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:INJECTOR FOR REAC'l'OR 

Background of the Invention 
This invention relates generally to a reactor for 

depositing an epitaxial layer on a semiconductor wafer, and 
more ·particularly to a reactor including an injector having 
slots for metering reactant gas flow through the reactor. 

Conventional horizontal reactors have a reaction 
chamber extending horizontally between an entrance and an 
exit for admitting and venting reactant gas to and from the 

10 chamber, respectively. During the chemical vapor 
deposition process, a semiconductor wafer is positioned on 
a rotatable susceptor positioned in the reaction chamber, 
and reactant gas is deiivered to the chamber through an 
inlet passage connected to the entrance of the chamber. 

15 The flowrate of the reactant gas passing over the wafer is 
critical to the thickness profile and electrical properties 
of the epitaxial layer formed ·on the wafer during the 
chemical vapor deposition. To ensure the desired 
properties are achieved, the gas is metered by an injector 

20 positioned along the inlet passage. 
The injector includes a metering fixture having 

one or more large openings through which the gas passes 
when traveling to the reactor. Blades or metering plates 
fastened across the openings in the metering fixture· 

25 partially block the openings and form narrow slots through 
which the reactant gas flows. These slots limit the 
flowrate of the reactant gas delivered to the reaction 
chamber. Each blade is held in place with screw fasteners 
so its position is adjustable relative to the openings. As 

30 the blade position is adjusted, the flow area and thus the 
flowrate through the slots changes. The blade positions 
may be adjusted so the slots upstream from the center of 
the reaction chamber are wider than those upstream f rem the 
sides of the chamber. This results in more gas passing 

35 over the center of the wafer to increase the thickness of 
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t~.~ epitaxial layer at the center. J;f the slot widths 

corresponding to the sides and centE;!r of the reaction 

chamber are equal, an undesirable concav~ epitaxial surface 

results. 

5 The reactant gas f lowrate is a function of the 

width of the slots. More particul~rly, t,he flowrate 

through each slot is a function of the.cube of the width of 

the slot. As .a result of this relat:ionship, the gas 

flowrates through the slots· are highly dependent upon their 

10 widths. For instance, if a slot width is o. 004 inches when 

O. 003 inches is desired, the flowrate through the slot will 

be nearly 240 percent of the desired flowrate. Thus, it 

may be seen that precise control of the slot width is 

required to produce the. desired epitaxial layer. 

15 · · Presently, such control is difficult to achieve. The 

blades can shift as the screw fasteners holding them are 

· tightened, causing deviations fro111. the desired in slot 

width and thus flowrate. 

Moreover, because the slot is formed between the 

20 edges of the blade and the opening in the metering fixture, 

gas passing through the slot travels.along the wall.of the 

opening. As a result, flow downstream f'.C"om the injector. is 

easily disturbed by discontinuities in the wall of the 

inlet passage. Such flow disturbances can negatively 

25 affect the quality of epitaxial layers produced by ·the 

reactor. 

30 

35 

In order to alleviate large flowrate variations 

due to set-up variability and the potential for flow 

disturbances, another type of blade which is sized to 

entirely cover the injector openings has been conceived. 

These blades have a series of holes drilled through them to 

allow reactant gas to pass through the blades. Although 

these blades eliminate flowrate variation caused by set-up 

variability, they increase flowrate variation caused by the 

machining tolerances of the holes in the blades . Flow 

through a circular hole is a function of its diameter to 
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the fourth power. Thus, the flowrate through a 0.004 inch 

.diameter hole is about 320 percent of the flowrate through 

a 0.003 inch diameter hole. As will appreciated by those 

skilled in the art, large flowrate variations can result 

5 from small discrepancies in the injector hole diameters. 

Moreover, since the hole diameters ·are fixed, the blades 

must be replaced rather than adjusted if different 

flowrates are desired. 

