber 3 at 5
Torr, and line changeover interval at 30 sec. In Figure
10 2 (B), the set pressure in the chamber 3 is 5 Torr, the
line changeover interval is 30 to 10 to 5 sec, and the
vent line pressure is changed from 100 to 50 Torr, to
reached pressure (the pressure obtained when the wvent
line pressure regulating valve V; is closed). In Figure
15_ 2 (C), the set pressure in the chamber 3 is 0.2 Torr, the
line changeover interval is 30 sec, and the vent line
pressure is changed from 760 to 500, 100 and 50 Torr.
In Figure 2 (D), the set pressure in the chamber 3 is 0.2
Torr, the line changeover interval is 30 to 10 and 5 sec,
20 and the vent line pressure is changed from 100 to 50
Torr, and reached pressure (the pressure obtained when

the vent line pressure reqgulating valve V; is closed).

Figure 3 shows a graph of pressure difference when
25 changing over the lines while regulating pressure of the
vent line 6. When the vent line pressure is 50 Torr or

more, the vent line pressure regulating valve V, is



5 by being pressed into the slots as described the nmounting neans.

before. Then, the excess portions of strip 30 10.
An instrunment according to claim9, in bet ween adj acent
keys are renoved. It will be which the nounting neans on the body com
understood that the connecting strip arrange- prise a pair of nenbers
upstandi ng fromthe ment of Figure 10 can also be with
the single body at positions spaced apart I8ngitudinally
10 tongue key of Figure 5. 2 t hereof and having axially
al i gned openings _ 75 be understood t hat

nuner ous changes.r?Qﬂﬁiﬁﬁﬁ’tﬂﬁgIggfnh§§Fn§?BFLg§%%!h§e8§Péndipg .
n form proportiQlle Siffe AUhO! A3hel%AlufE" rdgiRAMPSIhES 4S £L

t he i nternediate por
closed.

5 In the graph of Figure 2, time 0 to 10 sec. shows the
pressure of the reactive gas feed line 1, and the peak
P at 10 sec. shows the pressure fluctuation observed when
the line is changed from the reactive gas feed line 1 to
the inert gas feed line 2. The plotting point of the
10 pressure difference of the graph in Figure 3 is the
maximum value of the pressure difference observed when
the line is changed from the reactive gas feed line 1 to
the ipert gas feed line 2, or from the inert gas feed
line 2 to the reactive gas feed line 1.
15
As is clear from the graphs in Figure 2 and Figure 3, as
the pressure of the vent 1line 6 changes from the
atmospheric pressure toward vacuum, the pressure
fluctuation in the chamber 3 becomes smaller. Therefore,
20 by evacuating and exhausting the wvent 1line 6, the
pressure fluctuation in the chamber 3 in line changeover

can be suppressed.

In the above embodiment, mass flow controllers are used
25 as chamber pressure requlators 4, 5, but it is confirmed
by the tests that in the method of the invention, if th

chamber pressure regulators 4, 5 are replaced by others



be made to the specific enbodinments of the of the key, which pins are

aligned with and I nvention herein disclosed, within the
scope of pivotally engaged in the openings. 15 the
foll owi ng cl ai ns. 11. An instrunment according to
claim 8, 80 WHAT W CLAIMIS: - wherein the hol |l ow

body of the instrunment 1. A key for a nusical wind instrunent hav-
conprises first and second concavo-convex ig&ea finger pad portion, a valve
portion for longitudinally elongated shell nbers, each

closing a tone port .in_the_ jnstrunent ers having an

upper edge and a Such as airect f@u%rmaﬂ'@tﬂg‘dy‘lbﬂgﬁl on connecting the
finger lower edgg, . sald S0¢1dr TRTRCETRELON LI 1EF arfP direct touch type

metal diaphragm valve, the pressure fluctuations in the

chamber 3 can be suppressed.

Also it is confirmed by tests that in the method of the
invention, if the inner volume of the line between the
mass flow controllers and the line changeover valves V,,
V, is changed, the pressure fluctuations in the chamber3

10 can be suppressed.

In the invention, as described herein, shunt valves are
connected to the primary side of the line changeover
valves of the reactive gas feed line and inert gas feed
15 line, and the vent line is connected to the shunt valves.
The line changeover valve of the reactive gas feed line
side and the shunt valve of the inert gas feed line side,
and the line changeover valve of the reactive gas feed
side line and the shunt valve of the inert gas feed line
20 side are opened and closed simultaneously, and the
reactive gas and inert gas are supplied alternately to
the chmber from each gas feed line, while evacuating and

exhausting the vent line.

