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METHOD AND APPARATUS FOR DEPCSI TTON OF MATERI AL ON A
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i nvention relates generally to chem z:iu ep05|t|on of naterlal
onto sem conductor wafers, andjm}l&ll ; rIy toj L..w and
appar atus for i npr ovi ng t hi ckn of a l §FEﬁﬁﬁé$ﬁ§FN
deposited on sem conductor wafers in a barrel type *Aﬁnﬁim*
deposi tion reactor. 10 Chem cgl vapor deposition is a process
by which a stable solid may be forneg by deconposition of chem cal

vapors using heat, plasnyesgdy AW ASPaRNGGE PORODRPOSITION
OF MATERTIAL. ON A SEMICONDUCTOR WAFER

Background of the Invention

This invention relates generallf to chemical
5 vapor deposition of material onteo semiconductor wafers,
and more particularly to a method and apparatus fox
improving thickness uniformity of a layer of material
deposited on semiconductor wafexrs in a barrel type
chemical vapor deposition reactor.

10 Chemical vapor deposition is a process by which
a stable solid may be formed by decomposition of chemical
vapors using heat, plasma, ultraviolet light or other
energy sources. Chemical vapor deposition i widely
employed in the production of semiconductor wafers to

15 grow epitaxial layers on a surface of the wafers, as well
as for the deposition of polysilicon on the wafers.
Epitaxy is an important process in the semiconductor
material industry for achieving the necessary electrical
properties of the semiconductor material. For example, a

20 lightly doped epitaxial layer grown over a heavily doped
substrate permits a CMOS device to be optimized for latch
up immunity as a result of low resistance of the
gubstrate. Other advantages, such as precise control of
the dopant concentration profile and freedom from oxygen

25 are also achieved., >

Epitaxial growth is almosgt universally carried
out by chemical vapor deposition because it is the most
flexible and cost efficient method for growing epitaxial
layers on semiconductor material. Gemnerally speaking,

30 chemical vapor deposition involves introduction of
volatile reactants (e.qg., SiC14,.SiH013, 81iH,Cl, or SiHy)
with a carrier gas (usually hydrogen) in a reactor.
Achieving the desired epitaxial growth on the
semiconductor material is alsc temperature dependent.

35 Depending upon which reactant is used, the temperature in
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Achieving the deghed otPat@ehd HrPU2 2% tHE wafer is so fast that the
growth rate is determined by the transport of reactants
to the surface. This is the transport limited regime

10 where the gas flow pattern determines the thickness
uniformity. In this regime, the throughput is high
because the growth rate is high. In the other regime, at
lower temperatures, the rate controlling factor of the
deposit is determined by the reaction rate at the

15 surface. This is the reaction rate or kinetic limited
regime.

Chemical vapor deposition is carried out in
reactors which either pass the reactants and carrier gas
generally parallel to the face of the semiconductor

20 wafers (horizontal or cylindrical reactors) or generally
perpendicularly to the face of the wafers (vertical
reactors). To achieve a high throughput, cylindrical or
barrel reactors operated in the transport limited regime,
are most commonly employed in the industry. A barrel

25 reactor has silicon carbide coated, graphite susceptor
vhich is generally in.the form of a polygonal tube having
walls in which there are generally vertically arranged,
circular recesses for receiving semiconductor wafers.

The reactants and carrier gas are introduced generally at

30 the top of the reactor through two nozzles which direct
streams of gas in generally horizontal directions. The
maps flow rate of gas through each nozzle remains
substantially comstant throughout the deposition cycle of
the baxrrel reactor. The streams of gas from each nozzle

35 collide with each other and a wall of the reactor, and
the gas £lows generally downwardly and then up on the
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the reactor and the rotation of the susceptor in the
reactor, but the flow of the gas is always substantially
5 parallel to the faces of the wafers,

One of the primary problems associated with
chemical vapor deposition in the transport limited regime
in barrel reactors is maintaining the thickness
uniformity of the deposited layer of material on each

10 wafer and between the varlous wafers held on the
sugceptor. Thickness uniformity has become increasingly
important as the line widths of integrated circuits are
reduced. Narrow line widths of integrated circuits
require very flat surfaces to accommodate the limited

15 depth-of-field of optical lithography.

The most common methods of controlling
thickness uniformity are to adjust the direction of the
nozzles and to adjust the valves which control the flow
rate of gas to each nozzle. Generally speaking,

20 adjustment of the direction of the nozzles affects the
thickness uniformity in a wvertical direction along the
wafers, and adjustment of the relative masg flow rates
between the nozzles affects the thickness uniformity in
horizontal directions. In addition, minor changes to

25 achieve thickness uniformity can be made through
temperature adjustments and altering the flow of purge
gas (H,) through the susceptor. It is also known to
reverse the direction of rotation of the susceptor half
way through the deposition cycle of the barrel reactor to

30 improve thicknesgs uniformity.

Summary of the Invention
Among the several ‘objects and features of the

present invention is the provision of a method for
chemical vapor deposition of material on a semiconductor
35 wafer which produces a high level of uniformity in the
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10 process to achieve greater thickness uniformity in the
layer of material deposited on the wafers,
Other objects and features will be in part
apparent and in part pointed out hereinafter.

Brief Description of the Drawings
15 FIG. 1 is a schematic illustrating a piping

arrangement for delivering gas to a barrel reactor;

FIG. 1A is a schematic illustrating another
piping arrangement for delivering gas to the barrel
reactor;

20 FIG. 2 is a schematic perspective of the barrel
reactor illustrating additional elements of the reactor;

FIG. 3 is a schematic top plan showing
operation of the barrel reactor during a first portion of
a deposition cycle of the barrel reactor;

25 FIG. 4 is a>schematic¢ top plan showing
operation of the barrel reactor during a second portion
of the deposition cycle;
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the thickness variation of wafers procesged in a prior art
barrel reactor on a five sided susceptor holding wafers
three high on each wall;

5 FIG. 6 is a graph showing right to left
thickness variation of the wafers processed in the prior
art barrel reactor;

FIG. 7 is a graph showing top to bottom _

thickness variation of wafers process in a barrel reactor

10 and according to the method of the present invention omn a
five gided susceptor holding wafers three high on each

wall;

FIG. 8 is a graph showing right to left

thicknesis variation of the wafers processed in the barrel
15 reactor and according to the method of the present
invention;

FIG. 9a is a graph showing right to left
thickness variation of wafers processed during a first
half of a deposition cycle of the barrel reactor of the

20 present invention;

FIG. 9B is a graph showing right to left
thickness variation of wafers processed during a second
half of the deposition cycle;

FIG. 10 is a plot illustrating methodology for

25 an overall thickness uniformity measurement of wafers;
and S

FIG. 11 is a cumulative plot comparing overall
thickness uniformity of wafers processed according to the
pregsent invention with those processed according to the

30 prior art.
Corresponding reference characters indicate

corresponding parts throughout the several views of the

drawings.
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addi tion, mnor Fhaggﬁinverted posiition) having an upper lip (not shown)
secured between an annular baseplate 16 and a radially
projecting flange 17 of a gas ring indicated genmerally at
10 18. The gas ring at least partially housges a first
nozzle 20 and a second nozzle 21 for introduction of gas,
including a reactant which is to be decomposed for
deposition on the wafers and a carrier, into the bell jar
12. The gas is delivered through a delivery system,
15 generally indicated at 31, to the nozzles 20, 21. The
bell jar 12 is formed with an exhaust port (not shown) in
ite bottom through which spent gas is exhausted. A
housing 24 containing the bell jar 12 also contains
radiant heat lamps 26 and heat exchangers 28 for
20 controlling the heat applied to the chamber of the bell
jar.
A five sided, silicon-coated graphite susceptor
(indicated generally at 30) is hung by & qguartz hanger 32
from a 1ift assembly (indicated generally at 34) capable
25 of lowering the susceptor into the bell jar 12 and
raising it out of the.bell jar. The susceptor 30 has
three, vertically arranged recesses (not shown) in each
wall, each of which is sized to hold a 150 millimetexr
gemiconductor wafer. It is to be understood that the
30 susceptor 30 may have different numbers of walls and
wafer recegses, and being constructed for processing
wafers of different sizes while still falling within the
scope of the present invention,
The 1ift assembly 34 includes a cap 36
" 35 supporting a sealing plate 37 sealingly engageable with
the gas ring 18 for sealing the bell jar chamber, and



25 achi eve thickness uniformty can be made through tenperature
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According to the invention in a first aspect, there is provided a nethod
for chem cal vapofsileRQs WP bdindB k3 t88 cap for raising and
lowering the cap. A purge baffle 40 depends from the cap
36. A drive asgembly 42 for rotating the susceptor 30
about its longitudinal axis is located on top of the cap
5 36. Purge gas lines 46 connected through the cap 36
deliver purge gas generally through the center of the
sus¢eptor 30. The construction of the barrel reactor 10,
with the exception of the system for delivering reactant
and carrler gas to the nozzles 20 as described
10 hereinafter, and the susceptor are well known to the
semiconductor material producing industry. Accordingly,
only a general description their features and operation

are given herein.
A preferred delivery system 31 for delivering

16 gas from a source of vaporized deposit material and
carrier gas {(collectively, *gas") is shown in Fig. 1.
The gas flows in a primary delivery line 47 from the
source through a governor device (not shown, but well
known to thoge of ordimary skill imn the art) for

20 maintaining a constant total mass flow rate of gas to the
firgst and second nozzles 20, 21. The primary line 47
geparates into a first branch (generally indicated at
477) which continues on to the first nozzle 20, and a
second branch (generally indicated at 47B) which

25 continues on to the second nozzle 21,

The first hranch 47A includes a feed line 49

extending from a junction with the primary line 47 to a
three way valve 48 operable to selectively divert gas to
a first bellows metering valve 50 or a second bellows

30 metering valve 52 piped in parallel with the first
bellows metering valve. A terminal line 54 in
communication with both of the first and second bellows
metering valves 50, 52 transports the gas to the first
nozzle 20. The second branch 47B has a similar

'35 arrangement, i.e., a feed line 56 extending from the
primary line 47 to a three way wvalve 58 capable of
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valve 60 or a fourth bellows metering valve €2 connected
in parallel, and a terminal line 64 leading from the
third and fourth bellows metering valves to the second
nozzle 21. The three way valves 48, 58 and bellows
metering valves 50, 52, 60, 62 constitute means for
changing the mass flow rates through the first and second
nozzles 20, 21 in the piping arrangement shown in Fig. 1,

It is to be understood that other metering
devices and piping arrangements for achieving variable
flow rates through the first and second nozzles 20, 21
may be used without departing from the scope of the
present invention. Por instance, one of the pairs of
bellows metering valves may be eliminated and replaced
with a single bellows metering valve in a line (not
shown) extending from the primary line to the first or
second nozzle.

Another gas delivery system 31’ capable of
achieving the objects of the present invention is shown
in Fig. 1A to comprise a single bellows metering valve
(designated 100, 102, respectively) for each branch 47Aa,
478 of the delilvery system.
metering valve 100, 102 has associated with it an
automatic adjustment mechanism capable 104 of adjusting
the orifice size of that bellows metering wvalve, and
therefore the mass flow rate of gas through the valve and
The automatic

However, each bellows

the corresponding nozzle (20 or 21).
adjustment mechanisms 104 are connected to a sultable
controller (not shown) which controls their operation,

It is also possible to adjust the bellows metering valves
100, 102 manually.

Having described the general construction of
the barrel reactor 10, its operation will now be
described. The susceptor 30 is loaded with wafers and
lowered into the bell jar 12 of the reactor by the lift
assembly 34 which simultaneously lowers the geal plate 37



delivers gas at a greater mass flow rate than the second nozzle, and
during a second portlon of the deposition cycle the second nozzle delivers
gas at a greater I Atgpiican the first nozzle According to
the invention in a:Hp ypAcHN there is provi ded] AHSFHEET HARBERN |(10)
for use in dep05|t|§_{‘- ; 75;n a sem conduct or fer, RERBAEERACt or

I ncluding a reactio g sigflsusceptor (30) capable of reception in the
reaction chanber, the susceptor hol ding §he sem conductor wafer and being
nounted for rotation in the reaction chanber about an axis, and a gas

delivery systeminpeb sdhlimgOrsighdemedtl @ith the gas ring 18 to seal the

interior of the bell jar 12. The environment in the bell
Jar 12 is purged of oxygen and the heating lamps 26 are
activated. The control (not shown) activates the drive

B assembly 42 to begin rotation of the susceptor in a first
direction (clockwise as seen in Fig. 3). Flow of
reactant vapor and carrier gas is initiated so that the
firat and second nozzles 20, 21 emit streams of gas into
the bell jar 12. Although the flow of gas injected into

10 the bell jar 12 is complex, it is generally understood
that the streams of gas emitted from the first and second
nozzles 20, 21 collide, travel down the back gide (as
seen from the vantage of Fig. 2) of the bell jar wall and
then up the front side. Eventually, the gas exits

15 through the exhaust port (not shown) in the bottom of the
bell jar 12,

The deposition c¢ycle of the barrel reactor 10
begins as the reactants carried by the carrier gas
decompose in the enviromment of the bell jar 12 and are

20 deposited on the exposed faces of the wafers. The
direction of rotatlon of the susceptor 30 may be reversed
during a second half of the deposition cycle, as shown in

Fig. 4.
The description of the operation of the barrel
25 reactor 10 thus far is well known to those of ordinary
skill in the art. In the prior art, the mass flow rate
of gas from the first and second nozzles 20, 21 is
substantially constant throughout the entire deposition
cycle, In addition, the mass flow rates of gas from each
30 nozzle 20, 21 are approximately the same. In the barrel
reactor 10 of the prement invention, the mass flow rates
of gas from the first and gecond nozzles 20, 21 are
selectively varied during different portions of the
deposition cycle. In the preferred embodiment,
'35 illustrated in Fig., 3, gas is emitted from the first
nozzle 20 at a greater mass flow rate than from the
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second nozzle 21 during a first portion of the deposition
cycle. BAs shown in Fig. 4, gas ig emitted from the first
nozzle 20 at a lesser mass flow rate that from the second
nozzle 21 during a second portion of the deposition
cycle. The. mass flow rates are indicated in Figs., 3 and
4 with heavy and light arrows, the heavier arrow
indicating the greater mass flow rate.