Sununary of the Invention 

10 Among the several objects of the present 

invention may be noted the provision of a reactor having 

predictable and repeatable reactant gas f lowrates; the 

provision of such a reactor which produces wafers having 

flat epitaxial layers; the provision of such a reactor 

15 which produces wafers having predictable and repeatable 

epitaxial layer thicknesses; the provision of such a 

reactor which eliminates flowrate variability due to set"".up 

variability; and the· provision of such a reactor having an 

injector which directs flow through the center of an inlet 

20 passage of the reactor. 

Briefly, apparatus of this invention is a reactor 

for depositing an epitaxial layer on a semiconductor wafer 

contained within the reactor by a chemical vapor deposition 

process. The reactor generally comprises a reaction 

25 chamber sized and shaped for receiving a semiconductor 

wafer and an inlet passage in communication with the 

reaction chamber for delivering reactant gas to the 

reaction chamber. In addition, the reactor includes a 

susceptorpositioned in the reaction chamber for supporting 

30 the semiconductor wafer during the chemical vapor 

deposition process. Further, the reactor comprises an 

injector including a metering plate generally blocking 

reactant gas flow through the inlet passage. The plate has 

I I 
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a slot extending through the plate totally· within a 

periphery of the plate. The slot is sized for selectively 

restricting reactant gas flow past the plate thereby to 

meter reactant gas delivery to the chamber. 

5 In another aspect, apparatus of this invention is 

an injector for use in ·a reactor for depositing an 

epitaxial layer on a semiconductor wafer supported within 

the reactor during a chemical vapor deposition process. 

The injector comprises a metering plate having a slot 

10 extending through the plate totally within a periphery of 

the plate. The slot is sized for selectively restricting 

reactant gas flow past the plate thereby to meter reactant 

gas delivery to the reactor. 
Other objects and features of the invention will 

15 be in part apparent and in part pointed out hereinafter. 

Brief Description of the Drawings 
Fig. 1 is a schematic, fragmentary side elevation 

in partial section of a reactor of the present invention; 

Fig. 2 is enlarged fragmentary detail elevation 

20 .. of. the reactor showing an injector thereof in section and 

· a gate in a closed position; 
Fig. 3 is an end elevation of the reactor broken 

away to show internal construction; and 

Fig. 4 is a fragmentary top plan of the reactor 

25 broken away to show internal construction. 

30 

Corresponding reference characters indicate 

corresponding parts throughout the several views of the 

drawings. 

Detailed Description of the Pref erred Embodiment 

Ref erring now to the drawings and in particular 

to Fig. 1, a horizontal reactor for depositing an epitaxial 

layer on a semiconductor wafer W is identified ·in its 

entirety by the reference numeral 10. The reactor 10 is 

housed in an enclosure 12 {partially shown) and generally 
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comprises a reaction chamber 14, a susceptor 16, upper and 

.lower heating arrays 18 and 20, respectively, an injector 

22, and a gate assembly 24 (the reference numerals 

designating their subjects generally.) 

5 The reaction chamber 14, which is sized and 

shaped for receiving the semiconductor wafer W, extends 

horizontally between an entrance 30 for admitting reactant 

gas to the chamber and an exit 32 for venting reactant gas 

from the chamber. Both the entrance 30 and exit 32 have 

10 flanges 34, 36, respectively, for releasably connecting the 

reaction chamber 14 to process piping (only partially 

shown) which transports the reactant gas to and from the 

chamber. As will be explained in greater detail below, the 

wafer W is inserted and removed from the chamber 14 through 

15 the entrance 30 by a robot (not shown) before and after the 

chemical vapor deposition process. Although other 

materials may be used without departing from the scope of 

the present invention, the reaction chamber 14 of the 

preferred embodiment is made of quartz. 

20 The susceptor 16 includes a turntable 40 having 

a circular recess 42 in its upper side for receiving a 

wafer W. The turntable 40 is mounted on a shaft 44 ·Which 

slowly rotates the turntable during the chemical vapor 

deposition process to evenly distribute epitaxial material 

25 and thermal· energy over the surface of the wafer W. 