25 As a result, the difference is eliminated between the
pressure of the line for feeding gas into the chamber and

the pressure of the line for venting gas, and if the



pad and val ve portions, and a resilinetly flex- together, upper edge to
upper edge, and | ower i bl e tongue extending fromsaid
internediate edge to |ower edge, with their respective con-

body portion for restoring said key to tone cave surfaces face to face and
with the joined port-closing position after operation thereof, edges of
said shell nenbers neeting in a plane 25 said finger pad portion, valve
portion, inter- passing through the longitudinal axis of said 90

medi at e body portion and tongue being con- %%IIOM/body; said first shel

menber having stitghed Q¥ i itary moulding of, a at |east two
| ongi tudinally spaced upstegtr:]}z%ﬁggs 6"%1-, the pressure gimpdtics materi al .

nmenbers di sposed AbeNGraRg %qjg?ﬁ%'i%atxﬁlwe so that the quality of the

semiconductor may be enhanced.



23. Akey according to claim1, wherein the upper edge of said nenber and
havi ng_ hori -
zontal notches extending into the opposite up- 95

mounti ng the key on the nusical instrument. standing edges thereof, said

wherein the

30 wunitary noul ding conprises also neans fo

not ches bei ng gen- 3. A key accqhggi Ly
erally parallel to the axis of said body?“ “mnu!“"m"mm [
er

nmeans for
| east two | ongi -
tudi nal Iy spaced upstandi ng nenbers di sposed

I ng part of the unitary nounting noul ding and along and adjacent to the

pins form

upper edge thereo

nor nal

to,

nounting the key on the nusical second shell* ng

oppo-

10

15

20

25

avs ng at
i nstrun®dt conprises a pair of pivot

f . projecting laterally from and
Q&égﬁﬁﬂ regi ster wwth the upstandi ng nenbers |

1. A method of feeding into a chamber (3) to form a
film on a wafer, alternately reaction gas through a
reactive gas feed line (1) comprising a chamber pressure
regulator 4 and a line changeover valve (V;), and inert
gas through an inert gas feed line (2) comprising a
chamber pressure regulator 5 and a line changeover valve
(V),, wherein shunt valves (V;, V,), are connected to the
primary side of the changeover valves V,, V, of the lines
1, 2 and a vent line 6 is connected to the outlet side
of the shunt valves V;, V,, the line changeover valve V,
of the reactive gas feed line 1 and shunt valve V, of
inert gas feed line 2 being opened and closed together
and the line changeover valve V, of the inert gas feed
line 2 and the shunt valve V; of the reactive gas feed
line 1 being opened and closed together at specific time
intervals while the vent line 6 is evacuated, so that the
reactive gas and inert gas may be alternately fed into
the chamber 3 from the reactive gas feed line 1 and inert

gas feed line 2.

2. A method according to Claim 1, wherein a vent line
pressure regulating valve V; having the outlet side
released to the atmosphere is connected as a branch to

the vent line 6, and the pressure in the vent line 6 is

r

35
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~Stte éides of said internediate body portion. on said first shell nenber,
sat d upstandi ng 4. A key according_ to any_of clalns 1
to nenbers on said second shell nenber having

wherein the unitary noul ding conprises al so ctlng
therefrominto contact 40 a- s@ﬂﬁm“‘l@mmlmmm flexible
tongue, the tongues w th the adjacent face of an apstamdi rig

bei ng bendabl e so that one overlies and ggars menber on said flrst shel

nmenber, and a sec- n the other.

ond | edge projg r . t key
according to cI \%n ﬁ?‘h&ﬂ%‘; tllgoﬁpgr?le e(%reseal %f uBgt aﬁ%nr}g\
menbers 1i s 16194 ad e Qf unequal | engt hs.
bet ween t he upégs §§e“§ﬁa tﬁg hoP w go dy

3. A method according to Claim 1 or 2, wherein the

5 pressure in the chamber 3 is set at 0.2 to 50 Torr, and
the pressure in the evacuated vent line 6 is set at 200

Torr or less.

4. A method according to Claim 1, 2 or 3 wherein the
10 chamber pressure regulators 4, 5 are mass flow
controllers, and changeover valves V,, V,, and shunt

valves V,, V, are metal diaphragm valves of direct touch

type.

15 5. A method according to Claims 1, 2 or 3, wherein the
chamber pressure regulators 4, 5, changeover valves V,,
V, and shunt valves V;, V, are metal diaphragm valves of

direct touch type.

20 6. Apparatus for carrying out the method set out in
Claim 1 characterised by a vacuum pump 8 in vent line

6.