Referring again to Fig. 1, the change in the
mass flow rate of the gas in the gas delivery system 31
is achieved by operation of the three way valves 48, 58
and bellows metering valves (50, 52, 60, 62) of the first
and second branches 47A, 47B of the delivery system 31.
During the first portion of the deposition cycle, the
three way valve 48 of the first branch is set by
operation of the control to divert the gas flow through
the first bellows metering valve 50 which has been set to
permit gas to pass through it at a first rate. At the
same time, the control operates the three way valve 58 of
the second branch 47B to divert gas through the third
bellows metering valve 60 which is set to permit gas to
pass through it at a second rate which is substantially
less than the first rate.

At the beginning of the gecond portion of the
deposition cycle, the control operates the three way
valve 48 of the first branch 47A to divert the flow of
gas through the secord bellows metering valve 52 so that
gas ig now emitted from the first nozzle 20 at
approximately the same. (second) rate at which it was
formerly emitted from the second nozzle 21. The three
way valve 58 of the second branch 47B ls simultareously
activated to divert flow through the fourth bellows
merering valve 62 s¢ that gas ig now emitted from the
second nozzle 21 at approximately the same (first) rate
it was formerly emitted from the first nozzle 20. Thus,
it may be seen that the mass flow rates of gas through
the first and second nozzles 20, 21 is unbalanced by an

.-
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and second portions of the deposition cyc¢le. Although

the mass flow rates from the first and second nozzles 20,
21 is changed during the deposition cycle, the total mass

5 flow through the nozzlesg remains substantially constant
throughout the deposition c¢ycle.

It is possible to carry out the method of the
present invention employing only a single pailr of bellows
metering valves (e.g., the first and second bellows

10 metering valves 50, 52 of the first branch 47a). In that
case, the second branch would have a single bellows
metering valve (not shown) through which gas would pass
to the corresponding nozzle throughout the entire
deposition cycle. The pair of bellows metering valves

15 50, 52 om the first branch 47A would be set so that
during the mags flow rate of gas through the first nozzle
20 was greater than the mass flow rate through the second
nozzle 21 during a first half of the deposition cycle,
and less than the mass flow rate through the second

20 nozzle during a second half of the depositiomn cycle. The
difference between the two flow rates is again
approximately the same during both halves of the
deposition cycle.

In a barrel reactor having the gas delivery

25 gystem 31/ shown in Fig. 1A, the first nozzle 20 is
initially supplied with gas at a greater mass flow rate
than is supplied to the second nozzle 21. The valve
adjusting mechanismsg 104 adjust the bellows metering
valves 100, 102 to gradually decrease the mass flow rate

30 through the first nozzle 20 and gradually increase the
mass flow rate through the second nozzle 21 throughout
the deposition cycle. The adjustments can be made
continuously, or at intervals during the deposition
cycle. Preferably the adjustments are made at the same

'35 time, and in equal and opposite amounts.
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ation of the susceptor 30 is preferably into
the flow of gas emitted from the nozzle having the
greater mass flow rate during a particular portion of the
cycle. The direction of motion of the portion of the
sugceptor 30 adjacent to the stream of gas emitted from
the nozzle at the greater mass flow rate is generally
opposite to the direction of flow of gas in the stream.
Accordingly, the direction of rotation of the susceptor
30 is reversed by the control at the same time the three
way metering valves 48, 58 are activated by the control
to change the relative mass flow rates through the First
and second nozzles 20, 21.

The final thickness of the layer of material
deposited on the wafers (Fig. 8) is a composite of the
thickness profiles graphically illustrated in Figs. SA
and 9B. Figure 9A illustrates the right to left
thickness profile of all three wafers on one wall of the
susceptor during the first half of the deposition cycle,
and Fig. 9B illustrates the thickness profile during the
second half of the cycle. The "right* side and the
nJeft" side of the wafers referred to herein, as well as
the top and bottom of the wafers, are the right, left,
top and bottom of the wafers as they would be seen on the
wall of the susiceptor 30 from the vantage indicated by
arrow V in Figs. 3 and 4. The reference in all of the
graphs to "wafer #1" refers to the top wafer of the thres
wafers on one wall of the susceptor 30, the reference to
"wafer #2" refers to the middle wafer and the reference

. to "wafer #3" refers to the bottom wafer. In each of the

graphs shown in Figs. 5-9B, the thickness of the wafers
has been measured at 10 millimeter intervals from either
the top to the bottom of the wafer, or from between left
and right gides. The measured thicknesses were
normalized by the average center thickness of the three
wafers, Thus, the numbers on the ordinate of the graphs



According to the ntion in a third aspect, there is provided a barrel
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are unitless and the numbexrs on the abscissa are in
millimeters, with "0" being the center of the wafers.
28 may be seen in Fig. 8A, the material is

deposited to a significantly greater thickness on the

5 right side of the wafers than on the left during the
first half of the deposition cycle. The reverse is true
during the second half of the deposition cycle (see Fig.
9B). The composite thickness profile, shown in Fig. 8,
is flatrter than the wavy, W-shaped thickness profile

10 {Fig. 6) of the wafers proc¢essed according to the prior
art method described above. In other words, more of the
measurements are councentrated arocund a normalized
thickness of 1 with the method of the present invention
than in thke prior art method.

15 Another important result of the present
invention is the improvement in the thickness profile
measured at intervals from the top to the bottom of each
of the three wafers on one wall of the susceptor 30, The
profile for wafers processed according to the existing

20 method is shown in Fig. 5. As may be seen, the thickness
of the deposited layer of material drops off dramatically
near the top of the top wafer (wafer #1) on the wall. Aas
shown in Fig. 7, the barrel reactor and method of the
present invention produces a top to bottom thickness

25 profile which is very flat. In particular, the top wafer
(wafer #1) does mot exhibit the substantial £all off in
thickness found in the prior art.

It is believed that the improvement in top to
bottom thickness is caused by the imbalance in mass flow

30 rates from the first and second nozzles 20, 21 during the
deposition cycle. The imbalance in mass flow rates
imparts a spiral motion to the gas around susceptor 30
arrer the streams from the two nozzles 20, 21 collide.
The horizontal component id believed to permit the gas to

35 1reside longer at the top of the susceptor 30, causing
more material to be deposited at the top of the top wafer



delivering gas conposed at |east in part of vaporized material to be
deposi ted on the sefteonductor—wafer froma source into the reaction

chanmber, the delivepy systa lging a first bran rf.{{t] siiéé'rx-}x‘s' é’EN“J a

first nozzle (20) di 3 ‘“i ecting the gas int on
chanber, and a secon}ﬂﬂ"{: I ncl uding a secon hosed
for injecting gas i misl

on chanber, the barrel reactor being
characterized in that at |east one of thg4f|rst and second branches

i ncl udes neans for changing the mass flow rate of gas such that the nass
flow rate throughatbe #ijSt whezgeeater the imbalance in mass flow rates

from the nozzles, the tighter the pitch of the spiral and
the longer undecomposed reactant vapor resides near the
top of the susceptor 30 in the bell jar 12.

5 The bafiel reactor 10 and method of the present
invention alsc produce overall thickness uniformity
superior to the reactors and methods known in the prior
art. To illustrate this, measurements of the wafers
processed in existing reactors and those processed in the

10 reactor 10 of the present invention were taken at the
locations indicated by an "+ in Fig. 10. Ten runs were
made using the old process and ten runs using the process
of the present invention. In each case, 150 millimeter
wafers were used. Twenty-five epitaxial layer thickness

1s measurements were made along eight radii 45° apart around
the center of the processed wafers. Measurements were
made in the center and at 25 millimeters, 45 millimeters
and 65 millimeters from the center, and an area was
assigned to each position. The greatest area (5.86% of

20 the wafer face area) is assigned to the radially
outermost measurement locations, and the smallest
asgigned area (1.86%) is at the center measurement
location. An area weight cumulative average thickness
was calculated for each set of 30 wafers processed

25 corresponding to a respective method.

A cumulative plot of the area thicknesses
according to a percent deviation from the area weighted
thickness average is shown for both wafers processed
according to the present invention and those process

30 according to the present invention in Fig. 11. The
thickness of all of the areas of the wafers processed
according to the present invention f£all within 4.2% of
the area welghtead average thiekness, In eontrast Ior
wafers processed according to prior art methods, only 95%

35 of the areas have a thickness which falls within 5% of
the area weighted average. Thus, it may be seen that




Is greater than the mass flow rate through the second nozzle during a
first portion of a deposition cycle, and the mass fl ow THRSEEENHAYEEENN
second nozzle is grdats8hectHnaBech Replagmss fl ow rate thrqugh tREPLIACEBt nozgl e
during a second portiEiK{EINEE Fdfosi tion cycle, sai d Changi ng neans bei ng
constructed to changell iKMW rate of the gas wi thout changing the
concentration of vaporized depos material in the gas wherein the
changi ng nmeans (100) associated with the {grst branch (47A) and the
changi ng nmeans (102) associated with the 'Second branch (47B) gradually
change the mass Jau lﬁ:}% UM el of 1S byl SERBANBRAZLERE AR 7 )

by opposite anmounts dur, ]
are achieved with the apparatus and method of the present

(D

invention.
In view of the above, it will be seen that the
5 several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in

10 the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in
a limiting sense.
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first and second portions of the deposition cycle of the barrel reactor
According to the IﬁVEﬂFFOﬁ—FH—&—LOULLh aspect, there i _
- FimR e

reactor (10) for usem. Do material on a sen1cgﬁ
reactor including a r¢hgml @il _"‘_’*‘lRﬂI_?.aced
chanber, a susceptor ¢l i}t reception i nthe—reaction

T

1. A method for chemical vapor deposition of

material on a semiconductor wafer (W)} held on a susceptor
(30) in a reaction chamber of a barrel type chemical
vapor deposition reactor .(10), the method including the

& gteps of injecting gas composed at least in part of
vaporized material to be deposited on the semiconductor
wafer from a first nozzle (20) and a second nozzle (21)
gpaced apart from the first nozzle, and rotating the
susceptor about an axis, the steps of injecting gas and

10 rotating the susceptor being carried on during a
deposition cycle of the reactor, the method being
characterized in that during a £irgt portion of the
depogition cycle the first nozzle delivers gas at a
greater mass flow rate than the second nozzle, and during

15 a second portion of the deposition cycle the second
nozzle delivers gas at a greater mass flow rate than the
first nozzle. '

S 16

2. A method as claimed in claim 1
characterized in that the susceptor (30) is rotated in a
first direction during the first portion of the
deposition cycle of the reactor (10), and in a second

5 direction opposite the first during the second portion of
the deposition cycle.
>

3. A method as claimed in claim 2
characterized in that the first direction is generally
againgt the flow of the gas injected from the first
nozzle {(20) during the first portion of the deposition

s cycle, and further characterized in that the second
direction is generally againsgst the flow of the gas
injeeted from the second nozzle (21) during the second
portion of the deposition cycle.

el
he



chanber, the susceptor holding the sem conductor wafer and being nounted
for rotation in the reaction chanber about an axis, apd-a—gas deljyvery
system (31, 317) constructed for delivering gas conpo$ctHISHEEREAS BREPA
of vapori zed natQ&ggkmimﬁBiﬁR jpeadsi ted on the sem condudfor VHEPBACED om a

source into the :i=‘ br, the delivery systemconprising a firs
branch (47A) incI ¥Rt
into the reaction

qhozzl e (20) disposed for injecting the gas
second anch (47B) including a second
nozzle (21) disposed for |njecting gas i'nto the reaction chanber, the
barrel reactor being chapact §f ieRfddNakhdladheli®df! 209 ok bechbink 3nd
to 3 characterized in that the mass flow rate at which
gas is delivered from the first nozzle {(20) is decreased
during the first and second portions of the deposition
5 cycle and the mass flow rate at which gas is delivered
from the second nozzle (21) is increased during the first
and second portions of the deposition cycle.