Although the shaft 42 is illustrated as being connected 

directly to the turntable 40, a conventional three-armed 

bracket (not shown) may be mounted on the upper end of the 

shaft for holding the turntable. 

30 As further shown in Fig. 1, the upper and lower 

heating arrays 18, 20 include infrared heat lamps so which 

direct thermal radiation toward the susceptor 16 to heat 

the semiconductor wafer w and susceptor during the vapor 

deposition process. Except for the injector 22, each of 

35 the previously described reactor components is conventional 

and will not be described in further detail. Although 
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other reactors are als() envi!;lioned · as. being within the 

. scope of the present inVE;!nti.on., the components of the 

reactor 10 of the preferred embodiment described above are 
. ·. .:· ... . . . 

from an Epsilon I Epitaxial Epi reactor manufactured by 

5 Advanced Semiconductor Materials America Inc. of Phoenix, 

Arizona. 

As shown in Fig. 2, · the injector 22 generally 

comprises an inlet body. 62, a metering fixture 64, and a 

plenum 66. The inlet body 62 .has a ho:rizontal passage 70 

10 extending entirely through the. :body.,· This passage 70. is 

·aligned with. the entrance 30. of the reaction chamber 14 

when the injector 22 is installed adjacent the chamber to 

.permit wafers W to pass ·through the passage when loading 

and unloading the reactor. 20. As shown in Fig. 3, three 

15 vertical passages 72a-72c ex-eend upward .from the horizontal 

passage 70 to an upper end of ~he inlet body 62 . Together, 

the· horizontal and vertical passages 70 and 72a .. 72c t:orm a 

·part of an ·inlet. pass.age, generally designated 74, for 

delivering reactant gas to the reaction chamber 14. A 

20 cooling passage 76surrounds the horizontal passage 70 for 

circulating ·cooling water through the body 62. Tubes 78 . 

· · •extending downward from the body 62 .communicate with 

opposite ends· of the cooling· passage 76 for transporting 

· cooling· water to and from the injecte>r ·. 22. Holes 80 are 

25 providing in the. inlet body 62 for fastening the injector. 

22 to the housing 12 to hold the body against the.entrance 

30 of the reaction chamber 14. As illustrated in Fig. 2, 

a gasket 82 seals the interface between the inlet body 62 

and the reaction chamber. 14. 

30 As shown in Fig. 3, the met~ring fixture 64 

· includes three recesses 90a-90c for holding metering plates .. 

92a-92c over the vertical passages 72a-72c of the inlet 

body 62 to generally block reactant gas -flow through .the 

inlet passage 74. . As illustrated in Fig. 4, each plate 

35 92a-92c has two slots 94a-94f extending through the plate 

totally within a periphery of the plate. Each slot 94a-94f 
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is sized for selectively restricting reactant gas flow past 

. the respective plate 92a-92.c to meter reactant gas delivery 

to the reaction chamber 14. For instance, each slot may 

have a length of about one inch and a width of less than 

5 about 0.02 inches. More preferably, each slot has a width 

of between about 0.002 inches and about 0.015 inches. 

In the most preferred embodiment, the slots 

upstream from the central portion of the susceptor 16 

(i.e., the central slots 94c and 94d which meter reactant 

10 gas passing over the central portion of. a wafer W supported 
by the susceptor) are wider than the slots pqsitioned ·on 

opposite ends of the central slots (i.e., the side .slots 

94a, 94b, 94e and 94£). This arrangement causes a larger 

volume of reactant gas to pass over the central portion of 

15 the wafer than passes over the edge margin of the wafer. 

Further, this arrangement results in a flatter epitaxial 

surface and reduces the potential for an undesirable 

concave epitaxial surface. Al though other arrangements are 

envisioned as being within the scope of the present 

2 O invention, the central slots 94c, 94d of the preferred 

embodiment have widths of less than about 0.02 inches and 

the side slots 94a, 94b, 94e, 94f have widths of less than 

about o. 01 inches. More preferably, the cent+al slots 94c, 

94d have widths of between about O . o o 9 inches and about 

25 O. 015 inches and the side slots 94a, 94b, 94e, 94f have 

widths of between about 0.002 inches and about 0.005 
inches. In addition, each of the slots has a generally 

uniform width along its respective length. 