46 6. An assenbly unit forned as a single uni- to form and partially
‘cl ose a mounting slot 110 tary noul di ng of plastics
material conprising between the opposed upstandi ng nmenbers of

a plurality of keys according to any of clainms the two adjacent shel

menbers; and wherein 1 to 5 and neans interconnecting
sai d keys. the unitary key structure Eq?kpdes pi vot pins
7. An assenbly unit according to claim6~ exXtendi ng from opposite sides of

t he internmne- 50 read as appended to claimb5, wherein the
inter- diate portion thereof; said key being nmounted 115

connecting neans joins the ends of the longer in operative position with
said pivot pins dis- of the t resilient tongues of
each key renote posed I|n the nounting slots of nmoufti ng neans

This Sheet Has Bee laced
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i
|
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fromthe intermedi ate portion thereof.

the internedi ate

conprising a portion thereof;

said pivot pins being neﬂ&

di sposed Qﬂ_ﬂpposLLe_sLdes—gf

8. A nusical w nd

55  hol |l ow body having at |east one tone port in said no

the biasing force of 120

to any one of said resilient tongue nea

claime 1 to 5 nounted on the body for

whereby the unitary

rocki ng
novenent

t herein, and

resilient key structure is retained in the nounting neans

tongue of the key held flexed and tensioned by wthout

| ocki ng means.

t Has een Re laced

s

ﬁ%/and restraining
force of said upper

| edges,

relative thereto with the

resort to separate

60 cont@y with the body, so that the keyn
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into a position in which its valve portion closes for controlling the

openi ng and cl osi ng of tone the tone port, but can be
noved by pressure ports in the instrument which are constructed
on its finger portion to open the port. and arrénged to operate

substantially as herein

claim8, in described and as shown in the acconpanyl
whi ch the key is held nounted on the béd@ dr awi ng.

ng to
l 65
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1,;129,8()8 Figure 10 is placed against the instrunment by nounting neans
on the body which Iimt body's nounting structure wth—+the-pivot pins._
novenent of the key away fromthe body and

: l
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13; 14 of the key properly aligned with the by the action-of the resitient
' nmounting slots 22. The pins are then nouRkSkket His BsARe Fﬁ

t ongue whi ch
key away fromthe body and against 5 by being pressed |n
descri bed the nounting neans. 70

10. An instrunent accordlng

excess portions of strip 30

bet ween adj acent keys are renoved. It WAh pe whi ch the nounting neans on

t he body com understood that the con é% ing strip arrange- prise a

pai r of nmenbers upstanding fromthe ment of Figure 10 can also be with

the single body at positions spaced apart longitudinally 10 tongue key of
ereof and having axially aligned

Fi gure 5. F1G.5 (A) F1G 6(A)

openi ngs 75
PRIOR ART PRIOR ART
30 50
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@ LA JLACN 3
@ 60 k } a
= NALRLDERALE g 20 3{1 [
o AMAN 1O L
17
40 0
0 60 120 180 240 0 60 120 180 240
TIME (sec) TIME (sec)
FI1G 5 (B) F1G 6(B)
PRIOR ART PRIOR ART
90 50
~ 80 = 40
; 1 ’l ;Q-
€ 120 ! < 30
2 60 ! 2 20
50 1.0
hlh
40 O.J\~J ) ~
0 60 120 180 240 0 60 120 180 240

TIME (sec) TIME (sec)



It will be understood that numerous changes therein, the key having pivot
pi ns extendi ng in form proportion, size, and other—de%a%%s—tan*-fronr“
opposite sides of the internediate portion be made tophd@es AECHLd e hmm
enbodi ments of the of the key, which pins are aligned mnt

I nvention herein disclosed, within the6s/09pe of pivotally “ﬂl}g H“ Ill
openings. 15 the follow ng cl ai ns.

i nstrunment according to claim38, 80 VWHAT WE CLAIM | S -
wherein the holl ow body of the instrunent 1. A key for a nusical wnd
I nstrument hav- conprises first and second concavo-convex ing a finger

pad portion, a valve portion for |longitudinally elongated shell nenbers,

et F1G. 7 (A
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closing a tone port in the instrunent, an in- shell nenbers having an
tipper edge and a 20 ternedi ate body portion ConneCtiDg_Lhe_ii¥$HH;4ﬁﬂﬁﬁ

edge, said shell nmenbers being joined 85 pad and. v eﬂthhﬁ pd a
resilinetly flex- together, upper edge to upper edge, bIe
tongue extending fromsaid internediate edge to |ower e mlub
respective con- body portion for rﬁ;torlng sai d key

surfaces face to face and with the jO ed port-closing p05|t|on after

operation thereof, edges of said shell nenbers neeting in a plane 25 said
finger pad portion, val ve portion, inter- passing through the |ongitudinal

axis of said 90 nmedi at e body tjo n o] bei ng con- hol | ow
body; said first shell nenber haviFg‘I Ga ?%j
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stituted by a single unitary moulding of a at least two longitudinally
spaced upst andi ng pl astics material . menber s
di sposed al ong and adj acent to the 2. A key according to claim1
wherein the upper edge of said nmenber and having hori- 30 unitary noul di ng
conprises also neans for zontal notches extending into the opposite up- 95

nounti ng the key on the nusical instrunent. st andi ng edges thereof, said
not ches bei ng gen- 3. A key according to claim?2, wherein the
erally parallel to the axis of said body; the means for nounting the

key on the nusical second shell nenber having at |east two | ongi-
I nstrunent conprises a pair of pivot pins form tudinally spaced
upst andi ng nenbers di sposed ABSTRACT