-

§. A method as claimed in claim 4
characterized in that the mass flow rates at which gas is
delivered from the first and second nozzles (20, 21} are
changed in substantially equal and opposite amounts

5 throughout the deposition cycle.

6. A method as claimed in claims 4 or 5
characterized in that the mass flow rate at which gas is
delivered from the first nozzle (20) is continuously
decreased during the deposition cycle and the mass flow

5 rate at which gag isg delivered from the second nozzle
(21} is continuously increased during the deposition
cycle.

7. A method as claimed in any one of claims 1-
¢ further characterized in that the total mass flow of
gas from the first and second nozzles together is
maintained substantiglly constant throughout the

5 deposition cycle,

8. A barrel reactor {10) for use in depositing
material on a semiconductor wafer (W), the reactor
including a reaction chamber, a susceptor (30) capable of
reception in the reactlon chamber, the susceptor holding

5 the semiconductor wafer and being mounted for rotation in
the reaction chamber about an axis, and a gasg delivery
system (31, 31’) constructed for delivering gas composed
at least in part of vaporized material to be deposited on

(VAR AR |l\

t



second branches _i ncl udes neans for changing the nmass flow rate of gas such
that the mass flow rate throughthe first nozzle is e ST s e Ss
fl ow rate through Thigghesi$icOig, e during a first per % posijti on
cycle, and the masgj ke -gough the second nozdl e j KESL-AGER, fgjn

muﬁ m I rst nozzle during a second portion of the
el il

the mass fl ow rat§g
deposi tion cycle, nmeans being constructed to change the nass

flow rate of the gas without changing th 8 concentration of vaporized
deposit material in the gas wherein chafacterized in that said changi ng

means is constryghedeh®conductor wafer from a source into the reaction

10 chamber, the delivery system comprising a first branch
(4737) including a first nozzle (20) disposed for
injecting the gas into the reaction chamber, and a second
branch (47B) including a second nozzle (21) disposed for
injecting gas into the reaction chamber, the barrel

15 reactor being characterized in that at least one of the
first and second branches includes means for changing the
mass flow rate of gas such that the mass flow rate
through the first nozzle is greater than the mass flow
rate through the second nozzle during a £irst portion of

20 a deposition cycle, and the mass flow rate through the
second nozzle ig greater than the mass flow rate through
the first nozzle during a second portion of the
deposition cycle, said changing means being constructed
to change the mass flow rate of the gas without changing

25 the concentration of vaporized deposit material in the

gas.

9, A& barrel reactor as claimed in claim 8
characterized in that said changing means associated with
the first branch (473) includes a first metering device
{50) for metering the flow of gas through to the first

5 nozzle (20) at a first flow rate, a second metering
device (52) for metering the flow of gas through the
first nozzle at a secbnd flow rate, and valve means (48)
for placing the first metering device in communication
with the source of gas and first nozzle during the firsgt

10 portion of the deposition cycle and for placing the
second metering device in communication with the source
of gas and first nozzle during the second portion of the
deposition c¢ycle.

10. A barrel reactor as claimed in claim 9

characterized in that the changing means asgeociated with
the second branch (47B) includes a f£irst metering device



provi de d|fferent constrictions t

ﬂ! H ﬂ gas including the
vapori zed deposit material is net the mass flow rate of

t he gas.

i nvention iBig
material on
4d a high | ¢

10

10

Among the several objects and eature S T
¢ HisBeinSie Eﬁﬁbf a method for chenical yaporgg | 550h | of

r wafer which produces
mty in the thickness of the |ayer of

19

(60) for metering the flow of gas through to the second
nozzle (21) at the first flow rate, a second metering
device (62) for metering the flow of gas through the
gecond nozzle at the second flow rate, and valve means
(58) for placing the first metering device in
communication with the source of gas and second nozzle
during the first portion of the deposition cyéle and for
placing the second metering device in communication with
the source of gas and second nozzle during the second
portion of the deposition cycle.

11. A barrel reactor as claimed in claim 8
characterized in that the changing means associated with
the first branch {47a) and the changing means (100, 102)
associated with the second branch (47B) gradually change
the mass flow rates through the first and second nozzles
(20, 21) by opposite amounts during the first and second
portions of the deposition cycle of the barrel reactor.

12. A barrel reactor as claimed in c¢laim 8
characterized in that said changing means is constructed
to provide different constrictions through which the gas
including the vaporized deposit material is metered fox
changing the mass flow rate of the gas.

13. A barrel reactor as claimed in claim 8
further comprising an automatic control characterized in
that the automatic control is configured to control said
changing means so that the mass flow rate through the
first nozzle is greater than the mass flow rate through
the second nozzle during the firgt portion of the

deposition cycle, and the masgs flow rate through the
second nozzle is greater than the mass flow rate through

the first nozzle during the second portion of the
deposition cycle.



materi al deposited on the wafer, neasured all around the wafer; the

prOV|S|on of such a nﬁTﬁﬁd‘whrch—ean_be_carr|ed usin qﬂmpgmﬁneﬂAstﬁN
exi sting equi pnent. This SR Fer _anong the several @bj ectrepBRCES eat urles of
the present invention npgERciRK: gfgiprOV|S|on of "aarretr—react or

whi ch carries out the neff giesent invention; the provision of
such a barrel reactor whi’¢smglia s flow rates durlng t he deposition
process to achi eve greater thlckness unigprmty in the layer of materia
deposited on the wafers.

14. A barrel reactor asg claimed in any one of

c¢laims 8 to 13 wherein said delivery system is further
characterized in that a governor positioned for feeding
gas to the first and second branches maintains a

5 gubgtantially constant total flow of gas from the first
and second nozzles during the deposition cycle.

ULl
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O her objects and features will be in part apparent and in part pointed

out hereinafter. Brief Description of the Draw ngs FIG1 is a
schematic illustrating a piping arrangenent for del vighid BeREaS aharrel
reactor,; FIG 1A is a schematic illustrating a1othemﬁhbg5§%BEﬁN
arrangenment for delivering gas to the barrel reactor, H-o—2-i-sla
schemati c perspective of the barrel reactor illustrating additional

el enents of the reactor; FIG 3 is ggschematic top plan show ng

operating of the
METEQOD AND APPARATUS FOR DEFOSITION

OF MATERIAL ON A SEMICONDUCTOR WAFER

Abstract of the Disclosure

A method and apparatus for depogition of

5 material on a semiconductor wafer (W) which produces a
high level of thickness uniformity on each wafer and
among the several wafers processed at the same time in a
barrel reactor (10). The mass flow rates of reactant
vapor and its carrier gas from two nozzles (20, 21) into

10 the reaction chamber of the barrel reactor are purposely
unbalanced. A first of the nozzles (20) emits gas at a
greater mass flow rate than a second of the nozzles (21)
during a firset half of the deposition cycle. The gecond
nozzle emits gas at a greater mass flow rate than the

15 first nozzle during a second half of the deposition
cycle. The composite of the layers deposited on the
wafers during each half cycle produces a layer having a
uniform thickness.

Fig. 1 -
This Sheet Has Been Replaced
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barrel reactor during a first portion of a deposition cyere—ef fe—barfre

reactor:

FIG 4 is a schematic top plan showi ng ofeFRiSHEE
barrel reactor during a second portion of the depositior_cyclREPL
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R
FIG 5 is a graph showing top to bottom t hi ckness 'ﬁﬂé h;QpHggﬁggﬁ rs
si'ded,s

processed in a prior art barrel reactor on a five SHSeept or
hol di ng waf ers three high on each wall; 5 H-o—6Tsa
graph showing right to left t hi ckness vartati S
processed in the prior art barrel reactor; is Sheet FIG 7 is a
graph showi ng top to bottom t hi ckhéks varig?dj : és'-ﬂ”_ ocess in a
barrel reactor¢3e-y and accquding to the nethod oﬂ;ﬁh AB1 BERIEE | nvention on
a five Sig?é kh L, 0r #ol ding wafers three Htlg il ebahtl - -val | ;
FIG 8 is a graph showng right to |eft t hi ckness variation of the

waf ers processed in the barrel 15 reactor and according-to the nethod of
t he present i nventi on; FIG 9A is a gr®Esshow ng right
to left t hi ckness variatidn of wafers precessgd dyfing a first

/‘/;' 'é'm




hal f of a deposition cycle of the barrel reactor of t QSHgérpgggtBEEN

I nventi on; FIG 9B is a graph show ng Aqi ﬁ@LA@ﬁb

t hi ckness variation of wafers processed during a secone trat-f—ofThe
deposition cycle; FIG 10 is a plot illustrating nethodol ogy
for 25 an overal |l thickness unifornmty measurement of wafers; and
FIG 11 is a cumulative plot conparing py@ral I tthhierh@sHaaﬁadn&mceW of

waf er s process%‘ ng to the present invention), I
processed acco r{ge:€l he 30 prior art. ;
u

reference char pRressRI r]q!ﬂ:e correspondl ng parts t g ou
several Vi ews aw, ngs.
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6 Det ai | ed Description of the Preferred Enbodi nents

Referring now to the drawings and in particul ar to Figs. 1 and 2, a
barrel reactor, for use in chem cal vapor deposi t[TBfks QHpeT HAY YEENT
material on one face of 5 wafers of sem conductor nat erlgtgmcgngener Iy
I ndi cat ed at 10. The barrel reactor includes a quertz—vett—j]ar 12

(in an inverted position) havi ng an uppei® |ip (not shown) secur ed

bet ween an |ate 16 and a radially projecting flange 17 of
a gas ring iﬁgiéq ee{ner ally at 10 18. The gas ring at |east partially
houses a first nozzle 20 and a second nozzle 21 for introduction of

gas, i ncl udi ng a reactant whi cj'opqommmyemlﬁ,gr deposi tion
on the wafers andgp.carrier _intq the bell [ar A2 The gas. is delijvered

through a delivery gystem 15 generally i ndi cated at 31, to the nozzl ef
20, 21. The belj jar 12 is forned wth an exhaust port (not shown)}in
Its bottomthrough ich spent gas is exhalsted. A

1.05

e

0.95

09 3 : Yl 4 ] 1 ] ] L S 1 ¢ 3

TOP 60 50 40 30 20 10 0 10 20 30 40 S5 60 BOT
—=-WAFER #1 _, WAFER #2 _, WAFER #3
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housi ng 24 containing the bell jar 12 al so contains radi ant heat |anps
26 and heat exchangers 28 for 20 controlling the hgat "““;_ed t-o—the

chanber of the bell jar. A five sided, di THSSHEELHASREENh ed
graphite suscept or (indi cated generally at 30) ils_hunRERAE qart
hanger 32 froma |ift assenbly (indicated generally at 34) capable 25
of lowering the susce into the bell 34 12 and raising it out of
the bell jark §§;¢£$é 30 has t hr ee vertlcall arranged recesses
(not shown) 1n eac each of FIGHENTOSLEFT Kaéﬁﬁﬁﬁ a 150

mllimeter sen1conductor wafer. It is to be understood that the 30

susceptor 30 nay
and being constr
still falling w thilngt he
The 1ift assenbld6

seal ingly engag I
chanber, and iif

3
34 22

21
H o
19

18
17 +

15 | - 1 1 1 2 Y [ 3 i e [ ¥ 5 2

RIGHT 50 30 10 10 30 50 LEFT
60 40 20 0 20 40 60

DISTANCE (sm)
-»_ WAFER #1 -, WAFER #2 _, WAFER #3

TTTombers—of—watts—antd wef-er——t etesSSgS,
d for processing waf ers of different sizes whijl e

scope of the present invention.
udes a cap 36 35 supporting a sealing plate 37
the gas ring 18 for sealing the bell ja

Fla. 95 RIGHT~TO-LEFT THICKNESS

28

=

%_

This Sheet Has Been Replaced
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7 lift arns 38 connected to the cap for raising and | owering the
cap: A purge baffle 40 depends fromthe cap 36. A drive assenbly 42
for rotating the susceptor 30 about its |ongitudingt oS d
on top of the cap 5 36. Purge gas lines 46 connected t {§§§S§;é§§§§§ﬁ%§
deliver purge gas generally through the center of the | sHseeptor—30:
The constructhpAof the,barrel reactor 166 with the exception of the
system for .debivar .r&q:ﬂbnt and carrier gas to the nozzles 20 as
described 10 hereinafter, and the susceptor are well known to the

' peor di ngly, only a general

sem conductor material producing do V7
description their feat ure ¢ given herein.
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A.preferred del ivery system 31 for delivering 15 gas froma §

Jpos.