Although other methods are envisioned for making 

30 the slots 94a-94f in the metering plates 92a-92c of the 

present invention, the slot of the pref erred embodiment are 

made by wire electrical discharge machining. Small (e.g., 

about 3/32 inch) starter holes 96 are made in the plates 
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92a-92c to start the slots 94a-94f. Although these holes 

96 may be filled {e.g., by brazing or welding), in the most 

preferred embodiment, they are ••positioned so they are 

blocked by the fixture 6~ as will be explained below. 

5 · As . shown in Fig·. ·3, six slots 98a-9Bf are 

provided in the metering·· fixture 64 . Each of these slots 

is positioned below one · of '(:he slots 94a-94f . -in the 

metering plates 92a-92c t:,o permit the reactant gas passing 

through · the metering plates to•. freely ·pass into the 

10 respective vertical pass~ge 72a-72c in the inlet body 62. 

The slots 98a-98-f in the metering fixture 64 are shorter 

. than the slots 94a-94f in the metering plates 92a-92c. For 

·example,· the slots· 98c, 9Bd in the metering fixture 64 

corresponding to the central slots· 94c, 94d in metering 

15 plate 92b may have lengths of ·about· O. 75 inches. and the 

·slots 98a, 9Bb, 98e, 9Bf in the metering ·fixture 

·. corresponding to.•. the side slots·· 94a, 94b, 94e, · 94f in 

metering· plates 92-a, 92c -may have lengths of about 0.50 

inches. Preferably, ·the slots 9Ba-98f in the metering 

20 'fixture 64 overlap the slots 94a-94f in the plates 92a-92c 

so the ends of the slots in the plates are blocked. As 

· ··alluded to above, this configuration eliminates the need to 

fill the starter holes 96 in the metering plates. However, 

· the holes 96 must be spaced far enough from the ends of the 

25 ·slots 9Ba;...98f in the m~tering fixture 64 to prevent 

lengthwise flow through the slots 94a-94f in the .plates . 

•. 92a-92c. As shown in Fi5J .. 4 I holes 100 are provided in the 

metering plates 92a-92c for fastening the plates . to· the 

fixture 64 with fasteners (not shown). corresponding holes 

30 102 in the fixture 64 may be tapped to accept these 

fasteners. 

As· illustrated in Fig. 3, a cavity 110 extends 

upward from the lower end of the plenum 66 to deliver 

reactant gas to the metering plates 92a-92c at a 

35 substantially constant pressure. A manifold, generally 

designated 112, is form~d by a pair of nested tubes 114a, 

I 
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114b. The manifold extends lengthwise through the plenum 

.66 at the upper end of the cavity 110. The inner .tube ll4a 

communicat~s with piping 116 (partially shown) connected to 

a reactant gas s_ource (not shown) for delivering reactant 

5 gas to the injector 14. A hole 118 midway along the top of 

the inner tube 114a allows the reactant gas to enter an· 

annular passage 120 formed between the inner and outer 

tubes ll4a, 114b. A series of holes 122 along the bottom 

of the outer tube 114b allows the gas to enter the cavity 

10 110 below the manifold 112. As will be understood by those · 

skilled in the art, this manifold configuration distributes 

reactant gas across the cavity 110 at a substantially·. 

constant pressure. 

0-rings 124 are provided at each end of the 

15 manifold for centering the inner tube 114a within.the outer 

tube 114b. In addition, the downstream end of the inner 

tube 114a (to the left as shown in Fig. 3) is crimped to 

prevent gas from entering the annular passage 120 through. 

the end. An end plate 126 is fastened to each end of the 

20 plenum 66 with screw fasteners 128. Each tube l14a, 114b 

is attached to one of these end plates 126 so the tubes 

enter the cavity 110 from opposite ends of the plenum 66. 

