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XEttOD l\ND APPARA'.t'O'S J'OR DEPOS:CTIOJ::l 
011" MATER.I.AL ON' A SEM:tCONDt1C?'l'OR WA!'ER 

Background of the Invention 

This invention relates generally to chemical 

5 vapor deposition of material onto semiconductor wafers, 

and more particularly to a method and apparatus for 

improving thickness unifonnity of a layer of material 

deposited on aemiconductor wafers in a barrel type 

chemical vapor deposition reactor. 

10 Chemical vapor deposition is a process by which 

a stable solid may be formed by decom.posicion of chemical 

vapors using heat, plasma1 ultraviolet light or other 

energy sources. Chemical vapor deposition is 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 ~afers. 

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 pennits a CMOS device to be optimized for latch 

up im:nunity as a result of low resistance of the 

substrate. Other advantages, such as precise control of 

the dopant concentration profile and freedom from oxygen 

25 are also achieved. ~ 

Epitaxial growth is almost universally carried 

out by chemical vapor deposition bec~use it is the most 

flexible and cost efficient mechod for growing epitaxial 

layers on semiconductor material. Generally speaking, 

30 chemical vapor deposition involves introduction of 

volatile reactants {e.g., SiC14 , SiHCls. Si~C12 or SiH4 ) 

with a carrier gas (usually hydrogen) in a reactor. 

Achieving the desired epitaxial growth on the 

semiconductor material is also temperature dependent. 

35 Depending upon which reactant is used, the temperature in 
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the reactor may be from 950° c to 1250° c. The 
environment in which the deposition occurs must be clean 
with the oxygen content below l ppma. 

In general, epitaxial growth can be divided 
5 into two regimes disti~guished 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 detennined 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 6 the throughput is high 
because the growth rate is high. In the other regime 1 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 

which is generally in~the fonn of a polygonal tube having 
walls in which there are generally vertically arranged, 
circular recesses for receiving_ semiconductor wafers. 
~e reactants and carrier gas are introduced generally at 

30 the top of the reactor through two nozz1es 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 

·35 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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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 

unifo:rmity of the deposited layer of material on each 

10 ~afer and between the various wafers held on the 

suseeptor. 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 ~ates 

between the nozzles affects the thickness unifo:r:mity in 

horizontal directions. In addition, minor changes to 

25 achieve thickness uniformity can be :ma.de through 

temperature adjustments and altering the flow of purge 

gas (~} 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. 

Suxnrnary of the Invention 

llmong the several.objects and features of the 

present invention is the provision of a method for 

chemica1 vapor deposition of material on a semiconductor 

35 wafer which produces a high level of uniformity in the 
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thickness of the layer of material deposited on the 
wafer, measured all around the wafer; the provision of 
such a method which can be carried using m.odif ied, but 
existing equipment. 

Further among the several objects and features 
of the present invention may be noted the provision of a 
barrel reactor 'Which carries out the method of the 
present inventioni the provision of such a barrel reactor 
which alters mass flow rates during the deposition 

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 schema.tic illustrating a piping 

20 

arrangement for delivering gas to a barrel reactor; 
FIG. lA is a schematic illustrating another 

piping arrangement for delivering gas to ~he barrel 

reactori 
FIG. 2 is a schema.tic 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~schema.tic top plan showing 
operation of the barrel reactor during a second portion 
of the d.eposition cycle; 
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FIG. 5 is a graph showing top to bottom 

thickness variation of wafers processed in a prior art 

barrel reactor on a five sided eusceptor 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 reactori 
FIG. 7 is a graph showing top to bottom 

thickness variation o~ 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 waf ere 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 unifo:nnity measurement of wafers; 

and ~ 

FIG. 11 is a cumulative plot comparing overall 

thickness uniformity of w~fers 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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Detailed Pescription 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 

5 wafers of semiconductor material, is generally indicated 

at 10. The barrel reactor includes a quart~ 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 

10 18. The gas ring at least partially houses a first 

nozzie 20 and a second nozzle 21 for introduction of gas, 

including a reactant which is to be decomposed for 

deposition on the "W"afers and a carrier, into the bell jar 

12. The gas is delivered through a deli~ery system, 

15 generally indicated at 31, to the no2~l~s 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 gen~rally at 34) capable 

25 of lowering the susceptor into the bell jar 12 and 

raising it out of th~~bell jar. The susceptor 30 has 

three, vertically arranged recesses (not shown} in each 

wall, each of which is sized to hold a 150 n!i.llimeter 

semiconductor wafer. It is to be understood that the 

30 susceptor 30 xnay have different numbers of walls and 

111afer 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 sea1ing the bell jar chamber, and 
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lift anns 38 connected to the cap tor raising and 
lowering the cap. A purge baffle 40 depends from the cap 
36. A drive assembly 42 for rotating the susceptor 30 

about its longitudinal axis ie 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 
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 