OHEFEACEMENT SHEET

vapori zed deposit material and carrier gas (collectively,

shown in Fig. 1. The gas flows in a primary delivery |ling (5)6 m[%%
source through a governor device (not -shown, but wel | kng 8
of ordinary skill in the art) for 20 rmintalnlng a constant tjottal_mmss
flowrate of gas to the first_and second nozzles 20 _21. |The primary

li ne 47 separ at es Vﬁ?g o] cat 8d—at

47A) which continues onQEcHMARERIAL ON A SR ek ERsecond branch

(generally i ndi cated at 47B) which 25 contlnues on to the second nozzle

The first branch 47A includes a feed |ine 49

extendlng.fronBachmghn@noWIthetMﬁvgntﬂamy line 47 to a t hree way
val ve 48 operable to sel ggt.i vel ver £S to IIo
nmetering valve 50 or a sgﬁﬁﬁdl éﬁpt %%?%r$%@e§§}%% éé %h

paral |l el wsth
conmuni cati on

50, 52 transpor

has a sim|l ar

10

15
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35

r e ey e, e v ey e

vbpotidepOS1t1baIbﬁmmahernalngn&ajaem1¢oném¢M¢muwaﬁqns,54 in
E%hhpﬁ%%h QEFg%?%Bkiittgng lﬁgnozzle é Ea%%con Lpgngﬁlzsé
1mprov1ng thickness uniformity of a layer of material
deposited on semiconductor wafers in a barrel type
chemical vapor deposition reactor.

Chemical vapor deposition is a process by which
a stable solid may be formed by decomposition of chemical
vapors using heat, plasma, ultraviolet light or other
energy sources. Chemical vapor deposition is widely
employed in the production of semiconductor wafers to
grow ‘epitaxial layers on a surface of the wafers, as well
as for the deposition of polysilicon on the wafers.
Epitaxy is an important process in the semiconductor
material industry for achieving the necessary electrical
properties of the semiconductor material. For example, a
lightly doped epitaxial layer grown over a heavily doped
substrate permits a CMOS device to be optimized for latch
up immunity as a result of low resistance of the

substrate. Other advantages, such as precise control of

the dopant concentration profile and freedom from oxygen
are also achieved.

Epitaxial growth is almost universally carried
out by chemical vapor deposition because it is the most
flexible and cost efficient method for growing epitaxial
layers on semiconductor material. Generally speaking,
chemical vapor deposition involves introduction of
volatile reactants (e.g., SiCl,, SiHCl;, SiH,Cl, or SiH,)
with a carrier gas (usually hydrogen) in a reactor.
Achieving the desired epitaxial growth on the
semiconductor material is also temperature dependent.
Depending upon which reactant is used, the temperature in




L4

35 afrangenenf, i.e., a feed line 56 extending fromthe
47 to a three way val ve 58 capabl e of

pf iRERLACIMEAS SHEET

8 selectively diverting flowto a third bellows netering 9\/%%6198
60 or a fourth bellows netering valve 62 connected . in par IIeP, g
termnal line 64 |eading fromthe tAird and fourth bello '

valves to the second 5 nozzle 21. The three maépvalves 48, 58 and

bel | ows

metBe Kgagdioredayobesfropp25682 €ohet 12

& Geantheor

changi ng the maggifloawentt 4% WhiRHIBhEhaepbEstisAdoeeae8imst Bzl 20,
21 in the plplugt%r%%ggenent shown in

10

15

20

25

30

35

oxygen content ngbwli ppma.

In general, epitaxial growth can be divided
into two regimes distinguished by the temperature and
concentration of reactants. At high temperatures, the
reaction at the surface of the wafer is so fast that the
growth rate is determined by the transport of reactants
to the surface. This is the transport limited regime
where the gas flow pattern determines the thickness
uniformity. In this regime, the throughput is high
because the growth rate is high. In the other regime, at
lower temperatures, the rate controlling factor of the
deposit is determined by the reaction rate at the
surface. This is the reaction rate or kinetic limited -
regime.

Chemical vapor deposition is carried out in
reactors which either pass the reactants and carrier gas
generally parallel to the face of the semiconductor
wafers (horizontal or cylindrical reactors) or generally

perpendicularly to the face of the wafers (vertical

reactors). To achieve a high throughput, cylindrical oxr
barrel reactors operated in the transport limited regime,
are most commonly employed in the industry. A barrel
reactor has silicon carbide coated, graphite susceptor
which is generally in the form of a polygonal tube having
walls in which there are generally vertically arranged,
circular recesses for receiving semiconductor wafers.

The reactants and carrier gas are introduced generally at
the top of the reactor through two nozzles which direct
streams of gas in generally horizontal directions. The
mass flow rate of gas through each nozzle remains
substantially constant throughout the deposition cycle of
the barrel reactor. The streams of gas from each nozzle
collide with each other and a wall of the reactor, and
the gas flows generally downwardly and then up on the
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It is to be understood that other nmetering 10 devic 10 o1 0

arrangenents for achieving variabl e flow rates thﬁ‘g@l gu énd
second nozzles 20, 21 may be used wi 8hout depart Ag—-8hn Tﬁﬂ scope of
t he present invention._ For_instance, one of the pairs of bel | ows

net eri ng val ves°Eﬁ9SB§—eeIﬁlrﬁ%é-‘tfe&h@néuﬁéiﬁpﬁ%d 1Fheyigas £10%hdrempéel ons
TeCer i ng Val Ve j8ra LioleiPhy interdenbnobcRiingdd AN HRr YERIK bEne

to the first or second nodzzl e. Anot her gas delivery

system 31' capabhe &eactor angd éf\heh§°FF’r§185‘J o& $he suaceptozedn Eheention
is shown 20 ipehtBorl At CHBIA1%Rr d£SthEl ga%eHsova%}@@u'b@.t&ﬁkY&ll%
e

(designated_100, 10 respective for each branch 47A

delivery sy§tenPaFI650€'\?éT te 5&’{?@@% % Wef&hSry val ve 100, 102 has
associated with it an Oritd tofimshieC mg.i-]y MpRobIRGRA i SdB ciapakll Q1@94 of
adj usting 25 ntﬁge orifice size of that I

rreterl val,v
Fhereforg the nEBETACaN NADPT QoS ItAP IR EAE EHANSBARE 1ifitefFegine
correspondi ng nﬁzanarér%Q YeatorsTlie muiateining thaactmﬁdmmts mechani sns

104 are connect ed;08:8uRY (¥ he aepottlh®thgenl W mlI " BhoaER" 7O S

10 wafer and between the various wafers held on the
susceptor. Thickness uniformity has become increasingly
important as -the line widths of integrated circuits are
reduced. Narrow line widths of integrated circuits
require very flat surfaces to accommodate the limited

15 depth-of-field of optical lithography.

The most common methods of .controlling
thickness uniformity are to adjust the direction of the
nozzles and to adjust the valves which control the flow
rate of gas to each nozzle. Generally speaking,

20 adjustment of the direction of the nozzles affects the
thickness uniformity in a vertical direction along the
wafers, and adjustment of the relative mass flow rates
between the nozzles affects the thickness uniformity in
horizontal directions. In addition, minor changes to

25 achieve thickness uniformity can be made through
temperature adjustments and altering the flow of pufge
gas (H,} through the susceptor. It is also known to
reverse the direction of rotation of the susceptor half
way through the deposition cycle of the barrel reactor to

30 dimprove thickness uniformity.
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30

the barrel reactor 10, its operation will now be desctiped. The
susceptor 30 is |loaded with wafers and 3% | owered into thej b@IA JANI99R ¢
the reactor by the lift assenbly 34 which simultaneougly |owers the
seal

engagenent

I't is also possible to adjust the bellows netering va

Ve \
102 manual | y. Havi ng descri bed the general :J@*&Wﬁ%gﬁﬁ

—h

84mmary of the Invention . 9 rto-seal 1 ng
With f%e gas ring 18 to seal the interior of _the bell jar

12. The environnpgcordinie thelthe inveartibh ifn par fédsef asppoen hdrehds
heating | anps 26 are

provided a method for chemical vapor deposition of material on
a semiconductor wafer held on a susceptor (30) in a reaction
chamber of a barrel type chemical vapor deposition reactor
(10), the method including the steps of injecting gas composed
at least in part of vaporized material to be deposited on the
semiconductor wafer from a first nozzle (20) and a second
nozzle (21) spaced apart from the first nozzle, and rotating
the susceptor about an axis, the steps of injecting gas and
rotating the susceptor being carried on during a deposition
cycle of the reactor, the method being characterized in that
during a first portion of the deposition cycle the first nozzle
delivers gas at a greater mass flow rate than the second
nozzle, and during a second portion of the deposition cycle the
second nozzle delivers gas at a greater mass flow rate than the
first nozzle.

According to the invention in a second aspect, there is
provided a barrel reactor (10) for use in depositing material
on a semiconductor wafer, the reactor including a reaction
chamber, a susceptor (30) capable of reception in the reaction
éhamber, the susceptor holding the semiconductor wafer and
being mounted for rotation in the reaction chamber about an
axié, and a gas delivery system (31, 31') constructed for
delivering gas composed at least in part of vaporized material
to be deposited on the semiconductor wafer from a source into
the reaction chamber, the delivery system comprising a first

branch (473) including a first nozzle (20) disposed for




activated. The control (not shown) activates the drive 5 assenbly 42 to

begin rotation of the susceptor in a first direction (clockw se as seen
in Fig. 3). Flow of react ant vapor and carrier gas is initiated so that
t he first and second nozzles 20, 21 4ait streans of gas into t he

e
Side (as  brangbn [HORI: HackudlEge of shegnoz)Sorzine GIT FLPPRERE d
e P e R e e AR | LG SOF Bl sHY B SRR,

carried by PRanBacitreGre 128 "BICERB Y Aearf SRR, Seble of TERE BR

birecti on oferond PRRGRepnenEudds (B 3or, BhEhalngl tHg"RRsE polRace

seoond hal { il gHle RPYACIY G B EnrougH the Firet novale

is greater than the mass flow rate through the second nozzle

during a first portion of a deposition cycle, and the mass flow

rate through the second nozzle is greater than the mass flow

rate through the first nozzle duriﬁg a second portion of the

deposition cycle, said changing means being constructed to

change the mass flow rate of the gas without changing the

concentration of vaporized deposit material in the gas, wherein

said changing means associated with the first branch (473}

includes a first metering device (50) for metering the flow of

gas through to the first nozzle (20) at a first flow rate, a

second metering device ({52) for metering the flow of gas

through the first nozzle at a second flow rate, and valve means

(48) for placing the first metering device in communication

with the source of gas and first nozzle during the first

portion of the deposition cycle and for placing the second

metering device in commﬁnication with the source of gas and

first nozzle during the second portion of the deposition cycle.

According to the invention in a third aspect, there is

provided a barrel reactor (10) for use in depositing material

on a semiconductor wafer, the reactor including a reaction

chamber, a susceptor (30) capable of reception in the reaction

chamber, the susceptor holding the semiconductor wafer and
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25 feactor 10 thus far is well known to those of ordinary skill in

the art. In the prior art, the mass f low rate of gas fromthe first
and second nozzles 20, 21 is substantially constant throughout the
entire deposition cycle. In additi oAb the nass flow rates of gas from
each 30 nozzle 20, 21 are approximately the sane.  In the barre|.

reactor 10 Seinge mauntas FoXerebanion Ha ke Feaatiapeshamberabgut Anom
the first and second nozzles 20,,21 are sel.ectjvely varjed duri
different pé*diSonsa®d @hedas ehé\b%@t?)ﬁﬁt%lycl(g.l'l rélﬁ)e SPEPJCE-P?E%d tor
embodi nrent, 35, illustrated in Fig. 3, s.is emtted fromthe first,

nozzl e 20 atdeg-ldreé:&tn& 9IRS SOPPRFFE %te:j‘leﬁg% tRORRTE ec’F vaporized material

gngﬁﬁEygggt%ﬁ %Tdeposited on the semiconductor wafer from a source into

the reaction chamber, the delivery system comprising a first
branch (47A) including a first nozzle (20) disposed for
injecting the gas into the reaction chamber, and a second
branch (47B) including a second nozzle (21) disposed for
injecting gas into the reaction chamber, the barrel reactor
being characterized in that at least one of the first and
second branches includes means for changing the mass flow rate
of gas such that the mass flow rate through the first nozzle
is greater than the mass.flow rate through the second nozzle
during a first portion of a deposition cycle, and the mass flow
rate through the second nozzle is greater than the mass flow
rate through'the first nozzle during a second portion of the
deposition cycle, said changing means being constructed to
change the mass flow rate of the gas without changing the
concentration of vaporized deposit material in the gas wherein
the changing means (100) associated with the first branch (47A)
and the changing means (102) associated with the second branch
(47B) gradually change the mass flow rates through the first
and second nozzles (20, 21) by opposite amounts during the
first and second portions of the deposition cycle of the barrel
reactor.