0-rings 130 are provided between the end plates 126 and the 

plenum 66 to prevent gas from leaking out of the cavity 

25 110. The plenum 66 and metering fixture 64 are fastened to 

the inlet body 62. with bolts 132. Although the injector 22 

may be made of other materials without departing from the 

scope of the present invention, the injector the preferred 

embodiment is made substantially of a stainless steel 

30 alloy. 

As illustrated in Fig. 2, the gate assembly 24 is 

mounted on the housing 12 adjacent the injector 22. The 

assembly 24 comprises a gate 140 pivotally mounted on a 

bracket 142 extending upward from the housing 112 . A 

35 pneumatic actuator 144 connected to the gate 140 by a 

linkage 146 opens and closes the gate for permitting wafers 

! I 
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W to be loaded and unloaded. When the actuator 144 is 

.extended as shown in Fig. 2 , t:he gate 14 o blocks the 

horizonal passage 70 through t~e inlet body 62. Ano-ring 

148 mounted on the gate 140 ·seals the inlet passage 74 when 

5 the gate is closed. However,·' when the actuator 144 is· 

retracted as· shown in F:ig. · 1, the gate 140 pivots to an 

· ·open position. An opening 150 provided in the gate 140 

·permits· a robot arm · (not shown) and wafer w to enter the 

·. reaction chamber 14 through the horizontal passage in the 

10 inlet body 62 when the gate is open. ·' 

In view of the above, it will: be seen that the 

· several objects of the invention are achieved and other 

· advantageous results att~ined. 

As various changes could be made in the above 

' 15 constructions w~ thout departing from the scope of the 

invention, it is intended that all matter· contained in the .• 

above description or· shown· in · the accompanying · drawings 

· shall be interpreted as illustrative' and not in a limiting 

·sense. ·· · 

.• 
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WHAT IS CLAIMED IS: 
1. A reactor for depositing an epitaxial layer 

on a semiconductor wafer contained within the reactor by a 

chemical vapor deposition process, the reactor comprising: 

a reaction chamber sized and shaped for receiving a 

5 semiconductor wafer; 

reaction 

an inlet passage in communication with 

chamber for delivering reactant gas to 

reaction chamber; 

the 

the 

a susceptor positioned in the .reaction chamber 

10 for supporting the semiconductor wafer during the chemical 

vapor deposition process; and 

an injector including a metering plate generally 

blocking reactant gas flow through the inlet passage; the 

plate having a slot extending through the plate totally 

15 within a periphery of the plate, said slot being sized for 

selectively restricting reac:tant gas flow past the plate· 

thereby to meter reactant gas delivery to the chamber. 

2 • A reactor as set forth in claim 1 wherein the 

slot has a width of less than about 0.02 inches. 

3 . A reactor as set forth in claim 1 wherein 

said slot is a central slot positioned upstream from a 

central portion of the susceptor for metering reactant gas 

passing over a central portion of a wafer supported by the 

5 susceptor, and the injector has at least two side siots 

positioned adjacent to opposite ends of the central slot, 

each of said side slots being positioned upstream from 

opposing outer portions of the susceptor for metering 

reactant gas passing over corresponding outer portions of 

10 the wafer. 

I I 
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4 . A reactor as set forth in claim 3 wherein 

said central and side slots have generally uniform widths 

along their respective lengths. 

5 . A reactor as set forth in claim 3 wherein 

each of said side slots has a width less than a width of 

said central slot. 

6. A . reactor as set forth · in claim 5 wherein 

said central slot has a width of between about 0.009 inches 

and about O. 015 inches and wherein each ·side slot has a 

width of between about 0. 002 inches and about O. 005 inches .. 

