. -1- SUBSTRATE TREATMENT APPARATUS, This.invention relates to an agplabatfisC!

for the treatnent of a substrate-with two or nore gases, with 5

particul ar inportance for vapor deposition processes. Vapor deposition

- processes are known for their use in the field of sem conductor devices.

For exanple, netal organic chem cal vapor dgposition (MOXCVD) has become an

| npoftant process in the fabrication of sem conductor 10 devices. MOCVD is

a gaseous crystal growth technique in which conmpounds, e.g. trinmethyl

gallium (err), are caused to SUBSTRATENTREATMENTSABPARATUSarsine (err)

and/ or phosphine (err) and appropriate dopants, in the vapor phase to

produce single crystalline or polycrystalline 15 deposits. For many
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For many applications MOCVD is favored over
traditional liquid phase epitaxy (LPE) techniques because
MOCVD provides better control over the layer thickness,
layer smoothness, and the abruptness of layer interfaces.

20 The MOCVD process is further characterized by greater
uniformity of crystal composition and doPing profiles as
compared to LPE.

Typically an MOCVD system comprises a reaction
chamber integral with a linear series of valves for

~— 25 introducing the appropriate reagents into the chamber. A
problem with such a system is that the valves are a
distance from the substrate to be coated resulting in an
inherent lag time during the switching of reagents while
terminating the growth of a first layer and commencing the

30 growth of a second. Also, some reagents are introduced by
valves at a greater distance from the substrate than others
vwhich can cause coflpositional variations at the beginning
and end of each layer. With the increasing need to
fabricate devices containing thinner layers, these problems

35 become more.pronounced. Therefore, an improved MOCVD
apparatus has been sought.



35 becone norepronounced. Therefore, an inproved MOCVD apparatus has been
sought . Appar atus according to the present invention as nore fully
defined in the appended cl ai s i ncl udes a reaction chanber wth an .
outlet and an inlet, and, tr fo ising a
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the substrate 18 initiates e reaction of ;the Jases to |ntro uce The

chamber 12 is B Bh%v?ﬁ@ﬂeﬁhﬁﬁlﬁn°ﬁnFB? QElﬁﬁnnected to a linear manifold
24. The nanlfoIﬁhZﬂhensbudnpapgihg dpawimigval ves 28 for 30 each reagent or

gas to be introduced. FIGURE 1 illustrates an apparatus of the prior
art.
15 FIGURE 2 illustrates an apparatus of the
invention. .
FIGURE 3 il;ustrates an end view of the gas
introduction manifold of the invention.

20 An MOCVD system 10 of the prior art as shown in
FIGURE 1, comprises a chamber 12, including an outlet 14
for the exhaust of gases. The outlet 14 may be connected
to a vacuum means (not shown) for evacuating the chamber
12. Within the chamber 12 is a support means 16 holding a

25 substrate 18 to be coated. A coil 20 around the chamber 12
in the area of the substrate 18 initiates the reaction of
the gases to be introduced. The chamber 12 is also W,
provided with an inlet 22 connected to a linear manifold
24. The manifold 24 includes ports 26 and valves 28 for

30 each reagent or gas to be introduced.

In tlie operation of the prior art system 10, the
chamber 12 maj be evacuated through the outlet 14 depending
upon whether the system 10 is to be operated at reduced or
atmospheric pressure. Gases appropriate to grow a desired

35  jayer in the substrate 18 are introduced through the valves
28. The coil inductively heats the support means 16 and
thereby substrate 18. Pyrolysis of the gases and
recombination of the generated species at the site of the



In the operation of the prior art system 10, the chanber 12 may be
evacuated through the outlet 14 dependi ng upon whether the system 10 is to
be operated at reduced or atnospheric pressur®+ Gases appropriate to grow a
desired 35 layer in the substrate 18 are introduced through the val ves 28.
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Al ternatively, other The MOCVD apparatus 30 of the present invention

15 is shown in FIGURE 2 comprising a chamber 32 with an outlet
34 for the exit of gases. The vacuum means may be supplied
depending on whether the deposition process is to be
carried out at reduced or atmospheric pressure. The
support means 36 supports the substrate 38. A coil 40 is

20 disposed around the chamber 32 and is connected to a power
supply (not shown). The coil 40 inductively heats the
support means 36 and substrate 38. Alternatively, other
means may be employed to heat the substrate 38, e.g. quartz
lamps surrounding the chamber 32. The chamber 32 is also

25 provided with an inlet 42 connected to the gas introduction
manifold 44 of the invention. The manifold 44 comprises a
closed, hollow body with a cylindrical interior. Feed
ports 46 extend through the peripheral sidewall thereof
into the interior of the manifold 44. Valves 48, integral

30 with the feed ports 46, are further connected to the
various reagent gas supplies (not shown). The valves 48
are disposed at equal distances from the inlet 42.