"Method of Feeding Gas into Chamber"

A method of feeding into a chamber (3) to form a film on
a wafer, alternately reaction gas through a reactive gas
feed line (1) comprising a chamber pressure regulator 4
and a line changeover valve (V,), and inert gas through
an inert gas feed line (2) comprising a chamber pressure
regulator 5 and a line changeover valve (V), wherein
‘'shunt valves (V,, V,), are connected to the primary side
of the changeover valves V;, V, of the lines 1, 2 and a
vent line 6 is connected to the outlet side of the shunt
valves V3, V,, the line changeover valve V, of the
reactive gas feed line 1 and shunt valve V, of inert gas
feed line 2 being opened and closed together and the line
changeover valve V, of the inert gas feed line 2 and the
shunt valve V; of the reactive gas feed line 1 being
opened and closed together at specific time intervals
while the vent line 6 is evacuated, so that the reactive
gas and inert gas may be alternately fed into the chamber
3 from the reactive gas feed line 1 and inert gas feed
line 2. |
Do [T,
g

p ~ b4 '3
A . . !,‘j P N

(Please note that Figure 1 should accompariy the abstract when ﬁﬁbliéhéd)
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35 ing part of the unitary nmounting nmoul ding and al ong and adj &%nt to

_.the upper edge thereof 100

oppo-* ahd in register with th
i nter medi ate body portion. on
4. A key according to any of c
menber havi ng

projecting laterally from and nor nal

to,

e upst andi ng ﬁ@‘flhéémént Sheet e 235 Ny 0996ai d
shel |

said first
lainms 1 to

3 wherein the unitary noul ding conprises al so

menber, said upstanding

nenbers on sai d second shel

upper

| edges projecting therefrominto contadt/40 a second resiliently flexible

tongue, the tongues wth the adjacent face of an upstandi ng 105 bei ng
bendabl e so that one overlies and bears nenber on said first shell nenber,
and a sec- upon the ot her. ond | edge
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"5. A key according to claim4 wherein the position on each of said

. upst andi ng nenbers two_tongues are of unequal |engths. bet ween

t he dpper le 1T1] ety body 45 etnid4 MEyT®O98s a
si ngl e uni - tﬂEPEA‘ W - g ly close a %en??ﬁlzégﬁgmllo ytNr:ry
moul di ng of gl gstics materiall ¢gonprising between the opposed upstandi ng
menber s of azglwpﬁn?%y of lkeys acc@rfli?ng to any of claims the two

adj acent shel| jnenbers; and wWhérein 1 to 5 and neans interconnecting
sai d keys. the*m"l?é? gtructure includes pivot pins 7. An
assenbly unit}according to.claidm 6 extending from opposite sides of the
interme- 50 read as appended to claim5, wherein the inter- diate portion

t hereof ; said key being nmounted 115 *n
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connecting neans joins the ends of the longer 1in operative position with
-sai d pivot pins dis- of the two resilient tongues of each key r enot e

posed in t he mounting slots of nounting nea geﬂé e
portion thereof:. di sposed on opposite si (rjhsegl%?e'?%@o %errre ata g6

8. A nusical wnd instrunment conprising a portion thereof; sald pi vot pins
being retained 55 hollow body having at |east one tone port in said
nounting slots by the biasing force »ff 220 therein, and a key
according to any one of said resilient tongue neans and restrai ning

claims 1 to 5 nounted on the body for rocking force of said upper |edges,
whereby the unitary novenent relative thereto with the resilient key
structure is retained in the nmounting neans

FI1G. 3

10} | ==F
N —e— CHAMBER PRESSURE 50(Torr)
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tongue of the key held flexed and tensioned by wthout resort to separate
|'ocki ng mgans. 60 contact with the body, so that the key is biased 12.
A nmusical wind instrunent havi ng keys 125 into a ition.in which its
val ve portion closes for controlling the op@ﬁ%%@@ggg?hgaﬂ‘f“ﬂﬁﬂn@gs
the tone port, but can be noved by pressure ports in the instrunment which
are constructed on its finger portion to open the port. and arranged
to operate substantially as herein 4/79. An instrunent according to
claim8, in described and as shown in the acconpanying 65 which the key
I's held mounted on the body draw ng.
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