7. A reactor as .set forth in . claim 1 wherein 

said injector comprises: 

an inlet body · adapted for attachment to the 

reaction chamber downstream . from the metering pla:t_e to 

5 . · ,di·rect reactant gas passing through the slot across a wafer 

· -·supported by the susceptor; and 

a plenum positioned upstream from the metering 

plate for providing reactant gas .to the metering plate at 

a substantially constant pressure. 

a. An injector for use in a reactor for 

depositing an epitaxial · layer on a semiconductor wafer 

supported within a reaction chamber of the reactor during 

a chemical vapor deposition process, the injector 

5 comprising a metering plate having a slot extending through 

the plate totally within ·a periphery of · the plate, said 

slot being sized for sel~ctive+y restricting reactant gas 

flow past the plate thereby to meter reactant gas delivery 

to the reaction chamber. 

I 1111111 111111 11111 11111111111 
* C L M S * 
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9. An injector as set forth in claim 8 wherein 

. said slot is a central slot positioned upstream from a 

central portion of the reactor for metering reactant gas 

passing over a central portion of a wafer supported within 

5 the reactor, and the- injector has at least two side slots 

positioned adjacent to opposite ends of the.central slot, 

each o.f said side slots being positioned upstream from 

opposite outer portions of the reactor for metering 

reactant gas passing over corresponding outer portions of 

10 the wafer. 

10. An injector as set forth in-claim a further 

comprising: 

an inlet body adapted for attachment to the 

reactor downstream from the metering plate to direct 

5 reactant gas passing through the slot across a surf ace of 

a wafer supported within the reactor; and 

a plenum positioned upstream from the metering 

plate for providing reactant gas to the metering plate at 

a substantially constant pressure. 

111111111111111111111111 111111 
C l M S * 

I I 



W099/57343 

111111111111111111111111111111. 
* C L M S * 

14 

AMEND:ED CLAIMS 
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[received by the Internatiollal Bureau oii 29 July 1999 (29.07.99); 
original claims 1, 3 and 7-10 ~eruied; remaiiling claims unchanged (6 pages)] 

.Claims 

WHAT IS CLAIMED IS: 

1. A horizontal reactor for depositing an 

epitaxial layer cin a: semiconductor·wafer contained within 

the reactor by a chemical va:po"r deposition process, the 

reactor comprising: 

5 a reaction chamber sized and shaped for receiving 

a semiconductor wafer; 

an inlet passage positioned beside the reaction 

· chatriber at an upstream end of the chatnber in communication 

with the reaction chamber for delivering reactant gas to 

10 the reaction chamber; 

a susceptor positioned in the reaction chamber 

for supporting the semiconductor wafer during the chemical 

.vapor deposition process; and 

an injector horizontallY; offset from the 

:15 susceptor and positioned beside the reactic:>n chamber at the 

upstream end of the .chamber, said injector including an 

injector body and a metering plate separably attached to 

the body generally blocking reactant gas flow through the 

inlet passage, the plate having a slot extending through 

·20 the plate totally within a periphery of the plate, said 

slot being sized for selectively restricting reactant gas 

flow past the plate thereby to meter reactant gas delivery 

to the chamber. 

2 . A reactor as set forth in claim 1 wherein the 

slot has a width of less than about 0.02 inches. 

3. A reactor for depositing an epitaxial layer 

on a semiconductor wafer contained within the reactor by a 

chemical vapor deposition process, the reactor comprising: 

AMENDED SHEET (ARTICLE 1') 
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a reaction chamber sized and shaped for receiving 

5 a semiconductor wafer; 

an inlet passage in communication with the 

reaction chamber for delivering reactant gas to the 

reaction chamber; 

a susceptor positioned in the reaction chamber 

10 for supporting the semiconductor wafer during the chemical 

vapor deposition process; and 

an injector including a metering plate generally 

blocking reactant gas flow through the inlet passage, the 

plate having a central slot extending through the plate 

15 totally within a periphery of the plate and poi:dtioned 

upstream from a central portion of the susceptor for 

metering reactant gas passing over a central portion of a 

wafer supported by the susceptor, and at least two side 

slots extending through the plate totally within a 

20 periphery of the plate and positioned adjacent to opposite 

ends of the central slot, each of said side slots being 

positioned upstream from opposing outer portions of the 

susceptor for metering reactant gas passing over 

corresponding outer portions of the wafer, said central and 

25 side slots being sized for selectively restricting reactant 

gas flow past the plate thereby to meter reactant gas 

delivery to the chamber. 