According to the invention in a fourth aspect, there is
provided a barrel reactor {10) for use in depositing material

on a semiconductor wafer, the reactor including a reaction
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10 " second nozzle 21 during a first portion of the deposition

cycle. As shown in Fig. 4, gas is emtted fromthe first nozzle 20 at a
| esser mass flow rate that fromthe second nozzl e 21 during a second
portion of the deposition 5 cycle. ThéCmass flowrates are indicated in

Figs. 3 and 4 with heavy and |ight arrows, the heavier arrow
i ndi cati ng FhéméﬁéatérSH§§§PFP6mﬂ3Qﬁ(9aPable of receptipgfin rihey I8g&taono

Fig. 1, the change in the rate _of the gas.,in the S dellvery
system 31 16 amP@’-’ach‘ilé%eéuWeBB@F aLPg\allBB the tFRBECORY u‘&%ﬁ’?/e‘égg%r gpd

and bel |l ows_netering val 50, 52, 60, 6 of the,firs and second
br anches 47%?61&1?5%%%@?@/d€®§ vErtation obp ghe reafﬁi‘?ﬁgcglﬁ@bﬁf@ OBBrf"Pon
of the deposition c ile t he t hr ee ma¥ %ﬁ the f rst b a%ch S
St by 15 apicrarii G 476 SEKITYSIY . SVALehr (Sine 0o 1 PERPERFOEEM

the first b%%h%@%r@%be%aggcgﬁﬁogeg at 'éggthQE BS%E gftvéﬁbrlzed.materlal

to be deposited on the semiconductor wafer from a source into
the reaction chamber, the delivery system comprising a first
branch (47A) including a first nozzle (20) disposed for
injecting the gas into the reaction chamber, and a second
branch (47B) including a second nozzle (21) disposed for
injecting gas into the reaction chamber, the barrel reactor
being characterized in that at least one of the first and
second branches includes means for changing the mass flow rate
of gas such that the mass flow rate through the first nozzle
is greater than the mass flow rate through the second nozzle
during a first portion of a deposition cycle, and the mass flow
rate through the second nozzle is greater than the mass flow
rate through the first nozzle during a second portion of the
deposition cycle, said changing means being constructed to
change the mass flow rate of the gas without changing the
concentration of vaporized deposit material in the gas wherein
characterized in that said changing means is constructed to
provide different constrictions through which the gas including
the vaporized deposit material is metered for changing the mass
flow rate of the gas.

Among the several objects and features of the present
invention is the provision of a method for chemical vapor

deposition of material on a semiconductor wafer which produces
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permt gas to pass through it at a first rate. At the same time, the
control operates the three way val ve 58 of the second branch 47B to

di vert gas through the third 20 bellows netering valve 60 which is set to
permt gas to pass through it at a sédond rate whieh is substantially

l ess than the first rate. ) . . At the beginning of the second
portion of Bhdiigh lenglosefiwnifguridy tie Huntthickhrsutet the layee oy 25
val ve 48 of the first branch 47A to divert the flow of as through the
second bel | BadeFdedr AagOsaLod o the vaker, measyyed §1|110%\F%1¥ﬁ<?tt@& vabefi he

first nozzle 20 at , , approximately the sang, (second) rate a ich it
was f ofther IBERFA S PEord %&%Wioﬁ%éhzfﬁww t FRERL &Y URAYY

val ve 58 of the second branch 47B is sinultaneously activated to divert
flom1througﬁoﬁﬁélﬁgurgwtbéﬁﬂéﬁéng QYRR Rty val ve 62 so that gas is now

e Lied 110 L he oS BRE G, BhyRkafPRSELTR. Skt LS (4418,
TRy D 5o g PR 0S Bo ChafeR W BRoviiof e d *badtl
reactor which carries out the method of the present invention;
the provision of such a barrel reactor which alters mass flow
rates during the deposition process to achieve greater
thickness uniformity in the layer of material deposited on the
wafers.
Other objects and features will be in part apparent and

in part pointed out hereinafter.

Brief Description of the Drawings

FIG.1 is a schematic illustrating a piping arrangement for
delivering gas to a barrel reactor;

FIG. 1A is a schematic illustrating another piping
arrangement for delivering gas to the barrel reactor;

FIG. 2 is a schematic perspective of the barrel reactor
illustrating additional elements of the reactor;

FIG. 3 is a schematic top plan showing operating of the
barrel reactor during a first portion of a deposition cycle of
the barrel reactor;

FIG. 4 is a schematic top plan showing operation of the

barrel reactor during a second portion of the deposition cycle;
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approxi mately equal and opposite anount during the first and second
portions of.- the deposition cycle. Although the mass fl-ow rates fromthe
first and second nozzl es 20, 21 is changed during the deposition cycle,
the total mass 5 flow through the nozzl es renmins 'substantially constant
t hroughout the deposition cycle. 5 It is possible to carry out
the nmet hod of the present invention enployjng only a single pair of

bel | ows met eri ng val ¥&8-( & &S, at9Eaph r2RowHAT SRR NECHRPFERR 10
netering val vegh®8knéasotrarhatlibhsbt bvafehs frdcessédt Pata priofams the

second branch ywouldyhave 28BS PELL%WEaea sulBESLORonYRAYSy (okeOM
. three high on each wall; '

5 FIG. 6 is a graph showing right to left
thickness variation of the wafers processed in the prior
art barrel reactor;

FIG. 7 is a graph showing top to bottom
thickness variation of wafers process in a barrel reactor

10 and according to the method of the present invention on a
five sided susceptor holding wafers three high on each
wall;

FIG. 8 is a graph showing right to left
thickness variation of the wafers processed in the barrel

15 reactor and according to the method of the present
invention;

FIG. 9A is a graph showing right to left
thickness variation of wafers processed during a first
half of a deposition cycle of the barrel reactor of the

20 present iﬁvention;

FIG. 9B is a graph showing right to left
thickness variation of wafers processed during a second
half of the deposition cycle;

FIG. 10 is a plot illustrating methodology for

25 an overall thickness uniformity measurement of wafers;
and

FIG. 11 is a cumulative plot comparing overall
thickness uniformity of wafers processed according to the
present invention with those processed according to the

30 prior art.

Corresponding reference characters indicate
corresponding parts throughout the several views of the
drawings.
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tq the corresponding nozzle throughout the entire deposition cycl e.

The pair of bellows netering val ves 15 50, 52 on 47A
woul d be set so that during the mass flow rate 'ﬁﬁﬁ i HRE%EEQ e first
nozzl e 20 was greater than the mass flow rate ft

nozzle 21 during a first half of the dep®sition cycle and | ess than
the mass flow rate through the second 20 nozzIe during a, second hal f of
the depositionleka ided Descriptdions sfckhe Brefgssk EBRErates is

again appr oxi mat el y tﬁ&e&%ﬁgd%wnaobehe aﬁawmgef ahbem paﬁ@i)@ﬁlé.ron
cycl e. In a barrel eact haV|n8 Egrgas del i ver
'

system 31' shoW?® iFig9S-g.1 BRA Ze 3 PRETE oE??ﬁtQ use; ﬁ?t?ﬁ?¥§c§bpplled
with gas at a g ﬁﬂdéﬂﬁgiﬁldﬁNoEahela er 6bamater$ampbnedneofahe second

nozzl e 21. The val ve adj ust nmechani s 04 adj us
met eri ng aflﬁé’sg ﬂfosqué Qﬁuﬂ?sﬁrﬁ% reégeg?hgr%%ii H?g $§$‘3 30
through the firestt :lnD.ZzI'H:Lé(baamélglradnabirylno]:uéeseat teartz bhett jaowi2ate

t hrough t he sec nd nOé.lzeA‘;e E{%&QQ‘BH hav.tﬁ tageﬁgééy anu¥ﬁgg §%&§n)

adj ust nment s can |nuous val S
deposition secured between an annular baseplate 16 and a radlally

projecting flange 17 of a gas ring indicated generally at
10 18. The gas ring at least partially houses a first

nozzle 20 and a second nozzle 21 for introduction of gas,
iﬁcluding a reactant which is to be decomposed for
deposition on the wafers and a carfier, into the bell jar
12. The gas is delivered through a delivery system,

15 generally indicated at 31, to the nozzles 20, 21. The
bell jar 12 is formed with an exhaust port (not shown) in
its bottom through which spent gas is exhausted. A
housing 24 containing the bell jar 12 also contains
radiant heat lamps 26 and heat exchangers 28 for

20 controlling the heat applied to the chamber of the bell
jar.

A five sided, silicon-coated graphite susceptor

(indicated generally at 30) is hung by a quartz hanger 32
from a lift assembly (indicated generally at 34) capable

25 of lowering the susceptor into the bell jar 12 and
raising it out of the bell jar. The susceptor 30 has
three, vertically arranged recesses (not shown) in each
wall, each of which is sized to hold a 150 millimeter
semiconductor wafer. It is to be understood that the

30 susceptor 30 may have different numbers of walls and
wafer recesses, and being constructed for processing
wafers of different sizes while still falling within the
scope of the present invention.

The lift assembly 34 includes a cap 36

35 supporting a sealing plate 37 sealingly engageable with

the gas ring 18 for sealing the bell jar chamber, and
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cyclef Preferably the adjustnents are nade at the sane 35 tinme, and in
equal and opposite anounts.
REPLACEMENT SHEET 09

JAN 1998

12 ) Rot ati on

of the susceptor 30 is preferably into 7 the flow of gas emtted from
the nozzl e havingtthe greater mass flow rate duripg, a particul ar

portion of thell

azys 48 ¢pEngrEedtienthe AR ifRr FRifPAMd on of the 5

susceptor 30 atbaeeihgt @hkheaplr eAnp@igdasaerid tay déPéhds from the cap

10

15

20

25

30

35

36. A drive assembly 42 for rotating the susceptor 30
about its longitudinal axis is located on top of the cap
36. DPurge gas lines 46 connected through the cap 36
deliver purge gas generally through the center of the
susceptor 30. The construction of the barrel reactor 10,
with the exception of the system for delivering reactant
and carrier gas to the nozzles 20 as described
hereinafter, and the susceptor are well known to the

semiconductor material producing industry. Accordingly,

only a general description their features and operation
are given herein.

A preferred delivery system 31 for delivering
gas from a source of vaporized deposit material and
carrier gas (collectively, "gas") is shown in Fig. 1.
The gas flows in a primary delivery line 47 from the
source through é governor device (not shown, but well
known to those of ordinary skill in the art) for
maintaining a constant total mass flow rate of gas to the
first and second nozzles 20, 21. The primary line 47
separates into a first branch (generally indicated at
473) which continues on to the first nozzle 20, and a
second branch (generally indicated at 47B) which
continues on to the second nozzle 21.

The first branch 47A includes a feed line 49
extending from a junction with the primary line 47 to a
three way valve 48 operable to selectively divert gas to
a first bellows metering valve 50 or a second bellows
metering valve 52 piped in parallel with the first
bellows metering valve. A terminal line 54 in
communication with both of the first and second bellows
metering valves 50, 52 transports the gas to the Ffirst
nozzle 20. The second branch 47B has a similar
arrangement, i.e., a feed line 56 extending from the
primary line 47 to a three way valve 58 capable of
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the nozzle at the greater mass flowrate is generally opposite to the
direction of flow of gas in the stream Accordingly, the direction of
rotation of the susceptor 30 is reversed by the control at the sane
time the three 10 way netering valves 48, 58 are activated by the control
to change the relative mass flow rates t#rough the first and second
nozzl es 20, 21. The final thickness of the layer of materia

deposi ted on t felgstdvelyridjvegting élewn%sat@ludtb@lh@wsmﬁwm
profiles graphigahley dd 'diStar %@qthnbgméws%ten g?m@la?@e Kebrhetted

illustrates the right to_|lef t hi ckness profi all three mafers on
one wal | of thénR Paraé'-&&?eplaé‘fi &UFPF@IPNE *%’P%tsﬁal#a@-’r-nﬁh%r%ﬁ%}%ﬁ tion

cycl e, andriivéh =98 ifdudshr %b@iofvb%ébéﬁﬁﬁ@%aﬁ@élﬂ:ﬁ @h@ Ié@cdﬂaa 20
second hal f_ of thelﬁ%%ﬁf ;§ t" Sldf % " side of the
waf ers ref & r e®EF T gay valyeR 4%p %%oa‘%tli’ ‘Eﬁ t he

waf ers, are themetieging hﬂﬂw,es 50, sap aod opté¢omsoitibe medwy SEqs t hey
roul 8 be seen Bhalng, cpe Fosplat ot B Shuck LASTELIS: VA Werong |
all of the graploszzllEisgR0,520B)in the piping arrangement shown in Fig. 1.
It is to be understood that other metering
10 devices and piping arrangements for achieving variable
flow rates through the f£irst and second nozzles 20, 21
may be used without departing from the scope of the
present invention. - For instance, one of the pairs of
bellows metering valves may be eliminated and replaced
15 with a single bellows metering valve in a line (not
shown) extending from the primary line to the first or
second nozzle.
" Another gas delivery system 31’ capable of
achieving the objects of the present invention is shown
20 in Fig. 1A to comprise a single bellows metering valve
(designated 100, 102, respectively) for each branch 473,
47B of the delivery system. However, each bellows
metering valve 100, 102 has associated with it an
automatic adjustment mechanism capable 104 of adjusting
25 the orifice size of that bellows metering valve, and
therefore the mass flow rate of gas through the valve and
the corresponding nozzle (20 or 21). The automatic
adjustment mechanisms 104 are connected to a suitable
controller (not shown) which controls their operation.
30 It is also possible to adjust the bellows metering valves
100, 102 manually.