FIGURE 3 represents an end view of the manifold

44. It can be seen that the feed ports 46 and valves 48

35 are radially disposed along the sidewall of the manifold

44. An aperture 50 located in the center of one end wall
of the manifold 44 is provided such that when the manifold



means may be enployed to heat the substrate 38, e.g. quartz |anps
surroundi ng the chanber 32. The chanber .32 is also 25 provided with an
inlet 42 connected to the gas i ntroducti on=fmni fol d 44 of the invention.
The manifold 44 conprises a closed, hollow body with a cylindrical
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15 introduced into the system. The manifold 44 and feed ports
46 should be of a material not susceptible to attack by the
reagents, e.g. stainless steel. The cylindrical interior
of the manifold 44, defined by a sidewall and two end
walls, can have any dimensions, but preferably is provided

20 to have a distance between the interior end walls less than
about one half the diameter of one of those end walls. The
outside of the manifold 44, shown also to be cylindrical in
FIGURES 2 and 3, can have any outside shape and dimensions
as long as the valves 48 are equidistant from the center

25 axis of the inlet 42. Also, the aperture 50 can be located
in any position on the end surface, however, central
location is preferred. Further, the aperture 50 and inlet
42 need only be connected, but axial alignment of these
elements is preferfed. The aperture 50 and inlet 42 may

30 have a diameter smaller than the diameter of the chamber 42
or may have a diameter equal to the chamber 32. While the
valves are shown in the FIGURES to be radially disposed
about the manifold 44 with the feed ports extending through
the peripheral sidewall thereof, the valves can be disposed

35 anywhere about the manifold 44 provided they are
equidistant from the inlet 42. Accordingly, the feed ports
46 may extend through the end walls of the manifold. 1In



46 should be of a material not susceptible to attack by the reagents, e.g.
stainless steel. The cylindrical interior of the manifold 44, defined by a
sidewall and two end walls, can have any di nénSi ons, but preferably is
provi ded 20 to have a distance between the interior end wal I s | ess than
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| ayer, the gb% equalized transit time for all reagents resulting in

greater compositional uniformity, especially at the
beginning and end of the growth of each layer. Further,
since all of the valves 48 are closer to the chamber 32,
i.e. as opposed to some of the more remote valves 28 shown

20 in FIGURE 1, the‘transition time is reduced and is more
uniform for all valves 48. Thus, regardless of which two
or more valves 48 are used to grow a layer on the substrate
38, the transition time to any other two valves to grow a
subsequent layer will be minimized and constant. This in

25 turn, results in better control of the abruptness of the
layer interfaces. To further enhance the minimization of

~ the transition time between layers, a carrier gas, i.e. a

gas to enhance the flow which does not actually take part
in the reaction, can be introduced by a gas feed line 52

30 along the feed port 46 or preferably through the valve 48.
This gas can be left constantly flowing, even when the
valve 48 for a particular reagent is closed. In this way
when the valve 48 is opened, the reagent will be more
rapidly advanced into the manifold 44 and chamber 32 by the

35 already-flowing carrier gas. Further, the increased gas
flow provided by the use of a carrier gas between the valve
48 and manifold 44 enhances mixing within the manifold 44
when two or more reagents are introduced.



10 m xi ng can be further enhanced by providing that the valves 48 are
symmetrically disposed around the manifold 44. Also, regardl ess of how many
val ves 48 are incorporated into the manifol€644, all valves 48 will be an
equal distance fromthe center axis of the inlet 42. This provides an -15
equalized transit time for all reagents resulting in greater conpositional
unifornity, especially at Aheh¢regh nbhegpraserkdinventaoyr bashbeénedebcribed
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the substratg Sqlef%transmlon time to any other two valves to grow a
subsequent |ayer w be minimzed and constant. This in 25 turn, results
in better control of the abruptness of the layer interfaces. To further
enhance the mnimzation of the transition tinme between | ayers, a carrier
gas, i.e. a gas to enhance the flow which does not actually take part in
the reaction, can be introduced by a gas feed line 52 30 al ong the feed
port 46 or preferably through the valve 48. This gas can be left constantly
fl owi ng, even when the valve 48 for a particular reagent is closed. In this
way when the valve 48 is opened, the reagent will be nore rapidly advanced
into the manifold 44 and chanber 32 by the 35 al ready-flow ng carrier