AMENDED SHEET (ARTICLE 19) 

I I 
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4 . A reactor as set forth in claim 3 wherein 

said central and side slots have generally uniform widths 

along their respective lengths. 

5. A reactor as set forth in claim 3 wherein 

each of said side slots has.a width less than a width of 

said central slot. 

6. A reactor as set forth in claim 5 wherein 

said eentral slot has a width of between about 0.009 inches 

and about O. 015 inches and wherein each side slot has a 

width of between about 0. 002 inches and about 0. 005 inches. 

7. A reactor for depositing an epitaxial layer 

on a semiconductor wafer contained within the reactor by a 

chemical vapor depo.sition process, the r~actor comprising: 

a reaction chamber sized and shaped · for receiving a 

5 semiconductor wafer; 

an irilet passage in communication with. the 

reaction chamber for delivering reactant gas to the 

reaction chamber; 

·a susceptor positioned· in the :reaction chamber 

10 for supporting the semiconductor wafer during the chemical 

vapor deposition process; and 

15 

an injector including: 

a metering plate generally blocking 

reactant gas flow through the inlet passage, the 

plate having a slot extending through the plate 

totally within a periphery of the plate, said 

slot being sized for selectively restricting 

reactant gas flow past the plate thereby to meter 

reactant gas delivery to the chamber; 

AMENDED SHEET (ARTICLE If) 
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an inlet body adapted for attachment to 

the reaction chamber downstream from the metering 

plate to direct reactant gas passing through the 

slot across a wafer supported by the susceptor; 

and 

a plenum positioned upstream from the 

metering plate for providing reactant gas to the 

metering plate at a substantially constant 

pressure. 

8. An injector for use in a horizontal reactor 

for depositing an epitaxial layer on a semiconductor wafer 

supported within a reaction chamber of the reactor during 

a chemical vapor deposition process, the injector 

5 comprising a body horizontally off set from the. 

semiconductor wafer and positioned beside the reaction 

chamber at an upstream end of the chamber, and a metering 

plate separably attached to the body having a slot 

extending through the plate totally within a periphery of 

10 the plate, said slot being sized for selectively 

restricting reactant gas flow past the plate thereby to 

meter reactant gas delivery to the reaction chamber. 

AMENDED SBl:ET (ARTICLE lf) 

I I 
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9. An injector for use in a reactor for 

depositing an epitaxial layer on a semiconductor wafer 

supported within a reaction chamber of .the reactor during 

a chemical vapor deposition process, the injector 

comprising a metering plate having a central slot extending 

through the plate totally within a periphery of the plate 

and positioned upstream from a central portion of the 

reactor for metering reactant k gas passing over a central 

portion of a wafer supported within the reactor, and at 

10 least two side slots extending through the plate totally 

within a periphery of the plate and positioned adjacent to 

opposite ends of the central slot, each of said side slots 

being positioned upstream from opposite outer portions of 

the reactor for metering reactant gas passing over 

15 corresponding outer portions of the wafer, said central .and 

side slots being sized for selectively restricting reactant 

. gas flow past the plate thereby to me_ter reactant gas 

delivery to the reaction chamber. 

1 O . An injector for use in a reactor for 

depositing an epitaxial layer on a semiconductor wafer 

supported within a reaction chamber of the reactor during 

a chemical vapor deposition process, the injector 

5 comprising a metering plate having a slot extending through 

the plate totally within a periphery of the plate, said 

slot being sized for selectively restricting reactant gas 

flow past the plate thereby to meter reactant gas delivery 

to the reaction chamber; 

10 an inlet body adapted for attachment to the 

reactor downstream from the metering plate to direct 

reactant gas passing through the slot across a surf ace of 

a wafer supported within the reactor; and 
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a plenum positioned upstream from the metering 
15 plate for providing reactant gas to the metering plate at 

a substantially constant pressure . 
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