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 
15 gas from a source of vaporized deposit material and 

carrier gas (collectively, ffgas") 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 those of ordinary skill in the art) for 

20 maintaining a constant total mass flow rate of gas to the 
firat and second nozzles 20, 21. The primary line 47 

separates into a first branch (generally indicated at 
47A) 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 bxanch 47A includes a feed line 49 

extending from a junction with the primary line 47 to a 
three way val"V"e 48 operable to selectively divert gas to 
a first bellows metering valve 50 or a second bello~s 

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 valve 58 capable of 
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selectively diverting flow to a third bellows metering 

valve GO or a fourth bellows metering valve 62 connected 

in parallel, and a terminal line 64 leading from the 

third and fourth bellows metering valves to the aecond 

5 npzz1e 21. 'l'he 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 206 21 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 first 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. lA to comprise a single bellows metering valve 

(designated 100, 102, respectively) for each branoA 47A1 

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 fl:ow 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 rt is also possible to adjust the bello~s metering valves 

100, 102 manually. 
Having described the general const:r:uc~ion 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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into sealing engagement with the gas ring 19 to seal the 

interior of the bell jar 12. The environment in the hell 

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 flo~ 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. 
'nle 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. In.the prior art, the mass flow rate 

of gas from the firs~ and second nozzles 20, 21 is 

s~stantially constant throughout the entire deposition 

cycle. In addition, the mass flow rates of gas from each 

30 nozzle 20, 21 are approximately the same. !n 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 

nozz1e 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. AS shown in Fig. 4, gas is 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 

5 cycle. The.mass flow rates are indicated in Figs. 3 and 

4 ~ith hea,,-y and light arrows, the heavier arrow 

indicating the greater mass flow rate. 

Referring again to Fig. l, the change in the 

mass flow rate of the gas in the gas delivery system 31 

10 is achieved by operation of the three way valves 48, 58 

and bellows metering valves (50, 521 60, ~2} 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 

15 operation of the control to divert the gas flow through 

the first bellows metering valve 50 which has been set to 

pe:cmit gas to pass through it at a first rate. At the 

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

the second branch 47E to divert gas through the third 

20 bellows metering valve 60 which is set to pennit gas to 

pass through it at a second race which is substantially 

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 seco~d bellows metering valve 52 so that 

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 

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

activated to divert flow through the fourth bellows 

mecering valve 62 so that gas is now emitted from the 

second nozzle 21 at approximately the same (first) rate 

it was formerly emitted from the first nozzle 20. Thus, 

35 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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approximately equal and opposite amount during the first 

and second portions of the deposition cycle. Although 

the mass flow rates from the first and second nozzles 20, 

21 i_s c:hanged during the deposition cycle, the total mass 

s 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 va11res (e.g., the first and second bellows 

10 metering valves 50, 52 of the first branch 47A). In t~t 

case, the sedond branch would have a single bellows 

metering valve (not shown) through which gas would pass 

~o the corresponding nozzle throughout the entire 

deposition cycle. The pair of bellows metering valves 

15 so, 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 bet~een 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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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. 'l'he direction of motion of the portion of the 

s 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 susaeptor 
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 re1ative mass f1ow 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 9A illustrates the right to left 
thickness profile of all three "1rafers on one wall of the 
susceptor during the first half of the deposition cycle, 
and Pig. 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 susaeptor 30 from the vantage indicated by 

25 arrow V in Figs. 3 and 4. The reference in all of the 

~raphs to 11 wafer #1 11 ~ef ers to th~ t9I? wafer of the three 

wafers on one wall of the susceptor 30, the reference to 
11 waf er #2 11 refers to the middle wafer and the reference 
to 11wafer #3" refers to the bottom wafer. In each of the 

30 graphs shotqll 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 aides. The measured thicknesses were 
normalized by the average center thickness of the three 

35 ~afers. Thus. the numbers on the ordinate of the graphs 
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are unitlese and the numbers on the abscissa are in 

millimeters, with "Ot• being tbe center of the "Wafers. 

As may 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 left during the 

first half of the deposition cycle. The reverse ie true 

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 

10 {Fig. 6) of the w~fers processed according to the prior 

art method described ~ove. ln 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. 