gas. Further, the increased gas flow provided by the use of a carrier gas
bet ween the val ve 48 and mani fold 44 enhances m xing within the manifold 44
when two or nore reagents are introduced. -6- Al though the present

i nvention has been descri bed ~



Wi th respect to an MOCVD system it. should be noted that any apparatus for
the treatnment of a workpiece by two or. nore gases woul d be inproved by the
concepts described 5 her ei n. -Z3.CLAI M. 1. Apparatus for the
treatment of a substrate with two or nore gases, which apparatus conpri ses:
a reaction chanber including nmeans for supporting said substrate; means for
I ntroducing two or nore gases into said chanber through an inlet; and
outl et means for exhausting said gases from said chanber; wherein said gas
i ntroduction neans is a manifold conprising a closed hol |l ow body cont ai ni ng
no reaction neans that would cause the gases to react; said body having a
cylindrical interior defined by a peripheral sidewall and two end wal |l s;
and having feed ports extending through a wall of said body, which
feedports are integral with val ves di sposed about said body; and having an
aperture extending through an end wall of said body; said body being
j uxt aposed sai d chanber such that the inlet of said chanber is connected to
said aperture, and further wherein said aperture ha " r and said
val ves are equivalent fromthe center of said apertaﬂw ﬂ bi
LT

CLAIMS:

1. Apparatus for the treatment of a substrate with
two or more gases, which apparatus comprises:
a reaction chamber including means for supporting
said substrate;
means for introducing two or more gases into said
chamber through an inlet; and
outlet means for exhausting said gases from said
chamber;

wherein said gas introduction
means is a manifold comprising a closed hollow
body containing no reaction means that would
cause the gases to react; said body having a
cylindrical interior defined by a peripheral
sidewall and two end walls; and having feed
ports extending through a wall of said body,
which feedports are integral with valves
disposed about said body; and having an aperture
extending through an end wall of said body; said
body being juxtaposed said chamber such that the
inlet of said chamber is connected to said
aperture, and further wherein said aperture has
a center and said valves are equivalent from the
center of said aperture.

Cont'd.....



2. The apparatus of claim 1l wherein said.aperture is centrally located in
said end mall %»——Jhenapparatus of clain11 or 2 wherein said aperture is
ith said inlet. e apparatus of claiml1l, 2 or 3

xially al
wher ein the cg ﬂl"ﬂl’“‘l ,ﬂmi has a d| stance between said end walls 1 ess
t han about on neter of one end wall, 5. - The appar at us~of
any preceding clalnlmhereln the val ves enpl oyed to |ntroduce sai d gases are

symmetrical l'y di sposgd ar@Hadaﬁaaéaﬁagyofficlalﬂih@ @Heﬁé%usasza any
preceding claimfurther co r|S|n8Fa carrier Lne for providing

during tr RIS tPrSerkratiynl aFﬁ@rPncﬁﬁgSe?nﬁayaﬁé ‘the feed ports. 7.

The apparatus of any precedlng clai mwherein said feed ports extend t hrough
sai d peripheral side S n i ng_cl ai. m wherein
said body is cylindri tal Tge %£§a§§§§%a%g cgglg § §% hﬁge&PaFﬁ}éﬂerein
said vaIvespemturadlslagldliyoaédgaeduwdthasdldodyletO An apparatus for

the treatnment of a substrate with two or nore gases substantially as

her ei nbef ore described with reference to Fig . 2_and 3 of the acconpanying
dr awi ng. 4. The apparatus of claim 1, 2or 3 wherein the

cylindrical interior has a distance between said end walls
less than about one-half of the diameter of one end wall,

5. The apparatus of any preceding claim
wherein the valves employed to introduce said gases are
symmetrically disposed around said body.

6. The apparatus of any preceding claim
further comprising a carrier gas feed line for providing
during treatment a constant flow of inert carrier gas to
the feed ports.

7. The apparatus of any preceding claim
wherein said feed ports extend through said peripheral
sidewall.

8. The apparatus of any preceding claim wherein
said body is cylindrical. \/

9. The apparatus of any preceding claim wherein
said valves are radially disposed around said body.

10. An apparatus for the treatment of a substrate
with two or more gases substantially as hereinbefore
described with reference to Figs. 2 and 3 of the
accompanying drawing.