Having described the general construction of
the barrel reactor 10, its operation will now be
described. The susceptor 30 is loaded with wafers and

35 lowered into the bell jar 12 of the reactor by the lift
assembly 34 which simultaneously lowers the seal plate 37
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tQ "wafer #1" refers to the top wafer of the three waf ers on one wal |

of the susceptor 30, the reference to "wafer #2" refers to the mddle
waf er and the reference to "wafer #3" refers to the bottomwafer. In
each of the 30 graphs shown in Figs. 5-9B, the thickness of the wafers

has been neasured at 10 millineter intedvals from either the top to the
bottom of the wafer, or from between | eft and right sides. The neasured
t hi cknesses vvexmto seabingl engagepemmewmm% gsehtwimg Hik [EQe §6adf thae

three 35 wafef rifays ftgﬁ Fa®P 3 he Qidlidial £ GHmddie 16" 8RBSbe1l
13 are unlt ess an e s on the_abscissa are.in
jar 12 is purged of oxygen and the heating lamps 26 are

activated. The control (not shown) activates the drive

5 assembly 42 to begin rotation of the susceptor in a first
direction (clockwise as seen in Fig. 3). Flow of
reactant vapor and carrier gas is initiated so that the
first and second nozzles 20, 21 emit streams of gas into
the bell jar 12. Although the flow of gas injected into

10 the bell jar 12 is complex, it is generally understood
‘that the streams of gas emitted from the first and second
nozzles 20, 21 collide, travel down the back side (as
seen from the vantage of Fig. 2) of the bell jar wall and
then up the front side. Eventually, the gas exits

15 through the exhaust port (not shown) in the bottom of the
bell jar 12.

The deposition cycle of the barrel reactor 10
begins as the reactants carried by the carrier gas
decompose in the environment of the bell jar 12 and are

20 deposited on the exposed faces of the wafers. The
direction of rotation of the susceptor 30 may be reversed
during a second half of the deposition cycle, as shown in
Fig. 4.

The description of the operation of the barrel

25 reactor 10 thus far is well known to those of ordinary
skill in the art. 1In the prior art, the mass flow rate
of gas from the first and second nozzles 20, 21 is
substantially constant throughout the entire deposition
cycle. In addition, the mass flow rates of gas from each

30 nozzle 20; 21 are approximately the same. In the barrel
reactor 10 of the present invention, the mass flow rates
of gas from the first and second nozzles 20, 21 are
selectively varied during different portions of the
deposition cycle. In the preferred embodiment,

35 illustrated in Fig. 3, gas is emitted from the first
nozzle 20 at a greater mass flow rate than from the
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ntlliﬁeters, with "0" being the center of the wafers.

be seen in Fig. 9A the material is deposited to a significantly
greater thickness on the 5 right side of the wafers than on the |eft
during the first half of the deposition cycle. The reverse is true
during the second hal f of the depositioﬁibycle (see Fig. 9B) . The
conposite thickness profile, _shown  in 8 Jds flatter .than,t
hvy. W Shaped SRR ERE aYeAY SUksnd arfirsh)perting nLbhe groeeitite

according to tlkgdle.or As shown et Fag.descgabeflsabmieteln febhethaofilegt nor e

of the

As may

nmeasur e are c ncentrated ound n [ i hi ckpness
of 1 with the ﬁﬁFﬁg%’éi Fﬁéap ESERE Fﬁ§§n?i rate %&%% grﬁﬁ tB?l%?c%?
met hod. 15 nozzle 2lAdnirtieng ianpecoadt ppesibt of the ﬁepsemtlon

interval s
one wal |

accordi ng
the thick

i nvention Iron?§ﬁ22¥g @pgﬁgﬁ;ﬁﬁg%}g. E”Eﬁé ?ﬁﬁ&h?@eﬁ iPh §a; 2

dramatically

of the& sustepmmwysamdrﬂeght arpousulgheoheaanemsagr@vessed

ness yer of material drops off

mass flow rate of the gas in the gas delivery system 3
10 is achieved by operation of the three way valves 48, 5

and bellows metering valves (50, 52, 60, 62) of the first

Ao 74

near tﬁ@ﬁﬁﬂ¥l®8 ﬁﬁélpo§OME¥§F twatle g£hpngg ineth@l | .

1
8

and second branches 477, 47B of the delivery system 31.

During the first portion of the deposition cycle, the
three way valve 48 of the first branch is set by

15 operation of the control to divert the gas flow through

the first bellows metering valve 50 which has been set to

permit gas to pass through it at a first rate. At the

same time, the control operates the three way valve 58 of

the second branch 47B to divert gas through the third
20 Dbellows metering valve 60 which is set to permit gas t

o

pass through it at a second rate which is substantlally

less than the first rate.

At the beginning of the second portion of the

deposition cycle, the control operates the three way
25 valve 48 of the first branch 47A to‘'divert the flow of
gas through the second bellows metering valve 52 so th
gas is now emitted from the first nozzle 20 at
approximately the same (second) rate at which it was
formerly emitted from the second nozzle 21. The three

at

30 way valve 58 of the second branch 47B is simultaneously

activated to divert flow through the fourth bellows
metering valve 62 so that gas is now emitted from the
second nozzle 21 at approximately the same (first) rat
it was formerly emitted from the first nozzle 20. Thu
35 it may be seen that the mass flow rates of gas through

e

g,

the first and second nozzles 20, 21 is unbalanced by an

o VBt i fiRhad hasseYBy fafld, 5. o rmy be seen.

As
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shown in Fig. 7, the barrel reactor and nethod of the pr esent
I nvention produces a top to bottomthickness 25 profile which is very

flat. In particular, the top wafer (waf er #1) does not exhibit the
substantial fall off in t hi ckness found in the.prior art.
It is believed that the inprovenent in &&p to bottom t hi ckness is

caused by the inbalance in nass flow 30 rates fromthe first and second
nozzl es 20, 212ERFPREMERELY equalRRd epPrits amoume dwbiIdide ifinfkss

flow rates an&”Bé&bﬁdapéﬁtiéhSWBfi@ﬁbtdbéﬁﬁiﬁﬁﬁnaéﬁéﬂé.SQﬂgﬁﬁiﬁﬂx30
after the streams fromtheé tw nozzles 20, 21 collidé€. The _hori zont al

conponent is beRFePRES: E1R¥ ARECENEX GRSt Brrst (and fRerepdrozalashetop of
the susceptor 39, isagrhfged duPDhg thé edépdsitidie CPDS| tEk alotidle age of

the top mager flow through the nozzles remains substantially constant
throughout the deposition cycle.
It is possible to carry out the method of the
present invention employing only a single pair of bellows
metering valves (e.g., the first and second bellows
10 metering valves 50, 52 of the first branch 47A). In that
case, the seéond branch would have a single bellows
metering valve (not shown) through which gas would pass
to the corresponding nozzle throughout the entire
deposition cycle. The pair of bellows metering valves

15 50, 52 on the first branch 47A would be set so that
during the mass flow rate of gas through the first nozzle
20 was greater than the mass flow rate through the second
nozzle 21 during a first half of the deposition cycle,
and less than the mass flow rate through the second

20 nozzle during a second half of the deposition cycle. The
difference between the two flow rates is again
approximately the same during both halves of the
deposition cycle.

In a barrel reactor having the gas delivery

25 system 31’ shown in Fig. 1A, the first nozzle 20 is
initially supplied with gas at a greater mass flow rate
than is supplied to the second nozzle 21. The valve
adjusting mechanisms 104 adjust the bellows metering
valves 100, 102 to gradually decrease the mass flow rate

30 through the first nozzle 20 and gradually increase the
mass flow rate through the second nozzle 21 throughout
the deposition cycle. The adjustments can be made
continuously, or at intervals during the deposition
cycle. Preferably the adjustments are made at the same

35 time, and in equal and opposite amounts.
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14 ) (wafer #1). The greater the inbalance in nass fIOM/rates from

the nozzles, the tighter the pitch of the spiral and +-he—t+on
undeconposed reactant vapor resides near the t op FHIS HEEL J1) p13¥ 30
inthe bell jar 12. 5 The barrel reactorl 10 af8m$Hd t he
present I nvention al so produce oved@l | thickness uniformty

superior to the reactors_and nmethods known in the prior art. To

illustrate this, neasure®ofasien pﬁethafeusceptorpB@cesspnefﬁrahlxtingo

reactors and t%%efriroe%%sgésl anabeeéofréﬁaéﬁ@rnégzﬂé hQGlﬁéeEﬁQt | nventi on
were taken at the | ocal’i ons indicated by a I - . Ten runs

wer e made §¥ERGenBa§Sd fpPYcEake Auring ?UH%rﬁéFHQthBOEFBQESQf the of

the present inegidliedn. The eaebceass, oﬁﬁﬁoméhlaﬁtene port@bar 6£Wehe used.
Twent y- flv% epltaX|aI Iaﬁ%r t.hi ckness measur enents were nadg al ong

ﬁﬁgﬁrs..

ei ght radii afgdagent t?hEh%eﬁ?E?aﬁfofhgaﬁr8@%25%
Measur enent s m&m& nozz&&datlnhéhngEﬂéfrma@d flowSratel Lgegenéradby
milineters o and:6% @ WLIPHELSoLIQT SPorfENt 8E: g8R%4A AL B Mo,

Accordingly, the direction of rotation of the susceptor
30 is reversed by the control at the same time the three

10 way metering valves 48, 58 are activated by the control
to change the relative mass flow rates through the first
and second nozzles 20, 21.

The final thickness of the layer of material

deposited on the wafers (Fig. 8) is a composite of the

15 thickness profiles graphically illustrated in Figs. 9A
and 9B. Figure SA illustrates the right to left
thickness profile of all three wafers on one wall of the
susceptor during the first half of the deposition cycle,
and Fig. 9B illustrates the thickness profile during the

20 second half of the cycle. The "right" side and the
"left" side of the wafers referred to herein, as well as
the top and bottom of the wafers, are the right, left,
top and bottom of the wafers as they would be seen on the
wall of the susceptor 30 from the vantage indicated by

25 arrow V in Figs. 3 and 4. The reference in all of the
graphs to "wafer #1" refers to the top wafer of the three
wafers on one wall of the susceptor 30, the reference to
"wafer #2" refers to the middle wafer and the reference
to "wafer #3" refers to the bottom wafer. In each of the

30 graphs shown in Figs. 5-9B, the thickness of the wafers
has been measured at 10 millimeter intervals from either
the top to the bottom of the wafer, or from between left
and right sides. The measured thicknesses were
normalized by the average center thickness of the three

35 wafers. Thus, the numbers on the ordinate of the graphs
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assigned to e
area) i s assi
the smal | est

| ocation. An
for each set
nmet hod. .
according to
average i s sh
I nventi on and
11. The
according to
wei ght ed aver
to prior art

10

15

20

25

30

35

ach position. The greatest area (5.86%of 20 the wafer face

gned to the radially out er nost neasurenent | ocations,
assigned area (1.86% is at the center neasurenent

and

area wei ght cunul ati ve average thickness was cal cul at ed

of 30 wafers processed 2513 corresponding to a respective
. . Acumlative plot of the area thicknesses
arereritlenyiand dhe nymbere onctheephwci@sa arehivkness

%(‘%ﬁﬂﬁe@é’f@, £ So gt %%gﬁﬁe@he cefted YN EHOwhipg R ESENt
e proces INg to the t in Fig.

t hos s 30 accordi, ] prior art \
t hi ckness R% B3Y Rf 9988 dncHidof SPne thSf Badegisdedsed

tdSp i Pe&dt td r‘EV%Edrﬁ&'n’fc%h'tl?"ob&baté-rz%chkness bhetgeea

age thickpess, In contrast r fers prqcessed according
FAORRISS140 G o JALEIS LHERnPBatPRaYELs OH-aRdeEBeuni ch
falls within 5f4eét half hef arlen depcgtitddnavgecaee. Thies reviersey ibetggen t hat

during the second half of the deposition cycle (see Fig.
9B). The composite thickness profile, shown in Fig. 8,
is flatter than the wavy, W-shaped thickness profile
(Fig. 6) of the wafers processed according to the prior
art method described above. In other words, more of the
measurements are concentrated around a normalized
thickness of 1 with the method of the present invention
than in the prior art method.

Another important result of the present
invention is the improvement in the thickness profile
measured at intervals from the top to the bottom of each
of the three wafers on one wall of the susceptor 30. The
profile for wafers processed according to the existing
method is shown in Fig. 5. As may be seen, the thickness
of the deposited layer of material drops off dramatically
near the top of the top wafer (wafer #1) on the wall. As
shown in Fig. 7, the barrel reactor and method of the
present invention produces a top to bottom thickness
profile which is very flat. In particular, the top wafer
(wafer #1) does not exhibit the substantial fall off in
thickness found in the prior art.

It is believed that the improvement in top to
bottom thickness is caused by the imbalance in mass flow
rates from the first and second nozzles 20, 21 during the
deposition cycle. The imbalance in mass flow rates
imparts a spiral motion to the gas around susceptor 30
after the streams from the two nozzles 20, 21 collide.
The horizontal component is believed to permit the gas to
reside longer at the top of the susceptor 30, causing
more material to be deposited at the top of the top wafer

REPLACEMENT SHEET |
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15 ) substantial inprovements in overall thickness uniformty are

achieved with the apparatus and nethod of the present .
In view of the above, it will be seen that the 5 ents SHERDHAE BEERS] t he
i nvention are achi eved and ot her advant ageous re¢sul t SREALAGERed

As various changes coul d be nade in theldbove constructions w thout
departing fromthe sc I nventjQn, I s, intended that al

matter cont ai néﬂafﬁrlgg) th@hﬁbS’G%a%’éc‘?li‘?)H’@??]tﬂn%oiv% n45& e % &8HSEnyi ng

drawi ngs shal | fpgmi Bher pbekedsasthe | tiglivdt Ehaiphi e o the spdralvanidng
sense.