15 Another important result of the present 

invention is the improvement in ~he thickness profile 

measured at intervals from the top to the bottom of each 

of the three wafers on one wall of ~he susceptor 30. The 

profile for wafers processed according to the existing 

20 method is eho1'lll in Pig. 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 

sho"'1Il 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 not ~'xhibit 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 

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 
a~~e~ the s~raams trom the two nozzles 20, 21 collide. 

The horizontal component ia believed to pennit the gas to 

35 reside longer at the top of the susceptor 30, causing 

more material to be deposited at the top of the top wafer 
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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 eusceptor 30 in the bell jar 12 • . 
The barrel reactor 10 and met~od of the present 

invention also produce overall thickness unif o:rmity 

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 ~ere 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 in-vention. In each case, 150 millimeter 

wafers were used. Twenty-five epitaxial layer thickness 

15 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. '!"he 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 cu:mulativa plot of the area thicknesses 

according to a percent deviation from the area weighted 

thickness average is shoWn. for both wafers proce~sed 

according to the present invention and those process 

30 according to the present invention in Fig. 11. The 

thickness of all of ~he areas of the wafers processed 

according to the present invention fall within 4.2% of 

-e.ue a!:"ea we:t.gneeQ ave:ea9e ehi.e:1t11ees. xn eont.rast: ror 

~afers processed according to prior art methods, only 95% 

·35 of the areas have a thickness which falls within St of 

the area weighted average. Thus, it may be seen that 
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substantial i?I\l;)rovements in overall thickness unifonnity 

are achieved with the apparatus and method of the present 

invention. 
In view of the abovei 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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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 xnethod including the 

5 steps of injecting gas composed at least in part of 
vapori2ed material to be deposited on the semiconductor 
wafer from a first nozzle (20} and a second no2zle (21) 

spaced apart from the first nozzle, and rotating the 

eusceptor about an axis, the steps of injecting gas and 
10 rotating the susaeptor being carried on during a 

deposition cycle of the reactor, the method being 
characterized in that during a firat portion of the 
deposition cycle the fi~st noz~le delivers gas at a 

greater mass flow rate than the second nozzle, and during 
15 a secoDd portion of che deposition cycle the second 

nozzle delivers gas at a greater mass flow rate than che 
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 cyGle. 
~ 

3. A method as claimed in claim 2 

characterized in that the first directioD is generally 

against 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 against the flow of the gas 
lnjeeeeo trom tne seeona n0zz1e (21) during the second 

portion of the deposition cycle. 
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4 . A. method as claimed in any one of claims 1 
to 3 characterized in that the mass flow rate at ~hich 
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 nozz1es (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 deli¥ered 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 substanti~~ly constant throughout the 

s deposition cycle. 

8. A barrel reactor (10) for use in depositing 

material on a semiconductor wafer (W}, the reactor 
including a reaction chamber1 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 
at least in part of vaporized material to be deposited on 

I I\\\ 1111\Jlf IH\\l 
* C L . 
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the semiconductor wafer from a source into the reaction 

10 chamber, the delivery system com.prising 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 

15 reactor being characterized in that at least one of the 

first and second branches includes means for ohanging the 

mass flow rate of gas such that the mass flow rate 
through the first nozzle is greater than the mass £low 

:rate through the second nozzle during a first portion of 

20 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 

25 the concentration of vaporized deposit material in the 

gas. 

9. A barrel reactor as claimed in claims 
characterized in that said changing means associated ~ith 

the first branch (47A} 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 second flOW' rate, and valve means (48) 

for placing the first metering device in cormnunication 

with the source of gas and first nozzle during the first 
10 portion of the deposition cycle and for placing the 

second metering device in communication ~ith the source 

of gas and first nozzle during the second portion of the 

deposition cycle. 

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

the second branch (47B) includes a first metering device 
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(60) for metering the flo~ of gas through to the second 

5 nozzle {21) at the first flow rate, a second metering 

device (62} for metering the flow of gaa 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 

10 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 seOOild 

portion of the deposition cycle. 

11. A barrel reactor as claimed in claim e 
characterized in that the changing means asso~iated with 

the first branch {47A.) and the changing means (1001 102} 

associated with the second braneh (47B) gradually change 

5 the mass flow rates through the first and second no~zles 

{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 claim S 

characterized in that said changing means is const:ructed 

to provide different constrictions through which the gas 

including the vaporized deposit material is metered for 

5 changing the mass flow rate of the gas. 

13. A barr~l 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 

5 first nozzle is greater than 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 

10 deposition cycle. 
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14. A barrel reactor as claimed in any one of 
claims 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 substantially constant total flow or gas from the first 
and second nozzles during the deposition cycle. 
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