7.

the longer undecomposed reactant vapor resides near the
top of the susceptor 30 in the bell jar 12. :

5 The barrel reactor 10 and method of the present
invention also produce overall thickness uniformity
superior to the reactors and methods known in the prior
art. To illustrate this, measurements of the wafers
processed in existing reactors and those processed in the

10 reactor 10 of the present invention were taken at the
locations indicated by an "+" in Fig. 10. Ten runs were
made using the old process and ten runs using the process
of the present invention. 1In each case, 150 millimeter
wafers were used. Twenty-£five epitaxial layer thickness

15 measurements were made along eigﬁt radii 45° apart around
the center of the processéd wafers. Measurements were
made in the center and at 25 millimeters, 45 millimeters
and 65 millimeters from the center, and an area was
assigned to each position. The greatest area (5.86% of

20 the wafer face area) is assigned to the radially
outermost measurement locations, and the smallest
assigned area (1.86%) is at the center measurement
location. An area weight cumulative average thickness
was calculated for each set of 30 wafers processed

25 corresponding to a respective method.

A cumulative plot of the area thicknesses
according to a percent deviation from the area weighted
thickness average is shown for both wafers processed
according to the present invention and those process

30 according to the present invention in Fig. 11. The
thickness of all of the areas of the wafers processed
according to the present invention fall within 4.2% of
the area weighted average thickness. 1In contrast for
wafers processed according to prior art methods, only 95%

35 of the areas have a thickness which falls within 5% of

the area weighted average. Thus, it may be seen that
e —— REPLACEMENT SHEET
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16 VWHAT IS CLAI MED | S: 1. A nethod for chem cal vapor
deposi tion of material on a sem conductor wafer held on a susceptor
(30) in a reaction chanber of a barrel type chem cal vapor deposition
reactor (10), the nethod including the steps of injecting gas conposed at
| east in part of vaporized materi al ?o be deposited on the

sem conduct or Fﬁiz%fiafl”i &éﬁéﬁt@%'@végﬂl%m%lmﬁ 21)

spaced apart fron1 |rst , and rotating_t suscept or out an
axis, the step3ref aichjl@c‘!ﬁdng’lﬁgstaﬁdaﬁma?%‘bﬁ iR RtRed hitdie Rieagnt
carried on dur §ageadtion.deposition cycle of the reactor, the met hod bei ng

characterized in that during.a fII’St ortlon of th 03| cle
the first nozzle deliver $Pg¥des; of th€anove, At will be FEE'dnal (e

5 several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in

10 the above description or shown in the accompanying
. drawings shall be interpreted as illustrative and not in
a limiting sense.
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gneatér mass ro ond nozzle, and during 15 a second
portion of the de ml ]ﬂ" nm‘g second nozzl e delivers gas at a

greater mass flow rate thanvt * first nozzle. 2. A
method as clainmed in claim1l charaagerized in that the susceptor (30)
Is rotated in a first direction during the first portion of the

deposi ti on cycWHATf IShELAGMEDOISE10), and in a second 5 direction opposite
the first during the secqu Bpﬁkgﬂedo£or che&?@afeg b&laﬁg§¥?t§°?
t rst

3. Anethod as clained in’cl arac erlze
direction i s gmatexiin} on a sgmigondufbor|wafer rhe heddi Anecat SUSEERYOX he

first nozghs)(gﬁ)a d&fea%:.bg gﬁﬁérpaﬁtaOBaei-gihEyB%pEEéﬁxieéll >

cycle, and fur racteri ze at the secon direction is
general |y agalﬁgporh@eHQ@wt@Dntﬁ@agﬁgr (10) j ntBetmgthpemingiudérsnheozzl e

(21) during thgeggeopd injedtAnly B8sOtohPEsEEPaEi 1£88LCYE! Bart of
vaporized material to be deposited on the semiconductor
wafer from a first nozzle (20) and a second nozzle (21)
gpaced apart from the first nozzle, and rotating the
susceptor about an axis, the steps of injecting gas and

10 rotating the susceptor being carried on during a
deposition cycle of the reactor, the method being
characterized in that during a first portion of the
deposition oycle the first nozzle delivers gas at a
greater mass flow rate than the second nozzle, and during

15 a second portion of the deposition cycle the second
nozzle delivers gas at a greater mass flow rate than the
first nozzle.

2. A method as claimed in claim 1
characterized in that the susceptor (30) is rotated in a
first direction during the first portion of the
deposition cycle of the reactor (10), and in a second

5 direction opposite the first during the second portion of
the deposition cycle.

3. A method as claimed in claim 2
characterized in that the first direction is generally
against the flow of the gas injected from the first
nozzle (20) during the first portion of the deposition

5 cycle, and further characterized in that the second
direction is generally against the flow of the gas
injected from the second nozzle (21) during the second
portion of the deposition cycle.
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iéNcllg?rsred in any one of clains 1 to 3 char acte”“‘!l!(u“““lll mm!llé xggocj

flowrate at which gas is delivered ivomthe first nozzle (20) is
decr eased during the first and second portions of the deposition 5 cycle
and the nass flow rate a#.whAcheghed ias delaimeddin anyronetdf chkaimsl hozzle

(21) is increaggdydupi08 4Rei5bASin that the mass flow rate at which
gas is delivered from the first nozzle (20} is decreased
during the first and second portions of the deposition

5 cycle and the mass flow rate at which gas is delivered
from the second nozzle (21) is increased during the first
and second portions of the deposition cycle.

5. A method as claimed in claim 4
characterized in that the mass flow rates at which gas is
‘delivered from the first and second nozzles (20, 21) are
changed in substantially equal and opposite amounts

5 throughout the deposition cycle.

6. A method as claimed in claims 4 or 5
characterized in that the mass flow rate at which gas is
delivered from the first nozzle (20) is continuously
decreased during the deposition cycle and the mass flow

5 rate at which gas is delivered from the second nozzle
(21) is continuously increased during the deposition
cycle.

7. A method as claimed in any one of claims 1-
6 Further characterized in that the total mass flow of
gas from the first and second nozzles together is
maintained substantially constant throughout the
5 deposition cycle.

8. A barrel reactor (10) for use in depositing
material on a semiconductor wafer ., the reactor
including a reaction chamber, a susceptor (30) capable of
reception in the reaction chamber, the susceptor holding

5 the semiconductor wafer and being mounted for rotation in
the reaction chamber about an axis, and a gas delivery
system (31, 31’) constructed for delivering gas composed

=3

RERLACEMENT SHEET

at least in part of vaporized material to b
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and second portions of the deposition cycle. as
claimed in claim4 characterized in that the mass fl ﬁgﬁg&gggqﬁﬁ__}
gas is delivered fromthe first and spgond nozzl es {( 20,

changed in substantially equal and opposite anounts 5 throughout t he
deposition cyhd e.semiconductor wafér Amet had ssurtei niatkto nthkai readtion 5
characterized in that the mass flow rate at which gas is delivered from
the first noghdmb¢rp)the dehivenpusystem cateprimisey alufingt theansposd 1hlon
cycle and the nmass flow 5 rate at which gas is delivered fromthe second
nozzl e (Ingludingnei Aloat| porake eb2eM dispoged hEonepuiectiog the oyad e.

7. A nmethod as clained in any one of clains 1- 6 further characterized
in that the intalthmseegstsprpichamber, and a second branch (47B) including

a second nozzle (21) disposed for injecting gas into the
reaction chamber, the barrel reactor being characterized in
that at least one of the first and second branches includes
means for changing the mass flow rate of gas such that the mass
flow rate through the first nozzle is greater than the mass
flow rate through the second nozzle dufing a first portion of
a deposition cycle, and the mass flow rate through the second
nozzle is greater than the mass flow rate through the first
nozzle during a second portion of the deposition cycle, said
changing means being constructed to change the mass flow rate
of the gas without changing the concentration of vaporized
deposit material in the gas, wherein said changing means
associated with the first batch (47A) includes a first metering
device (50) for metering the flow of gas through to the first
nozzle (20} at a first flow rate, a second metering device (52)
for metering the flow of gas through the first nozzle at a
second flow rate, and valve means (48) for placing the first
metering device in communication with the source of gas and
first nozzle during the first portion of the deposition cycle
and for placing the second metering device in communication
with the source of gas and first nozzle during the second
portion of the deposition cycle.

9. A barrel reactor as claimed in claim 8 characterized

in that the changing means associated with the second branch

{47B) includes a first metering device REPLACEMENT SHEET
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gas fromthe first and second nozzles together is mai nt ai ned
substantially constant throughout the 5 deposition cycle.

8. A barrel reactor (10) for use in deposiging material on a

sem conduct or waf er , the reactor i ncludi ng a reaction chanber, a
susceptor (3@0ambhetdfring thec€&pdw arf igast khroaght tonthbasdesnd triuzzle

susceptor holding 5 the sem conductor wafer and being nounted for rotation
in t he rdbt ian thwmfiastalfidow aatexis seaoddamgherdeki device (6ZX)ydicam
(31, 31') constructed for delivering gas conposed at least in part of
vapori zed nmietexing othe flow of gas through the second nozzle at the
second flow rate, and valve means (58) for placing the first
metering device in communication with the source of gas and
second nozzle during the first portion of the deposition cycle
and for placing the second metering device in communication
with the source of gas and second nozzle during the second

portion of the deposition cycle.

10. A barrel reactor (10) for use in depositing material
on a semiconductor wafer, the reactor including a reaction
chamber, a susceptor (30) capable of reception in the reaction
-chamber; the susceptor holding the semiconductor wafer and
being mounted for rotation in the reaction chamber about an
axis, and a gas delivery system (31, 31'}) constructed for
delivering gas composed at least in part of vaporized material
to be deposited on the semiconductor wafer from a source into
the reaction chamber, the delivery system comprising a first
branch (477A) including a first nozzle (20} disposed for
injecting the gas into the reaction chamber, and a second
branch (47B} including a second nozzle (21) disposed for
injecting gas into the reaction chamber, the barrel reactor
being characterized in that at least one of the first and
second branches includes means for changing the mass flow rate
of gas such that the mass flow rate through the first nozzle
is greater than the mass flow rate through the second nozzle
during a first portion of a deposition cycle, and the mass flow

rate through the second nozzle is greater than the mass flow
coem e T

AT




18 the

sem conductor wafer froma source into the reaction chanber,
delivery systemconprising a first branch (47A)

(20) disposed for injecting the gas int@gQthe reaction chanber, and a
second branch (47B) including a second nozzle (21) .disposed for injecting
gas into theatéeegbtromytc tarbefiirsthmozaleeldurdagt ar sesiomyl gleationeoifz&dei n

t hat at

| east one of the first and second branches inpludes means for
changi ng t hdepasstibow cytke of sgad shengingt meansakeing| eenphructedolgh

the first nozzle is greater than the mass flow rate through the second
nozzl e duri chaagki rche ppasisorflstv rate of the gas without chang;ng the

g v e o

[ PRPN . PAHRP-

concentration of vaporized deposit material in the gas wherein
the changing means (100) associated with the first branch (47A)
and the changing means (102) associated with the second branch
(47B) gradually change the mass flow rates through the first
and second nozzles (20, 21) by opposite amounts during the
first and second portions of the deposition cycle of the barrel

reactor.

11. A barrel reactor (10) for use in depositing material
on a semiconductor wafer, the reactor including a reaction
chamber, a susceptor (30) capable of reception in the reaction
chamber, the susceptor holding the semiconductor wafer and
being mounted for rotation in the reaction chamber about an
axis, and a gas delivery system (31, 31'} constructed for
delivering gas composed at least in part of vaporized material
to be deposited on the semiconductor wafer from a source into
the reaction chamber, the delivery system comprising a first
branch (47A) including a first nozzle (20) disposed for
injecting the gas into the reaction chamber, and a second
branch (47B) including a second nozzle ({21) disposed for
injecting gas into the reaction chamber, the barrel reactor
being characterized in that at least one of the first and
second brénches inciudes means for changing the mass flow rate
of gas such that the mass flow rate through the first nozzle
is greater than the mass flow rate through the second nozzle

during a first portion of a deposition cycle, and the mass flow

(T g

t he

I ncluding a first nozzle

——ae e ae - - —_—— o mre sy e e s
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a.deposition cycle, and the mass flow rate through the second nozzle is
greater than the mass flow rate through the first nozzle during a second
portion of the deposition cycle, said changing neans being constructed to
change the mass flowrate of the gas w thout changi.ng the concentration of

vaporized ggpesithrdrigty itHe isedditl gezzlehésegteatied thangithe masas flow
associated with the first branch (47A) includes a first netering device
(50) for metatienghoagh ahoffigat bzelghdueinge af sesondnpozritéon2@f ahea
first flowrate, a second netering device (52) for netering the flow of
gas throughdepesfitisn nopele, asadd sbeogdingl owanst oehmgl cahstruebed (48)
for placing the first .
change the mass flow rate of the gas without changing the
concentration of vaporized deposit material in the gas wherein
characterized in that said changing means is constructed to
provide different constrictions through which the gas including
the vaporized deposit material is metered for changing the mass

flow rate of the gas.

12. A barrel reactor as claimed in claim 8 further

" comprising an automatic control characterized in that the
automatic control is configured to control said changing means

so that the mass flow rate through the first nozzle is greater

'fhan the mass flow rate through the second nozzle during the

first portion of the deposition cycle, and the mass flow rate

through the second nozzle is greater than the mass flow rate

through the first nozzle during the second portion of the

deposition cycle.

13. A barrel reactor as claimed in any one of claims 8
to 12 wherein said delivery system is further characterized in
that a governor positioned for feeding gas to the first and
second branches maintains a substantially constant total flow

of gas from the first and second nozzles during the deposition

N
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met ering device in comunication with the source of gas and first nozzle
during the first portion of the deposition cycle and for placing the
second netering device in comunication th the source of gas and first
nozzl e during the second portion of t he ic,imepoleon cycl e. A
barrel reactor as clained in claim8 characterized Aﬁt t he chang| ng

reens associated w1 KPR SRR A HEOHE

{lrst met eri ng

aAbstract of the Disclosure

A method and apparatus for deposition of

5 material on a semiconductor wafer which produces a
high level of thickness uniformity on each wafer and
among the several wafers processed at the same time in a
barrel reactor (10). The mass flow rates of reactant
vapor and its carrier gas from two nozzles (20, 21) into

10 the reaction chamber of the barrel reactor are purposely
unbalanced. A first of the nozzles (20} emits gas at a
greater mass flow rate than a second of the nozzles (21)
during a firsﬁ half of the deposition cycle. The second
nozzle emits gas at a greater mass flow rate than the

15 first nozzle during a second half of the deposition

" cycle. The composite of the layers deposited on the

wafers during each half cycle produces a layer having a
uniform thickness.

FIG. 1
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19 (60) for netering the flow of gas through to the second nozzle (21) at
the first flowrate, a second netering device (62) for netering the flow
of gas through the second nozzle at the second flow rate, and valve neans
(58) for placing the first netering device in conmunication with the
source of gas and second nozzle duringlyhe first portion of the deposition
cycle and for placing the second netering device in communication wth

t he "source of gas and second nozzle during the second portion of the
deposition cycle.

FIG.1

<B 60

58
\56
GAS '
SOURCE 12
. 20
_ 1047' 102 . | 100

/104
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10. A barrel reactor (10) for use in depositing material on a

sem conduct or wafer, the reactor including a reactig — scept or
(30) capable of reception in the reaction chanber| HI®SEEEC Bkéﬁalding

t he sem conductor wafer and being mounted for rotation RERLAREP r eactli on
chanber about an axis, and a gas deli Py system (3T, 31') constructed for
delivering gas conposed at least in part of vaporized material to be
deposited on the sem conductor wafer froma source into the reaction
chanber, the delivery systemconprising a first branch (47A) including a-
first nozzle (20) disposed for

vy, | Faiad
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injecling the gas into the reaction chanber, and a secon
I ncl udi ng a second nozzle (21) disposed for injecting g

d branch (47B)
as into the

reaction chanber, the barrel reactor being characterize
one of the first and second branches includes neans fo
flow rate of gas such that the mass fléWrate t hrough th
greater than the mass flow rate through the second nozzl
porti bn of a deposition cycle, and the mass flow rate t
nozzle is greater than the mass fl ow

LA
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the reaction chanber, the delivery systemconprising a firsf _..branch. (4200

including a first nozzle (20) disposed for injecting the gquumgmmmeﬁ%&‘l!‘
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di sposed for

fre—reozzte—t2L
injecting gas into the reaction chanber, thg Qargel ﬁ%ﬁr

bei ng characterized in that at |east oneé#b the first and sec@ﬁd’éﬁa e$

I ncl udes neans for changing the mass flow rate of gas such {{hat the mass

ot il an

flowrTate through the first nozzle 1is greater than the napE‘rs_-flow rate

t hrough the second nozzle during a first portion of a de

e |
o T oI UyuT U,

and the mass fl ow

Y OF FRES WITHIN X% FRoM AV,

RRERD IWEIGHTED THICKAESS

~1éG 1/

x>
S
£y

N
=
]

N

Q

NN
|

I 1 e I
/% ZkF 3 4% 5% 64
. % FROM WEIGHTED FVERFEE
w/0 RUNS WIrKoor MGF /0 RUMS WITH MGF

t 1

Q
QN
NS

CUMULBTIVE BRRER ALoTs - /0 FROFILES

SelTriiLonooaTemi. oo




1) ‘fl
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sai d changi ng ructed to

gas ¢ t:hout cha gbﬂg oncentration of vaporized deposit material in
t he gas whereitn ar 4 zed lin that sl& d changi ng .neans _|s const£uct ed
to provi detBef f eemkgo QQHCNPEﬁE thrStgR wﬁ?%ﬁc?h qg%% Fh@luﬂ?ﬁﬁ ion

chamber, the delivery system comprising a first branch (47A)
including a first nozzle (20) disposed for injecting the gas
into the reaction chamber, and a second branch (47B) including
a second nozzle {21) disposed for injecting gas into the
reaction chamber, the barrel reactor being characterized in
that at least one of the first and second branches includes
means for changing the mass flow rate of gas such that the mass
flow rate through the first nozzle is greater than the mass
flow rate through the second nozzle dufing a first portion of
a deposition cycle, and the mass flow rate through the second
nozzle is greater than the mass flow rate through the first
nozzle during a second portion of the deposition- cycle, -said:
changing means being constructed to change the mass flow rate
of the gas without changing the concentration of vaporized
deposit material in the gas, wherein said changing means
associated with the first branch (47A) includes a first metering
device (50} for metering the flow of gas through to the first
nozzle (20) at a first flow rate, a second metering device (52)
for metering the flow of gas through the first nozzle at a
second flow rate, and valve means (48) for placing the first
metering device in communication with the source of gas and
first nozzle during the first portion of the deposition cycle
and for placing the second metering device in communication
with the source of gas and first nozzle during the second
portion of the deposition cycle.

9. A barrel reactor as claimed in claim 8 characterized
in that the changing means associated with the second branch

(47B) includes a first metering device



t he vaporized deposit material is nmetered for changing the
of the gas. 12. A barrel reactor as clainmed in cla
conprising an automatic control characterized in that the
control* ¥s configured to control said changi ng neans so tha
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deposition cycle. 13. A barrel reactor as clai mned-in.any _one_of

clains 8 to 12 wherein said delivery systemis further jc

that a governor positioned for feeding gas to the first a@apggggggiqgmyp
branches snai ntai ns a substantially constant total flow Jof qfs fromth
first and second nozzles during the deposition cycle. 6 JAN'W99
09 JAN 1998 3

opposite side of the susceptor. The gas flow is made

more complex by interaction of the gas with the walls of

the reactor and the rotation of the susceptor in the

reactor, but the flow of the gas is always substantially
5 parallel to the faces of the wafers.

One of the primary problems associated with
chemical vapor deposition in the transport limited regime
in barrel reactors is maintaining the thickness
uniformity of the deposited layer of material on each

10 wafer and between the various wafers held on the
susceptor. Thickness uniformity has become increasingly
important as the line widths of integrated circuits are
reduced. Narrow line widths of integrated circuits
require very flat surfaces to accommodate the limited

15 depth-of-field of optical lithography.

The most common methods of controlling
thickness uniformity are to adjust the direction of the
nozzles and to adjust the valves which control the flow '
rate of gas to each nozzle. Generally speaking,

20 adjustment of the direction of the nozzles affects the
thickness uniformity in a vertical direction along the
wafers, and adjustment of the relative mass flow rates
between the nozzles affects the thickness uniformity in
horizontal directions. 1In addition, minor changes to

25 achieve thickness uniformity can be made through
temperature adjustments and altering the flow of
carrier gas (H,) through the nozzles and purge
gas (H,) through the susceptor. It is also known to
reverse the direction of rotation of the susceptor half
way through the deposition cycle of the barrel reactor to

30 improve thickness uniformity.
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Detailed Description of the Preferred Embodiments—
Referring now to the drawings and in particular

to Figs. 1 and 2, a barrel reactor, for use in chemical
vapor deposition of a layer of material on one face of
wafers of semiconductor material, is generally indicated
at 10. The barrel reactor includes a quartz bell jar 12
(in an inverted position) having an upper lip (not shown)
secured between an annular baseplate 16 and a radially
projecting flange 17 of a gas ring indicated generally at
18. The gas ring at least partially houses a first
nozzle 20 and a second nozzle 21 for introduction of gas,
including a reactant which is to be decomposed for
deposition on the wafers and a carrier, into the bell jar
12. The gas is delivered through a delivery system,
generally indicated at 31, to the nozzles 20, 21. The
bell jar 12 is formed with an exhaust port (not shown) in
its bottom through which spent gas is exhausted. A
housing 24 containing the bell jar 12 also contains
radiant heat lamps 26 and heat exchangers 28 for
controlling the heat applied to the chamber of the bell
jar.

A five sided, silicon carbide coated graphite susceptor
(indicated generally at 30) is hung by a quartz hanger 32
from a 1lift assembly (indicated generally at 34) capable
of lowering the susceptor into the bell jar 12 and
raising it out of the bell jar. The susceptor 30 has
three, vertically arranged recesses {not shown) in each
wall, each of which is sized to hold a 150 millimeter
semiconductor wafer. It is to be understood that the
susceptor 30 may have different numbers of walls and
wafer recesses, and being constructed for processing
wafers of different sizes while still falling within the
scope of the present invention.

The 1ift assembly 34 includes a cap 36
supporting a sealing plate 37 sealingly engageable with
the gas ring 18 for sealing the bell jar chamber, and
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Rotation of the susceptor 30 is preferably into
the flow of gas emitted from the nozzle having the
greater mass flow rate during a particular portion of the
cycle. The direction of motion of the portion of the
susceptor 30 adjacent to the stream of gas emitted from
the nozzle at the greater mass flow rate is generally
opposite to the direction of flow of gas in the stream.
Accordingly, the direction of rotation of the susceptor
30 is reversed by the control at the same time the three
way metering valves 48, 58 are activated by the control
to change the relative mass flow rates through the first
and second nozzles 20, 21.

The final thickness of the layer of material
deposited on the wafers (Fig. 8) is a composite of the
thickness profiles graphically illustrated in Figs. 9A
and 9B. Figure 9A illustrates the right to left
thickness profile of all three wafers on one wall of the
susceptor during the first half of the deposition cycle,
and Fig. 9B illustrates the thickness profile during the
second half of the cycle. The "right" side and the
"left" side of the wafers referred to herein, as well as
the top and bottom of the wafers, are the right, left,
top and bottom of the wafers as they would be seen on the
wall of the susceptor 30 from the vantage indicated by
arrow V in Figs. 3 and 4.

The reference in all of the graphs (Figs. 5-9B)

to "wafer #1" refers to the top wafer of the three
wafers on one wall of the susceptor 30, the reference to
"wafer #2" refers to the middle wafer and the reference
to "wafer #3" refers to the bottom wafer. In each of the
graphs shown in Figs. 5-9B, the thickness of the wafers
has been measured at 10 millimeter intervals from either
the top to the bottom of the wafer, or from between left
and right sides. The measured thicknesses were
normalized by the average center thickness of the three
wafers. Thus, the numbers on the ordinate of the graphs
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(wafer #1). The greater the imbalance in mass flow rates
from the nozzles, the tighter the pitch of the spiral and
the longer undecomposed reactant vapor resides near the
top of the susceptor 30 in the bell jar 12.

The barrel reactor 10 and method of the present
invention also produce overall thickness uniformity
superior to the reactors and methods known in the prior
art. To illustrate this, measurements of the wafers
processed in existing reactors and those processed in the
reactor 10 of the present invention were taken at the
locations indicated by an "+" in Fig. 10. Ten runs were
made using the old process and ten runs using the process
of the present invention. In each case, 150 millimeter
wafers were used. Twenty-five epitaxial layer thickness
measurements were made along eight radii 45° apart around
the center of the processed wafers. Measurements were
made in the center and at 25 millimeters, 45 millimeters
and 65 millimeters from the center, and an area was
assigned to each position. The greatest area (5.86% of
the wafer face area) is assigned to the radially
outermost measurement locations, and the smallest
assigned area (1.86%) is at the center measurement
location. An area weight cumulative average thickness
was calculated for each set of 30 wafers processed
corresponding to a respective method.

A cumulative plot of the area thicknesses
according to a percent deviation from the area weighted
thickness average is shown for both wafers processed
according to the present invention and those process
according to the prior art in Fig. 11. The
thickness of all of the areas of the wafers processed
according to the present invention fall within 4.2% of
the area weighted average thickness. In contrast for
wafers processed according to prior art methods, only 95%
of the areas have a thickness which falls within 5% of
the area weighted average. Thus, it may be seen that



